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THE DEVELOPMENT OF THE PARAPHYSIS AND THE
PINEAL REGION IN NECTURUS MACULATUS. '

BY

JOHN WARREN.

Demonstrator of Anatomy, the Anatomical Laboratory, Harvard Medical

School.

With 23 Text Figures.

The presence of the paraphysis in Necturns was noted by Prof. C. S.

Minot in his article " On the Morphology of the Pineal Region, based on

its Development in x'Vcanthias " (38), and a brief description of certain

stages given. C. L. Herrick (15, PI. YIII, Fig. 1, 3, 4) gives a brief

account of the adult paraphj'sis, and shows it in the above figures, vvlicre

it is named " Preparaphysis." Osbom (31, PI. IV) shows th-e para-

physis in an adult brain in comparison with the brains of other am-

phibia. Kingsbury (21) describes briefly the adult paraphysis as well

as a few of the earlier stages, and also gives an account of the epi))hysis

and the plexuses. I have found, however, no detailed account of all the

stages in the development of the paraphysis and the pineal region. This

term is used here in the same sense as in Minot's article, quoted above.

The greater part of the specimens studied for this article were taken

from the Embryological Collection of the Harvard Medical School, and

the numbers of each section used are given. Other specimens were pre-

pared specially for this purpose. In some cases where the plane of sec-

tion was uneven, two or more sections were used in drawing the figures

ill order to show all the structures, which should appear in the uK^dian

line.

Fig. 1 is a median sagittal section through the brain of an einl)ryo of

8-9 mm. I am indebted to a colleague for the drawing of this section,

as this stage is wanting in the collection. In the roof of the fore brain

three arches are seen. From before backward these are the j)aia|)liysal

arch, P. A., the post-velar arch, P. V. A., and the epiphysal arch, Ep. A.

The first two are separated by the velum transversum. V, which marks

the limit between the two subdivisions .of the fore brain. Hence the

paraphysal arch belongs to the telencephalon, the other two to the
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2 Paraphysis and the Pineal Ees^ion in Necturns Maenlatus

dieneephalon. The epiphysal are]i is homided l)y two angles, which rep-

resent the position of the future supra and posterior commissures. The

velum transversum is a simple infolding of the brain roof, and consists

of two distinct layers, one caudad and one cephalad, the space between

them being filled by a loose mesenchymal tissue, which later contains

numerous blood vessels. This figure is practically identical with Minot's

figure of acanthias of the same stage (28, Fig. 1), and is, therefore, of

great importance in showing the homologies of these parts in elasmo-

branchs and amphibians. It is probable, as Minot states, that these

arches occur in most of the vertebrate series.

The term post-velar arch, introduced by Minot (28), is much better

for purposes of description than the terms " zirbelpolster " of German

writers, and the " dorsal sack " or " postparaphysis " of American authors.

Dien

Fig. 1. Fig. 2.

Fig. 1. Embryo of 8-9 mm. Sagittal section, X 63 diams.

Fig. 2. Embryo of 10 mm. Harvard Embryological Collection, Sagittal

Series, No. 269, Section 39, X 63 diams.

Fig. 2 represents the roof of the dieneephalon and telencephalon of

an embryo of 10 mm. The two layers of the velum are nearer together

and in the region of the epiphysal arch are seen the first signs of the

epiphysis, E. This structure is a small rounded diverticulum, which

arises from the cephalic end of the arch. It is hollow and opens into

the cavity of the fore brain.

Fig. 3 is a similar section of an embryo of 12 mm. The velum is a

trifle longer and the epiphysis a little larger than in the preceding figure.

Immediately cephalad to the velum a very small evagination in the

paraphysal arch can be seen, P. This is the first sign of the paraphysis,

and it appears distinctly later than the epiphysis. The latter overlaps

its short stalk both caudad and cephalad, and at this stage the stalk is

still hollow, though its cavity was obliterated in this section.
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Fig. 4 is a section of an embryo of 13 mm. The velum is again a

little longer and its caudal layer is now distinctly thinner than its cephalic

layer. The paraphysis is now a well-marked narrow diverticulum ex-

tending dorsad from the paraphysal arch parallel to the velum. The

paraphysal arch just cephalad to the opening of the paraphysis has been

Tel.

Fig. 3. Pig. 4.

Fig. 3. Embryo of 12 mm. Harvard Embryological Collection, Sagittal
Series, No. 49, Section 58, X 63 diams.

Fig. 4. Embryo of 13 mm. Harvard Embryological Collection, Sagittal
Series, No. 598, Sections 71 and 75, X 63 diams.

forced downward to a slight degree, as there is relatively more space

between it and the ectoderm than in the previous figures. The epiphysis

is about the same size as in Fig. 3, and its opening into the brain is

clearly seen.

Fig. 5 is a section of an embryo of 12A mm., which is, however, further

advanced than that of Fig. 4. The velum, the post-velar arch, and the

epiphy.sis are about the same, but the paraphysis is distinctly longer, and

Fig. 5. Embryo of 12.4 mm. Harvard Embryological Collection, Sagittal
Series, No. 675, Section 57, X 63 diams.

Fig. 6. Same as Fig. 5, X about 120 diams.

has become a narrow tube. The brain roof cephalad to it has descended

still more into the cavity of the telencephalon and the opening of the

paraphysis is much nearer the tip of the velum. Fig. 6 is the same

section as Fig. 5, only drawn on a higher scale to show the histological

details. The walls of the paraphysis and "velum consist of a single layer

of cells, with large oval nuclei and without very distinct cell boundaries.
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These cells are, of course, continuous with tliose which form the brain

wall in this region. The same is true of the epiphysis, but the walls seem

thicker, as the organ has been cut somewhat obliquely. Close to the

paraphysis two vessels can be seen, a larger one cephalad and a much

smaller one caudad,
_
F<?6'. The vessels lie in intimate relation to this

structure, and it is important to note their relation at this early stage,

because as development progresses the relation between paraphysis and

blood vessels becomes more and more intimate.

Fig. 7 is a section of an embryo of 15 mm. The most striking feature

here is the increase in size of the paraphysis. which has become a long

tube with a lumen extending its entire length, and at its distal end a lat-

eral diverticulum has appeared. The roof of the fore brain has now

descended to such a degree that the opening of the paraphysis is on a level

with the tip of the velum. The velum itself has lost its cephalic layer,

and consists of one .layer only, which, however, is much longer than the

velum in Fig. 5. If Figs 4, 5, and 7 are compared it will be seen that

Tel.

Fig. 7. Embryo of 15 mm. Harvard Embryological Collection, Sagittal

Series. No. 79, Sections 85 and 89, X 63 diams.

the distal end of the paraphysis is practically at the same distance from

the ectoderm in each case. As the paraphysis has developed during those

stages into a long tube, its growth must have occurred by a downward

extension of the neighboring parts into the cavity of the fore brain. This

is practically the same process described by Minot in Acanthias. It is

also shown by the great increase in distance between the roof of the

telencephalon and the ectoderm from Fig. 4 to Fig. 7. The opening of

the paraphysis in Fig. 3 is nearly on a level with tlie base of the velum,

and as the down growth of the parts takes place the opening of the para-

physis and the paraphysal arch descend, apparently pushing the cephalic

layer of the velum ahead of them. Therefore the single layer of the

velum in Fig. 7 really corresponds to the original caudal layer, plus the

cephalic layer, which has been forced down ahead of the opening of the

paraphysis.

In stud5''ing Fig. 7 it might seem as if the posterior wall of the para-

physis corresponded to the cephalic layer of the velum. This, however, is
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not tlie case, as can be seen in a wax reconstruction of the parts, Fig. S.

This is a reconstruction of the brain of an embryo of 14.5 mm. The tops

of the hemispheres, H, have been removed to give a clear view of the

paraphysis, P, which otherwise would be more or less covered in by them.

The paraphysis appears as a straight tube in the median line and caudad

to it is seen a broad partition, V, extending the whole width of the dien-

cephalon. This is the velum, consisting of one layer only, which repre-

sents the tw^o originally distinct cephalic and caudal layers. The down
grow^th of the parts in order to provide room for the development of the

paraphysis has formed a deep angle in the roof of the fore brain. This

Fig. 8. Wax model of brain of embryo of 14.5 mm. Harvard Embryo-
logical Collection, Sagittal Series, X 120 times.

angle is bounded caudad by the velum and cephalad or ventrad by the

narrow roof of the telencephalon (paraphysal arch) immediately

cephalad to the paraphysis. As the hemispheres develop, they grow at

first in a dorsal direction and occupy the space left by the formation of

this angle, so that the paraphysis is practically buried between the hemis-

pheres in front and the velum behind. Fig. 10. The growth of the

paraph3^sis must, therefore, be regarded as liaving an important effect on

the development of the fore brain at this stage.

Up to this stage the development of the velum has been in a ventral

direction towards the floor of the fore brain, but now it begins to grow in

quite a ditferent direction. In Fig. 7 a distinct bulging of the velum is
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seen, which is extending candad at ncarl}- a right angle to its previous

line of growth. If the roof of the telencephalon be closely examined a

slight bulging will be seen just cephalad to the opening of the paraphysis.

These two outgrowths into the fore brain mark the beginning of the

choroid plexuses, which, therefore, have in their origin a very intimate

and definite relation to the opening of the paraphysis, one arising caudad

and the other cephalad to it. The epiphysis at this stage has increased

considerably in size, and the cavity in its stalk is now permanently oblit-

erated. The body of the organ overlaps the stalk a little behind, and is

beginning to grow well forward of it. The posterior commissure, P. C,
appears here for the first time, a distinct interval in the roof of the brain

lying between it and the stalk of the epiphysis.

Hyp. OCh. A.C.

Fig. 9. Embryo of 17.5 mm. Harvard Embryological Collection,

Series, No. 540, Sections 113-115, X 63 diams.
Sagittal

Fig. 9 is a section through the brain of an embryo of 17.5 mm. The
paraphysis has increased in length, and from its distal end, which is

somewhat enlarged, small tubules are given off. The whole tube is tipped

somewhat forward. The choroid plexus is now well developed, and con-

sists of two distinct parts, one dorsal and one ventral. The dorsal part

corresponds to the velum, which has grown caudad as far as the mid brain

and has absorbed a large part of the post-velar arch. The ventral part is

developed from the original paraphysal arch, and is growing towards the

floor of the fore brain. Burckhardt (3) refers to these plexuses as

" plexus medius " and " plexus inferioris," respectively, and Mrs. Gage

(13), who studied them in Diemyctylus, where the anatomical conditions

closely resemble those of JSTecturus, names them the " diaplexus " and

" prosoplexus." Prof. Minot has suggested the terms diencephalic
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plexus for the dorsal part, and tel encephalic plexus for the ventral part,

and I shall use these terms, as they express more clearly the exact origin

of each plexus.

The diencephalic plexus, V. Plx., appears as a large wedge-shaped mass
covered by a thin layer of cells, and consisting of a loose connective tissue

in the interstices of which numerous blood corpuscles can be seen. The
telencephalic plexus, Tel. Plx., has the same general characteristics as

the diencephalic. The epiphysis has become flattened and more elon-

gated, and is attached by a narrow stalk to the brain wall. The supra

commissure, S. C, is seen just cephalad to the stalk of the epiphysis,

which is prolonged forward above it. I was unable to obtain any sagittal

series between 15 and 17.5 mm., but in a transverse series of 16.5 mm. the

first traces of this commissure can just be made out. and therefore it

Fig. 10. Wax model of brain of embryo of 18 mm. Harvard Embry-
ological Collection, Frontal Series, No. 850, X about 75 diams.

probably appears between 16 mm. and 17 mm. as a rule, but at these early

stages there is a good deal of variation in the development of all these

parts. The posterior commissure is rather larger than in the previous

stage.

Fig. 10 is the drawing of the model of the brain of an embryo of

18 ram. This model is intended to show the circulation of the paraphysis

at this stage. The distal end of the paraphysis, P, is surrounded by a

venous circle, from either side of which veins, Ves., run outward and back-

ward just caudad to the hemispheres, H, to terminate in the internal

jugular vein, I. J. V. This vein is passing backward external to the fifth,

V, and seventh, VII, cranial nerves. Fig. 6 showed the intimate relation

of the paraphysis to these vessels at 12.4 mm., and when the sections of

this series were followed out it was found that here the vessels sur-

rounded the tip of the paraphysis. It seems that as the paraphysis devel-
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ops it forces its way into the veins lying over this part of the fore brain,

and the tnbnles, as they are given off at la.ter stages, force their way into

these veins, Fig. 15, forming the sinusoidal type of circulation described

by Minot (29) and Lewis (25). From the venous circle shown in Fig. 10

smaller vessels run down along the sides of the paraphysis and anasto-

mose with the vessels of the choroid plexuses. A vessel also runs back to

the epiphysis, and a larger one forward between the hemispheres. The

circulation of this region appears at this stage to be mostly venous, as I

could trace the arteries only to their point of entrance in the anlage of

the skull, and the return circulation probably occurs by means of a

minute capillary network over the surface of tlie brain.

Fig. 11 is a section through the brain of an embryo of 26 mm. The

Fig. 11. Embryo of 26 mm. Harvard Embryological Collection, Sagittal

Series, No. 377, Sections 125 and 126, X 63 diams.

paraphysis here is much more developed. It inclines somewliat forward,

and from its wide central lumen a number of tubules are given oif in

every direction. The epiphysis and the commissures show but little

change. The striking feature of this figure is the great development of

the plexuses. The diencephalic plexus, D. Pl.r.. has grown through the

mid-brain nearly to the hind-brain, and the telencephalic plexus, Tel.

Fix., has grown downwards into the depths of the cavity of the fore brain

towards the infundibular recess.

Fig. 12 is a transverse section of an embryo of 26 mm., corresponding

approximately to the line A-B, Fig. 11. The section passes through the

epiphysis, E, and the supra commissure, S. C, just beneath it. Then

through the diencephalic plexus, D. Fix., and that part of the cavity of

the diencephalon between this plexus and the roof, T>ien. The section
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then passes through the paraphysis at a point where two small tubules are

given off, then through the telencephalic plexus, Te2. Plx.. the telen-

FiG. 12. Embryo of 26 mm. Harvard Embryological Collection, Trans-
verse Series, No. 376, Section 89, X 63 diams. (See line A-B, Fig. 11.)

cephaloii, Teh. the lateral ventricles, L. V., and the foramina of Munro,

F. M. In this section the plexuses of tlie hemispheres, L. Plx., are seen.

They arise on either side of the origin of the telencephalic plexus, and

jRi-TT

Fig. 13. Embryo of 26 mm. Harvard Embryological Collection, Frontal
Series, No. 378, Section 138, X 63 diams. (See line C-D, Fig. 11.)

pass outward at right angles to it through the foramina o£ Munro into the

lateral ventricles.

Fig. 13 is a frontal section through an embryo of 2Q mm., corresponding
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closely to the line C-D, Fig. 11. The section passes through the para-

physes, P, and a large lateral tubule, and then through the entire length

Fig. 14. Same Series as Fig. 13. Section 108. (See line E-F, Fig. 11.)

of the diencephalic plexus, D. Fix., the distal end of which is here en-

larged and has reached to the hind brain, H. B. Fig. 14 is of the same

,Tf,s-.

M.

D.PIX

o??,: ^ m
<£5S^ferffiICi^!^^^;

Tel.Plx. .^1-^^

Fig. 15. Same as Fig. 11. X about 150 diams.

series as Fig. 13, and corresponds approximately to the line E-F, Fig. 11.

It passes through the telencephalic plexus, Tel. Fix., the plexus of the
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hemispheres. L. Plx., and the lateral ventricles, L. V. It shows clearly

how the plexuses of the hemispheres arise from the telencephalic plexus

and pass at first outward and then forward through the foramina of

Munro towards the cephalic extremity of the lateral ventricles.

Fig.- 15 is a high power drawing of Fig. 11, magnified 150 diams.

The wall of the paraphysis consists of a single layer of cells with large

oval nuclei, and these cells are continuous with the cells covering the

choroid plexuses, but the latter are flatter and form a thinner layer. On
either side of the paraphysis two large vessels are seen, ves., the epithelial

cells of which lie directly against the wall of the paraphysis. The little

tubules seem to be forcing their way into these vessels, which are branches

of the vessels seen in Fig. 6 and Fig. 10. The vessels also pass down into

the choroid plexuses. Fig. 16 is a section of an embryo of 31.4 mm.

HB.

OCh.

Hyp.

Fig. 16. Embryo of 31.4 mm. Harvard Embryological Collection, Sagittal

Series, No. 537, Sections 119-122, X 63 dlams.

The general arrangement is practically the same as in Fig. 11, except that

all the parts have progressed somewhat in their development. The distal

end of the paraphysis has begun to grow distinctly more cephalad, and the

whole structure is much larger than at 26 mm. The choroid plexuses are

more extensive, and from the diencephalic plexus a prolongation is ex-

tending downwards towards the telencephalic plexus. This latter has

pretty well filled up the depths of the third ventricle, and from it pro-

longations dip down into the recesses in the floor of the fore brain. The

two commissures are practically the same as they were at 26 mm., and
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though the epiphysis is a little larger it has been displaced considerably

candad, as this part of these sections was unluckily somewhat injured.

Fig. IT is a section through the

brain of an adult necturus. This

drawing is magnified 38 diams. only,

as it was too large to draw on the

same scale as the preceding figures.

The paraphysis, P. forms a very

complex structure extending far for-

ward above and between the hemis-

pheres. It consists in a general Avay

of a proximal and a distal part. The

former is broad and thick, and ox-

tends forward and upward. It then

turns forward at quite a marked

angle to form the distal part, which

is narrow and. tapering. The central

canal in the proximal part is very

large and irregiilar, but in the distal

portion much narrower. From all

parts of this canal a large number of

tubules are given off, which extend

in every direction, and between

which lies a confused mass of blood-

vessels. One sees here a large vessel

ventrad to the organ, and a smaller

dorsad to it. the same relations as

appear at 12.4 mm., Fig. 6. From

these vessels branches pass into the

choroid plexuses.

Fig. 18 is a transverse . section of

an adult brain corresponding ap-

proximately to the line A-B, Fig. 17.

This is drawn on the same scale as

most of the preceding figures, 63

diams. The paraphysis, P, is seen in

the median line between the hemi-

spheres. It shows a distinct central

eavit}', with many tubules running out in every direction, between which

is a mass of blood-vessels of all sizes. Below a portion of the telen-

cephalic plexus aiu1 the ])l(\\-us of the hemispheres are seen.

Via. 17. Brain of adult necturus.
Sag-ittal Section, x 38 diams.
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Fig. is. Brain of adult necturus. Transverse section, X 63 diams. (See

line A-B. Fig. 17.)
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Fig. 19 is from a wax recoustruction of tlie adult paraphysis on a

scale of 120 diams., made from the same series as Fig. 18. The angle

between the proximal and distal parts is quite striking, and is much more

marked in Ichthyophis (Burckhardt, 4, Fig. 1), but of course this division

into proximal and distal parts is really a purely arbitrary one. This

model gives a good idea of the complex structure of the organ. The

tubules are of all shapes and sizes, often convoluted and anastomosing

with each other. The spaces between them, which the vessels occupy, are

quite large and striking.

Fig. 19. Wax model of paraphysis of adult necturus, same series as Fig.

18, X about 120 diams.

Pig, 20 represents a small portion of the paraphysis of Fig. 17, mag-

nified 560 diams., and shows clearly the relation of the tubules to the

vessels. In the centre of the figure is a tubule, T, dividing into two

branches, T^ T-. Surrounding these tubules on every side are sinusoids,

si., whose flat endothelial cells are seen lying directly against the epithelial

wall of the tubules with no connective tissue between them. We find

here in order first a sinusoid, then a tubulcj then another sinusoid and

another tubule, and finally a sinusoid. The wall of the tubules consists

of a single layer of cells with large oval nuclei and very indistinct cell

boundaries. The nuclei contain masses of granules arranged very irregu-
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larly. There can be no question abont the glandular nature of the para-

physis, and its circulation is evidently sinusoidal.

The choroid plexus, Ch. Fix., Fig. 17, appears as a confused mass of

Fig. 20. Small portion of adult paraphysls, same section as Fig. 17, X 560
diams.

vessels covered by a thin layer of cells. This mass completely fills up

the cavity of the fore and mid brains, and may in some cases appear in

the hind brain, Fig. 23, though there seems to be considerable variation

Fig. 21. Wax model of epiphysis of adult necturus. X 280 diams.

in the caudad development of this part of the ple.xus. Tlie two parts

of the plexus overlap each other, and are also closely interlaced.

The epiphysis, E. is still attached to the brain by a very narrow stalk.

The body overlaps the stalk somewhat behind, and then is prolonged

forward as an oval flattened body above the roof of the diencephalon, and
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its cavity seems to be divided more or less into compartments. Fig. :H

represents a wax reconstrnction of an adult epiphysis seen from ^above.

It is irregularly triangular in shape with a broad base and a blunt apex.

Its surface is grooved more or less by vessels which lie against its Avails.

Fig. 22 is the same model with the top removed. The interior is more

or less subdivided by incomplete septa. At its apex there is a small cavity

Fig. 22. Same as Fig. 21, with top of epiphysis removed.

1)0unded behind by a partial septum, then comes a large chamber, which

divides into two passages running back towards the angles at the base.

Between these two passages appears a comparatively solid area, inter-

rupted, hoAvever. to some extent by small spaces, aa^IucIi communicaio Avith

each other and the larger chambers. This solid area lies over tbe stalk

of the organ. The sujDra commissure appears to be comparatively small,

Fig. 23. Brain of adult necturus. Viewed from above. X 7 diams.

while the posterior is large and forms a deep groove in the roof of tlie

brain. Fig. 23 is a vioAv of the brain of an adult necturus shoAving the

relative positions of paraphysis and epiphysis. The tufted extremity

of the diencephalic plexus can be seen in the fourth ventricle.

If Fig. 1, the embryo of 8-9 mm., is compared Avith Fig. 17, the adult,

one sees that the paraphysal arch has been Avholly taken up in the

formation of the telencephalic plexus, the plexus of the hemispheres, and
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the paraphysis. The velum and the greater part of the post-velar arch

have been absorbed in the formation of the diencephalic plexus. A
portion of this arch, however, persists and forms that part of the roof

of the diencephalon between the diencephalic plexus and the supra com-

missure. The epiphysal arch has formed the epiphysis.

The paraphysis is a structure common to all vertebrates either in the

adult or embryonic condition (Selenka, 34, Francotte, 11), but previous

observations on mammals leave much to be desired. It always arises from

the telencephalon cephalad to the velum transversum, and its opening

is placed between and dorsad to the foramina of Munro as emphasized

by Dexter (5).

In the cyclostomes, Ammocoetes (Kupffer, 24), and Petromyzon

(Burckhardt, 3), the paraphysis appears as a small sac-like diverticulum

lying ventrad and close to the enlarged distal end of the epiphysis. In

elasmobranchs, Minot (28) and Locy (27) found that the paraphysis

in Acanthias appears at quite a late stage as a small outgrowth from

the paraphysal arch and, owing to the small size of the post-velar arch

and the compression of the velum, it comes to lie immediately cephalad to

the epiphysis. In ganoids, Kupffer found in Accipenser that the para-

physis appears first as a small outgrowth which later becomes a somewhat

sacculated vesicle (23, Fig. 19). Hill (18) and Eycleshymer and Davis

(9) studied the paraphysis in Amia. Here it begins as a simple vesicle,

which increases rapidly in size and gives off diverticuli from its central

cavity. In teleosts (Burckhardt, 3) the paraphysis appears late and

remains in a rudimentary condition. In the dipnoi, Burckhardt (3) de-

scribes the paraphysis in Protopterus as a wide outgrowth giving off small

.

diverticuli.

In amphibia the organ becomes highly differentiated and its appear-

ance in the adult brain is very striking. It appears as an elongated body

lying above and between the hemispheres, and extending cephalad for

a varjdng distance in various forms. Fig. 23. Osborn (31, PI. 4) shows

a view of the brains of Siredon, Necturus, Proteus, and Siren. The

paraphysis has the same general form in each of these, but it is somewhat

larger in Necturus. The paraphysis of Triton and Ichthyophis (Burck-

hardt, 4) has the same characteristics. In the latter the paraphysis ap-

pears in sagittal section as a hammer-shaped organ extending forward

above the hemispheres. (4, Fig. 1). In Rana the paraphysis has the

same position as in Necturus, but is smaller. On removing the top of the

skull in Necturus the paraphysis is seen lying beneath the pia surrounded

by the blood-vessels which cover this part of the brain. It appears to the

naked eye so vascular and also in sections so intimately related to the

2
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choroid plexus that it is not astonishing that it was at first regarded as

a portion of this plexus. According to Minot (28) the paraphysis of

Eana is characterized by the character of its epithelium, its tubular struc-

ture and its apparently sinusoidal circulation. This is practically similar

to the conditions found in Necturus.

In ^lenopoma Sorenscn (36) describes the paraph3'sis as a solid vas-

cular mass, and in Ichthyophis Burckhardt (3) describes it as an

elaborately folded structure of a glandular character. In Amblystoma,

Eycleshymer (8) shows that the organ gives off tubules and has a digit-

ated appearance. In Diemyctylus (Mrs. Gage, 13), in an embryo of

10 mm. the paraphysis closely resembles that of Necturus at 18 mm.
(Minot, 28, Fig. 13), and in the adult it is a long tube giving off many
tubules in close relation to vessels.

Herrick (15) calls the paraphysis of an adult Necturus the " pre-

paraphysis " and says it consists of an irregular central chamber with

complicated diverticuli in close relation to vessels. This description

corresponds closely with Fig. 17. The model of the adult paraphysis,

Fig. 19, shows the complicated arrangement of the tubules, many of

which anastamose with each other, and the spaces between the tubules

are filled by blood-vessels.

Fig. 6 shows how the paraphysis at 12.5 mm. is beginning to invade a

large vessel lying over it on the surface of the brain. This vessel at this

point is much enlarged. Fig. 10 shows this relation much clearer and

also that these vessels in relation to the paraphysis are tributaries of the

internal jugular vein. Fig. 15 shows the relation of the paraphysis to

these vessels at 26 mm. and that the vessels pass into the choroid plexuses

both dorsad and ventrad to the organ. The little tubules can be seen grow-

ing out into the vessels. Fig. 17 shows how these relations between vessels

and tubules in the adult become much more intimate, and the vessels

corresponding to those in Fig. 15 are seen passing into the choroid plex-

uses dorsad as well as ventrad to the paraphysis. Schobel (33), who

studied the circulation in the brain of certain amphibia, of which

Necturus was one, shows that in the adult two large vessels pass outward

just caudad to the hemispheres to empt}'^ eventually in the internal

jugular vein. These vessels surround the paraphysis and anastomose

with two or three large vessels running forward between the hemispheres.

This is practically the same arrangement shown in the model in Fig. 10.

He does not mention the paraphysis but refers to it as a large venous

plexus. Eex (32) also has studied the veins in the amphibian brain,

and his preparations are practically the same as Schobel's. He refers

to the paraphysis as the " nodus chorioideus " and says that it is a sort
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of meeting point for the veins of the fore and mid brains. He shows

beautifully in his injections how veins pass both dorsad and ventrad to

the paraphj'sis to enter the plexuses, and how closely these vessels are

related to the tubules of this structure. Mrs. Gage shows practically the

same arrangement in Diemyctylus

As regards the arteries Schobel shows that they are much smaller than

the veins, and describes a small vessel passing caudad to the hemispheres

to pass eventually into the plexuses. The intercrescence of the tubules

of the adult paraphysis and the veins is shown clearly in Fig. 30, each

vessel and tubule lying back to back with no connective tissue between

them. In view of all these facts it seems evident that the circulation of

the paraphysis is sinusoidal. According to the above descriptions, the

development of the paraphysis into a complicated, glandular organ, which

is also very vascular, seems to be a striking characteristic of the amphibia.

In lacertilia the paraphysis of Anguis fragilis has been studied by

Francotte and of Lacerta vivipara by Francotte (10, 11, 12) and

Burckhardt (3). The latter shows the paraphysis in an embryo of

13 mm. as a narrow tube with a slightly expanded distal extremity,

much as that of ISTecturus of 15 mm. Francotte describes the paraphysis

of Lacerta vivipara as a long tube giving off a mass of tubules which

lies under the parietal eye, and resembles the epiphysis of birds (11, Fig.

14; 12, Fig. 24). In Anguis (10, Figs. 15 and 19) the paraphysis forms

a long narrow sack, with somewhat convoluted walls, which curves back

over the post-velar arch to end in close relation to the parietal eye.

The conditions in the lizard are essentially the same (10, Fig, 31).

In Phrynosoma coronata Sorensen (35, Fig. 2) describes the paraphysis

as a long, narrow tube, immediately cephalad to the epiphysis.

In the ophidia Leydig (26, Fig. 6) shows the paraphysis of an embryo

of Vivipara urcini near birth as a large, wide tube with no convolutions

or diverticuli and practically the same conditons in a young " Eingel-

natter" and Tropidonatus natrix (26, Figs. 5 and 2).

Among the chelonia Voelzkow (39) has described the paraphysis in

Chelone imbricata as at first a wide tube much convoluted, which later

decreases somewhat in size. (Figs. 21 and 22.) Its distal end inclines

caudad close to the epiphysis. In Chelone mydas Humphrey (20, Fig. 7,

PI. II) shows the paraphysis as a long tubular structure, giving off small

tubules, and in an embryo of Chelydra it appears as a large, wide sack,

from which tubules arise. It is in closer relation to the epiphysis than

in Chelone mydas or imbricata.

In Cistudo Herrick shows a model of Sorensen (15, Fig. 5, PI. VI)

of the paraphysis, which is a wide tube with convoluted walls and tubules.
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In the crocodilia Voelzkow (39) has described the paraphysis of

Crocodilus madagascarensis grand and Caiman niger spix. In the former

the paraphysis is at first a wide tube which becomes convoluted and much
longer and narrower. In the latter the paraphysis forms a larger tube

and the convolutions and tubules are more complicated. In both cases

the organ reaches its greatest development in embryonic life and retro-

grades later, though more so in the crocodile. He was unable, however,

to follow the development in the caiman as far as in the crocodile.

Owing to the thickenings in the brain wall the organ is crowded some-

what caudad against the post-velar arch.

In birds the paraphysis is relatively rudimentary. Burckhardt (3)

shows the paraphysis in an embryo of the crow as a small diverticulum

not unlike that of Petromyzon. Dexter (5) worked out in detail the

development of the organ in the common fowl, and showed that it ap-

peared at first as a small diverticulum. The walls become much thick-

ened and in a chicken of 10 days it is a small, oval structure, about 150 fx

in its greatest diameter, with very thick walls (5, Fig. 5). Selenka (34)

has described the paraphysis in the oppossum, but as far as I am aware

little is known of the development of the paraphysis in mammals, though

Francotte (11) has observed it in human embryo of twelve weeks.

From the cyclostomes to the amphibia the paraphysis shows a steadily

progressive development, and the various forms through which it passes,

from the simple diverticulum of Petromyzon to the elaborate gland of

the urodela, are illustrated in a general way by the stages of its develop-

ment in Necturus. In the vertebrates above the amphibia the paraphysis

retrogrades and practically retraces its steps through the reptilia and

birds to mammals, reaching in the chick essentially the same form in

which it started in Petromyzon. Its development, therefore, may be

indicated by a curve, which ascends steadily from the cyclostomes, reaches

its height in urodela, and descends through the reptilia and birds to

mammals.

The epiphysis is present in nearly all vertebrates. It is stated to be

absent in the alligator (Sorensen, 36 and 37), and in the caiman and

crocodile (Voelzkow, 39) and in Torpedo (d'Erchia, 7).

The epiphysis of Necturus as compared with the paraphysis is relatively

poorly developed and in this respect resembles the epiphysis of other

urodela (Mrs. Gage, 13). In Diemyctylus Mrs. Gage found that the

epiphysis was entirely cut off from the brain and that its cavity was

nearly obliterated. In Ichthyophis (Burckhardt, 1 and 4) the epiphysis

is a small, pear-shaped organ attached to the brain by a narrow solid

stalk. Herrick (15) in Menopoma, describes the epiphysis as an irreg-
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ular number of vesicles attached to the brain by a narrow opening. Ac-

cording to Kingsbury (21) the structure in Necturus consists of an

aggregation of closed vesicles, forming an oval, flattened body, and there

is no connection with the brain. The cavity of the epiphysis commun-
icates through its stalk with the cavity of the diencephalon up to 15 mm.,

when the cavity in the stalk becomes obliterated. The stalk persists and

was present in all the adult brains which I examined, but in some cases

it was so small that it could easily be overlooked. The reconstruction

of an adult epiphysis. Fig. 22, shows that the cavity of the organ forms

a large chamber subdivided to a certain extent by incomplete septa. A
much more solid area is seen towards the caudal extremity, which is

placed just over the stalk. The same characteristics I have observed in

another model made from a different brain. One gets the idea that the

epiphysis consists of a series of vesicles in studying sagittal sections a

little to one side of the median line, as for instance in Fig. 17, where the

epiphysis was displaced a little to one side.

. There has been such a vast amount written on the origin of the

epiphysis and the pineal or parietal eye and their homologies that it seems

superfluous to add anything more here. In a very general way, however,

there seems to be some sort of proportion in the relative development of

the paraphysis, epiphysis, and the parietal eye. In urodela where there

is no parietal eye and a small epiphysis, the paraphysis reaches its highest

degree of development. In those forms where the paraphysis is rudi-

mentary or relatively slightly developed the parietal eye is present or

else the epiphysis is relatively highly developed. Compare, for example,

the figures of Burckhardt (3) of Petromyzon, Minot (28) of Acanthias,

Burckhardt (3) of Trout, Leydig (26) and Voelzkow (38) of reptilia,

and Dexter (5) of the fowl. Rana, however, seems to be a marked ex-

ception to this statement, as there the paraphysis, epiphysis, and pineal

eye are all present and well developed, and the same may be said for

Lacerta (Francotte, 10 and 11) and Sphenodon (Dendy, 6). As the

paraphysis and epiphysis are glandular structures they have probably

some sort of compensatory function and where one is highly developed

the other is relatively rudimentary or even absent. Compare in this

respect also Torpedo with Acanthias and the crocodile and alligator with

the chick.

As a rule the stalk of the epiphysis is placed immediately caudad to the

supra commissure, in all cases I believe, except in the toad, where there

is a distinct interval between it and this commissure (Sorenson, 36).

In Necturus there is an interval in the roof of the brain between the stalk

and the posterior commissure. This portion of the roof of the brain was
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described by Kupffer (23) as the " schaltstlick," and according to him it

is best developed in amphibia. Burckhardt (3) maintains that it occurs

in all vertebrates from Pctromyzon np, but according to Kupffer it is

absent in Accipenser (23, Fig. 19), and it is also wanting in Acanthias

(Minot, 28, Pig. 10) and in the fowl (Dexter, 5, Fig. 9).

The velum transversum is probably characteristic of all vertebrates.

Minot (28). In Petromyzon the velum appears as a small transverse

fold, and the post-velar arch is well marked. The plexus development

is, however, very slight. In elasmobranchs the velum of Acanthias

forms a long, narrow, transverse fold, and the post-velar arch is so small

that the origin of the velum seems to be close to the supra commissure.

The caudal layer of the velum is distinctly thinner than the cephalic

(Minot, 28, Fig. 6). This is also seen in Torpedo (d'Erchia, 7, Fig.

12), and in Necturus, Fig. 6. The velum later on has the character of

a choroid plexus, but the plexus of the hemispheres is very rudimentary

(Minot, 28). In Notidanus Burckhardt (3) shows a long, narrow velum,

a short post-velar arch, and a small telencephalic plexus. The plexus

of the hemispheres, however, is absent.

In Accipenser (Kupffer, 23, Fig. 19) the velum is long, well developed

and folded to a certain extent, and the post-velar arch is quite extensive.

In ganoids (Studnicka, 38) the membranous roof of the brain serves as

the tela choroidea of higher types. In this class of vertebrates according

to Burckhardt (3) the plexus of the hemispheres is lacking, but the

telencephalic plexus is well developed, and in teleosts the former is also

wanting, but the latter present in a reduced form.

In amphibia all the plexuses are highly developed, and in J^ecturus

they are of marked extent (Kingsbury, 21). The velum in Necturus

appears at first as a transverse fold in the roof of the brain separating

the diencephalon from the telencephalon. This fold develops at first

ventrad and then caudad through the mid brain as far as the hind brain.

This great growth of the velum forms the diencephalic plexus. The

post-velar arch, which at first is wide and well marked, is practically

absorbed by the overgrowth of the velum, and a small portion only

persists in the roof of the diencephalon between the origin of the dien-

cephalic plexus and the supra commissure. Fig. 17. The telencephalic

plexus develops from the paraphysal arch immediately cephalad to the

paraphysis, the opening of which therefore is surrounded by these two

plexuses. They fill up the cavity of the third ventricle and mid brain,

and the diencephalic plexus may appear in the hind brain (Osl>orn, 29).

This seems to vary in different cases, and in the majority of brains which

I was able to examine the extremity of this plexus did not actually extend
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into the hind brain. In- Fig. 33, however, this extremity appears as a

marked tuft in the fourth ventricle. The plexuses of the hemispheres

arise on either side from the origin of the telencephalie plexus and pass

into the lateral ventricles, extending nearly to their cephalic extremities.

In Lacerta vivipara (Francotte, 12, Fig. 24) the post-velar arch has

been much com})ressed from before backward so as to form a deep narrow

angle. At the apex of the angle the folds of the diencephalic plexus are

seen. The velum is smooth and apparently is not included in the

formation of the plexus. In Anguis fragilis (Francotte, 10, Figs. 19

and 15), the post-velar arch does not seem to be so much compressed,

and the plexus formation somewhat greater. As he says, however, the

development of those parts in Lacerta is practically the same as in Anguis.

According to Burckhardt the telencephalie plexus is much reduced

in size, consisting merely of small folds, but the plexus of the hemis-

pheres is well developed (Burckhardt, 3).

In the turtles Humphrey (20) found that the velum of Chelydra is

but slightly developed, and no diencephalic plexus is formed. All the

other plexuses are telencephalie in origin.

Herrick (15, Fig. 5, PI. VI), shows in Cistudo a well-developed telen-

cephalie plexus and a diencephalic plexus represented by many folds in

the caudal layer of the velum and the post-velar arch. In Chelone im-

bricata Yoelzkow (39, Figs. 19 and 22) shows at first a well marked

velum and a wide post-velar arch. In later stages the velum and prac-

tically all the arch are thrown into folds to form the diencephalic plexus.

The telencephalie plexus is also well developed. In the serpents much
the same arrangement can be seen. The velum (Leydig, 26, Figs.

2, 5, and 6) forms a prominent fold, and it and the post-velar arch

form a very vascular plexus. In the crocodilia (Voelzkow, 39, Figs.

7, 11, 13, 15), the velum and the post-velar arch are at first well

marked, but the parts later become so compressed from before back-

ward that the arch forms a deep acute angle in the depths of which plexus

foldings are seen. The caudal layers of the velum, however, takes no part

in the plexus formation. In birds, Dexter (5) found that the velum of

the fowl is small and the post-velar arch broad at first. This becomes

compressed so as to form an acute angle much as in the crocodilia. The

cephalic limb of this angle and all the velum is converted into the choroid

plexus. In birds the plexus of the hemispheres is very well developed,

but the telencephalie plexus is practically absent.

In fishes the plexus development is quite simple, in many cases being

merely the thin membranous roof of the third ventricle; in others, how-

ever, this is much folded and vascular (Sorensen, 35). In certain forms
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there is a telenccphalic plexus, but the plexus of the hemispheres is

absent or rudimentary (Burckhardt, 3). In amphibia there is a great

overgrowth of all the plexuses, especially of the diencephalic plexus,

which here reaches its highest development. In reptilia the plexus of the

hemispheres is well developed, but the telencephalic plexus is reduced

in size (Burckhardt, 3), and the diencephalic much more so. In birds

the plexus of the hemispheres is highly developed, the telencephalic

plexus practically absent, and the diencephalic plexus, while very similar

to that of reptilia, approaches nearer to the tela choroidea of higher

mammalia.

Osborn first named the supra-commissure and worked out its homol-

ogies. According to him (30) the urodela are distinguished from the

anura by the frequent extensive development of this commissure, which

is large in Amphiuma, smaller in Necturus, and much reduced in Eana.

It appears in Necturus a little later than the posterior commissure, as

is usual in most cases, as far as I am aware, except in Ammocoetes, where

it appears shortly before the posterior commissure (Kupffer, 24, Fig. 5).

It is found in all the chief types of vertebrates, and is usually smaller

than the posterior (Minot, 28). It is developed from the diencephalon,

while the posterior belongs to the cephalic limit of the mid brain.

Conclusions.

1. The paraphysis appears first in an embryo of 12 mm. It is de-

veloped from the telencephalon immediately cephalad to the velum trans-

versum as a small diverticulum, which becomes eventually a complicated

gland with anastomosing tubules. The gland is very vascular, and has a

sinusoidal circulation.

2. The epiphysis appears first in an embryo of 9-10 mm., and is de-

veloped from the diencephalon. It is always attached to the brain by a

small solid stalk, and the cavity is partially subdivided by incomplete

septa.

3. The velum transversum grows at first ventrad and then caudad as

far as the hind brain, forming in this way the diencephalic portion of

the choroid plexus. The post-velar arch, which is at first quite extensive,

is almost entirely absorbed in this extensive growth of the v.elum.

4. The telencephalic plexus arises from the roof of the telencephalon,

and fills up the depths of the cavity of the third ventricle. The opening

of the paraphysis is surrounded by these two plexuses.

5. The plexus of the hemispheres arises at a right angle from the

telencephalic plexiis just cephalad and ventrad to the opening of the

paraphysis.
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6. The supra-commissure appears first at 16-17 mm. It lies imme-

diately cephalad to the stalk of the epiphysis and is comparatively small.

7. The posterior commissure appears first at 15 mm., and there is a

marked interval in the roof of the diencephalon between it and the

epiphysis.

I wish in conclusion to express my acknowledgments to Prof. Minot

for his kind advise and interest in the preparation of this article.
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THE DEVELOPMENT OF THE THYMUS.

BY

E. T. BELL, B. S., M. D.

Instructor in Anatomy, University of Missouri.

With 3 Plates and 5 Text Figures.

This paper is intended mainly as a contribution to our knowledge of

the histogenesis of the thymus in mammals. Special attention is given

to the origin and development of the corpuscles of Hassall, since their

mode of formation has never been satisfactorily described in mammals

and their significance in all forms is in dispute. An attempt is also

made to show in detail the changes that occur during the transformation

of the thymus from the epithelial to the lymphoid condition.

This work was begun at the suggestion of Dr. D. D. Lewis at the

University of Chicago. The greater part of it has been done at the

University of Missouri. Special acknowledgments are due Dr. C. M.

Jackson for valuable criticism and suggestions. T wish also to thank

Mr. Charles H. Miller of the University of Chicago for his kindness in

sending me material.

Material and Methods.

As material for the greater part of my work, I. have used pig embryos

from 8 mm. to full term (26 cm. to 30 cm.). These are especially suit-

able for such work since they may be procured in abundance from the

large packing houses at almost any stage of development. For special

purposes I have studied a few specimens from human foetuses, and from

the cat, rat, and guinea pig. The smaller pigs used (8 mm. to 27 mm.')

belong to the collection in the anatomical laboratory at the University of

Missouri. These were stained in bulk with alum-cochineal and mounted

in serial sections. In the later stages, which were prepared specially for

this work, tbe ventral half of the cervical and anterior thoracic regions

was usually out out and embedded from pigs from 3 cm. to 8 cm. On

specimens from 8 cm. to 30 cm.. I dissected out the thymus and used sucb

parts as were desired.

^ The crown-rump measurement is used in all cases.
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All pig material was fixed in Zenker's fluid, embedded in paraffin, and

mounted in serial sections from 3 ju, to 10 /x thick. Except those of the

young stages (8 mm. to 27 mm.) the sections were stained on the slide.

Most of them were stained with hsematoxylin or iron-hgematoxylin and

counterstained with Congo red. For special purposes many other stains

were used.

To demonstrate the delicate protoplasmic threads of the syncytium

during the later stages of the lymphoid transformation, I stained by the

iron-haematoxylin method but omitted the final decolorization in iron-

alum. Protoplasm is stained deep black; nuclear structure is poorly

shown, but the finest cytoplasmic processes may be seen.

For the demonstration of connective tissue fibrillae in the syncytium,

I found the method recommended by Jackson (13, S. 39) most satis-

factory.

Text Fig. 2.

Text Figure 1. Cranial view of third gill pouch (thymic anlage) ; X 33;

pig embryo, 11 mm.; ec, ectoderm; I, lumen; nt, nodulus thymicus; ph, con-

nection to pharynx; s p, sinus prsecervicalis.

Text Figure 2. Ventral view of thymic anlage; X 33; pig embryo, 15 mm.;
ec, ectoderm; I, lumen; n t, nodulus thymicus; ph, connection to pharynx;
s p, sinus prsecervicalis.

To determine the relation of the blood-vessels to the corpuscles of

Hassall, I put a young kitten under deep anesthesia and injected a large

quantity of a strong aqueous solution of Prussian blue into the aorta

through the common carotid artery. The heart continues to beat even

after an amount of fluid twice as great as the total volume of the blood

has been injected. An injection made in this way is under a slightly

increased blood pressure and easily reaches the finest capillaries. There

is therefore a thorough injection with little danger of rupturing delicate

blood-vessels.

Organogenesis.

My observations on this phase of development are not sufficiently com-

plete to warrant a full discussion. A brief survey may however prepare

the way for a better understanding of the histogenesis. The text figures

show the shape in outline of the third gill pouch and thymic anlage
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from 11 mm. to 27 mm. . They are graphic reconstructions. Since this

pouch is nearly all converted into thymus it may be regarded as the

thymic anlage from a very early stage.

At 11 mm. (Text Figure 1), the pouch is a hollow epithelial tube di-

rected from without ventrally and mesially. The lumen (l) is large

and communicates freely with the pharynx. On the dorso-lateral aspect

of the pouch is a solid epithelial mass (n t) distinctly different in struc-

ture from the rest of the pouch. This is the nodulus thymicus

(Kastschenko, 14) and will be referred to by that term. This structure

has been described by Stieda (26), Prenant ' (22), and others as the

anlage of the carotid gland.

It was evidently mistaken by Minot ' in a 12-mm. pig for the anlage of

the entire thymus. It may be seen as early as the 8 mm. stage budding

off from the cranio-lateral aspect of the pouch. Immediately behind the

nodulus thymicus, but not connected to it at this stage is the inner blind

extremity of the sinus prsecervicalis (s p). These become fused at

12 mm. or 13 mm.
At 15 mm. (Text Figure 2) the thymic anlage is more elongated. It

now projects ventrally and medianwards, its free end lying immediately

caudad to the median thyroid anlage and just craniad to the pericardium.

Its lumen (Z) is still in communication with the pharynx. The sinus

prsecervicalis {s p) is drawn out, its lumen being smaller and longer.

It is now fused to the outer two-thirds of the posterior aspect of the

nodulus thymicus (n t).

At 18 mm. (Text Figure 3) the anlage is growing rapidly in a caudal

direction and just entering the thoracic cavity. It is connected to the

pharynx by a delicate epithelial cord. There is still a lumen in its caudal

part. The sinus praecervicalis has lost its connection to the nodulus

thymicus." The outer part of its lumen has disappeared and it seems

about to lose its connection with the ectoderm.

At 20 mm. (Text Figure 4) the thymus extends well into the thoracic

cavity. Its thoracic segment (t h) has increased considerably in size and

is united to the gland of the opposite side.

The nodulus thymicus still forms the greater part of the head. The

anlage has no connection with the pharynx or the epidermis. There is

"Prenant is said to have since abandoned this idea and accepted Kast-

schenko's view. (v. Ebner in Kolliker's Gewebelehre des Menschen. Aufl.

6, Bd. 3, 1, S. 340.)

^Laboratory Text of Embryology, p. 191; also p. 209 and Fig. 124.

* On the opposite side in this specimen, .these structures were fused over a

very small area.
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now an elongated mass of thymic tissue extending upwards behind the

nodiilus thymicus, and fused with it. Its upper pointed extremity curves

outwards around the hypoglossal nerve. This is the " thymus super-

ficialis " (t s) of Kastschenko and is regarded by him as being formed

from the sinus praecervicalis. Kastschenko describes this elongated

portion as being always separate from the rest of the head, being con-

nected only by connective tissue. In my preparations it is clearly con-

tinuous with the rest of the anlage, and seems to have formed by growing

out from it. The presence of a lumen in its lower end favors Kast-

.ec

Text Fig. 3. Text Fig. 4.

Text Figure 3. Ventral view of thymic anlage; X 33; pig embryo, 18 mm.;
ec, ectoderm; I, lumen; nt, nodulus thymicus; ph, connection to pharynx;
s p, sinus praecervicalis.

Text Figure 4. Ventral view of thymic anlage; X 33; pig embryo, 20 mm.;
f, area fused with gland of opposite side; I, lumen; nt, nodulus thymicus;
th, thoracic segment; t s, thymus superficialis.

schenko's view, for there is no lumen in the head at 18 mm. in my prepar-

ations. On the other hand the separation from the head at the 18 mm.
stage favors the idea that the sinus prsecervicalis degenerates. I have not

studied a sufficient number of specimens at this transition stage to

enable me to decide this point, though I believe the ectoderm takes no

part in the formation of the thymic anlage. Kastschenko's results are

opposed by nearly all other students of this problem, but his work should

not be discarded before the development of the thymus superficialis in

the pig has been accurately determined.

At 27 mm. (Text Figure 5) the thymus is much longer and extends
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well down into the thoracic cavity in relation to the base of the heart

where it has fused with the gland of the opposite side. Buds are now
beginning to form through the greater part of its extent. Traces of the

original lumen (I) may still be seen in several places. The "thymus
superficialis " is bent around the twelfth nerve. A delicate cord of thymic

Text Fig. 5.

Text Figxjre 5. Ventral view of thymic anlage; X 33; pig embryo, 27 mm.;
/. area fused with gland of opposite side; 1, lumen; nt, nodulus thymicus;
th, thoracic segment; t s, thymus superficialis.

tissue fused with the l)ack of the nodulus thymicus connects the thymus

superficialis to the rest of the head.

From about 3 cm. until toward the end of fcetal life the thymus shows

the two constrictions, described by Prenant (22) (for the sheep) as the

intermediary and the cervico-thoracic cords. These cords connect three

3
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enlargements which we may call the head, the luid-t-ervical segment, and

the thoracic segment. I will consider each part separately. The thoracic

segment develops rapidly, spreading out ahove and in front of the heart.

The glands of the two sides fuse completely in this region. The lymphoid

transformation is noticeable at 3.5 cm. and well advanced at 4.5 cm. The
medulla begins to form at 8 cm. The cervico-thoracic cord is at first

very narrow but soon thickens and joins the cord of the opposite side.

At full term they form a sharp constriction, 3 mm. to 4 mm. wide and

5 mm. to 6 mm. long, situated at the superior aperture of the thorax,

and connecting the mid-cervical and thoracic segments. The histological

changes take place here later than in the enlargements.

The mid-cervical segment develops like the thoracic segment but some-

what more slowly. Budding, lymphoid transformation, and formation

of the medulla all begin here a little later than in the head and thoracic

segment. Its caudal end is slightly in advance of its cranial end. The

intermediary cord is well marked at 4 cm. It soon becomes very attenu-

ated, having at 6 cm. in many places a diameter of only 15 fx. Prenant

suggests that this drawing out of the gland is caused by the rapid growth

of the neck. Later it increases in size and at full term is noticeable only

as a very slight constriction between the head and the mid-cervical

segment. The histological changes are much later here than in other

parts of the gland.

The greater part of the head in the early stages is formed by the

nodulus thymicus. This body grows slowly, attaining a diameter in cross-

section of .5 mm. at 8 cm. Its cross-sectional area at 8 cm. is about one-

third that of the rest of the head of the thymus. At this stage the nodulus

thymicus is a rounded body lying on the inner aspect of the head in re-

lation to the carotid artery. A small area of its outer surface is fused

with the lymphoid tissue of the thymus. Its histological structure has

been fully described by Prenant (22). From the earliest stages, it

consists of cords of epithelial cells separated by blood capillaries. At

8 cm. the thymus superficialis (Kastschenko) is a large body lying craniad

and dorsal to the rest of the head but connected to it at its caudal

extremity.

I have no observations on the head of the thymus between 8 cm. and

full term, having overlooked it in collecting my material. In a full term

pig (30 cm.), the cervical part of the thymus is in two distinct parts.

The postero-ventral part, representing part of the head, the intermediary

cord, and the mid-cervical segment, is about 3 cm. long and 1 cm. wide.

It extends from the upper border of the thyroid cartilage to the thorax,

and with the corresponding part of the opposite gland encloses the
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trachea, thyroid, and lower ]iait of the larynx. A slight narrowing at

the junction of the upper and middle thirds indicates the position of the

intermediary cord. The antero-dorsal part^ the thymus superficialis, is

rounded in cross-section, tapei-rrfg- to a point behind. Its anterior end is

about 7 mm. in diameter and loops around the twelfth nerve as in the

earliest stages. A lobule hangs over ventral to the nerve, a thin cord

being dorsal to it. The posterior end of the thymus superficialis extends

to the cricoid cartilage dorsal to the postero-ventral part of the gland.

It is united to this part of the gland by a very delicate band of thymic

tissue. I did not find the nodulus thymicus at full term. It has either

moved away from the head or degenerated.

The duct of the thymus is the lumen of the third gill pouch. A
glance at the Text Figures will show its development. It is broken up
into segments and finally obliterated. I could find no traces of it at

3.7 cm. or later. On the theory of the exclusively endodermal origin of

the thymus. I cannot explain the absence of a lumen in the head at

IS mm. and its presence at 20 mm. and 27 mm. unless it be due to

individual variation in different specimens.

It appears from the foregoing that in the pig the exclusively endo-

dermal origin of the thymus from the third gill [loueh is probable, but

a slight participation by the ectoderm has not been satisfactorily excluded.

Kastschenko's conclusions, however, as to the ectodermal origin of the

thymus are imwarranted by his recorded observations. Prenant, after

his careful work (on the sheep), was not sure that a small mass of ecto-

derm did not enter into the formation of the head. Practically all other

investigators of this problem maintain that tlie ectoderm takes no part

in the formation of the thymus. The epithelial l)ody (nodulus thymicus)

developing in connection witli tlie head of the thymus from the third

gill pouch does not form the carotid gland. Kastschenko's description of

the origin of the carotid gland in mammals from the adventitia of the

internal carotid is now accepted by the majority of anatomists, and it

therefore has nothing to do with the thymus in oi'igin.

TiiK Hist<)L()(;y of tiik FrLLY-F()i;.Mi:i) Thymus.

Before taking u\) tlic histogenesis, I shall bi'iclly (.-(Uisider the histology

of the gland as shown in a 24-cni. embryo. At this stage ihe gland nuiy

be regarded as fully formed. As is well known, tlie thymic lobule con-

sists of a cortical and a medidlary portion,—the medulla of all the

lobules being united by the medullary cord. The cortex consists of a

delicate reticulum with its spaces well filled by cells, usually lymphocytes.

The reticulum may be regarded as composed of small branched anastom-
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osing cells, though of eourse no cell houndaries are distinguishable. The
nuclei are poor in chromatin, rounded, and usually 4.5 /a to 5.5 /x in

diameter. The amount of cytoplasm around the nuclei and connecting

them is usually very small. At some nodes there is a greater amount of

cytoplasm giving the appearance of a large reticulum cell. In connection

with the lilood-vessels, which are numerous in the cortex, are often found

branched cells with pale nuclei and cytoplasm that stains more intensely

than that of the rest of the reticulum. By a modification of Mallory's

method used by Jackson (13, S. 39), I have been able to demonstrate

numerous fibrillEe in the reticulum. In some cortical areas at this

stage there are a great many erythroblasts. Masses of free erythrocytes

are often found, usually near a comparatively large vessel, but such cells

occur singly anywhere in the cortex.

In the medulla, the syncytial character of the stroma is much more

pronounced. The cytoplasm is much more abundant than in the cortex,

and the spaces are smaller and not so numerous. There is not so much
room for lymphocytes as in the cortex, hence the lighter color of the

medulla in stained preparations. The nuclei of the syncytium are either

pale or dark, both types showing wide variations in size. By Jackson's

method (13, S. 39), fibrilla3 may be readily demonstrated in the syn-

cytium. In Plate I, Fig. 6, is shown the arrangement of these fibrillse

(s f) in the medulla at 24 cm. They often may be traced into the

areas which are forming the concentric corpuscles. In some parts of the

medulla the fibrillae are very numerous ; in a few places, entirely absent.

In both cortex and medulla eosinophile cells are often found. These

occur in groups in the interlobular tissue around the blood-vessels, around

some of the corpuscles of Hassall, and singly in the reticulum. These

have been described by Schaffer (24). Free erythrocytes a.re rarely found

in the medulla. In the medulla are also found the corpuscles of Hassall.

Since the structure of these bodies depends largely upon their age, it may
be better understood from the consideration of their development.

The Lymphoid Transformation.'

Kolliker, in 79, first advanced the idea that the leucocytes are formed

directly from the epithelial cells of the thymic anlage. According to

Minot (in human embryology, p. 878), "he records for the rabbit that

between the twentieth and twenty-third days the cells of the thymus be-

come smaller and their outlines disappear, so that the organ appears to

° This term will be used to include those changes that occur in the thymus

during its passage from an epithelial to a characteristic lymphoid structure.
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bo ail atiuiiiulaticni of small round nuclei. At about the same period

blood-vessels and eonneetive tissue grow into the epithelial anlage."

His {I'i 1)). 80, and Stieda (26), 81, claimed that the corpuscles of

Hassall are the only remnants of the epithelial anlage, that the lymph-

ocytes, reticulum, etc., are of mesenchymal origin.

Maurer (17 a), 86, described the leucocytes as arising directly from the

cells of the epithelial anlage in the thymus of teleosts. In the amphibian

thymus (17 b), 88, he thinks that the leucocytes are probably of mesen-

chymal origin. He was unwilling to conclude that they arose from the

epithelium because he could not find transition forms. In lizards (17 c),

99, he records that even before the separation of the epithelial anlage of

the thymus from the pharynx, changes begin. The peripheral cells are

closely crowded together and show many mitoses. There arises between

the central cells, or is formed in vacuoles in their protoplasm, a fluid which

accumulates until the nuclei surrounded by a thin zone of protoplasm are

connected only by protoplasmic threads. A loose medulla is thus formed

which looks like a cellular reticulum. The cortex is still solid. The

lymphocytes are formed from the epithelial cells; none come from with-

out. Later, blood-vessels and connective tissue grow in. He believes

that the reticulum is of mesenchymal origin in all forms. Maurer

(17 d), 02, still holds that in amphibians the lymphocytes are probably

of mesenchymal origin.

Plermann et Tourneux (11), 87, find that in man and other mammals

the epithelial anlage of the thymus is gradually converted into leucocytes

and reticulum cells. Vacuoles appear during the transformation which

seem to be formed by the absorption of large cells. In a sheep embryo

of 130 mm., the clear epithelial cells have all disappeared, giving rise

to small round cells and reticulum cells. Prolongations of connective

tissue, each containing a blood-vessel, grow into the anlage during the

transformation. They are not sure that all the thymic elements are

epithelial in origin, being especially in doubt about the origin of some of

the reticulum cells.

Gulland (8), 91, describes the development of the tonsil in the rabbit.

Leucocytes first appear in the connective tissue around the thymus. Later

they appear in the connective tissue around the tonsil. They infiltrate

the tonsillar epithelium. Fo leucocytes are of epithelial origin. After

studying the tonsil he examined the thymus in a few specimens and

concluded that the same process of leucocyte infiltration occurred there.

He does not give the details of their infiltration, and did not see any of

the transition forms of nuclei in the thymus at that period.

Prenant (22), 94, made a careful study of the development of the
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thynuis in sheep embrvos. His results are as follows. At 25 mm. the

gland is composed of distinct polyhedral cells with nuclei of only one

kind. A few mitoses and an occasional direct division are to be seen. At

20 mm. mitoses are numerous (oi^e nucleus in fifty). jSTuclei are reg-

ularly rounded or elliptical and some small nuclei occur juxtaposed to

large nuclei. At 28 mm. many mitoses are present and irregular spaces

have appeared. These spaces are not blood-vessels nor parts of the

thymic duet but vacuoles. Some nuclei, noticeably small and darkly

colored, lie close to the large, clear nuclei and seem to be budded off from

them. Some nuclei (rare) are broken into three or four chromatic

bodies. Embryos of 40 mm. have undergone in great part the lymphoid

transformation. All transitions are found between the large, pale ellip-

tical nuclei of clear reticular structure and the small, deeply colored

rounded nuclei whose sap is strongly stained. These last are certainly

lymphocytes and constitute an immense majority of the cellular elements.

Large, clear nuclei are found Joined to small dark ones—nuclear couples.

At 85 mm. the medulla appears; the cortex corresponds to the entire

thymic mass of preceding stages. The cortex contains a great many

lymphocytes separated by islands and rows of pale nuclei. There are

about thirty lymphocytes to one pale nucleus. Mitoses are numerous in

the cortex. In the medulla at this stage, the large clear, and small dark,

nuclei are about equal in number, and mitoses are rarer than in the

cortex. In later embryonic stages a clear peripheral zone is present

where cell proliferation takes place. Mitoses are now more numerous in

the medulla than in the cortex. It is probable that a certain number of

the epithelial cells persist as reticulum cells in the fully-formed organ.

J. Beard (3 a), 94, (3 b), 99, thinks that the function of the thymus

is to form the first leucocytes. He finds that in the skate the epithelial

cells are converted early into lymphocytes which emigrate into the blood.

There are many breaks in the gland where the lymphocytes escape in

masses. The thymus is the only source of leucocytes until the other

lymphoid organs are formed.

Ver Eecke (28), 99, finds that in the frog the epithelial thymus is

invaded by lymphocytes and connective tissue. The epithelial cells are

not destroyed but merely dispersed by the mesenchymal elements. He
calls the resulting tissue lympho-epithelial. This idea of the comming-

ling of the two tissues had already been advanced by Eettcrer.

Xusbaum and Prymak (20), 01, on teleosts, agree with j\Iaurer that

the lymphocytes are of epithelial origin but disagree on the details of their

formation. They find that the epithelial anlage is at first composed of

cells with distinct lioundaries. It is not different from the epithelium
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of the pharynx. Before any blood-vessels or connective tissue have in-

vaded the organ, changes begin in. the central part. These changes con-

sist in the breaking up of the cytoplasm so that the cells become

branched and connected by delicate processes. These processes finally

break apart leaving a nucleus surrounded by a thin layer of protoplasm

—

a lymphocyte. The peripheral epithelial layer multiplies rapidly, forming

nuclei somewhat smaller and darker than their own. These nuclei be-

come gradually changed into the nuclei of lymphocytes and break away

from the other cells. All transitions are present between the large, clear

epithelial nuclei and the lymphocytes. Blood-vessels and connective

tissue grow in from the outside.

It appears from a survey of the literature that, of those who have

studied the origin of lymphocytes in the mamalian thymus. His, Stieda,

and Gulland have advocated the idea that they invade the gland from

without, and that the original epithelial anlage persists only as remnants,

the corpuscles of Hassall. They also consider the stroma of mesenchymal

origin. On the other hand, Kolliker, Hermann and Tourneux, and Pren-

ant, have described the lymphocytes as derived directly from the epithelial

cells of the anlage. Hermann and Tourneux and Prenant ascribed a

similar origin to part of the reticulum.

Xeither His, Stieda, nor Gulland made a detailed histological study

of the changes that take place in the thymus during the transformation.

They did not see the vacuolization of the cytoplasm, the changes in the

epithelial nuclei, etc.—processes wdiich undoubtedly occur. Gulland

made nearly all his observations on the tonsil and then from a superficial

examination of the thymus concluded that the process is the same there.

The conclusions of these men are therefore not to be compared on this

point with those obtained by the thorough and careful work of Prenant.

On amphibians, Maurer hesitatingly agrees with His, and Yer Eecke

accepts the mesenchymal origin of the leucocytes ; while on fishes Maurer,

Beard, and Nusbaum and Prymak believe in the epithelial origin of

lymphocytes. Maurer's work on reptiles is in agreement with his work

on teleosts.

As to the origin of leucocytes in the lymphoid organs of tlie alimentary

canal, opinion is divided. Eetterer, v. Davidoff, Rudinger, Klaatsch,

and others have described the leucocytes as arising from epithelium and

being invaded by mesenchymal elements forming adenoid tissue. Stohr,

Gulland, Tomarkin, and others describe them as penetrating the epithe-

lium from without.

I shall now discuss my own observations on the lymphoid transform-

ation in the thymus of the pig. From a very early stage (11 mm.), the
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t'pithelium of the third gill pouch is a syncytium. No cell boundaries

exist. The nuclei, large and irregular in shape, are embedded in a com-

mon mass of cytoplasm. In the thymus at 20 mm. I find a syncytium

of dense cytoplasm embedded in which are large nuclei of irregular shape

and size. No distinct types of nuclei are present yet; all stain with

medium intensity. A few mitoses are to be seen.

In a section of the mid-cervical segment at 3.7 cm. (Plate I, Fig. 1),

I find evidence that the lymphoid transformation has begun. The syn-

cytium is composed of coarsely reticulated cytoplasm much looser in

texture than that of the preceding stage. It contains a few irregular

spaces (s s) which are evidently of the nature of vacuoles. These may
be formed, as Maurer suggests, by liquefaction of the cytoplasm. There

is no reason to suppose that cells degenerate and form them as Hermann
and Tourneux believed. Three types of nuclei may be distinguished;

large pale nuclei (Ipn) large dark nuclei (I dn), and small dark nuclei

(lymphoblasts) (Ih). Transition forms occur between these types.

The large dark nuclei are intermediate forms between the pale nuclei

and the lymphoblasts. A few mitoses (m) occur. No blood-vessels are

present inside the anlage but they may be seen between the buds just

outside. At this stage, the head and the thoracic segment have areas

that are somewhat farther advanced than this. The intermediary and

cervico-thoracic cords show no changes.

At a later stage than the above (Plate I, Fig. 2), in the thoracic

segment of a 4.5-cm. pig, jthe spaces of the syncytium (s s) have in-

creased greatly in number and size. The anlage is now a cellular retic-

ulum. The large pale nuclei are somewhat less numerous than the

dark nuclei and many have become angular, adapting themselves to the

nodes of the syncytium. They contain less chromatin than in the

preceding stage. Large dark nuclei and lymphoblasts are present; the

lymphoblasts are much more numerous than in the preceding stage. A
very few small dark nuclei are completely separated from the syncytium.

These are lymphocytes. There are no lymphocytes in the connective

tissue around the thymus or in the blood at this stage. I did not

examine the tonsil or spleen at any stage. A few small blood-vessels are

to be seen; their walls consist of endothelium only. There are more

mitoses than at the preceding stage, but none happened to be present in

the area shown in the figure. During mitosis, at all stages of develop-

ment, except the early epithelial condition, the chromosomes are so

closely packed that it is very difficult to distinguish them individually.

In a section through the mid-cervical segment of a 7-cm. pig

(Plate I, Fig. 5), we see a stage somewhat later than the one shown in
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Fig. 2. In various jiarts of the section lymphocytes (I) are completely

formed. Tlie great majority of the small round nuclei are in the lympho-

blast (l h) condition, i. e.,thcy are not yet completely separated from the

syncytium. There are a few lymphocytes outside the thymus in the

interlobular tissue in this region; around the head and the thoracic

segment at 7 cm. they are numerous, these parts being in a later stage

of transformation. I have never seen lymphocytes outside the thyfnus,

where there were none inside it ; but they appear outside shortly after they

are formed here. Those formed next the interlobular septa seem to pass

out very early. Of course the lymphoblasts, which are distinguishable

from the lymphocytes only by being imbedded in the syncytium, are to

be seen in the thymus long before any appear outside.

At the stage shown in Fig. 5, a great many nuclei are in mitosis. I

have not seen at any stage, the amitoses and nuclear couples described

by Prenant for the sheep. In some parts of the section comparatively

large solid epithelial areas occur. These are found as often in the

central as in the peripheral part. Many of the pale nuclei are smaller

than those shown in Fig. 2. The blood-vessels are somewhat larger and

more numerous than those at 4.5 cm.

It is to be noted that the epithelial anlage does not at any stage become

converted entirely into small round cells as many observers have stated.

Distinctly pale angular reticular nuclei can always be seen.

In the mid-cervical segment at 8.5 cm. (Plate I, Fig. 4), a great many

lymphocytes (/) are formed. These lie between the persisting epithelial

cells which are now arranged in irregular cords and islands. In these

epithelial masses, lymphoblasts may still be seen indicating that the

formation of lymphocytes is still in progTCss. Many of the pale nuclei

are now small. The heavy hsematoxylin stain in this case makes the

nuclei darker than they would appear with an ordinary stain. A few

nuclei are in mitosis.

This figure shows also the first appearance of the medulla {ind). The

medulla is formed directly, as shown in the figure, from persisting parts

of the epithelial syncytium. Certain centrally situated masses of this

syncytium undergo changes of such a nature that they stain readily with

cytoplasmic stains such as Congo red. In sections stained with hema-

toxylin and Congo red, the medulla is first recognized as a l)rightly

colored area situated usually about the center of the lobule. Tlicse

epithelial masses that give rise to the medulla seem to increase in size

about the time of the change in staining capacity. The first differenti-

ation of the medulla is chemical rather than morphological, for there are

other persisting epithelial masses even larger than it in the same section
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that do not react in the same way with the cytophismic stains. The

meduna appears in the head and the thoracic segment at 7.5 cm. to 8 cm.

All the gland except this small central area forms the cortex. Blood-

vessels now reach 'all parts of the gland, but are still few in number. I

cannot distinguish any wall except the endothelium on those actually

inside the gland.

In a 9.5-cm. pig, the medulla is larger. It contains pale nuclei of

various sizes, large dark nuclei, and lymphoblasts. Its spaces are smaller

than those of the cortex. The early stages in the formation of the cor-

puscles of Hassall appear as soon as the medulla begins to form. The

epithelial cords in the cortex have become less conspicuous, but are still

forming lymphocytes. A few nuclei are in mitosis. Many blood cap-

illaries may now be seen penetrating the gland from the periphery.

These vessels run in the epithelial masses and have a wall of large

endothelial cells which gives them the appearance of radiating cords.

When these vessels first appear, as at this stage, they have only an

endothelial wall. The blood-vessels grow in as small capillaries which,

after their entrance, increase in size and branch ; they do not break in as

large vessels surrounded by mesenchymal tissue. I am fairly sure that

aside from the endothelial cells few or no mesenchymal cells come into

the thymus. Around the greater part of the periphery of the gland is

a solid zone of syncytium two or three nuclei deep which is in trans-

formation like the epithelial cords inside. This zone, described by Pren-

ant as a zone of proliferation, grows rapidly, as the frequent mitoses

indicate. Its inner boundary is forming lymphocytes and reticulum cells.

In a 14-cm. pig, the lymphoid transformation is practically at an end

except in the medulla. The peripheral zone of proliferation has dis-

appeared. The cortex has about the same structure as at 24 cm., as

previously described. In the medulla, lymphoblasts, large pale nuclei,

and the large dark intermediate types are still present. There are a few

mitoses here. It is very probable therefore that the formation of lym-

phocytes is still in progress in the medulla. The medulla at 2-i cm.

shows a similar structure except that there are fewer lymphoblasts. These

facts persuade me to regard the medulla as a center for lymphocyte

formation at least as late as birth. Connective tissue fibrillae begin to

appear in the gland along the large blood-vessels and the interlolmlar

septa as early as 10.5 cm. They are only a little farther in at 16 cm.

;

but near full term they are present in nearly all parts of the stroma.

(See Plate I, Fig. 6.)

The above account may be summarized as follows: In the pig the

epithelial syncytium of the thymic anlage becomes loosened up by the
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formation of vacuoles in it. These vacuoles increase in number and

size, converting the anlage into a cellular reticulum. While this vacuoli-

zation is in progress, the nuclei, which at first are of one kind with a

medium amount of chromatin, ditferentiate into large clear, large dark,

and small dark (lymphoblast) forms. The large dark nuclei probably

divide by mitosis and form the lymphoblasts. The lymphoblasts grad-

ually break loose from the syncytium, passing into its spaces and becoming

lymphocytes. Shortly after lymphocytes begin to be formed, some of

them pass out of the gland into the surrounding connective tissue. The

lymphoid transformation begins in embryos of 2.5 cm. to 3 cm. and con-

tinues in the cortex until 13 cm. or 13 cm. In the medulla it is not com-

plete at birth. Since the thymus increases greatly in size during this

period the epithelial syncytium must grow rapidly. Lymphocytes are

constantly being formed at the expense of the growing syncytium. A
peripheral zone of proliferation is present from about 8 cm. to 13 cm.

The medulla is formed as a chemical differentiation of certain centrally

situated areas of the epithelial syncytium. The histological changes

occur earlier in the head and thoracic segment than in the mid-cervical

segment and very much earlier than in the cords. The reticulum of both

cortex and medulla is practically all of e])ithelial origin. Some branched

cells around the blood-vessels in the cortex may be of mesenchymal

origin.

My reasons for regarding tlie lymphocytes as of epithelial origin are

as follows

:

A. The lympholilasts are true epithelial nuclei, because (1) there are

numerous transition forms between them and the large dark nuclei which

later cannot l)e regarded as invading lymphocytes; (3) they are closely

embedded in the syncytium and show no evidence of having eaten their

way through the protoplasm; (3) they are present from a very early

stage and increase in number as development proceeds; (4) they are

present before blood-vessels invade the gland and have no constant rela-

tion to blood-vessels or to the surface of the gland that indicates an inva-

sion from either of these directions; (5) they are present before lympho-

cytes appear in the connective-tissue around the thymus.

B. Some observers admit tliat the small dark nuclei (lymphoblasts)

are of epithelial origin but do not admit that tlicy form lym])hocytes.

The considerations that lead me to bciicNc tliat the lymphoblasts do form

the lymphocytes are: (1) the small dark nuclei (lymphoblasts) show

every possible relation to the syncytium from being completely embedded

in it to lying free in the syncytial s]")aces. A comparison with later

stages shows tb.at tliis appearance is not due to poor fixation oi- to the
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adherence of the nuclei to the reticuhini
; (?) the first free niiclci often

appear in the center of the gland whoi tlicrc are no other free nuclei in

the periphery at that level; (3) there is good evidence that lymphocytes

emigrate from the thymns in large numbers. If we examine the thymus

of a 7-cm. pig in serial sections we find that the lymphoid transformation

is less advanced in the mid-cervical segment than in the head. In the

mid-cervical segment there are a few lymphocytes in the interlobular

tissue. In the lower end of the head where there are more lymphocytes

inside the gland, lymphocytes pack the interlobular tissue and form a

thin zone around the periphery of the gland. In the middle of the head

where the transformation is far advanced, lymphocytes pack the inter-

lobular tissue and form a thick zone around the entire gland. Indeed,

in some sections, there are more l3T3iphocytes in the zone outside than

are present inside the gland. If this zone of lymphocytes be passing into

the gland, it is not easy to understand why it is formed from Avithin out-

wards, and why it is thickest where the greatest number of lymphoc3ies

are already present inside. No satisfactory suggestion has yet been made

as to why lymphocytes should thus suddenly pour into the thymus at a

time when if present at all elsewhere they are rare. They do not come

to break up the thymic epithelium, for that is already a reticulum before

free cells are present (Fig. 3, Plate I). Where lymphocytes invade

intestinal epithelium as in the tonsil they eat paths through it leaving

spaces. The epithelial reticulum of the thymus is not formed in that

way. On the other hand it is not difficult to believe that this zone of

lymphocytes is formed l^y cells passing out the periphery of the thymus

and that the gland thus contributes a great number of lymphocytes to the

organism; (4) I have not been able to find lymphocytes in the connective-

tissue around the th}Tuus before they are present inside. An invasion by

way of the blood-vessels may be excluded, since the thick zone of lympho-

cytes formed around the gland shows that these cells either enter or leave

it through the preiphery.

The Corpuscles of Hassall.

These bodies were first mentioned by Hassall ( 10 ) in 46, He speaks

of them as being composed of mother cells which enclose the newly-

formed daughter cells and nuclei. He thought the central mass was

formed by the outer enclosing layers. He found bodies which lie regarded

of the same nature in fibrous coagulations in the heart.

Virchow (29), 51, in a discussion of endogenous cell formation, com-

pares Hassall's corpuscles to carcinoma pearls. He had about the same
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conception of the nature of the corpuscles as Hassall. This oft-quoted

comparison was therefore not based upon a deep insight into their nature.

Giinzburg (9), 57, did not advance beyond Hassall's conception that

the central mass is formed by the peripheral layers.

Paulitzky (21), 63, described the center of the corpuscles as homogen-

eous or granular. They sometimes contain an elliptical nucleus, some-

times fat droplets. The larger ones have in the center several nuclei' or

cell-like forms. The central part is formed from masses of epithelial

cells. Connective tissue cells grow around them and are transformed into

epithelial cells forming the peripheral part of the corpuscle.

The term "concentric corpuscles" was introduced by Ecker (6), who

described them as arising directly from gland cells by fatty meta-

morphosis. He distinguished (1) simple corpuscles, round vesicles with

thick concentric hulls, containing inside a fatty opalescent mass, and (2)

compound corpuscles, which consist of several vesicles with a common

hull. The peripheral layers of a corpuscle consist of flattened cells.

His (13 a, 12 b), 60, 80, described the corpuscles as consisting of an

outer striated shell, probably composed of nucleated cells, and contain-

ing lymphocyte-like cells inside. He supposed them to be the original

cells of the epithelial anlage which become entangled in the reticulum in

some way. Their rapid growth in their narrow confines causes the con-

centric form.

Cornil et Eanvier (5), 69, considered the corpuscles as arising from

the endothelium of blood-vessels and compared them to the spheres of their

" Sarcome angiolithique."

This suggestion of a vascular origin, made by Cornil et Eanvier, was

elaborated by Afanassiew (la), 77.

Afanassiew held that the corpuscles of Hassall arise from the endo-

thelium of the smaller veins and capillaries. The endothelial cells in-

crease in size, become cubical, and later fill the lumen of the vessel.

During the proliferation of the endothelium, the blood-vessels break up

into segments which are now nearly solid cords. These cords are at first

connected to each other and to blood-vessels, but they soon break apart.

The surest proof that the corpuscles are of vascular origin is that ery-

throcytes may be found inside them. Vascular injections, however, do

not go into a corpuscle except in a very early stage, since the lumen is

soon obliterated by the endothelial plugs. The corpuscles are formed

entirely by the endothelial cells. Afanassiew worked on embryos of man,

the rabbit, and the calf.

Stieda (26), 81, in sheep embryos, describes the epithelial mass of the
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thymic aulage as being broken up by ingrowing adenoid tissue. From
50 mm. to 60 mm., there arc no hirge epithelial ceils; but later at 100 mm.
ho iinds in the adenoid tissue large cells 9 /a to 15 /x in diameter, isolated

or united in groups, Avhose protoplasm colors light-red with carmine.

These large cells have a concentric structure. Some of them are enclosed

bv large cells whose cytoplasm does not color with carmine, giving rise to

a yellowish mass of irregular form and stratified appearance. In older

embryos (250 mm.), the cellular masses are numerous but the large

colored cells are rare. The yellowish masses are groups of the large cells

which have undergone a transformation like that of the stratum corneum

of the epidermis. Stieda considers the large colored cells which form

the corpuscles as remnants of the epithelial anlage, although he admits

that for a long period during development he found no trace of them.

He explains the formation of the corpuscles in accordance with Cohn-

heim's hypothesis that most tumors arise from unused tissue remnants.

Ammann (2) 82, made most of his observations on human foetuses.

He describes the corpuscles as arising from connective tissue. The cor-

puscles are cellular in structure and are formed of one, two, or three cen-

tral cells around which a variable number of cells, increasing with age,

are arranged like the coats of an onion. The corpuscles are formed from

reticulum cells and leucocytes. Growth consists in the apposition of cells

from without. The life of a corpuscle consists usually of four stages

:

(1) Stadium der Transparenz
; (3) Stadium der colloidcn Entartung;

(3) Stadium der Verkalkung; (4) Stadium des Zerfalls. The nucleus

of a reticulum cell or leucocyte increases in size at the expense of the

cell body. Its increase in size establishes the concentric form. The

corpuscle undergoes colloid and usually calcareous degeneration. Fat

droplets, cholesterin crystals, and colloid granules are found together in

the degenerating corpuscles. Breaking up in this way makes absorption

possible. No epithelial remnants are to be observed. Xo erythrocytes

are found in the corpuscles.

In four cases of atrophic thymus gland wliich yet contained lymphoid

tissue Ammann found corpuscles in all stages of development. He also

found that the corpuscles are formed most rapidly when the thymus is

at the height of its development. From these facts he concluded that

they are not connected with the involution of the thymus as Afanassiew

thought. He thought that their formation is due to a physiological de-

crease in the intensity of growth of the medulla, due to the rapid growth

of the cortex.

Watney (31), 83, agreed with Ammann that the corpuscles arise from

connective tissue cells.
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Monguidi (18), 85, distinguished true and false concentric corpuscles—

•

the latter being onl}- sections of blood-vessels.

Hermann et Tourneux (11), 87, gave a description of the structure

and formation of the concentric corpuscles about like that given by

Ammann except that they regard the reticulum cells from which the

corpuscles develop as of epithelial origin.

Gulland (8), 91, regarded the corpuscles as epithelial remnants and

compared them to the epithelial pearls of the tonsil.

Maurer (17 c), 99, described the corpuscles as epithelial in origin.

His description of their formation is however different from that of His.

All the cells of the epithelial anlage at first assume a lymphoid character.

Later, some of these cells reassume their epithelial nature and then form

the corpuscles. His conclusions for teleosts and amphibians are similar

to the above results which he obtained from the lizard.

Yer Eecke (28), 99, for the frog, describes the leucocytes and con-

nective tissue cells as invading the thymic anlage and separating the epi-

thelial cells. The epithelial cells, separated by the mesenchymal elements,

lie at first in groups or singly. They go through a cycle of two phases,

a stage of growth, and a stage of involution. In the former stage, they

increase to three or four times their original size and their cytoplasm

differentiates into circular layers like the coats of an onion. The majority

are monocellular. Some cells grow together making a more complex

multicellular type. There are some intermediate forms, cells with a dense

dark protoplasmic body, indistinct striations, and a nucleus partly or

completely hidden in a precocious degeneration. In the stage of in-

volution, which sets in early, the cytoplasm degenerates by the formation

of vacuoles containing a hyaline liquid. The liquefaction may be in the

form of a diffuse vacuolization, a large central vacuole, or a peripheral

vacuole circular in section. The nucleus loses its affinity for stains, be-

comes deformed, breaks up, and finally disappears. The corpuscles are

finally absorbed. They never contain erythrocytes. The cells do not de-

generate to form a corpuscle. The liquefaction forms an internal secre-

tion which is forced out by the muscle tissue in the reticulum.

Entirely different results on amphibians are reported by Nusbaum and

Machowski (19), 02. These investigators revive the old idea of Afan-

assiew, accepting his results except that they think the adventitia as well

as the endothelium of the blood-vessels takes part in the formation of the

corpuscles. They find erythrocytes in the corpuscles. These erythrocytes

either gradually shrivel and disappear, or they are absorbed by leucocytes

or endothelial cells. The leucocytes after digesting the hemoglobin of the

erythrocytes become eosinophile cells which are numerous in the thymus.
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Wallisch (30), 03, measured the volume of the human thymus and of

the corpuscles of Hassali at various stages. He finds that the total volume

of the corpuscles of a 7-mo. embryo is 4.6 mm./ and of those of a 6-mo.

child, 174.6 mm." The total volume of the thymus of a 78-mm. embryo,

when it has already been partly transformed into adenoid tissue is only

6.8 mm.^ Since there is no evidence that the cells of the corpuscles

multiply, he concludes that they cannot be regarded merely as remnants

of the original epithelial anlage.

Disregarding the crude observations of the earliest investigators, there

remain three distinct theories of the formation of the corpuscles of

Hassali.

1. The epithelial anlage of the thymus is broken up by the invading

mesenchymal elements. The separated masses of epithelial cells undergo

further changes mainly of a degenerative nature to form the corpuscles.

This was the belief of His and KoUiker. According to this interpretation,

the corpuscles are to be regarded as remnants that have nothing further to

do with the gland. Stieda, Maurer, and Ver Eecke held this view in a

modified form. Stieda regarded the cells forming the corpuscles as

epithelial remnants but admitted that they go through a stage in which,

for a time, they lose their epithelial character. This is substantially the

same as ]\Iaurer's view. He thinks that the cells of the epithelial anlage

all become lymphoid, and that some of them afterwards reassume their

epithelial nature and form the corpuscles. Yer Eecke regards the cor-

puscles as epithelial remnants but thinks that they are glandular in nature,

not mere useless remains.

2. The corpuscles are formed from the proliferating walls of blood-

vessels. This idea was suggested by Cornil and Eanvier and elaborated by

Afanassiew. Nusbaum and Machowski accept Afanassiew's view except

that they believe the adventitia of the blood-vessels as well as their endo-

thelium takes part in the formation of a corpuscle. These investigators

thought that the formation of the corpuscles is connected with the in-

volution of the thymus.

3. The corpuscles are formed from reticulum cells of the medulla

and grow by apposition of the surrounding cells. This view was advanced

by Ammann. Ammann thought that the reticulum is of connective tissue

origin. He also believed that leucocytes formed the central part at least

of some corpuscles. Hermann and Tourneux accepted Ammann's results,

except that they ascribed an epithelial origin to the reticulum. (I do not

know whether they accepted the origin from leucocytes described by

Ammann.) Ammann thought that the corpuscles formed because of a

physiological decrease in the rate of growth in the medulla.
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l\Iy own observations on tlie development of tlie eorpuseles of Hassall

in pi_o- embrvos. will now be considered. The medulla, as previouslv de-

scribed, begins to form from the epithelial syncvtium usually near the

center of the lobule. It is first recognized by its more marked reaction

with cytoplasmic stains such as Congo red. Shortly after the medulla

begins to form, the earliest stages of the corpuscles may be observed. - A
few corpuscles have appeared at 9.5 cm. I did not find them earlier.

They are all formed from the epithelial syncytium of the medulla.

Before beginning this discussion I will explain the use of ray terms.

By a corpuscle of Hassall, I mean a modified area of the epithelial syn-

cytium of the medulla, containing at some period of its development, one

or more nuclei, and whose cytoplasm has been in part or entirely trans-

formed into colloid. The term colloid is applied to various substances

probably of widely different chemical nature, but is fairly adapted to our

imperfect knowledge. I shall use the term here in the restricted sense

employed by Ziegler," i. e., hyaline substances of epithelial origin, that do

not give the reactions of mucin.

Colloid in the corpuscles of Hassall does not usually appear as solid

masses in its early formation, but as fibers, granules, or sheets which are

separated by more or less cytoplasm that is not yet changed. This stage

I have called, "colloid in formation" (c f). It later assumes a more
solid homogeneous appearance which I call solid colloid (c s). Often

the solid colloid stains intensely with cyto])lasmic stains. I call this

kind solid deeply-staining colloid (c .*? d). In later stages, the colloid

often loses its affinity for cytoplasmic stains, staining a very pale color or

not staining at all. I call this variety old colloid (o c).

According to their mode of development, the corpuscles of Hassall may
be classified as follows

:

A. Concentric Corpuscles.

a. Simple.

1. Ordinary type.

2. Epithelioid type.

3. Cystic ty.pe.

b. Compound.

B. Irregular Corpuscles.

a. Compact type.

b. Eeticular type.

*Gen. Pathology, 10th ed., Warthin's translation, p. 205.
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A. The concentric corpuscles inchule those that from their earliest

appearance are concentric in structure. Adopting Ecker's classification,

I distinguis^i simple concentric corpuscles and compound concentric

corpuscles.

(a) Three types of simple concentric corpuscles are to be considered.

(1) The ordinary type is far more numerous than any other. The earl-

iest recognizable stage is shown in Plate II, Fig. 11. A nucleus (n)

of the syncytium of the medulla has enlarged to perhaps twice its ordinary

volume and has lost the ability to stain in the characteristic way with

ha?matoxylin. Its sap is clear and a few reddish stained granules repre-

sent its chromatin. x\round it in the cytoplasm is an indistinct uneven

layer of colloid (c /). The colloid is not yet solid and is being formed

in concentric fibers or sheets. A slightly later stage is shown in Plate II,

Fig. 14 and Fig. 15 (left side of figure). Some of the colloid (c s)

next to the nucleus is now solid. The next stage is shown in Plate II,

Fig. 15 (right side of figure). These corpuscles show a thick layer of

colloid (c s d) that stains intensely with Congo red. Just outside the

deeply staining colloid, colloid in formation may be seen. The nuclei

are clear, and have become smaller and irregular in outline. The colloid

seems to be pressing upon them and obliterating them. The colloid

transformation gradually involves the adjacent c3^toplasm of the syn-

cytium until other nuclei are involved. The corpuscle has now reached

the condition shown in Plate II, Fig. 12. The central area (o c) is

solid, the nucleus having disappeared entirely. Another (n') is nearly ob-

literated by the colloid. Part of the central area {o c) no longer stains

intensely, and it is breaking loose by the formation of a concentric space.

Several nuclei are surrounded by colloid in formation. Their long axes

are nearly in a tangential direction. These nuclei are clear but only

moderately swollen.

In the further development of the corpuscle (Plate III, Fig. 17 and

Plate II, Fig. 7), the central area {c s d) increases in size. The nuclei

involved in this area become obliterated probably by the pressure of the

colloid and are no longer distinguishable. This central area usually splits

off and may break up into many smaller masses. The peripheral part of

the corpuscle increases by extension of the colloid formation into the

adjacent part of the syncytium. This extension takes place in the early

stages by direct progressive involvement of the immediately adjacent cyto-

plasm; in later stages (Fig. 7), by the formation of concentric lamellae

which cut ofl' unchanged areas of cytoplasm. The lamelhp increase in

size and number, the cytoplasm included between them is changed into

colloid. They finally become closely packed, giving the characteristic and
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well-kncnvn onion-like structure found in the fully-formed eorpusele.

The nuclei that are enclosed between the lamells! gradually lose their

chromatin and become flattened out. They do not swell and are not

obliterated. It seems that swelling occurs only in nuclei that are sur-

rounded by deeply staining colloid, and that this change is preparatory to

their obliteration by or transformation into colloid. The amount of the

corpuscle that breaks up to form the softer center is very variable. The
size of the center usually seems to increase with the age of the corpuscle.

Plate III, Fig. 21, shows a variation from the ordinary concentric

type. The central nucleus (n) stains reddish but is not enlarged. Most

of the other nuclei are unchanged. All the colloid (c /") is in the early

fibrous and granular stage.

From 20 cm. to full term nmny corpuscles show masses of calcareous

material in or near the center. This material rarely appears in younger

corpuscles (Plate III, Fig. 17, cl). It stains a violet blue with Dela-

field's ha?matoxylin.

The majority of the corpuscles of Hassall belong to the ordinary type

of simple concentric cor])uscles described above. It is very clear that

they have nothing to do with blood-vessels. They never contain eryth-

rocytes nor anything resembling them. Earely a lymphoblast or leuco-

cyte is found inside the corpuscle. These seem to be usually involved in

the corpuscle like ordinary stronui nuclei during the formation of the

lamellae. (Their occurrence in other types will be discussed later.) It

is also clear that these corpuscles arise from the syncytium of the

medulla. They are epithelial in origin, since the entire stroma of

the gland is derived from epithelium, but they are certainly not remnants

of the original epithelial anlage. Xeither are they forjned from lymphoid-

like elements that reassume their epithelial nature as Maurer described

for the lizard.

Some of Ammann's observations are in accord with my results. The

swelling of the nucleus was noted by Ammann as tlu; first step toward the

formation of the corpuscle. It should he noted, however, that rarely a

corpuscle begins to form as a mass of colloid out in the cytoplasm and

involves nuclei secondarily. I cannot distiiiguish his " Stadium der

Transparenz " for I cannot be sure that a corpuscle is beginning to form

until some colloid is present. The formation of the colloid is associated

with the swelling of the nucleus. His other three stages, "Stadium der

coUoiden Entartung," " Stadium der Yerkalkung," and " Stadium des

Zerfalls " are easily seen. I have never seen corpuscles begin in leucocytes

as x\mmann described. His statement thnt the corpuscle grows by ap-

position of reticulum cells is true in a modified sense. He thought that
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the outer ])art of a {•or])nscle is formed of reticuhim cells that have moved

up and thittened themselves out around it. The description just given

shows ihat tlie coi'puscles are iieNcr composed of distinct cells, and that

the increase in size is due to an extension outward of tlie colloid foi'mation

and not to a moving in of the adjacent tissue.

The concentric form of this type of corpuscle is due at first to its l)eing

formed around a spherical or ellipsoidal nucleus. The swelling of this

nucleus creates a centrifugal pressure in the adjacent cytoplasm. Before

or during its transformation into colloid, the cytoplasm also increases in

quantity\ That the cytoplasm increases in quantity is shown hy the fact

that the nuclei are fewer in the corpuscle than in any adjacent area of

the syncytium of equal size. This centrifugal pressure presses the newly

formed colloid into concentric lamellae. It at first turns the long axes of

the nuclei tangentially. and later flattens them and makes them concave

toward the center.

3. The epithelioid type of corpuscle is characterized by large areas of

cytoplasm so marked off by colloid lamella? as to give the appearance of a

mass of large epithelial cells. They may contain only one nucleus em-

bedded in a well-defined area of cytoplasm (Plate III, Figs. 18 and 20).

These correspond to the monocellular corpuscles that have been described

for lizards and amphibians. They are rare in the pig. I have not been

able to trace these very far, as they soon become indistinguishable from

other forms. The only difference I have noted is that the outer colloid

lamellae begin to form early, causing the peculiar appearance of a large

epithelial cell. Again the epithelioid type may present an appearance

such as shown in Plate I, Fig. 3. These do not seem to be formed around

any special nucleus. The outer colloid lamella? form before any center

has been established, niarking off large cytoplasmic areas that may look

like large cells. The centrifugal pressure of expansion caused by the

great increase of cytoplasm in this area determines the concentric form

in these corpuscles. Pure epithelioid corpuscles are very rare, but epi-

thelioid areas in other corpuscles are not uncommon. The occurrence of

epithelioid areas in corpuscles of the ordinary type shows that it is due

to variations in a fundamentally similar process.

3. In the cystic type of corpuscle, the central part, instead of becoming

transformed into colloid, undergoes early liquefaction, forming vacuoles.

The central nucleus does not increase in size as in the ordinary type, but

shrivels up and disappears. The corpuscle begins by the formation of

outer colloid lamellae-^the central mass is not changed into colloid.

In Plate II, Fig. 10, the central area (/; m) is undergoing a diffuse

liquefaction. The nucleus (iv) is colorless and shrunken. In Plate TI.
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Fig. 8 (right side of figure), the central area has fonned two lai-ge vacu-

oles (v). On the left side of the same figure, a concentric vacuole (v)

has formed, separating off a central spherical nucleated mass of proto-

plasm. The nucleus of this mass of protoplasm is shrunken and the

cytoplasm shows many small vacuoles. The corpuscle shown in Plate II,

Fig. 9, is probably a later stage of the form just described. The central

protoplasmic mass has become converted into an ellipsoidal pale bo'dy

(pm). The small circular body in this shriveled mass is probably the

nucleus. Some corpuscles like the one shown in Fig. 9 are found in

wdiich the central mass has entirely disappeared. The further growth

of corpuscles of this type seems to be by formation of colloid lamella? as

in the ordinary type. They soon become indistinguishable from other

forms.

The cystic type of corpuscle is rare in the pig. This evidently cor-

responds to the form in amphibia that misled Nusbaum and Machowski

into reviving Afanassiew's theory. The central masses, in Figs. 8 and 9,

might readily be mistaken for red corpuscles in animals in which these

cells are nucleated. But the red cells of the blood of the pig are not

nucleated at this stage. I have traced a number of these corpuscles (as

well as those of other types) in serial sections and have never seen any

indications of a connection to blood-vessels. Nusbaum and Machow-

ski (19), (Fig. 1, c, S. 116) show a corpuscle which is similar to jny

Fig. 9. It will 1)0 noted that the central space in neither of these figures

is lined by endothelium. The early form of corpuscle shown by Nus-

baum and Machowski (Fig. 1, d, S. 116) is very probably a normal blood-

vessel with cubical endothelium. I have often found such vessels with

cubical endothelium in the interlobular tissue of the pig's thymus at 10

cm. to 12 cm. They probably may be found at other stages also. In the

thymus of a kitten, injected l)y the intra-vitam Prussian blue method pre-

viously described, the majority of the corpuscles were found to be in

early stages. The injection did not penetrate any corpuscle. I had a

somewhat better opportunity to study the relations of the corpuscles to

the blood-vessels in a 14 cm. human embryo. Here the vessels of the

thymus were all very much distended with blood and the corpuscles were

in early stages. No blood cells were found in the corpuscles.

(b) Compound concentric corpuscles are formed whenever two or more

simple concentric corpuscles begin to form so close together that they

come in contact during their later growth. An early stage of such a

corpuscle is shown in Plate II, Fig. 15. The colloid lamellae are formed

around each center until they come in contact; they are tlien formed

around both centers. In Plate III, Fig. 22, a compound concentric cor-
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piisclc is shown. 'I'lici'c aiT three siiiiph' coiu'cntric corpuscles in it

—

one of them (the h>\vcst in the liyiii-c) in a very early stage. Several

lamella' ai'c common lo the older cor|)uscles, and one is common to all

three. This ari'an<i'ement of the lamella' is a mechanical efTect of the

tension in the cytoplasm, due to the ccntrifug^al pressure from the two

centers. The size of the separate centers in a compound corpuscle de-

pends upon the stage they have reached when they come in contact. If

a compound coi'puscle he formed hy the union of two simple corpuscles

in an early stage, as in Plate 111, Fig. 19, all indications of its com-

pound nature are soon lost. A corpuscle originally compound may, then,

in later stages, hecome indistinguishal)Ie fi'om simple corjniscles. The

simple corpuscles uniting to form a compound concentric cor]niscle may

be of any of the types previously described.

B. Irregular Corpuscles.

This grou]) includes those corpuscles which are not at first concentric.

Concentric areas may appear later. According to the classification pre-

viously given, I distinguish a compact type and a reticular type.

(a) The compact type (Plate III, Fig. 16) first appears as a compact

area of syncytium of irregular shape. It is recognizable l)y the colloid

it contains. The nuclei are not noticeably increased in size and have no

regular arrangement. Their chromatin still stains dark with nuclear

stains. The colloid (c f) is not yet solid. The corpuscle has no distinct

center. These corpuscles grow by direct colloid transformation of the

adjacent syncytium. No distinct lamella^ are formed. The colloid may

remain in the fibrous condition shown in the figure (c f) or it may

become solid, but it never reaches the deeply staining condition unless a

concentric area be established.

A later stage of this tyi)e is shown in Plate III, Fig. 23. The cor-

puscle is sharply marked off from the syncytium. Some of its colloid is

solid. A concentric area (cs) is beginning to form. The nuclei are

not markedly different from those of the adjacent syncytium. These

corpuscles may become large and branched. Often one or more con-

centric areas are developed after the corpuscle has attained considerable

size. By the growth of these concentric areas, irregidar corpuscles may

become converted into concentric corpuscles.

(b) The reticular type is produced by colloid formation in the or-

dinary reticulum of the medulla. In the types previously described, the

spaces of the reticulum are \isually obliterated as the colloid formation

advances; but in this form the spaces persist as a part of the corpuscle.

Pure reticular corpuscles vary greatly in size, sometimes involving only
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one node of the syncytium. Thev are never concentric, and never form

lamellae. Eeticnlar areas often occur in other forms of corpuscles. In

tiiis way leucocytes are often involved in tlic corpuscle, since they lie in

the spaces of the reticulum. Lymphocytes often get into a corpuscle in

the lymphohlast condition, heing cut off hy tlio formation of lamellae

outside tliem (Plate III, Fig. 22). The Icui'Dcytes shut in the cor-

])uscle in this way during development uuiy not degenerate. They prob-

ably persist and help to remove the corpuscle in its final stages of degen-

eration.

The amount of expansion of the cyt()i)lasm before or during the colloid

transformation is probably small in the irregular reticular corpuscles,

since it does not obliterate the spaces of the syncytium. In the compact

type, the spaces of the syncytium are obliterated and there is evidence

of some expansive force (note the arrangenunit of the nuclei in the

upper part of Fig. 23, Plate III). In the figure referred to, the number

of nuclei in any part of the corpuscle is less than in an equal area of the

adjacent reticulum. These facts indicate that there is an expansion of

the cytoplasm. That this expansive force does not produce a concentric

form is due primarily to the fact that there is no expansion of a nucleus

and distinct center of formation as is present in concentric corpuscles of

the ordinary type. The absence of the onion-like structure in irregular

corpuscles is due to the fact that the colloid is not laid down in lanielUw

Significance of the corpuscles of Hassall. It has been shown in the

preceding pages that the corpuscles of Hassall in the pig are not epithe-

lial remnants, and also that they are not formed from blood-vessels.

There is no evidence connecting their development with the involution

of the thymus, for they begin to form before the lymphoid transforma-

tion is complete and are most numerous when the thymus is at the height

of its development. I have not been al)le to see the decrease in the rate

of growth of the medulla described by Amnumn, and even if such did

occur it is difficult to understand how it could cause the formation of a

corpuscle.

The above theories are, therefore, inconsistent with the facts of devel-

opment in the pig. It seems to me that the formation of a corpuscle is

not to be regarded as a ]u-ocess of degeneration. The fact that the for-

mation of colloid is an essential feature in the development of every

corpuscle is a strong argument that it is a form of secretion such as

occurs in its neighl)oring branchial derivative, the thyroid. The fact

that the corpuscles differentiate in an aj^parently uniform syncytium is

further evidence airainst a theory of degeneration. Since the lympho-

cyte-forming fuiu-tion of tbc tliymus is probaI)ly secondary, it is not
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unreasonable to suppose that its primitive fimetion was the formation

of a colloid secretion such as occurs in the thyroid, and that the corpuscles

are abortive expressions of this primitive function/

Giant Cells.

Polykaryocytes may often 1)0 seen in the medulla. Tliese bodies de-

velop froui the syncylium of the uieilulla. They are first noticeable as

groups of small s])herieal nuclei in a solid area of the syncytium. Tliese

nuclei stain with merlium intensity and are all very similar in size and

color. The area containing this group of nuclei becomes a well-defined

node of the reticulum and persists as such. A polykaryocyte is, there-

fore, a large node of the reticulum containing a number of small nuclei

very similar in appearance. These cells often occur in groups. They

are entirely distinct from the corpuscles. They are evidently similar

to the polykaryocytes found in bone marrow and other lymphoid tissues.

Summary.

The following is a resume of the development of the thymus in the

pig

:

The thymus of the pig is probably developed entirely from the endo-

derm of the third gill pouch.

By a gradual process of vacuolization and liquefaction of the cyto-

plasm, the epithelial syncytium of the thymic anlage is converted into a

cellular reticulum.

From the first appearance of vacuolization, three types of nuclei are

present: large pale nuclei; small dark nuclei (lymphoblasts), and large

dark intermediate forms.

The lymphoblasts gradually break loose from the cellular reticulum,

moving into its spaces and forming lymphocytes. Mitoses are most nu-

merous at the period of the most rapid formation of lymphocytes. The

medulla continues to form lymphocytes at least as late as birth.

Lymphocytes appear in the connective tissue aromul tlu> th.ynuis

shortly after they are formed ; and lymphoblasts, wdiich are distinguish-

able from lymphocytes only by being embedded in the syncytium, arc

present in the thymus a long period before lymphocytes are found any-

where in the neighborhood of the thymus.

The celhdar reticulum of the earlier stages persists in a modified form

as the reticulum of both cortex and medulla. It retains more cytoplasm

' Ver Eecke (28) believes that the corpuscles in amphibians are of a

glandular nature.
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in tlio inedulla. Practically all the reticnhira of both cortex and nie-

(liilla. as well as the lymphocytes, are, therefore, of epithelial origin.

The {oi-])iisclos of Hassall develop from the syncytium and arc, there-

fore, epithelial in origin. They are, however, not to be considered as

remnants of the original epithelial anlage.

In development various types of corpuscles are distinguished. Tlie

ordinary typo of concentric corpuscles first appears as an enlarged clear

nucleus around which colloid is being formed. Before or during the

formation of colloid, the cytoplasm increases in quantity, filling the

spaces of the reticulum and producing a centrifugal pressure which

shapes the newly-formed colloid into concentric lamellse and flattens the

neighboring nuclei, making them concave toward the center. The cen-

tral nuclei usually become obliterated.

The epithelioid type is distinguished by its resemblance to large epi-

thelial cells, this appearance being due to the formation of colloid

lamella" around largo areas of clear cytoplasm. The central part of the

corpuscle usually remains unchanged until after some of the colloid

lamellfE are formed.

The cystic type differs from the ordinary type only in that the central

part undergoes vacuolization instead of colloid transformation. Those

with concentric vacuoles may simulate blood-vessels containing nucleated

red cells. Corpuscles never contain erythrocytes; neither can they be

injected at any stage of development. Serial sections also show tliat

there is no connection to blood-vessels at any stage.

Compound concentric corpuscles are formed by the union of two or

more simple concentric corpuscles during development.

Irregular corpuscles are not concentric ' in arrangement, and are

formed in the syncytium in an irregular manner. In the compact type

of irregular corpuscles, concentric areas may form.

The formation of colloid is an essential feature in the development of

every corpuscle, and is not to be considered as a process of degeneration.

Since the conclusion of my work and after my manuscript was given to the

publishers, two articles dealing with the thymus have appeared.

Ph. Stohr (Ueber die Thymus, Sitzungsberichte der phys.-med. Gesellschaft

zu Wiirzburg, June 8, 1905) believes that the thymus first epithelial in nature

becomes converted entirely into small cells of lymphoid appearance. Later

the large reticulum cells are formed from these by enlargement. The cor-

puscles of Hassall are formed by the massing together and enlargement of

these lymphoid-like cells. The small round cells of the gland are epithelial

in origin but are to be regarded not as lymphocytes but as epithelial cells.

The thymus is not a source of lymphocytes.
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The author apparently believes that none of the small rounrt cells leave

the gland though he admits that lymphocytes enter. But as mentioned above

the zone of connective tissue immediately around the head at 7 cm. may
contain even more lymphocytes than are present inside the gland at that time

If these are all entering the gland then it is probable that most of the small

round cells are really lymphocytes. This conception then does not simplify

the problem but is only a theoretical compromise between the two views a'i

to the origin of the lymphocytes.

J. Aug. Hammar (Zur Histogenese und Involution der Thymusdriise, Anat.

Anz. Bd. XXVII, June 17, 1905) regards the reticulum as formed from the

epithelial anlage but thinks the evidence at hand insufficient to decide the

question as to the origin of the lymphocytes. He finds lymphocytes outside

the thymus in many animals (man, cat, chick, frog) before any are present

inside the gland. The corpuscles of Hassall develop from the epithelial

reticulum and undergo hyaline (colloid?) degeneration.

My description of the formation of the corpuscles of Hassall differs essen-

tially from Hammar's, in that I believe the formation of the corpuscle consists

in the expansion of the cytoplasm of the syncytium and its conversion into

colloid. Hammar did not recognize " colloid in formation," though he speaks

of the coarse fibrillar structure of the protoplasm. He -did not describe such

corpuscles as are shown in Fig. 7, Plate II.

The considerations presented above in favor of the epithelial origin of the

lymphocytes seem to me much stronger than those given by Hammar. His

statements as to the presence of lymphocytes around the thymus before they

are present inside are to be taken with some reservation inasmuch as he

mentions small round cells separate from the syncytium earlier, but regards

ihem as degenerating epithelial cells (S. 65). His figure from the human
foetus (Fig. 18, S. 66) does not seem to be strong support for his statement.

Certainly many lymphocytes are present in the pig thymus when the reticu-

lum is broken up as much as shown in the figure referred to. It is also to

be borne in mind that the different parts of the thymus undergo the lymphoid

transformation at different times and that a single section may therefore be

misleading.
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EXPLANATION OF PLATES.

All the figures were drawn with Leitz obj. 1/12, oc. 4, and camera lucida.

The magnification after the reduction of the plates is about 1060 diameters.

All drawings were made from transverse sections of the mid-cervical seg-

ment of the thymus unless they are otherwise indicated.

The following abbreviations designate the structures indicated in all the

figures

:

c f—colloid in formation. I p n—-large pale nucleus.

cl—-calcareous deposit. m—nucleus in mitosis,

c s—solid colloid. vid—beginning of medulla,

c s d—solid colloid that stains n—nucleus.

deeply. o c—old colloid.

e—erythrocyte. p m—protoplasmic mass.

end—-endothelial nucleus. sf—fibril in syncytium.

