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ANTAGONISM BETWEEN SALTS AND ANESTHETICS -II

APTTOxf nJ"V^-''^™'''^'^^ ^^ ™E RATE OF TOXIC
frxT^i

'^ 0^ PURE ISOTONIC SALT SOLUTIONS ONUNFERTILIZED STARFISH AND SEA-URCHIN EGGS

Bv RALPH S. LILLIE.

Introductory.

JN a recent paper' I have shown that various anaesthetics (ether
chloroform, alcohol, chloretone, chloral hydrate, benzol, toluol'

xylol in concentrations identical with those which produce typical
an.'esthesia,^ prevent or retard the disintegrative or toxic actio^ ofpure isotonic solutions of sodium chloride on the cilia and muscles ofAremcola larva.. This antitoxic action is associated with a decrease
or prevention of the marked and rapid increase in permeability whichhe pure salt solution acting by itself normally produces. The pro-
ective or anticytolytic action of the anesthetic is thus to be referred

led that he salt solution is no longer able to induce the same markedand rapid increase of permeability as before. Anaesthetics thus pro-duce an eflect similar - though less favorable -to that of saltslike calcium or magnesium chloride, winch also prevent rapid increase
of permeability and at the same time diminish the to.xi'citv of the pu;!
salt solution. Further proof is thus afforded that cert'ain forms of

' This Journal, 1912, xxix, p. 372.
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antitoxic action depend primarily on a modification of the impermea-
ble surface layer or plasma membrane of ceDs, and consist in render-

ing this structure more resistant to conditions that in the absence of

the antitoxic agent increase permeability to an abnormal and injuri-

ous degrce.-

In the present paper I shall describe the results of similar experi-

ments with the unfertilized eggs of starfish and sea-urchins. In each

series of these experiments the eggs were exposed for definite periods

to (i) the pure isotonic solution of the salt used, and (2) to a series of

solutions containing in addition to the salt various anesthetics in

known concentrations. In the majority of series calcium chloride and
potassium cyanide were also used for comparison. The relative

toxicity of the solutions was estimated (i) by observing the rate of

cytolytic action upon the eggs while in the solution; this action is

shown in Asterias eggs by a gradual darkening or coagulation of the

protoplasm, and in Arbacia eggs by the diffusion of pigment into the

solution; and (2) by fertihzing the eggs in sea water after a definite

stay in the solution and determining the proportion that develop to a

larval stage; the proportion of such eggs as compared with the pro-

portion developing from normal untreated eggs is an accurate index

of the degree of injury undergone.

The results of these ex-periments have shown that the addition of

anaesthetics may have a distinct and often pronounced effect in re-

tarding the toxic action of pure isotonic solutions of sodium and potas-

sium salts. This protective or antitoxic effect is most readily demon-
strated in those solutions where the cytolytic action is sufficiently

rapid to kill all of the eggs in a comparatively brief time, i. e., within

one to two hours. Sodium chloride solution has this action on normal
nvature starfish eggs; in the presence of anaesthetics the life of the

egg in the solution is decidedly prolonged (see below, page 7). On

' The reasons why mere increase of surface permeability is injurious or destruc-

tive to the cell are discussed in my earlier paper on the general biological signifi-

cance of changes of permeability, in Biological bulletin, 1909, xvii, pp. 192 ff.

The conclusion is there reached that "in general to.xic action must be regarded as
depending in many cases primarily on an alteration, particularly an increase,

in the normal permeability of the cells." Further evidence that antitoxic action

consists in a prevention of this increase is presented in my papers on permeability

changes in relation to stimulation and the initiation of cell division, in this Journal,

1909, xxiv, pp. 23 ff., 4S6 ff., and 1910, xxvi, pp. 117 ff.



Antagonism between Salts and Ancesthetics.
3

Arbacia eggs the action of sodium chloride is much more gradual and
in most o the experiments with these eggs the more rapidly aaing
salts, lochde, sulphocyanate, and nitrate - of both sodium and potasSlum - were used. Pure isotonic solutions of all these salts, with the
exception of KNO3, kill unfertilized Arbacia eggs within one and a half

rn'lll
'? iT' '°f

""" ""'^"^ '^'''''''^^ "''''' t°^^ than potassium;

"ationfd
" 1"'""'

"f""'
anesthetics in appropriate concen-

trations decrease the rate of toxic action, i. c, exert a definite antitoxic
influence, as the experiments described below will illustrate. In thecase of more gradually acting salt solutions, such as sodium chloride

Hule orT'^r"' ';"" '° ''^ ^" '' '''''' '^^'' --^^etics hav^
little or no antitoxic effect.

The rate of action of the salt solution is thus an important factor
in deterrmmng the possibility and the degree of counteraction through

bufh "rn, r"""^ ''"^ ^"'^^^"^^^ ^^-^^ ^ -^Pid action,but have httle effect on one more gradual. It seems probable tha

soXm ;,'"'"' ""'"'^'^'^' ^^'^^'^^^ '^^Ss against solutions ofsodium iodide or potassium sulphocyanate mainly by preventing the

Tfter tho'n
" M ""r" '" P^™-biHty which occurs at orshortly

naner 5 h
' 1 ,

". "
• ^

*' ^^^ '''' ^°^^^^°"-' ^" ^^e precedingpaper I have adduced e^•ldence that in anaesthesia the plasma menvbranes of irritable tissues are so modified as to render more difficult a

tilfskind"rr " P^™^''^^^^t>'' h-- stimulation, which involves
this kind of change, is prevented. In the case of these egg ceUs the con-ditions appear to be essentially similar; the initial rapid increaseTnpermeabihty, .vith the associated toxic action, is checked- but the

he solution take place as before. Hence, a distinct antitoxic in-

onV. '".t '? '"^^ ^'^^^ '"""^" ^^^ ^-^t h«- - two in the solu-

as^nthr. •/";"'?• ''"" '"^ ^' perceptible. For the samereason the toxicity of sodium chloride solutions, which act graduallyon Arbacia eggs, is not perceptibly counteracted by anaesthetics Thesesubstancesthus exhibit a characteristic contrast 'o such a salt afcd!
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, , 1 i^varate (o.i to 0.05 per cent

,„d retard toxic
-"-pi s™ -=">'=""=• ^"*^T Th u «

•„ tVip format on of the plasma
,.r.pj protein film, ine sui

" *
t be regarded simply -» » ^.^t'^th Gibbs' pnndple-

r:; *:tri:werin^Ke s„r.^ -2zt\i'y^'^ ^* *:

tioidJ- »e,i..s P'7- -„t:*:si, -' *-:":*::.
^^'*r * PropoSo' o. Upoids to P-™-;tr; i. ^i.-

""rpltma lemLrres of ««^. >-'
^ .^j'^s and tissues diSer-

,Sts':r:r^rt£2i^'riSer£

Merucola the
'«°-J„ta "onti""^ "*" *""°'rr' s.a>

" 4e

-'"^•rr*U"clp£ and rapid *- ^J-^d ,kX. is
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effects are weU marked. These differences may be due to the existence
of a higher lipoid content in the plasma membranes of the contractile
tissue than of the eggs. There are probably also qualitative differences
of lipoid content; at present what I wish to emphasize is that the
existence of Hpoids as essential constituents of the membranes is
definitely indicated by the present experiments.

Experimental.

The experiments described below were performed at Woods Hole
during the summer of 1911. The unfertilized eggs of both starfish
(Astenas forbesu) and sea-urchins (Arbacia punctulata) were used
Ihe experiments with each species of egg will be described separately.

Experiments with starfish eggs. — The unfertilized mature eggs of
Astenas forbesii were used in these experiments, and the salt solution
was in all cases isotonic sodium chloride (0.55 m NaCl) The pro-
cedure was as foUows: The eggs, after removal from the animal, were
left in sea water from two to three hours to aUow time for maturation
Several cubic centimetres of a thick suspension of eggs were then
brought into Erlenmeyer flasks of 50 c.c. capacity, the sea water was
removed as far as possible with a pipette, and 50 c.c. of the solution
added; after the eggs had settled to the bottom of the flask, as much as
possible of the solution was withdrawn and replaced bv 50 c c of
fresh; the original smaU quantity of sea water introduced \\ith the e-crs
IS thus diluted at least a thousand times, so that its influence may'be
regarded as neghgible. Where volatile anesthetics were used the flanks
were kept tightly corked. At intervals eggs were removed and exam-
ined in watch glasses. After remaining in the solutions for a period
known to be sufficient for the pure salt solution to destrov all or nearly
aU of the eggs (one to two hours or more), the latter were transferred
from each solution to a large quantity of sea water and washed free
from salt and anaesthetic by one or more changes of sea water; sperma-
tozoa were then added. The proportion of blastuia. developing from
eggs exposed to any solution, as compared with the proportion de-
veloping from the control eggs left in sea water, was taken as index
ol the injurious action of the solution.