I—lymphocyte. ss—space in syncytium.

Z&—lymphoblast. v—vacuole.

I d n—large dark nucleus.

Plate I.

Fig. 1. From a 3.7-cm. pig embryo. Stained with iron-lijematoxylin and

Congo red. Vacuolization of the cytoplasm and differentiation of the nuclei

have begun.

Fig. 2. From the thoracic segment of a 4.5-cm. pig embryo. Stained with

iron-haematoxylin and Congo red. A cellular reticulum is now formed. Large

pale nuclei, lymphoblasts, and the large dark intermediate forms are present.

Fig. 3. Epithelioid type of concentric corpuscle. From a 16-cm. pig em-

bryo. Stained with hajmatoxylin and Congo red. Colloid lamellae (c s d)
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separate large areas of cleai- cytoplasm, causing the appearance of large

epithelial cells. Colloid is being formed between the lamellae and around

several nuclei.

Fit;. 4. From a 8.5-cm. pig embryo. Stained with iron-hsematoxylin (not

decolorized). The medulla has appeared. Lymphocytes are present between

the epithelial cords.

Fig. 5. From a 7-cm. pig embryo. Stained with iron-htematoxylin and

Congo red. A few lymphocytes have been formed. In the cellular reticulum

are large pale nuclei, lymphoblasts, and large dark intermediate nuclei. The

nuclei in mitosis are very compact.

Fig. 6. From the medulla of a 24-cm. pig embryo. Stained with Jackson's

modification of Mallory's method (ref. in text). Many fibrilte are seen in

the syncytium.

Plate II.

Fig. 7. Ordinary type of simple concentric corpuscle. From a 16.5-cm.

pig embryo. Stained with hsematoxylin and Congo red. The corpuscle is

well advanced in development. Concentric lamellag of colloid have been

formed. The cytoplasm between the lamellse is in an early stage of colloid

transformation. Colloid fibers cut transversely appear as dots. The nuclei

are becoming flattened by the pressure of expansion. The central mass stains

irregularly and all traces of the nuclei in that region are gone.

Fig. 8. Two cystic concentric corpuscles. From a 16-cm. pig embryo.

Stained with iron-hgematoxylin and Congo red. On the left, a nucleated

mass of protoplasm has been separated off by the formation of a vacuole

annular in section. This might be mistaken for a blood-vessel containing a

nucleated red cell. In this central protoplasmic mass the nucleus is shrunken

and the cytoplasm vacuolated. In the small corpuscle on the right, two large

vacuoles have formed.

Fig. 9. Cystic concentric corpuscle. From a 14-cm. pig embryo. Stained

with hsematoxylin and Congo red. The central protoplasmic mass is pale

and shrunken. The small circular body in it probably is the remains of

the nucleus. Colloid lamellae are forming. Colloid fibers cut transversely

appear as dots.

Fig. 10. Cystic concentric corpuscle. From a 10.5-cm. pig embryo.

Stained with hsematoxylin and Congo red. The center contains no colloid

and seems to be softening. The nucleus is shrunken.

Fig. 11. Ordinary concentric corpuscle in a very early stage. From a

l{j.5-cm. pig embryo. Stained with iron-ha'matoxylin and Congo red. The

nucleus is enlarged and colloid is forming around it. A few colloid fibers

may be seen in the cytoplasm for some distance from the central nucleus.

Fig. 12. Ordinary concentric corpuscle. Several nuclei are involved.

From a 10.5-cm. pig embryo. Stained with hsematoxylin and Congo red. The

deeply-staining colloid has completely obliterated the central nucleus (in the

region o c), and nearly obliterated another («'). Some of the colloid now
stains pale (o c).

Fig. 13. Ordinary concentric corpuscle. . From a 10.5-cm. pig. Stained

with hiematoxylin and Congo red. The central nucleus is being obliterated
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by the deeply-staiuing colloid. The neighboring nuclei are beginning to

show the effect of the centrifugal pressure.

Fig. 14. Ordinary concentric corpuscle in an early stage. From a 10.5-cm.

pig. Stained with haematoxylin and Congo red. A band of deeply-staining

colloid has been formed. Just outside this is colloid in formation.

Fig. 15. Two simple concentric corpuscles which would have formed a

compound concentric corpuscle. From a 10.5-cm. pig. Stained with haema-

toxylin and Congo red. The left corpuscle is a little more advanced than

Fig. 11. The right corpuscle shows a large area of deeply-staining colloid

which has pressed the nucleus into a small Irregular shape.

Plate III.

Fig. 16. Compact irregular corpuscle In an early stage. From a 14-cm.

pig embryo. Stained with haematoxylin and Congo red. The colloid is not

yet solid. The nuclei are not essentially different from those of the adjacent

syncytium.

Fig. 17. Ordinary concentric corpuscle. From a 12-cm. pig embryo.

Stained with haematoxylin and Congo red. There is a large, central, deeply-

staining colloid mass in which calcareous deposits (c?) have been made.

The neighboring nuclei show the effects of the centrifugal pressui-e.

Fig. is. Epithelioid concentric corpuscle in an early stage. From a 10.5-

cm. pig embryo. Stained with haematoxylin and Congo red. The outer col-

loid lamella marks off a nucleated mass of cytoplasm resembling a large cell.

The nucleus is undergoing the same changes as occur in the central nucleus

of an ordinary concentric corpuscle.

Fig. 19. Compound concentric corpuscle. From a 10.5-cm. pig embryo.

Stained with haematoxylin and Congo red. This would have soon lost all

evidence of its compound nature.

Fig. 20. Epithelioid concentric corpuscle. From a 10.5-cm. pig embryo.

Stained with hematoxylin and Congo red. Some colloid is forming outside

the circular area. Solid deeply-staining colloid is forming.

Fig. 21. Ordinary concentric corpuscle, showing a variation from the

usual type. From a 16.5-cm. pig embryo. Stained with iron-haematoxylin

and Congo red. The central nucleus is reddish but not enlarged. No solid

colloid has been formed.

Fig. 22. Compound concentric corpuscle. From a lG.5-cm. pig embryo.

Three centers are present. The pale colloid in the upper part is probably

older than the deeply-staining variety. In the lower part of the figure, a

young corpuscle is shown.

Fig. 23. Compact irregular corpuscle. From a 16-cm. pig embryo. Stained

with haematoxylin and Congo red. Some of the colloid is solid. No definite

center is present but one is beginning to form (c s) . The nuclei are not

markedly different from those of the adjacent syncytium.



THE DEVELOPMENT OF THE THYMUS.

E. T. BELL.

Idn f'^
//-«

-V)

f ^^^ Idn

*-f»i J^'\ i

1 ss

%

u
t Ijlil.

3 ?rt lb

B^9'^'^' 'm
//)

^4ii'

4

/i-^/i

f

^5^'-

.#^?

//>;*

5
'

^P>i

AMERICAN JOURNAL OF ANATOMY--VOL V. E. T. BELL, DEL.





THE DEVELOPMENT OF THE THYMUS.

E. T. BELL.

12 ^^®\r

AMERICAN JOURNAL OF ANATOMY--VOL V. E. T. BELL, DEL.





THE DEVELOPMENT OF THE THYMUS.

E. T. BELL.

rsil

rsil .,

AMERICAN JOURNAL OF ANATOMY--VOL V. E. T. BELL, DEL.





THE YEIXS OF THE ADEE^AL.

BY

JEREMIAH S. FERGUSON, M. Sc, M. D.

From the Histological Laboratory of Cornell University Medical College.

Neio York, N. Y.

With 3 Text Figures.

Within the past decade our knowledge of the functions of the adrenal
glands, and of their relations to the rest of the economy, has been greatly

enhanced l)y many careful cliomical and physiological researches. Tlie

recent studies of Aichel (1), Wiesel (2, 3), Soulie (4), and others have
placed the early development of the organ upon a fairly certain basis.

These advances in the physiology and embryology of the organ have not
as yet been accompanied by corresponding advances in our appreciation
of its minute anatomy. Hence this branch of the subject is, at the
present time, one of unusual interest.

The intimate relation of the parenchyma of the adrenal to its blood-

vessels, as shown by the general tendency to regard the organ as a true
gland whose secretion enters its blood-vessels and leaves the organ
through its efferent veins, makes it specially important that these vessels

should be carefully studied and their structure and distribution accurately

recorded.

The exhaustive study of Flint (5), on the course of the adrenal vessels,

based as it was upon carefully prepared reconstructions, leaves little to

be desired along this line. The writer is, however, unable to find in the

literature any reference to the minute structure of the veins of the adrenal,

with the notable exception of Minot's (6) article on sinusoids.

To be sure Pfaundler (7) mentioned the occurrence, in the medulla of

the adrenal, of venous vessels whose only wall consisted of endothelium.
Gottschau (8) also, though omitting their description, has figured similar

vessels in his Plate XVIII, Fig. 1. But as to the structure of the larger

blood-vessels of the adrenal glands the literature seems to be entirely

barren.

The architecture of the arterial walls does not appear to offer any
distinctive peculiarities, the tissues of which they consist being arranged
in a manner precisely similar to that which characterizes the arteries of
American Journal of Anatomy.—Vol. V.
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similar size occnrriiiii- in olliei' or<ians. 'I'lie veins, liowever, j^resent

distinct and remarkable peeidiarilies which it is the iiur))()se oi' the

present |>a|)ci- to describe.

Methods (iiid Mafcr'ud.—The tissue used for this stud}^ has included

specimens of the adrenal from twenty-one human adults, together with the

casual examination of fetal adrenals of the pig and of man. The

adrenals of other mammals, e. g., nionke}^ dog, cat, rabbit, and guinea-

pig, have also been more or less carefiilly studied.

These tissues have been fixed and hardened with many reagents, among
which are Zenker's solution, formol. Miiller-formol, alcohol, corrosive

acetic mixture, Tellyesniczky's fluid, and Flemming's solution. The

stains used were hematein by various methods, acid hematein, iron

hematein, etc., and for counter stains eosin, orange. Van Clieson's picro-

fuchsin, Weigert's elastic tissue stain, Mann's methyl blue-eosin mixture,

Congo-red, and Ehrlich's triacid mixture. A combination of Mann's

hematein, Weigert's elastic tissue stain and A'an Gieson's picro-fuchsin,

gave the best results for the differentiation of the muscular and con-

nective tissues. This method was applied as follows, and may be used

after any of the above fixatives.

1. Stain 10-12 minutes in Mann's hematein or in Bohmer's hema-

toxylin, until somewhat overstained. 2. Wash well in water. 3. Stain

10-20 minutes in recently prepared resorcin-fuchsin solution after the

method of Weigert (9). -1. Wash in water. 5. Stain 1-3 minutes in

the freshly prepared picric acid-acid fuchsin solution of A^an Gieson

(10). 6. Wash and dehydrate in 95 per cent, or in absolute alcohol.

7. Clear, and mount.

Types of Adrenal Veins.—The efferent veins of the adrenals arise in

the medulla of the organ by the union of the broad capillaries of the

medulla and the adjacent zone of the cortex. These capillaries form

broad thin-walled vessels which have been described by Minot (6) as

sinnsoids. They converge toward the middle of the medulla, where they

pass into somewhat larger vessels, which, for convenience, may be termed

small central veins. These veins tend toward the hilum, are relatively

short, and by union with one another soon form thicker-walled vessels

which may be described as large central veins. These large veins pass

toward the hilum, near which, they unite to form a large efferent vessel,

the suprarenal vein. This last vein makes its exit from the hilum of the

organ and enters either the vena cava inferior, as is the rule on the right

side, or the renal vein, as frequently occurs on the left.'

From this brief review of the course of these vessels it will l)e seen thai

four distinct venous types have been enumerated, and it is the purpose
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of the writer to show that these types exhibit well-defined structural

peculiarities.

Observations.—The sinusoids, after the careful description by Minot

(6), will require but brief mention. These vessels possess the wall of a

capillary and the lumen of a venule. A number of such vessels may be

seen in Fig. 1, in the central portion of the medulla, on either side of the

group of central veins. Their wall consists of nucleated endothelial

plates which rest directly upon the parenchymal cells. Their lumen is

several times the diameter of the- medullary capillaries. They are dis-

> >

Fig. 1. A group of vessels from the central portion of tlie medulla of the
human suprarenal gland, a, sinusoids; h. small central veins. Fixation, 5

per cent formalin; stain, Mayer's hematein; thickness, 8// ;
photomicrograph,

X 100.

tinguished from the small central veins by the absence of connective tissue

from the wall of the sinusoids.

The small central veins are of the type shown in Fig. 1. The wall of

these vessels consists of two coats, endothelial and connective tissue. The
latter is always relatively thin, though the vessels possess a very consider-

able lumen. Venules of this type of structure. Fig. 1, collect the blood

from the sinusoids of the medulla. Frequently, however, the sinusoids

open directly into the small central veins and venules, the connective

tissue of the venous wall being occasionally continued for a very short

distance upon the endothelium of the sinusoid.

5
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The connective tissue of the small central veins is richly supplied with

elastic fibers, which are disposed in oblique nnd circular directions,

Fig. 2. The medulla ol a suprarenal gland of man, showing a group of

large central veins. The middle and lowermost veins are in transection, the

uppermost vessel in longitudinal section. The series of sections shows that

this last vessel is a branch of that in the middle of the figure. Fixation,

Zenker's fluid; stain, hematein and methyl-blue, Mann's method; thickness,

10 // ;
photomicrograph, X GO.

occasional elastic fibers are also longitudinal. The typical small central

veins contain no muscle. As they ap]iroach tlieir termination in the



JciTiniah S. i^\'rgiL-'on 67

large central veins a few smooth nnisole fibers are found, but these are

always disposed in a longitudinal direction. As soon as longitudinal

muscle fibers appear in apprcciahh' uiiinl)ors the venous wall acquires the

type of the succeeding variety, ihc large central vein.

In the large central veins, as in the small, but two coats can be readily

distino-uished. The inner coat, or intima, in these vessels consists of a

lining endothelium, which rests upon a very thin membrane of delicate

connective tissue, containing numy elastic fibers.

The outer coat, or adventitia, is also a vei-y thin m(!ml)rane of fibro-

elastic tissue, but its fibrous Ijiindlos are coarser than those of the intima,

and its clastic fibers form a very close network. The outer portion of

this coat contains a few longitudinal smooth muscle tibers. The great

majority of these fibers, however, ai'c arranged in the form of longitudinal

ridges which project into the adjacent medullary tissue. From one to live

of these muscular ridges occur in the circumference of the vein (Fig. 2

and 3). Except at those points at which the muscle occurs, the venous

wall is extremely thin (Fig. 3). The muscular ridges are frequently so

large as to materially obstruct the lumen of the vessel (e. g., the middle

vessel in Fig. 2, also the uppermost vessel, which is cut in v(!ry neirly

longitudinal section), and they form so noticcuible a peculiarity that

their presence may be considered charactei-istic of this type of vessel.

The writer has never failed to find these peculiar muscular ridges more or

less highly developed in each of the human adrenals which he has ex-

amined : he believes them to be constantly present. They are less highly

developed in the suprarenal vessels of the lower mammals, but even there

they may frequently be demonstrated.

The muscle fibers of the larger ridges are an-anged in bundh^s which

are enveloped in fibro-elastic septa of connective tissue. All of the

muscle fibers in these bundles are longitudinally disposed. This arrange-

ment is well shown in Fig. 3, in which a hii'ge central vein is seen in

transection at a point near the entrance of a large branch. p]xamination

of sections somewhat higher in the series shoAvs the union of these two

vessels.

In the section photographed, tlu; l)raiicli has been longitudinally cut.

The fine dai'k lines shown in the figure are bauds of elastic fibers which

are enveloped in delicate white fibrous tissue inclosing the cut ends of

the bundles of smooth muscle. The tendency to form longitudinal ridges

is shown in this figure by the irregular disti-ibufion of the muscle, one

side of the vessel, in both the parent stem and the branch, beirig almost

devoid of muscle fibers. The muscular character' of these ridges is

beyond doubt.
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Fig 3 Large central veins from the medulla of the human suprarenal

gland The figure shows the distribution of the elastic tissue and the bundles

of smooth muscle which are seen in transection in the larger vein and m
longitudinal section in the smaller ones below. The series shows thes.

latter vessels to be branches of the former, the section being selected to

show a plane near the point of division. The smaller vessels are jeiy ob-

liquely cut and the muscle is distinctly longitudinal. Fixation Zfnker s

fluid; stain, Mann's hematein, Weigert's elastic tissue, and Van Gieson s

picro-fuchsin; thickness, 10 a; photomicrograph, X 37.
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The writer has observed that the formation of such heavy ridges as

those shown in Fig. 3, nearly always occurs at those points where the

vessel branches. It is possible that, as in the case of the somewhat similar

ridges in the veins of the erectile tissues (see Kolliker's Handbuch der

Gewebelehre, 6te Aufl., 1902, pages 486 and 487), these muscular pro-

tuberances may to some extent serve the purpose of valves.

As the large central veins approach the hilum of the organ they form

still larger vessels which partake of the structure of the suprarenal vein.

The point of transition from the one type to the other is variable, occasion-

ally the type of the large central veins is continued to the exit of the

suprarenal vein at the hilum of the organ. More frequently the primary

branches of the suprarenal vein may be traced for a considerable distance

into the medulla of the organ, still retaining the type of structure found

in the larger vessel.

The suprarenal vein presents three coats, intima, media, and adventitia.

The tunica intima, in addition to its endothelial lining, possesses a thin

membrane of very delicate connective tissue in which occasional branched

connective tissue cells may be distinguished; such cells are, however, very

scanty. This coat also contains a delicate network of elastic fibers.

The tunica media of the suprarenal vein is extremely thin, rarely ever

does it exceed in thickness the tunica intima. It consists chiefly of

fibro-elastic tissue, the elastic fibers forming quite a dense network.

Few muscle fibers occur in this coat, nowhere are they found in sufficient

numbers to form a definite layer, as in veins of similar size in other

organs. Some of the muscle fibers are circularly disposed, but many of

them are longitudinal.

The tunica adventitia is by far the thickest of. the three coats and

forms two-thirds to five-sixths of the entire vascular wall. It consists

chiefly of smooth muscle fibers, all of which are longitudinally disposed.

These smooth muscle fibers form characteristic coarse bundles which are

distributed around the entire circumference of the vessel. The largest

of these bundles may occasionally form projecting ridges as in the smaller

veins, but as a rule the muscular tissue is more evenly distributed than in

the central veins. Each of the muscle bundles is enveloped in a peri-

mysial sheath of connective tissue, which blends with that of the tunica

media. These adventitial sheaths possess a dense network of elastic

fibers, in fact the greater part of the elastic tissue in the vascular wall

is frequently found in the adventitia. On its outer surface the tunica

adventitia is continuous with the capsule of the adrenal or with the

adjacent connective tissue.

This peculiar type of vessel is not strictly confined to the suprarenal
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gland, but occurs, more or less typically developed, in many of the large

abdominal veins, notably in the renal veins and vena cava, into which the

suprarenal veins empty. But UQwhere is this peculiar venous type more

strikingly developed, nowhere is the adventitia relatively so much thicker

than the media, nowhere is a greater proportion of the smooth muscle of

the venous wall longitudinally disposed, nowhere is there relatively less

circular muscle, than in the suprarenal vein. Eealizing the intimate

relation of the parenchyma of the organ to its blood-vessels, and adopt-

ing, if we may, the accepted physiological function of the adrenal—the

formation of an internal secretion, a powerful vaso-constrictor which is

poured into the blood within the capillaries and veins of the organ—^the

peculiar longitudinal arrangement of the muscular tissue, the valve-like

protuberances at the junctions of the venous vessels, the absence of circular

muscle from the walls of the veins of all sizes, and the general appearance

of these vessels which are so remarkably different from the veins of most

other organs, become, to say the least, extremely significant of a close

structural relation, physiologically speaking, to the presence of an

astringent secretion in the outflowing blood current.

In this connection, one further observation is of importance. In the

periadrenal connective tissue are numbers of small veins which return the

abundant blood supply of the tissues of this region, most of them

emptying into the phrenic veins. Many of these veins do not differ from

the similar veins of other parts, but in many others the writer has ob-

served that the muscle tissue is almost entirely disposed in a longitudinal

direction, a condition which is quite the reverse of that found in the

adipose and areolar tissues of other portions of the body.

The writer also finds that many of the small veins of the adrenal,

instead of opening into the central veins as is usually the case, pursue a

less frequent course, penetrating the cortex and capsule of the organ, and

emptying into the small veins of the surrounding connective tissue. The

frequency with which this condition was associated with the occurrence

of longitudinal muscle fibers in the periadrenal veins, suggests a more

than casual relationship between the two conditions.

Summary.

In conclusion, the above facts may be summarized as follows:

1. The efferent blood-vessels of the adrenals form four successive vas-

cular types, the sinusoids, the small central vein, the large central vein,

and the suprarenal vein.

2. Each of these types presents distinctive characteristics.
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3. In all four tA^pes circular muscle is either absent or noticably

deficient.

4. In the large central veins prominent and characteristic muscular

ridges are constantly present, and are frequently in relation with those

points at which the branches of these vessels enter.

5. These peculiarities of structure may possibly bear a close physio-

logical relation to the function of the adrenal as a gland that forms an

internal secretion which has been shown to be a powerful vaso-constrictor

and stimulant of smooth or involuntary muscle.
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As the structures of the body are being more and more carefully in-

vestigated it is found that organs are composed of like structural units,

which when repeated a number of times form the whole organ. In gen-

eral these units are formed by the glandular structures, the blood-ves-

sels, or by both, as is the case in the liver.

Some eight years ago, at the suggestion of Dr. Mall, I undertook the

study of the prostate gland, with the hope of finding structural units in

it. In this search I was successful. Since then my work has been

continued in the laboratories of Professor Born ^ of Breslau and Pro-

fessor Spalteholz ^ of Leipzig, and although this communication is sev-

eral years late in appearing, it should in reality have preceded those that

were published in 1899.

In the present study for the most part the prostate glands of dogs were

used. Several cadavers were injected and the gross blood supply was

studied in part from these. After the animals had been killed by chloro-

form, the aorta was exposed just above the bifurcation and injected with

various substances. A preliminary washing out of the blood-vessels with

salt solution was practised in a few of the first injections, but this was

soon discarded as it did not seem to enhance the value of the method.

Carmine gelatine, followed by ultramarine-blue gelatine, as an injecting

mass, gave the most satisfactory results. About 250 cc. of the carmine

gelatine were injected first, the injection being stopped as soon as all

of the tissues had acquired a maximum carmine hue. This was fol-

lowed by the injection of ultramarine-blue gelatine, which was kept up

until no more of the material would pass in. The carmine gelatine

^Walker. George: Ueber die Lymphgefasse der Prostata beim Hunde.

Arch, fiir Anatomie, 1899.

= Walker, George: Beitrag zur Kenntnlss der Anatomie und Physiologie

der Prostata, etc. Ibid., 1899.

American Joukxal of Anatomy.—Vor-. V.
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filled the arteries, capillaries, and veins ; the blue passed into the arteries

and arterioles, displacing the gelatine and filling them, but was stopped

at the capillaries because the nltramarine-blue granules were too large

to enter them. In a specimen thus prepared the arteries appear blue, and

the capillaries and veins red. This is shown in Figure 1, with colors

reversed, in order to present the conventional appearance. As it was

impossible to get a perfectly complete injection in one specimen, several

of the best were selected and the gaps filled in, with the results as shown

in Figure 1. One section, however, is remarkably beautiful and presents

a picture very closely resembling that seen in this figure.

In order to map out the complete network of arteries surrounding a

separate lobule, I injected them with Prussian blue, then opened the

urethra, and injected carmine gelatine into a prostatic duct through a

very fine blunt hypodermic needle. A specimen made in this way is shown

in Figure 2 where the ducts are represented in brown. The capillaries

were studied in a specimen which had been completely injected with car-

mine gelatine. A very thin section of this was stained with iron hema-

toxylin, and is shown in Figure 3. The basement membrane is arti-

ficially tinted with yellow so as to make it visible.

The technique of the injecting is rendered difficult by the fact that the

situation of the gland in the pelvis is somewhat remote. In all, about

75 dogs were used before a complete circulation cycle could be seen.

Cinnabar, lampblack, and various other substances were tried, but they

did not prove as good as the combination of carmine gelatine followed by

ultramarine-blue gelatine.

When the ordinary directions for preparing carmine gelatine were fol-

lowed, it always proved difficult to get a perfectly transparent substance.

The trouble is connected with the neutralization of the ammonia by the

acetic acid. The gelatine should be rendered practically neutral, but

if the reaction is carried the least bit too far, the solution becomes

cloudy. Sometimes two drops of the acetic acid are sufficient to make

turbid a whole litre of the prepared carmine. After a good many

trials, the following method was adopted : Take 10 cc. of the ordi-

nary laboratory ammonia and dilute with 40 cc. of distilled water,

then determine by titration the exact amount of the laboratory acetic

acid which will neutralize it. After this determination has been made,

10 grms. of pure carmine are rubbed up with 50 cc. of distilled water;

then 25 cc. of the ordinarj^ ammonia are measured, and a few drops at a

time are poured into the carmine mixture which is kept constantly rubbed

up. This process is very closely watched, and the ammonia is gradually

added until the carmine is completely dissolved, and the mixture becomes
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translucent and assumes .a dark red color. Tlie amount of ammonia
used is determined by referring to the vessel in which the 25 cc. have been

measured. The gelatine in whatever proportion it is required—according

as a thin or thick solution is desired—is dissolved in the distilled water,

and the carmine solution is added to it. We then calculate how mucli

acetic acid will be required for the amount of ammonia w^hich has been

used; this is measured and added, drop l)y drop, to the mixture which is

constantly stirred. A sufficient quantity of water is then added to bring

the amount up to a litre. I found that in this way I could always obtain

a beautifully clear gelatine and was never annoyod by the failures and

uncertainties belonging to tlie other method.

Akteries. .

The prostate gland derives its arterial supply from the internal iliac

arteries by means of four branches; the superior vesical, the inferior

vesical, a small branch from the inferior hemorrhoidal, and a small termi-

nal branch from the internal pudic artery. These vessels will be found

illustrated in my paper published in 1899. The superior vesical, a

branch from the internal iliac, which is given off high up, divides before

reaching the bladder, into two fair-sized branches ; the lower and smaller

branch extends downward and supplies the vesical third of the prostate

;

this branch is sometimes called the middle vesical artery. The inferior

vesical, which is a large branch, is practically the main blood vessel of the

prostate gland, and should be called the prostatic artery for, in the

majority of instances, it does not send any branches to the bladder. The

major part of the gland is supplied by this vessel; it courses along the

vesicorectal fascia and meets the prostate at its lower border, where it

usually divides into seven branches, four of these enveloping the anterior,

and three the posterior surface. The posterior are about one-half the

size of the anterior lu'anchcs. These vessels are situated in the capsule of

the gland and envelop it as the fingers of one's hand would do in clasping

a round object. From these trunks a numljer of smaller ones are given

off, so that a very close arterial network is formed over the surface of the

gland. The ])ranch from the inferior liemorrhoidal is not constant; in

fact, it appears to be more often absent than present. When it is seen,

it occurs as one or two small branches wbicli ]uQci llic prostate in its

urethral half, and extend over the surface as line vessels which anastomose

with the vesica] artery. The internal ])iulic branch is fairly constant.

It extends along Ibc membranous urotlira and ])lunges directly into the

prostatic substance usually without giving off any l)ranclies to the surface.
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A slight anastomosis is occasionally seen. The vessels supplying the two

sides of the gland are distinct. The only anastomosis across the median

line is by way of the venous channels around the urethra.

From the large superficial branches above described, smaller ones are

given off at right angles, and pierce the gland in places corresponding to

the divisions of the lobules (Art. Fig. 1). Here they penetrate the

fibrous-tissue septa, and extend to the urethra, becoming smaller and

smaller, however, as they approach it, so that in this region they are seen

as very delicate terminal vessels. As they pass down, they give off

branches which penetrate into the lobule and finally divide into myriads

of capillaries which pass around the alveoli, and come in very close

relationship with the secreting cells. From these cells they are separated

simply by a delicate basement membrane composed of fine fibrils. From
the superficial vessels branches are given off which enter the lobule di-

rectly, that is, they do not pass first into the fibrous-tissue septa {8up. Br.

Fig. 1). On the anterior surface there are usually two branches which

do not give off as many smaller ones as the rest, and consequently remain

larger and extend over to the middle line, where they dip into the median

fissure and supply the median side of the lobules (Med. Br. Fig. 1).

The arrangement on the posterior surface corresponds to that seen on

the anterior surface, in so far as the supply of the lobules is concerned.

On the posterior surface toward the bladder one vessel penetrates the sub-

stance of the gland and runs directly to the caput gallinaceum (Art. Col.

Sem. Fig. 1). Here it divides into a fine network and supplies the erec-

tile tissue of the organ. Before this vessel reaches the eminence a small

trunk is given off which extends to the ejaculatory duct (Ai-t. duct. ej.

Fig. 1). The branch supplying the caput gallinaceum is usually derived

from the pudic; sometimes it comes from the inferior vesical.

The arterial supply in the connective tissue toward the urethra is much
poorer than in the secreting portion. Here the vessels terminate in fine

branches, relatively somewhat sparsely scattered. The arterial arrange-

ment is shown on the red side of Figure 1.

Capillaries.

The capillaries form a very complete and elaborate network around the

alveoli of the lobule. Here, as is seen in Figure 3, they surround an

alveolus in a more or less circular manner, and upon these vessels the

cells rest almost directly, being separated only by the very delicate con-

nective-tissue basement membrane. From this outside capillary, a fold-

ing in is seen, which forms a definite loop (Cap. L. Fig. 3.) This at
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first sight might appear to end blindly, but a more careful study reveals

the two branches, which sometimes appear winding around each otlier,

and presenting enlarged club-shaped ends. The cells rest on these as

they do on the circular portion. Under the low power, the epithelial cells

appear to be in direct contact with the capillaries, and it is only by the

aid of the oil immersion that a very delicate connective-tissue basement

membrane is seen. This is shown artificially colored as B. M. Fig, 3.

This membrane contains a few elastic fibers.

Veins.

On the surface of the gland are veins corresponding to the arteries

which lie in the capsule. As a rule they merge into two main trunks

corresponding to the vesical arteries; occasionally several small branches

pass off into the middle hemorrhoidal vein.

The superficial veins do not drain the blood from the whole gland, but

only from the outer fourth, as is shown in Fig. 1. From the inner three-

fourths of the gland the blood passes towards the centre, and into the

large venous sinuses which are a continuation of the corpora spongiosa.

(Co. 8p. Fig. 1). These immediately surround the urethra. The large

venous trunks which collect the blood from the gland do not lie on the

same plane as the arteries, but are situated in the fibrous septa some

little distance removed from them. These run, as do the arteries, on the

outside of the lobule, and are interlobular, not intralobular. For the

venous return from the caput gallinaceum there is no distinct vessel cor-

responding with the artery, but there are anastemoses with the spongy

plexus.

The venous plexus around the urethra is, as before stated, a continua-

tion of the corpora spongiosa. The blood from this region passes away

into the internal pudic vein. Occasionally two or three small veins

drain the tissues from this region, pass out of the prostate and run along

the membranous urethra and off into the vesicorectal fascia.

There is an anastomosis of the veins in the prostate and bladder where

these organs come together, and also on the outside through the superior

vesical veins. There is, of course, an anastomosis of the urethral veins

through the corpora spongiosa plexus.

SUMMAEY.

The prostate gland is supplied with blood by branches of the internal

iliac arteries, viz., the superior vesicals, inferior vesicals, inferior hemor-

rlioidals, and internal pudics; the main blood supply comes from the

inferior vesicals.



78 The Jilood Vessels of I lie Tr. .slate 11 land

Branelies of llieso envelop iho siirfaec! of tlie <ilnii(l and f^ivo ofT smallcM-

on(>s, wliieli iieiielratc between tlie lohnles in (he fihrons-tissuc septa.

The caiiilhii-ies are separated iVom I he ciiilhclial cells only by a very

lliiii haseiiieiil iiieiiibraiie.

'I'here are siipei-llcial vcins correspond iiiii' with the arteries.

I'\)i- the Older superficial fourth of the gland the return flow is towards

(lie siirfaei'. 'I'he inner three-fourths are drained by veins wliieb enijjiy

into the venous plexus immediately aronnd the nretlira.

The lobule is formed primarily by the individual gland dnets as shown

in Figure 2. The main arteries surround this lobnle wliicb they pene-

trate at many points. The veins leave the lobule mainly at its peripheral

5ind central (urethral) ends as shown in Fig. ].

EXPLANATION OF PLATP^S I AND II.

Fid. 1 is Irom a section of a prostate gland of a dog injected with carmine

gelatine and ultramarine-blue gelatine. The arteries in the section were
blue, the veins and capillaries red. The section was cut free hand, about
r.O// in thickness, and cleared both in glycerine and in creosote. In the

figure this artery is red and this vein blue. Ar^., Arteries; Art. Col. Ficm..

Artery of the colliculus seminal is; Art. duct, cj.. Artery of the ejeculatory

duct; Col. Scni., Colliculus s(>niinalis; V. J'L, Venous plexus around the

urethra.

Fio. 2. Lobule of prostate from a gland which had been injected with

uHramarine-golatine blue into the artery, and with carmine gelatine into

the prostatic duct. Pr. duct., Opening of the prostatic duct into the urethra;

Gl. Tis., Gland tissues distended with carmine gelatine; Art., Surrounding

artery. In this figure the artery is represented in red and the ducts in brown.

Fig. 3. Very thin section from Ihe i)rostate gland of a dog. Capillaries in

red, injected with carmine gelatine. Section stained with iron h;rmatoxylin,

with artificial yellow tinting of basement membrane. Oil immersion with

one inch eye-piece amplification. Cap., Capillaries; B. M., Basement mem-
brane; 07. Ep., Glandular epithelium; Cap. L., Capillary loop.
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THE EMBKYONIC DEVELOPMENT OP THE EETE-CORDS

AND SEX-COEDS OF CHRYSEMYS.

BY

BENNET M. ALLEN,

Instructor in Yertehrate Anatomy, University of Wisconsin.

With 1 Double Plate akd 6 Text Figures.

A glance at the diagrams on the next page will at once serve to show the

great difference of opinion that has prevailed in regard to the origin of

the sex-cords and rete-cords of the Sauropsida. In fact, it is hard to

conceive of any possible manner of origin that has not been held to be

correct by some well-known embryologist.

The Chelonia have remained almost untouched in the study of this

problem. Only one work has appeared upon the rete-cords (Von Moller,

98), while no work has been published upon the subject of the sex-cords.

Von ]\Ioller studied two turtles, one a specimen of Emys lutaria of

2.5 cm. plastron length, and the other Clemmys leprosa of 4.9 cm.

plastron length. He observed no connection between the testis and

Wolffian body. This caused him to remark

:

" Dieser Befund wird hochst auffallig, wenn mann bedenkt dass die

Beobachtungen an Amphibien zeigen dass die Verbindungen zwischen

Hoden und Wolffschen Gauge schon dann angelegt und vollendet werden,

wenn die iibrigen Organe sich noch in der Entwickelung befinden, und

wenn das Junge in der Eischale, respective in Uterus eingeschlossen ist.

Die zwei von mir untersuchten Schildkroten hatten dagegen schon seit

Monaten die Eischale verloren, und doch war bei ihnen noch kein einzige

Verbindung zwischen Hoden und Wolffschen Gauge vorhanden, obwohl

Anlagen dieser Verbindungen sich bereits vorfanden."

It is quite unfortunate that he considered these stages to be early

enough for his purpose, since my work has shown the rete-cords to be

formed at a relatively early stage of development in Chrysemys.

Von Moller sums up his results as follows :
" Ich finde also bei diesem

Thiere zwischen Hoden und Wolffschen Korper noch keine Verbin-

dungen, dagegen im Mesorchium und im oberflachlichen Bindegewebe der

Umiere solide Zellenstrange, fiir welche ich genotigt bin einen Ur-

Ameeican Journal op Anatomy.—Vol. V.
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Text Fig. A.

GER
Text Figs. A-D. Diagrams ilhis-

trating various views held by authors
whose Avritings are reviewed in this
article.

^D.—Fundament of the adrenal
body.

GER.—Germinal epithelium.
il/.—Mesentery.

M. P.—Malp'ghian corpuscle.
J?.—Rete-cord.

S. C.-Sex-cord.
U. r.—TJriniferous tubule.
W. I).—Wolffian duct.

spningsort anzunehmen, der wedcr in

den Geweben der Urniere noch in denen

dcs Hodens liegt denn ieh woder im

Stande bin einen Ziisammenhang mit

den gewundenen Kanalchen des Hodens

nachznweisen, noch einem solchen mit

deni Epithel Bowmanscher Kapseln

oder sonst mit Theilen der Urniere.

Ich nehme daher an, dass sie vom Per-

itoneum stammen." No further allu-

sion need be made to this article.

Turning to the other groups of the

Sauropsida, we find a large mass of lit-

erature. To intelligently discuss this,

we must use precise terms. The sex-

cords are those masses or cords of cells

which eventually become the seminifer-

ous tubules of the testis or the medul-

lary cords of the ovary. The rete-cords

are those structures which eventually

give rise to the canals which unite the

seminiferous tubules or medullary cords

of the sex-glands with the ducts of the

mesonephros.

It is not necessary to enter into a

lengthy review of the literature upon

this subject. That has been thoroughly

done by Born, 94, MihalkovicS;, 85,

Janosik, 85, Coert, 98, Winiwarter, 00,

and others. A few diagrams will suf-

fice to show, in a sufficiently vivid man-

ner, the wide differences between the

many views upon this subject as ex-

pressed in the papers most worthy of

note.

The names associated with the differ-

ent diagrams, Text Figures A-D. are

those of the authors who have held

views represented by the diagrams so

indicated. After the name of each
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author are placed the names of the forms which he studied in arriving

at his conclusions.

A. Tubules arise from the Wolffian duct and grow into the sex-gland

fundament. Their distal portions form the sex-cords while their prox-

imal portions form the rete-tubules.

70, Waldeyer—Chick (Gallus).

B. According to this view, evaginations grow out from the capsule

of Bowman. Distal branches from these stems pass down into the sex-

gland fundament to form sex-cords, while the more proximal portions of

the evaginations remain attached to the capsules of Bowman and serve

as rete-tubules.

Brann, 77, Platydactylus, Tropidonotus.

Weldon, 85, Lacerta.

Hoffmann, 8g and 92, Lacerta, Hjematopsis, Sterna, Gallinula.

Semon. 87, Gallus.

Peter, 04, Lacerta.

Brann, 77, considers the rete-sex-cords to be, in the strictest sense,

segmental in arrangement. He expressly denies that the cells that con-

tribute to the formation of the adrenal body are derived from branches

of the evaginations from the capsules of Bowman, as asserted by Weldon,

85 and Hoffmann. 89 and 92. These two last named authors asserted

that each evagination divides into a dorsal and a ventral branch, the

former suppljdng the cells of the cortical portion of the adrenal body,

and the latter forming the sex-cords. Semon, 87, was not so clear upon

the question. He merely stated that the anastomosing cords arising from

the capsule of Bowman pass into the adrenal and sex-gland fundaments,

—the more dorsal to the former, the more ventral to the latter.

C. Large numbers of cells migrate from the germinal epithelium into

the underlying stroma. From this unorganized blastema, the sex-cords

are formed, suddenly crystallized as it were. The rete-cords are formed

of evaginations from the capsule of Bowman.

Schmiegelow, 82, Gallus.

Mihalkovics, 85, Lacerta, Gallus.

Laulanie, 86, Gallus.

D. According to Janosik, the sex-cords arise as direct ingrowths from

the germinal epithelium. Cords of cells grow from their distal ends to

the capsules of Bowman, thus forming the rete-cords. Cords of cells

grow in from the peritoneum between the sex-gland fundament and the

mesentery to form the cortical portion of the adrenal body.

Janosik. 90, Gallus. .

6
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The following table will show the great difference of opinion held by

authors working upon the same identical species. The view held is in-

dicated in the same manner as above.

Lacerta agilis—Weldon (B) ; Hoffmann (B) ; Mihalkovics (C).

Chick (Gallus)—Waldeyer (A); Semon (B) ; Mihalkovics (C)

;

Laulanie (C) ; Schmiegelow (C) ; Janosik (D) ; Weldon (?),

We cannot close an account of the literature upon the subject without

refeiring to the work of Semon, 91, upon Ichthyophis, one of the Gym-
nophiona, and a paper by Semper, 75, upon the Sex-glands of the

Elasmobranchs.

Semon^ 91, considers the nephrotome to be the ventral portion of the

mesoblastic somite. This view, by the way, is also held by Brauer, 02.

Semon states that after the nephrotome breaks away from the myotome

and sclerotome, it still remains attached to the peritoneum (unsegmented

mesoderm) by means of two bridges of cells—a lateral and a medial.

The major part of each nephrotome forms a Malpighian corpuscle of the

mesonephros. The lateral of the two bridges connecting it with the

peritoneum becomes its peritoneal funnel (nephrostome), while the

medial bridge sends out a process which divides into a dorsal branch pass-

ing to the adrenal body, and irre|gular branches (sex-cords) non-seg-

mental in character, that pass to the sex-glands, there to come in

contact, in the case of the male, with the seminal vesicles, which, are

derived from the germinal epithelium. He holds a theory that the

pronephros extends in rudiment, at least, along the entire length of the

mesonephros, and that this pronephric rudiment develops into the

adrenal body. He considers the dorsal branches spoken of above, to be

these vestiges of the pronephros.

Semper, 75, gives the most interesting account of the rete in the male

of Acanthias. According to him, each of the 34 primary Malpighian

corpuscles of the kidney is connected with the body cavity by a peritoneal

funnel. Seven of the most anterior of these funnels lose their union

with the peritoneum and take on the form of vesicles. Three or four

of them now fuse together to form the " central canal," which lies at the

base of the testis and parallel with it. From this central canal there arise

a number of irregular anastomosing canals which extend into the testis

and come in contact with the true sex-structures (Vorkeimketten) that

have arisen from the germinal epithelium. This net-Avork of rete-cords

he calls the rete-vasculosum.

In other forms there exists a somewhat modified condition of consider-

able interest. In comparing Acanthias and Mustelus, Semper said:

" Trotzdem scheint ein grosser Untershied in Bezug auf die Entstehung
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des Centralcanals des Ilodens /wisclien ]\[usleliis ;ind Acantliias zu beste-

hen. Bei dieser Gattung wird or seiner ganzer Liingc nach gebiklet durcli

die Verwachsimg der seitlicli vom Segmantalgang nach vorn sich wenden-

den Trichterblasen. Seitliche Aiisbuchtiingen der letztoren bildeii den

basalem Theil der rete vascolosum. Bei Mnstehis dagegen ist es nur der

vorderste iiber die Hodenfalte hinaiis vorgreifende Abschnitt des Central-

canals den mann entstanden ansebcn konnte, denn nur an diesen setzen

sich 2 (oder 3) Segmentalgange an. Der ganze iibrige viel langere

Theil des Centralcanals entsteht aiis den in das Stroma der Epithelfalte

eingestiilpten Keimepithel Zellen."

Balfour, 78, shows that in the forms which he studied, the anterior

end of the sex-gland only, was directly united to the mesonephros by

means of the rete-canals.

The condition in the lizard Platydactylus is, according to Braun, 77,

quite similar. He considers the union to be formed in adult life by two

or three rete-cords joining the anterior ends of mesonephros and testis;

although he states that they are connected along the entire length of the

testis in early stages. Ploffmann, 89, finds the union of rete-cords to be

complete and intact along the entire length of the testis in Lacerta at the

end of the first year. He did not study older specimens. Semon, 87,

claims that there is a degeneration of the rete-cords at both the anterior

and posterior ends of the sex-gland of the chick; but Janosik, go, denies

this.

Material axd Technique.

Our lakes in the vicinity of Madison abound in the little painted

tortoise, Chrysemys marginata. The number of embryos to be gathered

in the season is limited only by ones patience in the work of preserving

them. I have prepared a large number of serial sections of the meso-

nephros and sex-gland, as well as of entire embryos, comprising an un-

broken chain of stages from gastrulation to adult life.

As a fixative, TQllyesnitzky's Bichromate-acetic fluid was almost ex-

clusively used, as it gave most excellent results. Haidenhein's iron-ahnn

hsematoxylin stain proved unsatisfactory for early stages of the embryos

under 7 mm. length. For later stages than this it gave excellent results

and was used almost exclusively. A counter-stain of Congo red was also

employed. The sections were cut at a thickness of 7 fi.

Measurements Avere made of the distance between the cervical bend

and the tail bend (C-T). In the later stages the length of carapace was

also given.

To more clearly understand the origin of the sex-cords, it will be
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necessary to first understand certain features in the development of the

niesonephros. Reference to these features will be made only in so far as

they concern the subject of this paper. In an early stage of develop-

ment (C-T. 3.5 mm.), a section through the posterior part of the sex-

gland fundament shows the mesoblastic somites to be attached to the

lateral plates by the unmodified middle plate (Text Figure E). The

cells of the latter are arranged in two rows, in such a manner as to leave

a line of weakness between, which may be considered as a rudimentary

lumen, connecting the body-cavity on the one hand with the cavity of the

^'iEF

Text Fig. E. Transverse section through the middle of the mesonephros
fundament of an embryo of 3.5 mm. C-T. length.

AO.— Aorta. NO.—Notochord.
EC.—Ectoderm. SO.— Somatopleiire.
MY.—Myotome. 8P.— Splanchnopleure.
N.—Neural canal. WD.— Wolffian duct.

NEP.—Nephrotome.

mesoblastic somite on the other. In the region posterior to this, these

relations become even more marked.

More anteriorly, just behind the interesting region which forms a

transition between the pronephros and mesonephros, the middle plate is

found to be wholly broken away from the mesoblastic somites, and to be

divided by transverse intervals into nephrotomes which occur in the

number of three to four per somite.

I found no evidence of a primary metamerism of these nephrotomes.

So soon as the middle piece appeared to be broken up at all, the number

of nephrotomes here recorded appeared. Special investigation along this
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line, however, might show a primary metamerism, from which the above

described condition was derived by further secondary splitting of the

nephrogenous tissue. Each nephrotome becomes vesicular to within a

sliort distance of the peritoneum thus forming the primary Malpighian

corpuscles. The remaining portion of the nephrotome uniting it with

the peritoneum becomes, in later stages, the peritoneal funnel or nephros-

tome, while the uriniferous tubule arises as an outgrowth from the distal

end of the nephrotome. The mesonephric peritoneal funnels are vestigial

structures from the time of their origin.

In later stages {C-T. 6 mm.), two sharply defined regions of the

mesonephros may be distinguished from one another. In the anterior

part of the sex-gland, only the primary Malpighian corpuscles are

formed. Each is well developed, the glomerular invagination having

already taken place. The 11th to 21st Malpighian corpuscles are con-

nected with the peritoneum by peritoneal funnels (Plate I, Fig. 5), some

of which are much better developed than others, there being great vari-

ation among them. In the best developed among them, the end attached

to the peritoneum flares open to form an actual funnel-like mouth, yet

this opening is never continuous with that of the Malpighian corpuscles.

The greater part of the peritoneal funnel is merely a cord of cells. In

some cases even, it has lost its continuity with the capsule of Bowman.
At this stage the first ten Malpighian corpuscles are without peritoneal

funnels.

Caudad of the 21st Malpighian corpuscle, each nephrotome shows two

or three rudimentary vesicular enlargements. Each enlargement is des-

tined to form a Malpighian corpuscle. The most ventral of these we

shall consider as the primary Malpighian corpuscle. It is still rather

broadly connected with the peritoneum. This place of union we shall

consider as a rudimentary peritoneal funnel, although it has no flaring

opening.

In later stages, secondary and tertiary Malpighian corpuscles appear

in the anterior region described above, thus making the total number per

somite approximately equal to that in the posterior region. Eoughly

speaking, from nine to twelve Malpighian corpuscles in all, appear in

each somite.

Eeference to Plate I, Fig. 1, will show certain of the points mentioned

above. Furthermore, one can see an elongated mass of tissue that ex-

tends from each peritoneal funnel dorso-mediad and which lies just lat-

erad of the V. renalis revehens (vena cava). This we shall term the fun-

nel-cord. They appear in both the anterior and posterior regions of the

mesonephros as described above and are co-extensive with the sex-gland
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I'liiidaiiiciit. in fact (licy ai'c found foi' a slioi't distance anterior to it

Naturally each I'unnel-iord lies ()|)])ositc a ])i'iniarv Malpit^'liiaii eorpnscle,

and likewise to the series of secondary, tertiary, etc., corpuscles formed in

a vci'tical row above it. Each cord is made np of rather loosely arranged

cells that bear a rather close resemblance to the mesenchyme cells. In

fact the nuclei of these cells, the funnel cells, and the cells of the" perit-

oneum are not to be distinguished from one another. Cytoplasmic differ-

ences alone appear and these depend upon the density of the tissue. In

some cases a slight evagination of the capsule of Bowman is found at

the point where it joins the peritoneal funnel. This evagination may
take various forms and in many cases is -wholly absent. Such an appear-

ance may have led to the view held by some authors that these cords

arise as outgrowths from the capsules of Bowman. This view would be

still further justified if the peritoneal funnel were to break away from

the peritoneum at a stage prior to that observed. There can be no

question, however, but that the funnel-cords are outgrowths from the

peritoneal funnels ; in fact their bases are the funnels themselves.

The distal portions of the funnel-cords lie above the vena cava in the

fundament of the adrenal body, contributing the greater part of the tissue

that in later stages constitutes the cortical substance of that gland. Perit-

oneal ingrowths may also be seen extending dorso-laterad from the

peritoneum at a point near the base of the mesentery to the adrenal fun-

dament. These also contribute to the cortical tissue of the adrenal body.

They are of less regular occurrence than the funnel cords, and in later

stages lose their connection with the peritoneum, although they are easily

distinguishable in the stage of 7 mm. G-T. length.

The sex-gland can be clearly distinguished in the embryo of 6.8 mm.
C-T. length. It extends through six somites, although the last ^ of it

remains in a rudimentary condition. Even in this stage it consists

merely of thickened peritoneum containing scattered primitive sex-cells

(Ureier).

The sex-gland develops from a portion of the germinal epithelium lying

between the bases of the funnel-cords and the base of the mesentery. In

the embryo of 6 mm. C-T. length, a few primitive sex-cells were already

beginning to appear in this region. At this time, the V. renalis revehens

(vena cava) lies close above the germinal epithelium which has not yet

begun to thicken to form the sex-cords. In an embrvo of 6.8 mm. C-T.

length the germinal epithelium has sent out masses of cells towards the

Y. renalis revehens, and has at the same time bent outward in such a

manner as to form in transverse section, the periphery of a semi-circle,

the interior of which is occupied by the sex-cords. The tips of the sex-
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cords remain stationary and almost, if not quite, in contact with the

wall of the V. renalis revehens, while their bases grow peripherally with

the germinal epithelium. Mesenchyme cells between the sex-cords are

few and far between.

At some points, the tips of the sex-cords penetrate to one side or the

other of the Y. renalis revehens, and penetrate to the adrenal fundament

to which they contribute.

Plate I, Fig. 3 shows a wax plate reconstruction of a large part of the

sex-gland of the 7 mm. C-T. stage. In this stage the carapace has just

formed. The prominent funnel-cords afford the most striking feature of

the model. Their bases are attached to the peritoneum at the lateral

boundary of the sex-gland. They extend in a dorso-medial direction.

It will be noticed that each is connected with a primary Malpighian

corpuscle. The other Malpighian corpuscles are not shown in the model.

Mediad of the funnel-cords the peritoneum is greatly thickened, form-

ing numerous irregular elevations and ridges between which are deep

clefts and pits. These thickenings are the sex-cords. They are solid

and their cells show no evidence of a radial arrangement to form a

lumen. The peritoneum is far more cut up than would appear from the

model. Many slight fissures separating adjacent sex-cords do not appear.

In any case many of these rudimentary sex-cords are from the first,

united with the funnel-cords while others anastomose freely with one

another, so that all are either directly or indirectly connected with the

latter.

Primitive sex-cells are frequently met with in the germinal epithelium,

as well as in the distal parts of the funnel-cords. Aside from the

scattered primitive sex-cells, these tissues are composed of ordinary perit-

oneal cells. The cells of the germinal epithelium are so crowded as

to make it stain very deeply. The sex-cords are less dense, their cells

being distinct and having clear, sharp outlines, thus differing from

those of the sex-cords of the pig and rabbit, in which a syncytium is

formed among the pure peritoneal cells. The cells of all but the most

proximal parts of the funnel-cord are elongated in the direction in which

the cords extend. This elongation of the cells is so marked that they

resemble the surrounding mesenchyme save for the fact that their cyto-

plasm is more dense thasi that of the latter. The cells are so closely

associated that these funnel-cords stand out quite clearly from the sur-

rounding mesenchyme.

The proximal part of each funnel-cord is met by one, or sometimes two,

evaginations from the capsule of Bowman of the adjoining primary

Malpighian corpuscle. These evaginations are very clearly distinguish-
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able in this stage from the tissue of the funnel-cords but are in close

contact with tliem.

In earlier stages the funnel-cords are not even in contact with the

capsules of Bowman, although they lie close to them. In these stages

there are no evaginations from the capsules of Bowman, although a

thickening of the cells of the medio-dorsal portions of them indicates

the general region where these evaginations will take place. In the much
earlier stages described above, 6 mm. C-T., the primary union of Mal-

pighian corpuscle, peritoneal funnel and funnel-cord has already been

described. The later union of Malpighian corpuscle and funnel-cord

is a secondary one, and has nothing to do with the temporary primary

union. The breaking away and reuniting of these elements seems to be a

useless process which I confess I am at a loss to explain. I can merely

describe it. It is, however, a most easily demonstrated fact.

In later stages, the evaginations from the Malpighian corpuscles closely

fuse with the funnel-cords, and are not to be distinguished from them.

As development proceeds, the primary Malpighian corpuscles are often

drawn some distance laterad of the sex-gland, at the same time pulling

the funnel-cords laterad and causing them to stretch. In these cases

each funnel-cord becomes sharply bent at the point where the evagination

from the capsule of Bowman meets it; it is then continued in a dorso-

medial direction to the adrenal body. As shown above, each primary

Malpighian corpuscle is connected with the sex-cord by a cord of tissue,

formed by an evagination from the capsule of Bowman plus the basal

portion of a funnel-cord. These strands uniting the mesonephros with

the sex-gland are the rete-cords and constitute the rete-testis or rete-ovarii,

as the case may be. In these later stages the funnel-cords are more

elongated and slender, but far more compact than in the early stages.

Plate I, Fig. 4 shows the rete-cords and the relation that they bear to

the sex-cords and primary Malpighian corpuscles. Here the base of the

funnel-cord lies within the sex-gland and forms one of the sex-cords.

This has been observed in many cases. In very many instances, however,

the funnel-cords lie wholly outside the sex-gland, their bases being still

attached at a greater or less distance from the sex-gland to the peritoneum

covering the mesonephros.

It will be noticed that the two rete-cords shown in this model are

united to one another by a thickening of each in the direction of the

long axis of the sex-gland. This represents a tendency to form a longi-

tudinal canal uniting the rete-cords as in the Amphibia and to a certain

extent in the Elasmobranchs, and in the lizard (Braun, 77). This
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longitudinal canal remains incomplete, however, although it may unite

several rcte-eords in the manner shown.

Young males taken at the time of hatching, show many of the retc-

cords to have already acquired a lumen in places. The rete-cords of

females at this age do not show a lumen, nor do they at any time, because

they have already paused in development. They are, however, still

recognizable. Up to this point no distinction of sex has been noted

although well marked differences had begun to appear in the stage of

13 mm. C-T. length. Close study has yet to be made to determine the

earliest evidences of sex differentiation.

It is not our aim to follow the later development of the rete-cords or

sex-cords. In its general features, the further development of the sex-

glands of the turtle shows many points of similarity to that in the mam-
mals. The sex-cords degenerate in the female forming the medullary

cords while the " cords of Pfiiiger " arise as a later thickening of the

germinal epithelium. In the males the sex-cords lengthen, assuming a

more regular form and arrangement. Their thorough anastomosis with

one another allows the semen to be poured from several into a common
rete-cord. The mesonephros degenerates leaving a number of the urin-

iferous tubules to function as vasa efferentia. In the adult male the rete-

cords are found to be reduced in number, there being nine in the specimen

studied while sixteen were counted on the right side of an embryo of

C-T. 8 mm. length. No attempt was made to determine how or when

this reduction was brought about. It is quite probable that some rete-

cords are weak and become broken by shifting of the organs in the

process of growth. In any case there is no systematic degeneration of

the rete-cords in any particular region or regions along the sex-gland.

Summary and Conclusions.

The sex-cords are formed from irregular ingrowths of the germinal

epithelium. It is not until relatively late in development that they take

on the semblance of cords. They are made up of ordinary peritoneal cells,

together with primitive sex-cells which are also found in the peritoneum

at this stage.

The rete-testis and rete-ovarii are formed by the union of funnel-cords

with evaginations from the capsules of Bowman. The funnel-cords are

derived from the peritoneal funnels of the Malpighian corpuscles. They

occupy a region lying along the lateral edge of the sex-gland, and not only

co-extensive with the latter, but extending a short distance anterior to

it. The bases of the funnel-cords may, or may not, be included in the

sex-gland to form a part of the seminiferous tubules of the testis or
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iiRHluUary cords; of the ovary, as the case may he. The ])roxiinal portions

of these fi)nnel-cords go to form a large part of the rete-testis-ovarii,

while the more distal portions join the adi'onal fundament and contril)nte

the major portion of the cortical suhstance of that organ.

This leads me to briefly consider the adrenal body, although this was

not within the original plan of the present work. Soulie, 02, finds that

in Lacerta and the chick, the cortical substance arises wholly from cords

of cells proliferated from the peritoneum mediad of the sex-gland and

at the base of the mesentery. He states, however, that these cords become

closely applied to the capsule of Bowman of the Malpighian corpuscle.

It is difficult to understand how, arising from the base of the mesentery,

they could reach the Malpighian corpuscle without growing dorsad along

the medial side of the Y. renalis revehens to the adrenal body fundament,

and thence laterad and ventrad to the Malpighian corpuscle. It is diffi-

cult to understand how they could take this course, without passing

through and beyond the fundament of the adrenal body. There certainly

are, in the turtle, cords of cells that arise as Soulie and others claim, near

the base of the mesentery, and these contribute to the formation of the

adrenal body; but certain sex-cords and the funnel cords contribute to

it as well, and in even greater measure. Brauer, 02, also holds a view

similar to that of Soulie as regards Hypogeophis one of the Gymnophiona.

Poll, 03, reached similar results with the Elasmobranchs, Acanthias and

Spinax. Be this as it may, I feel quite sure of my ground in the case of

Chrysemys, and the work of Weldon, 85, and Hoffmann, 89, would lend

color to this view, though they hold views in some points radically differ-

ent from mine.

. In this connection it may be well to state that several of Hoffmann's,

89, figures of the " Sexual Strange " would serve fairly well to represent

the funnel-cords as I have seen them. They certainly do not prove

his contention that the cords in question, sex-cords and adrenal-cords,

arise from the capsule of Bowman ; although he has so interpreted them.

Those who held view C, probably used insufficient material and lacked

the intermediate stages between the period just before the formation of

the sex-cords and those subsequent to their separation from the germinal

epithelium.

Janosik, 85, D, worked upon the chick. It is quite possible that future

work may in large part substantiate his results for that form. My results

agree with his as regards the origin of the sex-cords,- but differ from his

upon the origin of the rete-tissue, although even here there may be a

reconciliation between our views.

In the literature upon the morphological significance of the uro-genital
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system we have some melancholy examples of the futility of making

rash hypotheses unsupported by a sufficient array of facts. Still it is

of interest to consider the possible interpretation that may be placed

upon these structures when they are viewed from the standpoint of

phylogeny.

I am inclined to consider tlie funnel-cords as modified sex-cords. The

fact that their distal extremities contribute to the formation of tbe

adrenal bodies does not conflict with this interpretation, because that is

also true of undoubted sex-cords. The funnel-cords arise just laterad of

the true sex-cords and in a very similar manner. The fact that they

arise from the peritoneal funnel would not be contrary to this view if the

Text Fig. F. Diagram to show essential structures of the mammalian
sex-gland.

M.—Mesonephros.
MP.—Malpighian corpuscles.

R.—Rete-region.

R. C.—Rete-cord.
S.— Sex-gland region.

8. C— Sex-cord.
y.—Vestigial portion of genital

ridge.

W.D.—Wolffian duct.

funnels could be shown to be mere recesses of the peritoneum, and similar

to the latter in histological character. A more careful study of the

origin of the sex-glands in the Amphibia is much to be desired as it might

throw new light upon this question. It will be of interest to compare

the results of this paper with those of a previous paper upon the same

structures in the pig and rabbit. Allen, 04.

The very schematic diagram of the testis of the pig (Text Figure F),

shows the following points seen in a sagittal section passing through the

genital ridge and the mesonephros. The genital ridge may be divided

into three regions : (1) rete, (3) sex-gland, (3) rudimentary sex-gland

ridge. The rete-cords arc liomodynamous with the sex-cords, being formed

at the same time and in tlie same luannei" as the latter, and occupying
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the anterior third of the genital ridge, whose middle portion is occupied

by the sex-gland. As the rete-cords develop, they come in contact with

slight evaginations from the Malpighian corpuscles in that part of the

mesonephros which lies nearest the rete region. They then grow back

to the anterior portion of the sex-gland and at a relatively late ]ierio(l

of development advance along its entire length, giving off numerous

branches (tubuli recti) which fuse with the tips of the seminiferous

tubules. The rete-cords of the mammals are the peritoneal ingrowths of

the anterior part of the genital ridge. Speaking in terms of phylogeny

they are the sex-cords of the anterior part of the sex-gland. The anal-

ogous structures of the turtle, the funnel-cords, appear at intervals along

the entire lateral margin of the sex-gland.

It is quite probable that the mammalian sex-gland was derived from

that of some reptilian group and that some now existing groups of reptiles

may show sex-gland conditions from which those of the mammals were

derived. ]S[o existing group is more likely to show mammalian affinities

than that of the Chelonia.

jSTothing exactly corresponding to the funnel-cord has ever been found

in the embryonic development of the mammals. It is true that Aichel,

00, has found that the cortical portion of the adrenal body of the rabbit

(Lepus) arises from funnel-like invaginations of the peritoneum near

the base of the mesentery. He is very positive in his claim that these

are the peritoneal funnels of the mesonephros. Nevertheless, he does not

claim to have followed these funnels back to stages in which they were

actually connected with the Malpighian corpuscles. The rete-tubules that

may have directly united the sex-gland proper along its entire length with

the adjacent Malpighian corpuscles of the mesonephros have disappeared

without leaving a recognized vestige, in any of the mammals thus far

studied. The rete-region of these mammals has been evolved from that

part of the genital ridge which was primitively the anterior part of the

sex-gland in the ancestors of the mammals.^

It is scarcely possible to be more specific as regards the nature of the

rete-region of the mammals. Two assumptions are possible: one, that

^ It will be well to note that in Chrysemys, several funnel-cords occur in

a well-marked region, anterior to the sex-gland, in which the sex-cords remain

vestigial. Upon closer study of some sagittal sections of the sex-gland and

mesonephros of Chrysemys I have been struck with the resemblance that

this region bears to the rete-region of the pig and rabbit as seen in similar

sections. In Chrysemys the funnel-cords of this anterior region together with

those of the sex-gland region are joined to form the central canal. This

shows some points of resemblance to the portions of the rete-cords lying

parallel to the peritoneum anterior to mammalian sex-gland.
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the sex-cords have disappeared leaving only the funnel-cords, the other,

that the sex-cords which primitively existed in this region have taken

on the character and function of funnel-cords. It is difficult to decide

this question, I can merely say that the latter assumption seems the

more probable one, because often two or more rete-cords can be seen in

a single transverse section to arise from more than one point of the

peritoneum covering the rete ridge. In fact the strongest and most nu-

merous rete-cords arise from the portion of it that lies nearest the mes'en-

tery. This question might be solved with certainty by a study of the

conditions in the Monotremes or even in other less primitive groups of

mammals.
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EXPLANATION OF PLATE.

Ao.—Aorta. P.— Peritoneum.

Art.—Arterial branch passing to P. F.—Peritoneal funnel.

the Malpighian corpuscle. P. C.—Posterior cardinal vein

FC.— Funnel-cord. 8C.—Sex-cord.

M.—Mesentery. Y. R. R.— V. renalis revehens.

M.C.—Malpighian corpuscle. W.D.— Wolffian duct.

Fig. 1. Transverse section of the mesonephros and sex-gland fundament

of an embryo of 6 mm. C-T. length. X 190.

Fig. 2. Transverse section of the sex-gland fundament of an embryo of

7 mm. C-T. length (carapace 5 mm. long). X 190.

Fig. 3. Wax plate reconstruction of the indifferent sex-gland of an em-

bryo of 7 mm. C-T. length (carapace 5 mm. long). This includes as much of

the sex-gland as lies within a little more than two somites. X 190.

Fig. 4. Reconstruction of a small part of the sex-gland of an embryo of

13 mm. C-T. length (carapace 12 mm. long). X 190.

Fig. 5. Drawing of a part of a section adjacent to that shown in Fig. 1.

The proximal portion of the peritoneal funnel is here better shown than in

Fig. 1.
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THE DEVELOPMENT OF THE LYMPHATIC SYSTEM IN
BABBITS.
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From the EmbryoJogical Laboratory, Harvard Medical School.

With 8 Text Figures.^

In following the transformations of the subcardinal veins in rabbits,

the writer observed that a portion of those veins seemed to become de-

tached from the venous system, and to be transformed into l3'mphatic

vessels (02, p. 238). This supposition is not identical with the theory

that the lymphatic system is a gland-like outgrowth of venous endothel-

ium, always connected with the veins by means of the lymphatic ducts.

It differs also from the older idea that lymphatic vessels are excavations

in mesenchyma.

In favor of this mesenchymal origin, the work of Sala, 00, is the most

convincing. He observed in the chick that both the posterior lymph heart

and the thoracic duct arose independently of the veins or of other lym-

phatics, and that their permanent openings into the veins were acquired

subsequently. In the rabbit, as will be shown presently, there are many
disconnected lymphatic spaces, but to their origin from mesenchyma there

are four objections : 1st. The lymjjhatic spaces do not resemble mesen-

chyma even when it is cedematous, but on the contrary, are scarcely dis-

tinguishable from blood-vessels (Langer). 2d. After being formed, the

lymphatics increase like blood-vessels, by means of blind endothelial

sprouts, and not by connecting with intercellular spaces (Langer, Eanvier,

MacCallum, Sabin). 3d. In early embryos, detached blood-vessels may

be seen without proving that blood-vessels are mesenchymal spaces. These

detached vessels are not far from the main trunks, from which they may

have arisen by slender endothelial strands, yet often the connecting

strands cannot be demonstrated. A similar supposition would account

for detached lymphatic vessels. 4th. The endothelium of the embryonic

lymphatics is sometimes seen to be continuous with that of the veins.

^ This investigation, and the one which follows, were accomplished with

the aid of a Bullard Fellowship, established in memory of John Ware.

Ameeican Journal of Anatomy.—Vol. V.
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The second thcoiy, that of the giand-like origin of the lymphatic system,

is supported by the remarkable injections of pig embryos, made by

Prof. Sabin.' She considers that in mammals, this system buds from the

venous endothelium at four points, forming four lymphatic ducts. The
ducts are dilated to form four lymph hearts, which, though destitute of

muscles, correspond with the four lymph hearts of amphibia. Starting

from these hearts, lymphatic outgrowths invade the body, and those from

the anterior pair unite with those from the posterior pair. Then the

posterior hearts lose their original openings into the veins, but those of

the anterior hearts persist as the outlets for the thoracic and right lymph-

atic ducts respectively. The lymph hearts themselves are said to be-

come transformed into lymph nodes (05, p. 355).

According to this idea, the lymphatic vessels are true lymphatics from

their earliest inception. They differ from other branches of the veins

by their very oblique angle of entrance, and by failing to anastomose with

arteries or veins. Anastomoses with other lymphatics are abundant, due

to absorption of contiguous walls (Ranvier, 97, p. 74).

The supposition suggested by the study of the subcardinal veins is

intermediate between those of Sabin and Sala. The endothelium of

the lymphatics is considered to be a derivative of that which lines the

veins, since the lymphatics are at first a part of the venous system; but

by becoming detached from their origins these lymphatics form closed

sacs in the mesenchyma. Later they acquire permanent openings into

the veins, and many connections with other lymphatics.

In studying the development of the lymphatic vessels, several methods

have been employed. Sala used serial sections, generally of injected

embryos, and made wax reconstructions of the posterior hearts. Sabin

perfected the method of injection whicli had been employed by Ranvier

for pigs of 100 mm., so that it was applicable to those of 20 mm. By
this means she studied the large jugular hmpli sacs, or " anterior hearts,"

which, as Saxer discovered (p. 370), are the earliest lymphatic vessels

to appear. On the basis of injections she was enabled to present the

first connected account of the development of the mammalian Ij^mphatic

system. This was illustrated by a series of conventional diagrams, in

which the blood-vessels are shown without details. Thus the internal

^ Ranvier described the interesting analogies, botli functional and embry-

ological, between typical glands and the lymphatic system. Sabin does not

adopt the idea that the whole lymphatic system represents a few large

glands. She does, however, describe it as arising from four blind epithelial

(endothelial) outpocketings which ramify in the connective tissue, and this

origin may be designated, after Ranvier, as " gland-like."
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and t'xtonial juuular veins are merged in an '" anterior cardinal vein,"

the subcardinals are omitted, the renal and iliac anastomoses are made

continuous with one another, and the sciatic and femoral veins are

reversed.

Fig. 1. Rabbit, 13 days, 9.5 mm.. Harvard Embryological Collection, Series
498, X 13 diams. 3, 4, and 5 indicate the position of the corresponding
cervical nerves in this, as in the following figures. The veins shown are
those of the left side: D. C. duct of Cuvier; Ex. M.. external mammary;
In. J., internal jugular; Pr. VI., primitive ulnar.

It was thought that more accurate figures might bo obtained bv tlie

graphic reconstruction of uninjected embryos. The possibility of over-

looking minute orifices guarded by valves, and the limitation of this

method to small embryos are obvious disadvantages, but these are offset

7
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l)v the avoidance of rnptnre of very thin-walled vessels and by the oppor-

tunity of seeing lymphatics too small for injection. The method has

been employed ^Yith the following results.

Fig. 2. Rabbit, 14 days, 10 mm., H. E. C, Series 155, X 13 diams. The
lymphatic vessels are lieavily shaded, as in all the following figures. The
veins are those of the left side: An. T., anterior tibial; C, caudal: c. b..

" connecting branch "; D. C. duct of Cuvier; Ex. J., external jugular; Ex. M.,

external mammary; In. J., internal jugular; P.O., posterior cardinal; Pr.Fi.,

primitive fibular; Pr. VI., primitive ulnar.

In a rabbit of 13 days, 9.5 mm., no lymphatics could be found. The

reconstruction, Fig. 1, shows the veins along which the first lymphatics are

soon to appear. The internal jugular vein receives a great many small
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branches. One of these, nearly parallel with the dorsal border of the vein

and wider than the others, opens into the vein at either end. It is in

relation with the third cervical nerve. From its position and appearance

it is believed that this branch of the vein becomes a lymphatic vessel.

The second reconstruction is a 10 mm. embryo of 14 days. In this

specimen a chain of lymphatic spaces has appeared along the internal

jugular and the dorsal root of the primitive ulnar veins. The most

anterior segment of the chain extends back to the third cervical nerve. It

sends out short blind sprouts like a vein and contains many blood

corpuscles. The partition between it and the jugular vein is very thin,

and at one point there is a suggestion of communication between the

two, as shown in the figure. No opening into the vein can be demon-

strated, however. The second segment of the chain, proceeding poste-

riorly, extends to the fifth nerve. It equals the internal jugular vein in

diameter, and is closely applied to its wall. Behind the third nerve it

sends a blind diverticulum around the ventral end of the dorsal body

muscles, into the deep subcutaneous tissue of the back. This divertic-

ulum, not matched on the opposite side of the embryo, contains blood

which apparently entered it from rough treatment in preserving the

specimen. The third segment of the chain, between the fifth and sixth

nerves, seems to connect with the root of the ulnar vein. This connection,

however, lies in the plane of section, and a thin intervening wall may have

been carried away in the process of cutting. A detached lymph space

follows the dorsal root of the ulnar vein. A small and somewhat question-

able one, not matched on the opposite side, rests against the superior

vena cava, between the roots of the ulnar vein. The most significant

structure found in this embryo is a space filled with blood, which opens

into the external jugular vein near its junction with the internal jugular.

This space lies quite near the third segment of the lymphatic chain. On
the opposite side of this embryo, and in the following one, this blood-filled

sac connecting with the vein appears to . be replaced by a lymphatic

space, detached from the vein, but connecting with the chain.

Fig. 3. from an embryo of 1-1 days, 11 mm., shows the fusion of all the

lymphatics of the previous stage into one large sac which encircles the

external jugular vein. On neither side could this sac be seen to com-

municate with the veins. No lymphatic vessels were found which did not

connect with the jugular sacs. The dorsal subcutaneous extension, de-

scribed in the preceding stage, occurred on both sides. In the posterior

part of the embryo, no lymphatics were found. The reconstruction of

the cardinal veins is that already figured in this journal. Vol. I, Plate

2, Fig. 5 (following p. 244).
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The cardinal veins of the 14.5 mm. rabbit, Fig. 4, were also shown in

the earlier paper (Plate 3, Fig. 7). In the plate, the lower portions of

the subcardinal veins are detached from the rest, and, though colored blue

Fig. 3. Rabbit, 14 days, 11 mm., X 13 diams. The structures drawn are

the same as in Fig. 2, except that in the trunlt of the embryo the following^

veins, belonging to the median plane and to the right side, have been added:

Az., azygos; G., gastric; R. A., renal anastomosis of the subcardinal veins;

Sc, subcardinal; /S. M., superior mesenteric; V., vitelline; V. G. I., vena cava

inferior.



Frederic T. Lewis 101

like the veins, they are deseribed and figured as " spaces in the mesentery "

suggesting the lymph hearts of the chick (p. 238). It is stated that

these spaces " may be siibcardinal derivatives." Ee-examination of this

embrj'O has yielded no more definite information. The spaces which are

midoubtedly lymphatic, as shown by their later development, seem to re-

place veins of the preceding stage. In the same way the lymphatic

vessels in the mesentery, accompanying the superior mesenteric ancVthe

gastric veins may have arisen as the branches of those vessels seen in

Fig. 3. They extend around the superior mesenteric artery, which the

corresponding vein accompanies. The fused vitelline vein is destitute of

small branches, and is not provided with lymphatics.

The jugular lymph sac in Fig. -t has completely surrounded the third

and fourth cervical nerves. It envelops two-thirds of the circumference

of the internal jugular vein. On the right side of the embryo, in one

section (No. -176), a miniite orifice connected the sac and the vein.

It was not in the position of the adult opening between these structures,

and was not matched on the opposite side. The deep subcutaneous out-

growth from the jugular sac has become greatly dilated in its distal portion.

Near the beginning of the external mammary vein, a large lymph space

is found wedged between two converging venous branches. This space is

not connected with the veins. It may be a remnant of the lymphatic

vessels which in the preceding stage accompanied the dorsal root of the

ulnar vein. A few slender detached lymphatics follow the external

mammary vein. Finally there are two lymphatics which appear to have

arisen from branches of the azygos vein, one near the vagus nerve (Fig.

4, x) and the other along the aorta (Fig. 4, y). The former connects

with a small vein, the latter ends blindly not far from one. Obviously

when a connection with a vein is well preserved the structure in question

would be considered a venous branch; and after becoming detached, were

it not for its endothelial wall, it might be called a mesenchymal exca-

vation. The study of this and the following specimens seems to show that

the lymphatics along the aorta (thoracic ducts) are derived in part from

the azygos veins; below, from the subcardinals; and above, from the

jugular sacs.

In order to determine whether the lymphatic system of the rablut

differed materially from that of other mammals, reconstructions were

made of a 21 mm. pig, and a 15 mm. cat. The former is of special

interest as a basis of comparison between the present work and > that of

Prof. Sabin. The lymphatics in the pig (Fig. 5) consist of a pair of

jugular lymph sacs, a pair of subcardinal sacs which fuse with one

another irregularly and are variously subdivided by thin septa, and



Fic. 4. Rabbit. 14 days 18 hours, 14.5 mm., H. E^ C Sen^^l^^'^^,/,":

diams. X designates a lymphatic vessel '-^^^^^P^!^^"^?^f^/^ Jf ceiSc;
.,. a lymphati^c along ^^e aorta. The veans of th -^^,^%^,_ ,;

Pr. Ul.. primitive ulnar. Those ot tne leg axe. ^-i".
^

••

"connecting branch"; Fe., femoral; Pr. Fu, primitive fibular.
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finally some irregular spaces behind the aorta, probably derived from the

azygos veins. These spaces also fnse across the median line at several

points.

The jngnlar sac is shaped like a D of which the chief portion is vertical

and closely applied to the internal jugular vein. Through the aperture

in the D pass the third, fourth, and fifth cervical nerves, and from its

dorsal arch several deeply subcutaneous sprouts pass off, corresponding

with the single large sac of the rabbit. ISTo connection between the

jugular sac and the veins could be detected. Except for this point, the

reconstruction agrees with, and combines, the figure and diagram pre-

sented by Prof. Sabin in this journal. Vol. 3, p. 184, and Vol. -1, p. 359.

It does not agree so well with the diagram on p. 380 of A^ol. I. In the

latter the subcardinal l3anph spaces are not shown. The posterior portion

of the body contains instead two " lymph hearts " arising from tlie pos-

terior cardinal veins " below the Wolffian body "" but anterior to the

femoral vein. In later stages, outgrowths from these hearts invade the

skin of the back, and nltimately, as has already been noted. Prof. Sabin

considers that the hearts become transformed into lymph nodes. From

this description, it appears that the posterior lymph hearts are in the

position of the ilio-lumbar veins. In the pig embryo represented in Fig.

5, however, no lymphatics were found in relation with the ilio-lumbar

vessels.

Considering its lymphatic development the pig of 21 mm. is less ad-

vanced than the rabbit of 14.5 mm., since there are no lymphatic vessels

along the external mammary vein nor in the mesentery. The cat of

15 mm. is more advanced than either. In this embryo the D formed by

the jugular sac is almost bisected diagonally. The second, third, and

fourth nerves pass through its aperture, but the fifth penetrates the

posterior section of the sac by a separate opening. There are two deep

subcutaneous diverticula corresponding with the single one in the rabbit

and several in the pig. In one section (266) a branch of the jugular

sac may enter the innominate vein a little anterior to the subclavian, but

it is not clear that an actual opening exists and none can be found on

the opposite side.

"Where the external mammary vein joins the brachial there is a large

sac, and the question arises M'hether or not the detached lymphatics fol-

lowing the mammai-y vein are independent formations, or are outgrowths

from that sac. The occurrence of the lymphatics especially near the

places where the veins l)ranch suggests that they may have budded at such

points. On the other hand, as in the rabbit, their order of appearance

is from the proximal ])art of the vein distally. Similarly there are



vf w r Series 59, X 10 diams. The veins are:

Fig. 5. Pig, 20 mm.. H. E. C., series oy, ^ Cuvier; Ea-. J., exter-

A^., azygos; Br., brachial: Ce cephalic D. ^^^^^^ f ^^'^^
_

^^stric; In. J.,

nal' jugular: i... M -^--^^
^.^^^rn'osifof ^b'ardinals- ..n.. sciatic;

;rS!tp^e^S?;ies?nte^riV;?^^viSlfne; V. C. I. vena cava inferior.



Fig. 6. Cat. 15 mm., H. E. C, Series 436, X 13 diams. The lettering Is

the same as in Fig. 5.
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obscure spaces which ap})ear to ho lymphatic, along the aorta, and in re-

lation with the azygos veins. An occasional apparent connection with

the vein suggests their venous origin in situ. The mesenteric and sub-

cardinal plexuses have united with one another. They do not empty into

the veins. The subcardinal sacs extend from the renal anastomosis

almost to the sciatic vein, connecting with one another across the median

line, as in the pig. No lymphatic vessels follow tlie ilio-lumbar veins

into the posterior body wall.

Eeturning to the rabbit embryos it will be seen that Fig. 7 from a

21 mm. rabbit differs from Fig. 4, the 14.5 mm. embryo, chiefly in regard

to the thoracic duct. The duct is represented by a pair of vessels which

connect with one another and pass on to the left jugular sac. Sometimes

in the adult rabbit, as figured by Gage (02, p. 650), and occasionally in

man, the thoracic duct bifurcates anteriorly and passes to the jugular

sacs on either side. This did not occur in the 21 mm. embryo, which

exhibited the relations figured by Sabin, Vol. I, p. 383.

In Fig. 7 scattered lymphatics are shown along the external jugular

vein and its branches. One much larger than the rest occurs wdiere the

anterior and posterior facial veins unite. From its isolation it probably

arose independently of the large jugular sac. Other and more isolated

lymphatic centers are seen in the oldest rabbit studied, one of 20 days,

29 mm., Fig. 8, notably along the pudic and the sciatic veins. They arise

near the junction of several venous branches, with which, however, they

are not in communication.

In the oldest embryo the lymphatic system has invaded the skin to such

an extent that it is impracticable to represent more than a small part of

it. In entering the skin the lymph vessels accompany the veins, those

of the head following chiefly the external jugular vein. The jugular sac

has become relatively less important, and persists as the lymphatic sheath

of the internal jugular vein. The deep subcutaneous extension has

becom^ covered by a thin layer of muscle, presumably the panni cuius,

and does not appear to connect with the more superficial vessels of the

skin. There are no lymphatics in the distal part of the arm, Init the sub-

cutaneous vessels of the shoulder are attended by rich netw^orks. These

veins are the external mammary, and another w^hich is ventral to the

scapula and posterior to the shoulder joint,—a subscapular vein. The

lymphatics along this large subscapular vein do not connect with the

jugular sac. At the point L. N., indicated in the figure, a small but

very distinct lymph node has developed in relation to these subscapular

lymphatics. A corresponding node is found on the opposite side of the

body.



Fig. 7. Rabbit, 17 clays, 21 mm., H. E. C, Series 738, X 10 diams. The
veirs not previously lettered in the rabbit figures are: 7?., ilio-lumbar; Ss.,

subscapular; R., radial; Sci., sciatic.



i^Z u ^^^'Y- ^^ ^f^^'
^^ "'"'•• ^- ^- C- Series 170, X 6.9 diams. The

first lymph nodes develop at L. lY., along the subscapular vein. ^^s. ; and at

J.

«., along the iho-lumbar vein, II. The veins of the arm are: Br., brachial-te cephalic: J. Ce.. jugulo-cephalic: R.. radial. Those of the legs are- A« Tanterior tibial; Sci., sciatic: Po. T.. posterior tibial: Fe.. femoVal; c. &., con-necting branch between femoral and sciatic. P. marks the pudic vein
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The jugular sac on the leCt side, except for an extensive rupture, does

not connect with the vein. On the right, a pore is found leading from

the sac to the internal jugular vein near its union with the external, but

this also may he artificial. Thus in all the series of rabbits no bilateral

communication of the lymphatics and veins, in the position of the adult

openings, could be found. The pores, sometimes detected in various

positions, are not adequate to empty the large sacs, and may indeed be

artifacts. Communication with the veins in these stages must be by

osmosis, therefore, and the permanent outlets of the lymphatic system

must develop later.

The left jugular sac in Fig. 8 connects with the thoracic duct, which

arises from a plexus of lymphatics surrounding the aorta. Ventral to the

aorta these vessels receive the lymphatics from the mesentery. There are

none in the leg. The body wall is supplied by those which follow the

external mammary A'ein in its anastomosis with the superficial epigastric,

and by vessels accompanying the ilio-lumbar vein. The ilio-luml)ar vein

of Krause, whicli Hochstetter named the posterior transverse lumbar,

supplies the subcutaneous tissue of the back, and seems to be inversely

homologous with the much larger subscapular vein. At the position

I. n., indicated in Fig. 8, a node is found among the lymphatics accom-

panying this vein. A similar node exists on the opposite side, and the pair

was identified in a duplicate series of a 20-day rabbit. These superior

inguinal nodes (Krause) develop almost simultaneously with the sub-

scapular nodes already described. The early appearance of the inguinal

nodes further identifies the lymphatics of the ilio-lumbar vein with the

" posterior lymph heart " of Prof. Sabiu. It is my opinion that an

identification of this structure with the amphibian or avian lymph heart

is, at present, not justified. The posterior heart of the bird empties into

the coccygeal veins (Sala), and that of the frog into the transveree iliac

vein, a vessel connecting the femoral with the sciatic vein (Gaupp). The

ilio-lumbar vein is more anterior than either. Its lymphatics do not differ

in form, from those accompanying other veins, and they are presumably

non-contractile. If the first lymph nodes can be utilized in making com-

parisons, then this " posterior heart " of the rabbit should be compared

with the lymphatics of the subscapular vein, and not with the jugular sac.

The jugular sac itself does not empty into the vertebral vein, like the

anterior heart of the frog. It is non-contractile, so far as known. 1 f it

shall l)e found that the anterior heart of the frog develops from the first

]ym})hatics which are formed in that animal, a comparison between the

jugular sac and a lymph heart may be possible. At present it is not

evident that mammals possess any lymph hearts.
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Summary.

The lymphatic system of rabbits begins along the internal jugular vein

as a detached sac formed by the coalescence of several venous outgrowths.

Similar though smaller sacs arise from the subcardinal and mesenteric

veins at a slightly later date.

Subsequently lymphatic vessels develop along the courses of the azygos

and cutaneous veins, apparently from independent venous outgrowths.

All of these vessels unite with one another to form a continuous system,

which acquires new and permanent openings into the veins near the

subclavian termination.

The first lymph nodes observed are two pairs, one beside the sub-

scapular vessels, and the other beside the ilio-lumbar vessels.

In order to facilitate comparison with Prof. Sabin's work, the following

conclusions may be added

:

The lymphatic system does not arise from the venous system by four

outgrowths, but by several. It is not always in communication with the

veins. The outlets of the thoracic and right lymphatic ducts are not per-

sistent primary openings. An identification of mammalian lymph hearts,

comparable with those of the amphibia, should not be made, on the evi-

dence now available. Judged by their relation to the early lymph nodes,

the jugular sac is not comparable with the lymphatics along the ilio-

lumbar vein. However, the study of rabbit embryos confirms the chief

conclusion established by Prof. Sabin, that the lymphatic system is a

derivative of the venous system.

LITERATURE CITED.

Gage, Simon H., 02.—A Reference Handbook of the Medical Sciences. Edited

by Albert H. Buck. 2d ed., Vol. 5, pp. 624-659, New York.

Gaupp, Ernst, gg.—Anatomic des Frosches. 2d ed.. Part 2, Braunschweig.

HocHSTETTER, FERDINAND, g^.—Beitragc zur Entwicklungsgeschichte des

Venensystems der Amnioten, III. Morph. Jahrb., Vol. 20, pp. 543-648.

Krause, W., 68.—Die Anatomic des Kaninchens. Leipzig.

Langeb, C, 68.—Ueber das Lymphgefasssystems des Frosches, III. Sitz.-Ber.

d. Akad. d. Wiss., Wien, Vol. 58, pp. 198-210.

Lewis, Frederic T., 02,—The development of the vena cava inferior. Amer.

Journ. of Anat. Vol, 1, pp. 229-244.

MacCallum, W. G., 02.—Die Beziehung der Lymphgefasse zum Bindegewebe.

Arch. f. Anat. u. Phys., Anat. Abth., pp. 273-291.

Ranvier, L., gj.—Morphologic et developpement des vaisseaux lymphatiques

Chez les mammiferes. Arch. d'Anat. mic. Vol. I, pp. 69-81.

Sabin, Florence R., 02.—On the origin of the lymphatic system .from the

veins and the development of the lymph hearts and thoracic duct in

the pig. Amer. Journ. of Anat., Vol. 1, pp. 367-389.



Frederic T. Lewis 111

Saiun, Florence R., 04.—Onthe development of the superficial lymphatics in

the skin of the pig. Amer. Journ. of Anat., Vol. 3, pp. 183-195.

05.—The development of the lymphatic nodes in the pig, and
theii- relation to the lymph hearts. Amer. Journ. of Anat., Vol. 4,

pp. 355-389.

Sala, LuKii, 00.—Sullo svillupo dei cuori linfatici e dei dotti toracici nell'

embrione di polio. Ric. fatte nel hab. di Anat. norm. d. R. Univ.

di Roma, Vol. 7, pp. 263-296.

Saxer, Fr., 96.—Ueber die Entwickelung und den Bau der normalen Lymph-
driisen und die Entstehung der roten und weissen Blutkorperchen.

Anat. Hefte, Abt. 1, Vol. 6, pp. 349-532.





THE DEVELOPMENT OF THE VEINS IN THE LIMBS OF
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With 1 Text Figure.

In connection with the preceding study of the lymphatic system it was

necessary to reconstruct the veins of the shoulder and hip in a series of

rabbit embrj^os. The reconstructions were then extended to include the

distal portions of these vessels, complete figures of which had never been

published. Hochstetter, in 1891, had observed the veins in the limbs of

living rabbit embryos, and had studied them in serial sections. His

drawings, however, show only detached portions of the veins such as

could be seen under most favorable conditions, in living embryos. Ten

years later Grosser described but did not reconstruct, the developing veins

in the extremities of bats. To these two investigators embryology is in-

debted for the present knowledge of the veins in mammalian limbs. It

is proposed to review their work, while describing the reconstructions,

considering first the veins of the anterior extremity, then those of the

posterior extremity, and finally the homologies which exist between the

two sets.

A^EINS OF THE ANTERIOR EXTREMlTY.

In the youngest rabbit figured, an embryo of 13 days. Fig. 1, p. 97,

the small vessels along the radial or anterior border of the arm unite to

form a vein which follows the periphery of the limb to its posterior or

ulnar border, and then ascends behind the brachial plexus to terminate

near the junction of the anterior and posterior cardinal veins. It receives

a branch which at this stage is not well defined, ascending in the body

wall. This is the Seitenrumpfvene of Hochstetter, and becomes the

external mammary vein of the adult.

According to Hochstetter, in rabbits of 12 and 121/2 days, the " border

vein " mak€s a complete circuit of the limb, and its radial part either

empties into the ulnar vein near its termination or connects with the

cardinal vein directly. But this radial vein is said to be hard to follow

American Jocrxal of Anatomy.—Vol. V.
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because *" attended by several venous twigs of nearly tht' same caliber,

and only shortly before its termination is it recognizahU' as a distinct

(starkeres) vessel " (p. 24). In a 13-day rabbit the radial vein had dis-

appeared, " since it had been but imperfectly marked out." Similarly

(irosser found a radial vein emptying into the anterior cardinal close to

the ulnar vein, in the youngest bat which he studied (4% mm.). In the

next stage (614 nim.) it had vanished (p. 136). An examination of

rabbits of 12 and I2I/2 days, together with younger ones in the Harvard

Collection, shows that the first vein of the arm develops along its ulnar

margin, extending distally around the border to the radial side. Small

and variable vessels such as Hochstetter described as a radial vein may
occur, as shown in Fig. 1, p. 97, Init they do not form a structure com-

jDarable with the primitive ulnar vein. The latter may be called the

primary vein of the arm.

The rabbit of 14 days. Fig. 2, p. 98, presents the condition described

by Hochstetter in embrvos of 13 days. The primitive ulnar vein has

acquired a new outlet ventral to the brachial plexus, so that, by the per-

sistence of the original dorsal termination, most of the plexus and the

brachial artery are surrounded by a loop of vein. In the following rab-

bit, Fig. 3, p. 100, the ventral outlet of the idnar vein is the chief one.

This specimen shows a small vessel extending from the external jugular

vein toward the radial border of the arm.

The next embryo, Fig. 4, p. 102, is considerably more advanced. The

dorsum of the hand, which was previously its external surface has rotated

and become anterior; the arm is in pronation. The differentiation of the

fingers is indicated by the sinuous terminal border of the hand, and by

shallow interdigital depressions on its dorsum. Beneath these, inter-

digital veins have been formed, probably from branches of the primitive

ulnar vein. A new vein has grown from the external jugular down the

anterior or radial border of the arm, and has united with the independ-

ently formed interdigital veins. This is the cephalic vein of the adult.

It is embryologically the second vein of the arm.

Hochstetter states that the cephalic vein in rabbits develops toward the

body from the back of the hand, connecting with the ulnar vein at the

elbow, and later continuing up the arm to the external jugular vein.

The preceding reconstructions of the rabbit agree better with Grosser's

description of the bats. He failed to find a stage in which the cephalic

vein emptied into the ulnar. In the earliest specimen in which the

cephalic vein was found, it connected with the external jugular vein.

The cephalic vein of the 17-day rabbit is the chief vein of the limb, and

has developed a In-aneh whicli follows the radial artery, the deej) radial
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vein, Fig. T, }>. 107. At 20 days, Fig. 8, j). 108, the eeplialic vein has

acquired its new and permanent orifice near the axiUary vein. The
jugulo-cephalic vein niarl-cs its former outlet.

Witli tlie differentiation of the digits, the primitive ulnar veiii becomes

greatly reduced by the loss of its distal portion. This is shown in Fig.

•1. At 17 days, Fig. 7, p. 107, the continuity of the primitive ulnar vein

has been interrupted at tlie elbow, resulting in further reduction. The
vein then extends from the elbow to the superior vena cava, following the

brachial artery, from around which it receives small branches. In tlie

20-day embryo, Fig. 8, p. 108, the brachial vein (proximal part of the

primitive ulnar) is continued down the forearm following the ulnar

artery. If we may judge from the position of this vessel, there lias been

a re-establishment of the course which was interrupted in the younger

embryo. Hochstetter, however, states (p. 28) that in rabbits the fore-

arm section of the primitive ulnar vein seems to disappear, although in

man (p. 33) the corresponding vessel is preserved throughout, and forms

the basilic vein of the forearm and arm, the axillary and subclavian veins.

The question arises whether the primitive ulnar vein should be de-

scribed as producing the deep ulnar, brachial, and axillary veins, naming
it for the adjacent arteries, or as forming the basilic and axillary veins,

considering the cutaneous vein of the corresponding region as its more

direct derivative. This uncertainty calls attention to the fact that both

the superficial and deep sets of veins have a common origin, and that be-

fore their separation the embryonic vein may properly be called either

brachial or l^asilic. The ra])I)it of 20 days is characterized by the estab-

lishment of this brachial (or l:)asilic) vein.

In the develo])ment of the veins of the arm three stages have been dis-

tinguished :

1st. The stage of the primitive ulnar vein.

2 d. " " " " cephalic vein.

3d. " " " " brachial vein, the cephalic vein persisting.

Veins of the Posterior Extremity.

A rabbit of IOI/2 days (Harvard Collection, No. 199) has a very large

umbilical vein which sends l^ranches into both Jimbs. Those in the leg

form a net which connects with the posterior cardinal vein, still a minute

vessel in the caudal end of the l)ody. From the network a vein is devel-

oped, which after following the periphery of the limb and passing along

its posterior or fibular l)order, empties into the cardinal vein. This vessel

may be called tlie ])rimitive fibular vein. The original connections of the
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net with the umbilical vein do not form ;i well defined vessel and soon

disappear. Although Ilochstetter recognizes this, he refers to the con-

nection with the umbilical vein as a tibial border vein. Grosser could not

identify such a vessel in any of his three youngest bats (p. 149).

The primitive fibular vein as shown in Fig. 2, p. 98, is a vessel read-

ily comparable with the primitive ulnar vein. Both course along the

posterior borders of their respective limbs, in which they are the first

veins developed. They are undoubtedly homologous. In later develop-

ment, however, they constantly diverge from one another. Even at 14

days the fibular vein has two small branches which are not matched by

any belonging to the ulnar vein. One of these, coming from twigs on

the outer and caudal surface of the leg, becomes the anterior tibial vein,

An. T. The other which extends mediad toward what at this stage is

the inguinal line, may be referred to as the " connecting branch," c. b.

In the more advanced embrj^o. Fig. 3, p. 100, the same branches appear

in similar relations. They have become much larger at 14 days 18

hours. Fig. 4, p. 102. Here the anterior tibial branch has extended

diagonally down the limb to the dorsum of the foot. The connecting

branch has sent its twigs into the abdominal wall and the adjoining tibial

border of the limb. The primitive fibular vein is still the chief vein of

the leg.

In the older rabbit, Fig. 7, p. lOT, the difl'erentiation of the toes has

broken up the distal portion of the primitive fibular vein, wdiich has dis-

appeared almost to the point where it receives its anterior tibial branch.

This branch now arises from the interdigital veins on the dorsum of the

foot and its main trunk appears continuous with the proximal part of the

primitive fibular vein. The anterior tibial and primitive fibular veins

together, now constitute the sciatic vein, wliich is embryologically the

second vein of the leg.

The reconstructions to wliich we have referred agree with Hochstetter's

description of the development of the sciatic vein except in one detail.

They do not show that a part of the primitive fibular vein distal to the

anterior tibial branch persists as the small saphenous vein.

In the rabbit of 14 days 18 hours, a third vein of the leg has begun its

development. This is the femoral vein which terminates in the posterior

cardinal anterior to the sciatic vein. It advances toward the tibial l^order

of the limb. At 17 days, Fig. 7, p. 107, it is seen approaching the ex-

ternal mammary and the connecting branch of the sciatic vein. In the

embryo of 20 days, Fig. 8, p. 108, it has anastomosed with both and passes

down the leg as the posterior tibial vein, Po. T.

Just as it is questionable in the arm whether the parent vessel should
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be designated hriu-liial or basilic, so in tbe leg there is the cboice between

femoral and large saphenous vein. Both of the latter spring from the

vessel which we have called femoral. The close relation between the two

is shown by Krause's description of the veins in the adult rabbit, where the

posterior tibial is considered to be the distal continuation of the large

saphenous vein. It seems probable also, that the anteror tibial vein,

which is quite superficial at 20 days, though it accompanies the artery,

should give rise to the small saphenous vein, with which it anastomoses

in the adult. Hochstetter, as already noted, assigns a somewhat different

origin to the small saphenous vein.

The condition found in the rabbit at 20 days, is essentially that of the

adult. The sciatic vein remains a large vessel. In man, assuming that

the embryological history is similar to that of the rabbit, the proximal

section of the sciatic vein dwindles after the formation of the femoral

anastomosis near the knee. The sciatic vein is represented, therefore,

merely by the collateral circulation of the thigh, as figured by Charpy

(Poirier's Anatomic, Vol. 2, p. 1052), and by Spalteholz (Handatlas,

Vol. 2, p. 469).

The preceding observations seem to establish three stages in the venous

development of the leg, comparable with those in the arm.

1st. The stage of the primitive fibular vein.

2d. " " " " sciatic vein.

3d. " " " " femoral vein, the sciatic vein persisting (in

man, very much reduced )

.

Homologies between the Veins of the Anterior and Posterior

Extremities.

Bardeleben's view that the primary vein of the arm consisted of the

vena cephalica antibrachii, vena mediana cubiti, and vena basilica brachii,

and that this was homologous with the vena saphena magna of the leg

was rightfully criticized and condemned by Hochstetter. Nevertheless it

is referred to somewhat favorably by Charpy.

Krause finds that the cephalic and sciatic veins are analogous (p. 210).

Hochstetter denies this, and arrives at the following conclusions. Since

the ulnar and fibular borders of the limbs are homologous, the primitive

veins which follow them are also homologous. The small saphenous vein

and the basilic vein of the forearm, being presumably persistent portions

of the primitive veins, are therefore homologous. The cephalic and large

saphenous veins are secondary formations, and any comparison between
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them is uncertain. The femoral and brachial veins " sliow no a<ii-eement

either in position or in origin " (p. ;}-")).

These conclusions clearly depend upon the serial homology of the limbs.

If we should accept the idea of inverse homology, advocated by Wilder,

WynuTn, and others, according to whom the thumb is comparable with the

little toe, and the radial border with the ulnar, then conclusions almost the

reverse of Hochstetter's would be expected. A third basis for comparison

Stage 1. Stage 2. Stage

Diagram 1. Anterior view of the arm and leg in their three stages of

venous development. In Stage 1, a and A show the arm and leg. respectively,

before rotation; b and B. after rotation. The primitive ulnar and fibular

veins are in solid black. The secondary cephalic and sciatic veins are drawn
as double lines, and the tertiary brachial and femoral veins have transverse
shading. The black lines in contact with the secondary and tertiary vessels

indicate the portions of those veins which are formed from the primitive
vessels of Stage 1.

is supplied by the familiar rotation theory. According to it, the limbs

are at first serially homologous. The thumb and great toe, the ulnar and

fibular borders correspond. The external surfaces of both limbs are to

be extensor and the inner surfaces flexor. Later a rotation of approxi-

mately 90° occurs in both limbs, but in opposite directions. The ex-

tensor surface of the arm becomes posterior, and that of the leg becomes

anterior. The knee and elbow are thus brought to bend in opposite

directions. The foot is rotated with the leg and its extensor surface
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(dorsum) is directed anteriorly. Tlie hand is not rotated with the arm,

but ordinarily in the reverse direction, so that its extensor surface is

directed ant(M-iorly like that of tlie foot. Since the arm and hand are

rotated in opposite directions, a crossing of the bones of the forearm is

produced. In man the liand may, in later development, be rotated with

the arm so that its dorsum looks posteriorly and the bones of the forearm

are not crossed. In this position the inverse symmetry of the arm and

leg is complete.

The embryonic rotation of the limits is not to be compared witli their

voluntary rotation in the adult, for the former is a complex shifting of

tissues involving modifications in the shapes of the bones. These changes

in the human leg are clearly shown by Bardeen's reconstructions in Vol.

4 of this journal. (Compare Figs. 3, 5, 9, 12, and 13, following p. 303.)

The external appearances during rotation may be observed in the rabbit

embryos figured by Minot and Taylor for Keibel's Normentafeln. From
these it will be seen that rotation does not occur with mathematical pre-

cision.

Interpreted according to the rotation theory, the fundamental veins of

the arm correspond with those of the leg. Their homologies are shown in

the accompanying diagram which is based upon the reconstructions pre-

viously described. The diagram presents throughout anterior views of

the left limbs, the veins being drawn as they would appear if the limbs

were transparent. In Stage 1, at a and A respectively, the arm and leg

are shown before rotation. Serial homology between the primitive ulnar

and fibular veins is complete. Then rotation occurs, whereby the fibular

vein is carried from the posterior to the outer border of the leg, as shown

at B. The arm, on the contrary, turns so that the ulnar vein is carried

from the posterior to the inner border, as in h. The forearm rotates in

the opposite direction from the upper arm, so that the ulnar vein crosses

from the inner side above to the outer side below. Were the forearm in

supination, the ulnar border would be internal throughout. After rota-

tion the ulnar border is no longer homologous with the fibular, Imt cor-

responds with the tibial border.

In Stage 2, veins are established along the inversely homologous ex-

ternal borders of the liml)s, the radial and fibular respectively. As shown

in the diagram, the cephalic vein must be a new formation throughout,

but the course of the sciatic vein is already partially occupied by the

primitive fibular vein. Consequently the sciatic may incorporate a

portion of the fibular vein. Thus it appears that a real homolog)' exists

between the cephalic and sciatic veins, although, as Hochstettcr pointed

out, they differ in their relations to the ])riniitive veins of the limbs.
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In Stage 3. the brachial and femoi'al veins develop along the inversely

homologous nlnnr and tibial borders. In this case the vein of the arm

may incorporate the remains of the primitive nlnar vein, as was found to

occur in rabbit embryos. The femoral vein on the contrary must be new

throughout.

Thus the primitive ulnar and fibular veins, which develop before rota-

tion, are serially homologous. The veins arising after rotation may be

considered inversely homologous, the cephalic with the sciatic, and the

brachial with the femoral.
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Two main questions have arisen in connection with the study of the

development of the peripheral nerves. The one concerns the constitution

of the nerve fiber, i. e., whether it is a process of a single cell or derived

from a chain of cells. The other has to do with the manner in which the

connection between center and periphery is established, whether there

is a continuity ab initio (protoplasmic bridges) or whether the connection

is secondarily brought about by outgrowth from the center towards the

periphery.

Prior to the year 1904 all attempts to solve these problems were

based on observations made upon successive stages of normal embryos.

When one compares the careful analyses of their observations, as given

by various authors, one cannot but be convinced of the futility of trying

by this method to satisfy everyone that any particular view is correct.

The only hope of settling these problems definitely lies, therefore, in ex-

perimentation.

The question of the constitution of the nerve fiber, whether a cell

process or a cell chain, may here be considered first.

If one examines a developing nerve, one sees that there are numerous

spindle shaped cells (cells of Schwann, sheath cells) throughout its

course, and that these are very closely attached to the young nerve fiber

;

on the other hand, it is also found that the nerve is connected with gang-

lion cells. The disputed point with which we here have to deal concerns

primarily the respective roles played by these two kinds of cells in the

genesis of the fiber. Some time ago I described a series of experiments
""

^ Read before the Association of American Anatomists at the meeting held

at Ann Arbor, Mich., December 29, 1905.

' Harrison, Neue Versuche und Beobachtungen iiber die Entwiclvlung der

peripheren Nerven aer Wirbeltiere. Sitzungsber. d. niederrheinischen Ges.

f. Natur u. Heilkunde. Bonn, 1904.
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in which the spindle shaped sheath cells were eliminated by the removal

of their source, at least their principal source, in an early embryonic

stage, before nerves of any kind are visible. The experiment consisted

in removing the ganglion crest. This was done by cutting off a thin

strip from the dorsal side of the body of embryos {Rami esculenta) from

2.7 to 3 mm. in length (Fig. 1). Since this operation removes the source

of the spinal ganglia also, the embryos develop without sensory nerves

and ganglia, but the motor nerves do develop, and instead of being cellu-

lar in structure, as is the case in normal specimens (Figs. 2 and 3), they

consist of naked fibers, which can be traced in a number of cases as far as

the extreme ventral part of the musculature, i. e., as far as the nerves

extend in the adult organism (Fig. 4).^

The first experiments were made upon Rana esculenta; they have since

been confirmed upon the embryos of two American species, R. syJvatica

and R. palustris. These experiments concerned only the spinal nerves.

Fig. 1. Profile view of frog embryo (Rana esculenta, 2.7 mm. long) at the

stage of operation; the line (ab) indicates the incision.

Last season an attempt was made to corroborate the results in cranial

nerves. For this purpose the cranial ganglia, the skin covering the side

of the head^ and the dorsal part of the brain were excised from one side

of the embryo before closure of the medullary folds. With one exception

^ The experiment was based upon the assumption that the ganglion crest is

the source of the sheath cells. The result of the experiment proves this to be

true, as far as the early stages of development are concerned. In certain

lower vertebrates, particularly in Elasmobranchs, it has been shown that large

numbers of cells are given off from the ventral part of the medullary cord,

wandering out along the motor roots of both the cranial and spinal nerves,

and giving rise at least in part to the nerve sheaths. The literature bearing

upon this subject has recently been considered by Neal (Mark Anniversary

.Volume, New York, 1903). In the frog such cells are not given off until the

yolk is nearly gone but after this period cells do wander out singly along the

motor roots, and in these features the frog embryo resembles closely the

salmon (Harrison, Archiv f. mikrosk. Anat., Bd. 57, 1901). The cells do not,

however, begin to come off until the motor nerves are well developed and

have reached the extreme end of their course. Thus it happens that in the

experiment the nerves are developed without sheath cells.
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these experiments gave inconclusive results, as small ganglia were al-

ways found later, showing either that their normal rudiment had not

been entirely removed, or that they had regenerated from some other

source. In one experiment, however, in which the embryo was preserved

four days after the operation, an examination of the serial sections re-

vealed no ganglia except several sporadic cells on the n. facialis and n.

vagus. These nerves consist of naked fibers, except that several sheath

cells are present near their origin. A nerve in front of the facial, prob-

ably the oculo-motor, but perhaps the motor part of the trigeminus * is en-

tirely without sheath cells and the naked fibers may be traced from the

brain to a mass of mesoderm cells in the region of the eye. The results

Hind Leg

-Abdominal Muscfe

'' Segmental Werve

Fig. 2. Profile view of frog larva (Rana palustris, 12 mm. long) after

complete resorption of yolk. The relation of the segmental nerves and the

primary abdominal muscles are shown.

of this experiment, therefore, confirm the first series, showing that the

cranial nerves may develop without the aid of the sheath cells.

But while the sheath cells are thus denionstrated not to be a necessary

factor in the formation of the nerve, it may still be urged that they, as

well as the ganglion cells, might normally form some of the fibers. Dur-

ing the past year an effort was made to solve this question by studying

the behavior of the sheath cells in the absence of processes from the

nerve centers. The source of the motor nuclei (ventral half of the med-

ullary cord) was removed from embryos of the same nge as in the previ-

ous experiments, leaving the dorsal part of the cord together with the

ganglion crest intact. The object was to ascertain whether the sheath

* Owing to the absence of most of the important landmarks on the injured

side the exact determination of this nerve is doubtful.
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cells from the ganglion crest would be able in the absence of the motor

ganglion cells to form the purely motor rami of the spinal nerves. There-

are difficulties in the way of making this experiment because it is first

necessary to cut off the dorsal half of the cord, leaving it attached at one-

end, then by a second cut to remove the ventral half entirely, and

Fig. 3. Semidiagrammatic view of the nerves of the abdominal walls of the

frog larva (normal specimen). Abel. M., abdominal muscle; HL., rudiment of

hind leg; Mot. N., motor branch of segmental nerve running in inscriptiO'

tendinea of the primary abdominal muscle; Mot. Nuc, motor nucleus (ventral

horn cells) in spinal cord; Seg. N., segmental (spinal) nerve; Sen. N., sensory

branch of spinal nerve running to integument outside of muscle; 8p. C, spinal

cord; 8p. G., spinal ganglion.

finally to heal the first strip, which is very thin, l)aek in place. Even if

this is done successfully, a scar is loft, which lies in the path of the
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spinal nerves, and which no doubt serves as a hindrance to their develop-

ment. Again it seems to be practically impossible to remove entirely the

motor elements from all regions of the cord. After several days the

larva?, although almost completely paralyzed, regain some power of move-

ment, showing usually a slight tremor in some part of their axial mus-

culature, when stimulated mechanically. Sections show that in some

Fig. 4. Semidiagrammatic view of the nerves of the abdominal walls of a

frog larva from which the ganglion crest had been removed as shown in Fig. 1.

Only motor nerves are present and these consist of axis cylinders without

sheath cells.

segments very fine motor roots are present, and the ventral part of the

remaining medullary cord contains in these regions a few large motor

•cells. These motor fibers supply, as the movements indicate, merely

that part of the musculature lying close to the spinal cord. With the

two exceptions below noted, no motor fibers whatever were found in the
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abdominal walls, which were used especially for study, because it is only

there that one can distinguish clearly between motor and sensory ninu

( Fig. 3 ) . The results of ten ' experiments were as follows : In seven cases

sensory nerves were found in the abdominal walls, but no motor (Fig. 5),

althougli the sheath cells, as shown particularly in one case, were in very

Fig. 5. Semidiagrammatic view of the nerves of the abdominal walls of a

frog larva from which the ventral half of the spinal cord had been removed at

the stage represented in Fig. 1. Absence of the purely motor rami, which

normally run in the inscriptiones tendineas.

close proximity to the point where the terminal motor rami normally

arise; often, however, the sensory nerves were not so well developed as in

^ Each side of each individual specimen is counted as a case, because, as

far as the factors in the experiment are concerned, the two sides of the body

are mutually independent.
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normal specimens, in two cases motor as well as sensory nerves were

fonnd; once in one, and once in two seo^ments, tlioiiol-, in other segments

only sensory nerves were present. Here the motor nnclei had been less

completely removed than in the other cases. In one case neither

sensoiT nor motor branches were found. The last named case is to be

explained as due to imperfect union of the parts, as is also the fact that

in other cases the sensory nerves were often scantily developed.

The results of these experiments show, therefore, that durin'g the

period in which the specimens were kept imde.r observation, the sheath

cells are unable by themselves to form nerve fibers. The negative

character of the result renders it necessary, however, to secure further

cases befQre this conclusion can be regarded as established beyond all

question. Should it be nrged that time enongh was not given the sheath

cells to form the nerves, it may be pointed ont that in normal specimens

the motor fibers develop at a much earlier stage and that if the sheath

cells nonnally contribute to their formation they should unquestionably

act in the period allotted. The purpose of the experiment was to deter-

mine tl^- normal behavior of the cells and not any possible regulative

action on thir part, which might take place later.

The above experiments deal only with the motor nerves, and it has

not been found practicable to experiment systematically with the sensory

nerves because in the latter the ganglion and the sheath cells have a

common place of origin. In studying the normal development of the

sensory nerves in the amphibian embryos, we find important evidence

bearing upon the question. For instance, the nerves derived from the

dorsal (giant) cells of Eohon-Beard are formed without sheath cells.

These fibers consist, in fact, of naked axis cylinders, wdiich branch and

form a delicate plexus of nerves under the skin of the frog larva, and are

entirely devoid of cells (or nuclei) . Again in the Triton larva, even some

of the nerves derived from the spinal ganglia of the tail are for a short

time devoid of sheath cells; these, together with the nerves from the

dorsal cells form a non-cellular plexus in the fin folds." In the frog

larva the nerves derived from the spinal ganglia have sheath cells

from the beginning. Comparison of these instances show that these

cells are a variable element in the voung nerve fiber: it may

therefore, be concluded that they play no necessary part in

« Since this fact was disputed by O. Schultze (Archiv f. mikrosk. Anat., Bd.

66, 1905, p. 68), I have again examined the specimens in question and have

nothing'to correct in my former statement. It may be added, however, that

I did not intend to include the n. lateralis, which is independent of the

cutaneous plexus. This nerve of course has sheath cells at this stage.
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its formation. In addition to these noi'inal eases there are several

experiments at hand, whieli show that even in the froo; embryo the

spinal ganglion cells are by themselves capable of forming long

peripheral nerve fibers. The cases in question are those in which rela-

tively small fragments of ganglia had been dislocated or transplanted. In

one such case four ganglion cells, transplanted to the abdominal wall, were

found giving rise to a long nerve, which ran free through the peritoneal

cavity of the larva. This nerve consisted solely of bundles of fibrillae

without cells and could be traced for a distance of nearly two millimeters.

These results differ from those recently reported by 0. Schultze (Op.

cit.) based also upon the study of the amphibian larva. It is not possible

to discuss this work in detail here, but it may be pointed out that by

confining his studies to relatively late stages, Schultze has missed the

early and fundamental phases of development and thus is led to con-

sider the purely secondary connections of the sheath cells with the nerve

fibers as a primary genetic relation.

We may now take up the second great question, viz., the origin of the

connection between ganglion cell and end organ. According to the one

view a protoplasmic process grows out from the ganglion cell, makes its

way through tissues and ultimately reaches its end organ, gradually dif-

ferentiating into a nerve fiber. According to the second view (Hensen's

'

hypothesis) protoplasmic connections remain between cells after division;

those that are used, i. e., that function as conducting paths, persist and

differentiate into nerves, the remainder disappearing.

According to Hensen's hypothesis the nerve paths are thus developed

much earlier than they seem to be, and they are present for some time

before they become visible. If we consider the embryo of a stage just

before the nerves do become visible, then the two theories might be distin-

guished as follows : according to the one, the center (ganglion cells) is

the all important factor in forming the nerve; according to the other

the nerve is formed in situ in the peripheral path. This difference affords

the basis for experimentation, though unfortunately the distinction is not

so clearly cut as could be desired, for the first view does not deny the

importance of the periphery in forming paths along which the develop-

ing nerve grows, nor does the second altogether disclaim the influence of

the ganglion cell upon the differentiation of the primitive protoplasmic

connections into nerve fibers.

The first set of experiments consisted in the extirpation of the center.

' Virchow's Archiv, Bd. XXXI, 1864. Die Entwickelungsmechanik der Ner-

venbahnen im Embryo der Saugetiere. Kiel und Leipzig, 1903.
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This was clone by removing the medullary cord of the trunk shortly after

its closure. The result is always the total absence of peripheral nerves,

except the cranial. In the second set of experiments the peripheral path

was altered. The simplest way to accomplish this is to remove the spinal

€ord before any nerves are visible. After this the wound heals readily

and during the next week at least no regeneration takes place. Above the

notochord in the trunk of the embryo there is thus left a small space

which becomes filled with mesenchyme. Into this the longitudinal bundle

fibers arising in the brain grow, and after a few days they may be fol-

lowed as far as six or eight segments from the cut end of the medullary

tube. In other words, fibers which normally develop in the walls of the

latter, develop here within the mesenchyme, which is a tissue as unlike

that forming the normal path as it could possibly be.

The third mode of experimentation, which is not formally different

from the preceding, consisted in the transplantation of parts of the central

organ. In one series of experiments the spinal cord of the embryo was ex-

tirpated, and in each case a small piece of the cord was transplanted

under the skin of the abdominal walls. The normal nerves of the body

of course do not develop in such cases, but small nerve trunks do arise

from the transplanted pieces and run for some distance in various direc-

tions, usually remaining in the abdominal walls. Sometimes portions of

the ganglion crest were transplanted with the cord, resulting in the for-

mation of small ganglia. In one of these instances, already referred to

•above, the nerve fibers, which were sheathless, ran free throu,gh the peri-

toneal cavity. While the great length of this nerve is due largely no

doubt to the shifting of its peripheral attachment, it is nevertheless quite

im|)ossible that preformed bridges could have been present in its course.

The foregoing results can be interpreted in but one way. The nerve

•center (ganglion cells) is shown to be the one necessary factor in the

formation of the peripheral nerve. When the former is removed from

the body of the embryo the latter fails to develop. When it is transplanted

to abnormal positions in the body of the embryo it then gives rise to

nerves which may follow paths, where normally no nerves rim, and like-

wise when the tissues surrounding the center are changed entirely, nerves

proceeding from tliat center may develop as normally. The nerve fil)cr

is therefore a product of the ganglion cell. The histological findings in-

dicate that it is an outflow of the substance of the ganglion cell and not

3. more activation by contact of indifferent extra ganglionic substance.

While Lewis's ' experiments upon the olfactory and optic nerves afford
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inq^ortant atldilional evidence I'or tliis view, the conclusion of Brans,"

who was the lii'st to exjieriment upon this phase of the question of iiei've

clevelo])ment, are diametrically opposed to it. Ilraus interprets his results

in accordance with Hensen's hypothesis. AVhile one cannot but admire

his ingenuity of experimentation and argument, his results are not, in

my opinion, in any way inconsistent with the outgrowth theory. The

growth of strange (facial or pelvic) nerves into a transplanted fore limb

can be accounted for on the assumption, for wliich there is good evidence,

that the configuration of the various organs and tissues plays an impor-

tant part in determining the course taken by growing nerve fibers. The

failure of the nerves of the host to grow into " aneurogenic " buds, while

they do grow into " euneurogenic " transplantations, might be due to the

absence of the attraction afforded in the latter by the cut ends of the

nerves." The large size of the nerves in the transplanted limb as com-

])ared with the nerves connecting them with the center, may be due

partially to the presence of the sheath cells transplanted with the bud, and

partially to an abnormal number of dividing fibers. Braus does not ex-

clude beyond doul)t the possibility of the latter. In any case the evidence

for autogeneration of fibers could be regarded as crucial only if nerves

having no nervous connection whatever with the center are developed in

the transplanted part. This condition Braus has failed to demonstrate.

While the facts necessitate our deciding against the validity of Hensen's

view, as far as the question of primary continuity is concerned, it should

be pointed out before closing that this view is in so far correct as in many

instances the nervous connection between center and end organs is estab-

lished when the two are very close together, and the long nerve paths origi-

nate in such cases by the moving apart of center and innervated organ

after the establishment of the connection. The best example of this is seen

in the lateral line. Here the ganglion is practically in contact with the

rudiment of the sense organs when the first nerves are developed. The

cell processes have merely to grow out for a distance less than the diam-

eter of a cell in order to make connection. Yet by the wandering of the

sensory epithelium from the head to the tip of the tail the lateral branch

^ W. H. Lewis, Proceedings Ass. Am. Anatomists. Am. Joiirn. of Anat.,

Vol. V, No. 2, 1906.

" H. Braus, Verhandl. d. Anatom. Gesell., Jena, 1904. Anatom. Anz.. Bd.

XXVI, 1905.

'"Forssman (Ziegler's Beitrage, Bd. 24, 189S, and Bd. 27, 1900), lias shown

beyond question that a tropism of this kind does play an important part in the

regeneration of peripheral nerves.
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of the vagus is ultimately drawn out to this enormous length. The ob-

servations of Kerr" upon' the motor nerves of Lepidosiren are, in my
opinion, capable of a similar interpretation and are a valid support of

Hensen's view only in the above modified sense. In other ^^'ords, the ner-

vous connection, though formed very early, is by no means primary.

The results of the foregoing may be summarized as follows : The axis

cylinder of the nerve fiber is the outgrowth of a single ganglion cell, with

which it remains in continuity throughout life. It grows gradually from

the center towards the periphery establishing secondarily connection with

its end organ. The other elements, the cells of Schwann, which are

found upon the developing nerve have nothing to do with its genesis,

though they may play an important part in the nutrition and protection

of the fibers.

"J. Graham Kerr, Trans. Roy. Soc. Edinburgh, Vol. XLI, 1904.
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In an earlier paper entitled " The Egg of Amia and Its Cleavage,"^

Whitman and Eycleshymer, 96, described the development from the time

of fertilization np to and inchiding the late blastula. The present paper

is a continnation of the earlier study, and deals with the changes taking

place between the late blastula and the time when the tail of the embryo

becomes free from the yolk ; that is, from the time of the late blastula

until the time when most of the organs are laid down.

The material was killed in Flemming's fluid, Perenyi's fluid, chrom-

osmic acid, picro-acetic acid, picro-snlphuric acid and corrosive sul)li-

mate-acetic acid. For surface views, chrom-osmic acid gives most perfect

pictures; the osmic acid blackens the lines of cleavage so that they stand

out in bold relief. Another excellent method for surface study is faint

staining with Delafield's hsematoxylin w^hich may be employed after any

of the above-named fixing solutions. The best serial sections have been

obtained after fixation in picro-acetic acid. Owing to the crumbling of

the yolk we have been compelled to use celloidin as an imbedding mass.

Serial sections were made after the method described elsewhere by the

senior author, 91. Staining in toto is best accomplished by using

Czoker's alum-cochineal for from twenty-four to forty-eight hours.

Staining in section with Mayer's haemalum and alcoholic carmine has

proved very satisfactory.

So far as the writers are aware, but two papers have been published

dealing with the phases of development under consideration. Both of

these appeared in 1896. The first was published by Sobotta and contains

a fairly accurate, but incomplete, description of the gastrulation stages.

The illustrations, however, are few and highly diagrammatic. The sec-

ond was written by Bashford Dean and is more extended, but less ac-

curate. Dean's descriptions unfortunately were based upon the erronc-

American Jocrxal of Anatomy.—Vol. V.
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oils assumption tiiat the egg' of Amia is meroblastic. In view of these

facts, the present writers have thought that a renewed study of these

phases of development might bo profitable.

The ages given in the following descrijition of stages have been deter-

mined from material taken from a single nest. The eggs were taken from

the nest and placed in dishes which were submerged in the lake, a con-

stant temperature of about 16° C. being thus maintained. It is well

known that no two spawnings progress at precisely the same rate. It is

thus obvious that the ages designated are only in a general way indicative

of the degree of development. We have, therefore, given measurements

of the extent of the blastodisc and embryo in addition to the age.

The description of the latest stage studied by Whitman and Bycleshy-

mer reads as follows :
" The calotte, which has now begun to extend over

the yolk, consists of thickly crowded spherical cells which marginally

pass abruptly into the large yolk segments, while in the central portion

they gradually increase in size and lie loosely scattered. The outer layer

of the calotte is distinctly differentiated in that the cells are elongated

and more densely granular. The entire yolk is irregularly cleft, the cells

forming the lower portion are roughly polygonal and grade oif into the

larger yolk spheres which lie at the center." This stage of development

indicates the beginning of our study.

DETAILED DESCRIPTION OF STAGES.

Egg Nine Hours After Fertilization. Blastodisc Covers About 100°

of the Circumference of the Egg.—A profile view of an egg of this age

is shown in Fig. 1. An examination of the surface of the blastodisc

shows an area at the upper pole of the egg in which cell division is most

rapid. In addition to this, there are frequently found other areas in

which cell division is accelerated. Often one side of the blastodisc is

distinctly in advance of the other. Again, the most careful search results

in a failure to detect such areas. We, therefore, are unable to say what

relation, if an}^, these areas bear to the future embryo.

In all eggs of this stage the surface of the yolk is cleft by thirty to

forty furrows which pass in meridional planes. Many of these grooves

have not as yet reached the vegetative pole. Some never reach the pole,

but pass obliquely into the longer ones. Through this process a number

of long triangular segments are cut off at the upper margin of the yolk,

as shown in the figure. At the lower pole, where fifteen to twenty grooves

converge, the yolk is irregularly cleft. In general it may be said that the

cleavage of the yolk as compared with the cleavage of the blastodisc is

exceedinglv slow.
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A study of ineridioual sections of many eggs in this stage shows that

the blastodisc takes on different forms. In most eggs it is distinctly

crescentic, but in some it is lenticular. When it takes on the crescentic

form, as shown in Fig. 21, there is often a very distinct segmentation

cavity (s. c.) present. The roof of the cavity is here made up of five or

six layers of cells. The cells of the blastodisc contain finer granules than

those contained in the large yolk segments. At the margin of the blasto-

disc, the cells pass over into those of the yolk by such imperceptible grada-

tions that no sharp line of demarcation can be seen. The outermost layer

of the blastodisc may be designated as the superficial layer of the ecto-

blast (s. ec.) and as stated by Whitman and Eycleshymer it early ap-

pears quite unlike the deeper ectoblastic layers {d. ec), in that it pos-

sesses granules which stain more intensely than those in the other layers.

The upper ends of the 3^olk masses (y. m .) are, in the egg shown,

smooth and only at the margin are the cells being cut off. Other eggs,

however, show that the large yolk masses at the center of the egg are ac-

tively contributing to the blastodisc. In the section shown (Fig. 21) the

yolk nuclei lie near the upper margin of the large masses and this upper

portion is probably to be considered as homologous with the periblast of

bony fishes. Not more than one-third of the cleavage grooves observed

on the surface of the yolk have reached the center of the Cigg, leaving the

yolk masses incompletely cleft and thus forming a great syncytium.

Egg Twelve Hours After Fertilization. Blastodisc Covers About
110°.—The surface view (Fig. 2) shows that the rapid multiplication

of the cells in the margin of the blastodisc has now given rise to greater

uniformity in the size of all the cells of the blastodisc. Beyond this

feature, surface views show no points worthy of special mention. Meridi-

onal sections (Fig. 22) show that the cells forming the superficial ecto-

l)last {s. ec.) are smaller and more elongated than in the preceding stage.

The lower layers of cells of the blastodisc are scattered through the upper

portion of the segmentation cavity. The entoblastic cells, which have

been cut off from the large yolk masses, are distinguished by their coarser

granules and are also scattered through the segmentation cavity, many
of them being found in its upper portion. Through these changes the

segmentation cavity is more or less obscured.

Egg Twenty Hours After Fertilization. Blastodisc Covering About
120°.—An egg of this stage (Fig. 3) shows a well-defined blastodisc with

a sharply delimited margin in which, under the magnification given, cell

boundaries are no longer distinguishable. No features have been ob-

served which enable us to recognize the embryonic anlage. The yolk

shows little advance in cleavage beyond. that described in the preceding
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stage. In this particular egg the grooves, instead of following meridi-

onal lines as usual, diverge more widely than those in the eggs shown in

Figs. 1 and 2.

Sections show, although none are figured, that the blastodisc in this

stage is made up of eight to ten layers of cells which gradually pass over

into the yolk derivatives. The outermost layer of the blastodisc has un-

dergone still further modification in that its cells are more elongated,,

closely apposed, and more deeply stained. The large yolk masses are

actively budding off cells not only around the margin of the blastodisc but

also in the central portion of the yolk. The yolk nuclei, which in the

earlier cleavage stages, were confined to the upper portion of the yolk

masses are now frequently found more deeply situated.

Egg Forty Hours After Fertilization. Blastodisc Covers 130°.-^Al-

though the surface of the egg, as shown in Fig 4, presents no features

worthy of special comment, changes are going on in. its interior which

merit consideration. If a meridional section of an egg in approximately

the same stage (Fig. 23) be examined it wall be seen that the blastodisc

proper is made up of from ten to twelve layers of cells so closely apposed

that they make a compact stratum. In addition to these cells, there is a

large number of loosely scattered cells which lie in the space which we

have hitherto designated as the segmentation cavity. These loosely scat-

tered cells gradually pass over on the one hand into the cells of the

blastodisc proper and on the other into the large yolk masses. The cells

of the ten or twelve layers forming the upper portion are smaller, more

uniform, more closely compacted and contain very fine granules as shown

in the figure; while the loosely scattered yolk cells and those being

budded off from the large yolk masses are larger, more irregular in out-

line and contain coarser yolk granules. These two portions cannot be

considered as sharply marking off ectoblast and entoblast, since one finds

in the portion which is largely ectoblastic, large cells which are filled

with coarse granules; and if granules be the criterion for the separation

of layers these cells must be regarded as recent derivatives from the large

yolk cells which have wandered up from the lower portion of the blasto-

disc. If this interpretation be correct, it is a fact of some importance,

since the part hitherto considered as exchisivehj ectoblast contains a con-

siderable number of cells derived from the large yolk masses.

It has already been pointed out that the outermost layer of the ecto-

blast ( s. ec.) can be readily distinguished from the underlying layers. A
glance at Fig. 23 shows that in the locality where this layer passes over

into the large yolk cells there is a marked proliferation of its elements. A
study of the remaining sections shows that as yet there is no invagination.
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This thickening of the superficial layer marks the anlage of the forth-

coming dorsal lip (d. 1.) of the blastopore. The margin of the blasto-

disc in the embryonic region has a more rounded contour than at the

opposite margin. It is also thicker and possesses a greater number of

cells with fine granules; the periblast, too, is more actively engaged in

budding off derivatives in this region than at the opposite margin. These

several factors enable us at this time to orient the forthcoming embryo.

The so-called periblastic nuclei are no longer confined to the upper

margin of the large yolk masses, but are often widely scattered. These

yolk masses sometimes contain several nuclei and the same is true of the

scattered entoblastic cells. In other words, nuclear division here goes on

far in advance of cytoplasmic division.

Egg Fifty Hours After Fertilization. Blastodisc Covers Adout 180°

.

—If the surface of the egg be carefully examined in a stage intermediate

between Figs. 4; and 5, it will be found that just above the equator on the

side of the blastodisc which is least transparent there is a slight indenta-

tion w^hich indicates the beginning of the blastopore. As development

progresses this indentation becomes a groove which extends in a latitu-

dinal plane until it reaches the condition shown in Fig. 5, where it ex-

tends around some 20° of the egg's equatorial circumference.

The meridional section represented in Fig. 24 is from an egg inter-

mediate between those represented in Figs. 4 and 5. At this time, the

blastodisc has taken a more definite form owing to the greater compact-

ness of its layers. In extent it covers very nearly one-half of the egg's

surface. It is noteworthy that at the time the blastopore appears the

blastodisc reaches its maximal thickness.

In the particular egg described, the entoblastic cells are less densely

aggregated than usual, with very large intercellular spaces, while the large

yolk masses extend well up towards the lower layers of the blastodisc. In

this respect we find considerable variation. In some eggs they are even

less densely aggregated than shown in Fig. 24 so that a well-marked

segmentation cavity {s. c.) is shown between the large yolk masses and

the blastodisc.

In the stage under consideration we have the first actual appearance

of the invagination to form the archenteron. As to the factors which

initiate this process, we are as much in the dark as ever. Without at-

tempting to discuss the various theories, we may simply say that thus

far there is an infolding of the external layer and that this infolding

is not in the locality where the transition between large and small cells

is most abrupt, but in a locality where the superficial cells are largest and

of fairly uniform character. One would at first, glance think the in-

lo"
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vauination weiv wholly in the })art of the surface layer which belongs to

the epiblast. A conipai'ison with other forms, liowever, such as the

various Amphibia, leads one to hesitate in such an interpretation. The
crucial factor is the determination of the limits of the ectoblast. If the

ectoblast be considered as extending to the point where the smaller cells

pass over into the large yolk masses, then the invagination is in the ecto-

blast. If it does not extend to this point, there are no features which will

enable us to determine how far it does extend.

A more highly magnified view of the blastoporic region is shown in

Fig. 25. The section is taken from an egg of the same age as that shown

in Fig. 24. In many eggs of this stage, there is a stratum or tongue of

cells wdiich is somewhat peculiar. This stratum is directly continuous

with the deep ectoblast at the dorsal lip of the blastopore. Anteriorly its

cells are separated from the deep ectoblast by the segmentation cavity

above, while below they pass over into the entoblastic cells. In this stratum

which is from four to five layers thick, two kinds of cells are present.

The more numerous are cells which conform in structural peculiarities

to those of the deep ectoblast. The less numerous are cells which possess

the structural features of the entoblast. This layer of cells Sobotta, 96,

has described as mesoblast. Since this layer not only contains mesoblast

but also entoblast, we have decided to designate the layer as mes-entoblast

In Fig. 26 there is represented a meridional section of an egg some-

wliat older than that just described, but younger than that shown in sur-

face view in Fig. 5. The archenteron or gastral cavity is more extended

and its dorsal wall is formed of cells which are so much like those of the

superficial ectoblast that one is inclined to regard invagination as still

playing the more important role. The rounded cells at the end of the

gastral cavity are further confirmation. In short it may be said that

thus far there are no reasons for considering delamination as a factor of

any importance in the formation of the gastral cavity.

No particular changes are noticed in the character of the cells in the

region w^here the head of the embryo is about to appear. The yolk

derivatives are widely scattered in the segmentation cavity and many
cells which, from the character of their granules, would be called yolk

derivatives are still to be found scattered among the ectoblast cells. The

large yolk masses are still actively budding off cells and this process has

gone on so rapidly in this particular egg that these masses have become

greatly reduced in size.

Egg Fifty-three Hours After Fertilization. BJnstodisc Covers About
200°

. The anlage of the cmbrvo can now he faintlv recognized in sur-
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face view (Fig. 5). It first appears as a light area with ill-defined out-

lines extending over some '80° towards the upper pole, where it shades

off imperceptibly into the remainder of the blastodisc. That portion

which is invaginated to form the dorsal lip of the blastopore stands out

more prominently from the yolk than elsewhere. The line of invagina-

tion now extends some 60° along the margin of the blastodisc and ap-

pears as a crescentic fissure.

A meridional section of an egg in a stage closely corresponding to that

described above is represented in Fig. 37. Although this egg is but

slightly older than the one shown in Fi,g. 26, some interesting changes

have occurred. In the preceding stage the deeper ectoblast was seven or

eight layers of cells thick; now it is only two or three. The embryonic

margin of the blastodisc has likewise undergone a reduction, while the

opposite side of the blastodisc is reduced to one-half the number of layers

present in the preceding stage. In addition to these changes, the stratum

of cells which we have designated as mes-entoblast extends well up toward

the upper pole of the egg and it is probably through the extension of this

layer tliat the surface views show faintly the anlage of the embryo.

In most eggs in this and subsequent stages, there are relatively few

entoblastic cells as compared with the earlier stages. The space which

in most of the earlier stages was filled with small cells is now filled with

large yolk masses with a few smaller cells scattered among them. It is

possible that many of the entoblastic cells have found their way into the

rapidly extending blastodisc.

Fig. 28 represents a section of the blastoporic end of the embryo under

much higlier magnification. The section is taken from another egg in

about the same stage of development as that shown in Fig. 27. It will

be here noted that the gastral cavity is lined above by a single layer of

cells which strikingly resemble those of the superficial ectoblast in size,

granular contents and staining capacity. The same can be said of the cells

forming the ventral wall. The cells of this wall rest in this section

upon the large yolk masses whose margins are regular and clearly de-

limited. A peculiar feature which was noticed in the preceding stage,

but is here more clearly shown, is the striking differentiation of the inner-

most layer of the deep ectoblast. These cells stain more deeply than the

remaining cells of this stratum.

Fig. 29 represents a meridional section of an egg in a stage somewhat

later than that last described, but earlier than the stage shown in Fig. 6.

The blastodisc has undergone continual thinning at the upper pole until

at present it is but two or three layers of cells thick. At the blastoporic

margin the blastodisc is thickened, while on the opposite side of the egg
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a slighter thickening of the margin gives rise to a condition which reminds

one of the germ-ring of the teleost.

An equatorial section, taken just al)0ve the equator of an egg in the

same stage, is shown in Fig. 30. The ectoblast in the embryonic region is

much thicker than elsewhere, and from this region of greatest thickness

it shades off gradually on either side, showing that at this time there are

no well-defined lateral boundaries of the embryonic aniage. Just be-

neatli the median portion of the embryonic aniage there is a compact ar-

rangement of the mes-entoblastic cells which represents the beginning of

the notochord (ch).

Egg Fifty-five Hours After Fertilization. Blastodisc Covers About

2U0° . Embryo Extends Over 110°-120°.—The embryo now presents a

profile (Fig. 6) which may be spoken of as somewhat triangular. Its

anterior portion fades out in the region of the upper pole of the egg. Its

.posterior portion, however, is more sharply defined owing to its being

deeply infolded at the blastoporic margin. In many embryos of this stage,

there is present a median thickening in the blastoporic margin which

may doubtless be considered as the homologue of the caudal knob of the

teleosts. The lower portion of an egg in about the same stage is shown in

Fig. 7. It wall be noticed that the margin of the blastodisc is not only

deeply infolded along the base of the embryo, but also slightly infolded

on the opposite side of the egg. A comparison of Figs. 6 and 7 with

Fig. 5 shows that the surface cleavage of the yolk is very slow\

A meridional section of an egg in this stage is shown in Fig. 31. The

embryonic aniage here shows as a thickening of the ectoblast. The area

of maximal thickness {li) near the upper pole of the egg represents the

anla,ge of the head. In this region the superficial ectoblast shows no

changes, the thickening being due to the proliferation of the deeper ecto-

blast which is now twelve to fourteen layers thick as compared with six

to eight in the preceding stage. The deeper layers decrease in number

throughout the anterior trunk region and again increase at the blastoporic

margin. In front of the aniage of the head (/;), the deep ectoblast becomes

thinner until, in the region of the equator, it is but a single layer

thick; beyond this region it again thickens and at the lilastoporic margin

is three or four layers deep.

The segmentation cavity, which in the preceding stage extended over

the greater portion of the upper hemisphere, is no longer present above

the level of the equator. The la^-er of ectoblastic cells forming its roof

is still sharply diffrentiated from the other layers of the ectoblast.

The gastral cavity {g. c.) has extended cephalad to the level of the

posterior third of the embryo. Behind the dorsal lip of the blastopore, it
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extends around on either side of and behind the large yolk plug where it

is continuous with that part of the cavity which is everywhere lined ex-

ternally by a sharply differentiated layer of hypoblast. At the blastoporic

margin, this layer of hypoblastic cells changes in character from the small

elongated cells with deeply staining granules to larger cuboidal cells and

these in turn shade off into the smaller elongated cells of the superficial

ectoblast. The floor of the anterior portion of the gastral cavity is made

up of entoblastic cells which are heavily laden with large yolk granules.

Toward the exterior these cells increase in size as they extend over the

sides of the yolk plug until they finally become continuous with the great

yolk masses (//. m.)

The laj'ers of mes-entoblast (m. en.) not only extend much farther for-

ward in the embryonic region but also become well differentiated in the

extra-embryonic portion of the blastodisc. By tracing these layers in

serial sections it is readily found that the anlage of the mesoblast is

peristomal.

Embryo Sixty Hours After Fertilization. Blastodisc Covers About

2Jt5°. Embryo Extends Over 130°

.

—The outline of the embryo as yet is

indistinct in the anterior region, but fairly well defined posteriorly (Fig.

8). The entire margin of the blastodisc is deeply infolded around the

projecting yolk plug. In the posterior portion of the embryo, there is a

shallow groove present. A comparison with other embryos in this same

stage shows that this groove is variable, being sometimes more and some-

times less pronounced. Sometimes it terminates posteriorly in a deep

indentation in the margin of the blastopore much like the condition ob-

served in Batrachus or Ameiurus; at other times there is a well-defined

caudal knob.

The sagittal section represented by Fig. 32 is frdm an Qgg in the same

stage. The deep ectoblast in the head region is notably thickened, being

now twelve to sixteen layers in dorso-ventral thickness. In the trunk

region these layers are further reduced while at the l^lastopore they re-

main practically unchangd. Anterior to the region of maximal thickness

the deep ectoblast gradually thins until, as in the preceding stage, it is

but one or two layers thick in the equatorial region; finally at the ventral

lip there are four or five layers.

The mes-entoblast has extended farther toward the upper pole, but to

just what extent it is impossible to say since the cells are here indis-

tinguishable, on the one hand, from those of the deep ectoblast, and on

the other, from those of the yolk. At the blastoporic margin where

the cells of the mes-entoblast and the deep ectoblast unite, they form a

sharp angle. In this angle there now appears a peculiar group of cells
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wliieli has been derived from the mes-entoderm. We were at hrst inclined

to regard these cells as exclusively mesodermal bnt since they later lose

their distinctive character the question cannot be definitely settled.

A sagittal section of an embryo slightly later than the preceding is

shown in Fig. 33. The principal changes are the further extension of

the blastodisc and the corresponding reduction in the diameter of the

yolk plug. The peculiar differentiation of the inner layer of the deep

ectoblast is here prominent. The segmentation cavity is vanishing, the

gastral cavity enlarging. The yolk is being rapidly segmented, especially

at its periphery.

Embryo Sixty-five Hours After Fertilization. Blastodisc Covers

About 355° . Embryo Extends Over About lJfO°.—The surface view of

an egg in this stage is represented by Fig. 9. The embryo is now much
better defined. The anterior portion is somewhat broader than the trunk,

whicli in turn becomes narrowed towards the blastoporic end. The blasto-

pore is almost closed. In its closure one rarely finds the condition so

frequently found in the amphibia where the lateral lips approximate so

much faster than tlie dorsal and ventral that a slit-like blastopore arises.

Embryo Seventy Hours After Fertilization. Embryo Extends Over

About 154°. The next surface view (Fig. 10) represents an embryo

about five hours older than that shown in Fig. 9. The features noted in

addition to those described in the preceding stage are the further elon-

gation of the embryo; the presence of a well-marked neural trench; the

further closure of the blastopore. At this time there are no external

evidences of optic vesicles, protovertebra?, or pronephric ducts.

A sagittal section of the posterior portion of an embryo in this stage

is shown in Fig. 34. At this time the blastopore is nearly closed. The

external epiblast, as in the earlier stages, is a single layer of cells which

still retain their peculiar coarse granules and deep staining capacity.

These cells are in direct continuity wdth the single layer of cuboidal cells

liniriig the blastopore. These cuboidal cells in turn pass over into the

elongated layer of hypoblastic cells which form the dorsal wall of the

gastral cavity. The floor of the gastral cavity is made up for the most

part of a single layer of entodermal cells. The appendicular portion of

the gut {a. g.) is lined by cells similar to those just described.

A transverse section through the blastopore of an embryo in the same

stage is shown in Fig. 35. The relation of the lavers is here more clearlv

shown. It will be noted that the section shows especially w^ell the gi*eat

lateral sheets of mesoblast (mes.)

A median sagittal section of an embryo a few hours later is shown in

Figs. 36 and 37. The anterior and middle portions are shown in Fig. 36,
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the poslci'ior in Fig. M . The general contour of the embryo shows some

ailvancc Ijeyoml the conditions shown in Figs. 34 and ST). The head re-

gion shows a considerable increase in the number of ectoblastic cells, in

the trunk region but two or three layers are present, while posteriorly

they again show a marked increase in number. Just beneath the super-

ficial ectoblast {s. ec), there is now differentiated a second layer of elon-

gated cells. These cells, however, possess granules which are similar in

staining capacity to those of the deep ectoblast and have thus been con-

sidered as derivatives from the deeper layer.

In the mass of cells which makes up the anlage of the future brain,

there is now observed a slight cavity (hr. c.) which is the first appear-

ance of a cavity in the central nervous system. In front of this mass of

cells is a second thickening which has been designated as the pre-cerebral

mass (p. ch).

The notochord (cJi.) is now well differentiated, being readily distin-

guished from the surrounding tissues by the loosely scattered arrange-

ment of its cells. It extends from the undifferentiated caudal mass of

cells to the anlage of the future optic vesicles.

The gut has increased through both forward and lateral extension. In

its anterior portion its dorsal and ventral walls are closely apposed, yet

they can be readily traced as distinct layers to a point somewhat beyond

the anterior end of the brain. In its middle and posterior portions it is

widely open. Just anterior to the line of large yolk cells (hi.) which

represent the closed blastopore, there is a dorsal diverticulum of the gut

which has been regarded by others, as well as ourselves, as the homologue

of Kupffer's vesicle.

Emhri/o Seventy-five Hows After Fertilization. Emiryo Covers

About 150°.—In Figs. 11 and 12 are represented, the anterior and pos-

terior portions of an embryo of this age. The anterior trunk region is

narrower and two or three protovertebrge are now present. Lateral

thickenings at the anterior end represent the beginnings of the optic

vesicles. On either side of the anterior end, there is a darkened area

wliicli represents the lateral extension of the mesoblast.

An oblique section through the optic thickenings (op. t.) is shown in

Fig. 38. The superficial ectoblast which is now double layered passes

over these thickenings unmodified. Xo lumen is present in the central

nervous system at this level, but in sections intermediate between those

represented in Figs. 38 and 39 there is a slight fissure present. The

mesoblast shows as two wide lateral bands (mr.s.) on either side of the

neural rod or keel. The foregut is present, but the close approximation

of its walls makes its lumen obscure.
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Another section of the same enibrvo thi'onuii the posterior portion of

the Innd l)rain is represented in Fig. 'A\). On either side of the neural

keel and in close proximity to its dorso-lateral margin, there are deeply

staining groups of cells which are probably spinal ganglia; although it

should be said that in some preparations they appear to be proliferations

of the inner layer of the superficial ectoblast. The notochord (nc.) is

well differentiated at this level. Beneath it the layers forming the walls

of the gut are in contact so that the lumen is here obscured. On either

side of the notochord, however, the layers separate and the laterally ex-

tending gut cavity (g. c.) is obvious.

Another transverse section at the level of Kupffer's vesicle is repre-

sented in Fig. 40. In the median line there is a groove in the superficial

epiblast (n. t.) which we have interpreted as a neural trench. It ex-

tends backward to the point where the scattered coarsely granular cells

indicate the line of closure of the blastopore (cf. Fig. 37). The deeper

epiblast has not yet taken on the form of a neural keel, but extends lat-

erally to a considerable distance. The notochord is well differentiated

and consists of cells Avhose character lends confirmation to the view that

they are derived from the mesoderm rather than the gut hypoblast. At

any rate we have not observed the coarsely granular cells of the hypo-

blast participating in its formation.

The section represented by Fig. 41 is taken through the posterior por-

tion of an embryo of about the same age. In this embryo a deeper neural

trench (n. t.) is present than in the preceding. The posterior end of the

notochord, as it passes over into the mass of undifferentiated cells is

barely defined by the peculiar arrangement of its cells. Kupffer's vesicle

is smaller than in the preceding embryo. In this structure there are wide

variations in size as may be inferred by glancing at the different figures.

Embryo Eighty Hours After Fertilization. Embryo Covers About

160°.—The surface views (Figs. 13 and 14) show that the embryo is

considerably advanced beyond the stage represented in Figs. 11 and 12.

The body of the embryo is narrower; the optic vesicles are more promi-

nent; seven to nine protovertebrse are differentiated; the pronephric

ducts are forming. In the anterior portion of the embryo there are

three fairly well defined regions which represent the primary divisions

of the brain. Anterior to the optic vesicles the nervous sA'stem is con-

tinued into a conical process, the homologue of the structure which Sa-

lensky found in Acipenser and to which he gave the name " Stirnforsatz."

This precerebral portion of the head is the anlage of several structures

to which we shall hereafter refer in greater detail. The mid-brain is

marked off by a constriction posteriorly and behind this constriction is a
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marked eulargement which forms the basis of the anterior portion of

the medulla. In this region, as Keibel has pointed out, the anlage of

the otic vesicles will later appear. The darkened zone around the anterior

end of the embryo represents the extent of the mesoblast. Posteriorly

the lateral boundaries of the mesoblast are poorly defined so that in sur-

face views it is impossible to indicate them.

Embri/o Ninety Hours After Fertilization. Emhri/o Covers About

1S0°.—Figs. 15 and 16 represent the anterior and posterior portions' of

an embryo in this stage. Many striking changes have occurred. The

subdivisions of the brain are more clearly defined and are more promi-

nent. The optic vesicles are better defined. The precerebral portion

extends forward as a distinct process. The first visceral arch has formed

and, just behind it, is the first visceral cleft. The protovertebras have

increased to sixteen or more pairs. The pronephric ducts have extended

both anteriorly and posteriorly. There are at this time, however, no ex-

ternal indications of the olfactory, auditory or adhesive organs.

Fig. 42 represents a section passing close to the median sagittal plane

of an embryo slightly younger than that shown in Fig. IT. The super-

ficial ectoblast (5. ec.) consists of two layers of cells which are invagi-

nated at a point lying between the anterior margin of the fore brain

(/. h.) and the median portion of the adhesive organs.

The brain cavities are now well defined. There is, however, as yet no

indication of the infundibular or epiphysial evaginations. The noto-

chord extends nearly to the level of the middle portion of the brain, as

shown in the figure. The gut cavity is well defined beneath the posterior

portion of the brain ; it is greatly reduced in size anteriorly. After reach-

ui,g the level of the epiblastic invagination described above, it again ex-

pands into a wide cavity (g. d.). The walls of the gut show little change

until the head region is passed when the dorsal wall is greatly thickened

to form the beginnings of adhesive organs {a. 0.).

A transverse section through the extreme anterior end of the brain is

represented in Fig. 43. The superficial ectoblast shows no modification

in this section. Just beneath this layer the deep epiblast extends over

the surface, but in the median line it is lost in the mass of cells which

are radially disposed and w^hich represent the anterior end of the fore

brain. Below the fore brain is a wide layer of mesoblast (mes.) which

extends upward on each side. On either side of the median line the fore

gut is greatly expanded. The layer of columnar cells covering these ex-

panded portions, even at this early stage, is different from that forming

the dorsal wall of the gut in other portions of the body. On either side

the hypoblast extends peripherally, its cells take on the cuboidal form,
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and become continuous with tht' yolk. In llic li^uiirc *i-iven the dorsal

hypoblast has been too deeply shaded so that it is bronglit out in too

strong contrast with the layer of yolk-bearing cells which form the floor

of the fore gnt. On either side of the gut the anterior extremities of

the ccelomic cavities (c.) are present.

The next section described is represented in Fig. 44. The section

passes through the optic vesicles (o. v.) which at this time are hollow

and in wide communication with the fore brain. On either side there

are slight depressions of the superficial epi blast which are probably arti-

facts dne to killing reagents. The loosely scattered cells of the mesoblast

{mes.) form two large masses which extend laterally from the region

where the floor of the fore brain rests directly upon the gut hypoblast.

Just beyond the lateral boundary of the fore gut the mass separates into

two layers, an outer somatic which is closely united with the ectoblast

and an inner splanchnic which lies close to the gut hypol)last. Between

these two layers are the ccelomic cavities (c). The gut (/. g.) is here

widely expanded and, on either side, are seen the hypoblastic cells as they

pass over into the anlagen of the adhesive organs.

A section through the region where the mid brain passes over into the

medulla is show in Fig. 45. The pharyngeal portion of the gut is here

widely open and slight evaginations indicate the first appearance of the

visceral clefts. Just external to these are mesoblastic masses (v. a.)

which are the beginning of the visceral arches. The mesoblast extends

down around the brain until it comes in immediate contact with the

notochord. The walls of the ccelomic cavities (c.) are separated widely

and are lined by a single layer of cells.

Passing still further back we have selected a section (Fig. 46) through

the region of the auditory vesicles. The cavity of the medulla is here

widely open. Its lateral walls are made up of elongated epithelial cells

arranged in one or two layers. Its roof, however, is very thin, so that

when viewed from the surface it is very transparent. On either side are

the auditory vesicles (a. v.) which have formed from thickenings of the

deeper ectoblast. Above these the two layers of the superficial ectoblast

are continuous. The vesicles which were earlier solid now show very small

lumina. Just external to the vesicle on the right side there is a divertic-

ulum of the gut. the pharyngeal portion of the third cleft, while Just

outside this, a thickening in the mesoblast is the third arch. The cells

of the liypoblast forming the dorsal wall of the gut are flattened, l)ut in

the region of the clefts they become cuboidal, which character they retain

until they pass over into the yolk cells. The ventral wall of the gut is
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still formed by a loosely scattered layer of entodcrinal cells which lie

above the large yolk masses.

The last section of this embryo, which we have represented in Fig. 47,

is taken at the level of the last protovertebra. In this section we see

that the neural keel of the earlier stages has taken on a cylindrical out-

line and has acquired a large well defined lumen in which there are no

traces of cell degeneration. Below the neural tube and in contact with

it, is the large notochord, and between the notochord and the gut hypo-

blast, is the sub-notochordal rod (h. cli.) which, from the character of its

cells, seems to have arisen from the hypoblast of the gut.

On either side of the notochord, are the large masses of mesoblast which

form the last protovertebrge. At this level, the mesoblast shows no line

of division between its somatic and splanchnic portions. In that portion

which must be considered as potentially somatic, there is a slight pro-

liferation which gives rise to a more or less well defined rod {p. d.)

which soon becomes the pronephric duct.

Embryo About One Hundred and Five Hours After Fertilization.

Embryo Surrounds 220°

.

—The embryo (Fig. 17) shows a marked ad-

vance beyond the condition represented in Figs. 15 and 16. The di-

visions of the brain are more distinct. The hind brain shows a decided

thinning of its dorsal wall. In front of the anterior end of the fore

brain there is a slight pocket followed by a projection or median knob.

On either side of this knob, are the large adhesive organs which are now

apparent in surface view. The large optic vesicles lie just behind, and

now show the first beginnings of the lenses. On either side of the medulla

the auditory vesicles are faintly shown. The pronephric ducts have ex-

tended both anteriorly and posteriorly. The anterior portion of an em-

bryo about five hours older is shown in Fig. 18.

In this stage but few changes are noted beyond those described. The

lateral walls of the medulla are more widely separated and the roof has

become thinner. The visceral arches and clefts are more pronounced.

There is no trace as yet of the olfactory organs. As a result of the up-

lifting of the embryo through growth, the adhesive organs have assumed

an oblique position.

A sagittal section, passing slightly to one side of the median plane of

an embryo in this stage, is represented in Fig. 48. The lumen of the

brain is enlarged and its subdivisions more clearly marked. The dorsal

wall of the fore brain now shows a slight evagination which is the begin-

ning of the epiphysis. Just opposite in the floor is another evagination

which is the beginning of the infundibulum. Anteriorly the cavity nar-

rows down in conformity with its external contour. Just in front of
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the autorior end of the fore bi'ain, the continued invagination of the

superficial epiblast gives rise to a deep pocket in which a lumen is some-

times plainly apparent, while at other times its walls are so closely ap-

posed that no lumen is discernible. The fore gut is here well shown

with its forward extension into the precerebral region where it ends in a

dilated cavity. The walls of this cavity, except the ventral, are made up

of elon,gated hypoblastic cells. Just beneath this median evagination

there is a large chamber surrounded by a double wall. The lining wall

is made up of elongated cells which strongly resemble those lining the

body cavity. Outside this layer is a second wall made up of large yolk-

laden entoblastic cells. This chamber represents the beginning of the

heart. The discussion of its formation, however, may best be deferred

until we have studied the series of transverse sections of the next stage.

Embryo One Hundred and Tiventy-five Hours After Fertilization.

Embryo Covers 260°

.

—The last stage of the embryo included in the pres-

ent study is represented in Figs, 19 and 20, the anterior portion being

shown in Fig. 19, while the posterior is represented by Fig. 20. The

embryo has increased greatly in length and its body is more prominent

above the surface of the yolk, while the tail is just becoming free from

the yolk. The increase in the length of the head has caused further

shifting in the position of the adhesive organs which, instead of having

their surfaces directed above, have come to occupy such an oblique po-

sition that their surfaces are almost directed forward. The so-called

"button" (Eeighard) is likewise carried forward and is no longer

visible when the embryo is viewed from the dorsal surface. Just behind

the adhesive organs are the two nasal pits which are visible for the first

time in surface views. In the eyes, the lenses are plainly shown in the

surface views. The mid brain has extended backward, while the hind

brain has pushed forward in such a manner that its anterior portion en-

velops the posterior portion of the mid brain. In this embryo, the roof

of the hind brain has been removed and one can plainly see in its floor

a number of neuromeres. These are variable in the different embryos

of this age, ranging from six to eight. On either side of the hind brain,

the auditory vesicle shows as a deep pit. Three visceral arches are now

well defined, as are also the three visceral clefts which appear as darker

portions between them. The coelomic cavity shows as a darker circle

around the margin of the embryo, although its boundaries are not as

clearly defined as in some of the earlier stages. (Fig. 17). The proto-

vertebrse have extended on either side until they now reach from the ex-

treme posterior end nearly up to the auditory pits. The pronephric

ducts have extended both anteriorly and posteriorly. At tlieir anterior

ends they curve outward, then inward, in the form of a shepherd's crook.



Albert C. Eycleshymer and James Meredith Wilson 149

A transverse section of an embryo in this stage is represented in Fig.

49. This section is taken through the region just anterior to the ad-

hesive organs. On either side the coelomic cavities show plainly as they

approach the median line. The layers of the splanchnopleure are thus

brought in such close contact above that the gut (g.) is almost closed off.

During the time these layers are approaching they become folded back-

ward into the coelom on either side. In the figure, the left side is con-

siderably in advance of the right. Through this folding there is formed

a second closed cavity (ht.) which is the beginning of the heart. There

is present at this time a lining layer, but its origin is uncertain.

The section represented in Fig. 50 passes somewhat obliquely through

another embryo in about the same stage of development. The anterior

end of the fore brain (/. h.) appears as a solid mass of elongated cells.

In connection with its ventral wall, the optic stalk passes obliquely out-

ward and terminates in the optic vesicle. On the other side the section

passes through the anterior portion of the adhesive organ which here

shows its connection with the anterior end of the fore gut (g.). The

fore gut is almost closed off ventrally through the approximation of the

coelomic cavities. Between the end of the brain and the optic vesicles,

there is a slight invagination (n.) of the deep ectoblast to form the be-

ginning of the nasal pits.

The section represented in Fig. 51 is from the same series as the pre-

ceding and three sections farther back. The section through some over-

sight is not magnified quite so highly. The chief point of interest, as

compared with the precedin,g is the rapid separation of the coelomic

cavities so that the gut is here widely open upon the yolk. It should also

be noted that the cavities of the optic stalk, the fore brain and the ad-

hesive organs are becoming apparent.

A section of the same series is shown in Fig. 52 at the level of the

auditory vesicles. The section shows the extension of the cavities of

these vesicles (a. v.) In other respects the section shows nothing more

than is shown in Fig. 46.

The section shown in Fig. 53 is taken in a horizontal plane and shows

practically all the structures which have been described in the series of

transverse sections. The divisions of the brain are very clearly shown.

Just in front of the anterior end of the fore brain is the invagination of

the superficial ectoblast which we have previously described. On either

side are the nasal pits (n.) with well defined lumina. Just anterior to

these are the adhesive organs {a. o.) made up of the coarsely granular

hypoblastic cells. Behind these are the large optic vesicles (o. v.) in
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\vliii.-li the lenses are present, but not shown. Ik'hind tlicse in turn are

tliree gill clefts {v. c.) and between them the mesoblastic bases of the

correspondinig arches. Close to the medulla are the auditory vesicles

(a. v.). Around the periphery the lines of darker cells represent the

hypoblastic walls of the gut (g.) The section is cut so thick that the

mesoblast shows above, making it almost appear as if the gut were filled

with these cells.

SUMMARY AND GENERAL REMARKS.

The Segmextatiox Cavity.

Before considering the stages which properly belong to the present

paper, we are obliged to say a few words concerning the segmentation

cavity. Whitman and Eycleshymer, 96, pointed out that there are to be

found in the egg, even in the earliest cleavage stages, certain irregular

cavities which sooner or later become continuous with the cleavage

grooves and in many cases unite to form a common cavity. These cavi-

ties appear in eggs collected in different years and in different seasons

of the same year and fixed and imbedded in various ways. Since it is

from these spaces that the segmentation cavity later takes its origin they

have been subjected to renewed study. As segmentation progresses the

cleavage grooves, in many cases at least, expand into broad spaces as they

approach the center of the egg, in which locality they become continuous

with the earlier spaces described above. Often these cavities unite and

give rise to a more spacious one as figured by Whitman and Eycleshymer.

That the cavities should be regarded as artifacts seems highly improb-

al)le. In the first place no cellular fragments are to be found in the

spaces which would indicate imperfections in cutting. Again these cavi-

ties often shade ofi" by imperceptible degrees into veritable intercellular

spaces which no one would consider as artifacts. As the later stages of

the blastula approach, the cavities no longer show as large irregular

spaces, but become more or less obliterated by bein,g filled with the

rapidly proliferating cells of the blastodise and yolk. In view of these

facts, we cannot agree with Sobotta, 97, that these cavities are artifacts.

Periblast.

The periblast in ganoids was first discussed by Dean, 95, 96, who

pointed out the homology of the upper layer of yolk cells in Acipenser,

Lepidosteus and Amia with the periblast of teleosts. Sumner, 00, later

gives two figures showing the periblast in Amia. In one of these (Fig.

16) he represents a well defined, clear zone lying on the large yolk masses
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and covered by a cellular layer wliich is considered as periblast. Tbe

author states that the tig-ure is slightly schematized, l)ut to wliat ]iart of

the figure he refers is uncertain. If to the periblast we have no criticism

to offer. If tiie author, however, intended to represent the periblast as

it is actually found in Amia we must emphasize the fact that our ma-

terial shows nothing of the sort. There is no layer of cells between the

peril)last and the gastral cavity. The floor of the gastral cavity is, to

our minds, the homologue of the periblast in teleosts. We find in -the

ganoids a complete series of gradations from the teleostean to the am-

phibian conditions. In Lepidosteus, as described and figured by the

senior author, 03, we find the closest approach to the teleostean periblast.

Amia comes next with its homologous layer in the floor of the gastral

cavity; this floor is made up in part of detached cells and in part by the

projecting ends of the large yolk masses. From this condition we can

readily pass to the homologue of the periblast in Acipenser which is the

layer of cells forming the floor of the gastral cavity. We are thus pre-

pared to support the statement of the Zieglers, 92, that the floor of the

gastral cavity in the amphibia is the homologue of the periblast in fishes.

The Mesoderm.

The origin of the mesoderm in Amia has been previously studied by

both Dean and Sobotta. Their descriptions, however, are quite unlike.

Dean, 96, in describing a stage in which the blastopore has nearly

closed, says :
" The mesoblast is found to arise peristomal ; on the dorsal

side it arises from the undifferentiated tissue (of the tail mass),

thence extending forward as a separate cell layer, and finally appears to

be ])lended with the loosely associated cells of the entoblast; ventrally

the mesoderm, although distinctly to be recognized, is not to be sepa-

rated from the cellular elements of the entoderm. In its early growth it

extends forward as a wide and flattened cell mass, thinning distally and

becoming confluent with the inner germ layer. As in the teleosts, gas-

tral mesoderm is absent, and the division of the middle layer into its

somatic and splanchnic layers is not apparent until a comparatively late

stage of development."

Sobotta. 96, describes the origin of the mesoderm in a much earlier

stage in tlic following words: " N'un tritt, uoch ehe es zur Urdarmbild-

ung. also zur eigentlichen Cxastrulation kommt, eine Differenzirung der

Furchungszellen zu Keimblattern auf, indem sich eine compacte mehr-

schichtige Zellage an der Oberflache des Eies durch einen feinen Spalt

von den darunten gelegenen, mit grosseren Dotterkornern beladenen

Zellen sondert (Fig. 3). Diese Erscheinung trennt bereits jetzt das Ek-
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todorni von dor spiitor zu Mesoderm nnd Entoderm werdenden Zellage

—

Selir bald beginnt nun am Aequator dcs Eeies die Urdarm-Bilduug, nnd

zwar zuerst an der Stelle der spateren Embryonalanlage. Es entsteht

dadnrch die dorsale Urmnndlippe (Fig. 4). Letztere ist ziir Zeit, wo

der Urdarm als feiner Spalt sichtbar wird, sofort dentlich dreibliittrig,

niclit zweiblattrig wie Dean angiebt. Die verschiedene Gehalt der Zellen

an Dotterkornern, resp. die verschiedene Grosse derselben in den Zellen,

ermoglicht die Unterscheidnng drier Keimblatter sehr leicht." The

writer then points out the differences in the sizes of the granules in the

different layers, stating that those in the cells of the ectoderm are all

fine, those in the cells of the mesoderm are considerably larger, while

those in the cells of the entoderm are coarse. The writer further states

that when the gastral cavity has extended beneath the dorsal lip of the

blastopore, the dorsal and ventral mesoderm are united.

It is evident from our studies that we agree in general with Sobotta in

that we find the ectoderm early separated from the underlying layer of

cells by the slit-like remains of the segmentation cavity. This underlying

layer represents, according to Sobotta, the mesoderm. We do not agree,

however, that in the early gastrula the size of granules or their staining

capacity will enable one, as Sobotta claims, to distinguish mesoderm

from entoderm. It is not until the time when the blastopore is nearly

closed that a differentiation of cells is apparent. Even then we are not

certain that these cells represent the mesoderm since the marked contrast

in the staining capacity later disappears. To know precisely when and

how the mesoderm arises and how it extends in Amia will involve better

methods of staining than we now possess.

The Archexterox. Kupffer's Vesicle and Adhesive Organs.

As the archenteric cavity extends the innermost layer of mes-entoderm

early is differentiated into a well defined layer which we have called

hypoblast. This layer, together with the invaginated dorsal ectoblast,

forms the dorsal wall of the archenteron. At the same time there is dif-

ferentiated a superficial yolk layer which forms the ventral wall of the

archenteron. The extent of this primitive gut, however, does not corre-

spond to the extent of the embryo. There is formed both an appendicular

(Salensky) or post-annal gut and a precephalic gut. Since the changes

in the posterior portion precede those in the anterior they will be con-

sidered first.

It should be remarked here that the closure of the blastopore is com-

plete, no portion persisting to form the anus. Its line of closure is in-
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dicated for some time by the large coarsely granular cells which lined it.

The anus arises through an invagination just behind the line of closure

of the blastopore and soon becomes continuous with the appendicular

gut. The portion posterior to this or the post-anal gut proper soon shows

retrogressive changes. The walls lose their distinctive hypoblastic char-

acter, the lumen becomes obliterated and the entire structure later disap-

pears, playing no part in the formation of later embryo.

Kupffers vesicle has been studied previously in Amia by Dean, g6, and

Sumner, 'oo. Dean writes as follows :
" The coelenteron, now a deep

cavity beneath the dorsal lip, extends forward below the entire head; its

hinder dilation immediately below the dorsal lip is to be interpreted as

representing Kupffer's vesicle."' Eegarding Dean's interpretation Sum-

ner says :
" Dean maintained that this cavity simply represented the

angle formed by the blastoderm's margin, as it was mechanically turned

in upon itself during its circumcrescence of the yolk. This simple me-

chanical explanation I cannot accept for the teleosts because (among

other reasons) the vesicle in some fishes is not formed until the blasto-

derm has nearly or quite finished its journey over the yolk and thus the

supposed mechanical cause no longer exists." In considering the func-

tion of this structure in fishes Sumner further says :
" It has for some

time been my view that this vesicle contains a more fluid yolk, partly

assimilated through tlie activity of the periblast and intended for the

nourishment of the growing embryo. I have also expressed the view that

Kupffer's vesicle represents an embryonic digestive organ (more properly

an organ of absorption)."

In considering this structure it is necessary to recall what has been

said regarding the periblast in the teleosts, ganoids, and amphibia.

While the roof of the vesicle in all these forms is the same, the floor in

the teleosts is sometimes of periblast and again there is a cellular floor

lying upon the periblast. These facts are at first difficult to interpret,

yet if as H. Y. Wilson, 91, suggests the latter condition is to be regarded

as secondary, the difficulties are in a measure overcome. If it be ac-

cepted that the floor of Kupfer's vesicle is periblast in the teleost and that

the periblast of Lepidosteus is the homologue of that of the teleost

Eycleshymer, 03, we are placed in position to say that the ventral wall

of the vesicle in Amia, Acipenser and the amphibia is represented by

nothing more or less than the gastral floor. The vesicle then represents

the posterior portion of the primitive digestive tract. This being the

case in Amia no one need hesitate to accept Sumner's view that the

vesicle may have had a digestive function.

The first description of tlie growth of the adhesive organs is given by

11
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Dean, 96, who says: "The mode of oi'igiii of the sucking disc gives the

most interesting evidence of how precociously embryonic and larval

structures may be developed. As far as histological evidence goes there

is certainly no difference between the enlarged thick-walled, cup-shaped

organs which arise on the snout of the late embryo of Amia or of Lepi-

dosteus, and the typical pit organs, or sense buds, which later occur on

oth'er integumental regions. It is found, in fact, that a gradation in

size exists which connects the huge sucking organs of the snout with the

inconspicuous pit organs of the trunk.''

These organs were later studied in Eeighard's laboratory by Miss

Phelps, 99, who found that " the organ is formed in a very early stage

as a diverticulum of the fore gut. This diverticulum subsequently di-

vides into two, each of which continues to communicate for a time with

the cavity of tlie fore gut." The author further observed that the organs

open to the exterior, but become cut off from the fore gut and degenerate

leaving no trace behind.

Our studies show that these organs arise from paired diverticula of

the fore gut and not from a single diverticulum which later divides.

While it is undoubtedly correct to state that the paired gait diverticula

are derived from an unpaired condition, there is not the slightest evi-

dence that the anlagen of these structures appear before the gut diver-

ticula are well established. The beginnings are first visible as slight

thickenings of the hypoblast, forming the antero-dorsal walls of these

diverticula. As development progresses these thickened areas evaginate

and the cells begin to elongate. Soon a longitudinal constriction forms

which divides each of these structures, giving rise to four. Meantime

the lumen of each is reduced, the walls of the gut become apposed and

the organs are cut off from further communication with the gut. After

losing their connection with the gut they continue to divide until eight

or more are form.ed. They then come in contact with the ectoblast whose

cells undergo cytolysis, leaving the hypoblastic cells of the organs pro-

jecting to the free surface. We have not followed the later changes in

these organs. Miss Phelps states that after being functional for a time

the organs are pushed beneath the surface of the thickened ectoblast, be-

come filtrated with leucocytes and finally disappear.

As to the meaning of these remarkable organs we are in the dark.

Their function may be only to hold the larva in position for a certain

period. Again they may serve to convey some sort of nutriment to the

digestive tract. That they are modified sense buds, as Dean suggests,

seems highly improbable. Their interpretation from a phylogenetic

standpoint is certainly most difficult. About all that can be said is that
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structures siu'li as these rt;ive rise to some of the nu3st perplexing prob-

lems with which (Mnl)ryolo«2:y has to deal. •

In the surface views (Figs. 17, 18, 19) there is a peculiar median

knob wdiich appears soon after the adhesive discs are differentiated.

This structure lies between and somewhat anterior to the discs. It lias

been observed, as earlier stated, by Eeighard (see Keibel, 03). Sagittal

sections through embryos of this stage ( Fig. 48) show that in addition to

the lateral evaginations of the fore gut there is a less marked evagination

of the median wall. The hypoblast in this region is thickened and be-

comes continuous on either side with that of the adhesive discs. The

epiblastic pocket behind separates this structure from the anterior end

of the fore brain and together with the surrounding mesoblast gives it

considerable prominence in surface views. We conclude that the so-called

"button" is nothing more than the strongly evaginated median portion

of the adhesive organs.

The Chorda axd Hypochokda.

Dean, 96, has described the formation of the chorda in Amia as

follows :
" The notochord arises as in the sturgeon or gar-pike : it sep-

arates directly (i. e., delaminates) from the entoderm." We have studied

the origin of the notochord in many series of embryos, but are unable

to add much to Dean's description. In the great majority of cases ex-

amined the sections show conditions similar to that observed in Fig. 40;

often the mesoblast has not yet separated from the axial rod as shown

in Fig. 41. In but one instance have we found anything which would

lead 'us to regard the chorda as formed by an evagination of the dorsal

wall of the archenteron, as is known to be the case in many amphibia.

We therefore conclude that the chorda is derived by delamination from

the layers of cells which we have called mes-entoderm. The controversies

that have been w^aged over this structure and the failure to homologize it

in the various groups, especially amphibia and fishes, hold out little

promise that a definite solution of the problem in harmony with the germ

layer theory is near at hand.

The hypochorda, so far as we know, has not been previously seen in

Amia. It arises from the hypoblast forming the dorsal wall of the gut

in a stage just prior to the appearance of the pronephric ducts. It ex-

tends the length of the notochord and presents in sagittal sections ap-

pearances which lead us to regard it as irregularly segmented. This

peculiar structure has been observed in many vertebrates and numerous

suggestions offered as to its significance. By some it has been considered
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tis the anlapc of a ligament or a blood vessel. By others it is regarded

as the remains of a blood vessel or of a blood-forming organ. Still others

think it entirely disappears. We incline toward the last view, but our

later stages are not complete enough to settle the question definitely.

The Heart,

In considering the origin of the heart, it is necessary to recall that

toward the anterior end of the embryo the coelomic cavities on either side

approach the middle line. This approximation proceeds anteriorly until

the two halves of the coelomic cavities are brought closely together. Just

before they meet each becomes folded back at the edge. Through this

folding back of the splanchnopleure there are formed two grooves; the

edges of these two grooves unite across the median line to form a single

oval sac which is open both anteriorly and posteriorly. This sac is lined

by entoderm and surrounded by the splanchnic mesoblast. While these

changes have been going on there has appeared within the heart cavity

thus formed a layer of cells which have the appearance of mesoblast

cells, but apparently they are derived from the hypoblast. Whether they

are to be considered as mesoblast, that at this relatively late period has

differentiated from the hypoblast, or whether they are to be considered

as hypoblast we are unable to say. Only by knowing the fate of these

layers could one hazard an interpretation.

The Central Nervous System and Sense Organs.

The central nervous system, as observed by Dean, 96, is first formed

as a solid rod or keel from the deeper ectoblast. Soon after the appear-

ance of the optic vesicles a lumen is formed, but whether through cyto-

lysis or delamination or both is uncertain. There are indications which

lead us to regard cytolysis as the most probable.

Towards the caudal end of the embryo the superficial ectoblast folds

downward into the neural keel forming the neural trench, which at the

posterior end passes over into the blastopore. The question whether or

not this is to be interpreted as a neurenteric canal depends upon the sig-

nificance of the neural trench. If this trench is to be considered as

homologous with the extreme lower part of the medullary grooves in

Amniota, as Kupfl'er regards it in the trout, we should certainly consider

its continuation over into the blastopore as a reminiscence of the neuren-

teric canal. However, both Wilson's and Kupffer's views are questioned

by Minot and others, and since the interpretation rests upon funda-
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mentally different conceptions which are at present beyond proof or dis-

proof, we may dismiss the question without further comment.

Concerning- the neuromeres whicli aic so well shown in Fig. 19, we

can only say that at present we are unable to interpret these structures.

They have not been found in the preceding stages and have not been

followed in the succeeding stages. Why they should appear at this time

and be wanting in the stage shown in Fig. 18, is at present unexplafin-

able. It is impossible to state whether they are secondary foldings due

to the formation of protovertebnB or whether they are formed inde-

pendently in the floor of the hind brain and are the first definite expres-

sion of segments. If the latter be true, as many embryologists hold,

then we should find in the hind brain of Amia indications of seven or

eight primitive segments.

Tlie melian pit, which first appears in Fig. 42, has been followed in

both tlie earlier and later sta,ges. After a careful study much doubt lin-

gers in our minds as to whether or not it takes any part in the formation

of the hypophysis. Ivupffer maintains that in Petromyzon and Acipenser

this structure forms the hypophysis. It seems to us possible that the in-

vagination of the gut to form the media^i portion of the adhesive organs,

as shown in the figure, would carry the epiblast outward in such a man-

ner that it results in an increase in this invagination. In other words,

the mechanical factors operating could cause just the appearance ob-

served. We should hesitate to regard this structure in Amia as of great

value in phylogenetic interpretation.

The previous observations on the development of the optic vesicles in

Amia are embodied in the following sentence by Dean, g6: " The mode

of development of the eye and of the nasal and auditory capsules differs

but little from that typical in the lower vertel)rates generally." Our

studies show that the eyes first appear as solid outgrowths which shortly

after become hollow.

Concerning the early development of the auditory vesicle there is

nothing beyond the sentence quoted above. According to our observa-

tions, the ear likewise begins as a solid thickening of the deep epibhist

over which the superficial layers pass unmodified. This thickening con-

tinues until there is an oval mass lying on either side of the anterior por-

tion of the medulla. AVhen the embryo reaches the stage shown in Fig.

18. a cavity is present.

The olfactory organs first appear as proliferations of the deep ecto-

blast in the stage represented in Fig. 19. In this mass an invagination

soon appears forming well defined pits.
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The Pronephric Duct.

The proneplij'ic duel is preeeded by a solid rod of cells which arises

throii,g"h a proliferation of the cells of the somatopleuric portion of the

mesoderm, but before the appearance of a well defined coclom. We do

not agree with the observations of Felix and Biihler, 04, who state that it

arises as an evagination of the somatopleure. The further study does

not come within the scope of the present paper.

Systematic Position of Amia.

Dean concludes his second paper, 96, on Amia with the statement that

" at the base of a gradational series stands Lepidosteus, near it and in

some ways even below it is Acipenser; next is Amia; next, and very

closely related, is Amiurus; and, finally, are the many remaining forms

of teleosts."

Previous studies by the senior author on x\mia and Lepidosteus, the

present study of Amia, together with the unpublished work on i\.meiurus

by the junior author, all indicate that such an arrangement, based upon

early developmental characters, is not only premature but incorrect.

The only conclusion which can be reached at the present time is that

the evidence from oecology, anatomy, histology, embryology, is so frag-

mentary that it affords no secure basis for assigning the various ganoids

their respective places within the group, nor the group its position in

the vertebrate phylum.
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ABBREVIATIONS.

a. g., appendicular gut.

o. v., auditory vesicle.

b. c, brain cavity.

cTi., chorda.

d. I., dorsal lip of blastopore.

f. ft., fore-brain.

g.. gut.

g. d., gut diverticulum.

h.. anlage of head.

hch.. hypochorda.

m. b., mid-brain.

vies., mesoblast.

n. c, neural canal.

op. t., optic thickenings.

p. cb., pre-cerebral mass.

s. c. segmentation cavity.

V. a., visceral arch.

V. 1.. ventral lip of blastopore.

a. o.. adhesive organ.

bl., blastopore.

c coelom.

d. ec, deep ectoblast.

env., envelope.

f. g., fore-gut.

g. c, gastral cavity.

g. hy., gut hypoblast.

h. b.. hind-brain.

M., heart.

m. en., mes-entoblast.

n., nasal pit.

n. t., neural trench.

o. v., optic vesicle.

p. d., pronephric duct.

s. ec, superficial ectoblast.

V. c, visceral cleft.

y. m., yolk mass.

EXPLANATION OF PLATES.

Plate I.

Fig. 1. Profile view of egg about nine hours after fertilization.

Fig. 2. Profile view of egg about twelve hours after fertilization.

Fig. 3. Profile view of egg about twenty hours after fertilization.

Fig. 4. Profile view of egg about forty hours after fertilization.

Fig. 5. Profile view of egg about fifty-three hours after fertilization, anlage

of embryo faintly outlined.

Fig. 6. Profile view of egg about fifty-five hours after fertilization, outline

of embryo discernible.

Fig. 7. Same egg viewed from the lower pole, showing infolded blastodisc.

Fig. 8. Embryo about sixty hours after fertilization, viewed from above,

embryo well defined posteriorly, neural (?) trench visible.

Fig. 9 . Embryo about sixty-five hours after fertilization, viewed from above,

embryo narrower, better defined outline, blastopore nearly closed.
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Fig. 10. Embryo alioiit seventy hours after fertilization, eml)ryo longer,

neural (?) trench extended, blastopore closing.

Figs. 11, 12. Anterior and posterior portions of embryo about seventy-five

hours after fertilization, viewed from above, optic thickenings visible, two or

three protovertebrae differentiated.

Figs. 13, 14. Anterior and posterior portions of embryo, eighty hours after

fertilization, viewed from above, divisions of brain and precerebral process

apparent, seven to nine protovertebrae, beginnings of pronephric ducts, extent

of mesoblast indicated by dark area around head.

Figs. 1.5, 16. Anterior and posterior portions of embi-yo about ninety hours

after fertilization, viewed from above, showing pre-cerebral process, optic

thickenings, first gill arch and cleft, about sixteen protovertebrae, dark

shading around embryo indicates extent of coelom.

Fig. 17. Anterior portion of embryo about one hundred and five hours after

fertilization, viewed from above, showing divisions of brain, optic vesicles,

adhesive organs, median knob, two gill clefts, beginnings of auditory vesicles.

Fig. 18. Anterior portion of embryo about one hundred and ten hours after

fertilization, showing slight advance beyond condition represented in Fig. 17.

Figs. 19, 20. Anterior and posterior portions of embryo about one hundred

and twenty-five hours after fertilization, viewed from above, showing, in ad-

dition to structures previously described, the anlage of the heart, the begin-

nings of the olfactory organs, neuromeres, three gill arches and their cor-

responding clefts.

Plate II.

Fig. 21. Meridional section of an egg about nine hours after fertilization.

Showing early condition of blastodisc segmentation cavity and yolk.

Fig. 22. Meridional section of egg about twelve hours after fertilization.

Showing the yolk masses actively budding off entoblastic cells, and obscuring

more or less the segmentation cavity.

Fig. 23.. Meridional section of egg about forty hours after fertilization

showing proliferation of superficial ectoblast at the point where invagination

begins.

Fig. 24. Meridional section of egg. about fifty hours after fertilization

showing beginning of invagination and maximal thickness of blastodisc.

Fig. 25. Portion of meridional section of egg of about same age as above

through region of blastopore showing first formation of mes-entoblast.

Fig. 26. Meridional section of egg slightly older than preceding stage show-

ing further extension of gastral cavity.

Fig. 27. Meridional section of an egg about fifty-three hours after fertili-

zation, showing reduction in number of entoblastic cells, also thinning of

blastodisc.

Fig. 28. Portion of meridional section of egg in same stage as above more

highly magnified, showing region of blastopore.

Fig. 29. Meridional section of an egg in stage somewhat later than above

showing further thickening of margin of blastodisc.

Fig. 30. Horizontal section of egg just above level of equator, showing

lateral extent of embryonic anlage, also beginning of notochord.
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Plate III.

Fig. 31. Meridional section of egg about fifty-five hours after fertilization,

showing thickening of ectoblast to form head of embryo.

Fig. 32. Sagittal section of an embryo some sixty hours after fertilization

showing further differentiation of embryo.

Fig. 33. Sagittal section of an embryo about sixty-three hours after fertili-

zation, showing further growth of embryo, the obliteration of the segmenta-

tion cavity, the extension of the gastral cavity, the reduction of yolk plug.

Fig. 34. Sagittal section of posterior end of embryo about seventy hours

after fertilization, showing the closure of the blastopore.

Fig. 35. Transverse section through the blastopore of an embryo in same

stage as above.

Figs. 36, 37. Sagittal section of embryo about seventy-two hours after fer-

tilization. The anterior portion of the embryo is shown in Fig. 36, while the

posterior portion is shown in Fig. 37.

Fig. 38. Oblique section of an embryo seventy-five hours after fertilization

showing the thickenings which later form the optic vesicles.

Fig. 39. Transverse section of an embryo of same age passing through the

posterior portion of the hind brain.

Fig. 40. Transverse section of same embryo at the level of Kupffer's vesicle.

Fig. 41. Transverse section of an embryo of same age, showing deep neural

trench and posterior end of notochord.

Fig. 42. Sagittal section of head end of embryo about ninety-five hours after

fertilization, showing divisions of brain, notochord, gut, adhesive organs, and

the peculiar invagination of the ectoblast just anterior to the fore-brain.

Plate IV.

Fig. 43. Transverse section through embryo of same age at the level of

the adhesive organs.

Fig. 44. Transverse sections of same embryo at level of optic vesicles.

Fig. 45. Transverse section of same embryo at level of anterior margin of

medulla..

Fig. 46. Transverse section of same embryo through the region of the

auditory vesicles, showing the first appearance of pronephric duct and hypo-

chorda.

Fig. 47. Transverse section of same embryo at the level of last protover-

tebra.

Fig. 48. Sagittal section of embryo one hundred and ten hours after fertili-

zation, showing the beginning of the epiphysis and infundibulum, also the

median portion of the adhesive organs and the heart.

Fig. 49. Transverse section of an embryo one hundred and twenty-five hours

after fertilization taken just in front of the region of adhesive organs showing

heart, gut and coelom.

Fig. 50.. Obliquely transverse section of an embryo of same stage passing

through the anterior margin of the adhesive organs on the one side and the

optic stalk and vesicle on the other, showing the approximation of the layers

of the splachnopleure to form the heart.
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Fig. 51. Obliquely transverse section of same embryo taken a few sections

behind that shown in Fig. 50, showing same structures as above.

Fig. 52. Transverse section of embryo in same stage showing the extension

of the cavity of the auditory vesicles also the gut and coelomic cavities.

Fig. 53. Horizontal section through the head region of embryo in same

stage showing various structures.
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A CONTRIBUTIOX TO THE ANATOMY AND DEVELOPMENT
OF THE VENOUS SYSTEM OF DIDELPHYS

MAESUPIALIS (h):

Part II, Development.

BY

CHARLES F. W. McCLURB.

Professor of Comparative Anatomy, Princeton University.

With 5 Double Platks and 27 Text Figures.

A number of pul^lications have appeared, especially the monographs

of Selenka, 86-7 and 91, and Semon, 94, in which have been described

the arrangement of the blood vessels in the extra-embryonic vascular

area of marsupials. So far as known to the writer, however, the only

actual contributions that have been made to the development of the

intra-embryonic venous system of this group of mammals are one by

Broom, 98, and a preliminary notice by the writer, 02.

The publication of the present paper (Part II) has been unavoidably

delayed, owing to the writer's inability to obtain embryos sufficiently

young to show the earliest stages in the development of the postcaval

vein. These early stages have, unfortunately, not yet been obtained, and

were it not for the circumstance that so little has been published upon

the development of tlie veins of marsupials, an apology would be due for

presenting what must necessarily be an incomplete account.

In writing this paper the writer has fully borne in mind the danger

involved of drawing conclusions from an incomplete series, and, in the

case of Didelphys, the danger is especially great on account of the vari-

able character of its venous system. A complete account of the develop-

ment of the veins of Didelphys, especially of the variations of the post-

cava, necessitates not only a complete series of embryos and pouch

young, but a number of examples from each stage as well. Such an

' The publication of this paper In two parts, one dealing with the Anatomy

(Part I) and the other, or present paper (Part II), with the Development of

the venous system, was unavoidable and It is, therefore, to be hoped that the

frequent references made in the following pages to Part I will not prove too

great a source of confusion or inconvenience to the reader.

Part I of this paper was published in The American Journal of Anatomy,

Vol. II, No. .3, 1903.

American JontxAL of ,\natomy.—^'o^,. V.
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abundance of material the writer has been \iiiable io obtain, and, there-

fore, appreciates thai many modifications, as well as additions, to his

account may possibly be necessary before a comjilete history of the veins

is at hand.

In the tdllowin^u- pages an attempt has been made, on the basis of the

material at liand, to present an account of the development of the post-

cava from a time soon after its first appearance until the adult stage is

reached; also, an account of the development of the azygos veins, as

well as the transformations which the umbilical and omphalomesenteric

veins undergo during the diiferent stages of development.

An attempt to breed opossums in captivity proved only partially suc-

cessful, the failure being due, I am convinced, to the unsuitable condi-

tions which necessarily prevail in my laboratory. ^lost of my Didelphys

material was therefore obtained outside of the laboratory, and, for this

reason, it is impossible to give the exact age in days and hours of any

of the embryos or pouch young studied. It has been possible, however,

by means of Selenka's, 86 and 87, figures and descriptions to approxi-

mate their ages in a few case^ and to establish the fact that the embryo

of Dasyurus which Dr. J. P. Hill, of the University of Sydney, kindly

sent me is, in point of structure, relatively younger than my youngest

Didelphys embryo.

According to Selenka, the interval between copulation and birth in

Didelphys virginiana is about thirteen days (twelve days and twenty

hours), while that lietween copulation and the beginning of cleavage is

five days. In the following list where ages are mentioned the age has

been reckoned from the beginning of cleavage.

List of Material Studied.

1. One Dasyurus embryo measuring about G mm. in length (crown-

rump measurement)." From a comparison of the structure and external

characters of this embryo with that of Selenka's, 86 (Fig. 3, Taf. XXVI),
six days old Didelphys embryo, it is evident that the latter is slightly

more advanced than the Dasyurus embryo, which, in point of structure,

corresponds to a Didelphys embryo of about five and one-half days.

2. Eleven Didelphys embryos averaging 8 mm. in length. From a

comparison of their measurements these embryos may be a few hours

older than Selenka's, 86, (Fig. 3, Taf. XXYI) six days old embryo, al-

though in their external characters the two appear to be identical.

All measurements were made in this manner. Embryos and pouch young

were measured by the writer after fixation.
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3. Three embrvos of Didelphys averaging 11.5-12 mm. in length.

These embryos were kindly presented to me by Dr. Bremer, of Harvard

University, to whom my thanks are -due.

It is a curious fact that these embryos measure more than certain of

the pouch young studied by the writer; a circumstance which shows, as

suggested by Professor Minot, that opossums may vary considerably as

to the degree of development attained before they enter the pouch.

•1. One pouch young of Didelphys measuring 10.5 mm. in length.

Harvard Embryological Collection, No. 614.

5. One pouch young of Didelphys measuring 11.5 mm. in length.

Harvard Embryological Collection, No. 617. This measurement corre-

sponds to that of Selenka's, 87 (Fig. 2, Taf. XXIX), newly-born pouch

young of eight days (eight days after beginning of cleavage), but is ap-

parently not constant for young of this age, since the Harvard specimen,

No. 614, which is undoubtedly the younger of the two, measures only

10.5 mm.
6. Five pouch young of Didelphys averaging about 14 mm. in length.

7. Eight pouch young of Didelphys averaging about 15 mm. in

length. According to measurements these correspond approximately to

Selenka's (87, Fig. 8, Taf. XXX) four days old pouch young (twelve

days from the beginning of cleavage).

8. One pouch young of Didelphys measuring 17 mm. in length.

Preparation of Material.'

The wTiter has experienced no difficulties as regards the fixation of the

embryonic material. Any one of the ordinary fixing agents, such as

picro-sublimate, Perenyi's fluid, or a 10% solution of formaldehyde/

will produce good results. The fixation of the pouch young, however, is

a very difficult matter. In these the epitrichium is so impervious to the

penetration of fluids that the writer has been unable to find any fixing

' I take much pleasure in expressing my thanks and appreciations to the

following gentlemen for the unusual courtesies they have extended to me in

connection with the preparation of this paper: To Professor Charles S. Minot

of Harvard University for the loan of the opossum material in the Harvard

Embryological Collection; to Dr. Bremer of Harvard University for three

opossum embryos and three pouch young; to Dr. J. P. Hill of the University

of Sydney for an embryo of Dasyurus; to Professor Bashford Dean of Colum-

bia University for a number of kangaroo pouch young; to Mr. Stephen S.

Palmer of New York for funds necessary to cover the cosi of several of the

figures and plates in this paper, and to Professor Macloskie and Mr. Silvester

of Princeton University for many helpful suggestions.

* A 10 per cent solution of the 40 per cent commercial formaldehyde.
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iiiit'ut that, with the usual after-treatment, will fix the tissues of the

older pouch vouiiig ^vithout, at the same time, producing a considerable

shrinkage. Although I have not yet had the opportunity of trying this

method, I am inclined to believe that shrinkage can only be avoided by

removing the epitricliiuui liefore tlie pouch young are placed in the fixing

ageut.

Two methods of staining which proved to be most satisfactory for the

study of blood vessels were a combination of Delafield's hematoxylin

and picric acid and one of bleu de Lyon and safranin.

It is evident from the recent investigations of Lewis, 02, that the de-

velopment of the postcaval vein in mammals cannot be adequately con-

sidered without taking into account the role played by the subcardinal

veins, since he has shown that a portion of the right subcardinal

in the rabbit enters into its formation. Lewis' description of the sub-

cardinal veins and his conclusions regarding the origin of the postcava

in the rabbit, are given in the following quotation from his paper

(page 241) :

" Small vessels from the mesentery pass into the cardinals. They

anastomose in front of the aorta with vessels of the other side. They

form a longitudinal anastomosis parallel with the cardinal vein, with

which it is connected b}^ numerous short veins, and from which it is sep-

arated by a line of mesonephric arteries. This longitudinal vessel con-

nected with the cardinal vein at l^otli ends, and bilaterally symmetrical in

its early stages is tlic subcardinal vein."'

" The cross connections between the subcardinal veins give place to a

single large cross anastomosis caudad to the origin of the superior mesen-

teric artery. Above this anastomosis the right subcardinal connects with

the liver and rapidly enlarges; the left subcardinal becomes very small—

Hochstetter says that it forms the left suprarenal of tlie adult. Below

the anastomosis the subcardinals cease to exist as veins; they may persist

as lymph spaces."

" The vena cava inferior is a compound vessel composed of parts of

the heart, the vena hepatica communis, the hepatic sinusoids, the upper

part of the right subcardinal, and the lower part of the right cardinal

vein."

Miller, 03, under the direction of the writer, has followed the develop-

ment of the postcaval vein in birds and has likewise noted and described

a system of veins in the embryo which corresponds exactly to that de-

scribed by Lewis in the rabbit as the subcardinal system of veins. He
also found in birds that a portion of the right subcardinal vein, as in

the rabbit, enters into the formation of the adult postcava and that, in
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addition to this, the subeardinal veins persist in the adult as the left

suprarenal and genital veins.

The veins which Lewis and Miller have described under the name of

" subcardinals " were, so far as known to the writer, first described in

the embryos of birds and mammals by Hochstetter, 88 and 93, who re-

garded them as the homologues of the revehent veins of the Wolffian

bodies in reptiles. In tracing their subsequent development, however,

Hochstetter found that they disappeared for the most part, and were

represented in the adult by only the left suprarenal and possibly the

genital veins in the chick, and by the left suprarenal vein in the rabbit.

In addition to the mammals, Lewis, 04, has also recently described the

subeardinal veins as met with in the selachians (Torpedo and Acanthias).

.amphibians (Necturus) and reptiles (Lacerta) and, in the writer's opin-

ion, has correctly interpreted the role which these veins play in the

formation of the adult renal portal system. He states that in Torpedo

and Acanthias, after fusing to form the genital sinus, the subcardinals

make connections anteriorly with the cranial ends of the postcardinals

and with the latter form the revehent veins of the adult renal portal

' system. In N'ecturus the subcardinals fuse to form an unpaired vessel,

which, after making connections with the hepatic circulation, constitutes

the greater portion of the postcava. In Lacerta the subcardinals also

form a large part of the postcava, although the fusion between the two

veins is less complete here than in Xecturus (Lewis).

Lewis, so far as known to the writer, was the first investigator to in-

terpret the development of the venous system of the selachians and am-

phibians in the terms of the subeardinal veins, and, although I feel con-

fident his interpretations are correct, at the same time a more thorough

investigation of the amphibia is to be desired before any definite conclu-

sion can be established. In reptiles, however, Hochstetter, and, more re-

cently, my pupil Stromsten, 05, have conclusively shown that the veins

which form a large portion of the postcava are the homologues of the

so-called subeardinal veins of birds and mammals. To what extent the

subeardinal veins may be developed in the embryos of vertebrates other

than those mentioned above, it is impossible to state without further

investigation. From our present knowledge of the subcardinals. how-

ever, it is evident that tliey possess so great a morphological significance

in certain vertebrates, that any interpretation of the vertebrate venous

system must necessarily be incomplete witliout, at least, taking into con-

sideration the presence or absence of these veins.

There can be no doubt as to the morphological significance of the sub-

cardinal veins; that their development is primarily eorrelaterl with the
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presence of a renal |)()rtal system as is the ease in selachians, (amphih-

ians), reptiles and the embryos of l)ir(ls. Their presence, therefore, in

the embryos of mammals in which a renal portal system is usually want-

ing' is most suggestive, and indicative of a "ground-type" of venous

SA'stem of which the suhcardinal veins form a constituent element. It is

evident, therefore, from what we at present know of the suhcardinal

veins that they can no longer be regarded as transitory structures of

little importance, since they form an essential and important element of

the embryonic venous system in a number of vertebrates, and are retained

in the adult, to a greater or lesser degree, in accordance with the presence

or absence there of a renal portal system.

Since the suhcardinal veins play such an important role in the devel-

opment of the mammalian postcava (rabbit) it may be well, in order to

better appreciate the conditions in the marsupials, to first give a com-

parative sketch of the transformations which these veins undergo in rep-

tiles, birds and the rabbit.

,

The figures recently published by Miller and Lewis show more clearly

than has hitherto been observed the striking parallelism that exists, up

to a certain period, between the development of the suhcardinal system

in reptiles, birds and the rabbit. In the latter stages, however, this parall-

elism ceases to exist, owing to the divergence from the common ground-

plan which occurs in birds and the rabbit in connection with a partial

degeneration of the suhcardinal veins. For convenience of description,

therefore, the transformations which the suhcardinal veins undergo will

be considered as they occur under the following periods: I. Period of

parallelism— (a) before postcava is formed, (b) after postcava is formed;

II. Period of divergence.

I. Period of Parallelism.

(a) Before Postcava is Fanned.—According to Hochstetter, 92,

upon whose investigations the following account of the development of

the reptilian venous system is based (Lacerta), the veins which subse-

quently become the Vv. revehentes anteriores and posteriores of the

mesonephroi at first convey blood to these organs. These veins are

branches of the caudal vein in Lacerta, but in Tropidonotus arise inde-

pendently of this vein at the caudal end of the mesonephroi. They con-

sist at first of two bilaterally symmetrical vessels (Text Fig. 1) which

lie on the ventromedial side of the mesonephroi (see Hochstetter, 92,

' See reference to Perameles imder Resume and General Considerations

(page 223).
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Fig. 5, Plate XV), anastomose with the postcardinals, give off branches

to the mesonephroi and receive tributaries from the tissue ventral to the

aorta.
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Figs. 1. 2 and 3. Diagrams illustrating the development of the veins in

Lacerta. After Hochstetter.

At a certain ])oriod of development the sul)carilinal vi'ins of !)irds

(chick, ninety hours) and the ral)bit (twelve days and twelve hotirs)

have recently I)een shown ])y ^liller (03, Figs. 1 and 4) and Lewis (02,

12
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Toxt Fig. 7 and Figs. 1 and 2, Plate 1), rospeetively, to attain a high

degree of develo])nient and to consist, as in reptiles, of two l)ilaterally

symmetrical vessels wliich hold the same relation to the mesonejihroi and

postcard inal veins as the hubcardinals do in reptiles.

(I)) After Postcard is Formed.—In connection witli tlie develop-

ment of the postcava in reptiles the groivad-plan of the venous system,

as represented hy Text Fig. 1, undergoes considerable modification. The

proximal or hepatic portion of the impaired postcava in Lacerta grows

caiidad from the Y. hepatica revehens dextra and, at a point slightly

craniad of the origin of the omphalomesenteric artery, anastomoses with

both subcardinal veins at a point which, for convenience of description,

may be designated as the hepatico-snbcardinal junction. The subcardinal

veins also anastomose with each other caudad of this artery so that a

complete venous ring, ventral to the aorta, is formed about the origin

of the omphalomesenteric artery (Text Fig. 2). This condition is only

temporary, however, since the anastomosis craniad of the omphalomes-

enteric artery between the subcardinal of the left side and the hepatic

portion of the postcava is not long retained, with the result that the right

side of the venous ring (a portion of the right subcardinal) enters into

the formation of a portion of the unpaired postcava (pars subcardinalis.

Text Fig. 3). Correlated with the above changes the caudal vein (La-

certa) gives up its connections with the subcardinals (Text Fig. 3) and

joins the postcardinals so that the latter, after giving up their connec-

tions with the ducts of Cuvier, function as the advehent veins of the

niesonephroi. The subcardinal veins, on the other hand, through their

connection with the unpaired portion of the postcava, function as the

anterior and posterior revehent veins of the mesonephroi. The posterior

and left anterior revehent veins open into the cross anastomosis between

the subcardinals behind the omphalomesenteric artery ; wliile the right

anterior revehent vein opens into the unpaired portion of the postcava,

somewhat craniad of the anastomosis at the hepatico-subcardinal junc-

tion (Text Fig. 3).

A ground-plan of the venous system similar to that last descrilied for

reptiles (Text Fig 3) is also met with in the embryos of birds (chick,

five days incubation) and the rabbit (thirteen days) as described and

figured by Miller (03, Fig. 6) and Lewis (02, Figs. 3 and 4, Plate 1" and

Figs. 5 and 6, Plate 2), respectively. In the case of both the birds

(Text Fig. 4) and the rabbit (Text Fig. G) the subcardinal veins have

anastomosed with each other caudad of the origin of the omphalomesen-

teric artery and the right subcardinal has been " ta])ped "' by the hepatic

circulation at the hepatico-subcardinal junction. The subcardinal sys-
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tiMu is now represented in birds and the rabbit, as in reptiles, (1) by an

anterior and posterior pair of revehent veins which hold the same rela-

tions to the unpaired postea\a and cross anastomosis between the sub-

cardinals, as the anterior and posterior revehent veins in reptiles; and

(2) by a portion of the unpaired postcava (pars subcardinalis) which

consists, approximately, of that portion of the right subcardinal vein

which is included between the hepatico-subcardinal junction and the

cross anastomosis.

It is evident from Hochstetter's figures and description of the veins

in Lacerta that the right side of the venous ring which is formed around

the origin of the omphalomesenteric artery, and which enters into the

formation of the unpaired postcava is derived from the right subcardinal

vein. Such being the case, we then have in Lacerta a portion of the un-

paired postcava which corresponds in its relations to the subcardinal por-

tion of the postcava descril)ed above for birds and the rabbit, since the

right side of the venons ring in Lacerta is composed of that portion of

the right subcardinal, which is included between the hepatico-subcardinal

junction and the original cross anastomosis between the two subcardinals.

Miller, 03, has shown that in chick embryos the subcardinal veins may

occasionally, as in reptiles, form a venous ring around the origin of the

omphalomesenteric artery and has kindly permitted the writer to pul)-

lish his reconstruction of the same (Text Fig. 8). Although Miller did

not publish this figure in his paper, he descril)ed it as follows on page

291: "At about the stage from which Fig. 6 was taken (fifth day of in-

cubation) the writer found a most interesting exception to the general

plan of development of the subcardinal system in birds, which exception

shows a striking combination of the conditions described by Hochstetter

in reptiles and Echidna. Anterior to the origin of the A. omphalomes-

enterica and ventral to the aorta there is present a large anastomosis

between the right and left sulK-ardinals, just caudal to the point where

the postcava joins the right sul)cardinal. Such a renuirkable similarity

to the conditions found in the earlier stages of reptilian development is

certainly unusual.'' Tlie reference to Echidna mentioned in the above

quotation does not refer to the formation of a venous ring al)out the

artery, but to the secondary anastomosis between the subcardinals, as

shown in the reconstruction.

There can be no doubt as to the sul)cardinal character of the right side

of the venous ring in Miller's figure of the chick and, also, that it corre-

sponds, in all essential details, to tlie right side of the ring in Lacerta.

At the stages of development represented by Text Figs. 3. 4 and G, it

is, therefore, seen that the unpaired ])ostcava, as thus far developed, con-
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sists in roptilos, birds and the rabl)it of two principal subdivisions which

are i>-enetically independent of each otlier ; one of which is formed be-

twecMi tlie sinus venosns and the liepatico-sidicardinal junction and the

otlu'r between tlie hitter and the cross anastomosis lietween the sul)cardi-

nals. Tlie latter subdivision is formed in all three cases from a portion

of the riulit subcardinal vein: while the former has a somewhat different
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hinder end of the hody and the postcava. By this means the blood may
flow directly to the heart without passing through the mesonephric cir-

culation, as is the case in reptiles (Text Fig. 3) and the embryos of

birds (Text Fig. 4 and 8) in which a renal portal system is present (see

Miller, 03, Fig. (!).

II. Period of Divergence.

The final changes wliicli take place in connection with the development

of the venous system, subsequent to those represented by Text Figs. 3,

4 and 6, and which lead up to the adult condition are in reptiles, birds

and the rabbit somewhat divergent.

In reptiles the fundamental plan of the venous system as represented

by Text Fig. 3, is, with slight modifications, retained in the adult. The
posterior revehent veins which remain, for the most part, separate in

Lacerta and snakes and fuse to form a single vein in turtles (Stromsten,

05) function as the revehent veins of the permanent kidneys. The ad-

vehent veins, on the other hand, are formed from the caudal divisions of

the postcardinals which, after giving up their connections with the ducts

of Cuvier, return blood from the hinder end of the body to the permanent

kidneys.

In order to attain the adult condition in birds (Text Fig. 5), in which

a renal portal system is absent," the Vv. renales magnas (the revehent

veins of the permanent kidneys) grow caudad from the caudal end of

the postcava (pars subcardinalis) and, at the level of the external iliac

veins, anastomose with the postcardinals. A continuous channel

is thereby established, on each side, between the hinder end of the body

and the postcava through which the blood may flow without previously

passing through the mesonephric circulation (see Miller, 03, Fig. 7).

The postcardinals which lie craniad of their anastomosis with the

great renal veins atrophy, while,those which lie caudad of the same fuse

at their caudal ends and persist in the adult as the so-called internal

iliac veins (Miller). Unless the unpaired portion of the postcava to-

gether with the internal iliac veins (postcardinals) may be regarded as

representing a type of bifurcated or double postcava, it is evident that

the postcardinal veins or any part of the same do not, in birds, as in the

rabbit, enter into the formation of the adult postcava. since the latter

'Parker and Haswell, 97 (page 375), figure and describe tlie presence of a

partial renal portal system in adult birds (pigeon). This system in the adult,

however, differs fundamentally from that in the embryo in that the revehent

veins (Vv. renales magnae) are independent formations and are not formed

from the subcardinal veins.
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toriiiinatcs in birds at the caiidal end of the pars subcardinalis which, in

addition to the portion which is develoi)ed lietween the heart and the

hcpatico-suhcardinal jnnction, constitutes the postcava in the adnlt.

The suhcardinal system is represented in the adult bird by the follow-

ing veins : The left anterior revehent vein forms the left suprarenal ; the

right anterior revehent probably atrophies; the section of the right sub-

cardinal included between the hepatico-subcardinal junction and the

original anastomosis between the two subcardinals forms the pars sub-

cardinalis of the postcava, and the two posterior revehent veiris enter

into the formation of the genital veins.

In birds the azygos veins, as met with in the rabbit, are not developed

;

their place being taken, for the most part, by the newly formed posterior

vertebral veins (Text Fig. 5) which open, on each side (chick) into the

precava in common with the internal jugular and the subclavian veins

(see McClure, 03, page oSl).

In the rabbit the fundamental plan of the venous system, as repre-

sented by Text Fig. (i, undergoes a number of changes before the adult

stage is reached.

The section of the right postcardinal vein which lies caudad of its anas-

tomosis with the pars subcardinalis of the postcava, after forming a col-

lateral channel on the medial side of the ureter (Text Fig. 6), consti-

tutes in the adult that portion of the postcava which lies caudad of the

renal veins (Text Fig. 7). The corresponding section of the left post-

cardinal atrophies with the exception of a small portion at its proximal

end which usually persists as the left spermatic vein, and of a portion at

its caudal end wliieli fuses with the postcardinal of the opposite side to

form the common internal iliac vein. The postcava of the adult rabl)it

is thus seen to be a compound vessel which is formed from four distinct

sets of veins: The vena hepatica communis, the hepatic sinusoids and

portions of the right suhcardinal and right postcardinal veins.

Correlated with the completion of the adult postcava in the rabbit a

number of changes, also take place in connection with the remaining por-

tions of the postcardinal and suhcardinal veins. The postcardinals which

lie craniad of the level of the renal veins entirely disappear with the ex-

ception of the proximal end of the vein of the right side which persists as

the common trunk of the newly formed azygos veins. Also, with the ex-

ception of a section of the right suhcardinal which enters into the forma-

tion of the adult postcava, a portion of the left suhcardinal which forms

the left suprarenal, and possibly a portion of the right which forms the

right suprarenal vein ( Hochstetter, 03), the suhcardinal veins are com-

pletely lost at the time the adult stage is.reached.
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TlIK l)r.\ KI.OI'.MKXT OF THE VeNOUS SySTEM IN MaRSITIALS.

All of my marsupial embryos, as stated al)OY0, are too advanced to

definitely determine tlie earliest stages in the development of the postcaval

vein, as well as the condition presented by the subcardinal veins at a
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Fig. 9. Reconstruction of the venous system of a 6 mm. embryo of

Dasyurus. Ventral view.

time before the postcava is formed. There can be no donbt, however, so

far as the subcardinal system is concerned, that it plays the same role in

the marsupials, as thus far examined, as in the rabbit (Text Fig. 6), in

which it enters into the formation of a portion of the postcava, as well as
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into that of tlic antcrioi- and posterior rcvchont veins. This is clearly

shown to h(> tlu> case by the reconstructions of the venons system of the

() nun. Dasyurus (Text Fi^". !•) and S mm. Didelpliys embryos (Text

Fi^y. Ill) in which the <?round-]>hin is fundamentally the same as that de-

scribed by Lewis. 02 (Plate I, Figs, li and 4), for a rabbit embryo of

thirteen days, where the right and left subcardinals have anatomosed in

the median line, caudad of the origin of the omphalomesenteric artery,

and the right suln-ardinal has been "tapped"' liy the he|)atic circulati-<in.

The point at which the right subcardinal vein makes connection with

the hepatic circulation is designated by the writer in the following pages

as the hepatico-suhcardlniil junction.

On account of the bilateral symmetry of its subcardinal veins the

(S mm. embryo of Dasyurus undoubtedly represents a stage of develop-

ment which is relativelv earlier than that of the S mm. embryo of Didel-

pliys, and, for purposes of comparison with the latter, a reconstruction

of its venous system has been added to the text (Text Fig. 9).

The Yexous System of the 8 :\[m. P^mbryos of Didelphys.

The Postcardinal Veins.—In the majority of the 8 mm. embryos of

Didelphys (Text Fig. 10) the postcardinal veins can be traced as contin-

nous vessels between the ducts of Cuvier, into which they open dorsal ly,

and the caudal end of the body where they are formed, on each side,

through the union of the internal and external iliac veins. Caudal to the

ori,gin of the omphalomesenteric artery each postcardinal vein joins the

root of the postcava by means of a single large anastomosis. The post-

cardinals which lie caudad of this anastomosis with the postcava are ves-

sels of large size and constitute its principal, though not direct, caudal

continuation ; the latter being formed l)y the right posterior revehent vein

(subcardinal). The relation of the postcardinal veins to the mnbilical

arteries is most complex and will be treated more fully in connection with

another topic. It may bo mentioned here, however, that the umbilical

artery of each side, instead of lying ventral to the postcardinal vein as in

most mammalian embryos or dorsal to the same as in Echidna (Hoch-

stetter) and the 6 mm. embryo of Dasyurus (Text Fig. 9), is encircled

by a circumarterial venous ring.

Craniad of the anastomosis with the postcava the postcardinals are

much reduced in size and slightly caudad of their union with the ducts

of Cuvier each postcardinal receives a tributary which can be traced

caudad for only a short distance as a continuous vessel. These two trib-

utaries (Fig. 31, Plate II and Text Fig. 10) which lie lateral or dorso-
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lateral io the aorta and ventral to its segmental branches, appear to be

formed thnmuli a lonigitudinal anastomosis between branches of the post-

cardinals and undoubtedly represent a portion of the future azygos sys-

tem of veins.

77/ (• I'ostrava.—The ])ostcava of the 8 mm. embryos of Didelphys
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Fig. 10. Reconstruction of the venous system of an 8 mm. embryo of Didel-

phys. Ventral view.

(Text Figs. 10 and 11), which represents only a portion of this vein as

met with in the adult, is a vessel of relatively greater size than that

found in the Dasyurus embryo. It extends as an unpaired vessel between

the sinus venosus and a point slightly caudad of the origin of the ompha-

lomesenteric artery Avhere it anastomoses with the right and left post-

cardinal veins which form its principal caudal continuation, and where

it also receives the left anterior and the two posterior revehent veins.
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Between tlie sinus venosus and tlie ]ioint wliere it receives the right an-

terior rcvehent vein (hepatico-subcardinal junction. Text. Fig. 11) the

postcava, at its cranial end, occupies a position ventral to the right lung

(Fig. 31, Plate II), and further caudad is embedded in the liver. Here
it receives the following trilnitaries (Text Fig. 10) : (a) One or two
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Fig. 11. Dorsal view of the venous system of an 8 mm. embryo of Didel-

phys. Semi-diagrammatic.

hepatic veins from the right side of the liver {\. hepatica reveheus

dextra)
;

(b) a large hepatic vein from the left side of the liver (V.

hepatica revehens sinistra) which opens into the postcava in common

with the hepatic continuation of the umbilical veins; (c) the continuation

of the omphalomesenteric vein which, after tunnelling the liver, opens

into the postcava independently of the umbilical veins and finally, (d) a

number of small hepatic veins which open at irregular intervals. Be-
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twciMi till' sinus Ncnosus and tlu> hepatico-subcardinal junction (Toxt

Fig. 11) the |i()steava is without doubt formed, as in tlie rabbit, inde-

pendently of the right snbcardinal Ncin. 'V\]o remaining portion of the

unpaired posteava, that section of the vein whicli lies caudad of the

liepatico-snbcardinal junction, is formed from the right snbcardinal vein

witli tlie exception of a portion near the hepatico-subcardinal junction

wliieli is partially embedded in the parenchyma of the liver and which is

formed from the hepatic sinusoids in conjunction with the right sub-

cardinal vein. The term hepatico-subcardinal junction refers to the

most cranial of the anastomoses that may exist between the right sub-

cardinal and the hepatic circulation (Text Fig. 11) since in some cases

the section of the posteava which is formed from the hepatic sinusoids

and which lies partially embedded in the liver does not fuse along its en-

tire extent, but only at intervals, with the right snbcardinal vein. Fig.

34, Plate II, represents the section preceding and Fig. 35, Plate II, a

section taken through the hepatico-subcardinal junction in which it is

seen that ventrally the posteava is formed by hepatic sinusoids and dor-

sally by the right snbcardinal vein. Slightly caudad of the hepatico-sub-

cardinal junction the posteava lies upon the dorsal surface of the liver

(Fig. 36, Plate TI), where, as well as caudad of the liver itself (Figs.

37 and 38, Plate III), it occupies the same relative position with respect

to the mesonephros and suprarenal body and, with the exception of those

from the liver, receives the same class of tributaries as the anterior reve-

hent vein of the left side (left snbcardinal). These tributaries are veins

from the suprarenal body, the mesonephros, the genital anlage and from

the tissue ventral to the aorta. Finally, the ]iars subcardinalis of the

posteava does not, as in Dasyurus, anastomose at intervals along its course

with the right postcardinal vein ; the absence of such connections being

probably correlated with the degeneration of the postcardinal vein.

The Anterior Reveheiit Veins.—The right anterior revehent vein (Text

Fig. 11 and Fig. 34, Plate II) is derived from that portion of the ri,ght

snbcardinal wdiich lies craniad of the hepatico-subcardinal junction. The

left anterior vein (Figs. 10 and 11 and Figs. 34, 35 and 3(i, Plate II, and

Fig. 37, Plate III) consists of that portion of the left snbcardinal which

lies craniad of the anastomosis (Fig. 38, Plate III) between the two

subcardinals. In the 8 mm. embryos of Didelphys this anastomosis be-

tween the two subcardinals (cross anastomosis) is, as a rule, more exten-

sive and complete than in the 6 mm. embryo of Dasyurus so that the left

anterior revehent vein usually has the appearance of opening into the

posteava rather than being directly continuous caudad, as in the Dasyu-

rus embryo (Text Fig. 9), with the left posterior revehent vein. In one
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of till' S inni. enil)i-V()s, however, th(> fusion hetween the two suheardinals

was not as complete as in some of the others so that the left anterior re-

vehent vein could be traced directly craniad from the left posterior re-

vehent vein (See Text Fig. 12). Both of the anterior revehent veins

occupy the same relative position in the embryo with respect to the supra-

renal bodies and the mesonephroi and, with the exception of the direct

anastomoses with the postcardinals which are wanting, receive the same

class of subcardinal tributaries as the corresponding veins in the (> mm.
embryo of Dasyurus.