Pure isotonic solutions of sodium chloride have a rapid destructive
action on mature starfish eggs, causing agglutination and rapid increase
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c „ tr. two hours at normal summer

of permeability.^ In the course o one to two hour
^^ ^^^^^^

emperature (.o-.4°) the P-^^^^^^^^^^tJation follow rapidly,

and coagulated appearance;
f-f^^^^^^gT though less rapidly, indi-

The same changes
^-^/^J^f^^^^^^^^^

P-vious

eating the presence of a ^^'^
'^^'l^

^
^ed as primarily depen-

to maturation. These changes ^re to be reg
„,,^brane.

dent on an increase in ^^^^^ P7;^;tt:plasmic coagulation occurs

A similar cytolysis
P[^^^^^f .^[P^f^^^ter for a period of fourteen

normally in unfertiUzed eggs
'^'' H'^^l,,^, p^rt in this change,

to eighteen hours.
^^^'f^^^^^ZZl^l^^^^ or in the presence

since it is greatly '^^t^.'-^^^ ..S the e^g remains living and ca-

of cyanide.^ The penod ^^^^^^^ thus be greatly prolonged

pable of developmg after
^''''^''"^'^^^J^.^^^ sea water. The cyto-

^y keeping in oxygen-free or ^y^^^^'^^^^.^^^ is also retarded

lytic action of pure isotonic sodium cmorm
^^^^^^^^^ .^ _^^

4 cyanide; the anticytoly.. e^.^^^^^^^^^
„, ,^^3 undergo

„, NaCl containing ^100° KCN tli g
^^^^.^^ ^^^ ^^^^^^^^^

coagulationwitWntwo to three hou-^^^
.^ ^^^^^.^ ^^^.

greater anticytolytic effect hanya^^^^^
^^.^^^^^ ^^^^.^^^^ ,,

centrations have a similar effect.

Table I will illustrate:
_ ^ ^^^^Its. Ether,

Several other series of

^f-^^^^.^in certain concentrations

chloroform, and 'chloral hydrate a 1 showed
^^^.^^ ^^

a definite and well-markedff2l^lfZ,,,uLaion than chlo-

o.55,.NaCl. Etherhasachstinctl^^^^^^^^^^ ^,,^

roform or chloral hydrate m_ the abo
^^^ developmental

latter, while checUng
^f^^^^^^^tn Ir m^^^^

power of the egg as ether does. Seven^^^
^^^^^^^^^ ,,,,entrations;

with chloroform m one
^^^^^^^^^^^l^^ ;, the table: cytolysis was

the effects were sumlar to those desmbe
^^^^^ ^^^^^ ^^^^^

retarded at first, but the eggs on e urn to
^^^^^^^^^ ^^^ ^^^

in the solutions aU failed on ^^ d-^ti^n t
^ _^^^ ^^^^^^

experiments with five

y^^^-^/J'^^^'^^tJ^^ chloral hydrate was found

was seen. The antitoxic action "^ ^he^

^^^^^^.^^^ ^.^row range of con-

to be exerted mostfT^^^^^^^Zm 0.7 vol. per cent to 0.,

centrations, ranging in the case 01
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vol. per cent with an optimum at 0.5 or 0.6 vol. per cent, and in the
case of chloral hydrate from 0.2 to o.i per cent, or possibly lower.
Detailed descriptions of these experiments are omitted for lack of

TABLE I.

^"""'l 7 ^'^^^ °^ '^''""^ iothciW; the majority undergo apparently normal maturation
Ihe fertilized eggs give numerous active gastrula;. Unfertilized eggs were brought
mto the foUowing solutions two hours after removal from the animals. After two
and a half hours in the solutions they were transferred to sea water; after washing in
sea water sperm was added.

Solution.

1. 0.55 m NaCl.

2. 100 V. 0.55 m NaCl +
5 V. m/2 CaClj.

3. 0.55 m NaCl + 0.3
per cent chloral hy-
drate.

4. 0.55 m NaCl + 0.6 v.

per cent ether.

5. 0.55 m NaCI + 0.4 v.

per cent ether.