The Posterior Eerelieitt Veins.—The right and left posterior revehent

veins (suheardinals) which lie caudad of the cross anastomosis can. in
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Fig. 12.

Fig. 12. Reconstruction of the venous system of an 8 mm. embryo of Didel-

phys in tlie region of the original cross anastomosis between the suheardinals.

Ventral view.

most of the 8 mm. emlnwos, be traced as continuous vessels between the

cross anastomosis, into which they open cranially, and the hinder end of

the body where they sometimes aid in the formation of the venous rings

which encircle the uml)i Ileal arteries. Each posterior revehent vein lies

ventral to the mesonejihric arteries on the medial side of the mesonephros

and receives tributaries from the latter as well as from the genital anlage

and tis.>ue ventral to tlie aorta (Fig. 39, Plate III). Each vein also

anastomoses at intervals along its course with the postcardinal vein of the

same side as well as with a complicated system of vessels which, for the

most i)art, lies doi'sal or dorsohilcral to it and which I shall describe under

the name of the cttrdiiKil colhilenil system of veins ( \'v. cardinales col-

laterales).
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C'onvlatcMl with tlic atropliy of the niosoucplwoi. tlu> cai'diiial collateral

veins, or veins which are tlerived from them, assume the function of the

postcardinals in returning' the blood from the hind limbs and pelvic re-

gion to tlu' root of the ))ostcava (|)ars suhcai'dinalis) ; and, after fusing

ventral to the aorta, constitute the greater portion of the stem of the

postcava whicli is developed caudad of the original cross anastomosis be-

tween the subcardinals. From a physiological standpoint the cardinal

collateral veins of Didelphys may be said to correspond to that portion

of the postcardinal in the cat and rabbit which is formed on the medial

side of the permanent kidney and ureter, respectively.

The Cardinal CoUatei-al Veins.—The cardinal collateral veins, as rep-

resented in the reconstructions (Text Figs. 10 and 13) and in section

(Figs. 40 and 41, Plate III) constitute an extremely complicated system

of vessels which, in the 8 mm. eml)ryo. are so irregular in character that

it is difficult, at this stage, to assign to them any definite ground-plan

arrangement which may be regarded as characteristic of these veins in

general.

In some of the 8 mm. embryos examined the cardinal collateral veins

appear to be present, for the most part on one side (Text Fig. 10), while

in others they approach a bilateral arrangement as represented by Text

Fig. 13. They may anastomose in front with the postcardinals (Text

Fig. 10, left side) or, as is usually the case, with the root of the postcava

as in Text Fig. 13. They may also extend caudad, on each side, parallel

to the postcardinals either as single vessels or as a network of vessels

which spread out in the space ventral to the aorta as in Text Fig. 13.

The cardinal collateral veins often anastomose with each other in the

median line ventral to the aorta (Text Fig. 10) ; they may also form

frequent anastomoses with the postcardinal and posterior revehent (sub-

cardinal) veins and, on being traced caudad, appear, in some cases to be

directly continuous with that portion of the circumarterial venous ring

which encircles the umbilical artery ventrally (Text Fig. 13, left side).

In a few cases the cardinal collateral veins could be traced for a short

distance caudad of the circumarterial venous rings where they appeared

to terminate in capillary vessels (Text Fig. 13).

The question as to origin of the cardinal collateral veins is difficult of

solution and with the material at hand impo'ssiljle to determine definitely.

They do not, however, appear to be formed through a longitudinal anas-

tomosis between the dorsal somatic branches of the postcardinals. but

rather through a longitudinal anastomosis l)etween the cross connections

which exist between the post and subcardinal veins.

Having considered the postcardinal, cardinal collateral and posterior
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iwelu'iit (siibeardinal) veins of the 8 mm. emhrvo of Didelphys, we arc

now in a position to consider the circumarterial venous rings or loops

which encircle the umbilical arteries.

The Circumarterial Venous Rings.—It has been stated aljove, as well

as in a preceding paper (MeClnre, 02), that in the 8 mm. embryos of

Didelphys the umbilical arteries, instead of lying ventral to the post-

cardinal veins, as in most mammals, or dorsal to the same, as in Echidna
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Fig. 13.

Fig. 13. Partial reconstruction of the venous system of an 8 mm. embryo of

Didelphys showing the cardinal collateral and posterior revehent veins and

the venous rings which encircle the umbilical arteries. Ventral view.

( Iloehstetter) and Dasyurus (Text Fig. 9), are encircled near their origin

by complete circumarterial venous rings. These venous rings are situated

slightly craniad of the point of junction of the external and internal

iliac veins, and, so far as their general make-up is concerned, are ex-

tremely variable in character, not only in the different embryos, but even

upon opposite sides of the same individual. Two main types of venous

rings may be distinguished :—One in which the portion of the ring which
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eiU'irc-K's the umhilifal artery ventrallv ])ossesses a caliber either

subeiiual with or greater than that which encircles it clorsally, as in Text

Fig. 10 and Fig. 42. Plate III; the other, in which the portion of the

venous ring whieh encircles the umbilical artery ventrallv possesses a

smaller caliber than that which encircles it dorsally as in Text Fig. 13

and Fig. 41, Plate III. The latter type of ring is by far the more com-

nu:)n of the two since, with one exception, it was characteristic of all the

S mm. eml)rvos examined.

As regards the veins which enter into the formation of these venous

rings there is also considerable variation and, in some cases, it is quite

impossible to determine definitely how these rings are formed. In all

of the rings the portion which encircles the umbilical artery dorsally is

formed by the postcardinal vein. The portion of the ring wdiich encircles

the umbilical artery ventrallv, however, may be formed exclusively by

the cardinal collateral vein as in Text Fig. 13 (left side), or by a vein

which appears to be formed as the result of a fusion between the cardinal

collateral and posterior revehent (subcardinal) veins. In addition to

the above, in one embryo (Text Fig. 10) the circumarterial venous rings

appear to be formed exclusively by the postcardinal veins, although it is

impossilile to determine in this case to what extent the cardinal collateral

veins may have also entered into their formation.

The variable character of these circumarterial venous rings fore-

shadows the unusual variations recently described by the writer in Part

I of this paper as regularly occurring in the adult, and the relationship

which exists between the two will be considered in connection with an-

other topic.

The presence of circumarterial venous rings about the origin of the

umbilical artery is not so uncommon as is generally supposed to be the

case. The writer has recently observed these rings in the embryos of a

lizard (Sceloporus undulatus). Hochstetter, 88, and Miller, 03, have ob-

served them in the embryos of the chick and the English sparrow (Passer

domesticus), respectively, and Lewis, (02, Figs. 7 and 8, Plate 2) has

recently figured them as occurring in a rabbit emlu'yo of 1-1.5 mm. in

length. In Sceloporus the portion of the ring which encircles the um-

bilical artery dorsally disappears before the adult condition is reached,

while in birds, as well as in the rabl)it. it is the ventral portion of the

ring that atrophies. In Sceloporus and l)irds the portion of the ring

which is not formed from the postcardinal vein appears to be f(U-med

through a longitudinal anastomosis of the somatic branches of the [jost-

cardinals, while in the rabl)it it appears from Lewis' figures as if it might

be formed from the subcardinal vein. Whatever the case mav be, I am
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inclined to believe that some of the abnormalities which are met with in

adult mammals, in which the internal iliac artery passes through a fora-

men in the common iliac vein, as described by Treadwell, 96, McClure,

00, (1) and Weysse, 03, may be accounted for on the ground that they

represent instances in which these embryonic circumarterial venous rings

have persisted in the adult.

Up to this point we have considered more or less in detail the general

plan of the venous system as met with in the 8 mm. embryo of Didelphys

and, since the latter represents the youngest stage of Didelphys possessed

by the writer, its venous system may be taken as the starting point from

which may be traced the subsequent transformations that' lead up to the

adult condition. From now on, therefore, and beginning with the 8 mm.
embryo of Didelphys, we will trace in a connected manner through the

different stages of embryos and pouch young possessed by the writer the

transformations which the different portions of the venous system un-

dergo before arriving at the adult stage.

The Azygos Veins.

In the adult of Didelphys there is, as a rule, but one azygos vein pres-

ent and that is situated on the left side (Fig. 28, Plate I). At its cranial

end it opens into the left precava about opposite the head of the third

rib, while at its caudal end it invariably joins the postcava caudad of the

renal veins and about opposite the second lumbar vertebra. Between its

point of union with the postcava and about the middle of the tenth tho-

racic vertebra, the left azygos vein lies dorsal to the segmental branches

of the aorta; between the tenth thoracic vertebra and its connection with

the precava, however, it lies ventral to these branches (see McClure, 03,

pp. 381-2 and Fig. 28, Plate I, at the end of this paper).

The right azygos vein, when present in the adult, opens into the pre-

cava about opposite the head of the second rib. It is always a small and

insignificant vessel, and its tributaries are confined to the first five inter-

costal spaces of the right side.

In the 8 mm. oml)ryo of Didelphys, as stated above, each postcardinal

receives a tributary slightly caudad of its junction with the duct of Cu-

vier (Text Figs. 10 and 11). Each tributary, which can be traced caudad

for only a short distance, lies lateral or dorsolateral to the aorta (Fig. 31,

Plate II) and vontral to the latter^s segmental branches. These two

tributaries, as stated above, which appear to be formed through a longi-

tudinal anastomosis between the somatic branches of the postcardinals,

together with the proximal ends of the two postcardinals, undoubtedly

constitute the anlages of the right and left nzygos veins.

13
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It is a curious fact that tlic azygos veins are more advanced in develop-

ment in the 11.5-12 mm. embryos than in the youngest of the pouch young

studied by the writer (10.5 mm.). This circumstance clearly proves

that the opossums are not born, in all cases, at a corresponding period of

development, but that some are born at a more advanced stage than others.

In order, therefore, to give a connected account of the development of the

azygos system it will be necessary to describe the conditions as met with

in the 11.5-12 mm. embryos after those of the youngest pouch young

have been considered.

In the 10.5 mm. pouch young two azygos veins are present in the tho-

racic region which, as in the 8 mm. embryo, open dorsally into the ducts

of Cuvier, the opening of the right vein being somewhat craniad of that of

the left. These two veins, as stated above, are formed from the cranial

ends of the two postcardinals as well as from veins which have united

with the latter and which have probably been formed through a longi-

tudinal anastomosis between the somatic branches of the postcardinals.

The right azygos can be traced caudad from its connection Avith the

duct of Cuvier for about 89 sections where it appears to termi-

nate as a small capillary vessel which lies on the ventral surface of the

vertebral column. The left azygos is, however, of much greater extent

and can be traced caudad as a continuous vessel for about 156 sections

where it then appears to terminate in the region slightly caudad of the

point where the omphalomesenteric vein enters the liver. Each azygos

vein, along its entire extent, lies dorsolateral to the aorta and ventral to

the segmental arteries and, at intervals along its course, receives tribu-

taries from the body walls contiguous to the vertebral column (Fig. 43,

Plate III). Somewhat caudad of the apparent termination of the left

azygos vein (37 sections) small capillary vessels are met with which lie

in the tissue dorsal and dorsolateral to the aorta and dorsal to the seg-

mental arteries, which become more prominent near the origin of the

omphalomesenteric artery and especially so, further caudad, in the neigh-

borhood of the permanent kidneys (Fig. 46, Plate lA-"). These vessels

can be traced without difficulty caudad of the anastomosis between the

pars subcardinalis and the postcardinal veins where they form frequent

anastomoses with vessels which lie in the tissue ventral to the aorta

(Figs. 47 and 48, Plate IV). These latter or ventral vessels with which

they anastomose (Figs. 47 and 48, Plate IV) are, in my estimation, rep-

resentatives of the cardinal collateral veins which have been described

above in connection with the S mm. cnil)ryos. They can be traced caudad

almost as far as the origin of the umbilical arteries, but whether they

join the postcardinal veins at their caudal ends I am unable to determine

definitelv.
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The separation of the azygos SA'stem into two subdivisions (thoracic

and lumbar) is a marked feature at this stage of its development. The

separation may, however, be apparent rather than actual since a capillary

anastomosis may exist between the two which cannot be determined in

section. In later stages the two subdivisions do become connected so that

the blood from the lumbar azygos tributaries is returned to the heart, for

the most part, by the left thoracic azygos vein. In the 10.5 mm. pouch

young, however, the large size of the azygos veins in the lumbar region

precludes the possibility of any such route for all of the blood collected

by them; and I am, therefore, inclined to believe that it is returned, for

the most part, through capillaries directly to the postcava, which is the

course pursued at a subsequent stage of development in Avhich large and

frequent anastomoses are formed between this vessel and the lumbar

azygos veins.

In the 8 mm. embryo the azygos veins of the lumbar region have not

as yet been formed and this region is drained by the dorsal somatic trib-

utaries of the postcardinal veins. This circumstance leads one to infer

that the lumbar azygos veins as met with in the 10.5 mm. pouch young

may also be formed from branches of the postcardinals and in the same

manner as a portion of the azygos veins in the thoracic region, although,

on account of the lack of intermediate stages, it is impossible to deter-

mine this question.

The azygos veins in the 11.5 mm. pouch young appear to present the

same arrangement as in the preceding stage, although on account of the

circumstance that the specimen was cut along the frontal plane it is dif-

ficult to determine the exact extent of the thoracic azygos veins, as well

as whether a direct anastomosis exists between them and the azygos veins

of the lumbar region. There can be little doubt, however, if such an an-

astomosis exists that it is still of minor importance as compared with

that at a later stage, and that the thoracic and the lumbar azygos veins

are, as in the 10.5 mm. pouch young, practically independent of each

other.

At the caudal end of the body the sections are cut almost at right

angles to the long axis of the body so that in this region the lumbar

azygos veins are not difficult to follow.

In the region of the permanent kidneys and craniad of the point where

the left anterior revehent vein joins the postcava (Fig. 19, Plate IV)

the lumbar azygos veins are extremely prominent and lie, for the most

part, dorsal to the segmental branches of the aorta. Between its junc-

tion with the left anterior revehent vein and that with the two post-

cardinals, the postcava gradually approaches the aorta and in the region
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dorsal to this section of the postcava the hiinbar azygos veins send trihii-

taries into the tissue ventral to the aorta. Tliese tributaries, if they do

not already anastomose by means of capillaries with the postcava are

at least preparing to do so, since direct anastomoses between these two

veins are of constant occurrence in this region in more advanced stages.

Slightly caudad of the junction of the two postcardinals with the post-

cava the lumbar azygos system anastomoses with the left postcardinal

vein( Fig. 50, Plate IV) and further caudad becomes continuous with

small vessels (cardinal collaterals, Fig. 51, Plate IV) which lie, one on

each side, ventrolateral to the aorta between the aorta and the ureter,

and which frequently anastomose with each other ventral to the aorta

(Fig. 52, Plate IV). As in the case of the 10.5 mm. pouch young, I

have been unable to establish a connection between the caudal ends of

these vessels and the postcardinal veins.

In the 11.5-12 mm. embryos the permanent kidneys have not migrated

as far forward as in the 11.5 mm. pouch young. The postcardinal veins

present the same arrangement as in the 10.5 and 11.5 mm. pouch young

and still form the principal route by means of which the blood reaches

the root of the postcava from the mesonephroi, the hind limbs and pelvic

region. The azygos system, however, appears to be more highly developed

in these embryos than in either the 10.5 or 11.5 mm. pouch young, a

circumstance which has already been mentioned.

The right and left azygos veins in the thoracic region open, as in the

preceding cases, into the ducts of Cuvier. Instead, however, of termi-

nating blindly at their caudal ends, as in the 10.5 mm. pouch young, they,

or at least the vein of the left side, are now directly continuous with the

lumbar azygos veins so that a continuous chain of veins can be traced

from the ducts of Cuvier to the hinder end of the body. The Junction

of the left anterior revehent vein with the postcava still forms a promi-

nent landmark at this stage of development, and the section of the un-

paired postcava which lies caudad of this junction has become somewhat

elongated and anastomoses freely with the lumbar azygos veins (Fig. 5-1,

Plate V). Also, slightly caudad of the root of the postcava. the lumbar

azygos veins, by means of ventral prolongations, anastomose with tlie

postcardinals (Fig. 55, Plate V), and then become directly continuous

with the cardinal collatei-al veins which lie ventrolateral and ventral

(Fig. 56, Plate V) to the aorta between the two postcardinals.

The azygos veins of the thoracic region still occupy a somewliat dif-

ferent position from that occupied by the azygos veins of the lumliar re-

gion. In the thoracic region they lie ventral to the segmental brandies

of the aorta, while in the lumbar region they lie, for the most part, dorsal

to these branches.
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The cardinal collateral veins in the 11.5-12, as in the 8 mm. emhryos,

constitute an extremely complicated system of vessels which lie in the

tissue ventral and ventrolateral to the aorta between the postcard inal

veins (Fig. 56, Plate V). Here they form frequent anastomoses with

the postcardinals and with veins which occupy the position of the pos-

terior revehent veins (subcardinals). They, also, at their caudal ends,

join the postcardinals and appear, as in the 8 mm. embryos, to form

the ventral portions of circnmarterial venous rings which encircle the

origins of the umbilical arteries.

In the 14 and 15 mm. pouch young of Didelphys the azygos veins

show a marked advance in their development over that met with in the

preceding stages; an advance which is undoubtedly correlated with the

degeneration of the mesonephroi and the mesonephric divisions of the

postcardinal veins.

A right and a left azygos vein are present in the thoracic region. The

vein of the right side is small in caliber and, on being traced caudad,

appears to terminate in the thoracic region. The vein of the left

side possesses a large caliber at its cranial end, but gradually dimin-

ishes in size from before backward where, as a rule, it becomes

directly continuous with a single azygos vein of the lumbar region. Al-

though a direct anastomosis is established between the azygos veins of

the lumbar and thoracic regions the character of the connection is such

that the two systems, even at this stage of development, are, as in the

preceding stages, practically independent of each other.

The right thoracic azygos along its entire extent lies ventral to the

segmental branches of the aorta. The left thoracic azygos, for a portion

of its course, occupies the same relative position, but, at the caudal end

of the thoracic cavity, where it becomes continuous with the lumbar

azj'gos vein, it lies dorsal instead of ventral to these arteries.

The lumbar azygos system is represented by a single vein which lies

dorsal to the segmental branches of the aorta. It increases in size from

before backward and in places frequently possesses a caliber as large as

that of the postcava (Fig. 57, Plate V). The renal veins have both been

formed; the vein of the left side taps the left anterior revehent vein

near its point of junction with the postcava, as will be described further

on. Caudad of the renal veins and between the latter and the junction

of the postcava with the two postcardinals, the lumbar azygos vein anas-

tomoses in a number of places directly with the postcava, so that the

blood collected by its tributaries is now returned to the heart by the

postcava. The anastomoses which are formed between these two veins

are extremely variable in their character, since they may be formed on
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tlic riglit. tlic loft. 01- on linlli sides of tlic aoi'ta (Vlg. 58, Plato V) ; a cir-

cumstance whicli, we will see later, acconnts for the variations in con-

nection with the ]iiinl)ar veins, as well as the variable manner in which

the caudal end of the azygos maj' join the postcava in the adult (McClure,

03, p. 382). One of these anastomoses invariably occurs slightly caudad

of the renal veins and another at the junction of the postcava and the two

postcardinal veins and between these two some other anastomoses are met

with which are apparently more or less variable in character.

Eemarkable changes, as will be more fully described later on, have

also taken place in connection with the cardinal collateral veins. These

veins, at their cranial ends, anastomose with the root of the postcava

(pars subcardinalis) and at their caudal ends with the postcardinals

;

and, in correlation with the atrophy of the mesonephric divisions of the

postcardinals (Urniorennabschnitt) have so increased in size that in most

of these pouch young they now return to the postcava practically all of

the blood collected by the tributaries of the external and internal iliac

veins. The original mesonephric divisions of the postcardinals now

function chiefly as mesonephric veins (Urnierenvenen) which return

blood from the mesonephroi to the pars subcardinalis of the postcava.

In the 17 mm. pouch young the arrangement of the venous svstem is

essentially the same as in the adult, so far as the completion of the post-

cava and the formation of the azygos system are concerned.

The cardinal collateral veins now receive all of the blood collected by

the tributaries of the external and internal iliac veins and constitute that

portion of the unpaired postcava which lies in the adult caudad of the

spermatic veins. The mesonephroi, although more atrophied than in the

14 and 15 mm. pouch young, are still functional and are connected with

the body walls by means of extremely narrow mesenteries. The meso-

nephric divisions of the postcardinals have entirely ceased to be continu-

ous vessels and are now represented by small veins which return the blood

from the mesonephroi to the postcava.

The changes, about to be described, that have taken place in connection

with the azvgos veins are without doubt correlated with the atrophy of

the mesonephric divisions of the postcardinal veins and the consequent

completion of the postcava.

In the 17 mm. pouch young tlie lumbar azvgos vein now forms with

the thoracic azygos of the left side a single, continuous vessel of consid-

erable size which extends between the left precava and a point slightly

candad of the renal veins where, in the pouch young at hand, it joins

the postcava on the right side of the aorta. Caudad of this point of

junction with the postcava the lumbar azygos now ceases to be a continu-
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oiis vessel, and tlu^ blood from this section of the lumbar region is re-

turned, as in the adult, directly to the postcava, by means of lumbar

veins.' These lumbar veins are undoubtedly formed through the per-

sistence of the anastomoses that were formed at an earlier stage between

the continuous lumbar azygos vein and the postcava. As these anas-

tomoses may occur on either side or on both sides of the aorta, we find

in them an explanation of the variations which were described in Part

I of this paper in connection with the lumbar veins of the adult (p. 38-7),

as well as those concerning the manner in Avhich the caudal end of the

azygos may Join the postcava (p. 382).^

The left azygos vein of the IT mm. pouch young occupies exactly the

same relative position with respect to the segmental branches of the aorta

as in the adult (see Plate I, Fig. 28), in which along its cranial half it

lies ventral and along its caudal half it lies dorsal to the segmental ar-

teries of the left side. The transition from the ventral to the dorsal po-

sition takes place at the caudal end of the thoracic cavity (about oppo-

site the loth thoracic vertebra in the adult) at a level which probably

marks the embryonic point of union of the two originally separate com-

ponents of the left azygos channel. It is, therefore, evident that the

original positions occupied in the pouch young by the azygos veins of the

thoracic and lumbar regions are retained in the adult.

A Tight azygos vein which opens into the right precava is also present

in the 17 mm. pouch young. It is a small and insignificant vessel which

lies ventral to the segmental branches of the aorta and which is confined

to the anterior portion of the thoracic cavity.

It is an interesting fact that the right azygos vein is apparently a con-

' In four of the five adult specimens of Petrogale penicillata recently

examined by the writer two essentially independent subdivisions of the azygos

system were met with similar to those described above for the pouch young
of Didelphys. The thoracic region was drained chiefly by a right thoracic

azygos vein, while the lumbar region was drained, for the most part, by a

single continuous vein which extended forward, dorsal to the aorta, and which

opened into the postcava near the opening into the latter of the renal veins.

The lumbar azygos vein, by means of slight connections, anastomosed with

the postcava at intervals along its course and also received the lumbar veins.

" The lumbar veins of the adult may open into the postcava either in pairs

or, on either side of the aorta, by means of a common trunk. The caudal end

of the azygos vein of the adult may join the postcava either to the left, which

is the usual method, or to the right of the aorta; or it may bifurcate into

two branches on the ventral circumference of the aorta which join the post-

cava on the right and left side of the aorta, respectively. In this case the

aorta is encircled by a venous ring formed by the azygos and the postcava.
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stant character up to a late period of developinoiit, while in the adult its

]iresence is an exception. Its constancy during the developmental period

may account, however, for the fairly large percentage (30 per cent) of

cases observed by the writer in Avhich the vein was present in the adult,

but in which it was extremely variable in character and confined to the

first few intercostal spaces (McClure, 03, p. 383).

A connection between the caudal end of the azygos vein and the post-

cava is apparently not of constant occurrence among all adult marsupials.

In Phalangista, Beddard, 95, found such a connection in only one of

several individuals examined, and in this case, on account of its large

size, it practically took the place of the postcava.

The writer's interpretation of the azygos and cardinal collateral veins

seems the one best fitted to the conditions met with in the pouch young

at hand, although it is possible that it might be slightly modified if

some of the material studied were in a better state of preservation.

The cardinal collateral veins of Didelphys may possibly be regarded

by some as corresponding to the derivative of the postcardinal

veins which is formed in the embryos of some of the higher mammals on

the dorsomedial side of the ureters (rabbit) and permanent kidneys

(cat). I cannot accept this view, however, for the reasons that the

cardinal collaterals occupy an entirely different position with respect to

the aorta (Fig. 56, Plate V), and also appear to have a different mode
of ori,gin than the derivative of the postcardinal veins in question.

The Co:\rPLETiON or the Postcaya.

Up to and including the stages of development represented by the

11.5-12 mm. embryos and the 11.5 jnm. pouch young the unpaired post-

cava as met with in the adult is as yet incomplete, since the portion which

forms the caudal continuation of the pars subcardinalis has not been

fully established. In the 8 and 11.55-12 mm. embryos, as well as in the

10.5 and 11.5 mm. pouch young, the postcava consists of an unpaired

vessel which extends between the sinus venosus and a point in the lumbar

region where it anastomoses with the two postcardinal veins which still

form its principal caudal , continuation. This unpaired portion of the

postcava consists embryologically of two independent divisions: One
formed between the sinus venosus and the hepatico-subcardinal junction,

in a manner yet to be determined ; the other between the hepatico-sub-

cardinal junction and the junction between the postcava and the post-

cardinals which is formed in part by the hepatic sinusoids, but chiefly by

the right subcardinal vein. The unpaired postcava, as thus formed, re-

ceives most of the blood collected by the tributaries of the external and
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internal iliac veins, as in the S mm. cmbrvo, throuoli the niesonephric

divisions of the postcardinal veins.

From a functional standpoint the mesonephroi may be said to be at

the height of their development as long as the mesonephric divisions of

the postcardinals retain the function of returning most of the blood to

the pars subcardinalis which is collected by the tributaries of the external

and internal iliac veins.

In the 14 and 15 mm, pouch young there is a noticeable degeneration

of the mesonephroi, and correlated with this also a degeneration of the
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Fig. 14.

VENOUS RING

Fig. 15.

Fig. 14. Reconstruction (slightly schematic) of the venous system of a 14

mm. pouch young of Didelphys in which a postcava of Type II is already

established. Ventral view.

Fig. 15. Reconstruction (slightly schematic) of the venous system of a

14 mm. pouch young of Didelphys in which a postcava of Type III, A is al-

ready established. Ventral view.

mesonephric divisions of the postcardinals. As a result of this degenera-

tion the blood from the hind limbs and the pelvic region is directed

toward the pars subcardinalis of the postcava through the cardinal col-

lateral veins; while the mesonephric divisions of the postcardinals (Ur-

nierenabschnitt) retain the function of returning the blood from the

mesonephroi and constitute the mesonephric veins (Urnierenvenen).

The correlation which exists between the atrophy of the. mesonephric
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divisions of the postcardinal veins and the establishment of this new sec-

tion of the postcava (cardinal collateral) is clearly illustrated by the

following transverse sections (Figs. 59, 60 and 61, Plate Y) and recon-

structions of the venous system (Text Figs. 14, 15, 16, 17 and 18) of

the 14 and 15 mm. pouch young.

In the case represented by Text Fig. 14, the mesonephric divisions of

the postcardinals are still, as in the 11.5 mm. pouch young, the chief

channels through which the blood reaches the pars subcardinalis from

the hind limbs and hinder end of the body. This condition is unusual

for this period of development and represents the only instance met with

among the 14 and 15 mm. pouch young, in which both of the postcard-

inal veins function in such a manner. An advance in development over

that in the preceding stages is evident, however, since the cardinal col-

lateral of the right side has made a connection at its caudal end with the

postcardinal vein and the postcardinals have anastomosed with each other

ventral to the caudal artery. In all probability the cardinal collateral of

the left side also joins its corresponding postcardinal, although I am un-

able to establish definitely such a connection, on account of the vessel not

being filled with blood at its caudal end.

Text Figs. 15, 16 and 17 represent examples of unilateral atrophy in

which, in one case the left (Text Figs. 16 and 17), and in the other the

right (Text Fig. 15) mesonephric division of the postcardinal has

atrophied, and in which there is an hypertrophy of the corresponding

cardinal collateral vein. In each case the atrophied postcardinal now

functions as a vein which returns blood to the pars subcardinalis solely

from the mesonephros (Urnierenvenen) and not, as hitherto, from the

hind limb and hinder end of the body.

Finally, Text Fig. 18 represents a case in which the postcardinals

have atrophied on both sides, Avith the resiilt that both of the cardinal

collateral veins collect all of the blood from the tributaries of the external

and internal iliac veins and constitute the caudal end of the postcava,

while both of the postcardinals noAv function solely as veins of the

mesonephroi (Urnierenvenen).

It has been stated in Part I of this paper (p. 398) that in 42 of the

101 adult opossums examined by the writer the postcava was either bi-

furcated as far craniad as the level of the internal spermatic veins, or

otherwise presented some indication of an incomplete fusion between the

two vessels (cardinal collateral) which form the postcava caudal to the

level of the internal spermatic veins ; also, that in some of the adults,

either one or both of the posterior internal spermatic arteries were found

to pass between the two divisions of the postcava or through a foramen
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in tlie same (McChirc, 03, Plates I, II and lA^). The presence of a

bifurcated postcava in tire adult is easily explained on embryological

grounds as the result of a non-fusion of the two veins (cardinal col-

lateral) which normally form the postcava caudal to the spermatic veins.

Text Fio-s. 14. 15, IG, 17 and 18 clearly show how variable tlic character

OMPHALO
MESENTERIC

ARTERY

POSTCAVA
i
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posteava is fully cstablislic! and the postcardinals now function as veins

wltieli return blood to. the postcava from the still functional mesone})hroi

and the anlages of the genital glands.

The ^Iigratiox of the Permanent Kidneys and the Development

OF THE Eenal Veins.

After the permanent kidneys have completed their forward migration

in the embryos of the rabbit and cat, renal veins are developed which

open into the postcava, approximately, at the level at which the latter

joins the two postcardinal veins (cross anastomosis, Text Fig. T). "When

LEFT
CARDINAL

COLLATERAL

POSTCARDINAL

-^ PUDENDO-
VESICALIS

Fig. 18.

Fig. 18. Reconstruction (slightly schematic) of the venous system of a 15

mm. pouch young of Didelphys in which a postcava of Type III, B is already

established. Ventral view.

a double or bifurcated postcava is met with in an adult rabbit or cat the

bifurcation reaches, approximately, as far forward as the level at Avhich

the renal veins open into the postcava.

In Didelphys, on the other hand, after the permanent kidneys have

completed their forward migration, renal veins are developed which open

into the postcava some distance craniad of the latter's junction with

the two postcardinal veins (Text Fig. 17). This circumstance now

explains why the postcava of the adult opossum was never found by

the writer (Part I, page 398) to be bifurcated as far forward as the level

at which the renal veins opened into the postcava. The position of the

renal veins in Didelph^'s with respect to the junction of the postcardinal

veins and the postcava, does not appear to indicate that the permanent

kidneys in Didelphys have undergone, relatively, a more extensive



Charles F. W. McClnre 197

migration than in the rabbit and cat. since the renal veins in Didelphys,

as in the embryos of the rabbit and cat, open into the postcava only

slightly caudad of the origin of the omphalomesenteric artery and con-

tiguons to the junction of the postcava and the left anterior revehent

vein (siibcardinal). The opening of the latter vein into the postcava,

however, lies relatively much further craniad of the junction of the post-

cava and postcardinal veins in the pouch young, than is the case in the

8 mm. embryos of Didelphys and the embryos of the rabbit and cat.

This circumstance I can only account for on the basis that the junction

of the postcardinal veins with the postcava remains, more or less, as a

fixed point, in front of which the vessels elongate more rapidly than

those that lie behind. This growth in length, so far as the postcava

is concerned, principally affects that portion of the vein which lies be-

tween its junction with the two postcardinals and that with the left an-

terior revehent vein. Strictly speaking, this portion of the postcava cor-

responds to the original cross anastomosis between the two subcardinals
^

(pars subcardinalis of postcava and left anterior revehent vein; see Text

Figs. 10 and 12).

A comparison of Text Figs. 11 and 17 gives a clear idea of the relative

positions occupied by the permanent kidneys during their migration and

after it is completed. The permanent kidneys are not represented in Fig.

17, but the renal veins sufficiently indicate their position.

In the 11.5 mm. pouch young a renal vein was met with for the first

time. Here a left renal vein was present, which opened into the post-

cava in common with the left anterior revehent vein (Fig. 49, Plate lY).

Both renal veins were present in the 14 and 15 mm. pouch young.

In the adult opossum the left suprarenal body lies in close contact

with the left renal vein (Fig. 28, Plate I) so close, in fact, that it is im-

possible to speak of the existence of a left suprarenal vein. On account

of the intimate relation, therefore, wliicli exists betwen the left renal

vein and suprarenal body, it appears probable that the slight venous con-

nections l3etween the two have been derived, as in the rabbit, from the

left anterior revehent vein.

°Hochstetter (1S93, Taf. XXIII, Fig. 25) suggests a somewhat similar

explanation for the development of that portion of the unpaired postcava in

Dasypns novemcinctus which lies, ventral to the aorta, between the renal

veins and the origin of the posterior mesenteric artery. Referring to this

portion of the postcava, he says (page 621): " das der zwischen

Miindiing der Nierenvenen und der Theihmg in die beiden hinteren Hohlvenen
gelegene Abschnitt der V. cava posterior einem starkeren Wachsthum der

Lendenwirbelsaule seine Entstehung verdanke."
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During the niig-ratioii of the kidneys the ureters also undergo certain

changes in position. In the 8 mm. embryo they lie dorsal to the cardinal

collateral and subcardinal veins along their entire extent and are not, at

this period, so far as the writer can observe, encircled by venous loops.

In the 14 and IT) imn. pouch young, on the other liand, at least in those

cases in wliieli the mesonephric divisions of the postcardinals have not

yet atrophied, each nreter passes through a venons loop (Text Figs. 16

and IT) which is formed laterally by the postcardinal and medially by

the cardinal collateral vein. The relation of the ureters to the veins at

this period of development thus resembles the conditions met with in

some placental mammals (cat and rabbit) Avith the exception that among

the latter the medial side of the loop lies dorsolateral instead of ventro-

lateral to the aorta, as is the case in the opossum.

The manner in which the nreters migrate from a position dorsal to

the cardinal collateral veins to the position which they occupy in the

14 and 15 mm. pouch young, ventral to these veins, is not clearly shown

in the stages studied. I am inclined to believe, however, that the appar-

ent discontinuity, mentioned above, which exists caudally between the

postcardinal and cardinal collateral veins in the 10.5 and 11.5 mm. pouch

young has been brought about by a ventral migration of the ureters.

The Spermatic Veixs.

In the 8 mm. embryos of Didelphys, the blood from the anlages of the

genital glands is collected by a number of tributaries (genital veins,

Figs. 38 and 39, Plate III), which open into the derivatives of the sub-

cardinal veins (pars subcardinalis of the postcava, the left anterior and

posterior revehent veins).

At a subsequent stage of development (14 and 15 mm. pouch young),

with the retraction of the mesonephroi from the body walls, the genital

veins return their blood to the postcava (pars subcardinalis) by means

of a right and left mesonephric vein which opens into the postcava,

caudad of the renal veins, at a point which corresponds to the junction

of the postcava and the postcardinal veins (Figs. 59, Plate V). Since

this junction corresponds to the level at which the spermatic veins open

into the postcava in the adult, I am, therefore, convinced that these two

mesonephric veins, together with their genital connections, are retained

in the adidt as the spermatic veins, although I have not been able to es-

tablish definitely that such -is the case.

The spermatic veins in all of the adult opossums examined by the

writer (101) were connected with the postcava caudad of a point mid-
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way between the left reii.il ami coiiiiiion iliac veins (Fig. 28, Plate T)
;

and. when the postcava \vas bifurcated, the connection was invuriahh/

found at the level of the bifnrcation (see Part I, Fig. 8, Plate II). In

none of the adults examined did the spermatics open into the renals, al-

though an anastomosis between the latter and the spermatics was //;-

variahly present, on each side, in the form of a small vein which fol-

lowed the ureter (see Fig. 28, Plate I).

In a number of adult Australian marsupials, however, the sperma'tics

do not open into the postcava, as in Didelphys, but open into it at the

base of the renal veins, as in Phascolomys Mitchelli (McClure, 03, p.

388), or into the renal veins themselves, as in Notoryctes typhlops

(Sweet, 04). Considering the position at which the spermatic veins are

developed in Didelphys, the question arises, how can these differences

be explained? At the present time but two possibilities suggest them-

selves to the writer: (1) Either the lumbar portion of the postcava may

not elongate to such an extent in these two forms as in Didelphys, so

that the renal veins are developed, as in the rabbit and cat, at the level

of the root of the postcava (anastomosis between postcava and post-

cardinals. Text. Fig. -7) ; or, (3) if an elongation does take place, as

in Didelphys, the connection of the spermatics with the renal veins in

Notoryctes may be accounted for on the ground that the spermatics have

given up their original connection with the root of the postcava in favor

of the channel, mentioned above, wdiich follows the ureter and which

opens into the renal veins.

The Variations Presented by the Postcava in

THE Adult Didelphys.

In all mammals, hitherto examined, the postcava is formed in the

adult through a union of its iliac tributaries -which takes place in a defi-

nite and uniform manner so that when variations occur they are re-

garded as exceptions to the general rule. Such, however, is not the case

in Didelphys marsupialis. Here, instead of occurring as exceptions, va-

riations appear to be the rule, so that it is actually impossible in this

mammal to assign any one mode of origin for the postcava that may l)e

regarded as typical of the species. This opinion is based upon the ex-

amination of 101 individuals; and a full description of these variations,

as well as figures of the same, have already been published in Part I of

this paper, to which the reader is referred (page 390).

In all but two of the 101 adult opossums examined the variations of

the postcava can be easily classed under three main types. In two in-
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dividual^, liowever, neither in its position with respect to the aorta nor

in its mode of formation through a union of the iliac veins does the

postcava conform to the usual marsupial type, but rather to the type of

postcava which is characteristic of most placental mammals and, for this

reason, these two exceptions are regarded by the writer as the only cases

of postcaval abnormalities met with among the 101 opossums examined

(Part I, p. 395).

The three types under which the postcaval variations are classified are

as follows

:

Type I. Those eases in which the internal iliac veins unite with the

external iliacs ventral to the common iliac arteries or ventral to the

aorta to form the postcava.

This type of postcava is the one commonly met with among the Aus-

tralian marsupials, and may be spoken of as the marsupial type (see

Text Fig. A^I, Part I). The writer at present knows of but three cases

among the Australian marsupials, thus far examined, in which the post-

cava is formed in any other manner; two in which it is formed as in

placentals and in a manner similar to that in the cat (Petaurus tagua-

noides'" and Phalanger ursinus ") and one, Trichosurus vulpecula,''

in which it is formed as in Didelphys (Type II) and as figured on Plate

II, Fig. 6, Part I).

Type II. Those cases in which the internal iliac veins unite with

the external iliacs dorsal to the external iliac arteries, or dorsal to the

aorta to form the postcava.

Type III. Those cases in which the internal iliac veins unite with

the external iliacs both dorsal and ventral to the common iliac arteries

or both dorsal and ventral to the aorta to form the postcava.

So many variations of this last type were met with that a further sub-

division of Type III was found necessary, as follows

:

Type III, A. Includes those cases in which the principal union be-

tween the internal and external iliac veins takes place ventral to the

arteries in question.

Type III, B. Includes those cases in wliich the principal union be-

tween the internal and external iliac veins takes place dorsal to the

arteries in question.

Type III, C. Includes those cases in wliich the above-mentioned

dorsal and ventral unions are about subequally developed.

^" Hochstetter, 93.

^^ Morphological Museum, Columbia University, No. 199.

'= Morphological Museum, Columbia University, No. 234.
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The following table shows the distribiitJon of the above-mentioned

types among 99 individuals; the postcava of the two i-emaining adult

opossums, as mentioned above, not finding a place in the classification.

TYPE J' $ TOTAL

Type I 11 18 29

Type II 9 18 27

Type III

A 3 5 8

B 9 15 24

C 2 9 11

Total 34 G5 99

The Development of the Three Types of Postcaval Variations

Which Normally Occur in Didelphys marsupialis.

Considering the uniform manner in which the three types of post-

caval variations occur in the adult there can be little doubt that their

development in the embryo is also a normal procedure, and that they

are not abnormalities in the strict sense of the word. Also, the circum-

stance that so many as 99 variations can be classed under so few as three

types is certainly suggestive that there may be some common ground-

type to which they can all be referred not only in the adult, but in the

embryo as well.

In the S mm. embryo of Didelphys, as stated above, the uml)ilical

artery of each side, near its origin from the aorta, is encircled by a com-

plete circumarterial venous ring. These venous rings (see Text Figs.

10 and 13), as stated on a preceding page, are situated near the conflu-

ence of the external and internal iliac veins and are extremely variable

in their character, not only in different embryos but even upon opposite

sides of the same individual. For example, the portion of the venous

ring wltich encircles the umbilical artery ventrally may possess a caliber

subequal with or greater in size than that which encircles it

dorsally (Text Fig. 10 and Fig. 42, Plate III) ; or, the portion of the

ring which encircles the artery ventrally may possess a smaller caliber

than tliat wliich encircles it dorsally (Text Fig. 13 and Fig. 41,

Plate III).

This variation in caliber of the venous rings, as well as the relations

the venous rings hold to the umbilical arteries in the 8 mm. eml)ryns,

is certainly suggestive of the conditions which characterize the three

types of postcaval variations in the adult, in which a correspond-

ing variation in caliber is met with as regards the veiiis "which lie dorsal

14
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and ventral to the common iliac arteries. On purely theoretical grounds,

therefore, it is not difficult to explain the origin of all the adult varia-

tions on the basis that the formation of a particular type of postcava,

depends "upon the manner, as well as upon the extent, to which the circum-

arterial venous rings of the 8 mm. embryo might be affected by atrophy

during the subsequent stages of development. On this basis the forma-

tion of Type III, in which the postcava is formed through a union of

the external and internal iliac veins which takes place hotlt dorsal and

ventral to the common iliac arteries, might be explained on the grounds

that portions of the venous rings which lie dorsal, as well as those which

lie ventral to the umbilical arteries in the embryo, have been retained in

the adult. See Text Figs. 19 and 20.

Type III, as represented by these figures, in which both embryonic

venous rings retain their integrity and individuality might then be re-

garded as a ground-type " arrangement of the venous system, of which

all of the postcaval variations which fall under Type III (Plates III,

IV and V, Part I), are modifications, as well as are those variations

which fall under Types I and II (Plates I and II, Part I). Thus Type

III, A (see Plate III, Part I), in which the principal union between the

internal and external iliac veins lies ventral to the common iliac arteries,

might be formed as the result of the partial atrophy of the dorsal, and

Type III, B (Plate IV, Part I), in which the principal union between

the iliac veins lies dorsal to the arteries, might be formed as the result

of the partial atrophy of the ventral portions of the circuraarterial venous

rings. Type III, C, in which there is practically no difference in the

caliber of the vessels which lie dorsal and ventral to the common iliac

arteries ( see Plate V, Part I), might represent a case in which atrophy

had affected the dorsal and ventral portions of the circumarterial venous

rings in a like manner.

Type I (see Plate I, Part I), in which the internal iliac veins unite

with the external iliacs ventral to the arteries to form the postcava, and

Type II (see Plate II, Part I), in which the reverse is the case, might be

formed as the result of the complete atrophy of the dorsal (Type I) and

ventral (Type II) portions, respectively, of the circumarterial venous

rings in the manner illustrated by Text Figs. 21 and 22.

" Among the 101 adult opossums examined by the writer one was met with

in which the postcava was formed as in text Fig. 20, in which the common
iliac vein unites with the external iliac of each side by means of two vessels

which lie dorsal and ventral, respectively, to the common iliac artery. See

Figs. 13 and 14 on Plate III, Part I, which are dorsal and ventral views,

respectively, of the same preparation.
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Fig. 19. Diagram of the venous system of an 8 mm. embryo of Didelphys

showing the circumarterial venous rings. Ventral view.

Fig. 20. Diagram of the venous system of Didelphys in which the internal

iliac veins have fused ventral to the caudal artery and in which a postcava of

Type III has been established as the result of the persistence of the dorsal

and ventral portions of both embryonic circumarterial venous rings. Ventral

view.
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POSTCARDINAL.

VENOUS RING

Fig. 21. Diagram of the venous system of Didelphys in which a postcava

of Type I has been established as the result of the complete atrophy of the

dorsal portions of the circumarterial venous rings. Ventral view.

Fig. 22. Diagram of the venous system of Didelphys in which a postcava

of Type II has been established as the result of the complete atrophy of the

ventral portions of the circumarterial venous rings. Ventral view.
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The general principles, stated above, concerning the origin of the three

main types of postcaval variations are, without doubt, fundamentally

correct. The reconstructions of the pouch youn,g clearly show that the

formation of a particular type of postcava depends upon the manner as

well as upon the extent to which certain veins that lie dorsal and ventral

to the umbilical arteries (common iliacs in pouch young) are affected

b}'' atrophy. This general principle is well illustrated by the reconstruc-

tion of the venous system of a 14 mm. pouch young (Text Fig. 1-5) in

which a postcava of Type III, A, in which the principal union between

the internal and external iliac vein lies ventral to the common iliac

arteries, is already established. In this particular case the internal iliac

vein of the right side unites with the external iliac of the same side by

means of two veins which lie dorsal and ventral, respectively, to the

common iliac artery; w^iile on the left side the union between these two

veins takes place exclusively on the ventral aspect of the common iliac

artery. Furthermore, it is evident, as the result of a complete atrophy

of the ventral portion of the venous ring which encircles the right com-

mon iliac artery, that a postcava of Type III, C could be established.

In the latter case, the internal iliacs would then unite with the external

iliacs by means of two vessels, subequal in caliber, which lie dorsal and

ventral, respectively, to the common iliac arteries. The important ques-

tion to be determined in this case, as well as in connection with other

reconstructions of the pouch young, is the extent to which the vessels that

lie dorsal and ventral to the umbilical arteries in the 8 mm. embryos are

involved in the formation of the vessels in the pouch young and adults

which occupy corresponding positions w4th respect to the common iliac

arteries. The only doubt that can exist as to their correspondence is the

circumstance that the venous rings of the pouch young (Text Fig. 15)

as well as those which occasionally persist in the adult (Fig. 17, right

side, Plate IV, Part I ) occupy a slightly different position with respect to

the external and internal iliac veins than is the case in the 8 mm. embryos

(Text Fig. 13). In the 8 mm. embryos (Text Fig. 13) the umbilical

arteries, as well as the dorsal and ventral portions of the venous rings,

lie somewhat craniad of the point of confluence of the internal and ex-

ternal iliac veins; while in the pouch young (Text Fig. 15) and adult

(Fig. 17, right side, Plate IV, Part I) these structures occupy a more

caudal position, so that the dorsal portion of the ring is now formed by

the section of the postcardinal which constitutes the internal iliac vein,

and the ventral portion of the ring by a vein which joins, at its caudal

end, the internal iliac vein. Although a difference exists regarding the

position of the rings and arteries with respect to the internal and ex-
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ternal iliac veins it is seen, on comparing the figures, that the relations

of tlio dorsal and ventral portions of the venous rings to the arteries

which they encircle are the same in all cases in that the ventral portion

of the venous ring lies nearer the median line than the dorsal portion.

In view of this last-mentioned relation to the arteries, as well as the cir-

cumstance that the postcardinal vein (int. iliac) still forms the dorsal

portion of the venous rings, I am convinced that the two cases cited

above for the pouch young (Text Fig. 15) and the adult (Fig. 17, Plate

IV, Part I), respectively, represent instances in which the ventral portion

of the circumarterial venous rings of the 8 mm. embryo has been re-

tained, and that the change in the position of the rings has been brought

about secondarily as the result of a growth of the embryo.

It has already been stated that the left internal iliac vein of the 14 mm.
pouch young in question (Text Fig. 15) joins the external iliac of the

same side, exclusively on the ventral aspect of the left common iliac

artery. It is plain from what we have learned from the reconstructions

of the 8 mm. embryos that this ventral connection cannot have been

formed by the postcardinal vein since the latter lies dorsal to the um-
bilical arteries of the embryo. This ventral union, therefore, can be ac-

counted for only on the grounds that it has either been formed through

the persistence of the same class of vessels as those that lie ventral to the

uml)ilical arteries in the embryo ; or, as wdll be described later on, through

the persistence of a vein wdiich has been secondarily developed in connec-

tion with the V. pudendovesicalis. Whatever the case may be, the large

size of the ventral anastomosis betw^een the internal and external iliac

veins of the left side is undoubtedly correlated with the complete atrophy

of the vessel wdiich, in the embryo, formed a union between these two

veins dorsal to the artery.

Text Fig. 17, which is a reconstruction of the venous system of a

15 mm. pouch young, presents a somewhat different arrangement of the

veins which unite to form the postcava, from that just described for the

14 mm. pouch young (Text Fig. 15). In this case (Text Fig. 17) the

internal iliac veins unite with the external iliacs to form the postcava by

means of five vessels, three of which lie ventral and two dorsal to the

common iliac arteries. It is further seen that these dorsal and ventral

connections between the iliac veins form, on each side, two complete cir-

cumarterial venous rings, both of which encircle the common iliac artery.

The ventral portion of the more medially situated rings is formed by a

common vessel which is situated in the mid-ventral line and which is

continuous caudad with the caudal veins; while the dorsal portion of

the medial rings is formed by the postcardinal veins which also form
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the dorsal portion of the more laterally situated rings (lateral rings).

The ventral portion of the more laterally situated ring presents a marked

difference in caliber on opposite sides and receives a vein which the writer

regards as the Y. pudendovesicalis (McClure, oo, 2, p. 457).

There can be no doubt as to the postcardinal origin of the dorsal por-

tion of both sets of rings. There is some doubt, however, regarding the

origin of the median ventral vein which forms the ventral portion of

the two medial rings, as well as that of the ventral portion of the two

lateral rings into which the V. pudendovesicalis opens.

The median ventral vein presents the same relative position with re-

spect to the dorsal portion of each of the two medial rings, as is the case

with the ventral portion of the circumarterial venous rings of the 8 n\m.

embryo (Text Fig. 13), the 14 mm. pouch young (Text Fig. 15), and

the case of the adult (Fig. 17, right side, Plate IV, Part I), and, for this

reason, has been most likely derived from the same class of vessels as

those which form the ventral portions of the venous rings in the 8 uim.

embryos. Whether, however, it corresponds to the ventral portion of one

ring or has been formed as the result of a fusion between the ventral por-

tion of two rings, as represented in the diagram. Fig. 20, it is impossible

to state. Whatever its mode of origin may be, its presence in the pouch

young undoubtedly accounts for the presence of a similarly situated ves-

sel which is frequently met with among the adult variations (see Fig. 19,

Plate IV, Part I).

The ventral portion of each of the lateral rings, on the other hand,

occupies an entirely different position with respect to the dorsal portion

of the ring from what is the case with the ventral portion of the medial

rings, since it lies lateral instead of medial to the dorsal portion of the

ring. I am, therefore, inclined to conclude, for this reason as well as

others given below, that the ventral portions of the lateral rings are

secondarv formations which are first met with in tlie pouch young and

which are developed here in connection with the V. pudendovesicalis.

In addition to the reason already mentioned, my reasons for so thinking

are as follows: (1) On account of the presence of these veins in the

15 mm. pouch young (Text Fig. 17) in addition to the median ventral

vein; as well as the occasional persistence in the adult of the ventral por-

tion of a right lateral ring in addition to a vein whose origin cannot be

accounted for unless it has been derived from the ventral portion of an

embryonic circumarterial venous ring of the same side (see Fig. 4, right

side, Plate I, Part I, and compare with Fig. 10, right side, on Plate II,

Part I) and, (2) because the presence of these veins in the pouch young

explains, for the most part, the variable character of the V. pudendovesi-

calis in the adult.
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The writer has already described in a previous paper (McClure, oo,

2, p. 457) the variable manner in which the Vv. pudendovesicales of

the adult may open into the iliac veins. They may open in the adult into

the angle of union of two veins which join the external and internal iliac

veins, respectively, ventral to the iliac arteries; or, they may open into

the angle of union of three veins, two of which lie ventral to the arteries

and join the iliac veins as above, while the third lies dorsal to the arteries

and joins the external iliac vein (see McClure, oo, 2, Figs. 20 and 21).

Also, they may open as single vessels on each side either into the external

or internal iliac veins (Fig. 16, Plate lY, Part I) ; or, into the external

iliac vein on one side and into the internal iliac on the other (Fig. 9,

Plate II, Part I).

Cases in the adult in which the V. pudendovesicalis opens into the

angle of union of two veins which join the external and internal iliacs,

respectively, ventral to the arteries (as in Fig. 4. right side, Plate I,

Part I, and in Fig. 10, right side, Plate II, Part I) can be explained on

the ground of the persistence of the ventral portion of the lateral cir-

cumarterial venous ring. Cases in the adult in which the Y. pudendo-

vesicalis opens as a single vessel into either the external or internal iliac

vein (Figs. 8 and 9, Plate II, Part I) can also be explained on the ground

that the ventral portion of the lateral venous ring gives np its connection

with one or the other of the iliac veins so that the V. pudendovesicalis

will necessarily open only into the iliac vein with which the connection

has been retained.

Although those cases in which the V. pudendovesicalis opens into the

external and internal iliac veins, ventral to the arteries, appear to find

an explanation, it is not so clear how this vein, as is frequently the case

in the adult, makes connections with the iliac veins dorsal to the iliac

arteries. It is possible that a considerable number of reconstructions of

the pouch young would show that the V. pudendovesicalis does not al-

ways open into the iliac veins as represented in Text Fig. 17, but that it

may also, in some instances, open into the angle of union of two veins

which, as in the case of an adult, join the external iliac vein dorsal and

ventral, respectively, to the external iliac artery (see Fig. 4, left side,

Plate I, Part I). It is evident, if this case of the adult represents the

persistence of a condition which sometimes prevails in the pouch young

we then have an explanation of those peculiar cases in which the V. pu-

dendovesicalis opens into the iliac veins d©rsal to the iliac arteries.

Finally, I think it may be' stated without fear of rcCntation, that the

variable character of the Y. pudendovesicalis in the adult is correlated

with the variable manner in which the iliac veins unite to form the post-
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cava, although, at the present writing, it is quite impossible to establish

a relationship between a particular type of postcava and the manner in

which the Yv. pndendovesicales join the iliac veins.

From what has already been stated above concerning the evanescent

character of the ventral portion of the lateral venous rings it is clear that

the type of postcava which at ^^resent characterizes the 15 mm. pouch

young (Text Fig. 17) and which would most likely prevail in the adult^

is Type III, B, and possibly of the variety represented by Fig. 19 on

Plate lY of Part I. It is also possible that the ventral median vessel

in Text Fig. 17 (ventral portion of medial rings) might become com-

pletely atrophied hefore the adult state was reached so that a postcava of

Type II would result, possibly of the variety represented by Pig. 7 on

Plate II of Part I, in which the connections between the internal and

iliac veins present a marked difference in caliber. In case of either of

the two possibilities the ventral portions of the lateral rings could persist

in the adult as in Fig. 10, right side (Plate II, Part I) ; or, they could

give up their connections with the external iliacs so that each Y. pudendo-

vesicalis would open into an internal iliac vein as in Fig. 7 (Plate

II, Part I). It is also evident that the condition represented in Fig. 9

(Plate II, Part I) might result, in which the Y. pudendovesicalis opens

on one side into the external and on the other into the internal iliac

vein.

We are now in a position to further consider the character of the an-

astomosis, ventral to the common iliac artery, which exists between the

left external and internal iliac veins in the 1-i mm. pouch young (Text

Fig. 15). It has already been stated that this anastomosis, ventral to

the artery, has probably been brought about either as the result of the

persistence of a vein which corresponds to the ventral portion of an em-

bryonic circumarterial venous ring, or as the result of the persistence

of a vein which has been developed secondarily in the pouch young in

connection with the Y. pudendovesicalis. It is not improbable that the

ventral portion of one of the lateral rings might, in some cases, become

so enormously hypertrophied, that it would function in the adult as the

sole channel through which the blood reached the postcava from the pel-

vic region. It is impossible, however, to state definitely what is actually

the case in the 1-4 mm. pouch young, although I am inclined to believe

that in "this particular case (Text Fig. 15, left side) it is the ventral por-

tion of a lateral ring which has persisted. ]My reason for holding this

view is based on the relations of the Y. pudendovesicalis to the ventral

anastomosis in question.

Text Fig. 1<S represents another reconstruction of the venous system
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of a 15 mill, pouch young in wliich a postcava of Type III, B, has al-

ready been established; thart is, the type in Avhieh the principal union be-

tween the internal and external iliac veins lies dorsal to the common
iliac arteries. In this case, however, the connection between the internal

and external iliac veins which lies ventral to the arteries does not consist

of a single median vessel as in Text Fig. IT, but has the appearance of

being formed as the result of a fusion between two medianly situated

vessels, one of which, the right, follows a somewhat curved course.

These median ventral vessels in Text Fig. 18 undoubtedly have the same

origin as that of the single median ventral vessel in Text Fig. 17, al-

though it is a difficult matter to determine in either case whether the

ventral portions of one or of both of the embryonic circnmarterial venous

rings are involved in their make-np. The anastomosis between the ven-

trally situated veins and the right internal iliac in Text Fig. 18 is most

interesting, however, since it appears to explain the presence in the adult

variations of a similarly situated vessel which lies ventral to the arteries

and extends between the internal iliac vein and the external iliac of the

opposite side. See Figs. 15, 16 and 18 on Plate IV, Part I, for examples

of this type of variation. There is one marked difference to be noted in

comparing the venous systems of these two 15 mm. pouch young as I'ep-

resented by Text Figs. 17 and 18. In Fig. 17 the ventral portions of

the lateral rings anastomose with the external iliac veins, while in Fig.

18 this anastomosis is wanting. Whether this latter condition indicates

that the ventral portions of the lateral rings are undergoing atrophy or

that they are merely in the process of formation, it is impossible to

state, although I believe the former view to be correct, on account

of the large size and prominence of the vessels wdiich nnite the iliacs

dorsal to the arteries. These dorsal vessels in Text Fig. 18, as well as

the similarly sitnated vessels in all of the other pouch young, are de-

rived from the postcardinal veins.

Text Fig. 16 represents still another reconstruction of the venous

system of a 15 mm. pouch young in which a postcava of Type II is al-

ready established. In this case the connections between the internal and

external iliac veins lie exclusively dorsal to the common iliac arteries;

there being no indication of any vessels which unite these veins ventral

to the arteries, except the ventral portions of the lateral rings which, as

in Text Fig. 18, are either in the process of formation, or, as is more

likely, are undergoing atrophy.

Finally, Text Fig. 14 represents the reconstruction of a 1 1 mm. pouch

young in which a postcava of Type II is also already established. In

this case there is no anastomosis formed ventral to the common iliac
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arteries between the external and internal iliac veins, either in tlu' form

of vessels which lie in the median line, or of those which are more lat-

erally situated and which have been described above as the ventral por-

tions of the lateral rings. Numerous examples were met with by the

writer in which the postcava was formed in the adult in exactly the same

manner as that represented by Fig. 14 (see Figs. G, 7 and 8, Plate II,

Part I) ; while the two variations represented by Figs. 1) and 10 on the

same plate, are easily explained on the ground that the internal iliac

veins have given up one of their connections with the external iliacs.

From what has already been said regarding the pouch young there

can be no doubt that the establishment of a particular type of postcava in

the adult depends upon the manner as well as the extent to which certain

vessels which lie dorsal and ventral to the iliac arteries are affected by

atrophy. There can also be no doubt but that, in all cases, the vessels

which lie dorsal to these arteries are derived from the postcardinal veins.

There is, however, some doubt in the case of certain vessels which extend

between the iliac veins, ventral to the arteries. A doubt may exist whether

all of these ventrally situated vessels have been derived from the ventral

portions of embryonic circumarterial venous rings ; or, whether they may

not, in some cases, be new formations which have been developed in the

pouch young, independently of these rings.

It is probable that in such a variable venous system as that of Didel-

phys any venous channel which might be established in the embryo or

pouch young between the internal and external iliac veins could, in cer-

tain circumstances, be retained in the adult as a functional channel. I

am, therefore, inclined to believe that in addition to the embryonic cir-

cumarterial venous rings, other venous elements may occasionally enter

into the formation of the vessels which form an anastomosis between

the iliac veins ventral to the common iliac arteries.

In all probability, the median ventral vessel in certain cases under

Type I, as in Figs. 1 and 2 (Plate I, Part I) is formed as the result of

the persistence of a single median vessel similar to that met with in

the 15 mm. embryo (Text Fig. 17). It is a difficult matter to determine,

however, whether both of the anastomoses between the iliac veins as in

Fig. 3 (Plate I, Part I) have been derived from the ventral portions of

the lateral rings, or, whether such is the case only with the anastomosis

on the left side. It is also a question, on account of their connection with

the Vv. pudendovesicales, whether the two veins which unite the iliac

veins ventral to the arteries in Fig. 11 (Plate III, Part I) are not de-

rived from the ventral portions of the lateral rings rather than from the

ventral portions of the embryonic circumarterial venous rings. This and



Charles F. W. McClure • 211

similar questions cannot be clefinitel_v decided without examining a large

number of embrvos and pouch young; and, furthermore, without, at the

same time being fortunate enough to meet with a similar type of varia-

tion. Whatever the case may be regarding the origin of these ventrally

situated vessels, the venous channels which can be retained in the adult

are all well defined in the embryos and pouch young. And, although

certain difficulties are apparent in determining, in all cases, which of

these embryonic venous channels have actually been retained in the

adult, it is not impossible to interpret the adult variations (three types

of postcaval veins) on the basis that they represent the possible combina-

tions which could ensue as the result of the persistence or atrophy of

certain of these embryonic vessels.

EXPLANATIOX OF THE TwO AbKORMALITIES OF THE POSTCAVA WhICH
Canxot be Classed under Types I, II and III (see

Text Figs. VII and VIII, Part I).

As stated on page 395, Part I of this paper, the main features

which characterize these two abnormalities and distinguish them from

the variations described under the three types are twofold : ( 1 ) All of

the posterior tributaries of the postcava, including the external or com-

mon iliac veins, as the case may be, unite dorsal to the arteries to form

the postcava, as is usually the case in placental mammals; (2) the post-

cava lies to the left of, instead of upon the ventral surface of, the aorta,

and resembles in this respect the conditions met with in placentals when

the left instead of the right postcardinal vein persists as the caudal end

of the postcava.

Both of these variations are figured on page 396, Part I of this paper

(Figs. VII and VIII) to which the reader is referred.

It appears to the writer that these two abnormalities in question may
be explained on the ground that the caudal portion of the unpaired post-

cava has been formed, in each case, from one (the left) instead of from

both of the cardinal collateral veins, as is usually the case in Didelphvs.

The persistence of the left vein explains the position of the postcava on

the left side of the aorta ; while the persistence of a single vein instead

of two to form the caudal section of the postcava possibly duplicates the

same physiological conditions that prevail in most placental mammals,

and necessitates a union between the postcava and the iliac tributaries of

the opposite side dorsal to the arteries.

The position of the ureters was normal in both cases since they were

situated lateral to the postcava along their entire extent. For this reason
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it is evident that the cardinal colhiteral vein must have entered into the

formation of the postcava rather than the postcardinal, otherwise the

left ureter would occupy the same relative position that it does in Text

Fig. 17, and pass caudad between the postcava and the aorta.

Text Fig. 23 is a diagram illustrating the probable modifications

which the venous system has undergone in establishing the abnormality

represented by Text Fig. YII in Part I of this paper. The shaded por-

tions indicate the veins which have atrophied and the crosses (-|-)

the new formation by means of which the postcava amistomoses with the

iliac tributary of the right side, dorsal to the aorta.

LEFT
SPERMATIC

VEIN

POSTCARDINAL

INT. ILIAC

VEIN

Fig. 23.

Fig. 23. Diagram illustrating the probable modifications which the venous

system has undergone in establishing the abnormality represented by text

Fig. VII in Part I of this paper. Ventral view.

The Umbilical, Abdominal and Omphalomesenteric Veins.

The Umbilical Veins.—In the youngest embryos of Didelphys (8 mm.)

studied by the writer, the right and left umbilical veins, usually after

fusing at the umbilicus to form an umbilical sinus, can be traced for-

ward as independent vessels (Figs. 38, 37, Plate III, and Figs. 36, 34, 33,

Plate II) to the ventral surface of the liver. Here they again fuse to

form a sinus (Fig. 32, Plate II) from which they are continued dorsad

through the parenchyma of the liver in a channel common to both which

opens into the postcava in common with the left hepatic vein (Text

Figs. 10 and 2-t).

The hepatic continuation of the umbilical veins opens into the post-

cava sUghtly craniad of that of the omphalomesenteric vein (Text Fig.

10) and, so far as. the writer can determine, the umbilical and omphalo-
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mesenteric veins do not anastomose with each other at any point within

(except by sinusoids) or without the liver. Near their entrance at the

umbilicus considerable variation was met with in the 8 mm. embryos as

regards the size of the umbilical veins. In some cases the right (Fig. 38,

Plate III) and in others the left umbilical vein was the larger of the two,

so it can be said that at this stage of development the umbilical vein of

a particular side does not invariably predominate as the principal chan-

nel between the allantois and the liver. Although a marked difference

in size may characterize the umbilical veins in the region of the umbilicus,

the smaller of the two veins invariably increases in size as the liver is ap-

LEFT
HEPATIC

OMPHALO-
MESENTERIC

POSTCARDINAL

ABDOMINAL ABDOMINAL

Fig. 24.

Fig. 24. Diagram of the venous system of an 8 mm. embryo of Didelphys

showing the umbilical and abdominal veins. "Ventral view.

proached, so it can be said that both umbilical veins are highly developed

up to a relatively late stage of development; a circumstance whieli, as

shown by Broom, 98, for Trichosurus, appears to be characteristic of the

marsupials as thus far examined.

In the 11.5-12 mm. emlu'yos of Didelphys one large umbilical vein

now forms the principal channel between the allantois and the liver; a

vein which I regard as the left umbilical vein. This large vein (Fig. 53,

Plate Y) lies in the ventral body-wall slightly to the left of the mid-ven-

tral line, and to its right is situated a much smaller vessel which is diffi-

cult to follow in consecutive sections, but which is probably the remains of

the right umbilical vein. The two umbilical veins appear to anastomose

in places with each other, so that one might almost regard the larger of
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the two veins as beino- formed, in places, through a fusion of the two

umbilical veins. On reaching the ventral surface of the liver, the large

umbilical vein enters the latter through which it continues as a single

channel which at first turns caudad, and then dorsad before opening into

the postcava as in the S mm. embryo, in common with the left hepatic

revehent vein (Text Fig. 25).

In the 10.5 mm. pouch young both umbilical Acins can be followed

for only a short distance in front of the umbilicus which is now closed.

Further forward, however, only one large umbilical vein can be clearly

distinguished, which now returns blood solely from the body-walls, but

11. 5-12 MM. EVIBRYO
10. 5 MM. POUCH YOUNG

Fig. 26.

UMBILICAL

Fig. 27.

Figs. 25, 26 and 27. Diagrams illustrating the transformations which the

umbilical and oinphalomesenteric veins undergo in the embryos and pouch

young. Lateral views.

which is still continued through the liver where it opens into the post-

cava, as in the preceding stages, without anastomosing directly with the

omphalomesenteric vein (Fig. 44, Plate III, and Fig. 45, Plate IV, and

Text Fig. 26).

In the older pouch young the abdominal portion of the left umbilical

vein ceases to be of prominence, and, so far as the writer can determine,

entirely disappears before the pouch young have attained a lengtli of

about 17 mm. Its presence was noted, however, in the 14 and 15 mm.
pouch young, although its connection with the hepatic circulation could

not be determined.

The hepatic continuation of the left umbilical vein, after it has given
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up its connection with the abdominal portion, continues to function in

the pouch young as a revehent vein of the liver, and I am inclined to

believe that it is also retained in the adult (Text Fig. 27) as the hepatic

vein (revehent) which opens into the postcava in common with or in

close proximity to the large left hepatic vein (see Text Fig. Y, Part I,

which represents a corrosion of the hepatic veins of the adult)

.

The arrangement of the umbilical veins in the 6 mm. embryo of Dasy-

urus is essentially the same as that described above for the 8 mm. em-

bryos of Didelphys; the only exceptions being that the two in Dasyurus

are of about the same size and that their continuation within the liver

opens into the postcava independently of the 'left hepatic vein (Text

Fig. 9, and Figs. 29 and 30, Plate II).

So far as known to the writer. Broom, 98, is the only investigator who

has hitherto described the umbilical veins of the marsupials and, al-

though his description is somewdiat fragmentary, it conclusively shows,

when compared with the above observations of the writer, that the plan

of the umbilical circulation in marsupials not only differs from that in

the higher mammals, but that there is also a diiference even among the

marsupials themselves.

Broom states that in an 8.5 mm. embryo of Trichosurus a single mod-

erate-sized vein brings back the blood from the allantois and on reaching

the umbilicus opens into a rather large sinus which lies round the margin

of the umbilicus. From the umbilical sinus two large umbilical veins

pass up to the liver on either side of the large umbilicus. The vein of

the left side opens into the liver at a point which corresponds to that at

which the left umbilical opens in the higher mammals; the right um-

bilical vein opens into the liver on the right side of the quadrate lobe

and differs from the left in receiving a number of tributaries from the

abdominal walls.

Regarding the course of the umbilical veins within the liver, Broom

states as follows :
" Each vein, on entering the liver through a small

opening in its wall, falls into a comparatively large venous space. The

tracing of the veins in the liver at this stage is a matter of considerable

difficulty; but there is little doubt that each intra-hepatic venous sac

gives off a small branch inwards and slightly downwards to the portal

vein, and divides above into a large number of branches, which spread

over the periphery of the upper part of the liver, and then pass inwards

to fall into the inferior vena cava."

Broom further states that "In a 10.5 mm. Tricliosurus embryo the

umbilical sinus, though very much reduced, can still be detected. The

development of the sides of the abdominal wall has brought both the
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right and loft veins much nearer to the middle line, and a further inter-

esting change has taken place in that the right vein has become much
reduced and no longer opens into the liver. It is now merely a small

vein which brings some blood from the anterior abdominal wall into the

umbilical sinus. The left vein which now carries all of the allantoic

blood to the liver, runs only a little to the left of the middle, though the

recti muscles are still widely apart."

" A little later all trace of the right vein disappears, and the left vein,

though comparatively small, follows a course very similar to that of the

umbilical vein in the higher mammals. At birth, of course, the circula-

tion through the umbilical vein ceases. It will be observed that this

doubling of the umbilical vein is very dissimilar to the condition found

in the higher mammal, and very similar to that found in the early lacer-

tilian embryo."

The Abdominal Veins.—The abdominal veins are most prominently

developed in the S mm. embryo of Didelphys and consist of two small

vessels which lie in the ventral body wall caudad of the umbilicus (Figs.

40 and 41, Plate III). These two veins resemble in all their relations

the posterior division of the abdominal veins in the embryos of reptiles,

since they receive tributaries from the body walls, open cranially into the

umbilical veins and connect caudally with external iliac veins (Text

Fig. 24). Veins occupying the same relative positions as the abdominal

veins were also met with in the 11.5-12 mm. embryos of Didelphys, al-

though they were much less prominent here than in the 8 mm. embryos.

The abdominal veins are undoubtedly transitory in character and con-

fined to the embryo during its uterine existence since no traces of them

Avere met with in any of the pouch young examined.

The Omfhalompscnteric Veins.—In the 8 mm. embryo of Didelphys

the omphalomesenteric veins (Figs. 34, 35, 36, Plate II, and Figs. 37

and 38, Plate III) are represented by a single large vein whose earlier

transformations I have been unable to follow. There can be little doubt,

however, that a venous ring is formed about the intestine at a previous

stage, as in the rabbit, since such a ring is actually present in the 6 mm.
embryo of Dasyurus (Fig. 29, Plate II). In the S mm. embryo the large

omphalomesenteric vein enters at the umbilicus on the left side of the

intestine and then curves dorsad until it lies dorsal to the same. In this

position it enters the liver through which it passes, without at any time

anastomosing directly with the umbilical veins, and opens into the post-

cava slightly caudad of the opening of the umbilical veins (Text Fig. 10

and Fig. 33, Plate II). In the 11.5-12 mm. embryos of Didelphys the

omphalomesenteric vein, except for minor changes due to the elongation
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ol' till' oiulii'vos, inaiiitiiiiis cssciil iaily the same I'l'lations as in llu' preced-

ing stage and. after tunnelling the li\ei', also ()|)ens into the [jostcava inde-

jjendently of the nnihilieal veins. In the 10.,-) nun., as well as in all of

the older j)Oueli young, the hepatic continuation of the omphalomesen-

teric vein, instead of forming a continuous channel through the liver to

the postcava. is hi-oken np hy the hepatic sinusoids so that the om[)halo-

mesenteric vein now functions as an advehent vein of the liver, or, in

other woi'ds. has hecome transformed into the portal \cin (Text Fig. 26).

From the al)ove descri])tioii of the hepatic circulation in Didelphys it

is evident that it ditl'ers widely from that met with in monotremes or

in any of the higher mannnals thus far described. Although in mono-

tremes the dnctus venosns Aranzii differs from that of the higher mam-
mals in that it does not form the direct continnation of the left nnd)ilical

vein, it is nevertheless formed through a union of the |)oital and und)ili-

cal veins ( ITochstetter. g6). In none of tlie (Muhryos of Didel])hys studied

by the writer was a ductus venosus Aranzii formed as in monotremes or

placental mammals, since in every instance noted both the umbilical and

omphalomesenteric veins passed through the liver without at any time,

except by sinusoids, anastonuising with each other. It, therefore, ap-

pears questionable to the writer whether one can rightly speak of a ductus

venosus in Di(lel])hys that would t'orres[)ond to that in monotremes and

placental mammals, and for this reason this term has been omitted in

the preceding description of the hepatic circulation.

The nearest approach to the conditions described above for the om-

phalomesenteric and umbilical veins of Didelphys appear to be present

in l)irds as described by Hochstetter (03, Fig. loG, page 136). Here the

omphalomesenteric and left umbilical veins open into the proximal end

of the postcava without previinisly anastomosing wit!i eacli other within

the liver, except by sinusoids.

Eesume and General Considerations.

For convenience of description, the postcava of the adult Didelphys

was descrihed in I'ai't 1 (page ocSli) as consisting of the following sub-

divisions :

A prelicpatic division which includes that portion of the vein which

extends between the right auri(de and the most cranial of the hepatic

veins: an licjiaiic division which is eml)e(blei| in the li\i'r and which in-

cludes that portion of the postcava into which the hepatic veins open;

a renal division which includ(^s that portion of the postcava which lies

between the most caudal of the hepatic vcmus and a poiid just behind the

most caudal of the two renal veins, and a poslrriud division which con-

IB
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sits oi' lliiit |ioi'li()n of llic postcava wliicli lies caudal to the I'l'iial veins.

The folhiwin^i;' lahle shows tlie ajjpi'oximate ndations wliich exist 1)C-

twecii the veins in the eiul)iTo and tlie aliove-mcntioned sulj-divisions of

the postcava in the adnlt:

ADULT KABBIT EJJBKYO " DIDELPIIYS EMBRYO
Prehepatic V. hepatica communis. . . ?

Hepatic Hepatic sinusoids Hepatic sinusoids and a small

portion of the right sub-

cardinal vein.

Renal . . .... Right subcardinal Right subcardinal.

Postrenal Right postcardinal . . . .Cross anastomosis, (formed

by both subcardinals) , and

right and left cardinal col-

lateral veins.

1. After the permanent kidneys liave completed their migration in

the emhryos of the rahl)it and eat. renal veins are dcA'cloped which open

into the postcava, approximately, at the level at which tlie latter joins

the two postcardinal veins.

In Didclphys, on the other hand, after the permanent kidneys have

completed their forward migration, renal veins are developed which open

into the postcava some distance craniad of the latter's Jnnction with the

two postcardinals ; a circumstance which now explains wliy the ]iost-

eava of the adult opossum was never found hy the writer to l)e liifurcated

as far forward as the level at which the renal veins opened into the post-

cava.

The position of the renal veins in Didelphys, with respect to the junc-

tion of the postcardinal veins and the postcava, does not appear to indi-

cate that the permanent kidneys in Didelphys have undergone, relatively,

a more extensive migration than in the rahhit and cat. since the renal

veins, as in the emhryos of the rahhit and cat, open into the postcava only

slightly caudad of the origin of the omphalomesenteric artery, and con-

tiguous to the junction of the postcava and the left anterior revehent

vein. The opening of the latter vein into the postcava, however, lies

relatively, much further craniad of the junction of the postcava and post-

cardinal veins in the ]ionch young than is the case in the S mm. ondn-yos

of Didelphys and the emhryos of the rabbit and cat. This circum-

stance I can only account for on the basis that in Didelphys the junction

of the postcava and the postcardinal veins remains, more or less, as a

fixed point, in front of wdiich the vessels elongate more rapidly than

those that lie behind. This growth in length, so far as the postcava

"After Lewis (02, page 242).
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is concerned, princiiiallv affects that portion of the vein (cross anasto-

mosis) which lies between its junction with the two postcardinals and
that with the left anterior revehent vein.

Tlie left renal vein of Didelphys is developed in connection with the

left anterior revehent vein at the point where the latter opens into tlic

postcava. The right renal vein is developed, as a rule, slightly craniad

of the left and, possibly, from one of the urogenital tributaries of the

pars subcardinalis of the postcava. Both renal veins were met with for

the first time in the 14 mm. pouch young.

2. In the rabbit, the portion of the right subcardinal which, in part,

forms the stem of the postcava terminates, approximately, at the level

at which the renal veins will be developed; while the stem of the post-

cava caudad of the renal veins is developed from the right postcardinal.

together witii a derivative of the latter which is formed on the medial

side of the ureter. In Didelphys, however, the portion of the subcardinal

which, in part, forms the stem of the postcava does not terminate at the

renal level, but at the level at which the internal spermatic veins subse-

quently open into the postcava; while caudad of the spermatic level the

postcava is formed by two veins which usually fuse in the median line

ventral to the aorta. This last feature, so far as I know, is distinctively

a marsupial character. These t^vo veins have l)een described in the pre-

ceding pages under the name of the cardinal collateral veins. In both

the embryos and pouch young the cardinal collateral veins occupy a po-

sition ventrolateral or ventral to the aorta and, in this respect, differ from
that of the postcardinal derivative whicli is developed on the medial side

of the ureter, lateral to the aorta, and which forms, in part, the stem of

the postcava in the rabbit. Tliey are also to be distinguished from the

postei'ior revehent veins (subcardinals) with which, however, they form
frequent anastomoses. In correlation with the degeneration of the post-

cardinal veins the cardinal collaterals increase in size and subsequentlv

function in place of the postcardinals in returning the blood to tlie root

of the postcava from the hind limbs and pelvic region.

3. In the adult rabbit tlic postrenal division of the postcava lies to

the right of the aorta and is usually formed through a union of its iliac

tributaries which takes place dorsal to the arteries. In the adult Didel-

phys. on the otlier hand, tlie postrenal division of the postcava lies ventral

to the aorta and its iliac tributaries normally unite in such a variable

manner to form the postcava that it is actually impossible to assign any

one mode of union for the iliac veins that may be regarded as typical of

the species. In consequence of this variability, the writer has classified

the difffront modes of union which characterize the extefnal and internal
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iliac veins of tlie adult under three types. 'J'ype I, in which the internal

iliac veins unite with the external iliacs ventral to the arteries to form

the postcava (marsnpial type) ; Type II, in which the internal iliac

veins unite with the external iliacs dorsal to the arteries to form the post-

cava; Type III, in which the internal iliac veins unite with the external

iliacs, both dorsal and ventral to the arteries, to form the postcava.

From an embryological standpoint it is not a difficult matter to deter-

mine that the establishment of a particular type of postcava in the adult

Didelphys depends upon the manner, as well as upon the extent to which

certain well defined vessels in the embryos and pouch young, which lie

dorsal and ventral to the umbilical or common iliac arteries, are affected

by atrophy during the subsequent stages of development. These dorsally

and ventrally situated veins are usually met with in the eml)ryos and

pouch young in the form of circumarterial venous rings which encircle

the origin of the arteries in question. In establishing the three types of

postcaval veins this embryonic ground-plan undergoes the following

modifications

:

Type I is established as the residt of the complete atrophy of the ves-

sels which lie dorsal, and Type II as the result of the complete atrophy

of the vessels which lie ventral to ural)ilical or common iliac arteries.

Type III, which is a combination of Types I and [I, is established as

the result of the persistence of vessels which lie botli dorsal and ventral

to the arteries in question.

So far as known to the writer, no adult vertebrate has hitherto been

described which presents such a series of normally occurring variations

of the venous system as those described by tlie writer for Didelphys.

Also, as far as I am aware, a fixity of type normally characterizes the

main stem of the venous system of all other adult vertebrates so tliat va-

riations, when they occur, are exceptions rather than the rule.

It is an intereseting fact that an essentially similar ground-plan of the

venous system as that described above for Didelphys, in which a circum-

arterial venous ring encircles the origin of the umbilical arteries, is also

characteristic of the embryos of a number of otlier vertebrates. These

vertebrates, however, differ from Didelphys in that the modifications

which the embryonic ground-plan undergoes take place in a definite

direction, so that a characteristic or fixed type of venous system normally

results in the adult. For example : A circumarterial venous ring occa-

sionally encircles the origin of the umbilical arteries in reptilian em-

bryos (Sceloporus), altliough only the ventral or postcardinal portion of

the ring normally persists in the adult.

Circumarterial venous rinsfs which encircle the origin of the umbih'eal
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arteries are invariably present in the embryos of birds, as thus far exam-

ined (Hochstetter and Miller), although in the adult only the dorsal

portion of the embryonic ring persists normally as a functional vessel.

In the embryos of Echidna (Hochstetter) tlie internal iliac veins

(postcardinals) at first lie ventral to the iliac arteries, but subsequently

anastomose with the external iliacs by means of two vessels, one on each

side, which lie dorsal to tbese arteries so. that the postcava is at one time

formed tbrough a union between its iliac tributaries which takes place

both dorsal and ventral to the iliac arteries. The adult condition is

reached as the result of the complete atrophy of the anastomosis between

the iliac veins which lies ventral to the iliac arteries (see Text Figs. X
and XI, Part I). In this, as in the preceding cases, however, a fixity of

type normally prevails in the adult regardless of the conditions which

prevail in the embryo.

Among tbe Australian marsupials it is not as yet known whether cir-

cumarterial venous rings encircle the umbilical arteries as in the em-

bryos of Didelphys. There is no question, however, as to the constancy

with which, in most of these animals, certain ventrally situated vessels

aid in forming the stem of the postcava in tbe neighborhood of the iliac

arteries.

Circumarterial venous rings have recently been figured by Lewis (02,

Plate ?. Figs. 7 and 8) as encircling the origin of the umbilical arteries

of a 14.5 mm. rabbit embryo. In this case the ventral portions of the

rings normally atrophy, while only the dorsal or postcard inal element of

the rings persists in the adult as the functional channel. The persistence

of the ventral as well as the dorsal portion of such a venous ring may

])0ssibly account for those interesting abnormalities in the adidt mammal
in which tlie common iliac artery passes througii a foramen in the com-

mon iliac vein.

In establishing the adult conditions in Didelphys this embryonic

ground-jdan. as stated above, is not modified in any one definite direc-

tion, but in such a manner tbat the resulting condition may be repre-

sented by any one of the possible combinations which such a ground-

plan is capable of producing. These possible combinations constitute

the three types of postcaval variations which have been described in the

preceding pages under Types I, II and III. The production of these va-

riations is in every sense a noniuil procedure, and it is an interesting fact

that the variations described under Type I (Fig. 1, Plate I, Part I) re-

semble the usual condition of the adult postcava in the Australian mar-

supials, while those under Types III, B (Fig. IS, Plate IV) and Type II

(Figs. G and 7, Plate II. Part I) are identical, respectively, with the em-
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hryonii' and advilt eoiiditioii ol' the postcava in Echidna (see Text Figs.

X and XL Part I).

Furthermore, two cases were met with among the 101 adults exam-

ined in which the postcava occupied the same relative position with re-

spect to tlie aorta and was formed through a union of its iliac tributaries

in exactly the same manner as in placental mammals when the left in-

stead of the right postcardinal vein forms the caudal end of the stem of

the postcava. These two cases are regarded by the writer as the only

actual eases of abnormalities met with among the 101 adults examined.

They are figured and described in Part I (page 395) and further con-

sidered from the standpoint of their development in Part II (p. 211).

It is impossible to state what the causes may be which are responsible

for such a series of normally occurring variations as those which charac-

terize the postcava of the adult Didelphys. Whatever they may be, they

are apparently inherent in the individual itself since there is as much

variation among the individuals of the same litter as among the in-

dividual members which constitute the species in general.

It appears to the writer that the causes whieli account for this constant

variation in Didelphys may be analogous to those which only sporadically

act in other vertebrates, but which are responsible for the well-known

series of venous abnormalities which one occasionally meets with in the

adult. Why they should constantly act in Didelphys and only occasion-

ally act in other vertebrates, however, is ditficult of explanation unless it

is indicative of an extreme plasticity wliicli may be regarded as charac-

teristic of tlie species in general. Tliis \\vw certainly coincides with the

investigations of Allen, oi, upon tlio variable cliaracter of the skeleton

of Didelphys, as well as with those of Oldfield Thomas, 88, who in re-

ferring to Didelphys marsupialis, var. typica, says (p. 327) :
" This wide-

spread species, owing to its remarkable variability in color, has been made

the basis of a very considerable number of nominal species, of which the

most commonly recognized are the Xorth AnuM'ican D. virginiana, the

Brazilian D. cancrivora, and the striped-faced D. azara\ 1 iind, how-

ever, such a considerable amount of variability in the specimens from

every locality and such an entire absence of constancy in any character

or set of characters, that I am constrained to unite the whole of this group

of opossums into a single species, to which the Linnean name D. marsu-

pialis is of course applicable."'

It is generally conceded that variations of the venous system occur

with greater frequency among domesticated animals than among those

living in the wild state; an idea, howevi-r, which is most certainly erro-

neous, as ]iro\ed bv tlu' cimditions met with in Didelphys.
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-I. Ill tlie rabbit oinbryo tbe portal vein (()iii])balome.sent('ric) on

ix'acliin,ii- tlio liver anastomoses directly with th(> loft umbilical vein to

form the dnctiTS venosus Arantii, so that the latter, at a certain period

of development, returns to the heart most of the blood that reaches the

liver through the portal and left umbilical veins. In Didelphys, how-

('\(M-, no such direct anastomosis takes place between these two veins, but

each vein is continued through the parenchyma of the liver in a separate

channel which opens into the proximal end of the postcava independently

of the other; a co-ndition Avhich. in some respects, resembles that met

with in birds.

So far as known to the writer. Broom is the only investigator who has

hitherto described the umbilical and omphalomesenteric veins in the

embr3-os of marsupials (Trichosurus) and, although his account is some-

what fragmentary it conclusively shows, when compared with the above

observations of the writer, that the plan of the embryonic hepatic circu-

lation in marsupials not only differs from that of the higher mammals,

but that there is also a difference even among the marsupials themselves.

5. Abdominal veins are present in the 8 mm. embryos of Didelphys

which resemble in all respects the abdominal veins of reptiles. They lie

in the mid-ventral body-walls, connect cranially with the umbilical veins

at the umbilicus and caiidally with the external iliacs.

In conclusion, I may state that in 1902 I received a letter from Dr.

J. P. Hill, of the University of Sydney, in which he was kind enough to

send me a few rough sketches illustrating the development of the veins

in Perameles. He specifically stated that the schemes were not drawn

to scale and, as they represented only a series of preliminary observa-

tions, he did not care to vouch for their accuracy in detail. The general

conclusions which he drew from his observations are most interesting,

and I quote them in full. " From these nule schemes there can be no

doubt as to the origin of the postcaval vein from an unpaired anterior

portion and paired posterior portions which probably fuse as shown in

the 17 mm. stage. The most interesting find to me was that of a defi-

nite renal portal circulation in connection with the mesonephros."'

These observations coincide with mine on Didelphys so far as the de-

velopment of the caudal portion of the stem of the postcava is concerned.

The presence of a definite renal portal system was not observed by the

writer either in the Dasyurus embryo nor in any of the embryos of Di-

delphys examined, l)ut its presence in Perameles, however, further illus-

trates the unexpected as well as unusual characters which one occasionally

meets with in the embryo, as well as in the adult of the marsupials in

general. Of these characters, so far as the venous svstem is concerned,
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the followin,!:- may be mentioned: Tlie [jresenee of veins in the adult of

Didelphys wliieli undoubtedly correspond to the posterior vertebral veins

of the sauropsiih) ( Part T, pp. 380-1, these veins have not yet been

observed in i\]c Australian nuirsupials) ; the course pursued in the adult

by the Y. cordis magna which is similar to that in birds (Part I, p. 3?o) ;

the presence of a type of postcava in the adult of Pctaurns taguanoides

and Phalanger ursinus which is similar to that met with in placentals

in wliirli the postcava lies to the right of tlie aorta and is formed through

a union of its iliac tributaries which takes place dorsal to the aorta; the

presence of posterior abdominal veins in the embryo of Didelphys; the

absence of an anastomosis in Didelphys, between the left umbilical and

omphalomesenteric veins, to form a ductus venosus Arantii, as in pla-

cental mammals.
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EXPLANATION OF FIGURES ON PLATE I.

Fig. 28. Arteries and veins of an adult female Opossum (Didelphys marsu-

pialis, L. or, as more commonly called, D. virginiana, Kerr, L. ). Ventral view.

Heart reflected to the right and liver, for the most part, cut away. The post-

cava is formed as in Type II, in which the internal iliac veins unite with

the external iliacs dorsal to the common iliac arteries. In addition to the

Type of postcava mentioned above the following features should be noticed:

The peculiar course pursued by the V. cordis magna; the position occupied by

the azygos vein with respect to the segmental arteries; the absence of the

anterior and posterior mesenteric arteries; the anastomosis between the renal

and spermatic veins which lies on the medial side of the ureter, and the two

pairs of internal spermatic arteries.

EXPLANATION OF FIGURES 29 to 61 ON PLATES II-V.

Plate II.

Figures 2V-S6.

Figs. 29 (section 1(J4) and 30 (section 171). Transverse sections of a

6 mm. embryo of Dasyurus, Series I.

Figs. 31 (section 187), 32 (section 208), 33 (section 211), 34 (section 225),

3.5 (section 226) and 36 (section 238). Transverse sections of an 8 mm-,

embryo of Didelphys, Series VIII.
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Platk III.

Figures 37-.'i4.

Figs. 37 (section 244) and 38 (section 253). Transverse sections of an

8 mm. embryo of Didelphys, Series VIII.

Fig. 39. Transverse section of an 8 mm. embryo of Didelphys, Series X,

incomplete.

Figs. 40 (section 384) and 41 (section 389). Transverse sections of an
8 mm. embryo of Didelphys, Series IX.

Fig. 42. Transverse section of an 8 mm. embryo of Didelphys, Series III,

Incomplete.

Figs. 43 (section 293) and 44 (section 350). Harvard Embryological Col-

lection, Series No. 614. Transverse sections of a 10.5 mm. pouch young of

Didelphys.

Plate IV.

Figures Ji5-52.

Figs. 45 (section 368), 46 (section 505), 47 (section 520) and 48 (section

521). Harvard Embryological Collection, Series No. 614. Transverse sections

of a 10.5 mm. pouch young of Didelphys.

Figs. 49 (section 244), 50 (section 214), 51 (section 199) and 52 (section

197). Harvard Embryological Collection, Series No. 617. Frontal sections of

a 11.5 mm. pouch young of Didelphys.

Plate V.

Figures 53-61.

Figs. 53 (section 635), 54 (section 750), 55 (section 772) and 56 (section

789). Transverse sections of 11.5-12 mm. embryo of Didelphys, Series II.

Fig. 57. Transverse section of a 14 mm. pouch young of Didelphys,

Series IV.

Fig. 58. Transverse section of a 15 mm. pouch young of Didelphys,

Series XII.

Fig. 59 (section 442). Transverse section of a 15 mm. pouch young of

Didelphys. Series VII.

Fig. 60. Transverse section of a 15 mm. pouch young of Didelphys, Series

IX.

Fig. 61 (section 448). Transverse section of a 15 mm. pouch young of

Didelphys. Series VII.
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A STUDY OF THE STRUCTURAL UNIT OF THE LIVER.

BY

FRANKLIN P. MALL.

From the Anatomical Laboratory of the Johns Hopkins University.

With 74 Figures and 7 Tables.

In studying the structural development of an organ it is necessary to

consider the systems within it as a whole and to determine their relations

to one another. Analytical methods, which must precede synthetical

methods, have shown that organs are built up of like parts, or structural

units, which are analagous to the leaves of a tree. However, in the growth

of an organ the units are not thrown off annually, but are gradually

shifted and transformed into new units. It follows that in a study of

the kind proposed it is always necessary to consider the unit in relation

to the organ as a whole throughout its development, and to do this we

must constantly resort to reconstruction. Of course this cannot be done

with much success, in the ordinary sense of the term, but for the present

purpose, the tables may be considered as reconstruction. Geologists, geog-

raphers, archaeologists and anatomists each have their own methods of

reconstruction, and I have utilized them all, more or less, in the present

study.

I undertook the study of the structural development of the liver on

account of its well-known and sharply-defined lobule. It was thought at

the beginning that this lobule was the simplest of all the structural units

and therefore the most suitable for a study of this kind. It soon became

evident that the lobule was not the structural unit, and that both lobules

and units were extremely difficult to follow in their development, for they

are constantly blended with adjacent lobules, or units as the case may be.

Furthermore, lobules or units once formed do not remain, but sprout,

fracture and rearrange themselves, thus making the various pictures ob-

tained complex and difficult to interpret.

The work has been carried on during a number of years, after being

laid aside in order to take up the same question in other organs.

These secondary studies,—usually made by others connected with me,—

have aided my work for the liver materially, which I now venture to

present in a more or less connected form.

American Journal of Anatomy.—Vol. V.
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Historical Note.

In 166-1 Wepfer described lobules in the liver of the pig, and two years

later they were again described by Malpighi who gave them their name.

Malpighi states that the livers of all vertebrates are conglomerate glands,

being composed of lobules which in turn contain acini. For a long time

after this the capital problem in the anatomy of the liver was the study

of the structure of the lobules and their relation to one another.

In 1733 Ferrein described these lobules as being composed of two sub-

stances, brown and yellow (substantia fusca and substantia flava) which

formed respectively its medullary and cortical portions. In general this

description was accepted by anatomists, sometimes, however, with a re-

versal of the arrangement of the colors in the medullary and cortical por-

tions of the lobule.'

In 1832 E. H. Weber showed that the two colors of the lobule are due

to an unequal distribution of blood in it, and a year later Kiernan, in

his classic paper, denied altogether that the lobule was composed of two

substances as described by Ferrein. We owe to Kiernan our present

conception of the lobules; he described their shape and relation to one

another, the amount and character of tissue between them, and what is

more, their relation to the vascular system ; he also introduced our present

nomenclature. The defining line around a lobule was broken up into

spaces and fissures, spatia interlobularia when three lobules came to-

gether, and fissurse interlobulares between each two adjoining lobules.

The spaces and fissures, which were not always easy to demonstrate, were

no doubt included by Ferrein in the cortical portion of the lobule. It

is seen that Kiernan's interlobular spaces and fissures form a network

between the lobules, and for this reason Theile calls them the substantia

reticularis, and the lobule proper the substantia granosa. It was also

shown that the order of the reticular and granular substances are reversed

in hepatic congestion; in it the brown reticulum encircles yellow gran-

ules, pseudogranules, as Theile calls them. The yellow " pseudolobules "

are tough and more consistent than the true brown lobules.

Before the time of Kiernan the usual confusion of terms naturally arose.

For instance, Autenrieth accepted Ferrein's cortical and medullary por-

tions of the lobule, only he reversed the order of their colors. Evidently

he was describing " pseudolobules.'^ Merkel, who also no doubt studied

hyperamic livers, did the same. Krause took the " happy mean " course

^ See Kiernan, Phil. Trans., 1833; Theile, Handworterbuch der Physiologie,

II, 1844; and Oppel. Lehrbuch der Vergleichenden Mikroskopichen Anatomie

der Wirbelthiere, III, 1900.
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and described psendolobules, i. e., the yellow interlobular connective tissue,

with hepatic veins in their center. Cruveilhier made the same blunder.

Xumerous other terms were used in a variety of ways, as, for instance,

acinus which meant anything from a cell to an entire lobule, according

to different authors.

The lobule, as described by Kiernan, received its strongest support in

its having on its periphery the terminal twigs of the portal vein, hepatic

artery, bile duct, and an increased quantity of connective tissue, which

'in the pig forms a distinct capsule. Had it not been for an occasional

animal with a lobule so well outlined and a great authority like J.

Miiller, it is probable there would still be much confusion in spite of the

" happy means " and the innumerable terms. The study of the structure

of the liver illustrates beautifully the value of great minds in the study

of any subject. We see during a period of two centuries that the gen-

eralizations of Malpighi, Ferrein, and J. Miiller are consistent and prac-

tically correct in spite of the great amount of confusion and opposition

brought from many quarters. Taking all of the facts into consideration,

analysis by means of injection experiments, finally gave us a structural

unit of the liver which has withstood all opposition.

Lobules of the liver are certainly not well marked in most animals

and it is seen by the foregoing that the lobules were as often found en-

circling the portal twig as around the hepatic twig. A glance at Fig. 1

will show why either arrangement is correct. With the facts before him,

it is not remarkable that E. H. Weber denied the anatomical existence

of the lobule, i. e., a lobule that can always be seen and is always the

same. However, J. Miiller, with the livers of the pig and of the polar

bear as examples set the question at rest for a time.

The " psuedo lobule " of Theile, with the strong connective tissue of

the portal space as a center, is tougher than the true lobule which has

only a delicate reticulum to hold it together. Theile has shown that it is

easy to isolate the " pseudo lobule " of the dog's or the rabbit's liver,

while it is impossible to isolate the true lobule. In fact, if livers of these

animals are crushed and washed in a stream of water, the whole system

of lobules is isolated, clustered around the branches of the portal vein,

forming a specimen which may be likened to a bunch of grapes.

Sabourin has described the liver as being composed of biliary lobules

with the terminal bile ducts as their centers.^ He has accepted the pseudo

^Sabourin, Le Progres Med., VI, 1883; Recherches I'anat. normale et

pathol. de la glande biliaire de rtiomme, 1S88; Rev. Med., XXI.
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lobule of Theile as the true unit of the liver, which in Phoca ' is outlined

by a capsule as the hepatic lobule is in the pig. The biliary or portal

lobule has been used as a basis bv Berdal * in his histolo":v and has been

Fig. 1. Diagram of a transverse section of a group of lobules with lines

indicating the course of the capillaries. The lobules as usually understood

are marked with circles. P, a portal unit; n, nodal point; p^ a portal unit

outlined as in partial congestion.

advocated by myself for a Ions; time.' Eecently it has been discussed as

the secreting lobule by J. B. MacCallum °, and has been defended from

an embryological standpoint by F. T. Lewis.^

^ Brissaund et Sabourin, Compt. rend., Soc. de biol., XL, 1888.

* Berdal, Elements d'histologie normale, Paris, 1894.

''Mall, Zeit. f. Morph. u. AnthropoL, II, 1900.

° MacCallum, J. B., English translation of Scymonowicz's Histology.

' Lewis, F. T., Anat. Anz., XXV, 1904.
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In all other glands wc make the duct the center of the structural unit.

From this center often the artery and the framework radiate. In the

liver everything radiates from the so-called interlobular space,—arterial

and portal blood vessels, bile duct, lymphatics, nerves and connective

tissue; the liver develops from this point; physiologically everything cen-

ters there. So, viewed from any standpoint, it is the center of the struc-

tural unit.

Throughout my description I shall use the term portal structural. unit,

portal unit, structural unit, or unit, for the clump of tissue which sur-

rounds each terminal branch of the portal vein. In order to avoid, con-

fusion I shall use the term lobule in its old sense,—as the hepatic lobule,

—

for after much discussion carried on during two centuries, it has become

well estalilished. The old idea, the idea of Wepfer, Malpighi, Ferrein,

Kiernan, and J. Miiller should be marked with the word lobule ; the new

idea, associated with the unity of structure, should be called the unit.

Vascular Proportion.

Eoux has stated in one of the theses in his Hdbilitationssclirift * that

the lobular subdivisions of the liver are due, in their arrangement and

form, to the vascular system. This same idea is again brought forth

several years later in the Introduction to his Archiv.^ In this he says,

on page IT, " Die Gliederung der gewohnlichen, baumartig verastelten

Driisen in Liippchen erscheint durch die gestaltenden Wirkungen der

Epithelien, also der specifischen Telle, bedingt und ist, so weit dies

richtig ist, Selbstdifferenzierung der Driisensubstanz. Bei der Leber

dagegen, einer Xetzdriise, erscheint die normale Grosse und Gestalt der

Lappchen und auch die lobulare Gliederung selber durch die Blutgefasse

bedingt, und zwar einmal durch die geeignete Kapillarliinge wie zweitens

durch die Eigenschaft der letzten Verastelungen der Vena portse, beim

Wachsthum des Kapillarnetzes dichotomische Verzweigungen in letz-

terem auszubilden. Die acinose Gliederung des Leberparenchyms stellt

somit eine von dem Blutgefasssystem abhangige Differenzierung der

Driisensubstanz dar."

A much more extended discussion of the growth and proportion of the

vascular system is given by Thoma in his numerous papers, but that

' Roux, Ueber die Leistungsfahigkeit der Principien der Descendenzlehre

zur Erklarung der Zweckmassigkeiten des thierischen Organismus, Breslau,

1880, and Gesammelte Abhandlungen, I, 1895, p. 134.

° Roux, Einleitung zum Archiv f iir Entwickelungsmechanic der Organismen.

Leipzig, 1894, p. 17.
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which relates to the capillaries in particular is to be found in his brilliant

study of the blood-vessels of the area vasculosa of the chick/" It is not

possible to discuss in detail the many observations and arguments in this

model resenreli without extending this paper far beyond the space of this

Journal. However, an excellent summary of Thoma's work is given in

his Pathology, from which I will quote several pages from the English

translation.'^ Thoma's work is summed up in three laws or histomechan-

ical principles (page 2G5), as follows:

(1) "The increase in the size of the lumen of the vessel, or what is

the same thing, the increase in the surface of the vessel ivall, depends

upon the rate of the hlood-ciirrent. The surface of a vessel wall ceases

to grow when the blood-current acquires a definite rate. The vessel in-

creases in size when this rate is exceeded, becomes smaller when the

blood-stream is slowed, and disappears when it is finally arrested.

" This law which brings the growth of the surface of the vessel wall

into dependence upon the rate of the flow of the blood is, I consider,

the first and most important histo-mechanical principle which determines

the state of the lumen of the vessel under physiological and pathological

conditions. It will be further proved, however, in many places in the

general, as well as in the special parts of this book.

"A second histo-mechanical principle may be added to this, viz.. ftte

growth in thickness of the vessel wall is dependent upon its tension.

Further the tension of the wall is dependent upon the diameter of the

lumen of the vessel and upon the hlood-pressiire.

" The proof of this law is to be sought, in the first place, in the varying

strength of the wall of the larger and smaller arteries, veins, and capil-

laries. In certain diseases of the vessels (arteriosclerosis, aneurism)

there are apparent exceptions wliich will lie discussed in their proper

place.

" The third histo-mechanical princi])le has not hitherto been so com-

pletely demonstrated as the first two. It will, therefore, be put forward

merely as an hypothesis, which runs as follows: increase of hlood-pres-

sure in the capillary areas leads to neir formation of capillaries.

" The three histo-mechanical principles were, in the first place, em-

ployed to explain the developmental processes in the area vasculosa of

the chick. In this flat extended area a capillary network is found at an

'" Thoma, Untersuchungen ueber die Histogenese und Histomechanik des

Gefasssystems. Stuttgart, 1893.

" Thoma, Text-book of General Pathology and Pathological Anatomy. Trans-

lated by Bruce. London, 1896.
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early date in which no arterial and venous channels can be differentiated

(Fig. 2). A few channels are, however, selected by the blood-stream in

consequence of the general direction which is given to it by the position

of the ends of the primitive aorta on the one side, and of the venous ostia

of the heart on the other. These channels (Fig. 2, a, h, c) contain the

more rapidly flowing streams. They, therefore, dilate and become con-

verted into arteries and veins. (Fig. 3).

" Other channels, in which the rate of the flow of the blood has a cer-

'^U
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"
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Fig. 2. Capillary channels of the area visculosa after forty-eight hours'

incubation. S, peripheral end of the primitive aorta; a, h, c, selected blood-

channel, X 30. After Thoma.

tain medium force, remain as capillaries, and lastly, some channels which

ofl:er great resistance to the stream, and are thus very slowly traversed,

atrophy, or disappear altogether. The rapid growth of the selected chan-

nels diminishes the resistance to the blood-stream, so long as the capillary

area remains unaltered. The blood-pressure in the capillary area accord-

ingly rises and leads to new formation of capillaries. Xew communica-

tions are thus formed between the terminal ramifications of the arteries

and veins ; the capillary area is thus relieved, and its blood-pressure falls.

Arteries and veins have now become wider and longer, and the capillary
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area has increased in extent. A hirger quantity of blood will How into

it, therefore, and this will involve a corresponding increase in the total

resistance to the stream within the enlarged capillary areas. The chain

of processes described may therefore be repeated until any one link in

the chain becomes incapable of further increase.

M'^S^^s^^^
Fig. 3. Blood-vessels from the area vasculosa after fifty-seven hours' in-

cubation. The same part as in Fig. 2. S, peripheral end of the primitive

aorta; a, 6, c, the selected channels of entrance to capillary network; V. V, V,

venous exit of latter; d, d, d, the beginning of the second capillary network.

X 25. After Thoma.

" If we consider that this chain of processes is constantly repeated

within short spaces of time, and that at each time only a slight alteration

of the previously existing relations is produced, we may form a fairly

accurate conception of the mode of gi'owth of the vascular system.

The details of this will not be considered here. If, however, we apply

the above principles to any organ Avhatever which has a longer existence
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than the area vasculosa, we must admit tliat the histo-mechanical princi-

ples justify us in assuming that, after the organ has ceased to grow, the

rate and presence of the blood in all its capillaries are approximately-

equal.

i;^

Fig. 4. Part of the area vesicular of a chick incubated seventy-four hours.

The dorsal aspect is presented. V, "F. veins.

After Thoma.

The arteries are dark. X 21.

" In this organ, according to the first histo-mechanical principle, all

blood channels in which the rate of flow exceeds a certain maximum, must

increase in lumen and become converted into arteries and veins. A^ice
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versa, all vast'ular channels will disappear in which the rate of the blood-

stream falls below a certain maximum. If, however, the lumen of the

vessel bears a fixed relation to the rate of the blood-current, the interval

between the maximum and minimum cannot be great. From this it ap-

pears that, after growth is completed, the rate of flow must be fairly uni-

form in all the capillaries of an organ.

" The conversion of capillaries into arteries diminishes the resistance

of the blood-stream, and leads to an increase of pressure in the capil-

laries. If, then, according to the third histo-mechanical principle, new

capillaries are formed at all places in the capillar}^ area in which the

pressure of the blood exceeds a certain limit, these capillaries, again, re-

duce the pressure by forming new connections between the arteries and

veins. The third histo-mechanical principle, therefore, implies that,

during the growth of the organ, new capillaries are being formed every-

where, and that, after complete growth, the blood-pressure in all capillary

areas of the same organ is fairly uniform.

" The width of the lumen of the capillary channel at the close of the

period of growth must be almost the same in all areas of the same organ,

since it depends on the rate of flow, and this rate is uniform in all capil-

laries of the same organ.

" These conclusions are in perfect harmony with the actual state of

matters. It appears, however, that in the different organs there are great

differences in the width of the lumen and in the number of their capil-

laries, in the rate of flow, and in the quantity of the blood flowing

through a given area of the vessel in a given time.