0.55 m NaCl + 1/6
saturated chloro-
form'

7. 0.55 m NaCl -f 1/10
saturated chloro-
form.

S. 0.55 m NaCl -f-

m/1000 KCN.

Condition of eggs in solu-
tions after ca. two hours.

Ca. 95 per cent dead and
coagulated; a few re-

main clear.

All eggs clear and nor-
mal-looking.

Great majority dead
and coagulated as in

Solution 1.

^
Majority coagulated,

I

but a good many re-

[ main clear.

' Most coagulated, but
clear eggs more nu-
merous than in Solu-
tion 4.

Ca. 50 per cent are
translucent without
membranes; remain-
der with membranes
and coagulated.

Great majority coagu-
lated; a few remain
clear.

Ca. 60 per cent remain
clear; rest coagulated.

Effect of fertilization in sea
water after two and one-
half hours in solutions.

No development.

Majority form blastulae,

largely abnormal.

No blastula;.

Ca. 10 per cent of ma-
ture eggs form Ijjastu-

lae, largely abnormal.

Ca. 20-30 per cent of ma-
ture eggs form blas-
tulae.

No blastulae.

Almost all die early; one
blastula seen.

Ca. 5 per cent of mature
eggs form abnormal
blastul.r.

space. In one series in which eggs were fertilized after two hours in
the solutions, most of the mature eggs which had been exposed to
o 55 m NaCl containing 0.75, 0.6, and 0.5 vol. per cent ether formed
blastuke; 0.4 and 0.3 vol. per cent soluUons were less favorable,
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I„ the pure 0.55 « NaCl
"'^^^^f

»" °^ *: 'f„,, „e„,„arked pro-

lated alter two hours. Chi «>
'>___,^ .„ ^„„„,„ ,„„,;„„, These

tective »'"°^'7' P"
""^es of experimerrts with ether, in concen-

results are typical- Ih five senes o ^ ^_^^ ^^^^^ ^^^ ^^^
traUons rangrng '"" ";"

"I- P=' ^' coneentrations between 0.6

'T""%7re»t Wit! SuSI^ydrate the best eoncentrations

and 0.4S vol. per cent^
^ ^ ^^ „ , pe^ cent).

to low eoncentrations (=.r to 0.05 P" ='"'•;«
^t^ednbit abnor,nal

Toward the end of June the

"f* 'f^("^Jf
°
„°.,d ,„ ,b„„,n,ally

hehavior: the eggs even
f-J-^TZlllslZ failed to undergo

high resistance Xl°ZZXse.Zier':n.i were difficult to fer-

'.•,L"°Te Son o ntth^ics was also abnormal. The behavror

uLetg; will not be considered in the present „e^.
^^,^^_

rr'Z tbadaX c« s^l s"nsS wrodiunr and potassiunr

tihzed eggs of Arbaaa me cm
experiments were

iodide, sulphocyanate ^^^^^^^'-^^^^^^ns of Indium chloride.

also performed mth
^^^^f^^^^^.^,^^^^^^^^^ of about three hours,

In pure neutral 0.55 m NaC
,
^^ !^^^^

?^f/^'^^
.

6 per cent), chloro-

there was no evident antitoxic acUon with ether ^ao p

/
•

i-v, catiinted) ethyl urethane (0.3 per cenij, cmui

form (one sixth saturateaj, eui>
hydrate (o.i

(one tenth and one
--thrhTn al ltH:ride W^o) and

and 0.05 per cent). On ™ """^^ °
' ^ „ell.markcd action,

potassiunr cyanide
("'/-^^Xts e^otu" 'o pure 0.55 -» NaCl

particnlarly the former. Three hours =• P J |,„t a consider-

typically renders most '^^--iP^'^^ 'jS.foUUsialt is thus corn-

able proportion may^urv,ve he'»c-t^.^.
^^^ ^^^^^^^

paratively gradual, — hence m
'

, . , . . ^^e The addition of

Ltive action .^than.steucs^ ,,, ....eity of

alkah (m/sooNaOH) to «^^ °-5^
j,^

permeability-increasing

the solution, apparently by
^^'^f'f'^^^^

, j^^.^.^te and chloretone,

action; and in such alkahne
-<^'f^'^'^''^^;j^.^^^^^

antitoxic

and to a less ^^^^^
l^^'ZlZ^r^ o^^^^^^ with the neutral

action.
^\^^^^^^'^'\^\^^l,f^rZ

Otherwise

solution, increases the toxicity oi
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the results of these experiments correspond closely with those obtained
with the more rapidly acting salts, as described below. The experi-
ments with solutions of the other salts named above will now be de-
scribed in order.