"If these facts be compared with the results which were obtained above,

according to which the first vascular spaces, the rudimentary capillaries,

were formed by the secretory activity of the cells forming their wall, we

are compelled to assume that the metabolic processes and other special

characteristics of the various organs also exercise a determining influence

on the peculiarities which distinguish their capillaries. It must be

imagined that the individual characters of the organ, and its size in rela-

tion to other organs, decide firstly the number of capillaries in the whole

organ and in a single part of the organ; further, the special relations

existing between the rate of flow and the lumen of the capillary channel

;

and lastly, the height of the blood-pressure which will lead to the forma-

tion of new capillaries. If, for example, the growth of the capillaries is

arrested in one organ at a rate of flow a, corresponding to a lumen b,

in a second organ the growth of the capillary lumen might perhaps be

arrested at a rate of flow A corresponding to a lumen B. ' Thus, in the
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one organ, capillary new formation would occur when the pressure of

the capillary hlood exceeds the limit c, while, in the other organs, this

limit might he higher at the blood-pressure C.

" The number of capillaries, their lumen, and the rate of flow of the

blood-stream passing tlirough them, determine, as has been observed, the

total quantity of the blood which flows through the entire organ. We
thus arrive at the remarkable result that it is the organ iself ivliich de-

ternvines_the_quaidlt!i. the rate of flow, and the pressure of the hlood

flowing tlirough it; ami that this is effected by means of flxed relations

which are expressed generally in the three histo-mechanical principles.

The conditions which produce the nniformity of pressure and rate of

the blood-current in all capillary areas of the same organ are included

in these principles.

" According to the generally accepted view of the prol)lem of the cir-

culation, which was formerly quite sufficient to serve as a basis for the

account of its general disturbances, the pressure, the rate, and the amount

of the blood-flow appeared to be directly dependent upon the action of

the heart. According to the view given here, on the other hand, it is

the metabolic processes in the organs, which determine first for the in-

dividual organs, then for the whole of the organs—that is, for the circu-

lation as a whole—the amount of blood propelled within a given time,

its pressure and its rate of flow. In this case, the working-power of the

heart appears as the equivalent of the sum of the histo-mechanical de-

mands made by the organs."

It will be seen that Thoma concludes, and I think properly, that capil-

laries of like component parts of an organ are of equal size and length,

and that the rapidity of the circulation through them is also equal. This

idea I have also tried to develop in various papers upon the structural

unit of organs. It appears that each organ is broken up into units

which are of equal value from anatomical and physiological standpoints.

What takes place in one unit takes place in all of the rest. A good ex-

ample is to be found in the intestine wdiere the structural unit is a villus

surrounded at its base with a circle of intestinal glands (crypts). In the

center of the gi'oup is the main artery which passes directly to the apex

of the villus and ending there divides abruptly into an uml^rella of ca])il-

laries whicli lie at the periphery of the villus. These capillaries are about

of one diameter and length, and no matter what course is taken by the

blood the distance and resistance in passing from the artery to the vein

is always the same.'' Ludwig pointed out that the capillaries of an organ

" Mall, Abhandl. d. K. S. Gesell. d. Wiss:, XIV, 1887.
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wore always 0(nially favoi-cd liy tlic t-irculation, and that many descrip-

tions and illustrations of the blood-vessel, as, for example, of the villus

and the odomerules, could not possibly be correct. If in reality the blood-

vessels of these structures were arran^^ed as is frequently pictured, the

blood would have to take the capillaries in the course of the least re-

sistance, while in those of the greatest resistance it would stagnate or

come to a standstill. Thoma's first law explains how an equal distribu-

tion which favors no part of an organ is brought about. In development

the vessels in which the blood stagnates degenerate, and in those in which

the rapidity is too great the lumen is enlarged. There seems to be a

tendency to maintain a " normal '' flow of blood through the capillary.

After capillaries are well dilated they become arteries and veins, and the

thickness of their walls is now dependent upon their tension, according to

Thoma's second law. These two laws are constantly at work, and regu-

late accurately the diameter and thickness of the walls of the arteries and

veins.

Before considering Thoma's third histo-mechanical principle, it is

necessary to discuss his numerous measurements as well as to give data

which I have accumulated. The whole question hinges upon the cause

of the new formation of capillaries for which Thoma has not found a

law, but has merely put forward an hypothesis.

Thoma made many measurements of arteries and their branches and

tabulated Bencke's measurements of the aorta with its branches. These

measurements show that the area of all of the branches of the aorta equals

about the area of the ascending aorta, being a little less before the thirti-

eth year of age and a little greater thereafter. Thoma giA'cs a few

measurements of small arteries in which the area of the immediate

branches equals about that of the main stem. These measurements, how-

ever, are not constant in live animals, for if the observations are con-

tinued, the caliber of the branches increases out of proportion, and ulti-

mately their area exceeds that of the main stem.'^ This change Thoma
ascribes to a change in the vascular tone. In other parts of the same

work." as well as elsewhere, he appears to be somewhat uncertain regard-

ing the equality of the area of a vessel and the area of all of its branches.

Also in a later publication the arguments seem to accumulate against

this view.'^ Thoma states, however, that the exceptional cases are found

" Thoma. Histogenese u. Histomechanik, 66.

"Thoma, Ibid., p. 86; Pathology, 27.5 and 276.

^^ Thoma, Ueber den Verzweigungsmodiis der Arterien. Arch. f. Entwick. d.

Organismen, XII, 1901.
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in growin,g arteries, the umbilical, for instance, which is to be expected,

for the peripheral bed is enlarging. After the vessels cease to grow the

area of the vascular bed is about the same from the ascending aorta to

the smallest arteries; the bed enlarges in the capillaries. Under such

conditions (homonomous ramification) the average rate of the current is

equal in all of the arteries.

Whether tlie ramification is homonomous or heteronomous appears to

me to be of little consequence, and I have pointed out the uncertainty of

Thoma's statements for my own measurement, which are quite nu-

merous, and decidedly in favor of a heteronomous ramification. Thoma's

assumption of homonomous ramification is based largely upon the meas-

urements upon the aorta and its branches. From now on, however, the

vascular bed enlarges, at first slowly, and more rapidly as the capillaries

are approached. The bed has doubled itself in the arteries one millimeter

in diameter and has increased about fivefold in arteries .05 mm. in

diameter. A change so slight as this could barely be detected when the

measurements are made in adjoining internodes. In order to obtain re-

liable figures the measurements must be made farther apart. For in-

stance, it is easy to lay the intestine of the dog into a series of anatomical

units to correspond with the arteries—mesenteric arches, arches to the

submucosa and arteries to the villi. If the area of the superior mesen-

teric artery is 7 sq. mm. and that of the ends of the main branches but

12 sq. mm., it will be seen that when a trunk divides into two branches

the change in area will be but slight. But when we compute tlie number

of villi, and this is easily done, we determine at the same time the num-
ber of terminal arteries to the villi, all of which are about of the same

size. At this point, as Table I shows, the artery is .0225 in diameter

and the bed is nearly 60 times the area of the superior mesenteric artery.

If the ramification were homonomous down to the arteries of the villi

there should be but 17,000 villi, the number which can be counted upon

10 sq. cm. of mucous membrane. No matter how the following tables

are compared, it is seen that fhere is a gradual widening of the vascular

bed from the branches of the aorta to the capillaries.
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TABLE I.

Giving the vascular bed of the dog's small intestine.

K. S. Ges. d. Wiss., XXIV, 1887.)

Vessels

[1] Superior mesenteric

[2] Main branches

Terminal branches

Short intestinal arteries

l^ong intestinal arteries

Long and short intestinal arteries

Terminal branches of short intestinal

arteries 8,640

Terminal branches of long intestinal

arteries 18,000

[o] Total terminal branches 26,640

From the submucosa to the crypts 4,000,000

From the submucosa to the villi 328.500

Arteries of the villi 1,051,000

r upper one-third 31,536,000
Capillaries|j^^gj.

o^e-third 15,768,000

[4] Total capillaries of crypts and villi.... 51,304,000

Veins of the villi 2,102,400

Veins penetrating the muscularis mu-

cosae 131,400

Terminal branches in the submucosa. . 18,000

Anastomoses in the submucosa 2,500,000

Terminal branches of the long and

short intestinal veins 28,800

Long intestinal veins 459

Short intestinal veins 1,440

Last branches of superior mesenteric

vein 45

Branches of the mesenteric vein 15

Mesenteric vein 1

Muscle Coats.

[3] Direct muscle arteries 1,800

[3] Recurrent muscle arteries 3,600

Capillaries of the circularis 27,000,000

Capillaries of the longitudinalis 9,000,000

[4] Total capillaries 36,000,000

Veins 3,600

(Mall, Abhandl. d.

Numbs:

1
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TABLE II.

Giving the vascular bed of this dog's stomach,
pital Reports, I, 1889.)

Vessels

Aorta

Coeliac axis

[1] Gastric

Splenic

Hepatic . .

.

'From the gastric.

To the stomach-

[2]

From the splenic.

From the hepatic

Total

{

(Mall, Johns Hopkins Hos-

imber
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TABLE III.

Giving the vascular bed of the dog's adrenal.

Johns Hopkins Hospital Reports, IX, 1900.)

"Vessels

[1] Arteries, first order

second order

third order

fourth order of cortex

fourth order of medulla

Total fourth order

fifth order of cortex

fifth order of medulla

[3] Total fifth order

sixth order of cortex

sixth order of medulla

sixth order of capsule

Total sixth order

capillaries of cortex 3.

capillaries of medulla

capillaries of capsule

[4] Total capillaries

Venous Tree.

Veins, seventh order, gland

seventh order, capsule

Total seventh order

sixth order, gland

sixth order, capsule

Total sixth order

fifth order, gland

fifth order, capsule

Total fifth order

fourth order, gland

fourth order, capsule

Total fourth order

third order, gland

second order, gland

first order, gland

lumbar vein

(Flint, Welch Festschrift,

Number Diameter
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TABLE IV.

Giving the vascular bed of the dog's spleen.

Vessels Number Diameter

mm.
[1] Splenic artery 1 2.5

Branches to spleen 2 1.9

[2] First order 15 .75

Second order 1,000 .1

[3] Lobular 80,000 .015

[4] Terminal 40,000,000 .008

(-contracted 500,000,000 .01
Pulp spaces

|

^.^^^^^ 500,000,000 .02

Interlobular veins 80,000,000 .04

Interlobular veins ; 80,000 .08

Second order 1,000 .5

First order 15 4.0

Branches from spleen 2 5.0

Splenic vein 1 6.0

Area
of

Section
sq. mm.

4.91

5.67

6.63

7.85

14.0

4021.0

39,270.0

157,080.0

100,531.0

402.0

196.0

188.0

39.26

28.27

TABLE V.

Giving the vascular bed of the dog's lung.

VIII, 1893.)

Vessels

[1] Pulmonary artery 1

Right and left branches 2

Lobar arteries 8

First order 24

Second order 164

[2] Third order 1,021

Lobular arteries 16,000

Atrial arteries 64,000

[3] Sac arteries 128,000

[4] Capillaries 600,000,000

Sac veins 192,000

Atrial arteries 32,000

Lobular veins 16,000

Third order 1,021

Second order 164

First order 24

Lobar veins 8

Venous trunks 4

(Miller, Journal of Morphology,

iameter

mm.
15.5
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TABLE VI.

Giving the vascular bed of the dog's portal system.

Vessels Numbi

[ 1 1 Portal vein 1

Branches of the first order 6

Branches of the second order 70

[2 1 Branches of the third order 700

Branches of the fourth order 8,000

Branches of the fifth order 80,000

[3] Branches of the sixth order (interlobu-

lar) 960,000

[4] Capillaries 1,850,000,000

Sixth order of hepatic vein (central)'' 480,000

Fifth order of hepatic vein 80,000

Fourth order of hepatic vein 8,000

Third order of hepatic vein 700

First order of hepatic vein 70

Second order of hepatic vein 7

Hepatic vein 1

Artery.

[1] Hepatic artery 1

[2] Branches to the liver 2

Branches of the first order 6

Branches of the second order 70

Branches of the third order 700

[3] Branches of the fourth order 8,000

Branches of the fifth order 80,000

Branches of the sixth order 960,000

[4] Capillaries 1,850,000,000

iumeter
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TABLE VII.

Giving the area and ratio of enlargement of the arterial bed of six organs.

The numbers in brackets refer to the corresponding numbers in the preceding

tables which mark the data used in the construction of this table.

Area of arterial bed in sq. mm. Ratio of enlargement of arterial bed
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Oil account of luiiuerous calculations of the lobules, terminal portal veins

and terminal hepatic veins, I have fixed upon 480,000 as the average

number. The terminal lobule or structural unit, either portal or hepatic,

is about one-third of a cubic millimeter in volume, and with this size as

a basis I have estimated the number of capillaries in the liver. How-

ever, lobules are usually put up in clusters, as described by Kiernan, and

the volume of such a cluster is about 2 cu. mm. But the clusters can

easily be diminished or increased at will to two structural units or to a

whole lobe.

The average diameter of the portal vein is found to be 9 mm. The

branches of the first order may be considered six in number and supply

respectively the six lobes of the dog's liver. They may be designated as

right upper and right lower, left upper and left lower, cystic and omental

branches to correspond with the terms given by Eex in his excellent paper

on the morphology of the mammalian liver.^ Each lobe usually receives

two or more branches varyin,g from 1 to 5 mm. in diameter which when

bunched for each lobe will give an area represented by the single vessels

from 4 to 8 mm. in diameter. So in order to round my figures without

interfering with the total area of the veins of the first order I have indi-

cated in the table that these are six in number averaging 5 mm. in diam-

eter. This liberty is based upon measurements taken from nine corrosion

specimens in celloidin and. in wax, and may be controlled by the six

excellent illustrations to scale given by Eex. It may be pointed out here

that the left main branch ends quite abruptly in a dilatation at the point

of communication with the umbilical vein; from this point veins radiate

in all directions. This dilatation, the recessus umbilicalis of Eex, is even

better marked in the human liver than in that of the dog (Fig. 5) where

it makes its appearance during the fifth week of development (Fig. 25).

From the branches of the first order to the capillaries it is relatively

easy to compute the number of vessels of a given order. To be sure a

few of the branches which were bunched with those of the first order are

of the second order, but they are so insignificant in number that they

need not be considered. The main subdivisions of the branches of the

first order may be collected and counted. One of average size may be

selected and dissected out with the liver tissue it supplies. The volume

of the whole liver divided by the volume of this piece will give a second

estimation. The count and the estimation should not be far apart if

both are made accurately. Slight variations will be neutralized in esti-

mating the number of vessels of succeeding orders. The sixth order of

^^ Rex, Morph. Jahrbuch, XIV, 1888.
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both hopatie and ]iortal veins is to bo controlled by the volume of the

structural unit. In general it is found that there are two terminal

portal veins for one terminal hepatic; the former are always smaller and

more slender, while the latter are tortuous and end abruptly.

It is not necessary for the blood to pass through vessels of all orders

in order to reacli the cajiiHaries. for often veins of a ijivoii order have
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veins of the tliird ordri' mid then into the tenninal vein^. skipjjinu- en-

tirely the veins of the tirst, second, fourth and iifth orders, in ii^eneral,

however, most of the blood passes through veins of all orders before it

reaches the capillaries. The short cut some of the l)lood takes is neutral-

ized by the increased resistance due to the increased angle of the small

vessel to the main trunk; very small veins always arise at right angles

from large trunks, while their direction when arising from a smaller

trunk is at an acute angle.

If there are 480,000 structural units in the form of small cylinders

0.7 mm. in diameter and 0.7 mm. high, it is easy to determine the num-

ber of capillaries w^hich enter the unit in both transverse and longitudinal

sections. My count in ten different injections gives 110 for the circum-

ference of the hepatic unit and 3o for its height. These multiplied give

3850 as the number of capillaries which enter the hepatic lobule at its

periphery. If all of the anastomoses within the lobule are estimated also,

as they should be, this number is at least doubled. In order to err on

the safe side I have taken the smaller number and multiplied it by tlie

number of structural units, giving 1850 million as the numl)er of capil-

laries which enter the periphery of the hepatic lobule of the liver.

I have arranged certain data (marked with brackets in Tables I to VI)

in Table VII. It is at once noticed that the vascular bed is about five

times larger for vessels 0.05 mm. in diameter than for those a millimeter

in diameter. While the lumina of the vessels diminish 30 times, their

number increases 2000 times. In the pulmontary artery and the portal

vein, in both of which the blood-pressure is low, the vascular l)ed increases

much more than in the arteries from the coeliac axis, down to the

arteries one millimeter in diameter. In the intestine, stomach, ad-

renal and liver the increase in the vascular bed from vessels 0.05 mm. in

diameter to the capillaries is much the same, averaging about 36 times;

in the spleen it is much greater and in the lung it is much less. In the

spleen with tlie numerous small slender vessels the resistance is enormous

and in the lung it is insignificant, as is easily verified by making injec-

tions; it is very difficult to inject from an artery into the vein in the

spleen, while in tlie lung melted wax can be injected through. In the

spleen the area of the terminal arteries is 800 times that of the splenic

artery, while if the pulp spaces be compared, the ratio is fully 30,000.

That this number lies within the limit of probabilities is easily shown.

The average volume of the spleen of the dogs used is 10 cc, which

when distended increases to 80 cc. ; the spleen can add to itself seven times

its own volume without bursting. The area of all of the pulp spaces of
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. nK,a.ratelv disten<led spleen is, as Table IV shows, 157,080 sq. mm.,

thieh n.ultiplied l.v the length of a pulp spaee (0.03) g.ves 3 cc, a very

insignificant portion of the entire volume ol the spleen

It is seen then that there are variations in the relation of the mm
va-.c„lar trunks to the eapiUaries in rtiflerent organs, as was mtnnate.

bv Thonra. This ratio in the spleen, .letermined by companng artene»

0. ,„m. in diameter with eapillary arterioles, is 287; in the lung it ,s

'

.u d in the liver it is at least 49. The scctio,ml area of the ca,nlU,- s

'of a lobule is J,9 times that of the fiml poHal twigs wlneh supi-h the

'"'yi%he lobules are equally favored, as has been frequently asserted

and is easilv proved by making injeefons with fiuids of varmus eons.st-

enev into any of the three vessels of the liver. 1,, eucUoaseol of

"„•„„, releU fll simultaneously. The lobule most drstant from th

nnin vessel is not less favored than the lobnle near to it, Thomas

laws hive regulated the growth of the system of vessels and also have kept

'* Stg to Thoma's hypothesis, whenever the eapillary pressure ex-

ceed a certain point due to an increased exchange of substance in th

Iwing adjacent tissue, there is a new formation of eapilanes. Thos

forlions of the area vascnlosa which are favored la er bv he circulation

seem to run ahead in their development in blastoderms Iroin 1 to 39

hotus old. It is seen that accelerated growth is aecompanied with the n w

foTmation of capillaries long before there could possibly be any c.reula-

Z throudr them=' A similar condition is to be seen in the human

1 The blood vessels arise in the walls of the --^^'^^^j^^
Tow into the embryo and form the main circle of vWs within it be or

Z heart is fully formed. Such a condition is to be seen in the embivo

Wbed by Bt rnod. In exceptional pathological conditions they may

deZ i^'to the villi of the chorion without the formation of a heart

L eb» has shown, by an ingenious experiment, that a very complete

vafcU r svstem is developed in certain
^^ff-y^l^^^'^Z^':^

tion of blood at all. He placed the eggs of Fundrfe
™-^^f^'^ f^^^

fertilization in a solution of sea water to which life of Iv CI had been

dd a^ found that they undergo a normal development without any

liea beat: the chloride of potassium had paralyzed the heart. Howeve ,

"
njlete vascular system is developed, being F-t'-".'""™;';

„ ^
ranc^ement within the embryo, as well as in the yolk-sac. The form

" Thoma, 1. c, p. 28.

^Loeb, Pfliger's Archiv., LIV, 189c
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of the vessels was very irregular, at points forming rosettes in whieli

narrow and dilated vessels alternated. Loeb concludes that not only did

the entire vascular system develop without any circulation of blood, but

also without any intravascular pressure, for had there been one, the capil-

laries which were developed should have been found distended. Further-

more, it is shown that the capillary buds grow independently of blood-

pressure. " Die mechanischen Ursachen fiir das Wachsthum der Gefass-

wande sind deshalb nicht im Gefasslumen zu suchen, sondern in alien

oder einzelen Zellen der Gefasswande und die Abgabe von Aesten ist

bestimmt durch inner^Ursachen in den Zellen der Gefasswande oder durch

Eeizursachen, die von der Umgebung ausgehend, diese Zellen trefEen,

ahnlich wie im Falle der Stolonenbildung von Hydroidpolypen."
'*

It is also seen from Thoma's own illustration (Fig. 3, d), that capil-

laries in which the pressure must be equal degenerate or multiply, as the

case may be. In the transformation of Fig. 3 into Fig. -1, Thoma's first

law on the rapidity of the circulation must have directed all of these

changes. In fact, Thoma's hypothesis, on the budding of capillary cells,

is not based upon intracapillary pressure alone, but also " vom Stoff-

wechsel der umgebenden Gewebe, " which can easily be harmonized with

Loeb's " Eeizursachen, die von der Umgebung ausgehend, diese Zellen

treffen."

In reality we can only state definitely that with the new formation of

tissue new blood-vessels may grow into it, for all new tissue does not

have blood vessels. Thoma's first two laws define much better and ex-

press more clearly the ideas relating to the question brought together by

Roux"" in his Inaugural Dissertation. To be sure, it is all functional

adaptation, for the circulating blood arranges the irregular capillary

anlage for a uniform circulation.

One would think that if the favored blood vessel dilates, a number of

them would soon connect the arteries with the veins, and thus do away

with the capillaries entirely. Thoma states that the reason why this does

not take place is to be found in the great relative distance between the

primary artery and vein, which is continued in their subsequent tree-like

growth. From our present conceptions, it would appear, however, that

occasionally an intervening capillary would dilate a little above the nor-

mal, and, being favored, would gradually become larger and larger. In

fact, Brissaund and Sabourin have asserted that such anastomoses are

quite common between the terminal portal and hepatic veins in many

" Loeb, 1. c, p. 531.

=^ Roux, Ges. Abhandl., I, p. 19.
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animals/" It seems to me that there must be otlier agencies that would

prevent such a catastrophe. In fact, we have an abundance of examples

of a reduction of enlarged capillaries whenever they occur. Thoma has

given a satisfactory explanation of the closure of the ductus arteriosus and

of the ductus venosus, but that is not quite to the point in this case. How-

ever, in the beginning of the capillary system of the liver, around the

omphalo-mesenteric vein, we have an excellent case. This question will

be taken up at greater length subsequently, so at present I shall be very

brief. The liver grows around and into the omphalo-mesenteric vein, and

while so doing we have a double circulation, a more direct one through the

constricted vein and a more circuitous one through the capillaries of the

liver. But, in spite of this, the vein is gradually eliminated, leaving only

a capillary plexus. The aortic arches of amphibia are eliminated in a

similar way. From them loops of capillaries grow into the external gills

which gradually take the place of the artery. There are numerous other

examples. ^^linot,'' who has recognized the fundamental importance of

the destruction of a main channel and its conversion into a system of

capillaries, calls such vessels sinusoids, and the circulation through them

a sinusoidal circulation. Xot only are blood-vessels which are too large

reduced, but it appears in the development of the blood-vessels in the tad-

pole's tail as if the new blood-vessels were always growing in the direction

of the greatest resistance, for the nearest complete arch is already the

shortest course from the artery to the vein
;
yet another and more distant

one is to be formed.

The first and guiding blood-vessel is the capillary which grows in all

directions, forming a plexus. Secondary changes make arteries and

veins of them and their laws of growth have been discovered and clearly

stated by Thoma. The normal shape of the capillary is tubular with a

lumen about .008 mm. in diameter. They arrange themselves into a

plexus with a tendency to come in contact with every surrounding cell.

However, the tissues vary considerably in this respect, the first capillaries

growing to them or past them in tufts. In general, the capillary ar-

rangement is influenced by the tissue or organ into which it grows, but

its conversion into main trunks and branches is controlled by the circu-

2" See Oppel, Lehrbuch, III, p. 984. Brissaund and Saboiirin are undoubtedly

in error regarding tliis statement. I have made and examined hundreds of

injections made with granules which would pass through small arteries but

not through the capillaries, and have never seen such an anastomosis.

Further, celloidin corrosions, which often include part of the capillaries of

the lobule, never show such connections.

"Minot, Proc. Bost. Soc. Nat. Hist., XXIX, 1900.
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lation. Ultimatt'ly the airangomont is such that all capillaries of an organ

are equally favored by the circulation. This means that the capillaries

have al)Out the same diameter and length with about the same amount

of blood passing thi'ough them during a given period of time. If too

little blood passes through them, in a lobule of the liver for instance,

some of the capillaries disappear; if the circulation comes to a standstill

all of the capillaries are obliterated. So their very life is dependent upon

a proper or normal circulation. If a capillary is too long, the resistance

within it is increased, and the circulation is slowed with a subsequent

reduction of length. So in order that a capillary may remain, it must

have a definite lumen, a definite lengih and a definite amount of blood

passing through it in a given time. The diameter varies from .005 to

.01 mm., according to the organ in which it is located. The average is

.008 mm., the diameter of the mammalian red blood corpuscles. In some

of my tables the diameter is given as .003 mm., but these measurements

are from hardened and mounted tissues. The length of the capillary is

less than half of a millimeter, through which the ])]ood flows in less than

a second. So, morphologically, a capillary is a blood-vessel .008 mm. in

diameter, .5 mm. long with a renewal of blood every half-second. If this

renewal of blood is permanently diminished enough of the capillaries are

obliterated to reestablish the normal circulation in those that remain.

If the quantity is permanently increased, according to Thoma's first law,

some of them are converted into arteries and some into veins. If the

increased circulation is continued without a corresponding increase in

the number of capillaries, the artery will extend into the vein just as is

the case in the liver when the ductus venosus is formed.

The anlage, then, of the vascular system is the capillary; artery and

vein are secondary and are differentiated out of them by the flow of blood

set in motion by the beat of the heart. As the capillary bed increases the

flow through the arteries increase, and the heart hypertrophies and the

vascular proportion is maintained. In round numbers, in the dog, the

arteries continue to grow until the rapidity of flow is 30 mm. a second in

an artery .05 mm. in diameter, 150 mm. in an artery, 1 mm. and 300 mm.

in the aorta. Thoma fixes the rapidity of the circulation in the aorta of

man at 228 mm. a second, and over 34 mm. a second in an artery .04 mm.

in diameter.

The unequal growth of different portions of an organ accounts for the

anequal size of the arteries which supply them. The whole thing works

from the periphery to the center. In this way a succession of organ

units is formed all the way from the first divisions of the artery which

supply the lobes, to its final twigs, which supply the lobules.
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It is seen from what has heen said ahove that it is undoubtedly the

growth of the tissue of the organ which leads the way. Into this new-

formed tissue the capillaries grow and they have an inherent power which

makes them grow into an anastomosing tubular system. The density of

the capillary plexus is influenced by the tissues into which they grow,

but their length and arrangement is determined by the circulation

through them. A vascular proportion is constantly maintained for each

organ down to the minutest vascular twig. Capillaries through which

the rate of circulation is below the normal shrink or disappear, and when

it is above the normal they enlarge into either veins or arteries. A cap-

illary too long will eventually cut itself off on account of the increased

resistance to the circulation in its own walls. An increased flow of blood

rarely causes an artery to empty directly into a vein, because the deter-

mining factor is nearly always to be found in the capillaries themselves.

The growth of the capillaries causes some of them to change into arteries

and veins, and the equilibrium is thus easily maintained. In rare in-

stances, however, the amount of blood thrown into an organ may he in-

creased greatly, as is the case when all of the blood from the umbilical

vein is suddenly forced through the liver. It follows that the circulation

through a chain of capillaries from the portal to the hepatic vein is much
above the normal capillary circulation, and, as a result, the ductus

venosus is formed.

Early Devp:lopmext of the Liver.

The early development of the liver has been worked out by His and

others, and therefore it need not be discussed to any great extent. The

liver bud, as shown in Eig. 6, is well marked in an embryo at the end of

the second week (2.1 mm.). It grows rapidly and then encircles the

left omphalo-mesenteric vein, in the chick and in man, and both the

right and the left in the dog. At the same time that the liver tissue en-

circles the vein it also invades it, carrying the endothelial lining ahead

of the sprouts and thus forms a series of sinuses, or the sinusoids of

Minot. While this process is taking place the umbilical veins are gaining

much in importance and a large share of the blood which formerly re-

turned to the heart through the omphalo-mesenteric now returns through

the umbilical veins. Figures 7 and 8, from an embryo 4.3 mm. long,

and Figs. 9 and 10, from an embryo -4.5 mm. long, illustrate this point.

In the embryo 4.3 mm. long large sprouts of liver tissue have invaded

the common omphalo-mesenteric veins which have also extended, forming

a larsre ring of Minot's sinusoids encircling the intestine as described bv
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His. At this time the unihilical veins are broken in their course, having

alread}' passed tlie first stage of their growth, and from now on are des-

tined to pass through the liver rather than past it (Fig. 8). It is inter-

esting to note that the primary sinusoidal liver—that portion which arises

with the omphalo-mesenteric vein—is formed while the umbilical vein

empties directly into the ductus Cuvieri. The process is at its height in

an embryo of about the same age (N"o. 76), as shown in Figs, 9 and 10.

The growth of the liver around and through the omphalo-mesenteric

veins is accompanied by the growth of capillaries from this vein into the

new anlage. Hand in hand with this process the circulation through the

4<^>:

Fig. 6. Section through the third occipital myotome of a human embryo

2.1 mm. long (No. 12 of my collection). X 50. O, third occipital myotome;

coe, coelom; v, vein; st. septum transversum; I, liver; ph, pharynx; uv, um-

bilical vesicle.

omphalo-mesenteric veins is further reduced by the growth and enlarge-

ment of the umbilical veins. A double force is at work: blood is diverted

by the umbilical vein which is gradually assuming greater importance

and by the capillaries which supply the embryonic liver. According to

Thoma's first law, the diminished rapidity of the circulation is followed

by a reduction of the lumen and in order to accomplish this reduction in

the present case, the liver sprouts first grow into the vein instead of

around it. The operation of Thoma's law in this case is so extensive that

it reduces a main trunk to capillaries which forms a condition recognized

by Minot as a sinusoidal circulation.

At the time the liver circulation is entirely sinusoidal, ;'. e., about the
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end of the third week, it is composed of a single lobule with the vein en-

tering it on one side and the collecting vein leaving it on the opposite

side. The turning point between the first and second stages of develop-

ment is shown in Fig. 11. In the embryo represented by this figure the

omphalo-mesenteric veins are broken completely into capillaries in the

liver, and one umbilical vein has been transferred from the ductus

Cuvieri to the lower part of the liver. The single liver lobule here is

perfect; it is composed of a complete capillary network without an anas-

Am-
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Fig. 7.

Fig. 7. Section through a human embryo 4.3 mm. long (No. 148). X 25.

T3, Ti, T5, third, fourth and fifth thoracic myotomes; i. intestine; Z. liver;

V, ventricle; &a, bulb of the aorta; am, amnion; uv, umbilical vein.

Fig. 8. Semidiagrammatic reconstruction of the veins of the liver of a

human embryo 4.3 mm. long (No. 148). L, liver; uv. umbilical vein; vom,

omphalo-mesenteric vein; i, intestine.

tomosing vein through it. A rough estimation of the vascular proportion

shows that the area of the capillaries is fully 100 times that of the enter-

ing veins. In the next two embryos, Figs. 12, 13 and 14, all of the blood

from the left uml)ilical vein passes through the liver—the right ^•^in

having been obliterated. Within the liver it is seen that the right om-

phalo-mesenteric vein is open, while the main branches of the hepatic and

portal veins have made their appearance. With the growth of the liver

the capillary bed has increased which is naturally followed by a more

rapid circulation in the distributing and collecting capillaries, and con-



•256 A Study of tlic Structural T'nit (»f tlu> Tjiver

S0(|U»'utlv tlu'v are converted into veins. All of the blood from the um-

bilical veins now passing through the liver increases the circulation

through the snuiU liver so much that a venous channel (right omphalo-

mesenteric vein) remains open, or in case it be closed it is opened up

again. The two new branches within the liver care for the circulation

through its left lobes, and may have been formed directly from the left

omphalo-mesenteric vein. At any rate, we see in them two permanent

main trunks of the liver,—the vena hepatica sinistra and the ramus

annularis arising from the recessus umbilicalis."' In the next stage which
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Fig. 9. Fig. 10.

Fig. 9. Section through a human embryo 4.5 mm. long (No. 76). X 25.

VC. cardinal vein; a. aorta; vom, omphalo-mesenteric vein; vu, umbilical

vein; h. heart.

Fig. 10. Semidiagrammatlc reconstruction of the veins of the liver of a

human embryo 4.5 mm. long (No. 76). L, liver; uv, umbilical vein; vom,

omphalo-mesenteric vein; i. intestine.

is found during the fifth week the right omphalo-mesenteric vein is ob-

literated and the ductus venosus is formed as a new and more direct chan-

nel. In place of the ol)literated omphalo-mesenteric vein there are two

new permanent veins, the ramus dextra of the hepatic vein and the ramus

arcuatus et descendens of the portal system. We now have a liver of two

-* An excellent description of the vascular system of the mammalian liver

is given by Rex (Morph. Jahrb., XIV, 1888). As much as possible I have

used his nomenclature.
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lobnlcs, representing the right and left lobes, with a vascular system in

each identical in arrangement with that of a liver of one lohule. (Fig. 11.)

When the nmbilical vein first shifts from its entrance into the ductus

Cuvieri to the liver it has taken the course in its new position, of the

least resistance, as a glance at Fig. 15 shows. There is a mass, if not an

excess, of capillaries in the liver at this time and this vein with its loose

wall makes the change suddenly as is shown in Fig. 11. This brings

to the liver an excess of blood which is followed by keeping open," or

opening in case it has closed, the right omphalo-mesenteric vein. The

continued growth of the liver and its capillaries increases the circulation

Fig. 11. Fig. 12.

Fig. 11. Semidiagrammatic reconstruction of the veins of the liver of a

human embryo 4 mm. long (No. 186). L, liver; uv, umbilical vein; vom,
omphalo-mesenteric vein; i, intestine.

Fig. 12. Semidiagrammatic reconstruction of the veins of the liver of a
human embryo 6.5 mm. long (No. 116). L. liver; vom. right omphalo-mesen-
teric vein; uv. umbilical vein; m. mesenteric vein; rhs. ramus hepatica sin-

istra; ra. ramus angularis; i. intestine.

in the distributing and collecting branches which is followed by their con-

version into permanent venous trunks : first those on the left side and

then those on the right side. The excess of blood is .still continued and

on account of the sliiftiiig of the right omphalo-mesenteric vein with the

growth of the right lobe of the liver the route becomes circuitous, and a

new and more direct channel, the ductus venous, is formed. This has
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already taken place in the speciniens shown in Figs. 17 and 20; in a later

stage, Fig. 2."), the omphalo-niesenterie still remains open after the ductus

venous is formed.

During all this time the vascular ])roportion remains normal, that is,

the area of the capillaries is about 50 times that of the nuiin portal trunk.

The distributing branches are on one side of the lobule, and the collecting

branches on the other. With an increase of the number of lobules, how-

ever, they are no longer set parallel, but at various angles with one an-

other. Were they continued parallel they would have to spread as a

\-o

Fig. 13 Fig. 14.

Fig. 13. Section through the liver of a human embryo 5 mm. long (No.

80). X 25. C sixth cervical myotome; a, aorta; cv, cardinal vein; s,

stomach; u, umbilical vein; Ipc, lesser peritoneal cavity.

Fig. 14. Semidiagrammatic reconstruction of the veins of the liver of a

human embryo 5 mm. long (No. 80). L, liver; vu, umbilical vein; r. vom,

right omphalo-mesenteric vein; rhs, ramus hepatic sinistra; ru. recessus um-
bilicalis; ra, ramus angularis; m, mesenteric vein; i, intestine.

sheet with a thickness of a millimeter, the maximum normal length of a

capillary. In an embryo at the end of the fifth week. Fig. 25. two new

lobules have made their appearance and the two primary lobules have

begun to divide. The hepatic and portal veins are telescoping; they are

beginning to dovetail with each other. The new branches of the portal

have gone into the field of the hepatic and the new hepatic veins have

entered into the portal field. By this process, and by this process only,

can a spherical vascular organ be built up maintaining a normal vascular
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proportion. All through the organ the terminal twigs of the distributing

and of the collecting veins must not be over a millimeter apart, and this

naturally keejis the units small and determines the ratio between the

terminal twigs and the capillary bed.

In the embryo of the end of the fifth week, Fig. 25, the right and left

portal twigs have begun to divide, and from the recessus umbilicalis a

Fig. 15. Lateral reconstruction of a human embryo 7 mm. long (No. 2).

L, liver; pTi, phrenic vein; 1, 2, 3,
.'t, branchial pouches; Roman numerals,

cranial nerves; Arabic characters, spinal nerves.

new group of veins have formed and radiate into the middle and left

lobes of the liver. On the hepatic side the left branch has divided into two

trunks and two new branches have appeared : the vena cava inferior and
the vena liepatica media which has its terminal right and left branches.

20
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Fig. 16. Fig. 17.

Fig. 16. Section through the embryo 7 mm. long (No. 2). X 25. T^, first

thoracic myotome; cv, cardinal vein; xoh. Wolffian body; s, stomach; Ipc

lesser peritoneal cavity; I, liver; h, heart; st, septum transversum.

Fig. 17. Semidiagrammatic reconstruction of the veins of the liver of the

embryo 7 mm. long (No. 2). Viewed from in front. L. liver; uv, umbilical

vein; m, mesenteric vein; ru, recessus umbilicilis; dv. ductuc venosus; ra,

ramus angularis; ra}, ramus arcuatus; rhd, ramus hepatic dextra; rhs, ramus

hepatica sinistra.

^"^ TV

Fig. 18. Lateral view of a model of the liver in position of a human em-

bryo 9 mm. long (No. 163). X 121/^. C, eighth cervical myotome; li, liver;

I, lung; s, stomach; wf. Wolffian body; ph, phrenic nerve; pc. pleuro-peri-

cardial membrane; pp, pleuro-peritoneal membrane; dc, ductus Cuvieri.
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The right oin])]ialo-mesenteric vein is still present and the ductus venous

is well marked. In this case the liver is formed of four main lobules,

and with the subdivision of the middle and left hepatic veins into two

branches each, six primary lobules are seen to correspond with the six

primary lobes of tlie mammalian liver. In this case the vena hepatica

tiextra superior et inferior is represented by the open omphalo-mesenteric

vein and the anlage of the vena cava inferior. In the next stage, Figs.

26 and 28, the normal arrangement of these veins is found for the v'ona

cava inferior really belongs to the middle lobe.

Fig. 19. Pio. 20.

Fio. 19. Section through the embryo 9 mm. long (No. 163). X 12V^.
C\, eighth cervical myotome; pp, pleuro-peritoneal membrane.

Fig. 20. Ventral view of the veins of the liver of the embryo 9 mm. long
(No. 163). L, liver; i, intestine; uv, iiml)ilical vein; vp, vena portae; g, gas-

tric vein; m, mesenteric vein; ra, ramus angularis; ra„ ramus arcuatus; rs,

ramus sinistra; rd, ramus dextra; dv, ductus venosus.

With the completion of six lobules we recognize fully the adult form of

the liver. Each lobule now represents one of the six lobes of the mam-
malian liver; each of the primary lobules is to expand into a whole lobe.

The primary lobules radiate from a center and have between them the
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main trunks of the portal veins; each interlobular vein at this stage is

to form a main trunk in the adult. At this time we have terminal vessels

to follow from stage to stage, which is impossible to do in adult speci-

mens.

The process of sprouting and interlacing continues at a rapid pace

from now on, and for the present I shall give illustrations from the livers

of two embryos of the eighth week. The first (No. 22), Fig. 26, is from

a wax plate reconstruction carried as far as I could conveniently, and

Fig. 27 is from a photograph. The second (No. 6) Fig. 28, is from a

graphic reconstruction which could be carried out pretty well, and Figs.

Fig. 21. Lateral view of a model of the liver in position of a human em-

bryo 11 mm. long (No. 109). X SVa. Li, liver; I, lung; r, first rib; ph,

phrenic nerve; s. stomach; wf. Wolffian body; pp, pleuro-peritoneal mem-
brane.

29-31 are three views of a wax model of the exterior of the liver. These

illustrations together show the form of the liver and the main vessels with

their lobular l^ranches. There are about 700 branches of the third order

in the adult liver, and rough estimations made from Figs. 27, 29-31 give,

about this numl)er. The lobules in these specimens are about 0.4 mm. in

diameter, considerably smaller than in the adult. In general branches

of the hepatic and portal veins of the same order are as far apart as

possible with a tendency to run at right angles to each other. The

branches of the first order or main trunks have been present from the

time of the earliest differentiation of the liver, while those of the second
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Fig. 23. Fig. 24.

Fig. 22. Section through the body of the embryo, 11 mm. long (No. 109).

X 10. The liver is attached to the septum transversum, st; 3, first rib;

1, third rib.

Fig. 23. Section through the embryo, deeper than in Fig. 22. Just in

front of the septum transversum in the liver is seen a section of the ramus

hepatica sinistra and coming forward the ramus hepatica media.

Fig. 24. Section through the same embryo showing the umbilical vein,

recessus umbilicalis and the ramus arcuatus. Behind in the liver is the

vena cava, to its left the open right omphalo-mesenteric vein (see Fig. 25),

in front is the gall bladder and between it and the omphalo-mesenteric vein

in the ramus arcuatus.
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and third order date from the beginning of the dovetailing process. A
word more about the vena cava inferior. In its beginning it belongs en-

tirely to the liver and is completely surrounded with liver tissues. In the

adult liver two small branches empty into it in addition to the main

branches mentioned above. The first is closely associated with the vena

hepatica media accessoria. The other arises from the omental lobe and

Fig. 25. Ventral view of a reconstruction of the vasicular system of the

embryo 11 mm. long (No. 109). X 25. Uv. umbilical vein; pv. portal vein;

ra, ramus angularis; ru, recessus umbilicalis; rd. ramus descendus; la. ramus
arcuatus (possiblv ramus ascendus); 7'C, right arborization of the recessus

umbilicalis; rl. left arborization of the recessus umbilicalis; dv. ductus veno-

sus; vc, vena cava; voin, omphalo-mesenteric vein; rm, ramus media; rs,

ramus sinistra.

usually goes directly to the vena cava, but occasionally communicates

with the vena hepatica sinistra. It is seen that the vena cava collects

blood directly from the quadrate and Spigelian lobes.
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Fig. 26. Main trunk of the liver from an embryo 20 mm. long (No. 22).

From a reconstruction in wax. X 12. Uv, umbilical vein; vp, portal vein;

ra, ramus arcuatus; ra, ramus angularis; ru, recessus umbilicalis; dv, ductus

venosus; vs, vena cava; 7'd, ramus dextra; rm. ramus media; rs, ramus sin-

istra; rl, left arborization of the recessus umbilicalis.

Fig. 27. Photograph of a section of the human embryo, 20 mm. long (No.

22). X 15. Ru, recessus umbilicalis; dv, ductus venosus; 7-m, ramus media.

Between the two branches of the ramus media may be seen a branch of the

ramus acendus cut transversely. These branches are of the second order
and the terminal branches the beginning of those of the third order. In

this case the lobules are .5 mm. in diameter.
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The Hepatic TjObule and the Portal Unit.

It is seen from what has been said above that the final branches of the

portal and hepatic veins are always as far from one another as possible

throughout all stages of their development as well as in the adult liver.

At all times this distance is half the diameter of a lobule and since this

is in the neighborhood of one millimeter the distance is about half a mil-

FiG. 28. Reconstruction of the vasicular system of tne liver of a liuman

embryo 24 mm. long (No. 6). X 20. All of the important vessels are fully

formed. The stage is the same as that shown in section, Fig. 27. Uv, umbili-

cal vein; vp, vena portae; rw, recessus umbilicalis; ra, ramus arcuatus; rd,

ramus descendens; ra, ramus angularis; r, r, right arborization of ?•«; re, left

arborization of the recessus umbilicalis; vh, vena hepetica; dv, ductus venosus;

ds, vena dextra superior; di. vena dextra inferior; md, vena media dextra;

ms, vena media sinistra; ss, vena sinistra superior; si, vena sinistra inferior;

vc, vena cava.

limeter, the normal length of a capillary blood-vessel. It is also appar-

ent, as indicated by Fig. 1, that the liver breaks up into two sets of units

arranged respectively around the terminal twigs of the two sets of veins.
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That the unit arranged around the hepatic vein was finally accepted as

the lobnle is largely due to excessive amount of connective tissue along

Fig. 29. Ventral view of a wax model of the embryo, 24 mm. long (No. 6)

X 10. Uv, umbilical vein; Gb, gall bladder.

Fio. 30. Superior view of the same liver.

the portal twigs in the pig's liver, a condition almost peculiar to this

animal. Had the liver of Phoca been studied in the place of that of the
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pig the portal unit would have been accepted, for in general either set of

lobules is only occasionally well outlined and thus marked in some mam-
mals. In the human liver, as in the dog's, there are more terminal portal

twigs than hepatic and this together with other structures which accom-

pany the portal vein, makes it easy for practical purposes to call the he-

patic unit the lobule. However, it is jvist as easy, if not easier, to con-

sider the portal unit the lolnile if one is so inclined.

From the standpoint of pathology, it is easy to construct a description

of the liver based upon a portal lobule. Especially marked are these

lobules in venous hypersemia, in pigmentation and in cirrhosis in which

Fig. 31. Dorsal view of the same. Gb, gall bladder; uv, umbilical vein;

8, Spigelian lobe; vc, vena cava inferior.

there is a marked regeneration arising from the bile ducts. Sabourin
^

has used these arguments successfully in favor of the portal lobule as the

histological unit of the liver. However, his results are also not new, as

may be seen by glancing over the historical note accompanying this paper.

But his point is sound and shows that the liver histology may be con-

structed around the terminal portal veins as well, if not better, than

around the terminal hepatic veins. His extensive monograph is illus-

trated with several hundred diagrams, many of which are fanciful, for

they are defective in one respect. If a series of circles are crowded to-

gether to form liexagons and eacli of the angles is then used as a center

^ Sabourin, Recherches, etc., de la Glande Biliaire. Paris, 1888.
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of a series of superposed hexagons of the same size, the new series of

circles will not form an equal layer, but will overlap each other. Thus,

in his Fig. 227, there are six hepatic veins surrounding one portal, while

in the next figure the opposite is the case. He should have had them of

equal number, having an alternating space common to both systems, the

nodal point, as I call it. However, the work of Sabourin is excellent and

deserves much more attention than it has received outside of France.

Fig. 32. From a corrosion in celloidin of the terminal branches- of the portal

and hepatic veins. X 20. The hepatic vein is larger and marked by many
constrictions forming a ".spiral valve." /, interlobular veins; c, central

vein; s. siiblobular vein.

The typical liver lobule, as described by Kiernan," is based upon the

study of the pig's liver, and is composed of either a single lobule, or of

clusters of them. It is not clear which he considers the real unit, for

there are all gradations between single lobules and compound lobules

composed of at least 25 single ones. As the veins grow larger capillaries

cease to arise from them, and the opened vein shows at the point of tran-

sition the bases of adjoining lobules shining through its wall ; at this

=»Kiernan, Phil. Trans., 1833.



:T0 A Stndv of the Stnictnral Unit of the Liver

point, according to Kiernan, the intralobular veins change into sublobu-

lar. This distinction is rather arbitrary and of little value, but has clung

as a parasite to the text-books. In general hepatic veins with capillaries

arising from them are called central or intralobular veins and larger veins

are called sublobular; sublobular veins are hepatic veins from one to two

millimeters in diameter.

Fig. 33. Photograph of a celloidin corrosion of the liver lobule and the

portal unit. X 2. The dark clumps are the portal and the light anastomosing
bodies are the lobules.

Fig.

Fig. 34. Fig. 35.

34. Plastic diagram of a group of anastomosing lobules with the

terminal branches of the portal vein, marking the centers of the portal units,

added. Enlarged about 10 diameters.

Fig. 35. Diagrammatic outline of the group of lobules, shown in Fig. 34,

with the hepatic vein added.

I have studied carefully the hepatic lobule in the dog's liver and found

that in general I can confirm practically everything that Kiernan has

said of it. Numerous injections have been made of the hepatic vein,

either singly or in combination with injections of other vessels. Figure
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32 is made from a celloidin corrosion specimen of both the portal and

hepatic systems. The " spiral valve " of the hepatic vein, which is always

present in the dog and the cat, is well shown in such specimens. From
the study of granular injections of the hepatic vein with cinnabar, ultra-

marine blue, chrome yellow and baryta, it is found that the capillaries

arise from veins which are about .17 mm. in diameter. This arbitrary

point, Fig. 32, S, marks the beginning of the sublobular vein, although

numerous capillaries still arise from it. After its walls become markedly

thickened capillaries no longer arise from the sublobular vein, but in

their place smal) veins arise which supply portions of a lobule and there-

^
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capillaries arise froiii the hepatic vein it is encircled by the red mass. It

is seen that the celloidin entered the lobule only at the tips of the veins,

that is from the intralobular veins. The sublobular veins are clear and

have arising from them intralobular veins which again have clusters of

lobules attached to them. The lobules are in clusters to correspond with

the branching of the interlobular veins. The outline of one in perspective

is given in Fig. 34, which is reduced to a diagram in Fig, 35.

While the hepatic lobules are irregular, anastomosing, and of unequal

size, the portal units are regi;lar, more spherical and of equal size. The

Fig. 36a. Portal and hepatic veins from a corrosion preparation of the

liver of the dog. X 10. The two sets of vessels were injected with black

and red celloidin mixture respectively, after which the liver was hardened

in alcohol. A block of tissue was cut into very thick serial sections which

were digested for a number of days in a solution of pancreatin at 37° C.

After the cells were all dissolved, leaving only the connective-tisue frame-

work and the injected celloidin the section were preserved in glycerine.

The minutest twigs of celloidin are held in place by the delicate reticulum

liDrils.

branches of the portal vein are much more delicate and regular than

those of the hepatic. A comparison between the two is shown in Figs. 32

and 36, while the single portal branch is shown in Fig. 37. In general

the portal branches are more regular than the hepatic, as far from them

as possible with a tendency to run at right angles to them. The portal

veins never come to the surface of the liver and never anastomose: the
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terminal hepatic branches are very irregular, often come to the surface

of the liver and sometimes anastomose. There is much difference of

opinion regarding the statements given in the above sentence, but anyone

who will take the trouble to make a few good celloidin corrosions will

find them correct.

Branches of the fifth order of the portal vein are .15 mm. in diameter;

those of the sixth order .05 mm. The interlobular veins are about half

the diameter of the intralobular and twice as numerous. Even these

Fig. 37. Photograph of the terminal branch of the portal tree. X 2.

often branch before they give rise to capillaries. While the hepatic vein

receives capillaries down to veins marked S in Fig. 32, the portal twigs

of the same figure give off capillaries only at their extreme tips. Unless

the extreme tips of the hepatic vein, Fig. 32, C, are taken as centers of

the lobule and clusters of the tips of the portal vein, I, as centers of the

portal units will these two correspond in number. The relative number

is shown in Fig. 38, which is from a free-hand model in clay from a

celloidin corrosion. The protruding points, G, mark the position of the

tips of the central veins. The tracing, Fig. 35, shows the same.

Not only are the centers of the portal unit marked by the tips of the
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portal vein, but also by the tips of the hepatic artery, as well as those

of the bile duct. Furthermore, it is probable that the lymphatics arise

from the same point and that the nerves and connective tissue spread from

it. From time to time I have found large groups of karyokinetic figures

there, which, together with the pathological evidence, make this the re-

generative or growing point of the liver. The portal unit is the true

structural unit of the liver.

Fig. 38. Lateral view of a model of a yroup of lobules of the dog's liver.

The outside vessels are terminal portal branches. H, sublobular vein; c, ele-

vations in the lobule over the tip of the central veins within; n, nodal points;

p. portal vein.

Growth of the Hepatic Lobule and of the Portal Unit.

When I began the study of the development of the lobule of the liver

twenty years ago, I thought that I had selected the simplest and most

definite lobule for investigation. It seemed then easy to follow the lobule

from stage to stage and thereby gain a comprehensive picture of the

histogenesis of the liver. It has turned out, however, that most of the

work—the hundreds of injections, experiments and sets of serial sec-

tions—has been in vain, and but the faintest sketch remains from which

to picture. The great diflSculty is to recognize the same things from step

to step, and this is obtained with certainty only in very young livers,
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wliere all of the veins are of one order; the six central veins of the embryo

become permanent main tnuiks in the adult. In development, the liver

structure shifts distalwards, successively tearing off its capillary connec-

tions with the main veins, gradually rearranging the architecture of the

lobules, often fracturing them and scattering them. Portions of each of

the six primary lobules go to thousands of new lobules, None of the

main trunks of a large liver, like that pictured in Fig. 27, give off capil-

laries at birth. So we must conclude that in a child the liver structure

is entirely rearran,ged each year which calls for a destruction and regen-

eration of at least a billion capillaries and towards puberty ten times this

number.

In the estimation of the number of blood-vessels of the liver it has

been found convenient to classify the branches of the vascular tree under

six orders, designating the main trunks as the first order and those di-

rectly related to the lobule as the sixth order. It is seen by studying Fig.

27, which is from an embryo of the eighth week, that but the first three

orders are present with capillaries arising from all of them. By the

time the liver is fully formed each of the third order, which are 700 in

number, must give rise to an equal number of those of the sixth order,

while the liver increases 7000 times in volume. It follows that the lobule

must increase in volume as the liver grows, and, in fact, this is the case.

When the lobules are well formed, as at the end of the second month,

they are .5 mm. in diameter; at birth 1 mm., and in the adult 1.5 mm.
Actiial measurement also shows that the weight of the liver at the end

of two months is .2 gms. ; at birth, 75 gms. and in the adult 1500 gms.

As the lobules are shifting more distalwards, it is found that the cap-

illaries have a greater and gfeater tendency to arise from a single order,

so that when the liver is fully formed capillaries ari^e only from the sixth

order of the branches of the portal vein, and from the fifth and sixth

orders of the hepatic vein. It is evident then that the stretching of the

liver is in all directions and that there are additions to the tip of all of

the blood-vessels, both within the liver and on the periphery. Not only

is the liver tissue shifted more distalward, but the vessels already laid

down are stretched, and from their trunks new vessels arise to supply

new lobules which have arisen from fractured portions of adjoining

lobules.

Toldt and Zuckerkandl " have advanced ideas similar to the ones I have

formulated above. They state that the younger the liver the simpler is

its vascular system, and that in the youngest stage the whole liver may be

" Toldt and Zuckerkandl. Sitzungsber. d. K. Akad. d. Wiss., Bd. 72. Wien,

1876.

21
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likc'iunl to a siiiiilc lohuli' of tlic ailiill. In embryos four weeks old there

is a distributino- and collecting end to each of the lobules present and

not until the eighth week is the adult form to be recognized in the struc-

ture of the liver. Furthermore, they state that in their growth the lobules

split and give rise to numerous new lobules.

The process of expansion and rearrangement is expressed in the dia-

gram, Figs. 39 and 40, which may be viewed to represent either a portal

Fig. 39. Fig. 40.

Figs. 39 and 40. Diagrammatic illustration of two stages of a growing

hepatic vein. D, main vein; c, its branch; 1, 2, 3, -'/, 5, the same vessels in

both diagrams; a, a, new branches from the stem c; &, a new branch on the

main stem, d in which the successive stages of the central vein are marked
e, e', and e".

or an hepatic twig. As the vessels represented in Fig. 39 grow, the liver

tissue increases in quantity, but the liver lobules do not increase in size

indefinitely, because Thoma's first law is constantly at work and will soon

break up the larger lobules into a number of smaller ones. In all cases

the length of the capillaries remains constant, and when they appear to

be too long and too numerous it is always found that some of them have

already turned into small veins and thus mark the beginning of new

lobules, or of new portal units. A more advanced step is represented in

Fig. 40. The lobules or units of the two stages are marked with corre-

sponding numbers. But each of them is splitting at its end and new

vessels, a, have also arisen from the main trunk. As there were no lobules



Franklin P. Mall 277

at the points marked a before, tlic new ones must have been differentiated

from adjoining lobules. The process by which this has taken place may

be expressed by the twig h. At a much earlier stage all this tissue was

arranged in a single lobule around the vessel d. Then it spread over the

branch c, and finally as the vessel d elongated a new lobule, h, arose. Its

central vein was marked successively by the vessels, c, e' and c".

It may be considered that the Pigs. 39 and 40 represent the process of

growth of the liver in one dimension of space, which becomes much m'ore

complex when viewed in two dimensions, as is shown in Pigs. 41, 42 and

43. The single branch, a. Fig. 41, becomes the main branch, a. Pig. 43.

e
d ad

Fig. 41. Fig. 42. Fig. 43.

Figs. 41, 42 and 43. Diagrams of three successive stages of the portal and

hepatic veins in a growing liver. A, hepatic side; d, portal side; b, and c.

successive stage of the hepatic vein; e and f, successive stages of the portal

vein.

The successive orders of new branches, b and c. explain themselves.

Finally the lobule c ^ is adjoined by two different kinds of lobules, c
'

younger than itself, and h older. The portal vein has spread into this

region, corresponding with the hepatic, and we see the branches reaching

out in all directions, keeping equidistant from one another. This diagram

is practically correct for most regions of the liver where there are a suc-

cession of portal and hepatic veins alternating, so that in the region, L,

there is another vessel like a, and in the region R another like d. But

when these vessels, a and d, are the only ones that run out to the edge of

the liver, the vessel e must cross a into the field R, and the vessel h must
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cross d into the field L. In fact, thci-e is quite a regular crossing of

portal and hepatic veins in many portions of the liver, and it indicates

that at one time the main stems were the only vessels in that portion of

the organ.

I shall not venture to descrihe the growth of the vascular system of

the liver in three dimensions of space, but refer the reader who desires it

to a good double (portal and hepatic) corrosion with the diagrams given

in Figs. 39 to 43. If he takes the pains to apply them to double corro-

sions of the livers of very young and of old animals, I think he will find

them of some aid. I wish, however, to add two points. First, if the

vessel, h. Fig. 40, is imagined cut transversely, as represented in Fig. 1,

it will be seen that the lobule represented by it must have arisen from

three adjoining lobules. Secondly, if the tip of the lobules 1, 2, etc., are

considered in three dimensions of space it will be found that the growing

part of the lobule is always at a certain point, which is as far as possible

from both portal and hepatic tips, and is marked n in Figs. 1 and 38.

In the diagrammatic section. Fig. 1, it is seen that there is a special ar-

rangement of the capillaries passing towards this point, and since it is so

constant, can be located in any lobule and is of such great morphological

significance I shall term it the nodal point of the lobule. The nodal

points are alwa3'S located in Kiernan's interlobular fissures, but the fis-

sures are not always nodal points. In Fig. 38 a line drawn through the

letters c, n, e, n. c. n, c marks the middle of a Kiernan fissure, but only

the points marked n are nodal points.

Meaning of the N'odal Points.

In general, it is stated that the capillaries of the lobules of the liver

radiate from the central vein and in so doing branch until the periphery

of the lobule is reached where they communicate with the plexus of inter-

lobular veins, as described by Kiernan. It was shown, however, by

Krukenberg and others that the terminal portal twigs do not anastomose

and this in itself indicates that the usual description of the capillaries of.

the lobule is incorrect, for there must be some kind of collecting system

for that portion of the periphery of the lobule devoid of veins. Correct

illustrations of the vascular arrangement of the lobule in cross section

are given by Stohr and Bohm and von Davidoff without any description

of them in the text.

A careful study of the vascular arrangement of the lobules will show

that the capillaries themselves are the collecting vessels due to their own

anastomosing system. A diagrammatic representation of this system in
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a cross section of a group of lobules is shown in Fig. 1. It is here shown

that the shortest course between the terminal portal and hepatic veins

is taken by perfectly straight capillaries, and as the region away from the

straight course is approached the general direction of tiie capillaries be-

comes more and more bent. It is thus seen that the detiected capillaries

from several adjoining lobules come together, forming points which can

easily be seen in the sections of any liver. In general the picture is

sharper in the rabbit's liver than in that in any other animal I have

examined, especially when it is taken immediately imder and parallel with

^m

Fig. 45.

44. Terminal distribution of a portal twig entering three portal units.

The capillaries all arise from the tips of the vein.

45. Terminal hepatic vein with the capillaries arising from it.

the surface of the liver in order to strike the lobules at right angles.

Thus we have in the liver lobule two sets of capillaries, long ones and

short ones, while according to Thoma's first law they should all be of the

same length. This stumbling block caused me a great deal of trouble,

for at first I saw no way to overcome the difficulty. An elaborate model

of the vascular system of the lobule seemed to show that as much fluid,
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or more, passed through the longer and less direct capillaries than

throU|gh the shorter and direct ones. The capillaries passing through

the nodal points, therefore, seem to be as well favored as those taking the

shorter course. In the diagram it is seen that the nodal point is fed

from three sources, and on account of the great number of capillaries

in it the resistance to the circulation is probably diminished. It would

follow that some of the main feeding capillaries should be converted into

veins, and in growing livers this is the case, but every time a new vein

is formed, we have a new vascular unit, or a new lobule with two new

l^'iG. 46. Arrangement of the capillaries at the nodal point of a lobule.

X 85. P, portal vein; h. hepatic vein.

but smaller nodal points to complicate the situation again. This process

might be continued until the portal branches communicated with the

hepatic, were there not some self-regulating force to check it. It appears

that this force is due to the normal length of the capillary which is al)0ut

A mm. in the direct course. In the indirect course, i e.. through the

nodal points, this distance is about .8 mm., bnt each nodal point is fed

from three sides instead of from one, and this arrangement may account

for this increase in distance without the formation of new veins.

If the hepatic and portal veins are injected with thick granular

m,asses—cinnabar, lamp-black or ultra-marine blue suspended in gelatin

—
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it will 1)0 found that in successful cases these terminal veins with the

capillaries arising from them are filled. Figures 4-1 and 45 show this

distribution from the tips of the portal and hepatic veins, marking the

centers of the portal unit and the hepatic lobules. Both are drawn to the

same scale and show the relative arrangement of their capillaries.

The portal twigs give rise to capillaries only at their ends, while in the

Fig. 47. Tracing of the vessels around a lobule showing the relative

number of terminal and hepatic and portal branches. X 40. Portal vein

slightly injected.

hepatic the origin of the capillaries extends much farther down the

vein than is shown in the drawing. The portal vein lies of course in an

interlobular space and its three main branches extend into the adjoining

fissures. Together they mark the center of a portal unit. Figure 46

shows the arrangement of the capillaries tliroughout a nodal point. The
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course of the capilhiries is in a more direct line from the portal to the

hepatic, from the portal to the portal and from the hepatic to the hepatic

than in other directions.

Fig. 48. Tracing of the terminal liepatic and portal veins with the nodal

points marked n. X 40. Hepatic veins slightly injected.

Figures 47 and 48 show the first spreading of granular injections

and their relation to the lobule. It is seen in both cases that the most

favored vessels point toward the nodal points, i. e., these capillaries are

a little larger than the rest of the capillaries of the lobule; they have
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grown sufficiently to favoi' the capillaries of the nodal point. Figure 49

is from a more extensive. injection of the hepatic vein with kmp-bLick

gelatin. It is seen that the injected area, which is sharp, is angular in

shape, with projections directed towards the nodal points. We have

here again the well-known picture of the beginning of passive con-

gestion, which incidentally marks the portal units beautifully.

EnoU|gh has been said to indicate that the growth of the lobule takes

place at the nodal point. That does not mean that the cells multiply at

this point, but simply that the new vessels, alternately portal and hepatic

&

Fig. 49. Tracing to show the extent of a granular injection of the hepatic

vein. X 40. The portal vein was first injected with blue gelatin and the

thick granular lamp black gelatin was forced into the hepatic vein. The
portal units are outlined as in chronic passive congestion.

grow toward this point and break it into fragments to form new nodal

points. In order to test this question a dozen sets of sections were made

of the livers of growing rabbits and fcctal pigs with more or less satis-

factory results. The rabbit which is a favorable object for this kind of

study has a lobule of constant size (.6 mm.) from birth, until it is fully

grown. In the pig the lobule measures .8 mm. in embryos 4 cm. long

until a number of months after birth; in the adult they are 1.4 mm. in

diameter.
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In the set of rabbits" livers, liardened in a variety of ways, it was found

that whenever the distance between two adjoining portal veins is consid-

erably greater than the average diameter of a lobnle, a small portal vein

grows into tlic nodal point which separates them. The same is true re-

garding the hepatic veins as shown in Fig. 50. From all appearances, the

heiDatic branch, Jf. is a recent one, growing into the large nodal point

which had pushed apart the hepatic veins 1 and 5. ISTo doubt earlier in

its development, the whole field of this figure formed one nodal point, and

r
Fig. 50. Section of the liver of a rabbit one day old. X 85. Hardened in

Flemming's solution. P, portal branch; U, hepatic branch; n. nodal point;

1, 2, 3, J/, order of growth of the vessels; the next vessel will appear at 5, and

then it will grow towards the nodal point 6.

then the hepatic vein, 1, grew into it. This was followed bv portal veins,

2, then 3, then by hepatic vein Jf. At a later stage the portal vein, 2, will

send a branch into nodal point 0, and so on. In a measure, we can corner

a bit of liver tissue at the junction of two main stems, as shown in Figs.

'51 and 52. It is fair to assume that the tissue at this angle grows with

the rest of the liver, for a time at least, and that the small vessel arising

from the portal in Fig. 51 and that from the hepatic in Fig. 52 are new
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vessels growing into the nodal point, n. But the growth of the liver

lobules can never be proved by the stndy of any section or specimen, for

Fig. 51. Section of a rabbit's liver eleven weeks old to show the origin

of a new branch from a portal trunk growing towards a nodal point. X 40.

Fig. 52. The same as Fig. 51 to show the origin of a hepatic branch.

X 40.

at all times there is an equilil)rium ; the cells do not multiply to be fol-

lowed by the growth of veins, l)ut they go forward side by side. All

grades of veins can be seen in any sections of livers, young or old, and
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the imagination of the investigator can patch them together, correctly

or not as tlie case may be. Bnt the final evidence is obtained by studying

serial sections of early livers, where the same vessel can be followed from

stage to stage.

The very first vessels that grow into the nodal points in the human em-

bryo are shown in Fig. 25 from a specimen of the end of the fifth week.

The vena cava and the vena hepatic media on the hepatic side and the

ramus arcuatus, the ramus descendens and the ramus angularis from the

portal side are new vessels. All of the branches of the main trunks with

the branches of the second order are shown in the reconstruction,

Fig. 28, and in the section. Fig. 27. Here the new branches of the

hepatic alternate with those of the portal, each newly-formed field, as it

is formed, receiving its proper branch in the next stage. The best ex-

ample is the vena hepatica media in an early stage and the rest of the

main trunks and their branches as they arise in order.

There are as many nodal points as there are portal units, and more

than there are lobules, unless the complex lobule is cut into blocks. The

arrangement is shown in Fig. 38, which shows one lobule with six ter-

minal portal veins encircling it. If it is considered that these veins are

related to adjoining lobules, an estimation of two terminal portal veins

to one hepatic, as I have it in my table, is not far from being the correct

number. The reconstruction shows that terminal portal twigs run paral-

lel, recur again, and run at right angles with the intralobular vein. If

the portal units are imagined around the interlobular veins of Fig. 38,

it is seen that both apex and base of the same lobule may represent the

distal ends of different units. Adjacent intralobular veins and nodal

points mark the outline of the portal units.

Eelation of the Hepatic Artery to the Portal Uxits.

There always has been and still is much confusion regarding the dis-

tribution of the hepatic artery and the reason for this is very evident

when it is considered that it communicates at its end directly, and pos-

sibly indirectly also, Avith the capillaries of the lobule. To test this ques-

tion thoroughl}-, I have made numerous single, double and triple injec-

tions with granular and fluid substances in order to determine the courses

the arterial blood may take during life.

Long ago Ferrein stated that there were two kinds of branches of the

portal vein within the liver, one which conveyed blood to the lobule and
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tlie other wliieli collected blood from the capillaries of the hepatic artery.

That the collectinp- veins of the gall bladder and surrounding connective

tissue empty into the vena portal is easily proved by a simple injection

of a granular mass into this vessel. But th.e conclusion that all, or even a

ffreat portion, of the blood from the hepatic artery is collected by similar,

but smaller, veins which enter the branches of the vena portffi within the

substance of the liver is a doubtful one, in my opinion. Theile, who made

a careful study of these vessels, called them the rami vasculares (a term

generally ascribed to Kolliker) and brought forth very meagre evidence

that they are present in great number. In fact, his best proof is the ob-

servation occasionally of a vein which arises in the hilus of the liver

and enters the quadrate lobe before it communicates with a branch of

the portal vein.'' Theile believes that the rami vasculares venosi enter

very small portal branches because he was never able to see them opening

into the larger branches after they had l)een cut open. The presence of

these branches, he claims, explains why an injection into the hepatic

artery enters the portal vein and why an injection into the portal vein

enters the artery as well as the hepatic vein.

My own injections speak decidedly against internal roots to the portal

vein, except those that arise from the gall bladder and that neighborhood,

and can be recognized with the naked eye. After the arterial branches

once enter the substance of the liver all of their twigs, including those

of the capsule, communicate directly into the capillaries of the lobule,

and from there are collected into the hepatic vein. It is usually stated

that the portal branches are distributed under the capsule and collect the

blood of that region, but this is incorrect. If a liver is injected with

two granular masses of different colors, one into the hepatic vein and

the other into the portal, it will be found that in all cases it is always

the branches of the hepatic vein which come to the surface of the liver

and spread out between the meshes of the arterial plexus.

From our present knowledge of the vascular system of the lobules we

can easily understand how these three sets of vessels communicate freely

at this point. In order to test this question in another way, I injected

whipped blood into the artery of a fresh liver and found that three-fourths

of it came out of the portal vein and one-fourth out of the hepatic vein.

In another experiment the arterial pressure was kept constantly at 100

mm. Hg. with the same result as above. Then upright glass tubes were

=^ Theile, Handworterbuch d. Physiologie, II, 1844, p. 342.
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inserted into the eaninilns connected witli the veins, with the following

result

:

Time
Blood rose in the tube in the

Portal vein Hepatic vein

1 minute. 5 cent. .0 cent.

2
"

9 " 6.0
"

3
"

11 " 8.5
"

4
" 12 " 10.5

"

5
" 12.5" 11.5

"

Further experiments show that at a given pressure it takes about as

long for a liter of whipped blood to flow from the portal vein to the

hepatic vein as in the opposite direction. Together these tests show that

the artery communicates more freely with the portal vein than with the

hepatic, apparently speaking in favor of Perrein's venous rootlets to the

portal vein. If it is considered that under normal conditions there is a

high blood-pressure in the portal vein, higher than in any other vein, it

is not remarkable that an injection into the artery should flow more freely

from the portal vein than from the hepatic vein.

There seems to be no definite way to settle this question, except by

making sections of injected specimens. If a cannula is tied into the

hepatic vein and a single spurt of an aqueous solution of Prussian blue

is made into it, it is found that numerous minute blue spots appear below

the peritoneal surface of the liver. Sections of such specimens show that

all of the fluid has entered the substance of the liver at the centers of

portal units. If the injection is pushed a little farther—until the lobules

are outlined—a large portion of the blue enters the terminal portal veins

from the common capillary plexus of the lobule. As soon as this has

taken place the fluid backs into the larger veins, forms secondary injec-

tions of other units and the picture becomes confused. In order to obviate

this, I injected the artery with Prussian blue gelatin in which were sus-

pended a large number of granules of cinnabar. The blue again flowed

over into the portal and the hepatic veins, but the granules all lodged in

the capillaries in the periphery of the lobule. Very few granules were

found in any of the terminal portal twigs. This experiment shows at

least that the biilk of tlie granules reach the capillaries of the lobule

without passing through the portal vein. But an insignificant number

of red granules are found lodged in the capillaries within the capsule of

Glisson, and these encircle the bile ducts.

The first experiment, with but a spurt of Prussian blue into the artery,

shows that the long delicate arteries give rise to capillaries which form

a plexus around the bile ducts and then enter the center of the portal
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units together with a terminal portal twig. iSTow these arterial capillaries

conmumicate with the capillaries of the lobule, as do all of those that

encircle the bile ducts. At no point does any of the injected mass enter

the porta! branches within the liver unless it is as a backward injection,

in a direction the blood does not circulate normally. To test this

question thoroughly the whole portal tree was first plugged with a thick

gi-anular injection mass made by mixing lamp-black or baryta with gela-

tin. The venous tree thus plugged did not cut off the capillaries, but pre-

vented a second injection into the artery from spreading in the vein. In

Fig. 53. Picture to show the termination of the hepatic artery. X 40.

P. portal vein; li. hepatic artery. The portal vein was first plugged with a

granular mass and then an aqueous solution of Prussian blue was injected

into the artery. The extent of the capillary injection with the blue is shown.

general it was found that baryta gelatin for the portal vein and aqueous

Prussian blue for the artery gave the most satisfactory result. All the

vessels and capillaries injected with either fluid are always sharply de-

fined. In such an experiment it is possible to force the blue fluid through

all of the capillaries arising from the artery and in case they collect within

the ea])sule of Glisson which eni])ty into the portal vein, their beginnings

should be marked. But at no place were such veins found; the blue had

only percolated through the white mass in the interlobular veins. The
capillary plexus around the l)ile ducts communicate:! directly with the
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capillary plexus of the lobule. 'I'his condition seemed to be true down to

the largest bile duct. At no time did I find a collecting vein within the

substance of the liver, and I must, therefore, declare the rami vasculares

veuosi as mythical.

It is evident by studying good injections of the artery after the portal

vein has been plugged that the artery communicates with the lobule

throughout the extent of the vessels of the sixth order and possibly in

part with those of tl;e fifth order (Fig. 53). All the capillaries in the cap-

sule of Glisson in this region communicate only with those of the lobule

and they do not communicate at all with the portal vein. In those regions

of the liver immediately around portal veins of the fourth order it is

always found that in their immediate neighborhood there are both ar-

teries and veins of the sixth order which ramify again, as stated above.

So down to and including vessels of the fourth order all of the capillaries

of the artery communicate directly with the capillaries of the lobule.

By consulting the table giving the number of vessels of the various orders

it is seen that this observation excludes the possibility of any veins of

Ferrein arising from over a million terminal arteries and leaves them to

arise from the walls of the main trunks of the first three orders; probably

there are no more veins of Ferrein that empty into the vena ports than

can be seen with the naked eye.

The hepatic artery then supplies the gall l)ladder and the hilum of the

liver, and the veins from this region communicate with the portal vein.

The branches of the artery then enter the lobes of the liver with the

branches of the portal vein and the bile ducts. Here the artery gives off

a few branches to the bile ducts which form a capillary plexus around

them, after which it communicates with the capillary plexus of the

lobule. By far the greater number of arteries enter the centers of the

portal units and communicate at once with the capillaries; they supply

the periphery of the lobules. There are about a million of these very

small terminal arteries, one for each portal unit which then spread out

toward the nodal points and the hepatic veins. The branches that spread

over the capsule of the liver supply the subcapsular portal units and then

communicate with the hepatic veins. Some of the hepatic veins per-

forate the subperitoneal lobules as described by Kiernan ; none of the

portal twigs reach the surface. The great bulk of the arterial blood

is equally distril)uted from the centers of the portal units and is fully

mixed with portal blood before it reaches the nodal points or the hepatic

veins.
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]^ELATION OF THE CONNECTIVE TiSSUE TO THE STRUCTURAL UnIT.

From the very earliest appearance of the liver, from the time the

sprouts of epithelial cells Invade the omphalo-mesenteric vein and break

it into sinusoids, it is extremely difficult to demonstrate connective tissue

cells within the liver substance. In all cases the endothelial cells lining

the capillaries of the lobule come in apposition with the liver cells, and

there are no nuclei between them. The cells which have been described

as connective tissue cells have been abundantly proved to be von Kupffer's

stellate cells, and these are, according to von Kupffer's last paper, the en-

dothelial cells of the capillaries.^^

It is impossible to demonstrate sharp outlines to the lining cells of the

capillaries of the liver lobule with nitrate of silver. Successful injec-

tions show the markings in the portal vein until it reaches the lobule

and there they stop. From now on the endothelial cells form an exten-

sive syncytium with large openings through which the blood plasma comes

in direct contact with the liver cells. However, there is a framework of

fibers which has been described from time to time during the last fifty

years as delicate, naked fibers which encircle the capillaries as they pass

through the lobule.''^ This adventitia capillaris of His can be demon-

strated by brushing fresh sections, Init clear pictures were not obtained

until special methods were invented for this purpose by Oppel ^' and by

mj'Self."* Oppel isolated the net-work by his special precipitation method

which showed the thickness of the fibrils and their relation to the sur-

rounding tissue. By my method all the cells were destroyed by digesting

fresh sections in pancreatin, leaving only the fibrils which for special

reasons were classed with the reticulum fibrils of the lymph node as well

as those of other organs.^' It is now generally admitted that the Git-

terfdsern and my reticulum are identical and that they form the frame-

work of the lobule.^* That they are the same is shown by digesting a

section upon the glass slide by the method of Spalteholz when pictures

of reticulum identical in form and arrangement with the Gitterfasern

are obtained. Upon the network of fibrils of reticulum which encircle the

^ The extensive literature upon this subject may be found collected with a

critical discussion in Oppel's Lehrbuch, III, 1900.

^^Kupffer, Arch. f. Mik. Anat., LIV, 1899.

"Oppel, Anat. Anz., V, 1890; VI, 1891.

^'•Mall, Abhandl. d. K. S. Gescell. d. Wiss., XVII, 1891; and Johns Hopkins

Hospital Reports, I.

'" See also Mall, On the development of the connective tissues from the con-

nective-tissue syncytium. Amer. Jour. Anat., I, 1902.

^Hoehl, Arch. f. Anat., 1897; and Oppel, Lehrbuch, III, p. 1009, 1900.
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capiHaries the syncytium of endothelium lies. We have, therefore, but

three elements within the liver lobule, liver cells, a syncytium of endo-

thelial cells, and a network of reticulum between them.

I have been unable to find any of the fibrils of the reticulum of the

liver in embryo pigs less than 2 cm. long. If frozen sections are made

of fresh livers at this stage it will be found that they are very delicate

and can be crushed under the coverglass very easily. When such prepara-

tions are stained by allowing a solution of magenta to run under the

coverglass, it is seen that a network of stained fibrils lies between clumps

of liver cells. In any such sections it is easy to determine that all of the

fibrils of the young reticulum surround the capillaries and are in intimate

connection with Kupffer's endothelial cells. The fibrils, or rather the

syncytium is delicate, and can be broken easily by slight pressure upon

the coverglass. Frozen sections are easily broken into granules by shak-

ing them slightly in water, showing that the reticulum is not strong.

When digested for a short time, at room temperature the liver cells dis-

integrate, leaving only the delicate syncytium to which many small gran-

ules adhere. Pressure upon the cover glass shows that the reticulum is

very elastic. Acetic acid does not cause it to swell and become trans-

parent.

It is not difficult to obtain fresh specimens with all of the capillaries

surrounded with this delicate reticulum with the endothelial nuclei im-

bedded in it. The continuity of the endothelial cells with the embry-

onic reticulum is complete, and thus forces us to the conclusion that the

fibrils are developed from the endothelial cells in the same manner as I

have shown that they are developed from the connective-tissue syncytium

elsewhere.

This observation, however, is entirely out of harmony with the develop-

ment of connective tissues in general, for they arise from mesenchyme,

while the reticulum of the liver arises from the angioblast. However, the

reticulum fibrils are in no way connected with the liver cells and there is

no third group of cells in this neighborhood. It is possible that

these fibrils reacli into the lobule from distant interlobular spaces where

connective tissue cells may be found.

If the liver of a dog is carefully crushed with the fingers in a stream

of water all of the lobules are gradually destroyed and the portal and

hepatic trees may be separated. At the end of the tips of the portal tree

there are small enlargements which correspond with the portal units; no

corresponding lobules are found to adhere to the tips of the hepatic veins.

The stronger tissue—the capsule of Glisson—is thus isolated, while the
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framework of tlie lobiilc is destroyed. Sections of the tips of the two

systems of vessels show that more connective tissue extends to the periph-

ery of tlie lobnle along the portal vein than along the hepatic vein. How-

ever, in nearly all animals it is not the entire lobule which is surrounded

by an increased amount of connective tissue, but only that which marks

tlie center of the portal unit.

From the study of the connective tissue of the liver by various meth-

ods, it is found that it is impossible to draw a line of separation between

the interlobular and the intralobular tissues. One appears to be con-

tinued into the other. However, there are stronger bundles which take

a direct course toward the hepatic vein, not always following the capil-

laries. These are the so-called radial fibers. More delicate fibrils com-

municate wath them and form a dense network around the capillaries.

In general the fibrils radiate from the centers of the portal unit towards

the nodal points as well as towards the terminal hepatic veins. They are

of course arranged as are the capillary blood-vessels, which were discussed

above.

While the liver is growing it is evident that with the destruction and

transformation of the lobules and portal units the reticulum must be con-

stantly tearing and shifting. This is possible with sucli a delicate embry-

onic tissue, and it may be that the connective tissue around the portal

vein in a given stage lay within a lobule in an earlier stage. Veins of

the third order are terminal in embryos about 2 cm. long, i. e., they are

interlobular and intralobular, while later on these same veins become

main trunks. In the pig's liver there is no indication of any connective

tissue capsule of the lobule before birth, and it probably does not appear

until the liver is fully formed. Sections of the liver of pigs two months

old show the lobule outlined by marked bands of cell radiating from the

centers of the portal units to the centers of the nodal points. Possibly

at this time the reticulum between the lobules is a little denser than that

within tlie lobule. However this may be, the capsule of Griisson is but

slightly marked, having within it but few nuclei of connective tissue

cells. It is evident that the connective tissue of the liver must be studied

anew from the standpoint of an ever-changing lobule during development.

The Lymphatic Ducts.

Hand in hand with the development of the capsule of Glisson, the

lymphatic ducts grow into the liver. According to Professor Sabin, they

arise from the receptaculum in embryo pigs and grow along the trunks

of the artery and portal vein. How rapidly they grow and function has
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not yet been determined, but it is certain that in the cat and the dog

they do not extend beyond the center of the })ortal unit. I have been able

to trace them in numerous specimens beyond portal vessels .06 mm. in

diameter, and this naturally puts them into the center of the unit. ()ne

great obstacle in the way of studying the finer lymphatics is that the

amount of connective tissue and the size of the portal vein seem to vary in

inverse ratio, and when the veins of the sixth order are distended to their

maximum the surrounding connective tissue is compressed, and conse-

quently the lymph ducts are completely obliterated. It is not easy, there-

fore, to obtain clear pictures of the lymphatics from their very beginning

down to the main trunks.

The origin of the lymphatics of the liver was first definitely determined

by MacGillavry/' who studied this subject under the direction of Lud-

wig. Long before the work of MacGillavry it had been observed that

ligature of the bile duct was followed by passage of bile over into the

lymphatics, and the artificial filling of the lymphatics naturally followed,

by injecting a colored fluid into the bile duct. Sections of liver, in which

the lymphatics had been filled with Prussian blue, or with asphalt, showed

that the fluid injected into the bile ducts leaves them at the periphery of

the lobule to enter spaces surrounding the blood capillaries, the so-called

perivascular lymph spaces. These spaces communicate at the periphery

of the lobule, that is, in the center of the portal unit, directly with the

interlobular lymph channels. Frequently there is an extravasation of

the injection mass into the blood capillaries of the lobule.

These observations were subsequently confirmed by numerous compe-

tent investigators, using the method employed by jMacGillavry as well as

that of direct injection of Prussian blue into the walls of the portal and

hepatic veins. In successful injections made in this way it is found that

the Prussian blue injected enters the center of tlie portal unit and from

there radiates and encircles its blood capillaries.^" Such injections, how-

ever, are always accompanied with numerous extravasations of the in-

jected material into the surrounding tissues, and often there is a secondary

injection into the blood capillaries. This fact has raised an objection to

the direct injection of the lymphatics from the bile capillaries. It ap-

pears more probable, the opponents say, that the extravasation of bile, or

the injected material into the center of the portal unit enters the lym-

phatic radicals of the capsule of Glisson, and from them the larger lymph

channels and the perivascular spaces of the capillaries are filled. Fur-

^^ MacGillavry, Wiener Sitzungsber., 1864.

*" Budge, Ludwig's Arbeiten, 1875.
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thcrmore the injected mass may pass from the pericapillary spaces di-

rectly into the capillaries, thns accounting for their frequent injection.

According to Fleischl," all the bile is taken up by the lymphatics after

ligature of the bile duct, and in case the thoracic duct is also ligatcd no

bile or only a trace of bile ever reaches the blood. Tl<e observation of

Fleischl has been confirmed by Kunkel/^ Kufferath " and Harley.** It is

extremely difficult to understand why the bile does not enter the blood

capillaries in case it passes from the bile capillaries over into the peri-

vascular spaces before it reaches the interlobular spaces after ligature of

the bile duct. A further objection to the idea that the perivascular

spaces first take up the bile, after ligature of the duct, is the fact that

fluids injected into the bile duct pass with ease over into the lymphatics

but only with difficulty into the bile capillaries. In all cases it appears

as if the main origin of the lymphatics is at the center of the portal unit

and that the radicals communicate freely with the perivascular lymph

spaces. Furthermore, it appears that the course the bile takes after liga-

ture of the bile duct, or of a fluid injected into the bile duct in passing

to the lymphatics, is well within the center of the portal unit and not

within the lobule. This idea is greatly strengthened since we know that

the walls of the capillaries of the lobule are extremely porous, being com-

posed of a dense basketlike layer of reticulum fibrils
*^ upon which lie the

endothelial or Kuplfer's syncytial cells. This layer of reticulum fibrils

encircling each capillary has been isolated by Oppel ^ and by myself " and

is sufficiently described above. The capillary walls then are very pervious,

blood plasma passing easily from them out into the perivascular spaces to

bathe the liver cells.

It is well known that a large quantity of lymph is constantly passing

from the liver, much more than from any other organ. That this lymph

comes directly from the blood is indicated by its high per cent of pro-

teid matter, nearly equal to that of the blood, and from two to three times

that of the lymph from other parts of the body.

The course the lymph takes from the blood capillaries to the lymph

radicals, i. e.. its natural course, can easily be marked by injecting colored

" Fleischl, Ludwig's Arbeiten, 1874.

*" Kunkel, Ludwig's Arbeiten, 1875.

" Kufferath, Arch, fiir Physiol., 1880.

" Harley, Archiv fiir Physiol., 1893.

"Kupffer, Arch. f. Mik. Anat., 54.

"Oppel, Arch. Anz., 1890.

'Mall, Abhandl. d. K. S. Ges. d. Wiss., XVII, 1891. See also Johns Hopkins

Hospital Bulletin, XII, 1901.
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gelatin into any of the blood-vessels of the liver. I have usually found

it most convenient to inject the gelatin into the portal vein, but it is just

as easy to fill the lymphatics by injecting either the hepatic artery or

hepatic vein. In all cases the colored fluid reaches the main lymph chan-

nels in the same way. The colored gelatin flows with great ease from the

capillaries at the center of the portal units as well as from those around

the smaller hepatic veins into the lymphatics. After the lymphatics have

all been filled it is well to inject a small quantity of fluid of difl'erent

color into the blood-vessels. A much better method of making double

injections is to mix red granules with a glue gelatin or blue granules with

Fig. 54. Section through the center of a portal unit of a cat. X 500.

Stained by Van Gieson's method. The hepatic artery was injected with

cinnabar gelatin, and the portal vein with Prussian-blue gelatin. L, lobule / ,

of liver; c. capillaries; a. artery; h lymph vessel; plv, perswacular lymph /?^7 l/ci^

space; pll perilobular lymph space; tt\ bundles of white fibrous tissue be^

tween which are loose connective tissue fibrils and cells.

a red gelatin, the fenestrated lining membrane of the capillary acting as

a sieve which allows the fluid to pass but holds back the granules, as is

the case with the blood corpuscles and plasma in life.

When the portal vein is injected with Prussian-blue gelatin at a low

pressure, it is found that in a few minute.-? the lymphatics are all filled

with the blue mass. Livers injected in this way are best hardened in

formalin and then cut by the freezing method, for alcohol causes the
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gelatin to shrink. Such sections show that the blue fluid has entered the

lymphatics at the center of the })ortal unit. The specimens are more in-

structive when the injection is stopped just as the first lymphatics are

filling with the colored gelatin. By following the larger portal veins and

lymphatics back into the liver substance it is found that the interlobular

connective tissue is entirely filled with blue where the lymphatics are in-

jected, but only partly colored blue when they are not. In other words,

the blue extravasates from the capillaries at the center of the portal unit

and invades the connective tissue to reach the beginning of the lym-

phatics, when of course it is carried rapidly from the liver. The nearest

course from the capillaries to the lymphatics is at the center of the portal

unit where the amount of connective tissue is small, for as colored fluid

begins to enter lymph channels only the tips of the capsule of Glisson

are entirely tinged, while the larger portal spaces are encircled by a

zone of color. Furthermore, it is found that in certain instances, where

the injection was too brief, that the blue did not enter the lymphatics at

all. In such specimens all of the interlobular spaces are surrounded by

a zone of colored gelatin which does not enter the main lymph channels.

A successful injection of the lymphatics is illustrated in Fig. 54. The

granular blue enters the capillaries of the lobule, c, with ease, and from

them the liquid blue is filtered through the capillary walls to enter the

perivascular lymph space, pvl. This space communicates at the center

of the portal unit directly with a large lymph space between the liver

cells and the capsule of Glisson, which may be called the perilobular

lymph space. These spaces, plJ, in turn communicate with the lymph

radicals.

It is further shown by injecting the liver with aqueous Pnissian blue

that there are no capillaries between the periphery of the lobule and the

interlobular connective tissue. The liver cells come in contact with the

capsule of Glisson. An injection of brief duration with blue gelatin soon

fills the perilobular lymph spaces, so that it appears as if all groups of

liver cells at the periphery of the lobule were separated from the inter-

lobular connective tissue with capillaries. In case cinnabar granules

are mixed with the blue a few of these granules are found in the peri-

vascular and perilobular lymph spaces, the openings in the walls of the

capillaries bein^g large enough to allow a few of the smaller granules to

escape. As the injection is extended the blue invades the connective

tissue spaces from the lymphatic radicals more and more until a lymph

channel is reached, when of course it rapidly fills all of the larger ducts.

Were there a direct channel from the perilobular lymph spaces the blue
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would fUnv tlirouoh it at once witliout further filtration through the

interlobuhir connective tissue spaces. The course the cinnabar granules

take also speaks against a direct channel between the perilobular lymph

spaces and the interlobular lymph channels. A few of the granules enter

the perilobular lympli spaces, but none of them reach the main lymph

channels. All of my specimens without exception force me to the conclu-

sion that there are no direct channels connecting the perivascular and

perilobular lymph spaces with the lymphatics proper other than the ordi-

nary spaces between the connective-tissue fibrils of the capsule of Glisson.

These spaces, however, are relatively large, permitting of a rapid trans-

fusion through them.

Injections with a hypodermic syringe into the walls of the smaller

portal veins naturally fill the surrounding lymphatic vessels, and when

no valves are in the way the injected fluid passes to the origin of the ves-

sels, or lacunae, which are located in the center of the portal units. From

here the fluid passes through the main connective-tissue spaces into the

perilobular and perivascular lymph spaces, and frequently from them

into the blood capillaries. When the injection of the lymphatics is made

through the bile ducts I have always found that there is an extravasation

at the center of the portal unit, although the bile capillaries are often

injected to the nodal points. The extravasation does not take place from

the bile capillaries, but only from the duct as it communicates with the

capillaries as well as from the larger bile ducts. Such extravasations

naturally are then taken up by the lymphatics and carried from the liver.

If after ligature of the bile duct the bile enters the perivascular lymph

space within the lobule it may still be carried to the lymphatics, as the

direction of the current of lymph is constantly from the blood capillaries

to the lymphatics.

That the blood capillaries of the liver communicate more freely with

the lymphatics than do the bile ducts is proved by injecting the bile duct

and the portal vein with fluids of different color under the same pressure

at the same time. In all the experiments I made the fluid injected into

the vein appeared in the lymphatics first. In many instances beautiful

injections of the lympliatics were obtained from the vein while the fluid

injected into the bile duct did not extravasate at all, showing at least

that the veins communicate with the lymphatics much more freely than

do the bile ducts.

It is seen from the above description that the lymphatics of the liver

do not drain all portions of the liver lobule, but only those portions that

are formed by the centers of the portal units. There are no lymphatics at
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the center of the lobules nor at the nodal points. At the center of the

portal units there is a very free communication between the blood capil-

laries and the lymph radicals in the tips of the capsule of Glisson. So the

lymph circulation is marked at this point, /'. c. the center of the portal

structural unit, while in the rest of the unit it is insignificant or wanting

altogether.

Eelatiox of the Bile Ducts to the Structural Units.

All of our knowledge of the growth of the liver lobule indicates that

the multiplication of the cells is in those portions of its periphery which

mark the centers of the portal units. However, this statement is ex-

tremely difficult to prove. It is probable that the bile ducts communicate

with the capillaries of the lobule throughout the whole length of the ducts

of the sixth order, much as is the relation of the hepatic artery with the

blood capillaries of the lobule, and unlike that of the portal vein, which

gives rise to capillaries only at its tip.

Much has been done to gain a clear understanding of the development,

growth and regeneration of the liver cells, but the results are very meager,

for only in rare instances are karyokinetic tigures found in them. Fre-

quently, however, cells with two nuclei are found and these appear to be

scattered quite evenly throughout the lobule. I have studied many sets

of serial sections of livers in all stages of development and have nearly

always failed to find karyokinetic figures. In the few specimens in which

cell divisions were present they were in groups of several hundred around

the terminal bile ducts. MacCallum *' has also found a specimen in which

there were numerous karyokinetic figures at the periphery of the lobule

together with indications that the cells are being destroyed around the

central vein. Ponfick '° has shown that such figures are very numerous

in the early stages of regeneration after removal of a large portion of the

liver. In his specimens the dividing cells were found distributed evenly

throughout the lobule which, on account of its growth, has become much

enlarg'^ed with a disarrangement of the radiating strands of cells. Kecently

Schaper"* has discussed the question from a broad scientific standpoint

and concludes that when the regeneration of the liver tissue forms typical

lobules, the growth has taken place entirely within the minuter bile ducts.

This conclusion is admitted by MacCallum " for only those cases in which

•^ MacCallum, W. G., Jour. Amer. Med. Assoc, 1904.

^"Ponfick, Vir. Arch., CXXVIII, Supplement, Heft., 1895.

'^ Schaper, Arch. f. Entwicklungsmechanik, XIX, 1905.

"MacCallum, Johns Hopkins Hospital Reports, X.
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the liver cells have all been destroyed; then the epithelial cells of the gall

ducts take upon themselves the more complicated process of regeneration

of liver tissue. At any rate, it is now well known that liver cells often

contain more than one nucleus and that in a variety of pathological dis-

turbances as well as in normal development the bile ducts have a tremen-

dous power of growth. The aberrant bile ducts have been known since

the time of Ferrein, and probably represent liver tissue which was present

and active at some earlier stage of development.^^

It has been proved quite conclusively by Toldt and Zuckerkandl in their

excellent study on the growth of the liver that degeneration takes place

in one part of the organ while it is growing large in another portion.

The vasa aberrantia mark those portions which have degenerated as

along the left lateral ligament and the region of the vena cava and

the gall bladder. For example, the gall bladder in its growth encroaches

upon the substance of the liver and causes its atrophy. The liver lobule

in degenerating is often reduced to small islands which have the portal

vein on one side of them and the hepatic on the other, returning to its

early embryonic state. It is probable that a similar but diffuse degen-

eration is taking place in many portions of the growing liver, for vessels

which are of equal size in a given step are often found very unequal sub-

sequently. It is also known that pressure by foreign bodies, by exostoses

and by the ribs in excessive lacing may produce atrophy of the liver which

is always marked by aberrant bile ducts, with hypertrophy elsewhere in

the organ.

The striking experiments of Ponfick first showed us to what extent

the liver may regenerate. His valuable communication also illustrates

most beautifully that liver lobules do not hypertrophy, but sprout and

give rise to new lobules, a conclusion which he thinks he disproves. Pon-

fick finds that after a portion of the liver has been removed the lobules

in the remaining portion coalesce, and are not sharply defined as they

should be in their hypertrophy (p. 86). He repeatedly states that it is

difficult to find enlarged lobules, but in their stead he finds heart-shaped

or clover-leaf-shaped lobules (pp. 104, 107), exactly what is to be ex-

pected in a growing liver. However, he does state that when the liver

hypertrophies evenly in all directions the circumferences of the lobules

are increased, two, three, or even four, times. This statement he illus-

trates with a figure of a lobule (Fig. 2) which is compound and on ac-

count of the large veins in it must be from its base, a condition which

may be found in any liver which is not growing. His figure 7 which is

''Toldt and Zuckerkandl, Sitzungsber. d. Wiener Akademie, LXXII, 1876.
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enlarged to the same scale as Figs. 1 and 2, and Fig. 3, which is on a

larger scale, are not given to show that the lobules hypertrophy when the

liver regenerates and are therefore found to be about of normal size. It is

proved by Ponfick's experiments, it seems to me, that in regeneration of

Fig. 55.

Fig. 56. Fig. 57.

Figs. 55, 56 and 57. Three views of a model of the liver of a human em-

bryo, nVz mm. long (No. 9). X 16. Gb, gall bladder; uv. umbilical veins.

the liver, the lobules do not enlarge, but sprout and give rise to new

lobules, as is the case in the growing liver.

By comparing the livers of three embryos (Figs. 29-31 and 55-60) it

is seen that only their upper surfaces are regular in form from stage to



302 A Stiidv of llic St i-iictiiral Tiiit of the Tjivcr

stage; tlie processes extendino- into the abdominal cavity are irregular,

to fit into the spaces that there are for them to grow into. Thus, in its

Fig. 58.

Fig. 59. Fig. 60.

Figs. 58, 59 and 60. Three views of a model of the liver of a human em-

bryo, 24 mm. long (No. 10). X 8.

growth the liver may atrophy at one portion and expand in another, the

aberrant bile ducts marking those portions of the liver which have been
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shifted; they are present in those portions of the liver wliicli had to make

way for encroaching organs. Not only mnst large massv^-; of tlie liver

disappear entirely, hnt also smaller areas throughout the liver, especially

along the trunks of the main vessels, as the liver is growing from its cen-

ter towards its periphery. Hand in hand with this change, the plexus

of bile ducts which surrounds the main trunks of the portal vein shifts

towards the periphery, leaving only a single vessel in its place, which, of

necessity, becomes very variable, as has been pointed out by Eex.

In a liver which has been well formed, as in the rabbit's liver shortly

after birth, the cells radiate from the terminal bile ducts towards

the nodal points and the central veins, as indicated by the lines in Fig. 1.

The point of juncture betv/een the bile ducts and liver cells is not sharp

and the younger the liver the more difficult it is to determine it. In fact,

in young embryos it is extremely difficult to follow the bile ducts into the

structural units, i. e., to the lobules. Injections show that the younger

the specimen the more extensive is the plexus of bile ducts around the

terminal veins, which indicates that an intermediate tissue, neither true

lobule tissue nor true l)ile ducts encircle the terminal portal veins in

growing livers, as is shown beautifully in a pig two months after l^irth.

Wlien the liver is finished, this tissue is reduced to a minimum. When
the liver begins to regenerate, it becomes conspicuous again as " newlv-

formed bile ducts." With a plexus of bile ducts encircling a portal vein

of the sixth order throughout its whole extent we have the most intimate

connection l^etween the bile ducts and the center of the portal unit, from
which additions can be added to the unit. As the cells are added they

seem to pile up in the nodal points, for the distance between the terminal

portal and hepatic veins does not increase but remains constant. Hand
in hand with the growth of the nodal points the capillaries follow, and on

account of their increased number the resistance to the circulation

through them is diminished, and, according to Thoma's first law. veins

from both sides are extended into them; these alternate, as the observa-

tions above described have demonstrated.

To obtain an additional key by which we may unravel the growth and

architecture of the liver units numerous tests have been made in the

Anatomical Laboratory of the Johns Hopkins University. l)y Hendrick-

son, Sudler, Johnson, Sal)in, Hill, and myself, with more or less satis-

factory results. At present we are able to follow in a connected way the

formation of the bile ducts and capillaries in embryos from 5 cm. long

upward. Possibly at some later date they may be followed back to their

earliest appearance. Furthermore, it is prol)alde tliat some simple meth-

ods will soon be found, bv which the historv of the Idood-vessels can be
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determined much better than it is given now, and since it appears that

the development of the artery and bile ducts are parallel the study of

the one will liclp to clear up the other.

Fig. 61.

Fig. 62. Fig. 63.

Figs. 61, 62 and 63. Golgi specimens of the livers of human foetuses. 5 cm.

and 10 cm. long, and at term. X 53. After Hendrickson.

Bile capillaries and ducts can be outlined beautifully by Golgi's

method in human embryos 5 cm. long, or longer, as Figs. 61 to 63 show.
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But it is difficult to interpret these specimens, for it is not easy to deter-

mine which vessel is a portal vein, unless reconstructions are made, which

is often out of the question. In the earliest stage, Fig. 61, the capil-

laries encircle both hepatic and portal veins, the vessel to the left being

an hepatic vein. The same is probably true in an older embryo, Fig. 62,

while in a foetus at birth the bile duct pictured lies at the junction of

two portal veins. When the terminal ducts are arranged in order, as

shown in Figs. 64-67, it is seen that the first bile ducts are formed around

the portal veins from bile capillaries. Longitudinal sections, Figs. 68-72,

indicate the same. This interpretation of the specimens, which was

Fig. 64.

Fig. 66. Fig. 67.

Figs. 64, 65, 66 and 67. Golgi specimens of the livers of foetal pigs, 5, 6, 7

and 8 cm. long. X 53. The portal twigs are shown in transverse section.

After Hendrickson.

first given by Hendrickson '"^

is rational, and subsequent observations,

which I have been al)lo to make from some of Mr. Eben Hill's

skillful injections of the bile ducts in the embryo, corroborate Hendrick-

son's view. The untimely death of Dr. Hendrickson made his prelimi-

nary report his final publication upon this subject, and it is now a pleas-

ure to me to carry out in part one of his desires. The obstacle at the

time of his publication was a lack of knowledge of the vascular tree and

complete pictures of the bile ducts, especially in young embryos. Mr. Hill

has supplied the latter by filling the bile ducts of a pig's embryo 10 cm.

long. In the early stages diluted Higgin's India ink was injected di-

" Hendrickson, .Tohns Hopkins Hospital Bulletin, 1898.
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rectly into the stoinaeli from wliicli it flowed over into the intestine and
backed up into the bile duct. Within the liver it filled the main trunks
which correspond with tliose of the portal vein and then filled a capillary

network around portal branches of the first order. An illustration of

tliis specimen is given in Fig. 73. This figure shows that the vessels

Fig. 68. Fig. 69. Fig. 70.

Fig. 71. Fig. 72.

Figs. 68, 69, 70, 71 and 72. Golgi specimens showing the terminal portal

twigs with their surrounding bile ducts and capillaries in longitudinal sec-

tion in foetal pigs 8, 16, 19, 21 cm. long, and in the adult pig. X 53. After

Hendrickson.

pictured in Figs. 65-67 are probably of the -second order, while that in

Fig. 64 is of the first order and, therefore, represents a main trunk.

The bile duct-system can l3e injected with greater ease in older em-

bryos, for in embryos over 15 cm. long the injection may be made di-

rectly through the gall bladder. It is unnecessary to give all intermedi-

ate stages, for Fig. 74, which is from an embryo 20 cm. long, helps to

tell the whole story. With it may be compared Figs. 68-71, for one

gives the main trunks and the terminal plexus and the other gives the

terminal plexus and the bile capillaries.
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In the adult liver the artery communicates with the lobule throughout

the extent of the vessels of the sixth order; the connection between bile

ducts and bile capillaries is probably even more extensive. jSTo bile capil-

laries arise from bile ducts of the fourth order, the liver tissues in their

immediate neighborhood being drained by the plexus of the fifth and

Fig. 73. Bile ducts of a pig, 10 cm. long, injected with India ink. X 60; II,

portal branches of the second order; III. portal branches of the third order.

From a specimen made by Mr. Eben Hill.

sixth orders. So in the center of the portal unit the branch of the portal

vein ramifies, while along a portion of its axis the artery and duct spread

out. The unit is bounded on its periphery by a number of intralobular

veins and nodal points, as shown in Fig. 1.

In the development of the liver the .shifting of the peripheral plexus

23
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of bile ducts is of great importance and helps to clinch much that has

been said above about the development of the liver. In an embryo

10 cm. long this plexus encircles portal branches of the second order

(Fig. 73). In an embryo twice as long the plexus has passed the veins

of the third order and now encircle completely those of the fourth or

fifth orders. So as the liver tissue is shifting towards the periphery

Fig. 74. Injected bile ducts of the liver of a pig, 20 cm. long. X 50. B, bile

duct; p, portal vein; h, hepatic vein; II, III, IV, respective order of the

branches. Prom one of Mr. Hill's specimens.

branches which were once central in every respect, are reduced entirely

to main trunks, and throughout this process of growth the structural

units remain practically of one size. Thus from one vein encircled by

one structural unit a million are formed in the dog. Throughout this

growth the vascular proportion is constant. Within the center of the

unit the duct expands into a plexus from which regeneration takes place.

The periphery of the unit is marked by nodal points which in one sense

are embryonic units.



THE DEVELOPMENT OF CHEOMATOPHOEES IN NECTUEUS.

BY

ALBERT C. EYCLBSHYMER.
From the Anatomical Laboratory of St. Louis University.

With 7 Figures.

The questions regarding the origin of pigment in the epidermis of

vertebrates is one of deep interest not only to the histologist, but also to

the pathologist.

The literature shows that two different conclusions have been reached.

One group of workers (Aeby, Kcelliker, Ehrmann, Eibbert and others)

have regarded the epidermal chromatophores as modified mesenchymal

cells, which have wandered into the epidermis. Another group (Kodis,

Jarish, Kromayer, L. Loeb, Strong and others) have considered the epi-

dermal chromatophores as modified epithelial cells which have differen-

tiated in sitv.

In the course of my studies of the larvas of Necturus, I have been re-

peatedly attracted not only by the peculiar movements of the chroma-

tophores in the normal embryo, but also by the striking changes in their

character brought about tlirough decapitation.

These casual observations led to a new method of studying the origin

and movements of chromatophores. The method was briefly the follow-

ing : The larvse were placed in a bed of cotton in the fibers of which they

soon became entangled, and were thus held in a given position for an in-

definite period. The water in the receptacle containing the cotton was

of course frequently changed. The larvae were then observed under the

higher magnification of the binocular dissecting microscope, and the

movements of the living chromatophores followed. This study was then

supplemented by a study of serial sections of larvse of corresponding

stages.

Larvce 11-12 mm.—The first appearance of pigment is found in the

larvas of this length. When observed under the binocular microscope,

this pigment appears as minute black dots lying deep down in the trans-

parent connective tissues. If these minute structures be persistently

watched for a few hours, or even examined at short intervals, it is easily

seen that they gradually increase in size and slowly approach the sur-

face. When first observed, the pigment seems to be confined to the body

American .Tocrxal of Anatomy.—Vol. V.
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of the cell, but it soon extends to the protoplasmic processes. It is then

possible to follow the constantly changing positions; of the processes.

Fig. 6

This amoeboid movement becomes more clearly defined as the chromato-

phores approach the surface.

Serial sections of larvge of this stage show tliat the chromatophores are
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not restricted to any particular locality. In the vicinity of the myotomes

they are found for the most part in the intermuscular mesenchyme. An-

terior to the myotomes they are irregularly scattered and although a few

are found in the outer portion of the dermis, they are for the most part

located in the deeper mesenchyme.

A study of the formation of pigment in the mesenchymal cells shows

that it first appears in the immediate vicinity of the nucleus, and from

this locality extends into the cytoplasmic processes. The pigment gran-

ules are at first separate and distinct, but as the cells become more deeply

pigmented, the granules become less distinct. It is thus possible in a

general way to differentiate between the younger and the older chroma-

tophores. Fig. 1 is taken from a section through the head of a larva of

the above length, and shows two stages in the growth of the chromato-

phore. The deeper cell (a) represents one of the first stages in the

formation of the pigment. The pigment is here largely confined to the

region of the nucleus, having extended but slightly into protoplasmic

processes. The cell nearer the surface (&) represents a later stage in

which the pigment has extended farther into the protoplasmic processes.