TABLE II.

July 20, igii. - Unfertilized eggs of Arbacia punctulata were exposed to the following
solutions for one and three-quarters hours; they were then transferred to sea water
and sperm was added.

Solution.

1. w/2 NaT.

2. 9 vols, w/2 Nal + 1 vol. m/2
CaCl;

3. m/2 .\al + w/1000 KCN.

4. m/l Nal + 0.6 v. per cent ether.

5. m/2 Nal + 0.2 per cent iirethanc.

6. m/2 Nal + 0.1 per cent urethane.

7. m/2 Nal + 0.05 per cent ure-
thane.

8. m/2 Nal + 1/8 saturated chlore-
tone.

9. m/2 Nal + 1/16 saturated chlo-
rctone.

10. m/2 Nal + 0.1 per cent chloral
hvdratc.

Result (condition after sixteen hours).

No development; eggs dead and partlj-
. decolorized.

Most eggs form blastula;, largely irregular;
many surface swimmers.

Almost all are dead; largely disintegrated;
only one blastula seen.

All dead and laked.

A few blastute— less than 1 per cent.

A few blastulae— less than 1 per cent.

A few blastula:; somewhat more than in
E.xperiments 5 and 6.

.\ few blastula;. .

A few blastula; — less than 1 per cent.

A fair number of blastuhc— more than in
Experiments 5 to 9— ca. 3-4,per cent.

Sodium iodide. — In solutions of this salt antitoxic effects were ob-
tained with urethane, chloretone, and chloral hydrate, but not with
ether or chloroform. The action of m/2 Nal is not readily counter-
acted, and the antitoxic effects ^x\i}x anaesthetics are relatively sUi^ht;m four out of eight series of e.xperiments the ana;sthetics showed^ no
defimte protecUve action. On the other hand, calcium and to a less
degree cj-anide are always highly effective. Table II summarizes the
results of a favorable series of ex-periments.

In a second series on July 21 with ether (o.S, 0.6, and 0.5 vol per
cent) and chloral hydrate (o.i and 0.05 per cent) no definite antitoxic
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with ether but vuth chloral hydrate this action was
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, .^ of this anesthetic,
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^ ^^^_^^^^^^^^
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^^^^'^^^^fJ^^^ ^
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^^^^^^

IZ Pure W^Nal-K^^aimi -U^^^^^^^
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^^^^^ ^^^.^^^ ^^^^^^^
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with ether the effect was doubtfu A
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to, the pure solution; the P^^P-^^^^^
^tics. The extraction of

creased in the presence of
^^^^^^ ^^^^^ .^^^^^ ,^^^^^^ where antitoxic

pigment was distinctly

-J^^fjj^::^^,^^^^^^

W. NaN03 with respective exposures of t. nty nu^
,

. The s.lt was of Kahlba.m's make and contained some alkah. The

werelnd^lil neutral to .hcnolphthalein before usmg.
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quarter hours, two hours five minutes, and three hours ten minutes.
In the series with three hours' exposure no antitoxic action was ap-
parent except with calcium and cyanide. With two hours' exposure
chloral hydrate (o.i and 0.05 per cent), chloretone (one tenth and
one twentieth saturated), and urethane (0.4 and 0.2 per cent)

showed distinct action; all eggs were destroyed in the pure m/2
NaNOs, while a considerable number survived and yielded larvs
in the presence of the anaesthetic, especially with 0.2 per cent
urethane (40 to 50 per cent blastulae) and one tenth saturated
chloretone (30 to 40 per cent blas'tulae). Ether (0.6 vol. per cent)

showed no antito.xic action. Calcium and cyanide were markedly
effective, as usual with sodium salts. The protective action was
plainly correlated with a prevention of the increase of permeability
as indicated by exit of pigment. Results essentially similar to the above
were obtained in the other two series. In one experiment a few eggs
survived an exposure of nineteen hours to m/2 NaNOs containing

0.1 per cent urethane. Only cyanide and calcium showed a compar-
able action. Ether showed a slight protective action in one experi-

ment, but chloroform none.

Potassium salts. — In general, potassium salts in pure isotonic
solution are decidedly less to.xic to unfertilized Arbacia eggs than the
corresponding sodium salts. Anaesthetics show definite antito.xic

action with the iodide and sulphocyanate. Potassium nitrate is com-
paratively non-to.xic; in two experiments a considerable number of
eggs whicli had been exposed for nineteen hours to 711/2 KNO3 formed
larvae on fertihzation; in correspondence with this slowness of action
the antitoxic effects with anaesthetics are less distmct with nitrate
than with the other two salts.

Potassium iodide. — Three separate series of experiments were
performed with m/2 KI with exposures of one hour forty minutes,
two hours fifteen minutes, and three hours, respectively. Table III
gives the results of the second of these series.

The series with exposures of one hour and forty minutes gave an
almost identical result except that the results with urethane were
more favorable. The same solutions were used, except tliat o.S per
cent ether was substituted for one twentieth saturated chloretone.
The series with three hours' exposure also showed distinct antito.xic

action with chloral hydrate and chloretone, but doubtful action wiUi
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urethane- the eggs exposed to the pure solution for this period gave

le" than x per nt of'blastul.; the proportion of blastul. rom eggs

exposed to the anesthetic-containing solutions was also smaU but d.s-

TABLE III.

Solution.
Result (condition after nineteen hours).

1. m/2 KI.

2 9 vols, m/2 KI + 1 vol. m/2

CaClj.

3. m/2 KI + w/lOOO KCN.

4. w/2 KI + 0.6 vol. per cent ether.

5. m/2 KI + 0.4 per cent urethane.

6. m/2 KI + 0.2 per cent urethane.

7. m/2 KI + 1/10 saturated chlore-

tone.

8. m/2 KI + 1/20 saturated chlore-

tone.

9. ot/2 KI + 0.1 per cent chloral hy-

drate.

10. m/2 KI + O.OS per cent chloral

hydrate.

'About 50 per cent form blastul*.

Proportion of blastula: somewhat greater

than in E.xperiment 1.

All dead and coagulated.

All dead and coagulated.

Ca 40-50 per cent form blastulac; rather

less favorable than Expermient 1.

Ca SO per cent form blastuls; surface

swimmers more numerous than m b.x-

periment 1.

Marked improvement; 90 per cent or. more

eggs form blastula; better than Experi-

ment 2.

Marked improvement; like Experiment 7.

Improvement over Experiment L tl^'^'Kh

less favorable than Experiments 7 and S.

Ca. 90 per cent form blastulrc; essentially

like Experiments 7 and 8.

1 After ca twenty hours in the solutions the eggs were found completely laked in

Solu^Il 3:»^ partly laked in Solutions ^^^:^^Z::^
c 1 •• „o T 7 R Q nnd 10 The ant toxic action thus shows a gtncrai pa

in Solutions 2, 7, 8, y, ana lu. luca
f ,v,„ p„„ to its own P gment.

with the action in preventing increase of permeability of the egg to its owi P^
_

tinctlv higher -from 3 to 5 per cent. It is noteworthy that in all

three sri^^^^^^^^^^ showed no'protective action, but, on the contrary

increased the toxicity of the solution. The same -s - o ethen

Calcium chloride in all cases proved much less efiective with this

salt than with sodium iodide.
pvnpri.

Potassium sulpkocyanalc. -Wit}, this salt seven ^-les e^en

ments were performed, the results of winch showed close agreement.
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The periods of exposure ranged from forty-five minutes to three hours.
Exposures of one hour twenty-five minutes and one hour forty minutes
to pure m/2 KCNS killed all the eggs; a few sur^^ved exposures of
one hour (ca. 30 per cent formed blastula3), one hour five minutes
(ca. 5 per cent blastuLT), one hour ten minutes (ca. 10 to 15 per cent
blastula?), and one hour fifteen minutes, (ca. 2-3 per cent blastula);

and about half the eggs developed to blastulas after an exposure of

forty-five minutes to the pure solution.

Table IV summarizes the results of a series of experiments in

which eggs were transferred to sea water and fertilized after one,
two, and three hours' exposure to the solutions.