Other sections show various stages in the formation of pigment from its

first appearance in the region of the nucleus to its extension into all the

protoplasmic processes of the cell.

The epidermis at this time is made up of different kinds of cells.

The first and most numerous are the ordinary polyhedral cells, which

contain fine yolk granules. The second and less numerous are the large

oval or spherical cells which contain very large yolk granules, and prob-

ably form the unicellular glands. The third and least numerous are

certain cells which possess more or less extended cytoplasmic processes

and which, from their granular contents, staining capacity, and general

form, closely resemble mesenchymal cells. Such a cell is shown in Fig.

2, c. lying among the epidermal cells. Whether these cells are modified

epithelial cells or are mesenchymal cells, which have wandered into the

epidermis at some earlier stage, cannot be definitely determined. As will

be seen later cells of this type give rise to one group of epidermal chro-

matophores.

Larva 15-lG mm.—In the preceding stage but few of the chromat-

ophores were at the surface of the dermis, but in the present stage large

numbers of them have reached its outermost surface and through their

widely branching processes form an open meshwork. These superficial

chromatophores are most numerous over the dorso-lateral surfaces of the

head, but they are also scattered along the body, being confined for the

most part to an irregular dorso-lateral band which extends from the re-

gion of the gills to the posterior limb buds.
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In sections of this stage one frequently liiids conditions such as that

represented in Fig. 3, in which the protophisniic processes of the dermal

chromatophores extend among the ceils of the epidermis. Other sections

show widely branched chromatophores lying wholly witliin the epidermis,

as shown in Fig. 4. From the study of sections alone, one would readily

infer that these epidermal chromatophores are simply the dermal chromat-

ophores which have wandered into the epidermis. I have ex-

amined many sections with the hope of finding a chromatophore in which

the cell body lay partly in the dermis and partly in the epidermis, but

such a cell has not been found. All doubt, however, is dispelled by using

the binocular microscope under which one can readily see the dermal

chromatophores pass outward into the epidermis.

In the epidermis one frequently observes the peculiar type of cells de-

scribed under the preceding stage. These cells may be as yet unpig-

mented or they may show varying degrees of pigmentation, often the

pigment is confined to the region of the nucleus as shown in Fig. 5, d,

again the pigment has extended to one or more of the cytoplasmic pro-

cesses, as represented in Fig. 6, e.

Larvce 17-18 mm.—The chromatophores show a marked increase in

number over the preceding stage. In a number of larvas, they have ex-

tended well down over the upper surface of the yolk. In the head re-

gion there is a median dorsal line which is almost free from chromato-

phores. On either side of this line chromatophores have extended down-

ward to the upper margin of the nose and eye. The upper margin of the

retina is now deeply pigmented, and not infrequently numbers of chromat-

ophores are observed directly over the lens. They have extended to the

base of the gills, although but few are seen in the gill bars. A few are

present in the dorsal surfaces of both the anterior and posterior limbs.

The dorso-lateral veins are present along the dorso-lateral surface of the

yolk. Even at this early stage, the chromatophores are becoming more

densely aggregated along the lines of these veins. ISTow as in the pre-

ceding stages, one can see in the region sparsely pigmented a continual mi-

gration of the dermal chromatophores from a deeper to a more superficial

position. In those regions which are densely pigmented, one can readily

see an increasing number of the dermal chromatophores passing into the

epidermis.

Serial sections of this stage show a continued formation of the dermal

chromatophores in the deep mesenchyme, and especially in the intermus-

cular spaces. As they pass toward the surface the pigment extends into

the cytoplasmic processes and they become more and more branched.

The greater number of these chromatophores pass to the outer layer of
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the dermis and there remain, but a considerable number can be followed

directl}', as they pass into the epidermis.

The epidermis in addition to the increased number of chromatophores

of this type also shows a considerable increase in the chromatophores of

the second type which are as yet found in all stages of formation from

the earliest condition to the condition shown in Fig. 7, which represents

the complete formed chromatophore.

Conclusion.

The chromatophores found in the epidermis are of two kinds. One is

but slightly branched, taking on in general a pyramidal form. The other

is highly branched, taking on a mossy appearance. The former becomes

pigmented iti situ within the epidermis. They may be mesenchymal cells

which have wandered into the epidermis before becoming pigmented, or

they may be modified epithelial cells. The second type is derived from

the mesenchymal cells which wander into the epidermis after becoming

pigmented.
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THE INTESTINAL GLANDS OF MAMMALS.

BY

SIDNEY KLEIN, S. M., M. D.

From the Hull Laboratory of Anatomy, University of Chicago.

With 5 Figures.

The recent activit}^ in the investigation of the chemical and physio-

logical properties of the succns entericns, and the discoveries of new

enzymes which are produced by the intestinal mucous membrane, create

a renewed interest in the structure and relationship of the elements com-

posing the intestinal epithelium and glands, which are the sources of this

secretion. It becomes a fundamental problem of intestinal histology to

determine as far as possible the cytological and microchemical characters

of these elements and to compare them in these respects with similar

elements of known function from other sources. Of special interest in

this connection are the peculiar, coarsely granular cells which occupy the

deeper ends of the glands of Lieberkiihn, and which were first observed

in 1872 by Schwalbe, 72, in fresh material from the intestine of the rat.

For some reason Schwalbe's description attracted little attention, and

it was not until 1888 when Paneth, 88, rediscovered them and described

at some length their microscopic and chemical characters, that these

cells became generally recognized as constant constituents of the intes-

tinal glands of certain mammals. For this reason they are generally

known as the granule cells of Paneth.

Paneth regarded these granular cells as a specific kind of gland cell

wholly different from the globlet cell. Concerning their origin he was

somewhat in doubt, although he favored the view that they were derived

from indifferent mitotic cells farther up the gland, because of the face

that the granules became fewer towards the middle of the gland Avhere

the mitoses occurred.

Paneth described the granules, as observed in fresh preparations of the

mucous membrane, as moderately refractive structures, although not so

refractive as fat. Distilled water and solutions of caustic potash had no

effect on them, although they shrank somewhat in the latter and became

American .Tourxal of Anatomy.—Vol. V.
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more refractive. Ether and alcohol on the other hand dissolved the

granules slowlv and in diluted acids they disappeared instantly. By
means of osmic acid and of picric acid he succeeded in fixing the gran-

ules and the cells which contained them. Flemming's fluid gave unsat-

isfactory results. He regarded the cells in question as a special kind of

glandular cell different from the goblet cell. Concerning the fate of

these cells Paneth did not express himself definitely although he inclined

to the view that they are completely used up in secretion and are replaced

by mitotic cells farther up the gland. His attempts to show that this

was the case by observing the effect of physiological stimulation, however,

did not lead to the desired result, inasmuch as the cells were as numer-

ous in the animals which had been fed as in those which were examined

in a state of hunger.

Xicolas, 91, also studied the granule cells and described at considerable

length the different varieties of cells to be found in the bottom of the

gland of Lieberkiihn. Some of these he regarded as secretor}^ phases

in the history of the cell of Paneth. Of these he recognized several, of

which the following may be mentioned: (a) indifferent cells with clear

protoplasm; (b) fine granulations appear in the protoplasm-primary

granules; (c) the granules contain a safraninophilous body in the form

of a crescent or semicircle, the rest of the granule staining in Flemming's

fluid: (d) the secretory activity has attained its maximum and the cell

is completely filled with granules containing a safraninopliilous body;

(e) the cells expel the granules: (f) the cell contracting after expelling

its contents assumes the aspect of the small narrow cell with deeply

stained protoplasm; (g) the cell recovers itself and assumes the appear-

ance of stage a. N^icolas also observed that in the later stages of secre-

tion the nucleus became smaller, often irregular in shape, and stained

diffusely, whence he concluded that the nucleus participated in the secre-

tory activit}^ of the cell.

Bizzozero, 93, did not acept the conclusion of Paneth and Nicolas that

the granule cells were specific glandular elements, but attempted rather

to bring the facts with regard to them into accord with his theor\^ that

the glands of Lieberkiihn were not in reality true glands, but merely foci

for the regeneration of the surface epithelium, and to convert the appar-

ently adverse fact of the occurrence of peculiarly organized elements in

the bottom of the glands into an additional proof of the validity of his

theory. He claimed to have found, in material from the intestine of the

mouse stained in safranin and h^ematoxylin after fixation in Hermanns'

fluid, what he considered to be transitional forms between Paneth cells

and goblet cells. In these preparations the mucin in the goblet cells
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was stained a violet color while the Paneth granules became red. The

cells which were regarded by Bizzozero as transitional cells contained both

small red granules and large blue mucin granules. As these cells were

observed in an intermediate position in the gland between the Paneth

cells below and the goblet cells above it seemed probable to Bizzozero that

the mucin in them had been produced by the transformation of Paneth

granules. He assumed, therefore, that the Paneth cells were young

goblet cells.

Subsequent investigators, however, among whom may be mentioned

Moller, 99, Zimmermann, 98, Zipkin, 04, and Schmidt, 05, have failed to

find the transitional elements described by Bizzozero, and have accepted

the conclusion of Paneth and Nicolas that the granule-cells are specific

elements engaged in a special kind of secretion.

Schaffer, 91, described and figured these structures in the glands of

Lieberkiihn of the duodenum and jejunum of man although he did not

succeed in staining the granules. Zimmerman found that the granules

stained strongly in iron hasmatoxylin in sections of human small intes-

tine fixed in sublimate. He regarded the cells of Paneth as serous cells.

IMoller, 99, studied the structure of the glands of Lieberkiihn of a

large number of mammals, chiefly in material fixed in a formaldehyde

bichromate mixture, and stained in the Ehrlich-Biondi mixture, although

he also used other fixing fluids for purposes of control, and applied the

iron-hsematoxylin method with good results. Moller found that the

cells of Paneth occurred in the intestinal glands of the mouse, guinea-pig,

rabbit, ox, sheep, and horse. His results were negative as regards the

cells of Paneth in the pig, cat, and dog, although he regarded the failure

to find them in the first-named animal as due to a failure to fix the

granules. Moller also found that the granules in different cells often

exhibited different affinities for the stains employed, so that, for example,

in sections stained in the Biondi-Ehrlich mixture some granules stained

red, others yellow, greenish-yellow, or dark olive green. This difference

he thought to be due to different functional conditions of the cells, the

changes which the granule underwent from the time of its first formation

in the cell to the time when it reached its mature form being indicated by

its staining properties. In some cells he found indications of the fusion

of the separate granules to a common mass which in part occupied the

meshes of the cell framework, in part the wide lumen of the gland.

These facts he regarded as undoubted indications of a real secretory

activity on the part of these cells. He found no transitions between

Paneth cells and goblet cells.
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Zipkin, 04, describes the Paneth cells of Inuus rhesus as present with-

out exception in the bottom of every crvpt, often lying beside one another

in considerable numbers. The protoplasm of these cells always stain

moi"e deeply than that of the surrounding cells.

Oppel, 97, described, in the glands of Lieberkiihn of Echidna, cells,

at the bottom of the gland, the inner segment of which was fineiy granu-

lar. The granules diminished in number as the mouth of the gland was

approached and in the upper portion of it were wholly lacking.

Schmidt, 05, studied the distribution of the cells of Paneth in the

human intestine and confirmed the observations of Blocb. 03, who found

them in practically every gland of the ileum and jejunum, as well as of

the duodenum. In addition, Schmidt found Paneth cells frequently

present in the glands of the vermiform appendix, although he was not

able to find them in other portions of the large intestine except in three

cases of pathological conditions. Concerning the occurrence of Paneth

cells in the large intestine of the infant where Bloch claims to have

observed them, Schmidt records a negative result in five newborn children.

For the differentiation of goblet cells from Paneth cells Schmidt used

mucicarmine b}^ means of which he oljtained a sharp distinction even

in the foetal intestine. As far as the function of the Paneth cells is

concerned he regards the fact of their absence from the intestines of

even young carnivora as opposed to the conclusion which might be

drawn from Bloch's observation of their occurrence in large numbers in

the large intestine of suckling infants, that they have something to do

with the secretion of a substance which is active in the digestion of milk.

He is rather inclined to the view that inasmuch as they are constantly

present in the glands of herbivorous animals they affect some constituent

of the vegetable food.

As far as the occurrence of Paneth granule cells in lower classes of

Vertebrata is concerned comparatively few references can be found in

the literature. Nicolas, 91, in the article already referred to mentions

their occurrence in the lizard without stating the species examined, and

E. Bizzozero, 04, has described, in the depressions between the folds of

the intestine in Teleostomes, cells which contain numerous granules

stainable in haematoxylin but differing in their characters from the

young goblet cells which occur in the same location.

The last decade has been particularly fruitful in researches dealing

with the morphology and microchemistry of glandular cells. As a result

of these, new methods have been devised and new criteria established for

distinguishing between zymogenic cells and mucous cells. In particular
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may be mentioned in this connection the liasal filaments of Solger, 94,

wliicli have been shown by the researches of Bensley, 96, Gamier, 00,

Cade, 00, Zimniermann, 98, and others to be a structiire common to

many sero-zymogenie cells. Bensley. 96, 98, has also shown that the

basal filaments correspond to the chromatin of the nncleus in their

staining reactions and like the latter contain iron in the form of an

organic compound and thus represent morphologically the substance

presumably of nuclear origin which Macallum, 95, long ago discovered

in gland cells of various sorts by means of staining reactions, and sub-

sequently confirmed by means of the microchemical reaction for iron.

As far as mucin is concerned no microchemical reaction has been, as

yet, discovered, which is effective in recognizing this substance in

isolated cells in sections. The work of P. Mayer, 97, has, however,

provided us with a number of new staining solutions which, while tliey

do not permit us to say whether a given cell does or does not secrete

mucin, yet furnishes evidence which may be of much value when taken

in connection with that from other sources.

Up to the present no special attention has been directed to the ques-

tion of the presence of Macallum's prozymogen in the cells of Paneth,

either in the form of basal filaments or as a diffused compound in the

base of the cell, although several observers, notably Zipkin, 04, and

Nicolas, have called attention to the deeper staining of the protoplasm

of these cells as compared with neighboring cells. The results, more-

over, of attempts to discover experimentally, differences in the aspect

of these cells corresponding with phases of physiological activity have

not been decisive. Accordingly, at the suggestion of Professor Bensley

I undertook the reinvestigation of these structures in the hope that the

application of new staining and microchemical methods would reveal

new facts which would be of assistance in forming an opinion as to their

nature and their relationship to other intestinal epithelial elements.

At a very early stage in the investigation the discovery was made that

in the opossum, Didelphys virginiana, the cells of Paneth occurred not

only in the glands of Lieberkilhn but also mingled with other epithelial

elements on the sides of the intestinal villi even at their very tips. This

remarkable fact, which possesses no parallel in any other mammal, so

far as is known, possesses so much significance in the interpretation of

the Paneth cells that a somewhat extended description is called for.

The small intestine of the opossum is characterized by extremely long

villi and a very thin tunica mucosa. Corresponding to the latter the

glands of Lieberkilhn are very short and contain a scarcely recogniza])le
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Fig 1 Villus and subjacent glands of Lieberkuhn of the opossum. From

a preparation stained in iron-alum hematoxylin and mucicarmme.

FIG. 2. A portion of the epithelium of the villus shown in Fig. 1 as seen

under Leitz Homog. Imm. 1/12, Oc. 4.
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himcn. Fig. 1 illustrates fairly well the nature and distribution of the

three kinds of epithelial cells in the glands and in the villi. The prepara-

tion is from material fixed in Bensley's bichromate-sublimate-alcohol

fluid and stained with iron haematoxylin followed by mucicarmine. By

this means the granules are stained blue-black in the cells of Paneth,

red in the goblet cells. Thus a sharp differentiation is obtained between

these cells even in the glands of Lieberkiihn where the young cells contain

comparatively little of the secretion-antecedent. The Paneth cells on

the side of the villus are large and resemble very closely typical goblet

cells (fig. 2). The theca is filled with large discrete granules which do

not react with mucicarmine but on the contrary stain intensely in iron

haematoxylin. These granules also stain strongly in the neutral gentian

mixture recommended by Bensley, 02, for staining zymogen granules,

the mucous goblet cells remaining colorless. The granules in the Paneth

cells occupy the meshes of a network which is formed by the cytoplasm

separating the granules. At the proximal end these cells are narrower

and contain a nucleus which is somewhat elongated in the direction of

the long axis of the cell and often slightly cupped on the side next the

theca. The basal protoplasm is small in amount and uniformly more

deeply stained than that of neighboring cells, with the exception of the

narrow cells which are obviously undergoing degeneration. Tested

with Macallum's reagents for the detection of organic iron a positive

result is obtained but not enough to be convincing evidence of the presence

of prozymogen in the cell. The search for basal filaments also proved

without result although the positive outcome of these observations in the

guinea-pig, to be descrilied presently, gave ground for the belief that had

a more abundant material been available, and had it been possible to

examine it in different physiological states, a positive result might have

been obtained.

The glands of Lieberkiihn in the opossum are remarkable for their

low grade of development, and, although the three main types of cells

are present, the amount of secretion which the Paneth cells and goblet

cells contain indicates that they are to be regarded rather as young

elements than as cells already functioning as secreting organs. Indeed,

in some respects, these glands present but little advance over the epi-

thelial buds to be found in the intestinal epithelium of Batrachia, and

to this extent realize Bizzozero's idea of a gland of Lieberkiihn which

serves merely as a place for the production of new cells which ultimately

migrate to the free surface and there reach their full functional develop-

ment. Many mitoses are always present in the glands, some in mucin-
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holding cells, others in the cylindrical cells. I have not been able to assure

myself definitely of the occurrence of mitoses in the cells of Paneth. The

small size of these cells and their more irregular shape and arrangement

make the exact determination of the nature of the mitotic cells somewhat

difficult.

The distribution of the cells of Paneth in the intestinal epithelium

of the opossum, the occurrence of the fully loaded cells in the surface

epithelium and of immature cells in the gland cannot be reconciled in

any way with Bizzozero's view that they are young cells which only achieve

their full development as mucus-secreting goblet cells, nor, indeed, with

any view except that they are specific elements engaged in the production

of a special secretion.

The material from the guinea pig proved the most fruitful in results

as regards the cytological characters of the cells of Paneth and in this

animal results were obtained which bring the cells of Paneth into line

with other sero-zymogenic cells such as the cells of the parotid gland,

the chief cells of the fundus glands and the pancreatic cell.

At first, considerable difficulty was experienced in obtaining accurate

fixation of the granules. Aqueous sublimate, Bensley's alcohol-bi-

chromate-bichloride mixture, and Kopsch's formaline bichromate mix-

ture, were tried with only partial success. A few of the cells at the

very edge of the section, in these imperfect fixations, would be found to

have retained the granules while from the majority of the cells they had

either been removed entirely or only retained in an imperfect and dis-

torted form. Very frequent in these cases were the crescent-shaped

granules described by N^icolas in the Paneth cells as one of the stages in

the secretory history of the cells. A great deal of the work was done on

material fixed in 10 per cent formaldehyde which penetrated somewhat

better than the other fluids mentioned above, although in this fixing

fluid the crescentic-shaped granule was common. When the work was

nearly completed we succeeded in obtaining complete fixation of the

granules by means of a combination of equal parts of alcoholic sublimate

and Kopsch's fluid. In preparations fixed in this mixture the granules

retained their round form and were perfectly fixed in all the cells of the

material.

For staining, Bensley's neutral gentian was employed with good success

to differentiate Paneth cells, the granules of which stained intensely

violet, from goblet cells which remain colorless or faintly violet. Another

method which has rendered great service is staining in iron haematoxylin

followed by mucicarmine. By this method the granules of the Paneth

cells are stained deep blue-black, those of the goblet cells carmine red.
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To demonstrate prozymogen as basal filaments or as a diffuse chromo-

phile substance in the base of the cell toluidene blue was employed in

saturated aqueous solution. Better results, however, were obtained by

a method devised by Bensley of staining in toluidene blue, orange G, and

acid rubin. This method is as follows : the sections cut as thin as possible

in paraffin and fastened to the slide by the water method are passed

through benzole, absolute alcohol, and graded alcohols, to water. They are

then stained for a period of one minute with a mixture containing equal

parts of the saturated aqueous solutions of Orange G, and acid rubin.

Then wash in water and stain for one minute in saturated aqueous solu-

tion of toluidene blue. Wash in water; transfer to absolute alcohol;

clear in benzole, and mount in balsam. The result as far as the distri-

bution of the toluidene blue is concerned is much the same as that ob-

tained by staining with this dye alone. The intensity of the blue stain,

however, is much increased, and in addition the method offers the ad-

vantage of the contrast stain produced by the rubin and orange. By this

method chromatin and prozymogen (or basal filaments) are stained

intensely blue, protoplasm faint bluish, zymogen granules red, and the

contents of goblet cells remain unstained.

Confirmatoiy evidence of the presence of prozymogen in the Paneth

cells was sought by means of the microchemical reaction for organic iron

introduced by Macallum.

In the guinea pig Paneth cells are very abundant in the glands of

Lieberkiilm of the small intestine. They occupy chiefly the deep ends

of the gland where they often form a continuous layer which is inter-

rupted by comparatively few goblet cells. A few also occur on the sides

of the gland but the upper ends of the glands are wholly free from them.

The structure of these cells depends on the stage of physological

activity. In the animals which are kept constantly supplied with food

of which they are allowed to partake at will, the cells are cylindrical in

shape, the outer end being somewhat broader than that which is directed

towards the lumen. In each cell two zones of about equal width are

easily recognized. The distal zone directed towards the lumen of the

gland is occupied by fine granules which are so closely crowded that it

is often difficult to recognize the thin laminae of cell-protoplasm which

separate them from one another. In material fixed in aqueous sublimate,

however, many cells may be found from which the granules have been

removed and here we find the distal zone occupied by a fine meshwork

which corresponds in the size of its spaces to that of the granules, indi-

cating that each granule occupies a small space in the protoplasm, a thin

24
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lamina of which separates it more or less completely from its neighbors.

The granules stain intensely in iron hematoxylin and in nentral gentian

but remain qnite unaffected by miichacniatein or mucicarmine. The

proximal or basal zone of the cell contains an oval nucleus which is

surrounded by a small quantity of protoplasm which takes a slightly

deeper stain than that of neighboring cylindrical cells. Some of the

cells contain a larger ([uantity of this basal protoplasm and in a few of

the cells this exhibits a distinct radial striation, in which case the deeper

stain is largely confined to the striae. The presence of these basal stria-

FiG. 3. Bottom of gland of Lieberkiihn of the guinea-pig after twenty-four-

hour fast. From a preparation stained by orange-rubin-toluidene blue

method. Leitz 1/12, Oc. 4.

tions was, however, more easily demonstrated in those animals which

were protected from an excess of physiological stimulation by controlling

the amount of food taken and supplying it at regular intervals. Fig. 3

represents the lower end of the gland from the small intestine of a guinea

pig which had fasted for twenty-four hours after receiving a mixed meal

of carrots and oats. The aspect of the cells in this case is very difEerent

from that seen in the animal feeding irregiilarly. In the first place the

granules are more than twice as large, and there appears to be a larger

number, although, for obvious reasons, it is difficult to be sure of this.

In sections of the intestine stained with toluidene blue alone, or with
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toluidene blue and orange-rulMii, the basal cytoplasm of practically every

cell exhibits a radial striation which is exactly similar to that described

in various sero-zymogenic gland cells by Bensley, Solger, Garnier and

others. This character is well illustrated in fig. 3 which is from a speci-

men stained in the toluidene blue-orange-rubin method. The basal

filaments stain intensely in toluidene blue, less intensely in iron haema-

toxylin, but may be observed without difficulty in sections stained with

alum-haematein. The most efiPective method of demonstrating the basal

Fig. 4. Gland of Lieberkuhn ot guinea pig From preparation treated by
Macallum's method for the detection of masl^ed iron; Leitz 1/12, Oc. 4.

filaments is by means of the microchemical reaction for organic iron of

]\racallum, because the result is not confused by the faint protoplasmic

stain which is obtained generally in staining with toluidene blue. This

method consists in liberating the iron from its organic combinations by

treatment of sections from material hardened in alcohol with a solution

of sulphuric acid in alcohol for several hours at 37.5 C. and then

demonstrating the iron at the point of its liberation by means of haema-

toxylin (see ^laeallum, 95). The result, as far as the Paneth cells are

concerned, is a strong reaction in the substance of the basal filaments and

in the nuclear cliromatin (fig. -i). In some of the Paneth cells a more
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diffuse reaction is obtained indicating that the specific substance on which

the staining reaction of the basal filaments depends is present although

not definitely organized in the form of filaments.

The absence of the basal filaments from the majority of the cells of

the animal which has been kept constantly supplied Avith food is doubtless

due to the fact that in this case the cells are subjected to a physiological

stimulus which is practically continuous, Ayhich results in a constant

drain on the reserye substances of the secretion, both the granular zymo-

gen and its antecedent prozymogen.

Fig. 5. End of gland of Lieberkiihn of guinea-pig six hours after food.

Preparation stained in iron-alum hematoxylin and mucicarmine; Leitz 1/12,

Oc. 4.

In order to determine the effect of physiological stimulation on the

Paneth cells I have examined them in sections taken at gradually in-

creasing intervals after feeding, from animals which have previously

fasted for twenty-four hours in order to bring the cells to the condition

of maximum loading. The results of these experiments show beyond a

a doubt that the cells of Paneth respond to the stimulus of food, although

considerable differences were found in the rate of disappearance of the

granules in different sets of experiments. The condition of the cell in

animals which have fasted for twenty-four hours has been already de-
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scribed and figured (Fig. 3). As early as fonr hoiirs after feeding, a

cliange in the number and size of the granules may be noticed. They are

obviously reduced in number and are somewhat smaller. At six hours the

condition represented in Fig. 5 is presented. The cells are longer and

narrower and the granules are small, few in number, and occupy the

distal segment of the cells only. Indeed, at this stage the cells have

assumed very much the same appearance as they present in the animal

which is feeding irregularly, although the amount of prozymogen is

greater in the six hour stage. At no stage of secretion have I found the

fusion of granules into large masses described by Nicolas, if a fixative

was employed which was effective in fixing the granules in all parts

of the tissue. With some of the fixatives mentioned at the beginning of

this paper great differences were found in granules in different cells both

in staining power and in form. Very common in these imperfect fixa-

tions were the granules composed of a faintly stained central mass with

a deeply staining crescent at one border corresponding to the safranino-

philous body of N"icolas. I have no doubt that these appearances are

entirely due to imperfect fixation, and that the crescent-shaped granules

have no existence in the living cell. On the other hand, the different be-

havior of granules towards the same fixative even in the same cell indi-

cates clearly that some of the granules differ from others either chemi-

cally or physically, and it is probable that this difference is due, as

Mcolas supposed, to a change in the granule preparatory to its solution

and extrusion from the cell as a part of the secretion.

As regards the prozymogen the experiments did not result in a great

change in its amount. It is probable that an equilibrium is established

between the rate of production and use of this substance which results in

the amount in the cell being kept fairly constant.

Summary of Eesults.

The results recorded show clearly that the cells of Paneth correspond

in their structure and microchemical reactions to the enzyme-producing

cells of other granular organs, such, for example, as the cells of the paro-

tid gland, the chief of the fundus glands of the stomach, and the cells

of the pancreas.

In common with these cells the cells of Paneth contain granules which

do not stain in the specific stains for mucin, such as mucicarmine and

muchamatein, and which react like zymogen granules to such stains as

iron hematoxylin, neutral gentian and acid rubin. In addition they

contain in their basal segment a substance, which is distinguished by its
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affinity for basic dyes, such as toluidene blue, sometimes as a diffused

substance in the base of the cell, generally in the fonn of basal filaments.

The failure of previous observers to find this substance is probably to be

explained by the fact that the study of these cells has generally been

undertaken in herbivorous animals which like the guinea pig show the

effects of an almost continuous secretory activity. Furthermore, this

basal substance, whether diffused in the basal cytoplasm or in the form of

the so-called basal filaments, gives when treated by Macallum's method

a decided reaction for iron. For these reasons it seems certain that we

have to do here with a substance exactly comparable to the prozymogen

of other zymogenic cells.

In the opossum the cells of Paneth are found not only in the glands

of Lieberkiihn, but also on the surface of the mucous membrane. In-

deed, when the small size of the cells in the glands, their large size on

the villi, and the generally rudimentary character of the glands in this

animal are taken into consideration, it seems probable that the cells are

formed in the glands, but only reach physiological maturity after mi-

grating to the surface in the way described by Bizzozero. This is of

course only true, as far as we know at present, of the opossum, although

it is possible that the examination of other polyprotodont marsupials

might reveal similar conditions in them. In placentals the cells of

Paneth appear to be confined to the bottoms of the glands of Lieberkuhn,

which thus function as true glands as maintained by Oppel.

Whether the condition found in the opossum is the primitive condi-

tion for mammals or not it is impossible to say, although this view pre-

sents many interesting possibilities. Nicolas' observation that they oc-

cur as a part of the general intestinal epithelium in a lizard points in

this direction. The observations bearing on the occurrence of Paneth

cells in lower vertebrates are, however, as yet, too few to enable any

opinion to be offered as to their phylogenetic source.

The distribution of the cells of Paneth in the opossum absolutely ex-

cludes the possibility of the cells of Paneth being .young mucous cells,

and equally opposed to this view are the facts brought out by Nicolas,

Moller, and the writer, as to the indications of active secretion in the

structure of the cells and as to their response to physiological stimidation.

The cells of Paneth of the guinea pig respond to physiological stimulus

of food by secretion as indicated by changes in the form of the cell and

reduction in the number and size of the granules.

The crescent-shaped granules of Nicolas and others are due to im-

perfect fixation and have no previous existence in the cell.



Sidney Klein 329

It seems clear from these facts that the cells of Paneth are specific

elements engaged in the secretion of a special substance, probably an

enzyme which is of use in digestion. It is not. however, possible to con-

nect the Paneth cells with the formation of the nc>w substances, secretin,

erepsin, and enterokinase, because these substances are also found in the

small intestine of carnivora in which Paneth cells do not occur. ISTor is

it possible to connect them definitely with any particular class of food,

as ]\Ioller suggests, because they have been found not only in herbivorous

and granivorous animals, but also in insectivora.

In conclusion, I wish to express my indebtedness to Professor Bensley,

at whose suggestion and under whose direction the work was undertaken,

for friendly guidance and advice during the progress of the investigation.
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SOME PHASES OF THE GASTRULATION OF THE HOENED
TOAD, PHRYNOSOMA CORNUTUM HARLAN.

BY

CHARLES L. EDWARDS AND CLARENCE W. HAHN.

From the Biological Laboratory,' Trinity College, Hartford, Connecticut.

With 15 Text Figuees.

The following account of the gastrulation of this very interesting

iguanid is the outcome of investigations carried on at the University of

Cincinnati in 1899 and 1900 and at Trinity College in 1900 and 1901.

The embryos were collected at Austin, Texas, in 1892-1894. Except for

the cleavage and the beginning of gastrulation the collection embraces

the complete embryology of Phrynosoma conutum, but in this paper we

present only the general phenomena of the gastrulation as interpreted

from the stages in our possession. The breeding and nest building habits

of the horned toad have been described by Edwards, g6. Breeding takes

place in the months of June, July and August. Contrary to all pre-

vious accounts in which species of the genus Phrynosoma are given as

viviparous ^ it was observed that at least in the case of P. cornutum at

Austin, Texas, the eggs, numbering in some instances as many as twenty-

five, are deposited in nests formed in a chamber at the end of a tunnel

in the ground which the female burrows, and then, after laying the eggs,

carefully refills with the loose pellets of earth. At the time the eggs are

laid the embryo has attained the stage in ontogeny equivalent to that

represented by Peter, 04, Taf. II, Fig. 17, as N. T. Nr. 68 for Lacerta

agilis. The Phrynosoma embryo when it leaves the oviduct is 2 mm. in

its greatest length. The head bend forms a wide acute angle at the pro-

jecting mid-brain, while the neck bend forms an obtuse angle. The body

is slightly curved, the caudal end being twisted around to the right. In

the open space of half the length of the body between the tip of the fore-

brain and the tail lie the well marked, distended allantois and the

strongly curved, prominent heart.

In order to obtain the earlier stages, it is necessary to take the eggs

'This error, repeated by Gadow, 01, p. 533, was corrected by Edwards, 03,

p. 826.
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from the oviduct of a gravid female immediately after she has been

chloroformed. The oblong eggs are cream-colored and when laid the

soft, moist, semi-transparent membraneous shell allows the embryonic

area to show tlirough, forming a dark pinkish oval area on the upper side

of the egg. The egg shell becomes tough on drying, but not brittle or

stiff. To fix the embryos free from yolk and separated from the egg

shell, a disk somewhat larger than the embryonic area was cut out. In

removing this a considerable portion of the yolk immediately beneath was

carried with it to sustain the embryo until it could be supported on all

sides by physiological salt solution. By the careful use of a current from

a pipette, the yolk was removed and then the shell membrane and the

vitelline membrane. Sometimes, in very early stages, it was found de-

sirable to allow the shell membrane to remain on the blastoderm for its

support. Usually a drawing was made of the unstained embryo with the

aid of about sixty diameters magnification, in order to facilitate the in-

terpretation of sections In general, Fleming's mixture of chromic-aceto-

osmic acid was employed for fixing followed by successive alcohols. A
modification of Mayer's hismalum was found superior to ha^matoxylin

and other hsmatin stains, both for sections and specimens in toto. For

the latter Mayer's haemalum diluted with twenty parts of ammonia alum

was employed. The specimen was decolorized in 1-10 of 1% hydro-

chloric acid made up in 70% alcohol. Alcoholic cochineal also gave good

results in toto. Benzopurpurin was advantageous in older stages. Orange

G was used as a plasma stain in sections. Clearing was accomplished by

the use of anilin, or clove oil, removed subsequently by xylol

Owing to the radially symmetrical appearance of the embryonic area

in the earliest stages, they were extremely difficult to orient. They

were embedded in celloidin and then the celloidin was pared down until

the embryos could be observed under the low power of a microscope when

triangular blocks were cut with definite relation to the anterior and pos-

terior end of the blastoderm. These were reembedded when sectioned.

The celloidin also protected the delicate embryos which had become

brittle after several years in alcohol.

The youngest embryo in this collection has passed through cleavage

and the first phase of gastrulation being in the second phase of gastru-

lation as first worked out for the lizard by Wenckebach, 91, p. 75.

This stage is represented in surface view in Fig 1. Superficially it re-

sembles a like stage of Lacerta viridis. according to the drawings of Will,

95, h, Fig. 6, PI. 1 ; also of the turtle embryo as represented by Mit-

sukuri, 94, Fig. 1, PI. 6, and of Tuatara (Hatteria) as figured by Dendy,

99, Fig. 1. The embryonic area is pushed up above the surrounding
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blastoderm in the form of a cap with vei'tieal margins leveled toward the

center of the crown and having a deep recess in the posterior edge where

the blastopore is located. The length of the area is about 4 mm. The

width is slightly less. At the anterior margin the cap tapers to a round

point which indicates more rapid growth in this plane. The recess at

the posterior edge indicates either an ingrowth of the upper layer cells

at this point or a backward movement of parts on either side of it. Sec-

tions prove that the former is true.

This stage is represented as seen in longitudinal section in Figs. 2 and

3. These sections are slightly diagonal. Fig. 2 passes through the blasto-

aa.pel

bl.pof
fe.

Fig. 1. Dorsal view of a very early stage in which probably the mesoblast

sac has not broken through into the subgerminal space, a., anterior; aa. em..

area embryonic; aa. pel., area pellucida; hl.'po.. blastopore; p., posterior;

X 74 diameters.

pore, but runs to the left of the median plane in the anterior region of

the embryonic area. The extent of this rotation may be judged from the

fact that Figs. 2 and 3 are the 2d and 3d sections which pass through

the embryonic area, there being 9 sections included in this area. All the

structures of interest are to be found in these two sections.

The elevation of the cap above the surrounding blastoderm is appar-

ently due to the rapid increase in thickness and extent of the epiblast

over this area. The accumulation of the mesoblast may take part in this

elevation, but tlie al)sence of mesoblast in the greater part of the anterioi
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embryonic area proves that some other agent maintains the elevated po-

sition of the thickened epiblast.

As in other reptiles tlie upper and lower layer are connected by a mass

of mesoblast at the posterior edge of the embryonic area. Here by the

invagination of the primitive plate of Will is formed the mesoblast sac

(Mesodermsackchen of 0. Hertwig, 03, p. 828). That all of the meso-

blast in Figs. 2 and 3 was derived from the proliferation and invagination

of the region of the primitive plate and blastopore, can not be positively

affirmed, yet it seems highly probable. The mesoblast at the anterior

margin in Fig. 3 is in direct connection with the mesoblast under the

primitive plate.

The mesoblast cell masses are continnons with the epiblast of the pos-

terior and lateral lips of the blastopore which leaves little doubt as to

their origin. From these two sources there is a lateral and a forward

extension of the mesoblast cell masses. From the floor of the mesoblast

sac one mass extends forward in the middle region (Fig. 2, ms'bl."^^)

It is continuous laterally with the lateral extensions, the floor of the

mesoblast sac contributing to the lower portion of these also. The in-

turned epiblast, or lateral roof of the mesoblast sac is con-

tinued laterally and forward by a mass of mesoblast (Fig. 3, ms'bl.i")

having a high position. Laterally this mesoblast bends down and back

(Fig. 2, ms'bl."") to unite with the mesoblast from the floor of the meso-

blast sac (Fig. 2, ms'bl."'). It thus forms a pouch on either side which

is continuous posteriorly with the mesoblast sac in the median line. The

floor of the mesoblast sac is continued anteriorly for a short distance

under the chorda anlage into a sheet of mesoblast. In a middle position

it spreads laterally over the lateral pouch above mentioned, while farther

back, as the floor of the mesoblast sac, it is continuous with the ventral

wall of the lateral pouches.

Under the region designated primitive plate (Fig. 2, la. pr.) the meso-

blast is in the form of a network, and, while it seems to be spreading

from these centers of origin, it is not being encroached upon by new

additions, or proliferation, inter se. Mesoblast of this nature can be

traced from the hollow pouches extending laterally on either side of the

primitive streak, to the anterior margin of the embryonic area Avhere it

fllls in the space between the epiblast and hypoblast (Fig. 3 ms'bl.'"i).

According to Will a similar forward growth of mesoblast on each side

of the chorda takes place in Lacerfa agilis. L. mil nil is and a like condi-

tion exists in the turtle (^Mitsukuri. 94), snake (Will, 98) and in Spheno-

don (Dendy, 99).

Tlie mesoblast sac becomes a canal reachino- far into tlie mass of meso-
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blast, almost to the middle of the embryonic area. At the mouth it is

fimnel-shaped, being wider perhaps laterall}^ than vertically. Its dorsal

wall is the thick infolded epiblast destined to become the chorda. The

epiblast of the depressed ventral wall of the blastopore becomes meso-

blast deeper in the canal, for this mesoblast is produced by the forward

growth of epiblast cells. Since the dorsal and ventral walls of the meso-

blast canal contribute to the lateral mesoblast by infolding and lateral

grow^th, the mesoblast sac may be regarded as having no lateral limita-

tions, but extending between the above named mesoblast anlagen. How-

ever, the sections of this stage only indicate this for a short distance in

front of the blastopore. The head process is four or five cells thick where

it is continuous with the epiblast at the blastopore. It is continuous

laterally at this point with the ectodermic folds that give rise on either

side to the dorsal limbs of the mesoblastic pouches. Anteriorly it be-

comes a wide belt of cells, three or four deep, and thin at the edges (Fig.

3, pre. ce.) extending quite to the anterior limit of the neural plate. As

in Fig. 3, anterior sections do not have mesoderm adjacent to the chorda

laterally. A part of the tissue under the chorda in Fig. 3 is mesoblast

(Fig. 3, ms'bl.'^^) of primary origin, but under the greater part of it is

mesoblast (Fig. 3, ms'bl.") which is derived from the primary mesoblast.

In the adjacent sections the hypoblast is easily traceable to the limits of

the embryonic area and there is no mesoblast lateral to the chorda in the

forward end.

In Figs. 2 and 3 the epiblast represented is not all in the same plane

(e'bl." and e'bl."^) ; e'bl.^" is cut in a diagonal plane and e'bl." is cut

vertically. In Fig. 2 {a, h and la. pr.) and Fig. 3 {a, h, c) are repre-

sented tissues which appear only at deep focus. The epiblast over the

whole top of the embryonic cap is four or five cells thick, but it thins out

rapidly toward the base of the uprising wall, becoming a thin one-celled

layer in the extra-embryonic area (Figs. 2 and 3, e'bl.i). The hypoblast

is uniformly one cell thick over the whole embryonic area, except under

the chorda where it appears to be two or more cells thick, but this con-

dition is of limited extent. Extra-embryonic mesoblast separates these

two germ layers but a short distance from the embryonic area (Fig. 2

ms'bl.^ Fig. 3. ms'Iil."")- From these observations we may conclude that

at a time vxdien the epiblast is in the form of a much thickened cap the

mesoblast sac forms a canal stretching forward into the mass of tissues

that are then accumulating at the posterior part of the embryonic cap

and perhaps opening into the sub-germinal cavity in front of this mass

of tissues. The mesoblast which is being produced around the blastopore,

stretches antero-lateraliv from it in the forms of two hollow sacs of
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closely packed cells, one on each side, which act as feeders to surrounding

parts, there being an extension of it along each lateral margin to a posi-

tion well in front of the embryonic cap. The cavities of these sacs are

in communication with the blastopore. The epiblast turns in at the

blastopore and gives rise to the chorda and mesoblast. The latter also

receives accessions below from the primitive plate region, in fact from

epiblast cells of the floor of the mesoblast sac as we shall endeavor to

prove later.

Fig. 4. Longitudinal section of an embryo in which the cap-like condition

is less marked but in which the mesoblast sac has not yet fused with, or

broken through, the hypoblast, tl.'po., blastopore; cd. d., chorda dorsalis;

e. 'hi., epiblast; h.'bl.. hypoblast; la pr.. primitive plate; 7ns. 'hi., mesoblast;

X 166% diameters.

The next oldest blastoderm in the collection was sectioned lengthwise.

In the stage Just described we have not been able to affirm positively that

the mesoblast sac does not communicate with the subgerminal space, but

in the second stage (Fig. 4) the hypoblast is unbroken. It dijffers from

the younger stage in the absence of the cap-like elevation, in the more

compact and mature condition of the primitive plate, and in the absence

of the mesoblastic pouches so characteristic of the early stage. They are

already flattened and their cavity all but obliterated. The chorda is

relatively shorter than in the embryo represented in Figs. 2 and 3, but it

is actually of about the same length while the whole blastoderm is about
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two and one-half to three times as long as the blastoderm of Figs. 2 and

3. It is very nearly identical to Will's Fig. 36^ Taf. 6, which is a section

of the embryo represented' by him in Fig. 6, Taf. 1, above referred to as

equivalent to Phrynosoma, Fig. 1. The second stage has three separate

solid masses of mcsoblast proliferation and ingrowth. Two are from

either side of the primitive plate and may be traced forward on either

side. The cells become scattered at the edges of the growth. Some of

these scattered cells may be seen between the thin epiblast and hypoblast

at the anterior margin of the embryonic area, bnt not in the middle line.

00 o /^n n'G-- oo,Or, ( } ^^ U^- "^O
OOo Oe<^oOU„ oO-QO ?

o 6° ^Q.^- o°o°

OoOo Vj' '' o°o
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° o/ / , \ " o o

Fig. 5. Dorsal view of a blastoderm older than Fig. 1. The elevation of

the embryonic area has given place to a flat plate and the blastopore has

changed shape, aa. em., area embryonic; hl.'po.. blastopore; glh.vt., yolk

spheres; la.pr., primitive plate; marg. bl. 'po., margin of blastopore; mur.g.,

germinal wall; X 74 diameters.

Here the epiblast and hypoblast are closely adherent both in and outside

of the embryonic area. The third mass of mesoblast growth is from the

ventral wall of the notochord. The primitive plate sends forward a

mass of cells (Fig. 4. ms'bl.'^i) detached from the hypoblast and extend-

ing almost as far as does the chorda. It is comparable to ms'bl.^^ of Fig.

2. We do not regard it as a permanent source of anterior mesoblast,

rather as evidence of a mesoblast sac. After very careful search it has

25
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been impossible to discover unmistakable mesoblast cells outside the im-

mediate vicinity of tliat from the embryonic area. On all sides are

crowded hypoblast colls derived from the germinal wall, to which the thin

epiblast is closely applied. In several instances mesoblast cells have

been seen some distance from the embryonic mesoblast yet so similar in

position to isolated mesoblast cells that are undoubtedly migrants from

the embryonic area, that it seems safe to assume that they, too, have

wandered. All cases of this character have been in the vicinity of iso-

lated masses of wandering mesoblast. There is no evidence that up to

the age of these two embryos, mesoblast arises elsewhere than around the

blastopore. In subsequent stages all mesoblast found in the extra em-

bryonic area must be suspected of having its origin in the detached cells

which we have already called attention to some distance from the cell

mass to which they originally belonged.

The caplike elevation of the blastoderm of Phrynosoma gives place to

a fiat embryonic area. Fig. 5 is a dorsal view of this stage. In this

blastoderm the embryonic area was .95 mm. long and .89 mm. wide. A
few large yolk spherules can be seen through the blastoderm in front of

the blastopore, whence they extend forward over an ever widening area

and may be seen around the rim of the embryonic area, except on the

posterior side. They may possibly owe their size and form to the action

of reagents, but their pecular distribution is, without doubt, due to some

structural condition before fixation. It is a very common thing to find

in sections, large yolk laden cells engrossed by the hypoblast adjacent to

the germinal wall, and beneath this hypoblast, large yolk masses. Hence

it seems natural to regard the yolk masses in Fig. 5 as evidence of the

rapid addition of yolk-laden formative cells to the hypoblast from the

adjacent yolk mass. From the surface view there is evidence of greater

thickness of the blastoderm back of the blastopore than is the case in

the youngest stage. This is due rather to the spread of mesoblast than

to thickening of the epiblast. The blastopore is less V-shaped than

earlier and more like a half-moon. The depression between the primi-

tive plate cells within the blastopore and the epiblast wall which rises

in front of it represents the posterior end of the mesoblast sac. It is

V-shaped in section (Fig. 10) opening postero-medianly. The inturned

edges of the epiblast along the entire length of the blastopore imply a

process of ectodermic invagination along the whole margin. The surface

view scarcely suggests the part the primitive plate is taking in this

process.

This same embryo was subsequently sectioned in a longitudinal plane.
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Fig. 6 is a semi-diagrammatic drawing of a sagittal section, and Fig. 7

of the next section to one side. In the latter the continuity of the epi-

blast and primitive plate mesoblast with the anterior mesoblast confirms

what has been seen in the surface view with regard to the infolding epi-

blast and establishes the lateral growth of the primitive plate mesoblast

as well. Hence, both the posterior and anterior lips of the blastopore

are undergoing a process of invagination. The yolk masses can be seen

adhering to the hypoblast and anteriorly it is receiving additions of large

yolk-laden cells from the germinal wall. At this stage the mesoblast

prc-ce. can.n'ent.

Fig. 6.

•-.hi. 7ns. bl la. f}f

Figs. 6 asu 7. Longitudinal sections of the embryo represented in Fig. 5.

Fig. 6 is sagittal and Fig. 7 is the third section to the right of Fig. 6.

can.n'ent.. canalis neurentericus; e.'bl., epiblast; gib. vt., yolk spheres;

h.'bl., hypoblast; la.pr., primitive plate; ms.'bl., mesoblast; pre. ce., head

process; X 109 diameters.

canal is an open passage into the subgerminal cavity, the canalis neuren-

tericus, (cf. Hertwig, 03, pp. 832-4). The head process has become the

lower layer along the middle line. This is due, no doubt, to the fact

that its elongation has kept pace with tlie increase in length of the epi-

blast, hence after fusing with the hypoblast in a position near the middle

of the embryonic area at the time, this point is carried forward relatively

by the rapid elongation of the head process. The hypoblast has not yet

grown together under the head process as it does later. While our ob-
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servations do not confirm the hypothesis, it seems probable that along

with the process just described, the space from the median hypoblast m
front of the primitive plate to the point where the chorda is in contact

with the hypoblast anteriorly is due at first to the degeneration of the

hypoblast and lower layer of the chorda invagination which Will, 93,

found in the Gecko and represents in Figs. 57 and 58, PI. 9, Then the

rapid forward growth of the chorda carries its anterior contact still

farther from the primitive plate hypoblast. In Fig. 7 one may see the

anterior reach of the lateral mesoblast which has established the five or

six mesoblast cells that are to be seen in the middle line in front of the

embryonic area in Fig. 6.

Longitudinal sections of a stage which is a little younger than this

are represented in Figs. 8 and 9. The cap-like form still persists. Other

conditions are essentially the same as in the embryo just described. The

head process is fused with the hypoblast and extends to the germinal

wall, but the histological differentiation has not taken place in the an-

terior third of its length. In Fig. 9 the continuity of the epiblast and

primitive streak mesoblast is not different from conditions described in

the older embryo of this stage. The extension of the primitive plate cells

under the chorda verifies the assertion previously made that the primitive

plate mesoblast proliferates or grows laterally and forward as the ventral

wall of the mesoblast sac. By so doing it is the counterpart of the epi-

blast on the dorsal wall in a single invagination. In this stage the net-

work of mesoblast cells to be seen under the primitive plate in Fig. 2,

has been replaced by the solid tissue. The condition persists, however,

posterior to this region. Three or four sections from the median line

this embryo has the same appearance as in the older specimen represented

in Fig. 7. Cross sections of this stage are reproduced in Figs. 10-15

Fig. 10 passes through the blastopore where the V-shaped depressions

mentioned in connection with Fig. 5 are prominent. Here the epiblast

may be seen turning into these depressions and fusing in this section

with the epiblast of the floor of the depression in the formation of a

lateral growth of mesoblast along the mesoblast sac. The appearance of

the nuclei of the epiblast and of the floor of the mesoblast sac is identical,

and in mesoblast cells, which are continuous laterally with each of these

tissues, there are here and there small dark nuclei, similar to the epi-

blast nuclei. These nuclei in mesoblast cells are not met with except in

the immediate vicinity of the epiblast and the floor of the mesoblast sac.

Under the blastoporic epiblast is a layer of mesoblast of limited lateral

extent, which is sharply marked off from the overlying epiblast. This

condition prevails in sections back of this point, but three sections an-
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ms.bl. hi. jo bl ms.bl.

Fig. 10.
"""^ ^'^^ ms bl.'

e-.hl. 7narff.hl.po. can.ii'cnf.

Fig. 11.

ms'.bl'. ws.hl!' ms.bl F^

z.hl cd.d. ccv.-n'ent.

Fig. 12. h'.hl- ms'.bHf' -ms.bl.'

e'fai cd.d cart.-r'etit. 7rt,s.hl.

Fig. l-'i. i>
J. ' 'lj « ii'Ki

ca-n.ne.-nt. Tns.bl. nol.

Figs. 10-15. Cross-sections of an embryo of about the same age as Fig. 5,

probably a little older, hi. 'po., blastopore; can. n'ent., canalis neurentericus;

cd.d.. chorda dorsalis: e.'M., epiblast; h. 'hU hypoblast; marg.hl.'po.. mar-

gin of blastopore; ms.'hh. mesoblast; X 200 diameters.
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tcrior to Fig. 10 the separation cannot he made out (Fig. 12). Tn the

third and fourth section forward (Figs. 12 and 13) several epihlast

nuclei are distinguishahle in the upper region of this mesoblast layer,

otherwise its epiblast character has given place to that of mesoblast. The

straggling nuclei indicate that the mesoblast underlying the mcsoldast sac

is mesoblast derived from the epiblast. Near the anterior end of the

neurenteric canal this layer lies on each side of it, Fig. 14. While pos-

teriorly the ventral mesoblast is separate from the epiblast of the floor

of the mesoblast sac, it is continuous farther forward with lateral ilieso-

blast which is plainly derived from the epiblast, as shown by the isolated

epiblast nuclei above referred to. Hence, we are led to conclude that the

lateral is derived mesoblast from two ectodermal sources in the sense just

as explained. In Fig. 13 the tissue derived from the upper wall of the

mesoblast sac in the middle line is the chorda, that from the upper wall

on either side of the middle line is the upper layer of mesoblast (ms'bl.'),

that from the lower wall of the mesoblast sac is the lower layer of meso-

blast (ms'bl.'^'). In Fig. 14 where the mesoblast sac approaches the

hypoblast, it divides the mesoblast from the lower wall of the mesoblast

sac so that from here forward there is a lateral layer of lower mesoblast

(ms'bl.") on each side. This condition can be traced forward for sev-

eral sections. Ectoderm nuclei may be found here and there in the

lateral mesoblast also, Figs. 10, 11, 12. In Fig. 11 is seen the line of

juncture of chorda and epiblast just in front of the anterior lip of the

blastopore. The chorda is well differentiated from the lateral mesoblast

immediately in front of its place of origin (Fig. 12), but it liecomes

less sharply separated from it as one passes forward (Figs. 13, 14), and

])ut a short distance forward it is quite indistinguishable from the lateral

mesol)last. No doubt the differentiation of cells proceeds as a process

from behind forward. There is no evidence that the chorda becomes

separated from the lateral mesoblast by the fusion of the upper meso-

blastic layer with the lower mes()l)lastic layer as in the Chelonia, ^lit-

sukuri, 92, (Figs. 14, 1.5, KV). The significance of these two layers of

mesoljlast can be no other than that they are the upper and lower wall

of a much compressed hollow pouch such as that described in the young-

est embryo here figured (Figs. 1, 2 and 3). One must conclude that

from the Y-shaped depression seen at the entrance to the mesoblast sac

in surface view (Fig. 5), and in section Fig. 10, a poucli highly com-

pressed laterally has grown forward and laterally in a diagonal direction,

that the upper wall of this pouch is derived from the epiblast at the

sides and in front of tin- mesoblast sac and that the lower wall is formed

l)y the spreading of a small knot of o])il)last ti-sue in the floor of the meso-
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blast sac laterally and forward, that the cavity of the pouch is obliterated

to a mere crevice except in the median plane where it remains as the

mesoblast sac, in its last condition, the canalis nenrentericiis, open ven-

trally where mesoblast and hypoblast come together.

DISCUSSION OF LITERATURE.

While the general process of gastrulation in Phrynosoma is similar to

that in other reptiles, there are some striking differences. In Hatteria

(Dendy, 99) there is a stage when the embryonic area very much re-

sembles the cap-like elevation of the Phnjnosoma embryo represented in

Figs. 1-3. The ectoderm is similarly elevated and thickened, beneath is

a cellular mass of hypoblast and on the posterior margin of the area is

the blastopore, a depression of considerable breadth. Prom the vicinity

of the blastopore, the mesoblast spreads laterally and the head. process

grows forward. This early growth of mesoblast, when the mesoblast sac

is very shallow, exists in Phrynosoma. In Hatteria^ however, the head

fold either appears much earlier than in any of the lizards, or Dendy's

figure is of a stage in which the blastopore has become closed with age.

The lack of information as to further details of the development of the

blastopore in HaU&ria renders the above comparison of little value. Be-

cause of the w^ork of Mitsukuri our knowledge of the embryology of the

Chelonia is much more complete. In appearance, the blastoderm of

Clemmys Japonica (Mitsukuri 94, Pig. 1, PL VI) as seen in surface

view, is much the same as the older stages of Phrynosomu after the blasto-

derm has flattened on the yolk. None of Mitsukuri's figures suggest any

elevation of the blastoderm. Prom his figures (Mitsukuri, 94, Pigs. 9,

13, 15, PI. YIII), it is very apparent that in Clemmys there is less cellu-

lar differentiation than in Phnjnosoma at this early stage. The accumu-

lation of yolk in and about the region of the primitive streak obscures

the lateral spread of mesoblast. There are certainly no median or lat-

eral cellular pockets at this or later stages. ]\Iitsukuri describes a lateral

growth of mesoblast from the primitive streak, but does not call attention

to any evidence that it is a hollow evagination of the mesoblast sac.

Similarly the growth of the head process anteriorly is en 7nasse and gives

no evidence of a ventral wall (Mitsukuri, 94, Pigs. 15 and 16, PI. VIII).

Only in stages subsequent to the breaking through of the mesoblastic

canal and the cellular differentiation of all three germ layers does Mit-

sukuri find evidence that the lateral mesoblast is an evaginated growth

from between the hypoblast and chorda. There is a somatic and splanch-

nic mesoblast, the former continuous with the chorda, the latter con-
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tinuous with the hypoblast which does not pass under the chorda. As

we shall point out at another place, the condition here referred to may,

and perhaps should, have a slightly different interpretation than that

which Mitsukuri has put forward. The spread of mesol)last laterally

from the primitive plate begins later in Clemmijs than in Plirynosoma

if we may assume that the blastopore appears at the same time in each

case.

The early development of the Squamata differs but slightly in the two

suborders. The Ophidia are like the Chelonia in having the cellular dif-

ferentiation less marked than the Lacertilia. The shape of the embryonic

area in the Ophidia is not clear from Hertwig's two figures of the earliest

stages (Hertwig, 03, Fig. 415, A and B). The blastopore is more or

less posterior to the embryonic area. It is a broad, posteriorly arched de-

pression with no sharp angles. In slightly later stages (Hertwig, 03,

Pig. 424, A and B) the embryonic area becomes narrow posteriorly, a

condition not encountered in Plirynosoma at any time (Figs. 1 and 5).

It is but slightly elevated in the Ophidia and consequently not sharply

marked off from the extra embryonic area by a bench {Plirynosoma,

Fig. 1 ) . The blastopore of both moves, relatively speaking, into the em-

bryonic area as ontogeny progresses. The mesoblast sac in the snake is

clearly shown by Hertwig's figures (03, Pigs. 427 and 428). It differs

from Plirynosoma in having the epiblast and chorda anlage less thick

and less compact and in having no specially marked lateral pockets from

the blastopore. Cell islands in the subgerminal region are characteristic

of the snake. At the time the mesoblast sac comes into communication

with the subgerminal space, isolated groups of cells remain where the

lower wall of the mesoblast sac and the hypoblast broke away, thus estab-

.

ishing the neurenteric canal (Hertwig, 03, Figs. 430, 431). While this

condition probably exists in Plirynosoma, nothing of the kind has been

observed in the stages thus far examined. Hertwig's figures of cross

sections (Hertwig, 03, Figs. 443-447) represent a solid outgrowth of

mesoblast from the lateral angles of the blastopore and at no place do

they reveal a lamination of the mesoblast suggesting a separate origin

for somatic and splanchnic layers.

The gastrulation of lizards as Avorked out by Wenckebach, 91, has

nothing of striking contrast to the particular genus we are now studying.

In Lacerta (Will, 95, Wenckebach, 91) and in Plafychctyhis (Will, 92,

Taf. 6), there is not sucli a marked elevation of tlie embryonic area.

Both have the mesoblast sac developed in a eiiaracteristic way, but con-

ditions in the Gecko seem a little more closely allied to those of Pliryno-

soma. In a very early stage there is a much larger space between the
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epiblast and hypoblast of the horned toad than in either of the forms just

mentioned. This may account for the greater development of the lateral

mesoblastic pouches of the horned toad. No figures of cross sections are

given by either Wenckebach, or Will, that represent such a lateral exten-

sion of the mesoblast sac, yet it seems probable that they may exist.

There is in the blastoderm of the Gecko a condition which corroborates

the interpretation we have given above of the gastrulation in Pliryno-

soma, namely that there are two paired, and one median, hollow pouches

derived from the sides and front of tlie mesoblast sac respectively. In

Will's stage III (Fig. 48 PI. 7) the mesoblast sac is very shallow, the

head process is in evidence and presumably some lateral spreading of

mesoblast. In stage IV (Fig 55. PI. 9) the head process, through the

extension of the mesoblast sac has become a long hollow blind sac, flat-

tened considerably between epiblast and hypoblast. By the disintegra-

tion of the lower wall of tlie sac and of the underlying hypoblast (Fig.

57, PL 9) the mesoblast sac is placed in communication with the seg-

mentation cavity. It is obvious that this median sac of the Gecko gas-

trula is homologous with the median sac of the Phrynosoma gastrula

and that the condition shown in Figs. 2 and 3 is derived in the same

manner as that in Will's Fig. 57, PI. 9. But Will makes no mention of

lateral pouches which are doubtless more conspicuous in Phrynosoma

because as we have already pointed out, in the latter, there is no dorso-

ventral compression. Will's explanation of the continuity of the chorda

with the hypoblast in the anterior median region of the blastoderm is in

full accord with conditions found in late gastrula stages of Phrynosoma.

Will describes a similar median pouch in Lacerta viridis (Will, 95b, Pig.

36, Taf. 6).

In the early development of some lizards one does find a slight eleva-

tion of the posterior margin of the blastoderm (Will, 95a, Fig 36, Taf.

6, L. viridis: Will, 93), but in no sense comparable to the conditions in

Phrynosoma. In other cases there is no suggestion of it (Weldon, 83,

Wenckebach, 91, Strahl, 82). Conditions in the formation of the em-

brvonic area and mesoblastic pouch in Lacerta are substantially the same

as in the Gecko (Wenckebach, 91). There are some minor differences in

the development of the chorda. The unpaired median invagination even

at the very beginning forms a compressed triangiilar shaped cavity in the

lizards, while it is much less compressed at first in Phrynosoma, becom-

ing more and more compressed later. As in the Gecko, the genus Lacerta

does not develop mesoblast by prominent hollow lateral pouches from

the antero-lateral sides of the mesoblast sac. In fact, there is some con-

fusion as to the exact origin of the mesoblast. Some authors (Will, 95b)
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state that it arises, in part, from hypoblast budding- before invagination

and in part grows forward as a solid mass from the anterior region of

the mesoblast sac in tlie middle of which the chorda becomes differen-

tiated (Weldon, 83, Balfour, 79, Will, 95). Other investigators derive

all the mesoblast from the sides of the chorda and from a lateral growth

of the primitive plate after invagination has begun (Wenckebach, 91,

Strahl, 83). There is a very close resemblance of the cross sections of

Plirynosoma embryos in late gastrula stages, to cross sections of Lacerta

and the Gecko figured by Will (95b, Figs. 43% 44% Taf. 7; 93, Figs. 59b,

Taf. 10-Taf. 36 and of Clemmys figured by Mitsukuri, 92). Mitsukun

interpreted this condition as showing that the lateral mesoblast has been

derived by a process of cell budding and an outgrowth from the edges of

the chorda and the median margin of the hypoblast. Assuming that the

absence of true hollow lateral sacs in Lacerta does not forbid one from

regarding the lateral solid growth of mesoblast as having its origin in

the primitive streak together with epiblast infolded on either side of the

chorda anlage, one must regard the two layered mesoblast as having

arisen in part from a posterior source and having migrated forward and

also from the sides of the mesoblast sac as far forward as it may have

extended. This agrees perfectly with the decrease in mesoblast as one

passes forward as found by Mitsukuri in Chelonia (Mitsukuri, 92, Figs.

14, 15 and 16). But from this point of view, one cannot say that the

mesoblast is derived from the hypoblast, nor is there any evidence in

Phnjnosoma that such is the case. The close connection of the hypo-

blast and splanchnic layer of the lateral mesoblast is a necessary conse-

quence of the breaking away of the hypoblast and lower wall of the me-

dian invagination, or mesoblast sac, placing the chorda in contact with

the hypoblast anteriorly and leaving the broken edges of splanchnic

mesoblast and hypoblast on either side to grow together later as Mit-

sukuri describes when he says the point* moves to the pointf (92, Fig.

16). According to the interpretation here given the somatic mesoblast

will probably receive additions farther anterior than the splanchnic, the

latter having a posterior source as its feeder and the former both a pos-

terior source and possibly anteriorly from the chorda anlage. By compar-

ing Fig. 13 with Fig. 15 we find the splanchnic mesoblast decreasing in

lateral extent. Tn fact, there is practically no evidence in Plirynosoma

that either the chorda or hypoblast contrilmtes anything toward the ori-

gin of the mesoblast. Will, in his descriptions of the Gecko, has already

presented the view here set forth, but Mitsukuri, 92, states that in Che-

lonia the hypoblast turns upward laterally to become the splanchnic layer

of mesol)last and that the chorda contributes to the somatic mesoblast.
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The egg of PJtn/nosoina stands in closer relation to the lower vertebrates

than any otlier aniniote in that the protoplasmic pole of the egg seems

less encumbered with yolk, the blastoderm at least is so elevated that

processes going on in it are quite as independent as in the Amphibian egg.

We may say that the development of this iguanid is a link in the chain

of evidence which supports the Weldon, 83,-Will, 93, theory of yolk

cleavage wherein the lower layer tends toward the cleavage of the whole

mass of the yolk as in the Axolotl, and the mollnsc Bythinia ientaculata,

figured by Weldon.
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From time to time in the past Imndred years attempts have been made

to determine the distinctive points of difference between the Caucasian

and the Negro brain. While differences in skull capacity, in brain weight

and size—especially of the frontal lobes—or in the gyri have been

demonstrated by Gratiolet, Tiedemann, Broca, Manouvrier, Peacock,

Marshal], Parker, and others,—more recently by Waldeycr in Germany

and by Elliott Smith in Egypt,-—yet no exact measurements of the brain,

such as we have of the skull, are to be found."

An effort will be made to show by measurement of outline drawings of

brains in different positions, by composites of these outlines, and by

actual drawings from individual brains that there is a difference in the

size and shape of Caucasian and Negro brains, there being a depression

of the anterior association center and a relative bulging of the posterior

association center in the latter; that the genu of the corpus callosum

ife smaller in the Negro, both actually and in relation to the size of the

splenium; and that the cross section area of the corpus callosum is

gTeater in relation to brain weight in the Caucasian, while the brain

weight of Negro brains is actually less. The amount of brain matter an-

terior and posterior to the fissure of Rolando is roughly estimated, but

other points of possible difference, as in the gyri, the insula, the opercula,

the " Affenspalte," the proportions of white and gray matter, and the

cerebro-cerebellar ratio are necessarily omitted in this study.

In December, 1904, I reported to the Association of American Anato-

mists the results of the measurements of fifty-four brains, thirty-seven

from American Negroes, and seventeen from American Caucasians. Since

^The brains measured for this work are in the Wistar Institute under the

same numbers given in Table I.
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that time I have examined about one hundred additional brains, making

in all one hundred and fifty-two, of which one hundred and three are

from American Negroes and forty-nine are from American Caucasians.

The work was undertaken at the suggestion of Dr. Mall, as a result of

information by Dr. Hrdlieka, of the U. S. Xational Museum, that racial

differences exist in the Negro brain. Dr. Hrdlieka had observed par-

ticularly that the brain of the fnll-blood Negro has relatively small

volume and straighter lines anteriorly to the central fissure, the sides of

the Caucasian brain over the same area showing, even in dolichocephals,

more mass and arching. I wish here to express my hearty appreciation

for the interest Dr. Hrdlieka has displayed in my work since its incep-

tion and for his generosity in allowing me to make this study. Most of

the brains studied are from the collection at the Anatomical Laboratory

of the Johns Hopkins University and were placed at my disposal by Dr.

Mall who has also controlled the measurements taken. Some of the

specimens were obtained through the courtesy of Dr. Page from the

Baltimore City Alms House, and some from Dr. W. G. MacCallum, of

the Pathological Department of the University

In order to make more exact measurements and comparisons of the

brain it is necessary to determine the more fixed points, from which to

measure the more variable, and at the suggestion of Dr. Mall the follow-

ing arbitrary line was passed through the brain as an axis, and its mid-

point naturally becomes the brain center. The details regarding these will

be discussed later on (p. 404). At this point I wish to state that the axis

passes between the hemispheres through the brain stem, passing just

above the anterior commissure and just below the splenium (Fig. 2a).

The axis usually measures the greatest length of the brain. The position

of the brain center is in the middle of the axis and varies but slightly in

different specimens. It is seen that the surface of the brain can be

measured in great part by extending radii from the center to the surface

which may also be marked in degrees,
—

" of latitude and longitude."

The outlines of the In-ain are generally given in sagittal section (0°), in

transverse section (90°, right or left), and by rotating the brain on this

axis to a point midway between these two (45°, right or left). "Ante-

rior " has not been separated from " posterior," but the numbers from

0° to 180° are used rather than an "equator" with 0° to 90° for the

anterior half of the brain and 90° to 0° for the posterior half.

The first table (Table I) gives a list of the brains from which drawing?

and measurements were made. The brains are arranged in eight groups^

owing to the different methods used in their preservation.
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TABLE I.

Becord of Material Used.
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TABLE I.—Continued.

CO S

^•S

^-

o c d

C cS ©

1520
1521
1522
1523
1524

Caucasian
Negro
Caucasian
Negro
Mulatto

Male
Female
Female
Male
Male

(1540)
(1230)

(1065)

(1145)
(IISO)

1520
1210
1045
1125
1160

832
683
617

590

163
157
154
163
178

49.0
54.0

59.2

46.4

65.3

Tuberculosis
Asthenia
Tuberculosis

1526
1527
1528
1529
1530

Negro
Caucasian
Negro
Caucasian
Negro

Male
Female
Male
Male
Male

(1140)

(1410)

(1475)

(1010)

1300
1120
1390
1455
990

707
913
652
666

69
157
176
170
163

Light
44.0

81.6

72.6

71.0

Tuberculosis
Asthenia
Pneumonia
Asthenia
Asthenia

1.531

1532
1533
1538
1544

1553
1582
1583
1591
1593

25
65
50
67
27

42
19
80
67
43

Mulatto
Mulatto
Negro
Caucasian
Negro

Mulatto
Negro
Caucasian
Caucasian
Mulatto

Female
Male
Male
Male
Female

Female
Male
Female
Male
Female

(1100)

(1420)
(1170)
(1310)

(1160)

(1140)

(127.5)

(1235)

(1000)

1080
1400
1150
1290
1140

1120

i255
12.35

lOOO

558
698
658

680
555
733
672

157
178
190
185
168

168
165
176

45.7

65.0
81.6

77.1
45.0

157 65.8

63.5
63.5

46.3

Asthenia
.\sthenia
Asthenia
Haemorrhage
Tuberculosis

Shock
Tuberculosis
Asthenia
Heart disease
Tuberculosis

36

1650
1653
16.59

1660
1661

1662
1667
1678
1680
1681

1682
1683
1684
1685
1686

5 1687
6 1690
6 1691
6 1692
6 1693

28
29
63
82
73

45
31
42
62
45

35
42
50
65
35

64
40
62
24
50

Mulatto
Negro
Negro
Negro
Negro

NePTO
Negro
Negro
Neo^ro

Negro

Caucasian
Caucasian
Negro
Negro
Negro

Negro
Caucasian
Negro
Caucasian
Caucasian

Male
Female
Female
Male
Male

Female
Male
Female
Male
Male

Male
Male
Female
Female
Female

Female
Male
Male
Female
Male

1050
1.560

1040

1219

ioso

1380
1320
1220
1230
1090

980
1450
1200
1250
1320

1050
1520
1000

1020
1060

1290
1265
1170
1100
1040

925
1420
1160
1235
1250

755
655
512
732
575

713
620
600
438

715
640
600
600
697

490
773
475
695
573

165
170
163

163
163

165
173
163
150
165

173
168
1.52

142
173

59.0

Heavy

Medium
Hea\'y

Heavy
Medium
Light
Heavy
Medium

Medium
Light
Light
Light
Heavy

Accident
Tuberculosis
Pneumonia
Nephritis
Pneumonia

Nephritis

Accident
Heart disease
Tuberculosis
Pneumonia
Nephritis

Nephritis

Pneumonia
Tuberculosis
Poison

36

6 1695
6 1696
6 1697
6 1699
6 1700

1701
1702
1704
1706
1707

Mulatto
Caucasian
Caucasian
Negro
Negro

Negro
Caucasian
Negro
Negro
Caucasian

Female
Male
Female
Male
Female

Male
Male
Male
Male
Male

1140
1410
980
1200
1225

1400
1200
1340
1335
1275

1055
1340
955

1205
1185

1355
1132
1275
1255
1175

492
757
540
635
715

715
620
710
735
465

150
178
157
163
160

185
163
163
175
160

Heavy
Medium
Light
59.0
54.4

79.4
54.4
63.5

63.5
72.6

Nephritis
Tuberculosis
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TABLE I.— Continued.
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TABLE I.

Recokd of material taken from Retzius and SI'ITZKA.'

p
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body, which luul been injected with carbolic acid in the usual way. These

brains were .<fUi<pended in a solution of 40% formalin and 6% sodium

chloride, vertex up.

In Group 6 the brains were treated in the same way as in Group 5,

except that they were suspended in 10% formalin and sodium chloride.

Thirty-eight brains were preserved in this manner.

Group 7 contains brains that were obtained from frozen and sawed sec-

tions of cadavers previously injected with formalin.

Group 8 contains brains of infants preserved in situ by immersion of

the head in 10% formalin after opening the membranes so as to allow

the fluid to permeate the cerebral structures.

Group 9 contains brains of Germans from Prof. Waldeyer's laboratory

in Berlin. The brains were weighed at the time of removal from the

body and had been preserved in alcohol several years.

Perfect preservation of the shape of the brain may be obtained by in-

jecting the bodies of fresh cadavers with carbolic acid, alcohol, and

glycerine through the femoral arteries under 120 mm. Hg. pressure, leav-

ing the body for 12 hours, then after removing the brain, which is firm

and solid, suspending it in 10% formalin and sodium chloride. All

brains from No. 1593 onward were suspended base down, thus favoring

retention of their shape. The first seventy-three brains, up to No. 1659,

were removed prior to the time at which I began the personal supervision

of their preservation; those following were personally attended to and all

data concerning them is personal. The brain weights given are with the

dura mater removed, leaving the pia mater and vessels intact. The

brain weights given in parenthesis are estimated from specimens in which

the weight, both fresh and after hardening, had been taken. The weight

of the hardened brain was taken after it had been thoroughly drained.

The actual weights and areas taken at the time the drainings were

made are the ones used in the construction of the tables and cliarts.

Brain Outlines.

Outline drawings are made of the brains in their normal position,

lookinor from above; lateral and mesial outlines are drawn after the

hemispheres have been separated by a sagittal cut through the corpus

callosum and brain stem. Outlines are also made of the lateral border of

each hemisphere looking from above, the hemispheres being rotated

through an angle of 45° on an axis passing beneath the splenium, above

the anterior commissure, and through the foramen of ^lunro. This axis

is drawn in ovorv outline and from it all measurements are made; it is dis-
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Fig. la. Caucasian male, age 40, No. 1690, length 1G8 cm. Brain outline

as viewed from above, horizontal plane. .1. anterior end; R, right side. One-

third natural size.

Fig. lb. Negro male, age 37, No. 1528, length 176 cm., weight 81.6 Kg.

Brain outline as viewed from above, horizontal plane. A, anterior end; R,

right side. One-third natural size.

Fig. 2a. Caucasian male, age 40, No. 1690, length 168 cm. Brain outline

as viewed from within, mesial view, vertical plane. Right hemisphere. One-

third natural size.

Fig. 2I>. Negro male, age 37, No. 1528, length 176 cm., weight 81.6 'Kg.

Brain outline viewed from within, mesial view, vertical plane. Right hem-

isphere. One-third natural size

Fig. 3a. Caucasian male, age 40, No. 1690, length 168 cm. Brain outline

as viewed from above and from the left at an angle of 45°, the outline at 45°.

Right hemisphere. One-third natural size.

Fig. 3b. Negro male, age 37. No. 1528, length 176 cm., weight 81.6 Kg. Brain

as viewed from above and from the left at an angle of 45°, the outline at 45°.

Right hemisphere. One-third natural size.

cussed on page 404 in connection with the brain center. It passes through

the longest diameter of the brain between the hemispheres, and its mid-

point is taken as the brain center. 'From this center radii are drawn on

all the outlines at G0° and 120°, the anterior end of the axis being marked

0°, the posterior end 180°. The point of contact of the anterior radius

(60°) with the brain outline is invariably over the anterior association

center (Broca's convolution on the left side), while the point of contact

of the posterior radius (120°) is invariably over the posterior association

center. These two points are meant whenever the anterior or posterior

association centers are referred to unless otherwise expressed or implied.

Outlines with brain axis, and these points located on the brain of an

adult male Negro (No. 1528) and of an adult male- Caucasian (No. 1G90)

are seen in figures 1^ to S*', there being semicircles drawn around each

hemisphere to facilitate comparison. These two brains are selected be-

cause they are nearly alike in many respects, but still show the racial

characteristics. They are taken from young adult males of about the same

age, the brains being of about the same size and weight. From these out-

lines it is observed that the Caucasian brain conforms more nearly to a

circle in its contour in the difTei'ont ])lan("s than does that of the Negro,

which is squared at the ends, and flatter on tlie sides and above, especially

along the frontal lobes, thus exhibiting a distinct box-shaped appearance.

This shape of the Negro brain is manifested in the mesial outline by

the abrupt rise of the contour from the axis at its posterior end, by the

nearly straight line over the anterior association center, by the nearly
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Figures 4 to 8b on page 362.

Fig. 4. Left side of the figure, Caucasian male, age 67, No. 1538, length

185 cm., weight 77.1 Kg. Brain outline as viewed from above and from the

left at an angle of 45°. Right hemisphere. (The outline is inverted).

Right side of the Figure, Negro male, age 25, No. 1473, length 165 cm.,

weight 72.6 Kg. Bi'ain outline as viewed from above and the left at an angle

of 45°. Right hemisphere. A, anterior end; R, right side. One-third

natural size.

Fig. 5. Negro male, age 45, No. 1681, length 163 cm., large and fat. Verti-

cal, transverse sections. Section not quite transverse. No. 1 about 15 mm.
from anterior end of brain; No. 2, about 45 mm. ,S', superior surface; R,

right side. One-third natural size.

Fig. 6. Negro male, age 45, No. 1681. Vertical transverse and slightly

oblique section. The section is about 75 mm. from the anterior end of the

brain. One-third natural size.

Fig. 7. Negro male, age 45, No. 1681. The section is about 105 mm. from

the anterior end of the brain, just anterior to external auditory meatus. One-

third natural size.

Fig. 8a. Caucasian female, age 36, No. 1522, length 154 cm., weight 59.2

Kg. Brain outline as viewed from above, horizontal plane, 1.2., at 90°. A,

anterior extremity; R, right side. One-third natural size.

Fig. 8b. Negro female, age 27, No. 1544, length 168 cm., weight 45 Kg.

Brain outline as viewed from above. One-third natural size.

vertical line along the anterior aspect of the frontal lol3e, and by the

horizontal line along the inferior border of this lobe; it is manifested in

the outline from above by the square front and sides of the outline; and

in the outline with the brain rotated laterally 45°, by the more abrupt

rise posteriorly, and the depression or apparent flattening over the an-

terior association center, along with the relative bulging of the posterior

association center. These differences are seen more plainly in Figure 4

(brains No. 1473 and 1538) which represents the 45° outlines of a fairly

typical adult male Caucasian brain, and of a fairly typical adult male

Negro brain of about the same weight and length. It is the straight line

seen over the anterior association center in this figure on which especial

emphasis is laid as a distinctive characteristic of the Negro brain. Look-

ing at the brain directly from above or from the side one does not so

readily notice any apparent flattening, but on rotating the brain on its

axis slightly to one side a glance will often bring it out distinctly; or a

careful examination, revolving the brain from 10° to G0° from its normal

position and looking at it from above, will almost invariably disclose this

peculiarity. In some l)rains it is well marked, in others only slightly so. It

usually appears most marlced when either hemispliere is rotated through

an angle of 30° laterally from its normal position and viewed from above.

Viewed from tlie side the Negro brain appears to be pressed back, wliile
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FjGlKES 9a TO 11 ox PAGE 364.

Fui. 9a. Caucasian female, age 36, No. 1522, length 154 cm., weight 59.2

Kg. Brain outline as viewed from the mesial side. Left hemisphere. One-

third natural size.

Fig. 9b. Negro female, age 27, No. 1544, length 168 cm., weight 45 Kg.

Brain outlines as viewed from the mesial side. Left hemisphere. One-third

natural size.

Fig. 10a. Caucasian female, age 36, No. 1522, length 154 cm., weight 59.2

Kg. Brain outline as viewed from above and to the right at an angle of 45°.

Left hemisphere. One-third natural size.

Fig. 101>. Negro female, age 27, No. 1544, length 168 cm., weight 45 Kg.

Brain as viewed from above and to the right at an angle of 45°. Left hem-

isphere. One-third natural size.

Fig. 11. Unbroken line represents the composite of 45 Negro male outlines

as viewed from above and to the left at an angle of 45°. Right hemisphere.

The broken line represents the composite of 45 Caucasian male outlines

also viewed from above and to the left at an angle of 45°. Right hemisphere.

One-third natural size.

the Caucasian appears to be pushed forward, the result being that the

frontal lobe of the Negro brain appears considerably smaller than that

of the Caucasian. This difference is greater than is apparent in the

outlines, because the gyrus rectus in the Negro brain is low, while the

superior orbital plate passes well up into the frontal lobe outside of this,

materially diminishing the size of this lobe, the gyrus frontalis superior

also projecting upward in Negro brains more than in the Caucasiaai.

This is shown in Figures 5 to 7, brain No. 1681, from a typical adult

male Negro. The drawings are made from sawed sections of the frozen

head, showing the brain in situ, no distortion of the brain being apparent.

]n this th$re may be observed the extremely small frontal lobes; the pro-

jection downward of the gyrus rectus ; the deep impression of the superior

orbital plates; the straight lines along the sides anteriorly, showing the

lateral surfaces of the brain to be at an angle of 45° from the vertical

plane; the upward projection of the gyrus frontalis superior; the box-

like appearance of each outline; and the great bulging in the parietal

region. Tbe female Negro brain may differ somewhat from that of the

male, but in general the same peculiarities are noticeable in each. Fig-

ures 8=1 to lO'' exhibit a characteristic adult female Negro brain and a

small adult female Caucasian brain for comparison, the two being selected

because they are so nearly alike, yet the racial differences are noticeable.

The frontal lobes of the female Negro brain are long and slender, while

the parietal region is full and bulging. The peculiaries noted in the

other outlines may be seen in these also.

Examination of about fifty Negro skulls, and hundreds of Negro heads

has convinced me of a noticeable characteristic : the appearance to bo
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obtained b,y a view from behind at an angle of about 30° above the hori-

zontal looking directly forward. The outline of the head or skull seen

in this way is pointed anteriorly and broad and flattened posteriorly.

This may be seen in the Negro brains under the same conditions. Here

we see the small frontal lobes^, the large parietal region and tlie straight,

flat sides over the anterior association centers. That this is not only ap-

parent, but real, may be determined by measurements of the radii from

the brain center to the outlines of the plane passing through the brain

axis at an angle of 45° above the horizontal plane of each hemisphere.

Such measurements are found in Table II, which gives the dimensions

of this plane in each non-distorted brain. Eadii are projected from the

brain center for each 10° angle, and perpendiculars are dropped from

the brain axis for each centimeter on the axis from either end of the

brain, and these radii and perpendiculars are measured from their origin

out to the surface of the brain.

From Table II the following summary is given

:

TABLE Il.a

Averages of the Associatiox Centers.
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tcring as an clement. For each increase of 30 mm. in the length of the

brain axis tliere is an increase of abont one unit in the index. For ex-

ample, the index for the left hemisphere of the male Caucasian brain is

98, the leng-th of the radius to the anterior association center is 70

mm., that to the posterior association center is 71 mm. 70 : 71 : : 98 :

100 is correct, considering the brain axis element 84 mm. Increase the

latter and the index rises, reduce it and the index falls. The index varies,

directly with the size of the anterior association center, and inversely

with the size of the posterior association center. Increase 70 and the in-

dex is increased; diminish 70 and the index is diminished. Increase 71

and the index is diminished; diminish 71 and the index is increased.

The index gives a simple numerical expression that may be used to ad-

vantage in the comparison of brains, and in the comparison at present in

hand it affords an excellent indication of existing differences. It is ob-

served from the table that the index of the male Caucasian brain is the

largest; the index of the female Caucasian comes next; with the female

jSTegro third, and the male Negro the lowest. This indicates that the rela-

tions of the brain axis and anterior association centers are similar to the

index of the association centers, while the posterior association center is

dissimilar in the two sexes and races. The index is slightly larger on

the left side, except in the female Caucasian. This may be due to the

gyrus frontalis inferior, or to a larger motor area on the left side in the

males.

The relative differences of the association centers in the males of the

two races on the right side are represented in Fig. 11, which is a com-

posite of the 45° outline of the thirty-four male Caucasian and the forty-

five male ISTegro brains The brain axis is practically the same length

in each (1G7-8 mm.). A difference in the size and shape of the two out-

lines is evident on the inferior surfaces of the frontal and occipital lobes

below the axis, as well as above it, the Caucasian brain being further be-

low the axis and more curved along the frontal lobe, while the Negro

brain is further below the axis and more curved along the inferior surface

of the occipital lobe, a difference which materially diminishes the size of

the frontal lobe in the Negro and increases the size of the occipital. The

flatness of the anterior association center is seen in the Negro outline,

and the actual areas of the parts of these outlines are as follows

:

Area of the anterior lineal half of the composite Negro outline. . .48.4 sq. cm.

Area of the anterior lineal half of the composite Caucasian

outline 51.2 sq. cm.

Area of the posterior lineal half of the composite Negro outline. . .48.2 sq. cm.

Area of the posterior lineal half of the composite Caucasian

outline " 56.2 sq. cm.
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Chart I. Bight Swfe.—Relation of the radii of the anterior association center (oi-dinates) to

the radii of the posterior association center (abscissie) ; taken with the brain tilted 46°, the
former at 60° from tin- anterior end, the latter riO°, as in Fijrure 3''. The perpendicular line
CN g-ives the mean lor tlii' anterior association centers for both races ; the horizontal lines C, A",

for the posterior association centers of the Caucasian and Negro respectively ; and the diagona
lines are the mean of both centers; for the Caucasian, C, for Negroes, iV. "and for both races
combined, iV. This is true of the first four charts.
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That these differences are manifested not only in mass, and by aver-

ages, but individually, may be determined by examining Table TI, and

Charts I and II, taken from the numbers in Table II, and giving the

relation of the anterior and posterior association centers in each brain.

The anterior association center in all cases is represented by the numbers

from the column under G0°, the posterior association center by the num-

bers from the column under 120°. The charts are made up by the use of

ordinates and abscissae, the former representing the length of the ra,dii

of the anterior association center, the latter the length of the radii of

the posterior association center. An arbitrary line drawn on the charts

from the 68-mm. ordinate on each side divides the symbols into racial

groups, the Caucasian above the line and the Negro below, indicating a

longer radius to the anterior association center in a larger number of

brains among Caucasians. This line divides the two sides differentlv.

On the left side a larger number of Caucasian symbols fall below the

line and a larger number of Negro symbols fall above the line tlian on

the right side. The symbols that are over the line represent the extremes

of each race in relation to the other race. A greater number of Negro

extremes have a larger left anterior association center, and conversely,

a greater number of Caucasian extremes have a smaller left anterior as-

sociation center. The extremes may be represented by a table taken from

Charts I and II.

TABLE lib.

Extremes of the Anterior Association Center.

Left Side. Right Side.

Q ,
, Above the Below the Above the Below the

toymoois. arbitrary line. arbitrary line, arbitrary line, arbitrary line.

Caucasian 24 16 27 ' 11

Negro 15 45 10 50

The numbers in this table are of value only in comparing the two

sides of the body. On the left side there are 1(5 Caucasian extremes and

15 Negro extremes. On the right side there are 11 Caucasian extremes

and 10 Negro extremes. The deduction from this is tliat there is greater

dissimilarity of the brains of the two races on the right side than on the

left side. The majority of the Negro symbols fall below the line, and

the majority of the Caucasians fall above on each side, this being the

most noticeable difference, that the anterior association is smaller in the

Negro than in the Caucasian. The radius to tlie anterior association

center of the left hemisphere invariably passes over the gyrus frontalis

inferior, so that this may mean a greater dovelopmcnt of the gyrus in the

28
'

.

"
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Negro extremes, and a less development in tlie Caucasian extremes.

It is possible that the size of the motor area may accoimt for this di (Ter-

ence on the two sides.
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and more readily visualized on the charts than would be the case with

averages or curves. Horizontal lines are drawn on the charts to represent

the means of the radii of the anterior association centers (ordinates),

vertical lines are drawn to represent the means of the radii of the pos-

terior association centers (abscissae), and lines are drawn at 4.5° from

these to represent their combined means. In Chart I the Caucasian or-

dinate mean is 69.5, the Kegro ordinate mean is 65.5, i. e., the Caucasian

brains have a mean radius to the right anterior association center of 69,5

mm., while the mean radius to this center in the Negro brains is only

65 mm long. The Caucasian and Negro abscissa means are the same,

72.5 mm., therefore the mean radius to the right posterior association

center is the same in the two races. A comparison of the means of the

two sides taken from Charts T and II is found in the following table

:

TABLE lie.

Means of the Association Centers.
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billed means for the two races (45° lines) are obtained l)y Riil)tractinfi: the

ordinate 70 mm. from the abscissa of the point at wliicli Ibe 4-")° )ine

crosses this ordinate. The numbers obtained are purely arbitrary, but

afford a basis of comparison for the two sides and the two races. The

smaller the number the larger the anterior association center in relation

to the posterior association center, and the larger the number the larger

the posterior association center in relation to the anterior association

center. On comparing this with the index of the association centers

(Table II ^) it will be found that the deductions are the same from each,

i. e., the anterior association center is larger relatively to the posterior

association center in the Caucasian than in the Negro, and larger on the

left side in each than on the right side, although the latter difference is

slight. Or the converse of this proposition may be taken. The posterior

association center is relatively larger in the Negro than in the Caucasian

and larger on the right side than on the left. A line on the charts at

45° representing the mean of all brains separates the races in much the

same way as the arbitrary line before described. A table presents this

figuratively

:

TABLE lid.

Extremes of the Combined Means of the Association Centers.

Left Side. Right Side.

cjvmv>r.ia AbovB Below Abovo Belowoymoois.
^^^ jj^^ ^j^^ jj^^ ^^^ jj^^^ ^j^^ ^^^^

Caucasian 32 10 33 3

Negro 18 45 14 48

In this table, as in others, a more marked racial difference is found on

the right side than on the left ; fewer brains being over the line on the

right side. It is interesting to find all of the perfect adult male mu-

lattoes in white territory on the charts, each one being near the line rep-

resenting the mean of all brains. Examination of the charts will reveal

the fact that all the symbols range along this line or in the direction of

it from left to right, and from below upwards as the size of the brains

are shown to be larger, the Negro symbols being below and to the right of

the line, while the Caucasian symbols are above and to the left, except

those represented in heavy type in the above table as the '" Extremes of

the Combined Means of the Association Centers."

To summarize

:

An attempt is made to demonstrate that the anterior association center

is relatively smaller in the Negro brain than in the Caucasian ; that the
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left anterior association center of Negro brains resembling the Caucasian

brain in shape is hirgcr than the right, while the left anterior association

center of Caucasian brains resembling the Negro brain in shape is smaller

than the right, although this ditference may be in the gyrus frontalis

80 Mrvi
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brains in various positions are presented; composites are constructed

based upon actual measurements; a table of actual measurements is com-

piled from which an index of the association centers is worked out; and
charts and tables are produced to determine the averages, the means, the

30 MM
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may be determined by examining Charts III and IV, constructed from

the numbers in Table III, and also from the position of the fissure of

Eolando, to be discussed further on, and the areas of the brain outlines

anterior to this fissure. The numbers in Table III are obtained by meas-

uring the radii at 60° and 120° of the three outlines of the horizontal,

vertical and 45° planes intersecting the brain axis, the numbers repre-

senting the average length of these three radii in each instance. Charts

III and IV are constructed in a manner similar to that described for

Charts I and II, and they are treated throughout in the same way. The

arbitrary line is found to separate the races similarly, but it passes

throu,gh the 64.5 mm. ordinate instead of through the 68 mm., which

means that the average length of the 45° radii to the frontal lobes for the

three planes is less than the average length of the radii to the anterior

association center. The arbitrary line is an approximate compound ordi-

nate mean in this table as well as in Table II ^, representing the ordinate

mean for all brains on Charts I and II, and III and IV respectively.

A table showing the comparison of the frontal lobes in the two races

is as follows

:

TABLE Ilia.

Extremes of the Frontal Lobes.

Left Side. Eight Side.

Symbols. Above the Below the Above the Below the
arbitrar.y line. arbitrary line, arbitrarj- line, arbitrary line.

Caucasian 34 10 32 12

Negro 30 52 29 54

This presents the fact that there is a greater number of large frontal

lobes among the Caucasian brains (66 large, 32 small), and a greater

number of small frontal lobes among the Negro brains (106 small, 59

large) the relations being nearly proportional, aaid practically the same on

the two sides of the brain in each race. The difference between the two

sides found in Tables 11^ and 11^ evidently lies about a point on the 45°

plane where the 60° radius intersects the outline of this plane. This

point lies over the anterior association center on the right side, and over

the g3'rus frontalis inferior on the left side. From Table IP it is deter-

mined that the average for this side is relatively greater on the left side

in each race. From Table 11° it is determined that the mean for this

point is relatively greater on the left side in each race. From Table IP
it is determined that the extreme for this point is greater in the Negro

brain and less in the Caucasian. We may conclude that in general the

gyrus frontalis inferior is well developed in the two races, causing tlie
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left side to be more promiiK'nt at this point, but extreme Negro brains

that approach the Caucasian brain in type have a larger gyrus frontalis

inferior and extreme Caucasian brains that approach the Negro brain

in type have a smaller gyrus frontalis inferior. Of course this difference

may be due to the anterior association center or to the motor area, in-

crease in the size of either causing the gyrus frontalis inferior to bulge.

It is interesting to note in this connection relatively to the arbitrary

line in Charts III and IV, that all the adult male mulattoes (3) are above

the line on each side, while all the female mulattoes (4) are below, ex-

cept on the left side. Only three (of 26) female Negroes are above the

line on the left side, and five on the right side, and all of these are close

to the line. Only four (of 35) male Caucasians are below the line on

the right side, and three on the left side, and these are all near the line.

This indicates a divergence in the males of the two races and a conver-

gence in the females. Evidence of the same relation is obtained from

Table IP in the index of the association centers, the Caucasian male be-

ing 98-97; the Negro male, 90-89; the Caucasian female, 96-97; and

the Negro female, 91-91, for the left and right sides, respectively. This

fulfills the biological law that the females are more homogeneous, the

males more heterogeneous, the latter being more apt to vary from the

type, or to be extreme.

A sli|ght difference from that found in the association centers is found

in the frontal and parietal lobes of the brain in relation to the means.

A table is given for comparison, which is derived from Charts III and.

IV in the same way that Table II'^ is derived from Charts I and II.

TABLE Illb.

Means of the Frontal and Parietal Lobes.

Left Side. Right Side.

s, , , 3^ -2 2 Difference of tbe ^g S^ Difference of the
^ymoois. ^c »-3 combined means. =.2 .2'3 combined means.

c-p I- '& p-a '" 'S

Caucasian 67 69 72— 70 = 2 66.5 69.5 72.5 — 70 = 2.5

Negro 63.5 68.5 75— 70 = 5 63.5 68.5 75.5— 70 = 5.5

On comparing this table with Table IP, it is found that the differences

are similar, but aiot so great. The inferences are that the frontal lobes

are smaller in the Negro than in the Caucasian, but practically the same

size on the two sides in each race; that the parietal lobe is slightly larger

in the Caucasian than in the Negro, but practically the same size on the
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two sides in each race; and that the left frontal lobe is relatively larger

than the ri,ght in eacli race, this difference being very slight.

The extremes of the combined means of the two lobes may be repre-

sented in a table prepared in the same way as Table II'^, and with like re-

sults, except that the differences are not so marked in this table as in

Table 11^.

TABLE IIIc.

Extremes of the Combined Means of the Frontal and Parietal Lobes.

Left Side. Kig^ht Side.

Symbols Above Below Above Below
the line. the line. the line. the line.

Caucasian 35 9 36 9

Negro 26 55 25 56

A greater racial difference exists on the right side than on the left

side, i. e._, more Negro brains have a relatively large frontal lobe, and a

relatively small parietal lobe on the left side than on the right side; and

more Caucasian brains have a relatively small frontal lobe and a rela-

tively large parietal lobe on the left side than ou the right side, although

this difference is manifested in two Negro brains and one Caucasian brain

only. The racial separation of the races by the 45° line representing the

mean for all brains is presented in this table by the fifty-five Negro

symbols below the line and the thirty-five Caucasian symbols above the

line, on the left side, and by the fifty-six Negro symbols below the line,

and the thirty-six Caucasian syiubols above the line, on the right side.

It is evident that the frontal lobe of the Negro brain is smaller than

the frontal lobe of the Caucasian brain, as demonstrated in Charts III

and IV, and Tables IIP, IIP and 111*=. This racial difference has been

recognized by anatomists heretofore, but in only a few individual in-

stances has it been emphasized.^

Even Tiedemann °° ^ that eminent continental champion of the Negro,

although recognizing few differences between the brains of the Negro and

the European, does admit that the frontal lobes of the Negro brain are

smaller than those of the European. This difference is not so great, how-

ever, as the difference demonstrated between the anterior association cen-

ters of the two races, as represented in outlines, tables, and charts.

Flechsig,'' in his masterly work on the development of the fiber tracts

and cortical areas as represented by myelinization, throws some light on

the connections of the great association areas, and on their probable func-

^ Reference Nos. 1, 2, 3, 8, 10, 17, 20, 23, 24, 32, 33, 35, 36, 39, 52, 59. 62, 65,

66, 68, 79, 82.

'1, 18, 19, 56.
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tion. 'J'lic cortox ma)' be diviilcd into throe grand areas representing the

sequeace in development. First the primary sensory areas develop, repre-

senting the area for smell in the lamina perforata anterior and extending

through the septum pellucidum and the fornix to the uncus and cornu

ammonis ; the area for touch and muscle sense, and the motor area, in

the gyrus centralis posterior and anterior, and the gyrus frontalis su-

perior, the sequence for the types of fibers for this area being sensory,

motor, callosal, horizontal and arcuate, and association bands; the area

for sight around tlie tissura calcarina, the gyrus descendens and the oc-

cipital pole; the area for taste possibly just posterior to the splenium and

connected with the subiculum cornu ammonis; and the area for hearing

in the gyrus temporalis sujoerior. Next there develop several centers of

unknown meaning in the cuneus, the anterior extremity of the temporal

lobe, the posterior extremity of the gyrus frontalis inferior, the gyrus

subangularis and suprangularis, their positions being near the primary

sense areas but not touching them.

All the areas so far mentioned develop before birth, except the gyrus

superangularis, while the remaining areas develop after birth. They

make up the third grand division composed of the three association cen-

ters, anterior, posterior and temporal, and include the border zones to

the areas already developed, these having short fibers, and the terminal

or central zones of the association centers with long fibers. The central

zones are the last to develop. The anterior association center is in close

relation to the areas representing the body, and in slight relation to the

olfactory area, while the others are in close relation to the areas of

special sense. In his earlier works Flechsig ^* determined, that lesions of

the anterior association center caused alteration, or loss, of ideas regard-

ing personality, the ego, the relations of self subjectively and objectively;

a diminution in ca]3acity. for ethical and gesthetic judgment ; a loss of

self-control, of the powers of inhibition, of will power; and in fact all

the symptoms which Bianchi observed on higher apes in which the fore

brain on both sides had been extirpated. In simple lesions or in the

early stages of the lesion, when the person is " subjected to unaccustomed

stimuli, especially to sexual excitement, anger, or vexation, he may lose

all control of his movements and acts, so that simple influence may lead

him to try to satisfy his desires without any regard to custom or good

taste. In later stages of the disease imbecility may appear, with entire

loss of the mental pictures regarding his personality" (Barker^). The

individual may distort his own personality, and be unable to distinguish

the imagined from the real; thus he may think himself of enormous dig-

nity, of igreat importance, or that he is possessed of great wealth, or tJiat
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he is a genius. Lesions of the posterior association center do not present

so clear a picture, and naturally so because of its more intimate connec-

tion with the special senses. It is generally understood that the posterior

association center is objective, while the anterior is subjective, the one

representing the powers of conception in the concrete, the other, the

powers of thought in the abstract. The relative differences found in the

association centers of the two races is suggestive in relation to the known

characteristics of the two, in view of Flechsig's work. The Caucasiai; is

subjective, the Negro objective. The Caucasian^more particularly the

Anglo-Saxon, which was derived from the Primitives of Europe, is dom-

inant and domineering, and possessed primarily with determination,

will power, self-control, self-government, and all the attributes of

the subjective self, with a high developmeiat of the ethical and a^sthetic

faculties. The Negro is in direct contrast by reason of a certain lack of

these powers, and a great development of the objective qualities. The

Negro is primarily affectionate, immensely emotional, then sensual and

under stimulation passionate. There is love of ostentation, of outward

show, of approbation; there is love of music, and capacity for melodious

articulation ; there is undeveloped artistic power and taste—Negroes make

good artisans, handicraftsmen—and there is instability of character in-

cident to lack of self-control, especially in connection with the sexual

relation; and there is lack of orientation, or recognition of position and

condition of self and environment, evidenced by a peculiar bumptious-

ness, so called, that is particularly noticeable. One would naturally ex-

pect some such character for the Negro, because the whole

posterior part of the brain is large, and the whole anterior portion

small, this being especially true in regard to the anterior and posterior

association centers. Flechsig's work favors the conclusion that the gyrus

rectus may have a definite relation to smell, and the gyrus frontalis su-

perior to muscle, and as both of these gyri are well developed in the

Negro, and the motor area and Broca's convolution also being large, the

presumption is that tlie anterior association center is exceedingly small

in the Negro. The findings in regard to the relative size of the anterior

and posterior portions of the Negro brain correspond to those of Broca

'

on the Negro cranium. His conclusions are as follows:

1. That the face of the Negro occupies the greater portion of the total

length of the head.

2. That his anterior cranium is less developed than his posterior, rela-

tively to that of the white.

3. That his occipital foramen is situated more backwards in relation

to the total projection of the head, but niore forward in relation to the
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craiiiuin niily. 'ropiuard "' corroborates these statements, aind conchides

that the Negro has tlie cerebral cranium less developed than the white,

but its posterior portion is more developed than the anterior. It falls

within the occipital races of Gratiolet""' and the Caucasian in his frontal

races. Barnard Davis
''

" demonstrated practically the same in relation

to the radii from the external auditory meatus to the three regions of the

skull, frontal, parietal and occipital. The white and the black races are

evidently opposites in cardinal points. The one is subjective, the other

objective; the one frontal, the other occipital or parietal; the one a great

reasoner, the other emotional; the one domineering, but ha^^)ng great

self-control, the other meek and submissive, but violent and lacking self-

control, especially when the passions are aroused, or any sudden danger

appears; the one a greyhound, the other a bulldog.

Spitzka °^ emphasizes the differences of the two parts of the brain, an-

terior and posterior, in comparing the brains of Prof. Joseph Leidy, Ma].

J. W. Powell and Prof. Cope, by contrasting the characteristics of these

eminent men, and in so doing corroborates Flechsig's work and lends

plausibility to the generalizations given above.

Wagner
"' '"

" gives some interestiing figures in relation to the relative

size of the various lobes in man and the ourang-outang which may be

appropriately presented here.

Man. Ourang.

Frontal lobes 43.6 36.8

Parietal and Occipital lobes 34.6 43.6

The Negro evidently stands in an intermediate position in this rela-

tion, which becomes more evident when the areas anterior and posterior

to the fissure of Eolando are considered.

Sulcus Centralis. Fissure of Eolaxdo.

The racial difference found in the lobes of the brain and in the associa-

tion centers is also observable in the position of the sulcus centralis and

the relation of the amount of brain matter anterior and posterior to it.

The position of the fissure is practically the same in the two races in rela-

tion to the brain axis and the brain center, but the amount of brain mat-

ter anterior to the fissure is less in the Negro, while the amount posterior

to it is more than is to be found in the Caucasian. The inferior end, cen-

tral part, and superior end of the fissure of Eolando are located on the

brain outlines of sixty-three brains, in degrees from the anterior end of

the brain axis, as in other measurements, with the radii extending from

the brain center. The superior terminal point of the fissure is also lo-
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superior end of the fissure, and on the 45° plane to the middle part of

the fissure, and lines were drawn from the brain center to the inferior

surface of the occipital and frontal lobes, striking them tangentially.

These lines are taken as limits of the outlines, because no lines are shown

in the drawings. The radius to the sulcus centralis is taken as the

dividing line between the anterior and posterior parts of each outline.

The temporal lobe is not included in the drawings. The area of each

hemisphere, in three planes, both anterior and posterior to the sulcus

centralis is determined by means of the planimeter. The results are

found in Table V. These results are averaged, the averages for the an-

terior part of each outline being added to one another, the same being

done for the posterior part, and the sums placed together for comj^arison

in Table V^
The anterior part of the Xegro brain outline is the same size as the an-

terior part of the Caucasian brain on the left side ; the anterior part of the

Caucasian brain is larger than the anterior part of the Kegro brain on

the right side ; while the posterior part of the Negro brain is larger than

the posterior part of the Caucasian brain on each side. In the right

hemisphere the racial distinction is considerable; in the left it is not so

great. The similarity of the two races in the apparent size of the frontal

lobes on the left side may be due to the greater size of the left motor area

and of the left gyrus frontalis inferior in the male negro, as heretofore

pointed out. The areas of the female Caucasian brain need not be con-

sidered, because only three are given. The areas of the female Negro

brains are less than the areas of the males in either race and the racial

distinctions are relatively the same as in the male Negro. The distinc-

tions throughout may be expressed in ratios of the anterior to the pos-

terior parts of the brain representing the posterior part by 100 in each

case (Table V^).

TABLE Vb.

Ratio of the Anterior to the Posterior Parts of the Brain.

Leftside.

Caucasian male 104 : 100

Negro male 101 : 100

Caucasian female 101 : 100

Negro female 102 : 100

This table brings into clearer view the differences mentioned above.

The frontal lol)o of the male Caucasian is relatively larger than that of

the Negro, and the right frontal lobe is both relatively and absolutely

larger than the left. The right frontal' lobe of the female Negro is rela-

Kig-ht Side.
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tivel}^ smaller than the Caucasian, and the left is relatively and absolutely

larger than the right. The female Caucasian is similar to the male

Caucasian and the male Negro is similar to the female Negro, but in a

less degree. It might have been supposed that the fissure

of Eolando is further posterior in the Negro brain than in the

Caucasian, and that the small size of the frontal lobe in the Negro is

an apparent and not a real deficiency of brain matter, but the above meas-

urements indicate that the frontal lobe and all the brain matter an-

terior to the fissure of Eolando is less in the Negro than in the Caucasian.

As the gyrus rectus is apparently larger in the Negro than in the Cau-

casian, and the gyrus frontalis inferior is larger in the Negro than in the

Caucasian, and as the frontal lobes in the Negro appear larger than

they really are, owing to the projection downward of the convolution

just mentioned, as well as to the projection upward of the superior

orbital plates and the gyrus frontalis superior, if it be true that

the motor area and the left gyrus frontalis inferior are larger in the

Nesrro, then it must be true that the anterior association center is con-

siderably smaller in his case than in the Caucasian, because even the

apparent size of the whole frontal lobe is smaller in the Negro. That the

anterior association center is smaller in the Negro seems plausible when

the corpus eallosum is examined, in which the racial distinction is more

pronounced than in the brain outlines, the anterior end (genu) being

distinctly smaller in the Negro.

Corpus Callosum.

The cross section area of the corpus callosum is measured with the

planimeter from outlines made directly on glass, and from other outlines

made on paper by projection. These areas are given in Table T, with

the brain weights taken at the time the outlines were drawn. Measure-

ments made from Retzius °° photographs and drawings of brains by others

are given in Table V, with brain weights, when possible, for comparison.

Chart V is made up from these two tables, the brain weights (abscisssBj)

being given in grams, and the areas of the corpora callosa (ordinates)

in square centimeters. There is in general an increase in area of the cor-

pus callosum witli cac]i inoroment of brain weight. There are, however,

many individual exceptions. For instance, one Caucasian brain weighing

about 1100 grams has a corpus callosum of about 8 square centimeters

area, while another brain weighing about 1400 grams has a corpus callo-

sum of about 6 square centimeters area. These are extreme instances.
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but there are other simihir ones. Spitzka has measured the cross section

area of the corpus callosum in the brains of ion eminent men, and he

finds the average area higher than in ordinary men. Tlieir average brain

weight was also greater than in ordinary men. The weight of Prof.

Joseph Leidy's brain was estimated to be 1545 grams or possibly more,

and the corpus callosum measured 10.6 sq. cm. in sectional area. The

symbol representirg this brain may be found in Chart V and its unusual

flREB IN
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above the average Spitzka gives for the ten eminent men, and there is

no reason to believe that this Negro had greater mental powers than any

one of those eminent men, although he may have been an obscure genius.