The results of the other series of experiments agreed essentially

with the above. Chloroform showed no protective action in any
experiment; alcohol also proved ineffective. Ether and especially

chloral hydrate showed marked antitoxic effectiveness in certain

concentrations; the optimum for chloral hydrate was o.i to 0.05 per
cent; the above result was the best obtained ^ith ether. Ethyl ure-
thane, in a series of experiments with this anaesthetic in the concentra-
tions 0.4, 0.3, 0.2, and 0.1 per cent, also exhibited marked antitoxic
action in solution of this salt. After one hour in pure m/2 KCNS,
from ID to 15 per cent of eggs fomied blastulas on fertilization,

while of the eggs exposed to the same solution containing 0.4, 0.3,
and 0.2 per cent urethane, from 75 to 90 per cent formed active
blastuL-c; in the o.i per cent solution there was no distinct anti-
toxic action. Chloretone was also used in this series, in concen-
trations of one tenth, one fifteenth, and one twentieth saturated, but
showed no definite effects.

In a second similar series, with ether (0.6 vol. per cent), urethane
(0.3 and 0.2 per cent), and chloretone (one tenth, one twentieth, and
one thirtieth saturated), and exposures of one hour forty minutes,
none of the eggs reached a larval stage; this exposure was e\adently
too long.

It is again to be noted that with this salt, as with potassium iodide,
calcium proved decidedly less effective as antito.xic agent than with the
corresponding sodium salt; also that potassium ' cyanide increased
rather than decreased the toxicity of the solu.tion.

Potassium nitrate. — Solutions of tliis salt are decidedly less toxic
than those of iodide and sulphocyanatc, and in the four series of ex-
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TABLE IV.

1 „,i In tlip (ollowinc solutions.

TTnfcrtUUed eggs of Arbacia were P^^«
'^„„f

"^j;" and three hours

day is indicated in the table. —

Solution.

Eggs exposed to solutions

one hour.

1. .55 m KCNS.

2. 9 vols. .55 »',
KCNS

+ 1 vol. m/2 CaLl.

3. .55 m KCNS +
,,,/lOOOKCN.

4. 55 m KCNS + 0.8

vol. per cent ether.

5. .55 m KCNS + 1 v.

per cent ether.

6. .55 m KCNS + 1/6

saturated chloro-

form.

7. .55«KCNS + 1/81

saturated chloro-

form, i

8. .55 m KCNS + 5

vol. per cent ethyl

alcohol.

About one third form

mostly irregular blas-

tuliE.

Great majority form

blastuls.

Few blastula;— ca. 2-A

per cent.

Great majority form

blastulffi.

A few blastuls — ca.

3-4 per cent.

All dead and coagulated.

Eggs exposed to solutfons

two hours.

All dead and coagiJated.

r .\bout 75 per cent form

blastula [of eggs ex-

posed three hours very

[ few form blastula;].

All dead.

Neariy all dead; ca. 1 per

cent blastula;.

1
AU dead.

All dead.

9. .55 « KCNS + 0.2

per cent chloral

hydrate.

10. .55 «' KCNS + 0.1

per cent chloral

hydrate.

All dead.

A few blastuls — less

than 1 per cent.

A few blastula;— CO.

2-3 per cent.

From 35 to 50 per cent

form mostly irregular

blastulee.

All dead.

All dead.

A few blastuls — M. 2

per cent [eggs exposed

three hours all dead].

f Ca 20-25 per cent form
'

blastulce [eggs exposed

three hours give a few

blastula; — less than 1

per cent.]

pe..cn. t« the ^-^^^tZ^^^'^
following series (T*le V) w.th an exp. «e

__^ ^
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urethane and one twentieth saturated chloretone survived and yielded

larvar on fertilization, while none of those similarly exposed to the

pure solution developed.

TABLE V.

July i8, igii. — Unfertilized eggs of Arbacia were placed in the following solutions.
Eggs were transferred to sea water after periods of two and twenty hours and fer-
tilized. The results were as follows.

Solution.
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sium cyanide in solutions of potassium salts. This contrast between

sodium and potassium salts has appeared throughall of my expen-

mcnts with unfertilized Arbacia eggs. Pure solutions of potassium

salts are characteristically less toxic than those of the corresponding

sodium salts; but in the presence of a moderate proportion of calcmm

chloride the relations are reversed. Sodium salts appear to be distinc-

tively characterized by the readiness with which the toxicity of the

pure solutions may be decreased by the addition of ca cmm;_ whale

in solutions of potassium salts the antitoxic action of calcium is rela-

tively slight. Somewhat similar conditions are exlubited ^^^^"^^^^

larviE which also withstand prolonged exposure to m/2 KLi better

than to ni/2 NaCl; calcium chloride has a markedly antagonistic

action to sodium chloride, but relatively slight to potassium chloride.