One Caucasian male brain in my series had a corpus callosum of 9.1 square

centimeters cross section area, and eight other brains, six Caucasian male,

one mulatto male, and one Negro male had areas between 8 and 9 square

centimeters, and there is nothing to indicate that these brains were from

exceptional men, although they may have been. The brain of a laboring

man pictured by Eetzius had a corpus callosum which measured 9.8

square centimeters in area. The brain weight was 1587 grams. The

brains in my series with large callosa are invariably large. Of the ten

brains mentioned above with large callosa each one weighed about 1500

grams (Table I). The racial distinction in the relation of brain

weijght to the area of the corpus callosum is not marked, but it is

noticeable. To show this, lines are drawn on Chart Y through the 7

square centimeter ordinate and through the 1300 gram abscissa, these

lines being extended in a horizontal and in a vertical direction respec-

tively, until they intersect. One-third of the brains represented below

the horizontal line and to the loft of the vertical line are Caucasian, and

two-thirds are Negro. Two-thirds of the brains represented above the

horizontal line and to the right of the vertical line are Caucasian and

one-third are Negro. A majority of the Negro brains are thus repre-

sented within the lines and a majority of the Caucasian brains are repre-

sented without the lines. It is a noteworthy fact that about half of the

Caucasian brains represented within the lines are from women, or from

the inmates of Bay View Pauper Asylum, a great many of whom are

known to have had dementia—alcoholic, syphilitic, or senile. With them

the brains of such noted men as G-yldens " (No. 23), Siljestrom'"

(No. 25), a statesman " (No. 26), and Prof. Leidy "" (No. 27) , are found.

These men each had a large brain, or a large callosum, or both. Thir-

teen Negro brains are found without the lines having a corpus callosum of

more than 7 square centimeters area, and only eight have a brain weight

of more than 1300 grams. These invariably give evidence of Caucasian

characteristics. To be found outside of the lines are a mulatto; a Negro

who had been instrumental in at least three, and possibly five, murders;

a Negro accomplice of the latter; a Negro laborer from North Carolina;

a Negro killed in a railroad wreck ; and another the victim of a third-rail

accident. The racial difference is really more marked than is apparent

in the chart (Y) because the class of Negroes from which bodies are ob-

tained is comparatively better than the class from which Caucasian bodies

are obtained, this being especially marked in the females of the two races.

29
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In dealing with tlic corpus callosiim as a whole, it is found to be smaller

in the jSTcgro than in the Caucasian, just as the brain of the Negro is

smaller than that of the Caucasian, and in about the same degree. The

averages of brain weights and areas of th-e corpora callosa reveal interest-

ing racial and sexual differences. They are given in Table I^, with

ratios made up from Table I.

TABLE la.

The Relation of the Area of the Corpus Callosum to Brain Weight.

Averages and Ratios.

No. of Area of the Brain jia+ir,
Brain. Corpus Callosum. Weight. -tiaiio.

sq. cm. gm.

Caucasian male 54 7.02 1302 54

Negro male 50 6.27 1208 52

Caucasian female 14 6.40 1087 59

Negro female 26 5.68 1064 53

The average brain weight is greatest in the Caucasian male, least in

the Negro female, and intermediate in the Negro male and the Caucasian

female. The average cross section area of the corpus callosum is rela-

tively the same, with the Negro male and the Caucasian female transposed

in relation to each other. The ratio of area to wei,ght is greatest in the

Caucasian female, least in the Negro male, with the Negro female and

the Caucasian male respectively a little higher than the Negi'o male; but

the ratio of the Caucasian female is hardly a fair one, because so few

brains of this kind are examined, and they are from such varied sources,^

and with so many methods of preservation. The relation of the anterior

and posterior lineal halves of the corpus callosum exhibits a greater racial

difference. This is perceived by a glance at Chart VI, compiled from

Table VI in a manner similar to that of the charts previously presented.

The corpus callosum is divided into halves of equal length by a line per-

pendicular to the brain axis, at a point intermediate between two lines

perpendicular to the brain axis, dropped from each end of the corpus

callosum. It is hardly necessary to do more than point out the racial

difference indicated in the chart, because it is so plain, even to a casual

observer. There is not an absolute separation of the races, but there is a

decided difference. In general, as the area of one end of the corpus

callosum increases, the other increases also, but the increase in area of the

anterior end is greater in the Caucasian than in the Negro, while the in-

crease in the area of the posterior end is greater in the Negro than in the-
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Caucasian. The relative difference is noticed tlirongliout. The anterior

end is relatively larger in the Caucasian, the posterior end is relatively

gOOSQM'^



Anterior.
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to special sense centers in the two hemispheres. Flechsig " indicates that

part of the centers for smell ma}^ lie in the gyri recti, which are larger

in the Negro than in the Caucasian. The latter is evidentl}^ true from

what we know about the sense of smell in the Negro, and the size of the

olfactory apparatus in this race. If the fibers connecting the frontal

lobes anterior to the motor area are contained in the genu, and a greater

number of the fibers in the genu connect the olfactory lobes in the Negro

than in the Caucasian, then the genu of the Negro should be larger. But it

is really smaller. Consequently the fibers connecting the anterior associa-

tion centers must be less in the Negro than is indicated by the size of the

genu. Comparing the areas of the genu and splenium must give an ap-

proximate comparison of the anterior and posterior association centers.

They are compared in the two races in Chart VII, made up from Table

VII. A more definite racial difference is seen in this chart than in

Charts I and II where the association centers are contrasted from brain

outlines. A glance at Chart VII convinces that the genu is relatively

and absolutely larger in the Caucasian than in the Negro. This may also

be expressed in a table of averages taken from Table VII.

TABLE Vila.

The Relation of the Averages of the Areas of the Gexu axd Splexium,

Etc., in sq. cm.

Number Ratio Ratio
of Genu. Body. Isthmus. Splen- Genu to Body to

Brains. ium. Splenium. Isthmus.

Caucasian male 57 2.72 1.49 .94 1.72 158 : 100 160 : 100

Negro male 60 2.12 1.3.3 .81 1.76 120:100 164:100

Caucasian female ....17 2.41 1.36 .88 1.61 150:100 155:100

Negro female 25 1.98 1.27 .79 1.73 115:100 160:100

The genu is absolutely and relatively largest in the Caucasian male,

absolutely and relatively smaller in the Caucasian female, absolutely and

relatively smaller still in the Negro male, and absolutely and relatively

smallest in the Negro female. The relations of the splenium are the

converse of this. The relation of the isthmus to the body is similar, but

with less marked racial difference. Compare the relation of the ratios

of the genu to the splenium in the males of the two races (158 : 120 =
131), with the relation of the ratios of the body to the isthmus (160 :

164 r= 97), and a greater racial difference is evident in the former (131)

than in the latter (97). This difference is also evident in the females of

the two races (150 : 115 = 130. 155 : 160 — 97). The relation of the

ratios of the two-lineal halves of the corpus callosum (Table VP) is

122 : 102 = 119 in the males of the two races, and 110 : 100 = 110 in
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the females of the two races. Compare these results with the results ob-

tained above and there appears a greater racial difference in the relation

of the genu to the splenium than in the relation of the body to the

istlimus, or in the relation of tlic anterior to the posterior lineal halves of

the corpus callosum. This may be expressed in a table.

TABLE Vllb.

The Relation of the Ratios of the Parts of the Corpus Callosum.

Genu to Splenium. Bodj- to Isthmus. Lineal Halves.

Negro Cauca- tvt„„^^ Relation Cauca- ivtoo-tt> Relation Cauca- tij„o.„„ Relation
and sian ^.^f^^ of sian. V,®ff°- of sian ^^fj^" of

Caucasian. Ratio.
^^a^io. ^^^^^ ^atio. "'^*^"- Ratio. Ratio.

«auo. -^^^^^^

Males 158 120 131 IGO 164 97 122 102 119

Females 150 115 130 155 160 97 110 100 110

The racial difference is greater in the "relation of the ratios " of the

genu and the splenium (130) than it is in the "relation of the ratios"

of the body and the isthmus (97), or of the lineal halves ( 119, 110).

The sexual difference is slight in the relation of the ratios of the genu to

the splenium (131 : 130 = 101) ; it is more marked in the "relation of

the ratios " of the anterior lineal half to the posterior lineal half

(119 : 110= 108) ; and it is least marked in the " relation of the ratios
"

of the body to the isthmus (97 : 97 = 100). In other words the above

table may be interpreted as follows : The genu of the Caucasian female is

larger in proportion to the size of the splenium than it is in the Negro

female, and this difference is greater than the racial difference in the

females in the proportion of the body to the isthmus, or the anterior

lineal half to the posterior lineal half of the corpus callosum, the same

difference being noticed in the relative sizes of these, but in a lesser de-

gree. The same racial differences are found in the males, but they are

not so marked. The splenium and genu, then, exhibit the most notice-

able racial differences. The most striking sexual differences are found

in the anterior and posterior lineal halves, the anterior in proportion to

the posterior being larger in the males than in the females. The ratio

of the body to the isthmus is greatest in the Kegro male, least in the

Caucasian female and intermediate in the Caucasian male and Negro

female. This may be explained by the relative muscular power of the

four classes, the commissural fibers of the motor areas forming the body

of the corpus callosum. The greatest racial differences being found out-

side of the motor areas and their commissural fibers gives strong presump-

tive evidence that the great racial difference lies in the relation of the

anterior to the posterior association center.
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The genu is not only larger in the Caucasian than in the Negro, but

the size of the genu bears a more or less definite relation to brain weight

in both races, an increase in brain weight being accompanied by a corre-

spondiing increase in the size of the genu. The splenium does not bear so

definite a relation to brain weight, although there may be a slight in-

crease in the size of the splenium with increase in brain weight. These

statements may be verified by examining Charts VIII and IX, compiled
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Fig 1'' Types of the corpus callosum in the Caucasian male. Type I,

8 subjects; Type II. 7 subjects; Type III, 7 subjects; Type IV, 6 subjects-

Type V, 4 subjects; composite Type made up of the others, 32 in all. One-halt

Fig 13 Types of the corpus callosum in the Negro male. Type I, 18 sub-

jects- Type II, 8 subjects; Type III, 10 subjects; Type IV, 9 subjects; Com-

posite Type made up of the others, 45 in all. One-half natural size.

Fig 14 Types of the corpus callosum in the Caucasian female. Type I,

1 subject- Type II. 2 subjects; Type III, 1 subject; Type V, 1 subject; Com-

posite Tvpe made up of the others, 5 in all. One-half natural size.

Fig 15 Types of the corpus callosum in the Negro female. Type I, 5 sub-

jects- Type II, 3 subjects; Type III, 6 subjects; Type IV, 5 subjects; Com-

posite Type made up of the others, 19 in all. One-half natural size.

Fig 16. Composite types of both races and sexes. Type I, 22 subjects,

13 Negro and 9 Caucasian. Type II, 29 subjects, 21 Negro and 8 Caucasian

Type III, 22 subjects, 15 Negro and 7 Caucasian. Type IV, 28 subjects, 15

Negro and 13 Caucasian. One-half natural size.

lines, which signifies that very few Negro brains are found with a brain

M^eight of more than 1300 grams, or an area of the genu of more than

2 60 square centimeters. A majority of the symbols representing Cau-

casian brains are found above and to the right of the lines, signifying

that the majority of the Caucasian brains have a brain weight of more

than 1300 grams, and an area of the genu exceeding 2.60 square centi-

meters The converse of these propositions is true. Few Caucasian

brains have a brain weight of less than 1300 grams or an area of the

genu less than 2.60 square centimeters, while the majority of the Negro

brains are in this class. Compare Chart V with Chart VITI and a simi-

laritv is noticed, in fact they are nearly identical, hut there is a more de-

cided identity between the area of the genu and brain weight, than be-

tween the area of the entire corpus callosum and brain weight. This is

due to the less decided identity between the area of the splenium and

brain weight. That the size of the genu and brain weight are closely

related may be significant in the relation of brain weights in races and m

distinguished individuals.

Composite Types.

The corpus callosum may be classified in types racially and sexually

according to the size and shape of the outline of its cross section. One

hundred and one selected cases are taken and composite outlines are made

of each racial and sexual type, as, Caucasian male, 5 types; Negro male,

4 tvpes; Caucasian female, 4 types; and Negro female, 4 types. Com-

posites are made bv selecting outlines similar in size and shape, and
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placing them over each other so that they coincide throughout as much as

possible. The heaviest resulting outline is taken as the composite. Then

the types are combined for each race in the same way, and finally the

race types are combined. The types are represented in Figures 12 to 16.

The type of brain varies with the type of corpus callosum, and the type

of individual varies likewise.

Caucasian male type.—There are five types of the corpus callosum in

the Caucasian male, but these may be brought together into two groups.

Types I, II and IV belong to the primary group, and Types III and V
to the secondary group. The primary group represents the young and

vigorous, the secondary represents the old and infirm.

The corpus callosum representing Type I is a composite of eight cases.

It is large in cross section, and every part is full and well developed. The

splenium is of moderate size, the isthmus is not small, the body and genu

are large and heavy. The type of brain to which this belongs is large,

heavy (1400-1500 grams), and well rounded in all its outlines, approach-

ing the dolichocephalic in shape. The frontal and temporal regions are

large, the parietal and occipital regions are relatively not so large. The

bodies from which these brains are taken are of men in the prime of life,

from 40 to 50 years of age, and in apparently good physical condition,

death coming rapidly or suddenly (pneumonia, heart disease, nephritis,

galloping consumption, or accident), without great emaciation. The av-

erage height is 184 cm. (6 feet,
-J

inch), and the average weight is '73

kilo. (161 pounds). There is evidence of average intelligence and in-

dividualitv among these men. One was manager of a livery stable, another

was an eccentric man who became alienated from his family on Long

Island and wandered ofE with considerable money, drifted to Baltimore

and died in the Bay View Pauper Asylum, while a third was the victim

of a third-rail accident, and apparently a man of affairs. Two are noted

as " blonde." The others are not described as to color.

Type II is a composite of seven cases. The cross section of the corpus

callosum is longer and narrower than in Type I. The splenium is large,

the isthmus is small, the body is of medium size, and the genu is large.

The brains representing this type are of medium size (1300-1500 grams),

high and narrow (dolichocephalic), and the outlines are squared—not so

rounded as in Type I. The frontal and parietal regions are large, the

temporal is of fair size, and the occipital hangs low and is long. The

bodies from which these brains were removed were in .a well nourished

condition, death having resulted rapidly (pneumonia, nephritis, etc.)

The men were in the prime of life—approaching old age, 40 to 60 years

old, with an average height of 172 cm. (5 feet 8 inches) and an average
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weight of 75 kilo (165 pounds). Two are noted as "brunette.'^ One
is a dark Scandinavian. No records are made of the intellectual condi-

tion, or anything that would give a clue to it.

Type III is a composite of seven cases. The cross section of the corpus

callosum is long, narrow, and highly arched. The splenium is large, the

isthmus and body small, and the genu large with a long beak. The
brains of this tj-pe are small (1200 to 1350 grams), high, long (dolicho-

cephalic), and oval in shape from the side and from above. The ventricles

are large and full of fluid. The bodies from which the brains are ob-

tained are emaciated, the majority weighing little more than 45 kilo.

(100 pounds), death being the result of lingering disease (senility,

asthenia, etc.). The men were old (60 to 80 years), Avith an average

height of 168 cm. (5 feet 6 inches). There was evidence of dementia in

two or three.

Type IV is a composite of six cases. The cross section of the corpus

callosum is short, of medium size, and not large anteriorly. The splenium

is large, the isthmus is large, the body and genu are relatively small.

The brains of this type are of medium size (1200 to 1500 grams), high,

short, narrow, and boxlike in appearance, witli full frontal and temporo-

parietal regions. The men were of average height, 165 cm. (5 feet 5

inches), of ages ranging from 15 to 75 years, and in weight varying from

50 to 80 kilo. (Ill to 178 pounds). Two were Germans from Berlin.

Type V is a composite of four cases. The cross section of tbe corpus

callosum is long, and the arch is high and more curved than in any other

type. The splenium is large, the isthmus thin, the body of medium size

and the genu not large, but having a long pointed beak. The brains vary

in weight from 1040 to 1520 grams. They are high, long and rounded

in all outlines. The ventricles are large and distended as if by pressure

from within. The bodies were in a fair state of nourishment. The men
were old (60 to 75 years), and ranged in height from 157 to 186 cm.

(5 feet 2 inches to 6 feet 1 inch).

Caucasian, female types.—In general the female types are similar to

the male types of the same number. So few cases are given that general-

ization is inadmissiblo.

Composite Caucasian types.—The composite types are composites of

all the Caucasian male types and of all the Caucasian female types. The

most noticeable features of the corpus callosum of the Caucasian in com-

parison with that of the JN'egro are the high arch, and the greater size of

the anterior half of the corpus callosum in the Caucasian. The splenium

is of good size in the Caucasian, but not so large as in the Negro, while

the isthmus, body, and genu are larger than the same parts in the Negro.
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The sexual differences are slight. The cross section area is larger in the

male than in the female Caucasian, but tlie spleniuni of the female is rela-

tively larger than that of the male, the isthmus likewise, while the body

is relatively smaller in the female, and the genu is relatively about the

same size. (of. Table VIII^ et seq.)

Negro male types.—There are four types of the cross section outlines

of the corpus callosum in the Negro male.

Type I is a composite of eighteen cases. This type is representative

and characteristic of the Negro race. The cross section of the corpus

callosum is small. The spleniuni is large and club shaped, the remainder

of the corpus callosum is small, narrow, long, and slender. The brain

weight is from 1000 to 1200 grams. The brains are short, with narrow

frontal lobes, and wide, bulging parietal region. The mesial outline is

oval. The bodies from which the brains are removed are well nourished

and muscular. The average height is 163 cm. (5 feet 4 inches), and the

average weight is 67 kilo (148 pounds). The age limit is 20 to 40 years.

This represents a familiar type of Negro, the low, heavy set, muscular,

dark-skinned young Negro, with small head, having the parietal bosses

prominent and the frontal region low, narrow and receding. This is the

lowest order and most prevalent type of Negro. There is evidence of

little foreign blood. This tA'pe represents the Guinea Coast Negro, from

which the subjects are probably derived. A few may be representative

of the Hottentot Negro type.

Type II is a composite of eight cases. The cross section of the corpus

callosum is larger than Type I and the anterior end is better developed.

The splenium is also large. This may be considered as a sub-type of the

one above, with evidence of more mixture with a foreign element. The

brains are larger, weighing from 1100 to 1300 grams. The characteris-

tics of the type are otherwise similar to those of Type I.

Type III is a composite of ten cases. The cross section of the corpus

callosum is long and large. The splenium is large and club-shaped; the

genu is large and round ; the isthmus and body are long and narrow. The

brains are long (dolichocephalic), high, and narrow in front, wide and

bulging in the parietal region. The weight is from 1200 to 1400 grams.

The bodies are in a fairly well nourished condition, death being rapid or

sudden (accident, pneumonia, heart disease, etc.) The hei,ght averages

162 cm. (5 feet 4 inches), and the weight averages 63 kilo. (140 pounds).

The men of this type are lighter skinned than those of Type I, and are

built on broad lines in general. These are long armed, flat-footed, and

loose-jointed individuals, not so compactly built or well knit as those of

the previous types, and having long heads and faces, with high foreheads.
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Unmistakable evidences of a previous mixture of other races with the

Negro exist. Tliree are mulattoes. Three are accident cases. The ma-

jority are between the ages of 50 and 80 years. This type represents the

higher and better class of the Guinea Coast Kegro.

Type IV is a composite of nine cases. The cross section of the corpus

callosum is long, large, and highly arched, resembling Type V in the male

Caucasian. The splenium is large and regular in outline, tapering off

gradually in the isthmus and body, which are long, curved, and smaller

than the splenium. The genu is of medium size and has a long pointed

beak. The brains are large, heavy (1300 to 1500 grams), long

(dolichocephalic), and high in the frontal region. The frontal lobes are

comparatively large and the parietal region is massive and bulging. The
bodies are in a well nourished condition. The average weight is 72 kilo.

(158 pounds), the average height is 175 cm. (5 feet 9 inches), and the

age varies from about 40 to 70 years. This represents the tall, fair-

skinned Negro (or mulatto), of the enterprising nature, but the jiiost

dangerous of all characters to human society. Eape and murder attach

themselves here. Two of them were murderers, four Mulattoes, and the

others exhibit traits of considerable Caucasian intermixture. This type

represents the Kaffir Negro, probably a mixture of Semitic (Arab), Ha-
mitic, and Negro at a remote period of time, the Zulus being the charac-

teristic tribe of the Kaffir Negro.

Negro female types.—There are four female Negro types, which corre-

spond in general to the four male Negro types. These may be combined

into two groups for the two sexes alike. The primary group, composed

of Types I and II, is the prevalent Negro type, being purer Negro than

the secondary group, composed of Types III and IV, which is largely

mixed with Caucasian.

Type I is a composite of five cases. The cross section of the corpus

callosum is short, wide, and compact. The splenium, isthmus, body and

genu are relatively of good size. The brain is small, short, and boxlike in

appearance. The brain weight is from 1000 to 1100 grams. The frontal

lobes are small, narrow from side to side and from above downward. The
parietal region is large, full, and bulging. The subjects are about IGO

cm. (5 feet 3 inches) average height, 50 to 54 kilo (110 to 120 pounds)

average weight, and the age is from 20 to 30 years. They represent a

class of young, stocky built, dark-skinned Negro women of the Guinea

Coast Negro type. There is a trace of racial intermixture in some of

them.

Type II is a composite of three cases. The cross section of the corpus

callosum is long, arched, and narrow. The splenium and genu are of
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good size, the isthmus is not well marked, and the body is .-'lender. The
brain is slightly longer than in Type I, but is smaller, the smallest of

all brains being in this type. The average weight is 995 grams. The

subjects are taller (168 cm.—5 feet G inches), and weigh less (45 kilo.—

100 pounds or less) than those in Type I. These are probably of the

Hottentot or Bosjeswoman type.

Type ly is a composite of five cases. The cross section of the corpus

callosum is long, straight and slender. The splenium is large and club-

shaped, the isthmus is narrow, the body is long and narrow, and the genu

is of good size. The brains are long and narrow (dolicliocephalic). The

frontal lobes are narrow, low, and long, the parietal lobes are large and

prominent. The brain weight ranges from 1000 to 1200 gTams. The

subjects are in a fairly well nourished condition, weighing from 54 to 50

kilo. (120 to 130 pounds), and having a height of 165 cm. (5 feet 5

inches) average. These are the old women from 60 to 70 years of age,

of medium height and weight and li,ght-brown skin. There is evidence

of a little white blood. This type is probably of Kaffir origin.

Type III is a composite of six cases. The cross section of the corpus

callosum is long, extremely thin and curved. The splenium is large and

knob-shaped, the isthmus is narrow, the body long, narrow, and curved,

and the genu small, with a long pointed beak. The brains are exceedingly

long and narrow, and somewhat high in front. The frontal lobes are

long, narrow, and thin, but high, the parietal lobes are full and bulging.

The brain weight is from 1000 to 1100 grams. The subjects are low, fat

and heavy. The average height is about 155 cm. (5 feet 1 inch), the

average weight is 68 kilo. (150 pounds), and the age is from 30 to 50

years. This is the Negro " mammy,'" who is so well known. We have

here a fat, fair-skinned Negro woman, not tall, but of a voluptuous type.

There is evidence of white intermixture. This type probably represents

the better class of the Guinea Coast Negro. The female types conform

to the type of the race more nearly than do the males. The latter show

more markedly the traces of racial intermixture.

The composite types for the Negro are made in the same manner as

those for the Caucasian. The composite male and female are almost

identical in shape, except that the splenium of the male is relatively

larger than that of the female, just the opposite of what was found in the

Caucasian. The cross section area in the male is altogether larger than

in the female. Eacial differences are more marked. The cross section

area of the corpus callosum is less in the Negro than in the Caucasian.

The area of the posterior lineal half is relatively larger in the Negro,

while the area of the anterior lineal half is relativolv smaller. The
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splenium is absolutely and relatively larger in the Negro than in the

Caucasian, while the genu is relatively and absolutely smaller. The

isthmus and body are relatively about the same size in the males of the

two races, but in the females the isthmus is relatively smaller in the

Negro, while the body is relatively larger. The hooked beak of the genu

is larger in any case in the Caucasian, especially in the female.

Composite typrs of both races and sexes.—There are four of these

types made up as follows : Type I is a composite of Type II Negro mal,e,

and Type I of the others, twenty-two individual cases in all, thirteen

Negro and nine Caucasian. The Caucasian traits predominate. This

type represents the young, active, vigorous individuals. T3^pe II is a com-

posite of Types I Negro male, II Negro female and Caucasian female,

and Type IV Caucasian male, twenty-nine individual cases in all, twenty-

one Negro and eight Caucasian. The Negro traits predominate. This

type represents the old and the passionate. Type III is a composite of

Type II Caucasian male, and Type III Negro male and Type IV Negro

female, twenty-one individual cases in all, fifteen Negro and seven Cau-

casian. The Negro and Caiicasian traits are well mixed. This is a Mu-

latto type. Type IV is a composite of the remaining types, twenty-eight

individual cases in all, fifteen Negro and thirteen Caucasian. This type

represents the mentally dull, the demented, and the degraded.

Whenever the number of Caucasian exceeds one-third of the whole

number of cases in any type the Caucasian traits predominate. This may
indicate a certain amount of Caucasian mixtures among the Negroes.

The American Negro may be divided into two groups, each with subdi-

visions.^' The first group comprising the greater number of blacks, being

represented by the Negro types I, II and III, and the second group, includ-

ing only a comparatively small number, being represented by the Negro

Type IV. The first group includes the Guinea Coast Negro and may bo

the few Hottentots in America, and is divided into three classes. First

the Hottentot, or Bosjesman, having gray or old yellow skin resembling

dirty varnished oak ; low, dwarfed stature, either weak, or squat and mus-

cular ; long, woolly hair, in small obliquely inserted tufts ; very dark eyes,

wide apart; extraordinarily broad, flat nose; large mouth, with thick,

projecting, turned-out lips ; enormous prognathism ; heads extremely doli-

chocephalic; the smallest brains (900-1000 grams) of any human beings

probably; and lastly, having the distinctive steatopyga and the tablier

which are not always present. This class is comparatively rare. Sec-

ondly, the low class Guinea Coast Negro, the most ancient and most class-

ical Negro type, having a cool, velvety skin, glossy, and varying from a

reddish, yellowish, or bluish black to jet black; low stature, well knit and

30
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muscular ; black hair and eyes ;
platyrrhine nose ; thick lips

;
prognathous

face; beautifully white, sound teeth; small square ears (Ilrdlicka"')
;

long upper and short lower extremities; flat feet; heads dolichocephalic,

or even approaching subbrachycephaly ; and brains weighing from 1000 to

1200 grams,—possibly more. This is the most prevalent class of Negro

in the South. Thirdly, the high class Guinea JSTegro, similar to the low

class, but developed along broader lines, and instead of being ugly, di-

minutive, with large and squat limbs, and a round or short face, they are

comparatively handsome, taller, with well-proportioned limbs and a long

face. They exist in fairly large numbers in certain localities, but are

much less prevalent than the low-class Guinea jSTegro. The second group

is made up of Kaffirs and other Mulattoes, and Mulattoids, or Mulatto-

like individuals. The Kaffirs are represented by the Zulus in Virginia

and North Carolina, being particularly noted for their height and intelli-

gence. They have various shades of dark brown skin; very high stature,

slim and well made ; thick, woolly hair, and dark brown eyes ; broad, flat

nose, sometimes highly arched, Eomanesque, or Arablike; thick lips;

long, oval face; slight prognathism and platyrrhiny; long, high heads,

with narrow foreheads, and median frontal protuberances; and large

brains, weighing from 1300 to 1500 grams. They do not exist in great

numbers except in certain sections, as in Virginia and North Carolina

where they are fairly prevalent. The Mulattoes are such a heterogeneous

conglomeration as to beggar description. Three classes do stand out dis-

tinctly though. One is the large, yellow Mulatto with every feature mag-

nified and like the Negro, tremendous frame, sometimes veritable giants,

and a conspicuous bumptiousness and volubility. Another is the small,

almost white Mulatto, with Caucasian features, neat, compact frame, and

partaking of the qualities of the Caucasian mentally. A third is that pe-

culiar mottled Mulatto or Mulattoid mentioned by Shaler.^* There are

all sorts of mixtures of all the classes mentioned above forming a not

inconsiderable part of the Negro population. There may be a few other

types of Negroes here and there, such as the Ethiopians, Papuans. N-^

gritos, and perhaps Australians, and one occasionally sees a red Negro,

probably a Foulah from the heart of Africa in the region of the Soudan,

or a Dahomian from near there, but these are so rare as to be inconsid-

erable. A few mixed bloods with Indian characteristics are occasionally

observed. This classification is slightly different from that given by Prof.

Shaler,°' but only in minor points. It does not differ materially from

Tobinard's"' classification of the Negro in the West and South of Africa,

from which sections nearly all of the Negroes of America are supposed

to have been brought.
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Foramen of Munro.

The position of the foramen of Munro bears an interesting relation to

the two ends of the corpus eallosum and to the brain center, sexually and

racially. Measurements are made on the brain axis, all points not on the

axis being projected to it by lines perpendicular to the axis. The average

of all measurements is represented in Table VIII in millimeters. In

this table " Genu " and " Splenium " mean the anterior and posterior

ends, respectively, of the corpus eallosum. The " Eatio " is the number

preceding it divided by the length of the brain axis for that race and sex.

The two hemispheres measure alike practically. A difference of one milli-

meter in the numbers in the table is to be ignored.

TABLE VIII.

Relative Positions of the Genu, Splenium, Fokamen of Munro, and Bbain

Centeb. Averages and Ratios.

SB S o S. fl S i

Sg .2 ^^5° .2 5§ -2 feSs .2 ^cS .2 .2

DO, eS(B'^c3ai «s St""? s 5 hOM « O « O « ^co p:3 2 tf m

Caucasian male 26 155 18 107 50 300 44 262 32 190 168

Negro male 28 170 16 95 48 285 44 262 32 190 168

Caucasian female 25 155 17 105 47 292 42 261 30 186 161

Negro female 29 186 14 90 43 270 43 276 29 186 156

The splenium is further from the brain center in the Negro than in the

Caucasian, and it is further posterior in the female Negro than in the

male. The foramen of Munro is nearer the brain center in the Negro

than in the Caucasian and it is nearest in the female Negro. The genu

is nearer the center in the Negro, and nearest in the- female Negro. The

splenium is further removed from the foramen of Munro in the female

Negro than in any of the others. The genu is nearer the foramen of

Munro in the females than in the males, there being no racial difference

in either sex here. The corpus eallosum and the foramen of Munro are

both placed further posterior in the female Negro, indicating that more

brain substance lies anterior to these structures in the female Negro than

in the others. This corresponds to the findings in relation to the position

of the fissure of Eolando. There is less brain substance anteriorly in the

female Negro, the apparent discrepancy being due to the fact that the

frontal lobes of the female Negro are long and slender. The male Negro

has an intermediate position between the female Negro and the Caucas-

sian in regard to the location of the corpus eallosum and the foramen

of Munro.
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Brain Axis.

The brain axis used in the measurements for this study is determined

and located by three points, the inferior border of the splenium, the su-

perior border of the anterior commissure and the foramen of Munro, A
line is drawn on each outline of the mesial surface of each hemisphere
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The line passes through the longest diameter of the brain in 68% of the

male Caucasian brains; 70% of the adult male Negro; none of the infant

male Negro; 60% of the female Caucasian, and 33^% of the female

Negro, The line passes near the longest diameter, below in front and

above behind, in 32% of the male Caucasian brains, 30% of the adult

male Negro, 40% of the female Caucasian, 66|% of the female Negro,

and 100% of the infant male Negro. This gives a distinct gradation

from the male Caucasian to the infant male Negro, the female Negro

resembling most closely the infant type. In relation to the brain axis

the infant has a larger amount of brain substance below the axis pos-

teriorly, and a smaller amount below anteriorly, than is found in any of

the others. When the brain axis does not exactly coincide with the long-

est diameter of the brain, lines are drawn from the ends of the brain

perpendicular to the axis, and in all cases the length of the axis between

these lines coincides in length, practically, with the longest diameter of

the brain. Eefer to Figures 1 to 4 and 8 to 12 for evidence of these facts.

The average distance between the lower border of the genu and the lower

border of the frontal lobe is 22 mm. in the male Caucasian, 21 mm. in

the male Negro, and 20 mm. in the female Negro. This difference, in

connection with the extreme thinness of this part of the frontal lobe in

the Negro, especially the Negro woman, indicates the frontal lobes to be

even smaller than is apparent in the outlines, and by measurements taken

from them.

The brain axis is used because it is located definitely by three points

that seem to be fairly constant in position, relatively; because it passes

through the longest diameter of the brain in the majority of cases; be-

cause it is a convenient line for measuring all parts of the brain in any

position, thus facilitatin^g speed and accuracy in brain measurements, and

affording a just basis for comparison of any brain in the relation of its

parts to each other and to other brains. By means of the brain axis a

brain center is established which is constant within a small circle, and by

a composite is shown to retain its position, relatively, in the brains meas-

ured. It is located just above and anterior to the opening of the aque-

duct of Sylvius into the third ventricle, a line drawn at an angle of 45°

above the anterior end of the brain axis through the aqueduct of Sylvius

passes through the brain center. It is just posterior to the gray commis-

sure in the sulcus of Munro separating the alar from the basal lamina of

the embryonic brain tube at a point that is perhaps as constant in posi-

tion as any other during development. Shifting of the brain axis by ro-

tation, antero-posteriorly or infero-superiorly, its usual variation when

it changes, does not alter the position of the brain center. If its position
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is slig-litly altered by shifting the axis up and down, the relations to dif-

ferent points remain the same. Shifting the position of the brain center

forwards or backwards indicates altered relations of the anterior or pos-

terior extremities of the brain outlines and is something to be desired as

an indication of existing conditions. The brain center, then, is a com-

paratively constant point and is a good one to use as a basis for all meas-

urements of the brain. By means of the brain axis and the brain center,

racial and sexual differences are demonstrated in the size and shape of

the corpus callosum; in the position of the fissure of Eolando; in the

amount of brain substance anterior and posterior to this fissure; in the

relations of the foramen of Munro to the whole brain, to the whole cor-

pus callosum, to the genu and the splenium, and the relation of these

parts to one another and to other parts of the brain ; and by means of the

brain axis and the brain center a system of notation is devised whereby

any point anywhere about the brain may be located definitely and accu-

rately. This may be done by representing the brain as a sphere, and us-

ing degrees of latitude and longitude, in this way bringing everything to

the brain center as a basis. The degrees of longitude may be represented

by semicircles connecting the extremitis of the brain axis and extending

over the surface of the brain in the direction of its long diameter. De-

grees of latitude may be represented by lines joining the terminal points

of radii drawn from the brain center to these semicircles. The anterior

end of the brain axis represents the north pole, and the posterior end the

south pole. The equator is represented by the outline of a vertical plane

passing through the vertex of the brain and through the brain center at

right angles to the brain axis, supposing the brain to be in its normal po-

sition with the body standing erect in all this description. The brain

axis will be horizontal under such conditions. A horizontal plane passing

through the axis and the right hemisphere will cut a semicircle around the

side of this hemisphere alnd this semicircle represents 0° longitude, which

v/ill be called L. 0°. Eevolve this plane to the left and upward through

a distance of 360° to its original position, and as it traverses the circle

its different positions in the course of its transit will vary from 0° to

360°, any one of which may be located on the brain surface. Thus the

mesial surface of each hemisphere above the axis will be L. 90°, the

mesial surface below the axis Avill be L. 270°, the horizontal plane of the

left hemisphere opposite L. 0° and similar to it will be L. 180°, and in-

termediate planes likewise according to position. In like manner the planes

of the outlines represented in Table II will be L. 45° for the right hemi-

sphere and L. 135° for the left. The degrees of latitude as radii from

the brain center begin at the north pole and pass towards the vertex of
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the brain through the equator above the axis, through the south pole and

through the equator below the axis to the original position, describing a

circle of 360°, the north pole being E. 0°, the south pole R. 180°, and

intermediate points likewise. These radii are to be represented on any

plane of longitude, and they ma,y be placed so close together as to form a

plane which will coincide with the anterior halves of L. 0° and L. 180°

when the radii are R. 0°, with the equator above the axis when the radii

are R. 90°, with the posterior halves of L, 0° and L. 180° when the radii

are 180°, and with the equator below the axis when the radii are 2?0°,

L. 0° and L. 360° are identical. R. 0° and R. 360° are identical. By
combining the degrees of latitude and of longitude definite points may be

located. For example, the vertex of the brain being at the central point

of the equator above the axis will be L. 90° R. 90°, and the bifurcation

(or junction) of the Crura cerebri will be about L. 270° R. 370°. The
point representing the right anterior association center as used in Table

II would be L. 45° R. 45°, and a similar point in the left hemisphere

would be L. 135° R. 45°. In this way any other point may be deter-

mined. The brain center being located, the distance of any point from

the brain center may be determi'ned. Degrees of latitude are used instead

of parallels of latitude in order to bring everything to the brain center as

a basis. To sum up these : There is a north pole, the anterior end of

the brain axis (R. 0°) ; there is a south pole, the posterior end of the

brain axis (R. 180°) ; there is an equator circumscribing a plane which

passes through the vertex of the brain and through the brain center at

right angles to the brain axis ; there are planes of latitude cutting sections

of the brain from the periphery to the center beginning at the north pole

and completing a circle by passing upward and backward to the south

pole, and downward and forward from this point to the original position,

the planes being represented by R. 0° to R. 360° ; and there are planes

of longitude cutting longitudinal sections of the brain, the planes passing

from the horizontal plane of the right hemisphere upwards and to the

left through a circle of 360° to the original position and being represented

by L. 0° to L. 360° in their course.

ADDENDA.

Certain relevant sul^jccts are not treated at length for various reasons,

but are simply added as an appendix that anyone who is interested may

examine, and take for what it is worth. Not much value is attached to

these subjects, but there may be something of value and interest in them

as discussed below.
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Brain Weight.

So many factors enter into brain weight that it is questionable whether

discussion of the subject is profitable here. A few points will be touched

on, however. The brain weight (Chart XI), actual or approximate, of

seventy-nine Negro brains in the fresh state is given. The average for

4-0%
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grams; the largest, 1275 grams; the smallest, 915 grams. The lot of

brains includes a larger number from high-class Negroes than from high-

class Caucasians, and a larger number from low-class Caucasians than

from low-class Negroes, this being especially true in regard to the Negro

males and the Caucasian females. This statement is based on the follow-

ing facts:

1. There is a larger number of deaths resulting from acute illnesses

and from accidents among the Negroes, giving a larger number of brams

from normal individuals.^^
"'

2. That a larger number of Negro bodies are regularly disposed of to

anatomists indicates less respect for the dead among Negroes, and it fol-

lows that more of the better class of Negroes would be received, since

the whites greatly outnumber the blacks in Baltimore.

3. It is well known that only the lowest classes of whites are un-

claimed, especially among the women, who are apt to be prostitutes, or

depraved, or the like, while among Negroes it is known that even the

better class neglect their dead unless provision has been made for their

care after death.

4. It is a well attested fact that the Negroes are at present roaming

over the country without fixed abode in greater numbers than the whites

and this might result in many stray unclaimed bodies of the better class

of Negroes being turned over to the anatomists, and finally,

0. Many Mulattoes and mixed bloods are included among the Negroes.

So then the brain weights do not really represent the exact racial dif-

ference between the Negro and the Caucasian, but do perhaps show that

the low class Caucasian has a larger brain than a better class Negro. Many

of the brains are from the senile, the demented, or those dying of wasting

diseases, which would tend to make the average weight lower than among

normal individuals. The total stature of the Caucasian ex-

ceeds that of the Negro, and the total body weight is slightly greater in

the Caucasian, the stature and body weight being greater in the males

than in the females. The majority of the Caucasian males and Negro

females were between the ages of 30 and 50, the majority of the others

under 35 or over 45. The percentage curve of brain weight for the two

races shows the greater number of Negro brains to be about 1100 to 1200

grams, the greater number of the Caucasian brains being 1300 grams and

over, with a drop in the number of Negro brains at 1300 grams and an

increase at 1400 grams, indicating a mixture of Caucasian and Negro

in the largest brains. There are on record the weiglits of less than 100

Negro brains,"" perhaps, with the exception of 380 weighed by Hunt and

Russell,"" who include Mulattoes and mixed bloods, as I have done. The
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average weight of twenty-two male Negro brains weighed by sundry men,

at various times, in divers places with different sj^stems of weights and

under dissimilar conditions is 1256 grams; the largest, 1458 grams; the

smallest, 1100 grams. The average weight of 10 female Negro brains

under similar conditions is 980 grams; the largest, 1325 grams; the

smallest, 738 grams. Waldeyer '^ gives the average weight of twelve Ne-

gro brains in the fresh state as 1148 grams; the largest, 1450 grams; the

smallest 780 grams. Sandford B. Hunt''^'" gives the average weight of

140 male Negro brains as 1331 grams; the largest, 1585 grams; the

smallest, 1010 grams; the average of 240 male mixed bloods, Negro and

white, 1285 grams; the largest, 1736 grams; the smallest, 980 grams.

Hunt concludes by grouping the brains according to the estimated amount

of white blood, that the weight varies directly in proportion to the amount

of white blood. The mulattoes and those more than one-half white hav^,

brains nearly as large as the pure white and larger than the Negro,

while those less than one-half white have smaller brains, those with the

least amount of white blood having smaller brains than the pure Negro.

Practically the same conclusion is reached by a similar classification of

the male Negro brains I weighed. The average for the mulattoes is 1347

grams; for those one-fourth white, 1340 grams; for the one-eighth Avhite,

1335 grams; for the one-sixteenth white, 1191 grams; but for the pure

Negro 1157 grams. The difficulty about any such classification is that

no two individuals may agree as to what constitutes the exact markings of

the different grades. Only those Negroes should be considered pure that

show no evidence of any previous crossing with another race at a previous

time, perhaps the low-class Guinea Coast Negro representing this type

in the brains studied. Certainly the high-class Guinea Coast Negro and

the Kaffir (Zulu) show unmistakable evidence of a previous mingling of

races. (Topinard).^''

The conclusion is that the brain of the Negro is smaller than the

brain of the white, the stature is also lower, and the body weight is less,

and any crossing of the two races results in a brain weight relative

to the proportion of white blood in the individual.

The skull capacity of the Negro has been repeatedly demonstrated to

be less than that of the Caucasian."

Test to Determine Eace and Sex of Brains.

When this work was undertaken I had handled comparatively few

brains, so I examined about twenty and measured them in various ways

before attempting to diiferentiate the Negro from the Caucasian brain.
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or the male from the female. After that a record was kept of the guess

made on each brain, except those I could recognize from previous hand-

ling, before the race or sex was known, these being looked up afterwards,

to determine the degree of accuracy possible in such a guess. The race

was determined correctly 70 times, doubtfully 5 times, and incorrectly

5 times in 80 brains. The sex was determined correctly 69 times, doubt-

fully once, and incorrectly 10 times. The race and sex were determined

correctly 60 times, one or the other correctly 15 times, and incorrectly 5

times. Of the 5 incorrect guesses a Caucasian female brain was taken to

Q 0>00 'OOP /'OO 'g^°^ '30° '^OP '^°°

CiiAKT XII.—Percentages of brain weight, in relation to stature and body

weight combined.

be a Negro male in one case (Xo. 1583), a Xegro female in another (No.

1537) ; a Caucasian male brain was taken to be a Nt^gro male in two

cases (Nos. 1716 and 1749), but with one of these there was some doubt;

and a Negro male was taken to be a Caucasian male in one case (No.

1707). ]\lulattoes partook of one type or the other as a rule, sometimes

resembling the Negro and sometimes the Caucasian more closely.

Conclusions.

1. The brain of tbe American Negro is smaller than that of the

American Caucasian, the difference being primarily in the frontal lobe,

and it follows that the anterior association center is relatively and abso-

lutelv smaller.
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2. The Negro brain can be distinguished from the Caucasian with

a varying degree of accuracy according to the amount of admixture

of white blood.

3. The area of the cross section of the corpus callosum varies with

the brain weight. However, in the Negro its anterior half is relatively

smaller than in the Caucasian, to correspond with the smaller anterior

association center ; the genu is relatively larger and the splenium relatively

smaller.

4. From the deduced difference between the functions of the anterior

and posterior association centers and from the known characteristics of

the two races the conclusion is that the Negro is more objective and the

Caucasian more subjective. The Negro has the lower mental faculties

(smell, sight, handicraftsmanship, body-sense, melody) well developed,

the Caucasian the higher (self-control, will power, ethical and esthetic

senses and reason).
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-ilG Some Racial Peculiarities of the Negro Brain

TABLE II.—LENGTH OF THE RADII IN MILLIMETERS FROM THE
DEGREE OUTLINE. ALSO DISTANCE OF FRONTAL AND OCCIPI
CENTIMETER FROM EACH END OF THE BRAIN. DEGREES BE

NEGRO MALE. LEFT SIDE.

No.
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BRAIN CENTER FOR EACH TEN DEGREES ON THE FORTY-FIVE-
TAL LOBES BELOW THE AXIS OF THE BRAIN, MEASURED AT EACH
GIN WITH 0° AT ANTERIOR END OF BRAIN AXIS.

NEGRO MALE. LEFT SIDE. —(Continued across.)

From anterior end. From posterior Index,
end. associa-

30°
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TABLE II.—CO.NTIMED.

NEGRO FEMALE. f.KFT SIDE.

No.
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NEGRO FEMALE. LEFT SIDE. —(Continiird across.)

From anterior end. From posterior Index
end. iissocia-

,
-•* M '^

^ tion
130° 140° 150° 160° 170° 180° 1cm. 3cm. 3cm. 4cm. 5cm. 1cm. 2cm. 3cm. centers.

65 65 66 71 75 70 12 13 12 10 . . 6 2 .. 92
71 74 76 79 83 82 7 12 12 13 11 8 13 5 94
73 74 77 77 75 76 3 6 7 .. 13 11 5 94
77 79 81 S3 85 88 5 9 9 7 8 12 . . 93
74 76 75 74 75 79 1 5 7 8 11 11 15 9 87

72
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TABLE II.—Continued.

NEGRO FEMALE. RIGHT SIDE.

No.
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NEGRO FKMALE. RIGHT SIDE.—(Contimu'd across.)

From anterior end. From posterior Index
end. associa-

I
*

-s,
*

^ tion
130° 140° 150° 160° 170° 180° 1cm. 2cm. 3cm. 4cm. 5cm. 1cm. 2cm. 3cm. centers.
69 74 75 78 80 80 2 7 9 9 8 14 14 .. 96
72 74 75 78 81 73 11 14 16 15 9 2 4 88
7(1 71 73 73 77 78 7 8 12 12 10 12 13 10 91
75 76 76 76 81 77 5 9 11 9 .. 3 7 7 92
70 72 73 73 75 72 3 7 11 13 14 5 10 5 97

71
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TABLE II.—CoxTiMJKD.

CAITCASIAN FEMALE. LEFT SIDE.

No.
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CAUCASIAN FEMALE. LEFT SIDE.—(Continued across.)

From anterior end. From posterior Index
end. associa-

w
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TABLE III.—AVERAGE LENGTH OF THE RADH IN MM. OF THE
ANTERIOR AND POSTERIOR HALVES OF THE BRAIN FOR THE
PLANES—HORIZONTAL, VERTICAL, AND AT 45°.
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TABLE III.—Continued.



426 Some Eaeial Peculiarities of the Negro Brain

TABLE III.

—

Continued.
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TABLE III.

—

Continued.
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TABLE IV.

—

Continued.
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TABLE IV.—Continued.
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TABLE v.—Continued.

CAUCASIAN FEMALE.



Robert Bennett Bean 431

TABLE VI.—AREA OF THE ANTERIOR AND POSTERIOR LINEAL
HALVES OF THE CORPUS CALLOSUM IN SQUARE CENTIMETERS.

Negro Male.
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TABLE VII.

No.

-RELATION OF THE PARTS OF THE CORPUS CALLOSUM TO
ONE ANOTHER.

Negro Male.

Sple- Isth- B^ (Jmum. mus. """-^ ""^

Caucasian Male.

No. ^Ple- I^*^- Body. Genu,mum. mus. """^J* ^^"^"•

Caucasian Female.

j^Q Sple- Isth-
mum mus. Body. Genu.

1189



ON OSSIFICATION CENTEES IN HUMAN EMBRYOS LESS

THAN ONE HUNDEED DAYS OLD.

BY

FRANKLIN P. MALL.

(Frorn the Anatomical Laboratory of the Johns Hopkins University.)

With 6 Text Figures and 7 Tables.

As the study of the bones preceded that of the other structure of the

human body, so their ossification was the first subject investigated in em-

bryology. The early anatomists became interested in the development of

bones on account of the difference between them in adults and children,

and it was but a step to their study, first in the foetus and then in the

embryo.

More than one hundred years ago the early ossifications were studied

with vigor and in a short time the subject was closed, and we may say that

our present knowledge dates mostly from before 1820. With the improve-

ment in embryological methods so many new fields were opened that it

did not seem worth while to destroy good specimens nor to make laborious

reconstructions to study a subject which seemed so unpromising in re-

sults. However, it is apparent that there is considerable difference of

opinion regarding the time of ossification as well as the number of centers

in certain bones, which frequently diminish as they are studied more

carefully.

We notice in looking over the older literature that the ossification was

studied by means of ordinary dissection after which the very small speci-

mens were dried upon a glass slide. Such specimens show sharply marked

bone centers, and are very useful, but unfortunately the embryos

are pretty well destroyed in their preparation. Furthermore, very small

centers and delicate attachments are difficult to see, and this defect in the

specimens has led to numerous erroneous conclusions. The time of ossi-

fication and the order of the appearance of the centers has never been

definitely settled, mainly because the specimens were not numerous and

were much injured in their study, and because the various investigators

did not determine correctly the age of the embryos. Thus, for instance,

we read in Beclard's article that the centers for the mandible, maxilla,

clavicle, humerus, ulna, radius, femur and tibia are present in an embryo

35 days old (16 lines long) which, according to my table, must be

54 days old. Numerous other embryos are studied in this article, each

American Journal of Anatomy.—Vol. V.
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time giving their ago in days or weeks, and usually omitting their length.

A similar criticism nuiy be made regarding Meckel's great paper from

whicli is derived our nuiin information regarding the development of the

spinal column and skull.'

The older illustrations of primary bone centers are not especially good,

for in them the finer details are obscure and the enlarging glass did not

aid to make them sharper. However, some of Meckel's pictures are still

used in the anatomies," but the small dried arms pictured in Bell's Anat-

omy ^ and in Eambaud & Renault's Atlas * have not been copied exten-

sively. Semidiagrammatic illustrations, i. e.. older bones with the earlier

centers marked in them have gradually taken their place. And it is only

in very recent years that suitable illustrations from X-ray pictures," from

transparent embryos ° or from reconstructions ' are taking their place.

The newer methods enable us to recognize and to follow the early ossi-

fication centers with much greater precision than was possible in

Meckel's time. Instead of a dissected and dried specimen we now have

sections and reconstructions, and what is still better transparent specimens

made according to the method of Schultze, which enable us to detect the

minutest bone (0.1 mm. in diameter) and to study it in relation to the

rest of the skeleton without destroying the embryo. And last, but not

least, we have a standard of measurement (the crown-rump line of His)

from which we can determine the age of the embryo with an error of but

a few days. It naturally follows that all that is now required is a

good collection of transparent embryos to determine the time of appear-

ance and order of development of the bone centers.

During the past half dozen years I have cleared from time to time

human embryos wdiich w-ere shrivelled or otherwise made unfit to cut

into serial sections. GTradually the number increased so that now^ I have

some 60 transparent specimens in my collection with crowm-rump meas-

urements ranging from 10 to 110 mm. in length. ^lost of these speci-

mens are used in this study.

^Beclard, Meckel's Archiv, 1820.

-Meckel, Meckel's Archiv, 1815.

^Bell's Anatomy, New York, 1834, p. 166.

^Rambaud & Renault, Origin et Devel. d. Os., Paris, 1864.

''Lambertz, Entwickl. d. Mensch. Knochengeriistes wahrend d. foetelen

Lebens, Hamburg; Bad«, Arch. f. Mik. Anat., 55; Cunningham's Anatomy,

2d Edition, 1905.

" Schultze, Grundriss d. Entwickl. d. Menschens, 1897.

'Gaupp, Hertwig's Handbuch d. Entwickelungslehre, Jena, 1905; Bardeen,

Amer. Journal of Anatomy, IV, 1905.
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We linve iirmluallv Icarnotl tliat it is best to clear specimens which

have been well shrivelled in alcohol in a 1% solution of KOH for a few

hours and not in the strong solution recommended by Schultze. With

the weaker solution the tissues, of the smaller embryos especially, remain

firm, and, in the end, the specimen is perfectly transparent with all the

bones held in place. After the treatment with potash the embryo is

placed in the following solution for days, or even for months

:

Water ^^ '

Glycerine 20

Potash 1

From time to time the embryo may be returned to a 3%> solution of

potash for a number of hours in order to hasten the process. The action

of the glycerine has been to make the tissue more resistant, and for this

reason the strengtli of the potash is increased. In case there is much

blood pigment in the embryo or it is otherwise colored through age, this

may be removed by placing the specimen for a number of days in the

strongest ammonia to which a little potash has been added, as recom-

mended by Hill.* In case the embryo is stained with alum cochineal be-

fore it is cleared the bones alone are colored red, and for the study of

their finer connections this is often an advantage.

Many of the embryos received recently have been preserved in formalin

and for a lon,g time it was practically impossible to clear them in the

ordinary way. Finally, in desperation, I placed such an embryo in a 10%
solution of potash and to my astonishment I found that it began to clear

at the end of a month. By further treatment it was found that such em-

bryos could be cleared perfectly well, and in case the bones are not decal-

cified by the formalin the very best specimens are obtained. In them the

tendons and other white fibrous tissue are rendered tougher than in the

specimens treated with alcohol alone. Finally when the embryos are well

cleared they are gradually transferred to stronger and stronger glycerine

until all the water is removed from them.

Before clearing the embryo it is well to cut it through the sagittal plane

into two equal parts, for by this treatment the bones are all brought into

view in the finished specimen. Later these halves may be fixed to glass

slides with gelatin, as recommended by Bardeen. The specimen is to be

taken from pure glycerine and wiped gently and then placed upon a

glass plate which is covered with melted gelatin. As soon as the gelatin

is cool this slide with the embryo attached is returned to pure glycerine

*Hill. Johns Hopkins Hospital Bulletin, 1906.
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which extracts the water from the gelatin and makes it very firm. The
ossification centers show best when viewed with a hirge lense over a dark

backgroimd in direct sunlight.

I have made numerous attempts to study the ossification centers in

serial sections stained in carmin and in hsematoxylin, but find that they

are by no means as satisfactory for this purpose as are the Schultze speci-

mens. An embryo 20 mm. long (No. 22), which we have studied with

great care shows no ossification centers in the sections, while embryos

15 mm. long show, them when cleared.* The model made by Ziegler,

which is from Hertwig's reconstruction of an embryo 80 mm. long does

not show the bones of the skull developed to as great an extent as they

are in cleared specimens. So for the present the Schultze method en-

ables us to locate the first bones with much greater certainty than do sec-

tions, with the possible exception of those colored with Mallory's con-

nective-tissue stain.

Ossification Centers in the Second Month.

All anatomists agree that the clavicle is the first bone to ossify and

that it appears about the middle of the second month or during the sixth

week. Beclard states that he found it in an embryo 30 days old, but as

E. H. Weber remarks in Hildebrandt's Anatom}', he has probably under-

estimated the age of the embryo. Judging by the number of ossification

centers present Beclard's embryo must have been 44 days old, for it corre-

sponds with my specimens 263, C and A. Meckel must also have under-

estimated the age of an embryo in which the clavicle was found to be

three lines long, for he places it in the middle of the second month. Ac-

cording to my reckoning, his specimen is fully 56 days old, for it corre-

sponds with my specimen 263, b. 2, Table II. Similar differences of

opinion will be found regarding the time of ossification of all sharply

defined bones due, no doubt, to the difficulty in determining the age of

embryos 100 years ago. Therefore, little is to be gained in reviewing

the literature upon this subject for such specimens, since the results are

not satisfactory when compared with a good series of Schultze specimens.

Especially is this true regarding the literature of obscure bones which are

said to arise from more than one center. In my description I shall,

therefore, confine myself closely to my own specimens.

" The same is shown in Bardeen's studies on the development of bones

(Anat. Anz., XXV & Amer. Jour. Anat., IV). The earliest stage of different

centers he describes are always a little later than those in which they may
be seen in embryos cleared in potash.
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Table I shows at a glance the. ossification centers wliich appear during

the second month. Five embryos of the 39th day wore cleared, and in

two of them the clavicle and mandible are found, while in one it is un-

certain whether or not the clavicle is ossified. When the question mark

(?) is inserted in the table, for instance for specimen E, it indicates

that a hvaline bodv is seen, but that it is not as white as an ossification

TABLE I.

Giving the ossification centers i>resent in embryo of the second month. The first hori-

zontal column gives the number of the embryo, the second their crown-rump length in

millimeters, and the third their probable age in days. * indicates that the bone given in the
first column is ossified ; ? that ossification is uncertain ; and 0, that the specimen is injured.

Number

Length

Age
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tidii in tlif fiontal. zyiioinatic, sciuaino-zy.uoinatic and pai'iclal hones in the

skull, the ilium in the lower extremity and the terminal phalanx of the

tluiml) in the hand.

Fig. 1. Embryo No. 333, enlarged 5 times. The outlines of the embryo
were taken from a fresh specimen.

The remarkable regularity of the appearance of the bones make of them

the best index of the size and age of an embryo we now possess. The
measurement of the crown-rump length of an embrvo is modified by the
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method of preservation and the amount of distortion, but neither of these

factors influences the order of ossification. I may add that the length

of the embryo was determined by direct measurement from crown to

rump, but in case the embryo was distoi'ted this uieasurement was de-

duced from the neck-rump length which is the least variable of external

measurements. The age of the embryos in days was obtained by multi-

plying the square root of the crown-rump length in millimeters by ten."

These ages correspond with the estimations given by embryologists. If

in the course of time our data enable us to determine the ages more 'ac-

curately, the ages I have ascribed to the various embryos can easily be

changed, for in all the specimens the length from crown to rump is also

given.

Ossification Centers in the Skull.

Mandibula.—The mandible appears a very little later than the clavicle.

In two embryos, 15 mm. long, 39 days old, it is present as a finely granular

or reticular mass, half a millimeter long, immediately below the epidermis

towards the free end of the first arch, representing, of course, the body of

the jaw. In the next specimen, 263, b, the mandibula is found to be a

slender but compact bone about one millimeter long reaching nearly to

the midventral line; in D it is a little larger and more sharply defined.

On the 42d day (No. 42) the bone measures 2 mm. and shows the begin-

ning of the ramus and of the alveolar process. It now gradually en-

larges, measuring 3 mm. in No. 56 and No. 333. The lower

jaw in these embryos is thin and transparent, showing a delicate struc-

ture. The alveolar process and the ramus are very transparent, while

the base and the part of the body near the midventral line is thick and

opaque. Much the same appearance is seen in No. 202 (55 days), while

in 274 the jaw is fully 5 mm. long and shows the beginning of the coro-

noid process and the condyle. A day later, No. 263, b, 2, the jaw is

6 mm. long, and within it can be seen three lines of thickened bone radi-

ating from the symphysis, one towards the angle, one into the condyle,

and one into the coronoid process. The next day a few sockets for the

teeth may be seen in the alveolar process. This condition remains, the

jaw only growing in size, until the 58th day (272) when the jaw appears

hollow and the three radiating lines no longer reach to its anterior end.

By the 75th day (288, b) the jaw has grown to be 10 mm. long and

meets its- fellow to form the symphysis on the midventral line. The

'"See Mall, Amer. Jour, of Anat., II, 335; Johns Hopkins Hospital Bulletin,

1903; and Johns Hopkins Hospital Reports, IX, 1900.



440 Ossification Centers in Ihiman Embryos

condyle has become much more sharply defined and its bone fibers again

reach to the symphysis. About this time the mylohyoid line and the

lingula appear. On the 83d day the ramus is becoming relatively thinner

and broader, the coronoid process has moved farther away from the con-

dyle, the angle has become more marked, and the alveolar process has in-

creased in length. The mandibula has now its characteristic shape, and

measures 14 mm. in length. In older embryos its form is characteristic

;

it gradually increases in size, measuring 10 mm. in embryo P.

Maxilla.—The maxilla, according to my specimens, arises from two

centers only, one to form the premaxillary bone and one to form the main

body. In one of the youngest specimens (263, b) the maxilla is marked

by a mass of granules, together one-half millimeter in diameter, lying

spread out just beneath the eve and one millimeter from the middle line.

In another specimen (C) it is impossible to find the maxilla, but a very

small premaxillary is found measuring one-fourth of a millimeter in

diameter. A second specimen of the 42d day (42) shows both centers

present as granular masses. The maxilla is just beneath the eye, over a

millimeter in diameter and the premaxillary is as small as in C and sep-

arated by a millimeter from the maxilla. A little later (56 and 202) the

two bones are denser in structure and both have parallel processes which

no doubt are to form the frontal process. These two bones are found

united along the alveolar border on the 56th day (274), but the frontal

processes remain separated for a long time. In another embryo of the

56th day (263, b, 2) the frontal process is found to be distinctly double,

one-half coming from each center, and the alveolar process is large and

includes both of them. The orbital plate and the palatine process are just

beginning and the zygomatic process is well developed. By grasping the

different sides of the bone between two needles it is easily demonstrated

that there is but one bone from this time onward. If much pressure is

exerted it is observed that the bone bends, and if too much, it breaks.

In later stages when the palate, temporal and zygomatic bones are present

it is easily seen that these are separate, although they come in contact with

the maxilla. At no time are more than two centers present, and these

unite in the very beginning of the third month. In Table II the parallel

lines are inserted between the columns for the maxilla and the premaxil-

lary for specimens, in which these two bones can still be recognized, but

they are firmly united. However, these processes, especially the zyogmatic,.

are easily broken off, and, judging by the illustrations of this bone in

Eambaud & Eenault, their numerous centers are due to such breaks. In

the next specimen (266) the premaxillary is separate, and not united

with the body of the maxilla ; in all of the older embryos they are united.
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At al)Out this time the palate hone is well developed and overla])s the

palatine process of the maxilla. A little later (2()3. h, 1) a small palatine

process arises from the promaxillary process and in older stages (300)

Fig. 2. Embryo No. 284 (54 mm. long), enlarged nearly 21/0 diameters.

Immediately beneath the squamo-zygomatlc the alisphenoid may be seen.

the bony palate reaches nearly to the vomer, in this embryo the infra-

temporal and orbital plates are well formed, and the hone is well hollowed

out, forming the well-marked hiatns "which communicates freely with the

cavity of the nose.
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After tlie pi-omaxillarv bone joins the maxilla it is in general cubical

in shape, measuring on a side 3 mm. on the Goth day; 4^ mm. on the T5th

day (-288, b) : and G nun. on the 85th day (300).

It is said by Kambaud & Eenault that the primary ossification centers

unite during the third month. Toldt states that tliey appear at the end

of the second month and unite at the end of the fourth montli. If Toldt's

statement is correct the primary centers should be present in practically

all of the embryos given in Table II. Toldt is a very reliable observer,

and in order to verify his statement I tested the maxillae in all of itiy

embryos by squeezing them between two needles, but at no time could I

demonstrate, more than one center, exclusive of the premaxillary. The

^'Q5.Q{y

Fig. 3. Diagram of the ossification of the occipital bone. The figures upon

or between the centers indicate the time in days in which they appear or

unite.

bone was dissected out in embryo 288, b, and was found to be a single

bone, and was broken with difficulty when handled with two needles in

glycerine. The opinion I have reached regarding the ossification of the

maxilla is fully confirmed by Ziegler's copy of Hertwig's model of the

skull of an embryo 8 cm. long, and by Schultze's illustration of the bones

of the skull of an embryo of the third month.

Occipital hone.-—According to the embryos I have studied, the occipital

bone arises from nine primary centers, two less than described by Meckel.

On the 55th day (202) two cartilages whicli are tliin and transparent,

and may be ossified, are seen just above the foramen magnum. A little

hater these cartilages are fullv ossified, are beginnino- to unite across tlie
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iiiidtUe line, and lateral to them two small new centers are seen. On the

next day all four centers begin to unite to form a single bone, the supra-

occipital, measuring 2 mm. in height and 6 mm. in width. In the same

embryo (263, b, 2) two very small exoccipitals one-quarter of a milli-

meter in diameter are seen. On the 57th day (266) the supraoccipital

centers are well blended and the interparietals make their appearance

as two reticular membrane bones, which unite during the next day

(263, b, 1 and 272). On the 65th day the basioccipital makes its appear-

ance and on the 75th day all the bones above the foramen magnum are

united into the single tabular part of the occipital bone. The accompany-

ing diagram shows the general arrangement of the centers with the date

of their appearance marked upon them and their time of union marked

between them.

Although there are over 20 perfect specimens in the cleared embryos

of the proper a,ges, in none of them is there any sign of more than two

centers for each interparietal as is asserted by Meckel, Eanke " and

Bolk." The supraoccipital is 6 mm. long, crossing the middle line in

an embryo 56 days old, and above it lie the interparietals which together

are a little narrower and nearly as long. At this time the exoccipital is

about a millimeter long. They all grow quite rapidly and on the 73d

day the supraoccipital and the interparietal begin to unite, j^ow the

former measures 4 x 10 mm. and the latter 2x7 mm. The common

squamous portion of the occipital bone measures 6 x 10 mm. on the

75th day, 12 x 16 on the 85th day, and 18 x 30 on the 105th day. The

growth of the exoccipital and basioccipital is not so rapid, the former

is 3 mm. long on the 73d day and 7 mm. on the 105th day; during the

same time the basioccipital grows to measure 2x6 millimeters.

The zygomatic hone.—The malar bone appears as a small three-

cornered center just beneath and to the lateral side of the eye on the

56th day. On the 58th day it is four-cornered and nearly two millimeters

long. Two of the horns, that is two of the corners, encircle the orbit and

one of the remaining two corners points towards the maxilla and the other

towards the temporal bone. The zygomatic grows larger and gi-adually

becomes hour-glass shaped, the constriction or narrow stem con-

necting the orbital side with the temporal and maxillary processes. By

the 75th day the bone has an area of 10 square mm., and the orbital end

has given rise to the orbital surface which now grows more rapidly than

the rest of the bone. On the 105th day the orbital surface is fully twice

"Ranke, Abhandl. d. K. Bayer. Akademie u. Wiss., XX.

"Bolk, Petrus Camper, II.
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as long as the distance between the maxillary and temporal processes and

gives tlie appearance of the horns upon an ox's head. At no time is a

second center visible.

Temporal hone.—This bone also appears on the 56th day as a small

hook-like nucleus about a millimeter long representing mostly the zygo-

matic process. The slightly enlarged dorsal end marks the beginning of

the squamous portion. The primary and only nucleus of the squamo-

zygomatic gradually enlarges, the zygomatic process growing longer and

the squamous portion spreading out over the temporal region of the head.

By the 58th day the squamous portion measures 2.5 mm. in diameter and

the zygomatic portion is also as long. At no time are these two parts of

the bone separated, but they are firmly attached to each other as may be

demonstrated by pressing them between two needles. They gradually en-

large and on the 65th day a small nucleus appears below the junction of

the zygomatic process with the squamous portion to which is attached

the delicate tail-like ring. The tympanic ring is present only on the right

side of this embryo (282). Gradually the ring enlarges and finally makes

the circle complete on the 85th day. The squamous portion at first be-

gins to radiate from its point of junction with the zygomatic, but as the

bone grows larger an axis is extended partly through the middle of the

squama from which this net-work of bone now radiates. During this

time the squamous portion grows below the zygomatic; on the 73d day

it measures 3 mm. in length, on the 85th day 7 mm., and on the 105th

day 11 mm.
Frontal hone.—The frontal also appears on the 56th day, a little later

than the time given by Toldt. In embryo No. 274 it forms a reticular

nucleus about 4 mm. in diameter with the orbital plate a little more de-

veloped than the rest of the bone. On the 58th day it measures 8 mm. in

diameter; on the 73d day 10 mm. and on the 85th day 15 mm.
Parietal hone.—This bone is a little behind the frontal in its appear-

ance, judging by its transparency and extent. On the 56th day it appears

as a very delicate reticular nucleus, about 3 mm. in diameter, which can

be seen only with diflBculty. A few days later (272) it is found spreading

towards the occipital bone and the middle line. It is now hour-glass

shaped, each end of which is about 4 mm. in diameter and may represent

the two centers described by Toldt. At this time the nucleus near the

sphenoidal angle is more extensively ossified, and its reticular structure is

coarser than in the nucleus near the occipital angle of the parietal bone.

The bone now grows rapidly, keeping pace pretty well with the frontal.

On the 105th day it measures 22 x 26 mm.
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iSplicnold himc.—The llrst center of the sphenoid to ajipoar is tliat of

the ptcnjijoul whieh niav he seen just hehind the palate in an enihryo 57

days old. it is a very small hone about one millimeter long with a small

T-shaped handle above, which possibly represents the vaginal process. A
day later (263, b, 1) the alisphenoid is present as a small rectangular

bone measuring about a millimeter on each side. Both centers grow

slowly until the 75th day when the alisphenoid measures 4 mm. in length.

At this time the main body of the pterygoid is not much larger than it

Fig. 4. Mesial view of the head of embryo No. 284 (54 mm. long), enlarged

214 diameters. The centers of the occipital bone surround the foramen

magnum. Behind the maxilla may be seen the palate, the pterygoid, and the

alisphenoid in order.

was at first, but the cross piece of the T is nearly a millimeter long. On

the 83d day (M) the orhitosphenoid is present as a rectangular bone about

a millimeter long. In the same embryo (M) the alisphenoid measures

3x6 mm. and the pterygoid is fully two millimeters long. A little later

(N) the hasisphenoid appears as two fairly large granules of bone, one

on either side. In an older embryo (300) the hasisphenoid granules are
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smaller than before, but after this the}- grow in size, and on the 105th

day they are united. The alisphenoid grows rapidly, is 8 mm. long on

the 73d day, and reaches out towards the frontal and temporal on the

105th day. By the same time tlie orbitosphenoid is hook-shaped, encircles

the optic foramen and measures o x 4 millimeters.

Palate hone.—On the 57th day both horizontal and vertical parts of

the palate bone may be seen. They are very thin, are united, and each

part measures a square millimeter in area. Xext day the horizontal part is

larger than the vertical and from now on they grow gradually, the parts

remaining of equal size. On the 58th day the area of each part is 4 square

millimeters; on the 90th day 6 square millimeters, and on the 105th day

9 square millimeters

Vomer.—The vomer is present in embryo jSTo. 266 as a delicate double

bone measuring about 2 mm. in length; in 263, b, 1, it is a little shorter.

On the 58th day the two centers are 3 mm. long, and on the 65th day

they are no longer, but are united at a single point near their anterior

end. The union spreads rapidly throughout the length of the bone, and

on the 73d day it appears as a single groove-like bone 4 mm. long. On
the 83d day it is 6 mm. long: on the 90tli day 2 mm. high and 7 mm.
long; and on the 105tli day it is 10 mm. long.

Nasal hone.—The nasal bone also begins on the first day of the third

month, although Toldt states that it ossifies during the 12th week. It

can barely be seen on the 57th day, and is well marked on the 65th day,

measuring at this time one square millimeter in area. It grows slowly,

being but 1.5 mm. square on the 83d day and but 2 mm. on the 105th day.

Lachrymal hone.—The lachrymal bone is the last of the bones of the

head to appear during the first 100 days of embryonic life. Gaupp states

that it appears at the end of the second month and Quain states that it

appears during the 8th week. Cimningham and Gray make similar state-

ments. Beclard, who always places the time of ossification too early,

states that the lachrymal appears on the 55th day, and Meckel, who is a

much more competent observer, states that it does not ossify until the

5th or 6th month. I find it present in an embryo of the 83d day, and

not before, as a narrow and very thin bone nearly 2 mm. long. In all

the specimens studied the eyes were removed in order to bring the region

of the lachrymal well into view and these specimens were studied with

the greatest care under the enlarging glass in direct sunlight. In an em-

bryo 85 days old the bone is much smaller, and in an embryo of the 90th

and one of the lOoth day, it is again about 2 mm. long and a little more

opaque than before. In the model from Ilertwig's laboratory, which is
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from an embryo 90 days old, the lachrymal is not over half as large as

the nasal, and Schultze's picture of an embryo of the 3d month does not

show it at all.

It appears then that the bhmder of Beclard regarding the time the

lachrymal begins to ossify, made nearly a century ago, has crept into the

anatomies and has remained there unchallenged.

Ossification of the Eibs and Vertebra.

The ribs.'—The ribs appear on the 55th day (302), no ossification

centers being present in an embryo of 54 days. In the embryo in which

they first appear they are not quite symmetrical on the two sides, the left

side having two centers more than the right. On the right side the 6th

rib is the largest, while on the left side it is the 7th, these two proljably

being the first to ossify in this embryo. They evidently make rapid prog-

ress in their growth, for on the 56th day 10 ribs are present, giving a well

proportioned thorax. On the 57th day the first rib makes its appearance,

and it is not missing in any of the succeeding embryos. The first rib is

then the 11th to appear and the 12th rib the last. Table III shows at a

glance that the 12th rib is variable, not being present in all cases. Ac-

cording to Bardeen,^^ this variation is very rare, being present but once

in 46 embryos studied by Paterson, Kosenberg and himself. The 13th

rib, which is not present in the specimens I have studied, seems to be

quite common in those reported by Bardeen. In adult skele-

tons, according to Bardeen, the absence of the 12th rib is about as com-

mon as the presence of a 13th rib, being nearly 1% for each variation in

908 skeletons studied.

A cervical rib is present in two of my specimens, and were it not for a

very accurate count, it would be easy to call the number of ribs in one

of them (288, b) normal, and those in the other (300) as an embryo with

a 13th rib. Of the 908 skeletons referred to above a cervical rib was found

but twice (having been found by Topinard in 350 skeletons) being, there-

fore, much rarer in the adult than in the embryos I have studied. How-

ever, we have found it three times in about 250 subjects " dissected in our

dissecting room, without looking for it especially, and for this reason we

do not know with certainty whether we found every cervical rib. The

nucleus representing a cervical rib was noticed by Albinus nearly two cen-

turies ago, and is spoken of by Meckel, Oken and Beclard as a rudiment

of a cervical rib " I think it probable, therefore, that careful search will

1* Bardeen, Anat. Anz., 25, 1904.

" Brush, Johns Hopkins Hospital Bulletin, 1901.

" Hildebrandt, Anatomie, II, 1830, p. 164.
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find, this rib mucli more common in the embryo than wc think it is,

—

possibly in 5^ of the specimens.

The arches.—The arches of the vertebrae appear on the 57th day as two

small granules of bone, one for the second vertebra and one for the

eighth. On the next day these two points of ossification have increased

on both sides of the embryo. In the cervical region the first and second

arches are present on the right side and the first three arches are on the

TABLE V.

Giving the times of ossification of the bodies of the vertebrfe.

No
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and tlie eio-lilli oi' ninth, ov Itotli. in the iippei' thoracic rofjion. This ap-

pearance indicates tliat the arcli first to appeal' is the largest for a con-

siderable time after other arches appear, a conchision which the earlier

anatomists deduced in studying the ossification centers of the ribs, arches

and bodies of the vertebrae.

Hie bodies.—The bodies are present in large number in an embryo 58

days old, although none are present in another embryo of the same age

as well as in a few excellent specimens a little younger. In this specimen

(272) the bodies extend from the 10th to the 25th vertebrge being very

small above and below, the 19th, 20th and 21st being the largest. A
specimen of the 65th day shows much the same appearance. They now

extend more rapidly towards the head than into the sacrum, fluctuating

in number on both ends of the spinal column. Until the 90th day the

bodies on the 20th and 21st vertebra? are the largest, indicating that these

two bones were the first to ossify. At no time were accessory ossification

centers seen nor were the bodies found to arise from two centers. Meckel

made the same observation in 1815, but several writers since his time

have spoken in favor of double ossification centers in tlie bodies of the

vertebrae, an idea much in vogue about the time of Haller.

Ossification of the Bones of the x\rm.

The clavicle.—The ossification center for the clavicle is present in

two, and uncertain in one, out of five embryos of the 39th day. In these

specimens, as well as in older ones, the clavicle is clearly made up of two

centers, a large one about .5 mm. in diameter near the median line and

a smaller one (.2 mm. in diameter, and .5 mm. long) reaching something

like a handle from the first, towards the shoulder joint. Together they

are about a millimeter long. A few days later (No. 42) these two bones

measure nearly 2 mm. together, the inner one, however, is much the

larger, and fully separate from the outer one. Towards the 45th day the

two centers blend, and a recent series of sections of an embryo 20 mm.

long (No 240), which had been stained in iron haemotoxylin, shows

them fairly well united. This specimen also shows the anlage of the

clavicle as composed of a peculiar cartilage with a deposit of granules

between the cells. The appearance is unlike that seen in the mandible

or in the humerus. By the 49th day the two centers are fully united, and

appear in a single bone 2 mm. long as is shown in an excellent specimen

(No. 333). By the 55th day it is 3 mm. long; the 58th day, 5 mm.; the

75th day, 9 mm., and the 85th day, 12 mm.

The humerus.—This bone appears on the 42d day as a very small cylin-
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drical center, but lialt' a millimeter in length. It grows cinite rapidly,

being 5 mm. long on the 58th day; 9 mm. on the 75th day; and 14 mm.
on the 85th day.

The radius and ulna.—The radius and tibia both arise on the 42d

day, and the ulna appears a few days later. They are hollow cylinders,'

a millimeter long on the 56th day, and 3 mm. on the 58th day. From
now on the ulna is always a little longer than the radius; on the 85th

day they are 13 mm. long.

Fig. 5. Hand of embryo No. 300 (7o mm. long), enlarged 3 diameters.

Scapula.—The first center appears about the middle of the region of

the spine as a small granule on the 55th day. By the 58th day it is 2^

mm. in diameter, and on the 85th day it is 9 mm. lon^g.

Metacarpal.—The second and third metacarpal bones begin at the same

time, for they are equally large in an embryo of the 57th day. On the

next day (263, b, 1) small fourth and fifth metacarpal bones are also

present, and in an embryo of the same age (272) the first one is added

as a small crescent-shaped bone with the opening of the ring turned
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toward the volar side of the hand. On the 75th day these bones are 1 mm.
long and on the 85th day they are 2 mm. long.

Phalanges, I.—The second and third bones of the first row of phalanges

are present in an embryo 58 days old as two small crescent-shaped bones

open toward the volar side of the hand. In an embryo two days older four

of the bones of this row are present. On the 64th day and thereafter all

five are present. On the 90th day they are 1^ mm. long.

Phalanges, II.—The second row are the last of the phalanges to ap-

pear. On the 75th day the center in the second phalanx is well formed

and those of the third and fourth phalanges are each represented as two

very small nuclei, the one on the radial side being a little longer than

the one on the ulnar side. On the 83d day (N) a single center appears

in the fifth phalanx. It is crescent-shaped with its closed side outwards,

and its open side directed towards the radial side of the hand. It retains

this form, growing only in size in embryos up to 105 days old. At this

time each of the bones of this row is about half a millimeter long.

Phalanges, III.—The first terminal phalanx is the first bone of the

hand to appear, being present in an embryo of the 56th day. It is club-

shaped being developed, unlike the rest of the phalanges, in connec-

tive tissue. Immediately following the appearance of the first terminal

phalanx the rest of the terminal phalanges appear, the fifth being very

minute. Lambertz first demonstrated that these bones appear before any

other bones of the hand, while Eambaud and Eenault thought that they

were the last of the phalanges to develop, and actually picture a hand of

an embryo with the ossification centers present in the second, but not in

the terminal row. Bade's X-ray pictures are too hazy to give any clear

idea regarding this point.

Ossification of the Bones of the Leg.

The femur.—The ossification center of the femur appears on the 43d

day and grows gradually, being 1.5 mm, long on the 55th day. On the

58th day it is 4 mm. long, on the 75th, 8 and on the 85th 15 mm. long.

Tibia and Fibula.—The tibia appears on the 44th day and the fibula

on the 55th day, at which time the former is about one millimeter long.

Throughout the early development the tibia remains a little longer than

the fibula, and about 25% shorter than the femur.

Ilium.—The center of the ilium appears a little anterior to its center

on the 56th day, and by the 58th day it measures 2 mm. in diameter. It

soon has a knob-like process on its posterior border which often appears as

a small adjacent nucleus above the great ischiatic notch. By the 85th

day the antero-posterior length of the center is 6 mm.
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Ischium.—This nucleus appears first on the 105th day in the body of

the ischium. It is one millimeter in diameter in embryo E.

Calcaneum (variation).—A nucleus one millimeter in diameter is in

the middle of of this bone on both sides on the Goth day. It is not pres-

ent in any of the older embryos.

Metainrsal hone.—The second metatarsal bone is the first of this row

to appear and is present as a small nucleus in an embryo 58 days old.

In an embryo 60 days old the second, third and fourth metatarsal bones

have begun to ossifv and in a second embrvo 58 davs old all five bones

Fig. 6. Foot of embrj'o No. 300 (73 mm. long), enlarged 3 diameters.

are present, the second being the largest. On the T5th day they are

about one, and on the 90th day about two millimeters long.

]\Iy data correspond in time with those given by Quain, who states that

the metatarsal ossify in the 8th or 9th week. Other anatomists find the

time of their appearance all the way from 6 weeks (Gegenbaur) to 5

months (Schwegel). Hasselwander,'" who has made an exhaustive study

of the ossification of the l)ones of the foot, fixes the time of the appear-

" Hasselwander, Zeit. f. Morph. u. Anthropol., 5, 1903.
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ance of the metatarsal between the 9th and lOth weeks. Unfortunately

Hasselwander does not give the crown-rump measurements of his speci-

mens, making it difficult for me to estimate their age. However, I am in-

clined to think that he has overestimated the ages of all of his embryos.

Phalanges, I.—The center for the first bone of this row is present in

an embryo 83 days old and all of them are present in another embryo of

the same age. On the 85th day a specimen shows but the first and sec-

ond bones. Tn the earliest stages the bones often appear as double centers,

one on the dorsal side and one on the volar side of the bone. Soon two

delicate half rings unite the primary centers to form the shaft which

in the older embryos of my list is but half a millimeter long. Hassel-

wander places the time for the appearance of this row all the way from

11 weeks to 4 months, the centers not being constant until the latter part

of the 4th month.—The second row of phalanges is not ossified in any of

my preparations. They appear shortly after the 110th day, according to

Hasselwander, although the older French anatomists place the time much
too earl}^, Eambaud and Renault on the 45th day

!

Phalanges, III.—The first terminal phalanx appears on the 58th day

and is therefore one of the first bones of the foot to ossify, as was cor-

rectly stated by Meckel nearly a century ago. After this time, in all the

embryos studied, the first four of the terminal phalanges are present,

while the fifth is not constant until the 90th day, althoi\2:h it is present

in three younger embryos. Eambaud and Eenault fix the time of ossifica-

tion of the first four terminal phalanges in the 4th month, and the fifth

after birth.

It may be noted a,gain that early ossification centers are best seen in

Schultze specimens viewed in direct sunlight with a purple background,

with a large lense which magnifies two or three diameters, in order that

both eyes may be used. The very earliest deposit of bone cannot be seen

with certainty in ordinary serial sections stained with hrematoxylin and

eosin or with carmine.

Much of the trouble in determining the time of ossification is due to

the uncertainty regarding the age of the embryos studied. In my speci-

mens the age is estimated in days by multiplying the square root of the

crown-rump length in millimeters by 10. This measurement was made

with great care, and is given each time with the age. If the calculations

of embryologists are correct, my estimations of the age of the embryos

cannot be out of the way more than a few days. Estimations of the age

from the last menstrual period alone may be fully a month in error and

are nearlv alwavs in need of correction.



DESCEIPTION OF A 4-MM. HUMA^t eMBEYO.

J. L. BREMER.

With 16 Text Figures.

This embryo, series No. Tl-i of the Harvard Embryologieal Collection,

noted as about three weeks old, is an excellent subject for study because

of its good preservation and successful sectioning. Unfortunately the

drawings of the whole embryo are inadequa^te, so that the sketch given here

has been altered slightly to conform more accurately with the shape as

we find it in the serial sections. The necessity for a part of this altera-

tion may, of course, be due to shrinkage, but the form, as given in Fig.

7, is certainly at least approximately correct. This shows a large head,

flexed sharply on the body, a curving back ending in a curled tail, twisted

spirally to the right; a marked protuberance below the head for the

heart, and an outgrowth for the fore limb. There is no trace of posterior

limb. Appended to the ventral surface below the heart is the yolk-sac,

represented here as cut irregularly, and at the right side of this,

posteriorly, the body-stalk, cut near the chorion. Four pocket-like de-

pressions, the gill clefts, lie behind a larger depression, the mouth.

There is no surface marking to indicate the eye. Protuberances corres-

ponding to the primitive segments are not shown in the original drawings,

though plainly visible in a model of the rump region (Figs. 15, 16)—
perhaps the irregularities of surface have increased with shrinkage.

There is no sign of distortion or injury.

The embryo was preserved in 10 per cent formalin, imbedded in

paraffin, and cut in a transverse plane. On microscopic examination

the tissues are found to be excellently preserved; even the frequent

mitotic figures in multiplying cells show clearly. In fact, by the histo-

logical condition, as well as by the external appearances, we are led to

believe that the specimen is normal, and yet the state of growth of some

parts and the form of others do not agree with the descriptions of human
embryos of the same size given by His and other investigators.

The most notable difference is in the stage of growth of the nervous

system. His describes the thickened medullary plates as having already,

in an embryo of this size and general stage of development, been changed

throughout their entire extent from a groove to a closed tube; but in

American .TorRXAL of Anatomy.—-Vor,. V.



Fig. 1. Models of Brain and Pharynx. X 60.
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this embryo the closure is incomplete in the anterior part of the head,

and also for a considerable distance from the end of the tail, givinii^ 1)oth

an anterior and a posterior' neuropore. This is the more interesting

when we consider that in l:)oth the pig emhrvo and the ralihit einhrvo.

Fig. 2. Fig.

Fig. 4. Fig. 5.

Fig. 2, 3, 4 and 5. Sections through head. X 60.

as described in Keil)er''s Xormentafeln, the closure of the medullar}^

tube is completed only after the formation of the head and neck bends,

as in this human embrvo.



4G2 l~)c'seriptioii of a l-mm. Unman p]inl)rvo

DlvSt'inPTlON OF MoDKI.S.

MODEL OF B15AIN.

This model is shown in side view in Fig. 1, and again in Fig. 6, there

turned so as to be seen nearly from below. The fore brain is divided

into two parts, one of which includes the anterior neuropore (marked

by tlie rolled ectoderm, shown only where that of the brain joins that

of the skin), the lateral pocket of the optic vesicle, and further from

the anterior end on the ventral side the enlargement for the hypophysis,

wdiieh fits between the tw^o lobes of this gland arising from the pharynx.

Fig. 6. Model of brain, seen from below. X 60.

The relations of the pharyngeal and medullary portions of the hypophysis

are shown in Fig. 3, the photograph of a section of this part of the

embryo at this level. Of the other photographs of the brain. Fig. 4

represents a section of the anterior part of the hypophysis, showing its

continuity with the cavity of the brain, and Fig. 5, a section passing

through the optic vesicle and the anterior neuropore. The plane of sec-

tion is shown by the line betw^een the two pieces of the model.

In this first portion of the fore brain there are, beside the anterior
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neuropore, two other areas, shown in the model, where the ectoderm of

brain and skin are continuous; one in the mouth region, and one behind

(following the curve of the brain) the neuropore. Moreover just be-

hind this last area there is a distinct prominence of the brain tube, not

Fig. 7. Drawing of whole embryo. X 30.

attached to the skin, which simulates a neural crest, as though for a

pair of cranial ganglia. This of course must soon disappear, as no such

pair of ganglia exists at a later period, but its presence is interesting as

showing a tendency of this anterior portion of the brain to develop as

do the more posterior portions.
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Between this anterior part of the fore brain and the mid brain, not

marked distinctly from cither, is found a narroAV strip of less caliber

than the anterior portion, with no special prominence and no connec-

tion with the ectodonn of the skin. A cross section of this is shown in

Fig. •>.

The mid brain, occupying the head bend, is also without special in-

terest, except that it is of smaller caliber than might be expected. It

merges without line of demarcation into the hind brain. The hind brain

is again divisible into two parts; one posterior, smooth, of nearly even

caliber, merging gradually at the neck bend into the spinal cord; and

one anterior, showing a further development. The roof of this anterior

part is thin, has become shrunken and crumpled. As yet, however, there

is no sign of a Varolian bend. Attached to the side, ventrally, are two

Med.gr.—Mfi^-'

Nek— '*^^

In..

Ll.um.

Fig. 8. Section through body of embryo, near the cloaca. X 60.

ganglia, one for the Trigeminal nerve, and one for the Acoustico-facial

complex, in which there is only a faint indication of separation into

distinct nerves. Behind this second ganglion, applied closely to it, lies

the otocyst, a rounded hollow vesicle, close to the brain, but not touching

it, and still attached externally to the ectoderm, a patch of which can

be seen on its outer surface. Of the other cranial ganglia nothing is

shown in the model, as they are represented only by diifuse groups of cells

on each side of the hind brain, not yet divided into separate ganglia,

and not attached to the brain wall. There is a peculiar notch in the

floor of this part of the hind brain, shown in Fig. 1, between the two

ganglia, bounded by two rounded prominences seen better in Fig. 6,

the significance of which I do not know.

On taking off the top part of the model, we find that the cavity of

the hind brain is marked by a median ventral furrow. The sides are
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smooth, except in the anterior portion, wliciv there are distinct traces

of neuromeres. Toward the cord tlie cavity is compressed hitcrally, but

there is no sign of a groove between the zones of His.

Fig. 6 shows the wide open anterior neuropore, througli whicli one

can look into the hollow optic vesicles, and into the median cavity of

the fore brain, which is seen to be a narrow slit, compressed laterally.

The edges of the opening are broadly curved or rolling, with no demarca-

tion to indicate where the future line of closure is to be. This is sho^yn

in section in Fig. 5.

MODEL OF PHARYNX AND AORTIC ARCHES.

The pharynx, of which the model is a cast, the shape of the cavity

being represented, is shown in Fig. 1, in its proper relation to the brain.

It consists of a broad body opening anteriorly into the mouth, the lateral

extension of which, between the maxillary and mandibular processes, is

represented as a cut surface. On the dorsal surface of this body, near

the fore brain, are irregularities, chiefly two rounded ridges, one on each

side of the median line, representing the out-pocketings for the pharyn-

geal lobes of the hypophysis, as shown in Fig. 3, and explained above.

Behind these, at the angle made by the roof of the pharynx correspond-

ing to the curve made by the brain at the head bend, is a median ridge

or point which is continuous with the notochord, and marks the anterior

end of the latter. Toward the esophagus, into which the body of the

pharynx merges, the cavity becomes more and more compressed laterally,

until it is an antero-posterior slit. From the sides of this main cavity

three lateral out-pocketings project, the most dorsal one being divided

into two smaller projections near the end. These represent the gill

pouches, and diminish in size from before backward. The first two

rapidly become compressed antero-posteriorly and end in blunt, more or

less vertical ridges, while th^ third is more tapering, and the fourth ends

in two distinct pointed branches.

In the tissue between the opening of the mouth and the first gill

pouch, and also between the first and second, and second and third gill

pouches, run the first, second, and third aortic arches on each side, joined

dorsally by the dorsal aort^e, which make an impression on either side

of the median line of the body of the pharynx, and then continue down-

ward, beside and behind the oesophagus. On the model, the aortic

bulb is represented as cut off just above the standard; a cup-shaped

chamber leads from this forward, and gives off on each side two vessels;

one pair of vessels forms the first aortic arches, a second pair divides

34
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into the second and third arches of each side. The connection between

tliese Last two pairs of arches and the aortic stem is very slender, com-

)iressed laterally, as though the arches had grown from the dorsal aortte

and had only just united with the ventral aorta\ Of the fourth and

lifth aortic arches the only trace is the rim of the cup-shaped part of the

ventral aorta, shown in the figure below the bend of the third aortic

arch. Xo branches come from the dorsal aortas in the position of these

fourth and fifth arches. The dorsal aortae are joined in a single median

vessel for a considerable distance along the back; there is no trace of

carotid branches from the first arches toward the head.

MODEL OP HEART.

An anterior view of the model of the heart is given in Fig. 9, the

model is seen slightly from the right side. The most anterior portion

is the large rounded aortic bulb {B. ao.), cut off just below its division

into aortic arches as shown in the model of the pharynx. Continuous

with this is the ventricle (Vent.) a large single chamber, beginning at a

constriction marked by a groove on the outside (Gr.), extending down-

ward on the left side, turning on itself to form the apex of the heart, and

then tapering upward to merge wnth the aortic bulb. The walls of the

ventricle are thick, smooth externally, but internally very irregular, with

deep pockets lined by endothelium leading from the main chamber, rep-

resenting the sinusoids of the heart. In the aortic bulb the walls be-

come smooth internally; there is no sign of division into right and left

ventricles. The left auricle (Lt. au.) is placed above the ventricle,

marked from it externally by the groove. Its walls are thin and folded,

probably by pressure, and internally the endothelium is smooth, w4th no

pockets nor trabeculae. The left and right auricles are joined near their

upper ends anteriorly by a prominent ridge, enclosing a cavity, which

extends downward, compressed antero-posteriorly, and opens by a nar-

row channel into the ventricle to the left of the median line. Above

this connection the right auricle rises dorsally to a rounded peak, not

quite so high as the top of the left auricle, from which it is separated

by the intestine (In.), but, unlike the left auricle, the right extends far

below the auriculo-ventricular canal as a spacious pouch, reaching almost

to the level of the apex of the ventricle, and occupying a position behind

and to the right of the aortic bulb and the lower part of the ventricle.

Here, as in the left auricle, the walls are thin, smooth on both external

and internal surfaces, and thrown into great folds. If this auricle were

distended it could certainly contain a larger volume of blood than the
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ventricle. This enormous right auricle is not, to my knowledge, figured

in any model or drawing of human or other mammalian hearts of any

stage, hut conforms almost exactly to the Selachian heart.

The blood enters the heart by way of the right auricle, from the sinus

venosus, as is shown in Fig. 10. In this figure the heart is viewed from

behind and slightly from the left side, and a portion of the model, the

Rt. au

Fi(i. 9. Model of heart, anterior view

dorsal wall of the sinus venosus, has been removed. The jugular veins

from the head region and the umbilical veins from the body join on

either side, on the left more anteriorly than on the right, and from this

junction on each side an irregular sinus extends across the embryo, in-

terrupted in places by bands of tissue (the cut end of one of which is

seen in the figure) into which open dorsally the two vitelline veins.

From this sinus venosus the blood passes to the right auricle by two sep-



468 Description of a 4-iriiii. iriunnn Embryo

arate openings {.r and //). Here again this embryo differs from those

previously described or modelled, in all of which a single channel leads

from sinns vcnosus to right auricle. Dr. Minot has recorded separate

openings into the heart for the cardinal and omphalo-mesaraic veins in

the chick (Textbook, p. 282), l)ut the (loiihlo openings just described do

not appear to be correlated witli tliosc in the ])ird.

Fig. 10. Model of heart, posterior view. X 90.

The heart lies in the body cavity or coelum, and is attached to the body

wall by the sinus venosus, and to the intestinal tract by a short fold of

mesenchyma. Fig. 10 shows also a portion of this intestinal tract; the

mesodermal part has been partially dissected away from the entoderm

in order to show the outgrowth destined to become the lung (Lu.). This

outgrowth, situated at the level of the left auricle on the ventral side of
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the intestine, where the pharynx is becoming narrowed to form the

oesophagns, is rounded, irregular, and extends to right and left and

caudally. The right side of tlu> outgrowth is the larger and extends

further tailward, leaving the oesophagus at a more acute angle than the

left, a reversal of the adult condition. There is no distinct trachea, as

the cavity of the cesophagus is continued directly into the cavities of the

rio-ht and left lobes of this outgrowth.

._ Rt.um.v.

Fig. 11. Model of veins near heart, dorsal view. X 160.

MODEL OF VEINS NEAR HEART.

This model represents the venous channels as solid, and includes the

junction in the sinus venosus of the three large pairs of veins, the jugular

and the umbilical veins in the body wall, and the vitelline veins in the

intestinal wall. The sinus venosus is shown as a cavity in the model of

the heart, so that these two models overlap to a certain extent. Fig. 11

shows the model as seen from the dorsum of the embryo ; Fig. 12 as seen

from the left side; and Fig. 13 is a view taken from the caudal end of

the embryo, and a little from the right side.

The umbilical veins, entering the embryo by the body stalk, run in the
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hotly wall J'orwai'd. at a IcncI ventral to the intestine, varying only slightly

in diameter. At points Jittering slightly on the two sides, more an-

teriorly and dorsally on the left, they join the two jugular veins and

turn inward (on the left side also ventrally) as the sinus venosus. From
each jugular vein, nearly at its junction with the umbilical vein, arises

a small bud, the future posterior cardinal vein (P. card.). The Duct of

Cuvier (D. C), later a well marked trunk extending from the junction

Jugf.

— Rt. vit.v.

Ri.ciu.

Jug.
;

U.'um.v.

P. card.

Fig. 12. Model of veins near heart, from left side. X 160.

of jugular and cardinal veins to the entrance of the umbilical veins, can

in this embryo, then, scarcely be said to exist, so short and ill-defined

is it.

The sinus venosus is seen, as in the model of the heart, extending

across the embryo, an irregular cavity subdivided by bands of mesen-

chyma (represented in this cast as holes), and emptying anteriorly into

the right auricle by two channels (Rt. an.). Into this sinus empty also

the two vitelline veins (Vit. v.) one on each side of the intestine, at a

level dorsal to the umbilical and jugular veins (Fig. 12). The vitelline

veins, unlike the two other pairs modelled, vary greatly in caliber; they

are small and rounded at their entrance into the sinus venosus, hut more

caudally spread into large channels, each with a mesial wall straight,
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vertical, fitting closely the sides of the entoderniic intestine, which lies

between them (Figs. 11 and 13). The lateral wall of each vitelline vein

is verv irregular, giving otf many hranclu's, wliich join to form new longi-

cc

X

tudinal channels, the whole making an irregular plexus. The plexus

from the right vitelline vein is more developed than that from the left,

and has even acquired an opening of its own into the sinus venosus
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(Figs. 11 and Vo). From the plexus on each side branches extend ven-

trally, those on the right ending blindly, bnt one on the left side joining

by a narrow channel (Figs. 12 and 13, x) with another venous plexus

(F. pi.) extending across the median line, ventral to the intestine, and

posterior or caudal to the sinus venosus, from which it is entirely free.

This ventral plexus is in intimate relation with the liver, and will be

spoken of more fully in the next section.

Posterior to the outgrowth of these plexuses the vitelline veins divide

into many branches which spread out over the yolk sac, into which the

intestine soon opens. Cut ends of some of these branches may be seen

in Fig. 13.

MODEL OF THE LIVER.

This model is seen from the caudal end, and a little from the right

side in Fig. 14. The intestine is a large tube much compressed laterally,

and the vertical right side is shown. From the ventral border of this

tube hangs a large outgrowth, extending first ventrally, then laterally,

then dorsally, composed of an irregular mass of entodermal cells, which

tends to break up into cords, often anastomosing with each other. Only

the right side of this mass has been modelled. The cavity of the intes-

tine passes for a short distance into this mass, but without subdivision,

so that all the cords and irregularities are solid. In the model a part of

the left wall of the intestine has been cut away to allow a view of this

cavity.

It has been stated by other Avriters that the liver arises by cords of cells

which grow into the territory occupied by a large vein, pushing before

them, and thus becoming invested by the endothelium, and forcing the

blood to run in small, anastomosing channels, the sinusoids. This state-

ment would not be true of this embryo, for the liver cords are found

growing into mesenchyma, at a level ventral to the vitelline veins ; in this

same mesenchyma, however, we find the branches of the vitelline veins

ramifying, and forming plexuses, and in certain places these plexuses

come into intimate relation with the liver cords. These points of con-

tact, where veins and liver actually touch, are marked in the model of

the liver (Fig. 14, V.), and are seen to correspond with the anterior

surfaces of the portion of the plexuses marked in the model of the veins.

(Fig. 13, li.). These two models might be fitted together, in which case

we should find the intestine lying between the vertical, mesial walls of

the two vitelline veins, the liver spreading in the same mesenchyma that

contains the lateral and ventral venous plexuses, between the sinus-



J. L. Bremer 473

vcnosus ill front and the ventral venous plexus behind; but the two

models would come into actual contact only at the points marked and

already noted. As both tlie liver and the venous plexuses continue to

grow, they will come into contact over more and more of their extent,

until finally the result of small, anastomosing channels, the endothelium

of which is in close contact with the liver cords, will be produced. The

method by which this result is attained is, however, in this embryo dif-

ferent from that usually described ; in the one case, the cords of liver

cells push against the walls of a pre-existing large venous channel,^ and

ParA

K
Fig. 14. Model of liver, from caudal end. X 160.

by invaginating these walls, make finger-like trabecule within this large

space, yet separated from the cavity by the endothelium which invests

them. These cords then anastomose until the cavity of the vein is sub-

divided into many smaller channels, the sinusoids, all lined by the origi-

nal endothelium, and having for walls, beside this endothelium, the cords

of liver cells. In this embryo, on the other hand, the cords of liver cells

and the small branches from the vitelline veins are both pushing into

the same mesenchyma, both growing rapidly, until, the mesenchyma re-

maining small in amount, the whole enlarged mass will be made up

practically of the veins and the liver cells, which by their continued

growth must come into contact, the veins filling practically all the spaces
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between the cords, and the thin endothelium becoming wrapped around

the cords; and thus the adult condition wull be reached.

In this model is also shown the anlage of the pancreas. (Fig. 14, Pa.)

It is a small, knob-like mass of cells, with no cavity, growing from the

ventral border of the intestine just caudal to the liver outgrowth, but

distinct from the latter. Further down the intestine (nine sections in

the specimen) where it has begun to expand to the yolk sac, is found an-

other, smaller mass of cells, growing also from the ventral border, which

probably represents a second anlage of the pancreas; there is no sign of

a dorsal anlage. The pancreas also, then, differs from those usually de-

scribed, as it has prol)ably two outgrowths, neither from the liver stalk,

for the duct of Wirsung, and as yet no outgrowth to represent the duct

of Santorini. There is no enlargement of the intestine above the liver

for the stomach.

MODEL OF THE TAIL EXD OF THE EMBRYO.

This model has been photographed in two positions, once (Fig. 15)

squarely from the right side, and again (Fig. 1(3) still from the right

side, but also a little from behind. The left side of the model shows

the surface of the embryo with the umlnlical cord attached to it. A
portion of the right side, that at the tip of the rump, shows the outer

surface also ; but for the remainder of this side, the ectoderm of the skin'

and the mesenchyma have been dissected away to the median line, which

in this part of the embryo is distinctly curved on account of the spiral

twist of the tail. The curve can be clearly understood by referring to

the photograph of a section (Fig. 8) at the level of the two brass handles

for moving the model, shown in Fig. 16. The plane of section is shown

by the bottom line of the dissected part of the model. The outline of

this section will explain the irregularities of the surface at the rump end

as seen in the model. Posteriorh^ froui the median line forward extends

a rounded, smooth area overlying the spinal cord; next this anteriorly,

another rounded area, broken by transverse grooves into irregular

mounds, representing the primitive segments; and still more anteriorly

a broad, smooth area, separated from the last by a longitudinal groove,

covering the body wall, within which lies the coelom. These three areas

are curved upon themselves at the rump end, the protuberant body wall

making a distinct ledge-like projection, as seen in tlie photographs (Figs.

15, 16, B. IV.).

Spinal cord.—The spinal cord is shown in both drawings, appearing

at the dorsal side of the embryo, directly under the ectoderm of the skin.
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The shape in cross section can be seen in Fig. 8; the opening of the canal

to the outside is artificial, a tear in the section. The spinal cord follows

the curve of the rump, passing nearly out of sight in the undissected

part, but reappearing nearer the tail. Here a change has taken place.

The ectoderm of the spinal cord and that of the skin have been gradually

becoming continuous, and just after rounding the curve of the rump the

medullary tube is replaced by an open medullary groove. This opening

of the s})inal cord to the outside is accompanied, as in the case of the

anterior neuropore, by a rolling of the edges, as shown in Fig. 16, and in

section in Fig. 8. The groove becomes wider, until the sides lie in the

same plane, but the medullary plate is distinguishable from the ectoderm

of the skin, almost to the end of the tail, by its thickness. At the tip of

the tail, which has been cut o£E in the model, all the tissues become

merged into an undifferentiated mass.

Notochord.—The notochord, shown in the back region in Fig. 15, and

in the tail region in Fig. 16, lies just ventral to the spinal cord to which

at times it seems attached (Fig. 8). In cross section it is at first rounded,

but at the curve of the rump becomes oval, with long axis dorso-ventral,

and considerably larger. It follows the curve of the spinal cord, and is

lost not far from the end of the tail by merging with the spinal cord

(Fig. 16).

Aorta.—The aorta lies ventral to the notochord, separated from it by

a narrow strip of mesenchyma. At first, {. e., in the back region, it sends

ojffi small buds, not always directed laterally, apparently not segmentally

arranged, but presumably representing intersegmental arteries. At the

apex of the rump curve the aorta, now entirely separated from its fellow

on the opposite side of the body, leaves the notochord and curves sharply

forward. At this point a branch is found, extending laterally and toward

the spinal cord, mesial to the Wolffian duct; this is the iliac artery (Fig.

16, //. ar.). Beyond this branch the aorta passes, as the right umbilical

artery, lateral to the cloaca and the allantois, to the beginning of the body

stalk, but here becomes obliterated on the right side (Et. urn. ar.). On

the left side, however, the left umbilical artery (Li. inn. ar.) becomes a

much larger channel, and continues along the body stalk. The mesen-

ch\Tna of the body stalk has been partially dissected away above a certain

level to show the left umbilical artery and allantois. Throughout the

first part of its course the umbilical artery is of irregular caliber, but soon

it becomes smooth.

Intestine.—The entodermic intestine (Figs. 15, 16, In.) appears as an

oval tube, with long axis antero-posterior. It is situated in front of the
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aorta, but sei)arated from it by tlie mesoderm of the mesentery, which

has been dissected away to the median line. Ventral to the entodermic

intestine, also, the mesoderm of the intestinal wall has been cut away to

the median line. The entodermic tube follows the general curve of the

emlu-yo, growing gradually larger, and empties into a large rounded

pouch, also compressed laterally, the cloaca. In Fig. 8 the section passes

nearly through the junction of the intestine and the cloaca, and the com-

pressed shape can be more easily seen. The mesentery becomes gradually

shorter and finally disappears entirely. The cloaca, along its greater

curvature, lies close to the notochord, and passes into the tail as the tail

gut, which soon loses its lumen and ends near the tip of the tail by fusing

with the ectoderm in an undifferentiated mass. At the root of the tail

the cloaca comes into close contact with the ectoderm of the skin at the

anal plate (An. pi.). From the upper, posterior corner of the cloaca,

just above the entrance of the intestine, passes off the allantois, which, as

a slender rounded tube, curves out into the body stalk close to the wall of

the ccelom, between and posterior to the two umbilical arteries, and ends

blindly. A slight, irregular swelling occurs in its course, marking per-

haps the position of the future bladder.

Wolffian duct.—The Wolffian duct on the right side (Figs. 15, 16,

W. d.) is shown in the model standing out at the side, because freed from

the mesoderm. It follows the general curve of the body, just ventral

to the plane of the notochord, gradually approaches the median line on its

way toward the tail, and ends before reaching the level of the anal

plate by joining the cloaca
( W. d.' ) . As can be seen in Fig. 8, its position

corresponds with the external groove between the area of primitive seg-

ments and the body wall. On the left side the Wolffian duct does not ex-

tend so far as the cloaca, but eiids blindly, and so is cut only once in

the section (Fig. 8, W. d.). Dorsally the duct is oval in cross section,

with long axis parallel with the lateral surface of the Wolffian ridge,

which is seen in Fig 8, projecting into the coelom dorsally; but nearer

its union with the cloaca, the duct assumes a rounded form.

The Wolfian tubules, seen in Fig. 8, just mesial to the duct, are

not shown in the model. They are short, sometimes with an S-shaped

curve, frequently overlapping, as in the section given, where portions of

two tubules are shown on the left side [W. t.). In all there are twenty-

eight tubules, arranged in two groups; one caudal group, consisting of

twenty-three tubules, close together, but not definitely arranged in rela-

tion to the primitive segments or muscle plates (Fig. 8, muse). This

represents the true Wolffian body, and the tubules are all closed at their
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distal ends. Beyond this the Wolffian duct can be traced anteriorly for

some distance (through twenty sections), and still further anteriorly is

found a second group of tubules, consisting of three rather indistinct,

scattered units, not connected by a duct. The most anterior tubule

lies at the level of the liver and opens by a funnel-shaped mouth into

the coelom. This smaller group of tubules belongs to a rudimentary

})ronephros.

In conclusion, I wish to point out the chief differences between this

embryo and those of the same general stage of growth already described.

The most important is the presence of anterior and posterior neuropores,

which were supposed to have closed in human embryos of this size,

though known to be open in comparable embryos of the pig and rabbit.

Next in importance, perhaps, is the large right auricle of the heart, and

the double passage into it from the sinus venosus. Next, the growth of

liver cells, not into territory occupied by a large vein, but into the mesen-

chyma surrounding the intestine, where also are growing branches of the

vitelline veins; from the intercrescence of cords of liver cells and venous

channels, sinusoids would inevitably result. Finally the presence of a

few pronephric tubules, and the tardy growth of the left Wolffian duct,

which has not yet acquired an opening into the cloaca. Let me add once

more that embyro is, histologically and anatomically, in excellent condi-

tion, and as far as can be seen normal.

ABBREVIATIONS USED.

AL^allantois.

An. pL^anal plate.

Ao.= aorta.

Att.^ auricle. (Rt. and It.)

B. ao.= bulbus aortse.

B. i«.= body wall.

Coe.= coelom.

D. C.^ ductus Cuvieri. (Rt. and It.)

Gr.= groove.

11. a?'.^ iliac artery.

Jn.= intestine.

jM5r.= jugular vein.

I/i.= liver.

Lw.^lung.

Med. f/r.^ medullary groove.

Mes.=: mesentery.

Musc.^ muscle plate.

]\^ch.=- notochord.
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Pa.= pancreas.

P. card.= posterior cardinal vein.

PZ.= plexus.

/Sf. -yen.^: sinus venosus.

Sp. c.= spinal cord.

Um. ar.= umbilical artery. (Rt. and It.)

Um. i;.= umbilical vein. (Rt. and It.)

F.r=vein.

V. pZ=: ventral plexus.

yen^= ventricle.

Vit. v.=vitelline vein. (Rt. and It.)

W.(f.= Wolffian duct.

W. (?'.= entrance of "Wolffian duct into cloaca.

W. f.=:Wolffian tubule.
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Eminent morphologists (Goette. 75, Hnxley, 76, and W. K. Parker,

83) have long since suggested the affinities of the Marsipobranchii and

the hirval amphibia, and Dohrn. 83, has even maintained that the

cvclostomes are to be regarded as the descendants of highly organized

fishes, possibly teleosts. Beard, 89, furthermore is of the opinion that,

" While accepting some degeneration in the Marsipobranchs along with

Dohrn, the truth of Balfonr's view that they are very primitive forms

nnist also be allowed. They must undoubtedly be added to the gnatho-

stomatous vertebrata. The Marsipobranchii stand between the selacians

and ganoids, but far more related to the latter than to the former."

The view of Balfour, 85, here referred to held them to be degenerate but

not derived from relatively highly organized fish, as is shown by his follow-

ing words, " Dohrn was the first to bring into prominence the degenerate

character of the cyclostomata. I cannot, however, assent to his view

that they are descended from a relatively highly-organized type of fish.

It appears to me almost certain that they belong to a group of fishes in

which a true skeleton of branchial bars had not become developed, the

branchial skeleton they possess being simply an extra liranchial system,

while I see no reason to suppose that a true branchial skeleton has dis-

appeared. If the primitive cyclostomata had not true branchial bars

they could not have had jaws, because jaws are essentially developed

from the mandibular branchial bar. These considerations which are sup-

ported by numerous other features of their anatomy, such as the char-

acter of the axial skeleton, the straightness of the intestinal tube, the

presence of a subintestinal vein, etc., all tend to prove that these fish are

remnants of a primitive and pregnathostomatous group. The few sur-

viving members of the group probably owe their preservation to their

parasitic or semiparasitic habits." Whether Balfour's reasoning regard-

AxiERiCAX Journal of Anatomy.—Vol. V.
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ini;- the jaws and hi'ancliial arches ean now be upheld will be discussed in

the })resent paper.

Howes, 91, says, " In view of the admitted importance of (the hypo-

phvsis in Petromyzon) it testifies, to my mind, to an enormity in the

gap between the Marsipobranchii and the remaining higher Vertebrata

which even Balfour's conclusion that the former are the remnants of a

primitive group, and Haeckel's famous aphorism that they are further

removed from the fishes than are the fishes from man insufficiently ex-

presses."

Max Flirbringer, 00, regarding the relationship between the myxinoids

and petromyzontes states, " In wesentlichen Verhaltnissen unterschieden

sich die Myxinoiden mehr und principieller von den Petromyzonten,

als z. B. die Selachier von den Saugethieren ; in einzehien Merkmalen

stellten sie sich selbst weiter ab von den Petromyzonten, als diese von den

Gnathostomen und zeigten zugleich mancherlei Hinneigungen nach den

Akraniern."''

A long list of other workers Dean, gg, Johnston, 05, and Worthington,

05, have recognized in these animals very primitive vertebrates coming

as it were between amphioxus and the true fishes, and. from a study

of their embryology and morphology have attempted to arrive at the

ancestral or primitive type of vertebrate organs.

Ayers and Jackson, 00, with a few others, are, I think, nearest to the

correct position in considering marsipobranchs neither as degenerate

parasitic forms nor as altogether archaic types, but rather as primitive

animals especially adapted to their peculiar life habits.

Eecognizing the chaotic condition of opinion regarding these animals

Prof. Dean kindly suggested to me that I undertake a careful study of

the development of the organs in the head of Bdellostoma with the

hope that the general problem of myxinoid relationship might be more

clearly understood. Yon Kupffer had in 1900 published the results of

a similar study which he made on scanty and defective material, as is

repeatedly mentioned throughout his paper. His study was also confined

to rather young stages and, as I have found, stopped really before the

most interesting points in the development had been reached.

I am under obligation to Professor Bashford Dean not only for

suggesting this study and for his criticism during its progress, but

also for his kindness in placing entirely at my disposal his unique series

of Bdellostoma embryos. I am also glad to express my appreciation of

the encouraging interest that Prof, T. H. Morgan has always taken in

my work.
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General Discussion of Work and Views Relating to the

Marsipobranciiii.

1. llic morphology of the myxinoids has been so extensively studied

that its literature has become almost cumbersome. The earliest reference

to these animals that I have been able to find is that by Gunnerns in

1762. He described Myxine o-hitinosa under the name " Sleep-Marken."

He described the tooth plate as a jaw, and also fonnd the two openings,

mouth and nose, leading into the pharynx; the remarkable "tongue" mus-

cle-apparatus he called a wind-pipe or air tube. Gunnerus also described

the gills of each side calling them lungs. His work is reviewed in the

papers of J. ]\riiller, 1835, and P. Fiirbringer, 1875.

In 1790 A. J. Eetzius also described the tooth plate as a jaw and the

club-muscle as a wind-pipe. He classed Myxine among the fishes instead

of with the worms and molluscs as some previous writers had done.

Abildgaard, 1792, mentioned the "wind-pipe" of Gunnerus as the

club-shaped jaw muscle and called the tooth plate, Zungen-Zahne, a lower

jaw, stating that it was strengthened and moved as such. Abildgaard

gave the first correct description of the gills, stating that on each side

a canal opened to the outside after receiving the six canals of the gills and

these gills through another set of six canals connected with the throat.

He also traced the gill vessels.

Bloch, 1789, described two parts of the club muscle, the outer hollow

circular muscle, and the longitudinal one. J. Miiller states that he gave

their connection incorrectly, claiming both to be fastened to the jaw

bone, by which Bloch meant the tooth plate or " tongue :" while in fact

Miiller claims the first to be attached to the tongue cartilage and the

second to the tongue itself.

Home in 1815 described rather fully the gill system and compared

the organs of Bdellostoma and Myxine. Miiller states that in his

explanation of figures Home correctly said that the teeth belonged to

the tongue, he also described the connected muscle-body as a tongue

muscle apparatus. P. Fiirbringer says that Home first coi-rected the

error of calling the dental-plate the jaw by recognizing in it a tongue.

In the present paper I shall endeavor to show on the other hand that

it was Home and subsequent workers up until 1900 that were in error

when they called this organ " tongue," and that the earliest workers were

correct in interpreting the dental-plate as a jaw.

I have given this brief historical review for the purpose of showing

that the idea that the dental-plate is a lower jaw and not a ton,gue was

the oldest or first interpretation of this organ and not a new
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idea originating with Avers and Jackson as one might eonelude from

reading their papers of 1900. Those authors, it appears, could not have

considered these early views in spite of the fact that they are either men-

tioned or discussed in the pa])crs of J. Miiller and P. Fiirbringer

which Avers and Jackson have placed in tlie literature list of their

paper.

As Avers and Jackson state, morphologists followed for a long time

Miiller in accepting, not his own or original view, but Home's idea

that the dental-plate was a tongue. And even Huxley, in attempt-

ing to locate the jaw cartilages of Petromyzon failed to deter-

mine that the tongue was really a part of the jaw structures. Ayers

and Jackson in their work on the skeleton of Bdellostoma interpreted the

cartilages of the tooth plate to be in reality lower jaw cartilages, but

this so far as I am able to gather from their paper is all they contribute

towards proving the matter. As far as the musculature is concerned

they merely note, " The huge club-shaped ' tongue ' muscle is made up of

the muscles belonging to this arch (meaning the mandibular). These

muscles have been in Bdellostoma entirely separated from their attach-

ment to the palato-quadrate, and have been translated to their present

position in a manner which will be made clear in a subsequent paper,''

but no description of this process has since appeared.

It had, however, already been shown by Miiller and Fiirbringer that

the muscles manipulating the tongue are innervated by the ramus mandi-

bularis of the trigeminus nerve, i. e., the true lower jaw nerve. Subse-

quently Allis, 03, in studies on the adult, and Kupifer, 00, (in his

figures) on the embryo, have also shown that the dental plate and its

muscles are innervated by the true lower jaw nerve. And during the

past year Miss Worthington, working under the direction of Dr. Ayers,

has traced the cranial nerves and practically repeated Allis' work. She

does not, however, refer to this paper and was evidently unaware that her

results had been anticipated in spite of the fact that the admirable paper

of Allis' had appeared two years earlier.

I do not wnsh to appear unsympathetic to the work of Ayers and

Jackson : indeed, in the following pages I shall join with them in

defending the thesis that the so-called " tongue " or dental-plate in

myxinoids is really homologous with the vertebrate lower jaw. I must,

however, call attention to some of their errors (which I think have in part

resulted from their inadequate knowledge of the literature) in my endeavor

to place the results of the present paper in a clearer light. Thus they

state, for example, that all anatomists " have apparently overlooked the
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fact that were this a tongue or a tongue-like organ it would be a great

anomoly in vertebrate anatomy; since none of the fishes, even the

highest fishes, possess a tongue or even a tongue-like organ." It is diffi-

cult to understand how the authors could have gained this impression,

for one cannot doubt that fishes have tongues and in some cases very per-

fectly formed ones (cf. Parker and Haswell's Text-book of Zoology, Fig.

807, in which the tongue of the trout is shown and labeled). They

would have been correct in stating that among fishes the tongue is not

a conspicuous structure and that no. fish has a protrusible tongue readily

to be compared with the dental-plate of Bdellostoma.

Again they mention that " The homology of this organ (referring

to the dental-plate) with the vertebrate tongue has never been dis-

cussed," while as a matter of fact Xeal, 97, three years before, studying

the development of the hypoglossus muscles of Petromyzon, made the

following statement :
" I nevertheless consider it highly probable that the

so-called tongue of Petromyzon is not the homologue of the tongue of

higher vertebrates. This conclusion is based on the following grounds

:

1. The anterior segment of the M. parietalis ventralis remains the same

in its relation in Petromyzon as in Ammocoetes, i. e., without relation

to a tongue. 2. While the muscles of the tongue of higher vertebrates

are derived from the anterior segment of the M. parietalis ventralis,

which lies anterior of the hyoid arch, in Petromyzon the muscles of the

" piston lingual " extend throughout the length of the branchial region

and terminate posteriorly in the cartilaginous pericardium. They are

quite separate from the M. parietalis ventralis which lies lateral and

ventral to them. I have stated this evidence of the difference in the

relations of the tongue of Petromyzon and Gnathostomata lest one not

familiar with these relations should think that an organ of the same name
in these vertebrates should therefore be an homologous organ. As a

matter of fact no comparative anatomist has attempted to homologize

these two kinds of tongues." This statement refers particularly to

Petromyzon, but since Ayers and Jackson are discussing the Marsipo-

branchii it seems pertinent in this place. They say that the dental-plate

of Bdellostoma is homologous with the two pairs of accessory lingual

dentigerous cartilages of Petromyzon. It appears that they had

failed to see Neal's work. On the other hand the work of Howes, 91,

is cited in their literature list and indeed quoted on the first page of

their paper, yet they have again overlooked or ignored the following re-

mark he makes on pages 134-5 :
" If, as can hardly be doubted, the

* tongue ' of the ]\Iarsipobranchii is an organ peculiar to them and
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unrrjirosmtcd in tlu' liiulior vci-tebrata, tlie qiK^stion liow far llic al)ovo-

iiained median ventral cartilage may be comparable to tlie basi-mandi-

bulo-hyo-branchials of the latter, as Miiller, Hnxley, and Parkei- bavo

together songlit to show, mnst remain in abe3^ance, nntil more is known

of the development of these fishes."

Howes considers the cartilage which Ayers and Jackson have called

the comual to be closely similar to that which Huxley called the Meckel's

cartilage in the lamprey and says "with that I hold it to be homologous

notwithstanding Parker's view to the contrary." On this point I must

disagree with Howes and accept Ayers and Jackson's idea regarding this

cartilage, and further with them I entirely agree that the lower jaw struc-

tures are to be found in the so-called " tongue " or dental-plate. This

position, as I shall endeavor to show in the following pages is admiraliiy

supported by embryological study.

2. As far as Petromyzon is concerned the development of the head

has been studied by Kupffer, 94 and 95, Dohrn, 83, and others, although

it appears that none of these authors have given particular attention to

the peculiar development of the " tongue." KupfFcr, 99 and 00, also

studied the head of Bdellostoma and discussed in detail the development

of the moutli. finding as he claims a first or primitive mouth, which

is transverse and leads directly back into the gut in a manner similar

to the ordinary fish mouth. This primary mouth then becomes closed

bv a growth of the ectoderm, which Kupffer has called " sekundiire Each-

enhaut" the closure persisting until about the time of hatching when

the wall is again broken to produce the final or secondary mouth. ]\Iax

Fiirbringer has from this description and for the further reason that

the hypophysis always opens into the throat, called the myxincids Dis-

toma, the petromyzontes Cyclostoma, and the higher vertebrates Gnatho-

stoma.

The general embryology of Bdellostoma has l)een beautifully worked

out by Dean, 99, but he enters only in a general way into a discussion of

the head organs. He gives a vers^ correct account of the gill develop-

ment from a study of cleared total embryos, the finer details being, of

course, impossible to determine in this way. Dean stated that the gills

were shifted during development from their original position close after

the hyoid arch to their final adult place far back along the sides of

the body. He also made the remarkable observation, considering his

study to be upon cleared totals, that there is a "doubtful " cleft which

is early suppressed lying close behind the hyomandibular, therefore cor-

responding to the " thyroidean " cleft of Dohrn. Dean also, very cor-
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rectly, I think, failed to find any corTesy)ondence l:)et\vccn brancliiomery

and niyomery.

Price. 96, was tlie first to descrilie embryos of the myxinoids. He

stndied three stages in the development of Bdellostoma and in the young-

est embryos fonnd a narrow canal extending from the anterior end of

the month cavity into the cavity common to the nose and hypophysis,

while in the older stages this canal was closed. M. Fiirbringer saw in

this observation very strong evidence in favor of Dohrn's idea that the

primitive month of vertebrates is represented by the hypophysis. -

Price, working with a limited supply of material made the mistake

of supposing that a great number of gill pouches appear during develop-

ment, possibly as many as thirty-five. Of these, he thought the posterior

ten or fourteen develop into the gills of the adult wdiile the others entirely

disappear. Dean corrected this statement when he found a sliifting and

not a closing of the gills to take place; and Price himself, in a subse-

quent paper on the development of the excretory organs of Bdellostoma,

based on a more complete series of embryos, has corrected his former

statement and accepted Dean's interpretation on this point. Notwith-

standing these corrections Price's original idea has since been utilized by

Ayers and Jackson, 00, who try to account for the atrophy of the for-

^vard gills as due to the enormous development of the "club muscle"

in that area. Johnston, 05, also quotes Price's earlier conclusion and

states his belief that there is a reduction of the anterior gills on account

of the parasitic life of this animal. It has been clearly shown, how-

ever, by Howes, 91, Ayers, 93, Jordan and Everman, 96, and Worthing-

ton, 05, tluit these animals are not parasitic but predaceous, attacking

disabled fishes. Therefore Johnston's explanation will not suffice. Since,

also, there are no forward gills lost Ave must accept the position that tlie

gills belonged originally to the head region, and owe their extension into

the trunk to the shifting forward of trunk myotomes into the occipital

region, the view, by the way, wdiich Johnston rejected in favor of his

explanation cited above. All of these various disagreements concern-

ing the development of the myxinoids have come within the last few

years; Price's initial work on the subject appearing in 1896. It may be

mentioned tliat only a few workers, al)out half a dozen in all. have been

so fortunate as to obtain the material.

This review of the various and contradictory opinions might easily

be extended, for no author has seemed to consider his paper complete

without taking a new position regarding either the significance of this

group of Afarsipobranchii or the importance of the evidence furnished
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bv some organ tliat lie may have studied. Enough, however, has been

said to show the need of further einl)i'vological obscrN'ations.

Method and Material.

The material upon whicli the present results are based was collected in

tlu> Hixy of Monterey, California, mainly during the summers of 1896

and 1899 by Professor Bashford Dean. This constitutes the most

complete series of Bdellostoma embryos that has licen procured. The

younger stages were fixed for the most part in Graf's picro-formalin, the

later embryos being killed, after removal from the parchment-like egg-

shell, in sublimate-acetic. In most cases these fixatives have given very

satisfactory results.

The sections were prepared by Prof. Dean, Dr. L. Neumeyer, of

Munich, and Dr. IST. Yatsu, formerly of this laboratory. The embryos

are very difficult to prepare, but with such an abundance of sectioned

material I have been able to select a complete and satisfactory series,

and I am confident that none of my observations are open to the criticism

that they have been made upon defective material. The stains used were

Heidenhain's iron ha^matoxylin, Delafield's hematoxylin, alum and borax

carmine, all of which give good results.

The Developmext of the Mandibular Arch.

In the young of Bdellostoma one finds, to my mind, a most striking

confirmation of Dohrn's view that the mouth of vertebrates is a modi-

fied gill arch. In these embryos the mandibular cleft passes through a

series of changes during its development which are most suggestive in

the light of Dohrn's thesis. Very young embryos, such, for ex-

ample, in wdiich the nose is still a single tube leading directly into the

mouth cavity and in which six or seven gill slits are present on the later-

ally outspread plates (as illustrated in Dean's Fig. 37, pi. 18, and Fig.

101, pi. 33), will show the mandil)u]ar cleft in the following condition:

Throughout the greater portion of its extent it is strongly arched with its

lateral diverticula directed in an oblique dorsal direction and coming in

intimate contact or actually fusing with the ectoderm. This is so

strikingly analogous to the way in which a gill cleft meets the ectoderm

that no observer could fail to be impressed with the similarity. Fig. 1,

a cross section througli the widest portion of the mandiliular cleft of an

embryo at this stage, shows the cleft fusing laterally with the ectoderm

and having an arch or curve resembling that of all the following gills.

The hyomandilmlar of the same embryo may be seen for comparison in
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Fig. 15. The stippled area of these figures does not necessarily indicate

endoderni but merely the epithelial lining of the month and pharyngeal

cavities. In some fignres this, of course, is actually ectoderm. Tlie

outer body wall and brain sections are indicated in black.

An embryo slightly older than the former, having almost lost its nasal

communication with the throat and having one or two more gill clefts

present, shows the mandibular cleft as follows: The arch of the younger

embrvo has almost entirely disappeared, the ventral mesenchymatous

tissue, ]\Is, has thickened beloAV the throat cavity and seems to have

pushed the middle curve of the arch up until in section it appears as a

horizontal cleft extending from side to side of the head. In this con-

dition the intimate fusion of the diverticula with the ectoderm still per-

sists. A slight median furrow now runs along the floor of the throat

throughout the region of the mandibular cleft. Fig. 2, a section through

the widest portion of the mandibular region, illustrates these changes.

Somewhat further caudad this arch also has its lateral borders directed

slightly dorsal, as a reminiscence merely of the condition of the younger

stage. The hyomandibular and other gill clefts of this embryo differ but

slightly from tliose of the younger one.

A somewhat more advanced embryo, measuring about 15 mm. in

length, shows the mandibular cleft with its lateral portions curving

down ventrally although still fusing with the ectoderm. Fig. 3 shows

this condition in cross section ; the embryo was slightly shrunken so

that the mouth cavity is exaggerated in the figure, yet the increase in

the ventral mesenchyme and all points are well shown. The hypophysis,

which is seen in Fig. 2 has terminated before reaching this corresponding

region in the older embryo. The anterior part of the head has be-

come much longer, a great nose region now extending in front of the

forward end of the gut. This section is also far posterior of both the eyes

and of the infundibulum while a similar part of the mandibular cleft

in Fig. 2 was only one section posterior of the eyes and the infundibulum

had not been reached, the fore-brain being shown Ijent under the mid-

brain.

Fig. 4 is a section through the mandibular cleft of an older emln-yo.

In this stage all of the gills have appeared, but are still spread out on

the lateral plates, and the nose exists at this time as two parallel tubes,

a condition occurring also in tlie embryo of Fig. 3. The present section

shows clearly the ventral inclination of the lateral diverticula of this

cleft, as well as the ectoderm pockets, which appear almost ready to break

throu,gh and form tlio lat^'ral mandil)ular gill openings, a process, however,

which does not take jtlace: it is only at a later period that the definite
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Figs. 1 to 4 illustrating the development of the mandibular arch in

Bdellostoma X 40 diameters, with Figs. 5 and 6 of this arch in Triton for

comparison. Fig. 1. Section through the widest part of the mandibular arch

in a very young embryo, ep, ectodermal mandibular " gill " plates; /, infundi-

bulum; M. mandibular cleft; Mb, mid-brain; Ms, ventral mesenchyme. Fig.

2. Widest portion of the arch in slightly older embryo. Fb. fore-brain; Hp,

hypophysis. Fig. 3. Section of older embryo showing ventral turn of the

mandibular diverticula. Hb, hind-brain; Dp, dental-plate anlage. Fig. 4.

Section of a still older embryo showing the wide mandibular cleft in actual

contact with the ectodermal body v/all. Fig. 5. Section through the man-

dibular arch of Triton, after Greil, compare with Figs. 3 and 4. Lj. lower

jaw anlage; M, mandibular cleft. Fig. 6. An older Triton embryo after Greil,

compare Fig. 11 after considering text. Mk. Meckel's cartilage; n. internal

nares.
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mouth opening is formed. Here, however, it is seen that tlie entire por-

tion or mass of eml)rvonie tissue helow the manrlil)uhir cleft has in-

creased considerahly in hulk and that the trouo-h-like furrow still ex-

tends along tlie mouth floor in this region. The furrow deepens during

development and finally cuts or separates the ventral tissue into two

forward halves, to be described in detail further on. All of this ventral

mass is the anlage of the so-called " tongue," it is seen to be enormous

and much too far forward for the anlage of such an organ. In all

respects, however, it corresponds in position and extent to sections' of

the lower jaw portions of most embryos.

Two of Greil's, 05, figaires which appeared in his paper on the develop-

ment of the mouth in Triton are shown in outline, Figs. 5 and 6, to

illustrate the identity of the ventral tissue in my figures with the lower,

jaw tissues. From this identical ventral tissue, as will later be seen, the

true lower jaw or so-called " tongue " develops in a remarkable way. Fig.

10 shows the mandibular arch greatly curved, but if the embryo at this

age was flattened dorso-ventrally, as it is at the stage from which Fig. 4

was made, then Fig. 10 would give the curve of the mandibular arch

similar to that seen in Fig. 4,

The Development of the " Tongue " Siiows it to be the Homo-

LOGUE OF THE VERTEBRATE LoWER JaW.

It may be said that almost nothing is known of the " tongue " develop-

ment in myxinoids. This is strange, since one would think that an

organ so unique and peculiar as this one is would have been examined by

the first workers that procured the embryos of these animals. I wonder

particularly that Kupffer in studying the head development in Bdellos-

toma did not center his attention upon this organ instead of giving it

only casual mention.

Goppert, 02, made in substance the following statement in Hertwig^s

handbook of embryology, L. 6, p. 36 :
" The tongue of Petromyzon is

first attained when the ammocoete metamorphoses, as the complete

change of life is contemporary with the transformation of the structures.

The cartilage of the tongue arises according to P. Bujor, 91, in the mas-

sive connective tissue of the ventral wall of the larval mouth. The

same author found the tongue muscles evidently first arising from the

floor of the mouth in the neighborhood of the velum and thyroid

gland. Bujor says that they have nothing to do with the tongue muscles

of the higher gnathostomes; and they are controlled exclusively by the

vagus according to Xeal, 97, who finds that the so-called ramus recurrens
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ra(/i is hoiii()l(\u()iis with tlu' liypoij;l()ssus nerve of tlie higher vertehrates.'^

As cited ahove in the general discussion Neal has shown that the an-

terior segment of the M. parietalis veniralis is without relation to the

tongue in either Ammocoetes or Petromyzon, Avhile the muscles of the

tongue of higher vertebrates are derived from this segment. I am sorry

not to be able to give at first hand any statement regarding the so-called

'' tongue " of Petromyzon, but from a study of the literature it seems

that we are dealing here with an organ possibly as untongue-like as is the

dental-plate of Bdellostoma. Goppert says regarding the myxinoids,

that since they fail to have a larval form the tongue is found arising

here much earlier than in the petromyzontes. At the termination of

embryonic development the tongue has attained its final form and

functions from then on as the boring apparatus. He states that Kupffer,

99 and oo, described and figured the massive anlage of the tongue in

Bdellostoma as arising from the mesodermal tissue in a stage when the

" secondare Rachenhaut " still existed. Goppert concludes with the per-

tinent remark that the cvclostome tongue remains a peculiar structure

in contrast to the more simple tongue of the gnathostome fishes.

Dean, 99, p. 269, refers but briefly to the tongue, stating merely, that

l)elow the opening of the hypophysis into the gut the tongue arises

on the ventral wall of the throat as a paired outgrowth, and its rapid

development greatly modifies the shape of the mouth cavity.

According to my more detailed studies the stages in the growth of the

tongue are as follows : The earliest anlage of the dental-plate, as I shall

term it from now on, is seen in Figs. 3 and 4 to be represented merely

by tlie thickening of the mesodermal tissue in the ventral mouth region.

This tissue composes the entire body of the embryonic head below the

throat floor just as the lower jaw tissue does in embryos of Triton,

Figs. 5 and 6, Cestracion, and other lower vertebrates. This mesoder-

mal mass continues to increase in size and to become thicker in a dorso-

ventral direction, while at the same time its anterior end becomes free

from the lower body wall and divides into two distinct prongs or for-

ward extensions, Fig. 7 Ih. It will be seen that these prongs a short

way back from their anterior tips come together in a thin vertical

piece, Fig. 7 cp, which now alone connects them with the ventral wall

of the head. It may be remarked that Fig. 7 is taken from an embryo

in which the first four branchial gills have been drawn in to the head

region. In Fig. 8, which is a section through the same embryo taken

further tailward, we see the two lateral horns, lb, joined to the median

portion, cp, and on the right side of the figure, the section being slightly

oblique, the lateral prong has also joined the ventral body wall. Here



(Miarlcs U. Siocknnl
'

493

jiojiiii (lie iii;mtliliiil.ir clcfl tiii'iis vcnl ro-lalerally ; and, as before, the

entire tissnc hclow the cavity of llu' tliroat is the dental-plate anlage

(•erresjjondinu- in position and extent to the lower jaw lissnes of all

vertehrate einliryos. From these li,unres one nii,u;hi sii<j;^H>st thai the

median htxiy may still represent a tongue, Itiil it will at once he seen

that the sections pass thron.u'h the r(\-;-ion of the hypophysis and are thus

aiiterioi' ones. 'riie\- ai'e ohviously too I'ai' in front of the hyoid ehd't

to repi'i'sent the tongue aidau'e. I have looked with the u'reaiesi interest

liopin^- to lind >oine indit^ation n\' a lonuiie in these emhryos, as I would

then !)( assured that the other apparatus was certainly not such an

or^^an. Mv fnilui'e to lind it, however, is not surprisintj Jn view of the

I'Mct that Ihe loii.uue is ineonspieno-us in most fishes, and may even be

entirelv wanting- in some. It may not he out of ])laee to recall her(>

that the lislfs ton«;'ue is essentially a projeetion of the forward part of

the livohranchial a|)paratus with the mnens membrane of the n)o\dh

eoverin,^;- the thickened suhmucosa. Ms development is. thei'(d'oi-e, inti-

mately connecti'd with that of the skeleton.

V\^^. !) shows the condition (d' Ihe dental-plate as illnsli'ated hy a

section |)assini;- thron;j,h the antei'ioi' part of the oi'i;-an. In this emhi-yo

the gills are eom])letely di'awn into their position on the sides of the neck,

i. c, not spread ont laterally as in the pi'eviiuis stages. They have

shifted a eonsidei'ahle disfanc(^ back of their original position, so that

a long interval now exists between the liyomandihular cleft and the first

branchial gill. In non(> of the embryos mentioned above had any shift-

ing of the gills taken place. The gill pouches it may hei'c he noted

are just beginning to be formed, a process which will be described fui'thei-

on. This einbrvo is also interesting as being the yonng(>st on(> in which

the aidage of the thyroid gland makes its app(>ai'ance, Stockard, 06.

The anterior ends of the fore-gut and of the nasal e^mal are diivcled

ventrally and they are now more candad in position than when fully

developed.

The two lateral prongs of the dental-plate anlage have gi-own further

forward than the median copular portion and are seen to have become

thicker dorso-ventrally, as has, also, the entire head of the end)ryo. l''or

this reason the mandibular cleft has now a strong curve, but still conu's

in intimate contact with the ventral body wall, being prevented from

opening to the outside only by the secondare I'achenhaut of l\u[)irer.

Two median tentacles are seen below in cross section showing their

cores of mesoderm stippled. As we pass caudally in this sauie (Mubryo

to a place shortly anterior of where the Nasenrachcngang. Il|), opens

into the throat we find such a section as is seen in Fiir. 10. This shows
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Figs. 7 to 14. Sections showing the development of the dental-plate or

low&r jato X 41 diameters. Fig. 7. Through the anterior part of the mouth

showing the dental-plate anlage in a young embryo, cp, the thin median

body; Ih, two large anterior prongs, all of these parts are united further back.

Fig. 8. A more posterior section of the same embryo, the median body, cp,

is here united with the anterior prongs, Ih. The anterior prong on the right

side is seen united also with the ventral wall of the head. M, mouth cavity.

Fig. 9. Section of the anterior portion of the dental-plate in older embryo, Ih,

the anterior prongs have grown ahead of the median body in their forward

extention. Hp. hypophysis; T, tentacles. Fig. 10. Section through the same
embryo in a more posterior region than Fig. 9. The anterior prongs, Ih, are

here joined to the median body, cp. The entire dental-plate anlage has its

ventral wall in common with the ventral wall of the head just as has the lower

jaw of the Triton embryo in Fig. 5. Fig. 11. Section through the anterior

prongs, Ih, of the dental-plate showing the teeth anlage on their median faces.

ht, teeth; Bv, blood-vessels; C, mandibular cartilage; T, section of tentacle;

T', section through base of more posterior tentacle. Fig. 12. A more posterior

section than Fig. 11, the two forward prongs of the dental-plate are joined

together medio-ventrally, and laterally to the head. Their ventral wall is

the ventral wall of the head as would be expected of the lower jaw. Tc,

throat cavity; x, a place where the forward prong is still free from the head

not far enough posterior to give the complete union. Fig. 13. Through the

longitudinal mouth of an old embryo. If, Fleshy lip folds the anterior lateral

extentions of the dental-plate body; Bs. blood sinus. Fig. 14. A more pos-

terior section through the same embryo. Shows dental-plate with teeth, M,
developing on its dorsal surface; C, basal cartilage of dental-plate; Tc,

throat.
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that tlio two roi'wni-d lalcral pron^u's liave, as we traced thcni, posteriorly

fused with the middle eopidar portion, whicli is sl^.owii in the figure as

the median ridge r)n the tliroat floor and as a ventral triangnlar protru-

sion of the median mesodei-m. The lateral prongs have also become joined

to file ventral wall of the head. Fonr .sections back of this one they

join the head laterally also, and thus the vertical side spaces seen in the

figure are lost, leaving only the upjier s])ace as the throat cavity. It is

plainly seen that the entire mass of tissue ventral of the throat cavity

and included in the forward mandibular arch is the tissue that

should form a lower jaw in an embryo, and in no particular the tissue

to form simply the ton.o-ue of an animal. Its extreme anterior origin

is in itself strongly against such a view.

Development continues without any marked points of interest until

we examine an embryo of about 28 mm. in length. This may be de-

scribed as follows : The mouth opening is almost formed, as the secondare

Eachenhaut is beginning to disintegrate, the gills have shifted backward,

being more than twice as far posterior of the auditory vesicles than

these are from the anterior point of the head. The gills are well

pouched and the cartilage arches or cuffs are forming about their external

tubes. A large and well-formed club muscle extends from the velar

region to the first gill, this organ onlv appears after the gills have shifted

some distance back of the hyoid cleft. The circular muscle of the club

first arises as two muscle bodies some distance apart and dorso-lateral

to the longitudinal one, and as it develops the circular muscle migrates

ventrally and surrounds the long one.

This embryo has its dental-plate extending forward as two large

prongs which nuiv be traced a long way back before the median copular

portion is reached. The prongs are thus seen to grow ahead of this

piece in their forward development, for we recall how close to their

anterior ends the copular portion was found in the embryo of Figs. 7

and 8. The early anlage of the teeth now appear on the median faces

of these two prongs. The teeth are here entirely derived from the

epiblastic wall. Cartilages are developing one to each prong of the

dental-plate and its substance is very vascular, enclosing large blood

sinuses. Fig. 11 is a section through the anterior region of the dental-

plate and shows two tentacles, T, cross sectioned below, while two others,

T', are cut through their base of attachment. The Eachenhaut is disin-

tegrating along its middle portion. The cartilages of the two prongs are

shown coarsely stippled and the numerous blood vessels. Bv, are indi-

cated in outline, two enormous sinuses being located one along each

dorso-median border of the prongs. The teeth anlage are represented by
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tlic tliickciuMl poi'tioDs of lln' ('|)il)I;isl. 'rrncin^' llic orpjuns oaudally

llii'oimli llic scries we liml llic Iwn (Iciilal-iilntc hodics hccoiniii-;- joilKMl

to tlic licnd l;i(('r;illv ;iii(l jdiiiiiii;- (Uic .iiml her iii('(li(i-\(Mil riilly until we

ri'jU'h ;i si'ftioii, Fi^'. Ti, whore the lower surlncc of tlicsc dciiiiil-

plate bodies t'onns the ventral wall of Ihc hciid. They ;ii'e thus in all

respects siinilai' to a lower jaw in position and coniposil ion, and h;ive as

far as I ;])]] :\\)\r jo inlerpret nothing' about them su,<x,H"esiive of ;i b)ni;iie.

'.riie inedinn I'lii'i'ow Id'l by tla- ineom])l(>(e doi'sal nnion of Ihe two

])roni;'s I'uns for ni;in\' seel ions thi'on^h the tjii'oiit, i"e,L;'ion, IJieii is lo^t

as the tliiii middle hod\ I'el'erred to above eom(>s between Ihc two

linhes of the lhi'o;it lloor and forms a sli!2:1it rid,<;'e aion^u' the n)cdi;in

line. The li\ poplnsis, seen in i*'i,!4S. II and l"i, I'uns h;iek foi' (pnte a

distance l)(doi'«' openin>;' into the uid.

As (le\elopmenl proi^'resses the two ;iiderior parts of the dental-phile

become atliiched l;ilci';dly to the he;ul further ;ind fui'lhei' forwiii'd until

the\' cease to pi'oject ;is I'vrr poi'l ions. Stndyini;' ;in end)i'yo \'-> mm.

loni;'. in which Ihe brnin h;is llallciicd and become almost solid as in Ihe

adult, and in which the nasal opcninn' i^ ""^^v' imlcrioi' and terminal,

instt'ad of veidi'al as in youniror stages, we (Ind Ihat the uuudb is a

lon,i;-ilndinal opeiiini;' much as it is in the mature eoiiditi(Ui. This open-

ing;' or loni;it uilinal mouth is easily comparahle with Ihc ordinary ti'ans-

verse umulb (d' other \ei'lebrales wlien we remendiei- that in the luyxin-

oids the forward poi'lions of the lower j;iw, which ai'e hai-<lly moi'e

than lip folds, ha\e I'emaincil separate in Ihe old enduwos and that

the tootli bearin,*; poi'tion has been cai'ried to the hack (d' the moidh.

Now if we should iiTiilc me(liaidy Ihe foi'ward pi'ojections of the denial-

plate, the mouth could only open as an anleri<u'-\ eid ral transvei'se

slif, oi' a slit in fi'oni of the lowci' jaw border as if docs in olher \'crle-

brates. IiNd'ci'i'im;" to l)ean's I^'Il;-. 11.'! of a total cudu'yo, the aulei'ior

prongs of the dental-plate ai'c indicated by shade(| portions, and the

lightei- median streak shows llicii' foi'ward separation. The ligure nuUcGS

clear the (dose simihii'ity to a transverse mouth. Dean writes,

]).
•.'<>:!, thai, "The moutli cavity suggests closely Ihat of a gnalhostome ;

in ventral aspect it appears as a naiu'ow ci'csceid whose coii\e\ity is

directed forward."

Th" longitudinal condition id' lln' month will lie made clearer bv

examining sections of Ihc I.", mm. enduwo. I^'ig. 1,'! is through Ihe uu)ulli

opening and the two forward lip-like f(dds of the dental-plate. If, are

fused laterally with the head. One of Ihe teidacles, 'l\ is

sectioneil below. .\s the two lip-like bodies are followed liack through

tlio series thev ai'c found lo be continuous with the denlal-plalc of which

36
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they are in t'aet the forward fleshy extensions. Fig. 14 is a section

fnrther back in which the two forward parts have fused medianly to form

the dental-plate, and on this bilateral body the teeth are developing.

These now appear upon its dorsal surface instead of on the two

median surfaces as in Fig. 11, for the median surfaces which faced one

another when the teeth began to form, now spread apart and become

the final njijjer or dorsal surface of the dental-plate. The thin cartilage

of the plate is seen below the dental surface.

From the foregoing account a critic might object that, if we interpret

the tongue as the lower jaw, we have a jaw of a most unorthodox

type, for it develops in such a way that one portion of it may be

moved out between its two other parts; a condition which seems at

first sight mechanically impossible. But it must be remembered that

the forAvard attached parts are only the fleshy folds of the jaw, mere lip-

like structures, while the dental-plate itself has a sheet-like membrane

spreading out from its four sides and loosely folded about its edges.

This membrane is continuous with the lining membrane of the mouth

cavity. By means of the highly modified muscle system the tooth-plate

may be lifted up and carried forward, owing to its loose-folded mem-

branous connection. The movements, moreover, in the living animal

have recently been explained by Worthington, 05.

It follows finally from the discussion of the development of the mandi-

bular arch and dental-plate in Bdellostoma that the organ long called

the tongue in myxinoids is in no sense comparable or homologous with

the vertebrate tongue. In this case, therefore, it should no longer bear

so misleading a name, since the word tongue must necessarily imply

or suggest a tongue-like structure. The term dental-plate which has

been applied by several writers to this organ seems a very appropriate

one. It indicates the nature of the organ and in no way interferes with

the understanding that it is actually homologous with, though super-

ficially widely dift'erent from, the lower jaw of all other gnathostomes.

The Marsipobranchii have been so repeatedly placed among the Gnatho-

stomata that the group will scarcely seem new in its correct position.

The Development and Fate of the Hyomandibular Gill Cleft.

This gill cleft in the youngest stages is strikingly similar to the

mandibular, both having extensively developed diverticula bending up-

ward in a manner typical for all of the gills. Dean has stated, p. 270,

that- the mouth is distinctly paired in character, but unlike the hyomandi-

bular pouches, its diverticula are shown in section to bend downward.
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instead of upward, and to fuse at their margins with the ectoderm, thus

suggesting- the gill slit mode of origin of the mouth so elaborately de-

fended b}' Dohrn, This statement is correct except for the very young

stages in which, as I have shown, the mouth diverticula also bend

upward, Fig. 1, and suggest, therefore, much more forcibly the gill

slit origin of this organ.

The hyomandibular pouch follows close after the mandibular, which

in all stages is the most anterior, and there are no premandibular diver-

ticula of the gut, which Dean indicated from his study of surface prepa-

rations.

The very young embryo described as having the nose tube leading

directly into the gut, and shown in Dean's Figs. 37 and 101, presents

the hvoman(lil)ular pouch in the following condition. It is situated

well in front of the auditory vesicles and is enormous in extent, as is

shown in Fig. 15, a section of the same embryo from which Fig. 1, of

the mandibular arch, was taken. In this section it will be seen that well-

marked ectodermal pockets are present and a corresponding thickening

of the endodermal gut wall is in close contact with them. It thus ap-

pears as if this gill is about to establish an opening to the exterior, but

such is not the case since from this stage onward there sets in a steady

retrogressive development.

Fig. 16 shows a section through an embryo in which the mandibular

arch has flattened out or become horizontal, no longer curving upward,

the condition shown in Fig. 2. Fig. 16 is through that part of the

hyomandibular pouch where it comes in closest approximation to the

corresponding ectoderm pocket. The gut pouch, therefore, is decreasing

in its lateral extent, while in cross section the lateral diverticula become

retort-shaped, large bulb-like chambers forming their extremities. The

endodermal thickenings in the present stage are not so marked as in Fig.

15. As the embryo continues to develop the ectodermal plates or

thickenings become gradually less pronounced until in embryos of about

15 mm. in length there appears no ectodermal evidence of the hyomandi-

bular, Fig. 17. The bulb-shaped extremities of the gut diverticula in

Fig. 17 are more definitely marked off than in the younger stage of

Fig. 16, here, also, the hj^omandibular cleft is behind the auditory vesicles

instead of being anterior to them as in the younger embryos. In the

matter of position the relation of the hyomandibular to the auditory

vesicles is slightly variable in embryos of the same developmental stage,

but as development progresses the ear-vesicles always attain a more

anterior position. This fact is probably due to the forward shortening or
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condensation of [ho hi'ain, though I shall be bettor ])i'(^]iaro(l to discnss

this subject after a more careful study of the brain development.

The hyoniandibular cavity continues to degenerate and there is only

a slight indication of it in embryos of later stages, i. e., those in which

the branchial pouches and head cartilages are forming. In Fig. 18

through the posterior auditory region of such an embryo the hyomandi-

bular is indicated by the slight lateral diverticulum marked Hm just

at the beginning of the throat where the gut wall arches dorsally

to map out the velum. Older stages lose even this indication and the

gut arches up around the anterior end of the velum without any sugges-

tion of the hyomandibular diverticula.

Thus in Bdellostoma the hyomandibular cleft early attains an enor-

mous development, then gradually decreases in size, and disappears be-

fore the embryo has reached a very advanced stage.

The Presence and Fate of Two Pairs of Post-Hyomandibdlar

Gill Clefts.

Dean, gg, writes (op. cit., page 370) that the question of the dis-

appearance of a pair of gill clefts lying post-hyomandibular has been

strikingly revived by his studies. In a foot-note on the same page he

also mentions this " doubtful cleft " which lies close behind the hyo-

mandibular as corresponding to the thyroidian cleft of Dohrn. Study-

ing sections of these embryos I have been able to confirm the observations

made on cleared totals by Dean and I have further demonstrated a second

cleft following close behind the first, which likewise disappears during

development.

The existence of these additional clefts in the embryo is of evident

interest with regard to the maximum number of gill slits in chordates.

Since the adult Bdellostoma often possesses as many as thirteen pairs of

gills we may now include from embryonic data a total number of fifteen

pairs exclusive of the hyomandibular and mandibular clefts. There seems

to be no valid argument against this greater number representing a

primitive feature. The tendency in Bdellostoma is to lose its large num-

ber of gills as is shown first by the suppression of these two embryonic

pairs and further by the observations of Miss Worthington, 05, on

the adult. She has found (p. 633) the number of gills in difi'erent

species ranging from seven to thirteen pairs, and in the case of the

Californian species no number seems to be either normal or

fixed. Of more immediate interest is her observation that traces of

lost gills are often to be found not at the hinder end of the series of

gills, where one would at first suppose, but at the cephalic end.
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The two pairs of post-hyomanclibular or thyroidean gills, (neither

name, mifortunately, designates them accurately) always remain in their

original position, not being affected by the shifting process which carries

the true branchial gills back into the trunk region. In this connection

it is important to note that these two gills are always drawn well into

the head region and never occur out on the lateral gill plates where

all of the following ones first make their appearance. The thyroidean

gills disappear soon after the shifting starts.

The young embryos in which the diverticula of the mandibular arch

bend upward show these gills in the following condition. In Fig. 19,

which passes through the first of these two gills, the ectoderm forms a

depressed pocket and is much thickened where the gut diverticulum

comes close to it, the endoderm also thickening. This is in the anterior

auditory region. The second thyroidean gill is much the same and is

found in the posterior auditory region, one thus following close after the

other. The next gill, which is destined to form the first true branchial,

follows at an equal distance behind the second and may be seen for

comparison in Fig. 23. This is not so well-developed as the thyroidean

gills, being further caudad in the series and the developmental stages are

gradually less advanced as we pass tailward.

In embryos which have the mandibular arch flattened horizontally

and which show seven or eight gill clefts, the first thyroidean gill as

showTi in Fig. 20 has a well-marked ectodermal pocket and the cor-

responding gut diverticula is greater in extent than that of any following

gill. Fig. 24 shows the first branchial gill in the same embryo. It is

situated just at the base of the laterally outspread gill plate. The first

thyroidean gill is again in the anterior auditory region and the second

stops just as the auditory vesicle fades out posteriorly. In Fig. 20 the

slight nick, 2t, just ventral of the first thyroidean is the most anterior

tip of the gut diverticulum for the second thyroidean; all of the gills

having an obliquely caudal direction from pharynx to body wall.

When the embryos are 15 mm. long (a stage in which the mandibular

arch is as seen in Fig. 3 and the hyomandibular in Fig. 17) the first

thyroidean gill is in the condition shown in Fig. 21. It is still in the

anterior auditory region, but one will note that the ectodermal thicken-

ings and pockets have now disappeared as have the hyomandibular ecto-

dermal thickenings at this stage. Fig. 17. The gut diverticulum will

be noticed now to extend little more than one-half of the distance from

the gut to the ectodermal wall. The second thyroidean gill presents much
the same appearance, the two are therefore undoubtedly degenerating
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Figs. 15 to 18 illustrate the degeneration of the hyomandibular cleft X 44

diameters. Fig. 15. Through the widest portion of the cleft in a very young

embryo. On the left side the endodermal and ectodermal thickenings are

almost in contact, ep, ectodermal hyomandibular gill pocket; ent, endo-

dermal thickening; Ch. chorda; Hb. hind-brain. Fig. 16. Section of an older

embryo showing increased space between ectodermal and endodermal parts of

the gill. Fig. 17. Section of still older one. The ectodermal thickenings

have disappeared and the endodermal diverticulum, Hm, is less extensive;

V. anlage of velum. Fig. 18. Section of old embryo, the slight diverticulum,

Hm. is all that remains of the hyomandibular cleft. A, ear; Ca, cartilage of

the auditory box.

Figs. 19 to 22. Sections showing the degeneration of the first post-

hyomandibular gill. Lettered as -above. Fig. 19. Section of a very young

embryo. Fig. 20. Older embryo showing the gill further developed. 2t, the

anterior beginning of the second post-hyomandibular gill. Fig. 21. Section

of older embryo showing degeneration of the ectodermal thickening, and the

endodermal diverticulum is less extensive at this age. p. pharynx. Fig. 22.

Embryo in which this gill is almost lost, there being no ectodermal indication

of it, and the throat diverticulum is very small.

Figs. 23 to 25 show sections of the first branchial gill in early stages of

its development. Fig. 23. From the same young embryo as Fig. 19. Fig. 24.

From the same embryo as Fig. 20; np, branchial nerve placode. Fig. 25.

Older embryo with the endodermal diverticulum, ent, much increased in

extent; g2, go, anterior edges of the diverticula of the 2d and 3d branchial

gills. Fig. 26. Guide to indicate the embryonic areas from which the above

sections were taken. Hm, region of the hyomandibular ones. T, the first

post-hyomandibular ones. Br, the first branchial gill region.
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while the lirst branchial, seen in Fig. 25, has progressed considerably be-

yond the condition shown in Fig. 24.

Fig. 22 shows in an older embryo a stage of still further degeneration

of the first thyroidean gill. Here again there is no ectodermal indication

of the gill, and the gut diverticulum extends somewhat more than a

third of the distance from the pharynx to the body wall. Finally in

older embryos these gut diverticula become less and less important until

they are lost entirely. Thus they cannot be found in a stage when the

gills are beginning to form the pouches and have shifted back into the

trunk region.

Including the mandibular I have thus far described the developmental

changes taking place in the four anterior pairs of gill clefts. The

development of the mouth arch is progressive and highly modified;

beginning as an ordinary gill cleft extending dorsally, it changes the

position of its diverticula into a more and more ventral position, and

finally undergoes complicated changes in connection with the develop-

ment of the dental-plate.

The three following gills, hyomandibular and the two thyroidean,

undergo a distinct retrogressive development : in the yoimg embryo they

are the most advanced elements of the entire gill series ; they then grad-

ually degenerate and in late stages they become entirely lost. On the other

hand, the first branchial cleft as we have seen develops progressively,

and becomes the first true marsipobranch of the adult. All of the follow-

ing gills progress in a similar manner and reach the mature condition in

a way to be described below.

The Development axd Shifting of the True Branchial Gills-

Pouches, Arches, Etc.

The development and changes in the relative position of the gills in

Bdellostoma are among the most interesting phases in the embryology of

a Myxinoid. Dean in his study of cleared embryos described the general

processes of the gill development with remarkable correctness, so that

one studying the finer details in serial sections is surprised at the manner

in which the general points of development were interpreted from the

total embryos.

On page 261 Dean says, " In the hinder (head) region we have thus a

view of the mode of closure of the fore-gut: and we note the drawing

together of the sides of the gill-lappets and the mode of backward exten-

tion of the ventral rim of the definitive pharynx, in a way which suggests

curiously an analogy with reptiles and birds." This description is just
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such as one would give after a study of sections and when the large

yolk-bearing egg of Bdellpstoma is recalled, resembling so closely the eggs

of reptiles and birds, we would expect the mechanics of development to

operate in a comparable fashion, c. g., the closing together of the gut

walls. We find on page 264 in a discussion of late embryos, that a great

increase in the length of the neck region has taken place, the head now
advancing around the anterior end of tlie egg. ''With this continued

growth the further change in the position of the gill pouches is naturally

connected. Contrasted with the preceding stage the interval lietwecn

the row of gill pouches and the eye has become nearly doubled and in this

space the tongue muscle has taken its position. The more rapid growth
of the dorsal region of the head and neck, with the accompanying growth
of the tongue muscle is, I believe, sufficient to account for the apparent

translocation of the line of gills." We shall later see how very close

to such an explanation of the gill shifting we are forced after a careful

consideration of the evidence gathered from a study of sections. By
the " tongue muscle " Dean refers to the large " club muscle " arrange-

ment of Ayers which lies between the end of the velum and the first

branchial gill and serves to operate the dental-plate during its vigorous

feeding motions.

I fully agree wath Dean that, "Both Price and von Kupffer have

assumed a correspondence between branchiomery and myomery of which
in this form at least I can find no evidence." Since Price's, 96, idea,

which he has corrected, 04, that a large number of gills disappear during

development was erroneous the considerations of Ayers and Jackson,

00, and Johnston, 05, over this point must be disregarded or modified so

as to apply to the true conditions.

Development of the individual gill.—Nothing prior to this has been

contributed to the development of the Myxinoid gill, the formation of

its complex pouch or the cartilaginous portions accompanying it.

The entire series of gills develop alike with the exception of the

simple oesophago-cutaneous duct which fails to form the pouch and has

its external tube leading out in common with the gill next to it. The

most anterior gill may be taken as an example since it is better developed

than the following ones throughout almost the entire embryonic life.

The earliest anlage of this gill consists of a slight thickening of the

ectoderm and a corresponding thickening and uppushing of the endo-

derm, the gut endoderm at this sta^ge being spread out over the yolk, as

seen in Fig. 23. As development progresses, Fig. 24, the ectodermal

pocket becomes a fold just at the base of the lateral gill lappets and the
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endodcnnal oulpushiiiii- has l)(.'i'()ino more pronounced, reaching to the

eetodenu. At this stage an ectodermal nerve placode appears just dorsal

to the gill. Following this, the remaining seven or eight gills are still

spread out on marginal lappets. The present figure was taken from

the same embryo which furnished Fig. 1(5 of the hyomandibular cleft

and Fig. 20 of the first thyroidean gill.

Fig. 25, from an embryo 15 mm. in length, shows the first gill still

at the base of the lateral gill lappets with the endodermal diverticula

niueli greater in extent and the ectodermal thickening but little changed.

The extreme anterior parts of the second and third gills are indicated

by the two indentations in the endoderm g2 g3. These gills are now be-

ginning to be draw^n in from the lateral lappets as the closure of the

fore-gut progresses. And at this stage the hyomandibular and first

thyroidean gills have already been shown in Figs. 17 and 21 respectively.

The fore-gut continues to close by the drawing together of the sides of

the gill lappets, and thus the gills are brought in along the sides of the

neck in the manner which Dean has already described. The shifting does

not begin until this process is almost completed.

Pouching of the Gills.—Before the gills begin to shift backward the

endodermal diverticula are coming to form chamber-like cavities a short

distance from their proximal ends. Fig. 27 shows a section through a

gill at this stage the swollen cavity, gp, is seen near the pharynx, g, the

connection of the gill tube with the pharynx is anterior to this section,

the gills all having a trend from the gut caudally to the ectoderm as

will be seen by referring to the diagram Fig. 35. This swelling of the

gill tube is the earliest step in the formation of the complex gill pouch

of the adult. The progressive changes in the endodermal gill chamber

may be seen by studying the sections shown in Figs. 27 to 32. In Fig.

28 the wall of the chamber is beginning to be folded and in Fig. 29 the

pouch is already assuming a rather complexly folded condition. In

Fig. 30 the pouch is seen to communicate with the pharynx, the outer

tube, i. c, leading from the pouch to the ectoderm, appearing only in a

more posterior section. In this section the ectoderm is seen to fonn

a slight fold, ep, margining the end of the endodermal tube. At this

time the pouch begins to grow rapidly, as will be noticed by comparing

the several figures all drawn to the same scale. The gills at the stage

shown in Fig. 30 have shifted far back, almost as far as in the fully

developed condition. In Fig. 31 is seen a section of a somewhat further

developed pouch from the mid gill region of the same embryo of which

Fig. 30 represents the most anterior pouch. The pouch of Fig. 31
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Figs. 27 to 31. The development of the pouch of the first branchial gill

X 60 diameters. Pig. 27. gp, portion of the gill tube with its walls bulged

apart to form a chamber the earliest anlage of the pouch, g, pharynx. The
gill connection with the pharynx is anterior of this section. Fig. 28. In an

older embryo, the walls of the chamber beginning to fold. Fig. 29. A still

older stage the pouch walls further folded. Fig. 30. The pouch increased in

size and becoming more complex. Fig. 31. The cartilage arch, Ba, is forming

about the external gill tube; ep. the ectodermal pocket. The pouch is larger

and more complex than formerly. Fig. 32. Through a gill pouch in the mid-

branchial region of a lately hatched embryo, g, pharynx; et, section of the

external gill tube.
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is larger ami more c'omj)lex, and the >seetion shows, fortunately, a portion

of the tube leading to the eetodenn. The ectoderm itself now forms a

slight pocket and is reduced in thickness at this point. Around the ex-

ternal gill tube the cartilage arch, ba, is forming and it is seen to be

en;tirely an extra-branchial arch in all cases except the oesophago-

cutaneous duct. And here the cartilage extends entirely to the gut,

oftentimes spreading out slightly along its walls, as Ayers and Jackson,

00, have also pointed out. As seen from Figs. 30 and 31 the gills

in the mid region at this stage are becoming better developed than the

anterior ones. Indeed in the hatched embryo the extreme anterior and

posterior pouches are rarely so well formed as those nearer the middle

of the line.

Finally, Fig. 33 shows a section through a gill of a lately hatched

embryo. The gills now, of course, open to the exterior and are perfectly

pouched. In the figure et is a cross section through the external gill

tube which now leads from the pouch to the skin in an almost posterior

direction. Thus the characteristic marsipobranch is entirely derived from

the endodermal portion of the gill and reaches its adult complexity by a

spreading out and subsequent folding of the walls of the originally sim-

ple gill tube. The ectodermal portion of the final gill structure is insig-

nificant, being nothing more than a short rim al)out the external gill

opening.

The Cartilage Arc]ies,m their embryonic condition are, as far as I could

judge from a comparison with Ayers and Jackson's description, very

similar to these structures in the adult. At some stages they appear

to be slightly more extensive. These differences, however, are insufficient

to base conclusions upon since all parts of these animals are subject to

such wide variations. The branchial skeletons of the Marsipobranchii have

long been contrasted with the typical piscian condition as extra-branchial

instead of intra-branchial. This distinction in Bdellostoma at any rate,

as Ayers and Jackson maintain, is not conclusive for the reason that the

cartilage of the oesophago-cutaneous duct, which is a gill tube, extends

entirely into the pharyngeal wall. I think that a very plausible explana-

tion may be offered for the condition in the other cartilage arches which

will show them to be secondarily extra-branchial. It will be recalled from

the preceding description that all of the gills of Bdellostoma are at one

time in their development simple tubular structures just as the oesophago-

cutaneous duct always is. Now from analogy I assume that if these gills

should remain tubular until the stage in development when the cartilage

forms they also would have sheaths of cartilage supporting them from

their outer ends along their entire length to the pharyngeal wall just
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as in the case of the oesopliago-ciitaneovis duct. If such did occur the

pouches could scarcely form. But since the pouch is well formed hefore

the cartilage appears, and as the cartilage formations are not so extensive

as to extend around these huge pouches so as to hccome intra-branchial

structui'es they must remain about the external gill tube as extra-bran-

chial. It may also be remarked, not that I think it a very strong point

in the argument, that cartilage supports are entirely unessential to the

efficient action of these pouched gills, while such supports are very

useful in maintaining a fully spread condition of the typical fish gill.

Further, when we remember that only the Marsipobranchii have pouched

gills and likewise extra-branchial skeletons, while all fishes have intra-

branchial arches and unpouched gills, one can scarcely doubt that some

correlation exists between the processes that have given the pouches and_

the causes that have made the skeleton extra-branchial. Of course the

various stages of the struggle, if we may so call it, between the pouches

and the intra-branchial arches may well have been more complex than

the present explanation supposes.

I am inclined to consider the condition of the oesophago-cutaneous

duct as one of arrested development, i. e.. it remains in the tubular stage

through which all of the other gills pass before forming their pouches.

This might be called a modification but it is one which has not greatly

affected the primitive condition of this structure, and argues only to a

slight degree, if at all, against the above position. Further if it be

claimed that the extensive cartilage support of this duct was a new

or special acquisition, one might then reply that this indicates the fact

that in Bdellostoma we have an animal on the road to possessing an intra-

branchial skeleton, which is even now partially formed. The extra-

branchial condition from this point of view would be, therefore, primary

and not secondary. But since these animals possess a mandibular arch

they must have also possessed intra-branchial gill arches because the one

is to be considered only as a modification of the other. At any rate

according to our present knowledge there is clearly no good reason for

accepting Dohrn's view that the arches were lost on account of a change

in the animal's life-habits.

From such considerations as the above one must at least admit that

these animals are contrasted with fishes as having extra-branchial skele-

tons on rather flimsy grounds. To any one that will study these structures

it will, I believe, become clear that marsipobranchs have in part, and

probably once had entirely, an intra-branchial skeleton.

The Shifting of the Gills in the embryo of Bdellostoma was correctly

described by Dean, 99, as mentioned at the beginning of the discussion
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of the bi'iinchial oi'<ians. My study of the sections has enabled me to

add a few further details.

In young stages where the gills are on the laterally outspread gill

lappets as illustrated in the diagrams Figs. 33 and 34 no shifting at all

has taken place. Each gill follows the preceding one at approximately

equal intervals. In diagram 33 M indicates the horizontal outline of the

mandibular arch, Hm the same for the hyomandibular cleft, and just

following this are the two pair of thyroidean gills. The last, it will be

seen, are well within the head region, and are indeed at no time on the

lateral gill lappets. After the thyroidean gills, tg, (which are now more

advanced in development than any of the true branchial ones) the other

gill folds come in regular succession. The auditory vesicles are just

over the first thyroidean gills.

In more advanced embryos the gills are being folded in along the

sides of the body as the gill lappets are drawn together, ¥lg. 34 shows

the first few already brought in. The ear vesicles have increased in

size and now lie over the two thyroidean gills. When the gills are all

just about folded in along the neck, a region of rapid growth is formed

between the second thyroidean and the first branchial, or in other words

just anterior of what was the forward limit of the gill lappets, or at the

point marked x in Figs. 33, 34, and 35. This rapid growth of the dorsal

region of the head and neck causes the head to advance around the

anterior end of the egg, leaving the gills as it were behind. Later the

large club muscle of the dental-plate begins to develop in the ventral neck

region between the thyroidean and the first branchial gills, thus further

facilitating the lengthening of this area and helping to cause the trans-

location of the gills from their original place in the neck to their final

position along the sides of the trunk.

The myotomes in young stages begin beliind the gills, the most anterior

one being posterior of the last gill, but during development many myo-

tomes come to lie anterior of the first gill. I find no definite relation

between myotome and gill arrangement at any stage. Thus one must

conclude from a study of Bdellostoma embryos that there is no essential

correspondence between myomery and branchiomery.

The exact growth point in the shifting process can be located since the

second thyroidean gill undergoes its entire degeneration without chan^ging

its relative position, while the next gill which followed it so closely comes

finally to lie a long way posterior to its place of origin. Since also the

second thyroidean is the most posterior cleft whicli does not arise on the

lateral gill lappet and the first branchial is the first one of the lappet

series the idea at once suggests itself that the lappet area may be as it
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wore loosely associated with the dorsal muscular tissue, consequently in

the rapid growth of this dorsal tissue the lappet structure with the gills is

left behind. The complex changes connected with the enormous growth of

the dorsal neck tissue, the development of the large club-muscle, and the

connection of the gill lappet tissue with the dorsal musculature are the

principal causes operating to produce the translocation of the gills in

the embrvo.

Figs. 33 to 36. Diagrams illustrating the change in position relations dur-

ing the development of the gills. Fig. 33. The condition in young embryos
when all of the branchial gills are out on the gill lappets, a. ear vesicle; M,

outline of the mandibular diverticulum; Hm, the hyomandibular; tg. tg', first

and second post-hyomandibular gills; x, point where rapid growth takes place

causing the head to grow forward leaving the gill area behind. Fig. 34.

The first few gills are drawn in from the lateral lappets, x. the rapid growth

point; a. ear vesicle increased in size. Fig. 35. An embryo in which the

gills have partially shifted. The two post-hyomandibular ones are in their

original position and have decreased in extent, pi, p2, the beginning of the

pouches in the branchial gills. Fig. 36. The gills shifted far back. The ear

vesicles are partially anterior to the hyomandibular. The indefinite posterior

border of the hyomandibular cleft is dotted.

Fig. 35 shows the gills partially shifted back : the pouches, p, are

forming near the communications of the gill tubes with the pharynx,

the thyroidean gills have greatly degenerated and the auditory vesicles

are seen to have moved forward in their relation to the mandibular

arch. This forward change at such a period is probably due to a

shortening or forward condensation of the embryonic brain. Fig. 36

indicates the further change in the ,gill position. In Figs. 35 and 36 the

posterior limit of the hyomandibular clefts are dotted to indicate that

thev fade out over the velum in a verv indefinite manner as above referred
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to. The ehib muscle develops entirely between the dotted lines and the

first gill, being tluis confined to this area of rapid growth.

x\s stated in a pi-evious paper on the development of tlie thyroid gland

in Bdellostoma, this gland and the other organs of the gill region develop

entirely in dtu not shifting or moving during their development. For

the gill shifting process is not an actual moving of the gills as will

be clearly understood from the explanation which has just been given.

CONCLUSIOXS.

My studies up to this point have not yet made it possible for me to

satisfactorily interpret Kupifer's, oo, " primary mouth " in Bdellostoma,

a structure he describes from very young emln-yos. But I must admit

that I am extremely skeptical regarding this earliest mouth. At times

I am led to believe that this was really the nose which in the case of

very early embryos, as I find, leads directly into the throat. The most

convincing thing in Kupffer's argument is the following paragraph re-

garding the " secondare Eachenhaut," a structure which undoubtedly

exists.

"^ Eei dieser Sachlage warfen sich verschiedene Fragen auf. Zuniichst

die, ob die Epithelplatten, durch welche beide Caniile ausserlich ge-

schlossen werden, primare Bildungen sind, oder ob es sich hier um einen

secundaren Yerschluss vorher klaffender Oeffnungen handelt. Im
ersteren Falle ware die den Munddarm verschliessende Platte als Eachen-

haut aufzufassen und am Hypoph3'sencanal fiinde sich eine analoge

Yorrichtung. Dann aber ware das Epithel beider Canale ein endoder-

males und es ergabe sich hieraus der paradoxe Scliluss, dass das Epithel

der Nase nur an das Emdoderm Anschluss hiitte. Yiel einfacher wiirde

sich aber die Deutung vorliegender Yerhaltnisse gestalten bei der An-

nahme, dass beide Canale erst secundar sich geschlossen haben."

Dean, 99, also states on page 270, referring to an old embryo that,

" It seems clear to me, however, that the mouth and nasal openings in

the present instance are certainly to be looked upon as of secondary

acquisition." I must express my conviction as to the truth of the two

above statements, and must regret that 1 have not been able in the young

embryos to find the satisfactory stages showing the primary mouth open-

ing and its subsequent closure by the " secundiire Eachenhaut."

There is much in these embryos to suggest the correctness of Dohrn's

idea that the nasal tube, naso-hypophyseal canal, in myxinoids is the

homologue of the ancient vertebrate mouth.

Eegarding the relationsliips of tlio myxinoids I should say that it is
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evident from the foregoing facts that they are gnathostomatoiis verte-

brates, and therefore the name cvclostomes should no longer be used

in reference to them. The term Marsipobranchii proposed by Bona-

parte in 1846 and adopted by Huxley, Parker, Beard, and others may

very fitly be used to designate this group. This suggestion has been so

frequently made in tlie literature of the subject that it sounds like a very

old cry, nevertheless it is one that should be heeded as it will eliminate

from our classification a term whose meaning is undoubtedly misleading,

as well as one which will hinder the recognition of these animals as true

jaw-bearing vertebrates.

As to the position of the ^larsipobranclni in the gnathostome series I

have no definite opinion. These animals are, however, undoubtedly

primitive as is indicated by the development of their mandibular arch

and the presence of the additional anterior gill clefts along with other

anatomical features such as a simple ear, straight digestive tract, etc.

They are in other respects decidely specialized, as is indicated l)y the

development of the dental-plate with its musculature, which is in reality

the modified lower jaw apparatus. The peculiar pouched gills must also

be regarded as specialized. Tlie only point tliat T know of in the Bdellos-

toma emln'yo to suggest degeneracy is the fact that a lens-like thickening

of the ectoderm forms over the optic cup and later disappears. I should

rather, however, interpret this as a case of arrested development since

the adult eye is embryonic in its appearance, as was shown l)y Allen,

05. Lewis, 04, has also shown that when the optic cup of the amphibian

eye is removed, or does not continue its development, the lens will de-

generate in the embryo. All of those features in Bdellostoma that have

been accounted for as due to its parasitic or degenerate condition must

be, in my opinion, explained on some other grounds.

SUMMARY.

1. In the development of the mandibular cleft of Bdellostoma the

lateral diverticula at first turn dorsally, fusing with dorsal ectodermal

plates in the same manner that all gills do. The diverticula later extend

horizontally, and finally, bending ventrally, come to resemble the mouth

arch of most other vertebrates. The fusion of the ectoderm and endo-

derm continues through all the stages of development.

These conditions suggest forcibly Dohrn's idea of the origin of the

vertebrate mouth from a pair of gill slits.

2. The so-called '"tongue" of myxinoid^ is really the homologue of

the gnathostome lower jaw.

37
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a. its t>arliest anlao-e comprises the entire nuiss of tissue ventral of

tlie niamlil)ular elel't, and from similar tissue in all other gnathostomes

the elements of the lower jaw are differentiated during development.

b. The " tongne "' should better be called dental-plate since its muscles

are not comparable with the tongue muscles of other vertebrates, and since

it is innervated by the true lower jaw nerves, r. mandibularis of the

trigeminus, as shown by many workers.

c. The dental-plate originates too far forward in the embryo to be a

toUigue, it is not associated with the hyobranchial apparatus, and its

bilateral manner of development with its paired cartilage is jaw-like.

d. The development of the horny teeth on its surface and many other

features of its later growth are jaw-like.

e. The ventral wall of the dental-plate of old embr^^os forms also the

ventral wall of the head; and the later development of this organ makes

it clear that the longitudinal mouth of myxinoids is only a slightly

altered transverse mouth.

3. The hyomandibular cleft is enormously developed in young embryos,

having well-formed ectodermal pockets in direct contact with the endo-

dermal diverticula. A retrogi'essive development soon commences and

the gut diverticula gradually decrease in size and finally disappear.

Similarly all traces of the associated ectodermal pockets are finally lost.

4. Two post hyomandibular gills occur in the early embryos and are

for some time in advance of the true branchial gills in their state of de-

velopment. They then begin to degenerate, and rapidly disappear. One

of these gill pairs may correspond to the thyroidean gill of Dohm. They

are interesting since the maximum number of gills in chordates appears

thus increased from fifteen to seventeen.

5. The large and complex gill pouches of the adult are derived from

the simple endodernial gill tube of the embryo by a spreading apart and

subsequent folding of its walls in the region near its communication

with the pharynx.

6. The cartilaginous branchial arches of the embryo are scarcely dif-

ferent from those of the adult. There are reasons for believing that the

branchial skeleton of the Marsipobranchii is not essentially different

from that of fishes : the extra-branchial condition is not entire and is

probably secondary.

7. A great change in relative position appears during the develop-

ment of the gills. The gills originate in the posterior head or neck-region

of the embryo and come finally to lie far back along the sides of the trunk.

A region of rapid growth can be located between the second thyroidean
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and first braneliial gills. The complex changes connected with the enor-

mous growtji of this neck tissue, together with the development of the

large " club muscle," and the loose connection of the gill lappet tissue

with the dorsal body musculature are the main causes operatin,g to pro-

duce the translocation of the gills.

8. From this study of the head organs in embryos of Bdellostoma I

am led to believe this animal in many respects primitive, while in others

it is no doubt specialized. There are no reasons for believing it para-

sitically degenerate.

Since it is a true jaw bearing vertebrate tlie term cyclostome should

no longer refer to it, the less objectional one marsipobranch should be

used entirely.

Zoological Laboratory, Columbia University, June 4, 1906.
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PROCEEDINGS OF THE ASSOCIATION OF
AMERICAN ANATOMISTS.

NINETEENTH SESSION.

August 6-10, 1905.

The Nineteenth Session of the Association of American Anatomists

was held in Geneva, Switzerland, August 6-10, 1905, in conjunction with

the Anatomische Gesellschaft, the Anatomical Society of Great Britain-

and Ireland, L'Association des Anatomistes of France and the Unione

Zoologica of Italy; the joint meeting of the societies constituting the

First International Congress of Anatomy.

The Executive Committee of this Congress considered an invitation

extended by the Executive Committee of the Association of American

Anatomists to hold the Second International Congress of Anatomy in

Boston, Mass., in 1907, in conjunction with the International Zoological

Congress. The Executive Committee of the First International Congress

of Anatomy expressed its regret at being unable to accept this invitation,

inasmuch as it had been previously decided to have the meetings of the

International Congress of Anatomy occur not oftener than once in five

years.

Of the members of the American Association of Anatomy, there were

present at the First International Congress of Anatomy:—Edward

Phelps Allis, Jr., (Milwaukee, Wis.), Elexious Thompson Bell (Univer-

sity of Missouri), Frederic Henry Gerrish (Portland, Me.), Francis

John Shepherd (Montreal, Canada), George L. Streeter (Johns Hopkins

University).

The members of the Association of American Anatomists participated

in this Congress as follows :

—

CONCERNING THE DEVELOPMENT OF THE ACOUSTIC GANGLION IN

THE HUMAN EMBRYO. By G. L. Strkkter, Department of Anatomy.

Johns Hopkins University.

A study based on a series of wax models of the ear vesicle and acoustic

ganglion, reconstructed from human embryos measuring respectively 4,

7, 9, 11, 14, 20, and 30 mm. in length. It was found that in the early

American .Journal of Anatomy.—Vol. V.
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stages the acoustic ganglion consists of an np])er and lower division. On
the ventral border of the latter a portion of the ganglion cells of this di-

vision become massed together into a separate bud, and form the primitive

ganglion cochlearis ; in other words, the acoustic ganglion at this stage

consists of an upper division entirely vestibular, and a lower division

partly vestibular and partly cochlear. As the differentiation proceeds tha

group of cells forming the cochlear ganglion continues to become more

distinctly separated from the rest of the acoustic mass, and gradually as-

sumes the spiral form, seen in the adult.

The nervus cochlearis sprouts out from the ganglion cochlearis com-

paratively late, and passes up along the median side of the acoustic mass,

without joining with the nerves to the sacculus and the posterior ampulla.

Contrary to the younger His, the author concludes that the nerves to the

sacculus and posterior ampulla belong to the vestibular rather tlian the

cochlear division of the acoustic nerve.

PROCEEDINGS OF THE ASSOCIATION OF
AMERICAN ANATOMISTS.

TWENTIETH SESSION.

In the Medical Building, Laboratories of Anatomy and Histolngij and

Embryology, University of Michigan, Ann Arbor, Michigan.

December 27. 28 and 29, 1905.

At its business sessions the Association took the following actions

:

The minutes of the Secretary as printed in the American Journal of

Anatomy, Vol. IV, No. 2, pages I-Il, were approved.

The Association received a communication from Prof. Burt G. Wilder,

Chairman of the Committee on Brain Eequests and Methods, stating that

this committee had held one meeting, but were as yet not prepared to

make a formal report. The committee asks to be continued.

On motion this report was accepted and the committee continued.

The permanent secretary of the American Association for the Advance-

ment of Science, Doctor L. 0. Howard, states that this association would

be pleased to have the Association of American Anatomists meet in affili-

ation with the A. A. A. S. during convocation week, 1906, in New York

City. It was informally a,greed that if the Association of American

Anatomists should meet during convocation week (1906), they would in

all probability meet in New York City.

In response to a request from the secretary of the Committee of Ar-
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rano-ements for the International ('ongress of Anatomy, tlie Association,

on motion, appointed Dr. Charles C. Minot, as member—from the Asso-

ciation of American Anatomists—of the Committee of Arrangements of

the International Congress of Anatomy for 1910, with Dr. Franklin P.

Mall, alternate.

At the suggestion of the Executive Committee, the following distin-

guished European anatomists were elected honorary members of this

Association

:

Professor Eamon Y. Cajal, Professor of Xormal Histology, Madrid,

Spain.

Professor Oscar Hertwig, Professor of Anatomy and Embryology,

Berlin, Germany.

Forty-six new members were elected.

The Committee on Nominations (Dr. Charles E. Bardeen, Prof. Simon

H. Gage, Dr Eobert J. Terry) made the following report

:

For President Franklin P. Mall.

For First Vice-President George A. Piersol.

For Second Vice-President Robert R. Bensley.

For Secretary and Treasurer G. Carl Huber.

For Members of Executive Committee.

Charles S. Minot Term expiring in 1908.

James Playfair McMurrich Term expiring in 1910.

On motion the Secretary was instructed to cast a ballot for the officers

recommended. Carried.

Treasurer's Report for the Year 1905.

Balance on hand December 27, 1904 $48.04

Total receipts for 1905 932.10

$980.14 $980.14

Expenditures for 1905:

Expenses of Secretary for Philadelphia meeting, 1904. . . . 24.00

To American Journal of Anatomy 794.50

To Ramon Guiteras, Secretary American National Com.

International Med. Congress 25.00

Envelopes and postage 11.00

Printing 17.00

To 1 check returned and charged to the Association 5.00

$876.50 876.50

Balance on hand December 27, 1905 $103.64
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The Treasurer's report was anclitecl by a committee consisting of Dr.

Robert E. Bensley and Dr. William S Miller. This committee reported

:

" We have examined the Treasurer's accounts for 1905 and found them

correct."

On motion the report of the Auditing Committee was accepted and

adopted.

ABSTRACTS OF PAPERS PRESENTED.

CONTRIBUTION TO THE GENETIC INTERPRETATION OF THE MAM-
MALIAN INTERNAL SPERMATIC VEIN, By George S. Huxtington.

Columbia University, 'New York.

Eead by title.

ON THE PAROTID OF PROCAVIA. By George S. Huxtixgdox. Columbia

University, Neio York.

Read by title.

(Owing to illness Dr. Huntington was unable to attend the meeting.)

THE HOMOLOGY OF THE VERTEBRATE LIMBS. By James Playfair

McMuRRicH. University of Michigan.

A HITHERTO UNRECOGNIZED FEATURE IN THE DEVELOPMENT OF
THE REPTILIAN POSTCAVA. By Charles F. W. McClure. Depart-

ment of Biology, Priiiceton University.

Eead by title.

ON THE PRESENCE OF A TYPE OF POSTCAVA IN THE ADULT CHE-
VROTAIN, TRAGULUS MEMINA (ERXLEBEN), WHICH IS UN-
USUAL IN RUMINANTS. By Charles F. W. McClure. Department
of Biology, Princeton University.

Eead by title.

PECULIARITIES OF THE NEGRO BRAIN. By Robert Bexxett Beax.
Department of Anatomy, University of Michigan. See American Jour.

or AxATOMY, Vol. V.

THE DISTRIBUTION OF THE BRONCHIAL BLOOD-VESSELS. By
William S. Miller. Department of Anatomy, University of Wis-

consin.

The bronchial arteries, after entering the hilus of the lung, follow

the bronchi buried in their fibrous layer. Two, sometimes three, main

branches accompany each bronchus. The brandling of the bronchial ar-
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tcries corresponds to tlie branching of the bronchi, along which numer-

ous small rami continually spread themselves out to form an irregular

plexus, in general arranged at right angles to the muscular layer. In a

collapsed lung the bronchial arteries have a tortuous course, but when

the lung is inflated and the bronchi correspondingly lengthened their

course is quite straight. The main trunks can be followed as far as the

bronchioli respiratorii where they terminate in a capillary network whicli

extends to the distal end of the ductuli alveolares.

From the arterial plexus in the fibrous layer small twigs are given off

which penetrate through the muscular layer and having reached a posi-

tion beneath the epithelium lining of the bronchi they turn and run for a

short distance parallel with the muscular layer, giving ofl: capillaries

which run parallel to the long axis of the bronchus. These capillaries

unite to form a network of venous radicles situated at first side by side

with the arterial radicles, then passing obliquely through the muscular

layer they form a second plexus, with a coarse mesh, along the boundary

line between the fibrous and muscular layers.

From this second venous plexus small veins arise which form one of

the sources of origin of the pulmonary vein. These small veins, which

may be designated as broncho-pulmonary (Le Fort), arise at various in-

tervals along the larger bronchi; along the smaller bronchi and the

bronchioli respiratorii they usually arise, one on either side, at the

place where the bronchi divide; from the ductuli alveolares they arise one

on either side of their distal end and carry off from the bronchial tree

the last trace of blood wdiich is found in the terminal capillary network

into which the main trunks of the bronchial arteries break up.

By a careful study of the vascular network in the bronchial muscosa

one can recognize small areas composed of an arterial radicle, its capil-

laries and a loop of the venous plexus. I have found this area in the

bronchi of man, the dog and the cat. It may be called the unit of dis-

tribution.

The veins arising from the first two or three divisions of the bronchi

do not join the pulmonary vein, but form true bronchial veins which

empty into the azygos or into the vena cava. This lias already been noted

by several authors.

Xo anastomoses were found between the bronchial and pulmonary ar-

teries. In many sections quite large branches could be seen passing from

the bronchial arteries to the walls of the pulmonary artery where they

became the vasa vasorum, but in no instance was the differential injection

mass found in the lumen of the pulmonary artery.
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A NOTE ON METHYLENE VIOLET AS ONE OF THE NUCLEAR DYES IN

THE ROMANOWSKY STAIN. By Ward J. MacNeal. Department of

Histology and Einbryology, University of Michigan.

Bernthsen in 1885 sliowed that decomposition of meth^dene blue by

alkalies yields methylene violet, which he obtained pure, methylene azure

which he was unable to prepare in pure condition, and the leukobases

of these substances and of methylene blue.

Michaelis and Giemsa have recognized the nuclear dye of the Eoman-

owsky stain as methylene azure and Giemsa has prepared a pure methylene

azure by a secret method, and this is on the market. These observers re-

gard methylene violet as of no value.

Unna has compared the staining properties of Giemsa's methylene azure

with his own polychrome methylene blue solution, and finds the older

preparation much more active and therefore concludes that azure is not

the only staining principle of polychrome methylene blue. By adding

methylene violet and alkali carbonates to azure solutions he approximated

very closely polychrome methylene blue.

My first experiment was an attempt to isolate Kocht's " roth aus methy-

lene blau " by extraction with ether. By means of a mechanical ex-

tractor 0.4 gram of this substance was obtained and identified by its

chemical reactions as nearly pure methylene violet (Bernthsen).

^Methylene violet was next prepared by Bernthsen's method and its re-

actions compared with the ethereal extract of !N"ocht's solution.

The next step was to combine methylene violet into a suitable staining

mixture. It is insoluble in water, but soluble in aqueous methylene blue

solution.

Methylene violet 0.5 g.

;

Methylene blue (med. pure) 0.5 g.

!
Sod. carbonate (cryst.) 0.35 g.

Glycerin 50.00 cc.

Distilled water 50.00 cc.

The solid ingredients should be finely divided by trituration. CO, is

given off for some hours after preparation of this solution. It is used

by mixing a few drops with dilute aqueous eosin and floating fixed prep-

aration on the mixture for 2 to 30 minutes.

A solution of the dye in methylic alcohol is useful for rapid work.

The following formula has been tried

:

Methylene violet 0.12 g.

Methylene l^lue 0.12 g.

Eosin 0.12 g.

Methyl alcohol (pure) 100.00 cc.
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Grind the solids tlioronghly, dissolve in the warmed alcohol, and filter.

This is used the same as Leishman's solution.

Methylene violet may be prepared by Bernthsen's method. A fairly

rapid method of making it is as follows

:

Methylene blue 5.00 g.

NaoCOg crystals 3.00 g.

Distilled water 2000.00 cc.

Dissolve separately, mix and boil for five hours, replacing the water lost

by evaporation, filter and dry the ppt., which is fairly pure methylene

violet. Eecrystallization (repeated 8 to 10 times) from 95% alcohol puri-

fies it, yielding beautiful green crystals insoluble in cold water. The

crude violet may be used for staining, however.

DEVELOPMENT OF MEMBRANOUS LABYRINTH AND ACOUSTIC GAN-
GLION IN THE HUMAN EMBRYO. By George L. Streeter. Depart-

ment of Anatomy, Johns Hopkins University.

A report supplementing a paper, which was read at the Anatomical

Congress at Geneva (Verhandl. d. Anatom. Gesell. 1905), and in which

it was shown by a series of reconstructions that the nerves to the saccule

and posterior ampulla belong to the vestibular rather than the cochlear

division of the acoustic nerve. The additional observations included in

this paper concern features in the development of the ear vesicle, being ad-

ditional early stages of differentiation, and the correction of certain errors

in descriptions previously published. It is shown that the saccule instead

of developing as a pocket from the edge of the cochlea, as described by

His, Jr., is a portion of the vestibule and is partitioned off from the

utricle. The saccule is not developed from the cochlea, but the cochlea

is developed from the saccule, though this process occurs before the

separation of saccule from utricle is complete. It is further shown that

each semicircular canal has only one ampulla.

ON THE EPITHELIAL CELL PROCESSES OF THE SULCUS SPIRALIS
EXTERNUS. By George E. SnAMBArGii. Hull Laboratory of

Anatomy, University of Chicago.

Continuous with the epithelium covering the prominentia spiralis,

covered over in part, at times, by the cells of Claudius, and lying directly

in the bottom of the sulcus spiralis externus is a group of epithelial cells

which possess certain marked peculiarities that distinguish them from

epthelial cells found elsewhere in the labyrinth.

In the labyrinth of the pig it was found that these cells first began

to differentiate from the remainder of the epithelium of the sulcus ex-
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tenuis in the emhrjo measuring 12 cm. in length. In the embryo 15 cm.

long processes had formed from the cells thi'oughout the coils of the

cochlea and the bnnching np of the cells in the sulcus externus began to

appear preliminary to the actual invasion of the spiral ligament by these

cells. In the foetus at full term groups of these epithelial cells from the

sulcus externus had invaded the spiral ligament, especially in the basal

coil, to such an extent that their nuclei were found buried in the spiral

ligament as deep as midway between the sulcus externus. and the osseous

capsule, while protoplasmic process from these cells could be traced out

to the loosely arranged connective tissue of the spiral ligament lying

next to the osseous capsule.

In sections cut parallel to the coils of the cochlea a continuous line of

these cell groups would be found. These groups were arranged at regu-

lar intervals, and it was noted that the free surface of the epithelium in

the sulcus externus showed a distinct depression marking the site where

each group of cells penetrated the spiral ligament. A close study of these

cell groups showed that where the section cut such a group through the

center of its axis a small but distinct duct could be distinguished. Per-

pendicular sections cut through the edge of the cochlea would often cut

these cell groups at right angles. In such sections it was noted that these

cells were usually slightly separated from the surrounding connective

tissue probably due to shrinking. In these sections the central duct could

often be made out.

THE NERVE SUPPLY TO THE LEG OF THE FROG AFTER COMPLETE
DEGENERATION OF THE MOTOR FIBERS. By Elizabeth H. Duxx.

Department of 'Neurology, University of Chicago.

After severing the anterior roots of the 8th, 9th, and 10th left spinal

nerves (Gaupp's nomenclature) in a frog, Eana virescens Cope; female,

length 229 mm., weight about 55 grams, a period of eight months was

allowed for the completion of degeneration. On comparison of the osmic

stained nerves at various levels the following conclusions seem justified.

A large afferent suply to the muscles, about 50% of the total normal

supply, is present at all levels.

On each side the findings as to the size of the largest fibers innervating

the various segments corroborate the earlier statement that the largest

fibers run the shortest distance, a marked diminution appearing in the

average areas of the largest fibers given oif. successively to the thigh,

shank, and foot.

A comparison of the muscular and cutaneous afferent fibers as to size

shows that the largest are distributed somewhat evenly in both instances,

but that many more very small fibers pass to the skin than to the muscles.
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A study of the fibers on tlic operated side sliows a swollen condition

with increased relative area of the axis C3dinder in the thigh, although

in the main the normal one to one relation of axis cylinder to medullary

sheath is maintained.

In the intact leg the distribution of the fibers to the various segments

is in accordance with the law of distribution previously formulated in

this laboratory.

ON THE HISTOGENESIS OP SMOOTH MUSCLE. By Caroline McGill.

Department of Anatomy, University of Missouri.

Eead by title.

TOTAL FOLDS OF THE BRAIN TUBE IN THE EMBRYO AND THEIR"
RELATION TO DEFINITE STRUCTURES. By Susanna Phelps

Gage. Department of Histology and Embryology, Cornell University.

Continuing the investigations reported last 3'ear concerning the total

transverse folds of the brain tube, human specimens from the Cornell

University and Johns Hopkins Medical School collections have been ex-

amined. These range from the 3d to the 9th week of development. The

present report covers only the findings in the oblongata.

The total folds forming so prominent a feature of the 3-week brain,

begin to be olditerated on the outer surface by the formation of white

matter. Before the end of the 4th week the outer surface shows only

slight indications of total folding, but the inner surface is sharply di-

vided and the multiplying cells are masses along the lines of the original

folds. The folds show a tendency to form pits at about their middle.

At 5 weeks these pits deepen and are emphasized by the bulging longi-

tudinal bundles in the floor of the oblongata. The pits are here clearly

associated with increasing cell group and nerve roots. At 7 weeks, though

masked by greater growth of longitudinal bundles and longitudinal

spreading of cell groups, the same essential arrangements can be traced.

At 9 weeks the inner surface of the oblongata retains at its greatest

depth of folding, remnants of the 2d, 3d and 4th oblongata folds wdiich

still show relations through cell groups with the Yth, Vllth and Ylllth

Xerves wdiich are characteristic from the earliest stages.

This feature was traced through a series of cat brains until the pons

and cerebellum were Avell developed and all showed characteristic rem-

nants of these same folds in the depth of tlie pons bend.

In an especially favorable specimen, the folds, each in its turn were seen

to contribute fibers to the lonoitudinal l)undles of the res-ion, thus show-
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iiiii' that these folds not only arc associated witli serial nerve roots, but

with tlie longitudinal association tracts.

From the above it seems probable that segmental relations in the adult

brain can ultimately be traced with greater accuracy than hitherto.

THE ORIGIN OF THE GERM CELLS OF THE TURTLE. By Bennet M.

Allen. Department of Anatomy, University of Wisconsin.

EARLY STAGES IN THE DEVELOPMENT OF THE NASAL SKELETON
OF AMBLYSTOMA. By Robert J. Tehry. Washington University,

St.-Louis.

THE MUSCLES OF THE FEMALE PELVIC FLOOR. By William Keiller.

Medical Department, University of Texas. Galveston.

Eead by title.

THE FIFTH AND SIXTH AORTIC ARCHES AND THE RELATED PHAR-
YNGIAL POUCHES IN THE RABBIT AND THE PIG. By Frederic T.

Lewis. Harvard Emhryological Laboratory. Presented hy Charles

S. Minot.

FURTHER EXPERIMENTS ON THE DEVELOPMENT OF THE PERIPHER-
AL NERVES OF VERTEBRATES. By Ross G. Harrison. Depart-

ment of Anatomy, Johns Hopkins University. American Journal of

Anatomy, Vol. V.

EXPERIMENTAL EVIDENCE IN SUPPORT OF THE OUTGROWTH
THEORY OF THE AXIS CYLINDER. By Warren Harmon Lewis.

Associate Professor of Anatomy, Johns Hopkins University.

The nasal pit in amblystoma when transplanted, at a stage before its

nerves appear, in such a manner that its deep surface lies in contact with

the inner layer of the ectoderm, will send out its nerve fibers between

it and the ectoderm at which place there is no mesenchyme.

If the anterior end of the brain is removed before the olfactory nerves

are sent out, mesenchyme fills in the region more or less and the nerves

from the nasal pit grow out into this mesenchyme in various directions,

and as in the transplanted pit they take paths which are in no sense pre-

determined.

The optic nerve from transplanted eyes, in the majority of instances,

runs for long distances in among the pigment cells of the outer layer.

In a few experiments where the transplanted eye is in contact mth the

medulla, the optic nerve may pass into the medulla and run for some

distance in the latter. In a few instances the fibers of the optic nerve

pass directly out through the pupil into the mesenchyme surrounding tlio

transplanted eye.
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Transplanted pieces of the medullary plate possess the power of self-

differentiation, send out nerves into the strange mesenchyme surrounding

them or when in contact with the wall of the pharynx may send axis

cylinders for some distance in among the epithelial cells of the wall of

the pharynx.

Injuries to the brain made shortly after the closure of the neural fold

may form a point of exit for new nerves which may run out into the

mesenchyme in various directions. Such nerves may arise even anterior

to the optic nerve.

The only adequate explanation of such phenomena seems to me to lie

in the acceptance of the outgrowth theory of the axis cylinder.

EXPERIMENTS ON THE REGENERATION AND DIFFERENTIATION OF"

THE CENTRAL NERVOUS SYSTEM IN AMPHIBIAN EMBRYOS.
By Warrex Harmon Lewis. Associate Professor of Anatomy, Johns

Hopkins University.

A portion of the dorsal lips of the blastopore transplanted into the

mesenchyme of a much older embryo of Eana palustris will differentiate

into spinal cord, notochord and muscle, indicating that the cells of the

rim of the half-closed blastopore are already predetermined. Small pieces

of the medullary plate when transplanted into the mesenchyme of older

embryos likewise possess the power of self-differentiation, and they are

also able to regenerate a considerable portion of the brain corresponding

to the region which Avould normally have developed about the piece so

cut out. As for example, a small piece from one side of the mid-line

and not extending more than half way to the neural fold of that side,

will regenerate a perfectly bilateral medulla witli ventricle, roof and

typical arrangement of the wliite and grey substances of the normal

medulla. Such pieces may also send out nerves along new paths in the

strange mesenchyme surrounding them.

Embryos from which various portions of the medullary plate are taken

will regenerate the lost part and a perfectly normal brain will result.

After closure of the neural folds lost parts of the neural tube are as a

rule only imperfectly regenerated.

EXPERIMENTS ON THE ORIGIN AND DIFFERENTIATION OF THE
LENS IN AMBLYSTOMA. By Wilbur L. Le Cron. Student of Medicine,

Johns Hopkins University.

The work of Spemann and Lewis has shown conclusively that lens

formation is dependent upon the optic vesicle for its initial stimulus.

Although the lens is not a self-originating structure, the question arises,



XII Proceedings of the ^Association of American Anatomists

is it capable of seir-dilfcrentiation or is the continued influence of the

optic vesicle necessary for its normal development?

At the suggestion of Dr. Lewis, I undertook in the Spring of 1905 an

experimental study of the question of self-differentiation of the lens in

Amblystoma punetatum. It seemed possible that by removing the optic

vesicle, or optic cup, at various stages before and during lens formation,

one would be able to determine whether continued influence of the optic

vesicle is necessary for the perfect development of the lens.

The operation of removing the optic vesicle without injury to the de-

veloping lens or surrounding ectoderm is a simple one. The embryos

were operated upon under the binocular miscroscope. A semicircular

incision was made a little caudal to the eye region, and the skin flap

turned forward, thus exposing the rounded optic vesicle. The latter

was cut off close to the brain, and then readily removed, without injury

to the lens-forming ectoderm or lens-bud. On replacing the skin flap

into its original position, healing was rapid, requiring but a few hours.

The embryos were killed in Zenker's fluid 2 hours to 30 days after the

operation. In all 63 experiments were made.

When the optic vesicle was removed from an embryo of a stage shortly

after the closure of the neural folds, but before there were any signs of

lens formation, the latter did not take place, unless the eve regenerated.

In Amblystoma then, as in Eana, the lens is not a self-originating struc-

ture.

When the optic vesicle is removed during the time of formation of

the lens-plate, the latter is found to possess very little power of self-

differentiation and may remain as a mere thickening of the ectoderm.

If the optic vesicle is removed at a later stage, when there is a well

developed lens-bud, we tind that it possesses more power of self-differen-

tiation and will progress to the formation of a lens vesicle having walls

one or two layers in thickness, but beyond this stage it does not seem to

be able to differentiate, and even after many days, it remains in this con-

dition, without the formation of lens-fibers.

If the optic cup is removed at a still later stage, as when the lens

vesicle has pinched off from the ectoderm, but still in contact with the

same, we find that a still greater amount of self-differentiation is present,

there being enough to carry the lens vesicle on at the normal rate for a

few days, and lens-fibers will form. But its growth and differentiation

ultimately become retarded and stopped, and certain changes set in. The
lens-pole disappears, and new lens-fibers cease to originate, the anterior

epithelial layer grows over this pole thus enclosing completely the lens-

fibers, which begin to degenerate and finally become a mere vacuolated

mass.
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The lens, then, is not a self-originating structure, but is evidently de-

pendent upon the stimulus of the optic vesicle for its origin. It seems

that this influence of the optic vesicle upon the overlying ectoderm must

be of considerable duration, and that even after lens formation has begun,

a continued influence of the optic cup is necessary for the normal differ-

entiation and growth of the lens.

ON THE RELATION OF THE NERVE ENTRANCE TO THE INTERNAL
ARCHITECTURE IN MAMMALIAN MUSCLE. By Charles R. ^ar-

DEEX. Department of Anatomy, University of Wisconsin.

SOME NEW FACTS TOUCHING THE ARCHITECTURE OF THE SPINAL
GANGLION IN MAMMALS. By S. Walter Raxsom. Neurological

Laboratory, University of Chicago. Presented by H. H. Donaldson. '

There are in the second cervical ganglion of the white rat about three

times as many cells as there are medullated afferent fibers (8500 cells,

2500 fibers). Nevertheless, section of the nerve caused the disappearance

of half of the cells from the ganglion: that is, about 4500 cells dropped

out following the section of 2500 medullated afferent fibers. This result

was constant in the nine cases enumerated. In spite of this large and very

constant reduction in the number of the ganglion cells there was but a

slight and inconstant decrease in the number of medullated fibers in the

dorsal roots.

It is clear that the present conception of the architecture of the spinal

ganglion does not furnish an adequate basis for the explanation of these

results.

GLYCOGEN IN A 56-DAY HUMAN EMBRYO AND IN PIG EMBRYOS OF
7 TO 70 MM. By Simon H. Gage. Department of Histology and Em-
bryology, Cornell University.

A 56-day human embryo preserved in 95% alcohol showed abundant

glycogen in the tissues where it is most prominent in the lower mammals

of corresponding stages. It was especially marked in the developing

epidermis, in the cartilages and in the skeletal muscles. It was also

abundant in the epithelium of the main air passages, but scanty in the

heart.

For comparison pig embryos ranging from 7 to 70 mm. were preserved

in 95%. alcohol and cut into serial sections. As they were placed in the

alcohol before any changes had supervened, the glycogen was more sat-

isfactorily preserved than in the human embryo which had macerated

somewhat before the alcohol penetrated the chorion.
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In tracing the appearance and disappearance of gl3'co»cn in the differ-

ent series it was fonnd that at the earliest stages of an organ or tissue

no glycogen is present, hut in a sort of middle stage when the organ or

tissue is taking on something of its definitive^ structure, glycogen is very

abundant, and somewhat Uiter as tlie organ becomes perfected the glyco-

gen gratlually disappears. For exam})]e, in the youngest pigs the glyco-

gen is so large in quantity in the heart muscle that the organ stains al-

most black with Gram's iodin solution; but in the largest pig (70 mm.)
the glycogen had partly disappeared. In the alimentary canal the glyco-

gen passes as a kind of wave along the tube commencing at the mouth,

esophagus and stomach, and as the villi commence to be formed, passing

along into the small and large intestines.

No glycogen was found in the liver of any of the pigs studied. This

agrees with the statement of Bernard that the liver is relatively very

late in assuming the glycogenic function.

The presence of glycogen in the endymal cells covering the choroid

plexuses of the brain (Creighton) was verified, but as with the other

organs the glycogen is not present during the first stages. Late it is very

abundant and is present in the endymal cells not only of the relatively

free plexus, but for a considerable distance upon the ventricular brain

surface. This endymal glycogen was found in the plexus of the lateral

ventricles of pigs from 40 to 70 mm. It does not appear in the endymal

cells of the 4th ventricle until the pigs are between 50 and 75 mm. in

length.

C'ontrary to the statements of Bernard, much of the coelomic epithelium

is very freely suplied with glycogen (pigs of 35-45 mm.) ; and contrary

to the statement of all authors (Bernard, Barfurth, Creighton, Pfliiger

and those to whom these authors refer), that no glycogen is present in

the nervous system in any stage of its development in vertebrates, abun-

dant glycogen was found in a part of the cells of the ganglia of the dorsal

roots of the nerves. This persists up to about 15 mm. pigs. While the

ganglion cells possess the glycogen the outgrowing nerves seem to be

wholly free from it and appear as almost transparent spaces, but in older

pigs 30 to 70 ram. and perhaps older, the nerves beyond and within the

ganglion are so densely surrounded by glycogen that they stain a deep

brown by iodin. So far as at present known, the glycogen is not in the

fibers but in the surrounding tissue.

Abundant glycogen was also found in the olfactory as well as the

respiratory epithelium of the nose and its presence is very striking in the

epithelium of the cochlear canal opposite the embryonic organ of Corti.

Glycogen is, therefore, normally present in parts, at least, of the central
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nervous system and tlie organs of sense in mammals. This is in accord

witli the findings of glycogen in the cells of tlie spinal cord of Amphioxus

and Asymmetron and in the brain and cochlear canal of Ammocoetes

which were reported last year (American Journal of Anatomy, Vol. IV,

p. XII of Proceedings of Association of American Anatomists).

AN EXAMINATION OF THE METHODS FOR THE MICHROCHEMICAL
DETECTION OF PHOSPHORUS IN TISSUES. By Robert R. Bensley.

Hull Laboratory of Anatomy. University of Chicago.

Experiments were described which seemed to show that the results ob-

tained by the method of Macallum are in reality due to the formation of

molybdic acid compounds with the tissue-substances. The reasons for

this conclusion are briefly as follows

:

Phenylhydrazin hydrochloride reacts wdth solutions of molybdic acid

prepared by the methods of Ullik and Graham to produce the blue oxide

of molybdenum. Sections treated with solutions of molybdic acid con-

taining 5% of nitric acid, then reduced by a solution of phenylhydrazin

hydrochloride, give a reaction similar in all respects to the so-called

phosphorus reaction, except tliat a strong reaction is obtained in the col-

lagenic fibrils as well as in the nuclear cliromatin.

Xitric acid affects the reduction of molybdic acid, ammonium molyb-

date and ammonium phosphomolybdate by phenylhydrazin hydrochloride

in the same way, bnt to different degrees, inasmuch as low concentrations

of nitric acid serve to prevent the reduction of molybdic acid and of am-

monium molybdate to the blue oxide, while high concentrations (o. g.

36%) of nitric acid only retard the reduction of ammonium phosphomo-

lybdate. Accordingly, solutions of phenylhydrazin hydrochloride con-

taining a high percentage of nitric acid should detect ammonium phos-

phomolybdate in sections, wdiile not affecting in any way molybdic acid

compounds or ammonium molybdate mechanically held by the tissue.

Tests made on sections impregnated with molybdic acid and on sections

into which ammonium phosphomolybdate has been artificially introduced

show that this is the ease. Sections treated with molybdic acid solutions

show no reaction with solutions of phenylhydrazin hydrochloride con-

taining a low percentage of nitric acid, while sections treated with phos-

phoric acid solutions and then with warm nitric molybdate reduce rapidly

in a solution containing 0.1% of phenylhydrazin hydrochloride and 15^
of nitric acid. Sections treated with Macallums's nitric-molybdate re-

agent behave like sections treated with solutions of molybdic acid. That

is to say, low concentrations of nitric acid suffice to prevent their reduc-

tion by phenylhydrazin hydrochloride. For example, a solufion contain-
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ing 0.1^ of phenylhydrazin hydrochloride and 3.27% of nitric acid

produced no reaction with sections treated with pure molybdic acid or

with Maeallum's nitric-molybdate rpagent after three minutes' treat-

ment, although similar sections containing ammonium phosphomolybdate

artificially introduced reduced to a maximum extent in the same solu-

tion in less than one minute. Clearly, the sections treated with the nitric

molybdate reagent contained no phosphomolybdate of ammonium. Other-

wise the reduction would have been obtained in the presence of a high

content of nitric acid. The experiments show that the reducing agent

employed does not discriminate between ammonium phosphomolybdate

formed at the expense of the phosphorus of the tissue and other molyb-

denum compounds which are likely to be present, inasmuch as it produces

like colored compounds with molybdic acid and ammonium molybdate.

They show further that the phosphorus, if liberated as phosphoric acid,

is not precipitated at the point of liberation as ammonium phosphomo-

lybdate. Thus the essential conditions of a successful phosphorus reac-

tion by this method are not fulfilled.

ON THE STRUCTURE OP THE HARDERIAN GLANDS IN MAMMALS. By
JoHx SuNDWALL. Hull Lahovatory of Anatomy, University of Chicago.

Presented by Robert R. Bensley.

ON THE SO-CALLED TRANSITIONAL CELLS OF LEWASCHEW IN THE
ISLETS OF LANGERHANS. By M. H. Lane. HuU Laboratory of

Anatomy, University of Chicago. Presented by Robert R. Bensley.

A report was made of observations on the structure of certain cells in

the islets of Langerhans which may have been among those observed

by Lewaschew and interpreted by him as transitional in nature between

the islet cell and the acinus cell. Comparatively few references to these

cells appear in the literature. Diamare described them as large deeply

staining cell^ occurring on tlie borders of the islets of the rabbit and

gninea-pig, and Schultze makes a similar brief reference to their occur-

rence in the same animal. By means of Bensley's neutral gentian tech-

nique it has been possible to stain these cells distinctively and to deter-

mine their characters. It has been found that they are much larger than

the ordinary islet cells, and in preparations stained by the neutral gentian

method, appear intensely blue, while the other cells of the islets are pale

orange. Under high powers it is seen that the deeply stained cells owe

their appearance to the fact that they contain innumerable minute gran-

ules which are stained deeply with the violet component and stand out

clearly on an orange stained background of the ordinary protoplasm of
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the cell. In many cells a small space on one side of the nucleus is found

to be free from the granules and probably contains the centrioles, al-

though the large number of granules present in the cell makes the actual

observation of them difficult. The granules do not correspond in their

chemical properties either with the zymogen granules of the acinus or

with the prozymogen. Unlike the zymogen granules they do not dissolve

in 70% alcohol, and they differ from the prozymogen hy not staining in

toluiden tlue or polychrome methylene blue. It seems probable that we

have to deal here with a specific element of the islets of Langerhans differ-

ing both from the cells of the acinus and from the ordinary islet cell. By

analog}' with the hypophysis, to the chromophile cells of which these cells

bear a remarkable resemlilance, they may be called the chromophile cells

of the islet of Langerhans. They have been found in the cat, dog, rabbit,

white rat and guinea-pig.

EXPERIMENTAL STUDIES ON THE NATURE OF THE CELLS COMPOS-

ING THE GASTRIC GLANDS OF THE DOG. By B. C. Harvey. Hull

Laboratory of Anatomy, University of Chicago.

The changes which take place in the bodies of the fundus glands of

the dog; as a result of gastro-enterostomv were described and discussed.

After gastro-enterostomies the cells in the bottoms of the fundus-glands

at the site of operation which normally are ferment-forming cells are

replaced by mucous cells. After 6|- months, however, the cells in this

region are all ferment cells again, as in the normal stomach. Similar

changes occur after simple incisions into the gastric mucous membrane.

The new mucous cells which are formed in the first two months could

not be formed by the division of previously existing cells of the same

kind because mitoses are extremely infrequent in this location. They

could not arise from parietal cells because no transformation stages can

be observed. They must, therefore, have arisen by the transformation of

ferment-forming chief cells, the number of which is inversely propor-

tional to that of the mucous cells. The direct proof that the ferment-

forming chief cells become mucous cells can be found in the fact that

transition stages have been observed. The new ferment-forming chief

cells found at 6^ months after the operation were shown to have been

formed by transformation of mucous cells. The conclusion was drawn

that these cells are not specifically distinct but may change from one type

to the other, and later resume their original condition, in response to

the action of varying external conditions. Also, mucous transformations

of ferment cells are not to be regarded as necessarily either degenerations

or final differentiations.

17
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ON THE ARTERI^ RECT^ OF THE MAMMALIAN KIDNEY. By G. Carl
HuBER. University of Michigan.

In corrosion preparations of the blood-vessels of the kidney of the dog,

cat, rabbit, and gninea-pig it was observed that all the straight arterioles
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