Cvanide also shows a remarkable difference in its action on unfer-

tilized Arbacia eggs in solutions of sodium as compared with potassium

salts The immediate toxic action of sodium salts is decreased m the

presence of w/iooo KCN, wliile that of potassium salts is distinctly

and often markedly increased. I an unable at present to assign any

grounds for this difference; possibly it indicates that sodium and po-

tassium salts act primarily on different constituents of "^ on different

processes in, the plasma membrane. Loeb has found that the toxic

action of many substances and agencies « upon fertihzed
_

sea-urchin

eggs is retarded by cyanide, and he has referred the antitoxic action in

such cases to a suppression of abnormal or destructive oxidatiori

processes. If the toxic action of salt solutions is due to the abnormal

changes which they produce in the plasma membrane, the above facts

seem to indicate that oxidations are in some manner associated wath

changes in the permeabiUty of the membrane. Suppression of oxida-

tive processes prevents pure solutions of sodium salts from mcreasing

the permeabiUty of the plasma membrane as they would otherwise do,

and hence diminishes the toxicity of these solutions. But why cyanide

fails to exercise this influence in solutions of potassium salts remains

unexplained on any such hypothesis: It must be recogmzed that

toxic effects may be the expression of a variety of alterations in the

' C/. this Journal, i9ii,xxviii, p. 213.
o l„•r^prtonic

s Neutral salt solutions, hyperalkaline solutions, sugar
^f^'^^^'^^"''^'^

and hypotonic solutions, narcotics. C/. J. Loeb: Biochenusche Zeitschnft, 1910,

xxix, p. 80.



Antagonism between Salts and Anesthetics. 17

living system. Hence an antitoxic agency which is effective with one
form of toxic action may be quite ineffective with another. Further
consideration ol" this question is deferred for the present.

Summary.

The main facts and general conclusions of the foregoing paper may
be briefly summarized as follows:

1. The permeabiHty-increasing and cytolytic action of isotonic
solutions of neutral sodium and potassium salts on unfertihzed starfish
and sea-urcliin eggs is retarded in the presence of various an.Tstheticsm certain definite concentrations. The period during which the eggs
remam living in the salt solutions, and capable of development after
fertiUzation, may thus be greatly prolonged. This protective or anti-
to.xic influence is comparable to that exercised by calcium or magne-
sium salts, though as a rule it is less marked.

2. The view that hpoids enter into the formation of the plasma
membrane thus receives confirmation. Evidently the state of the
lipoids determines the readiness with which the membrane undergoes
alteration. The conditions suggest that the lipoids have a "protective "

relation to the other colloids of the membrane, limiting or preventing
changes of aggregation state in these latter, and that during anesthesia
this influence is increased.

3. Calcium chloride is much less effective as antitoxic agent with
potassium than with sodium salts.

4. Potassium cyanide in m/iooo concentration, wliile decreasing the
immediate toxic action of sodium salts on sea-urchin eggs, increases
that of potassium salts.
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Pembrey and Cook ^ studied the alveolar percentages of oxygen
and carbon dioxid. especially in relation to the phenomena of second
wind. The brief report of their work in the Proceedings of the Physi-
ological Society gives only incomplete details of experimental method
nor does it state whether the subject went immediately from the con-
dition of rest to that of vigorous exercise or whether there was any
period 01 wanning up." I think this is a point of considerable impor-
tance m estimating the significance of their results. I shall return to this
point later in this paper; here we need only say that Pembrey and Cook
tound a rise of the alveolar carbon dioxid percentage during the
initial respiratorx- distress by amounts varj-ing from 0.44 to about
2.0 per cent. Later, ^^^th the advent of second wind, there was in most
cases a tendency to return toward normal. The oxygen tension^
uniformly showed a fall.

_

By far the most careful and extensive investigation of the subject
IS that of Douglas and Haldane {loc. cit.). In the case of very sudden
and ^^olent actmty (running rapidly up, down, and up again a flight
ot stairs 40 feet liigh, the work being done at the rate of 30,000 foot-
pounds or 4000 kgm. per minute) it wtfs found that "the immediate
effect ot the exertion was to raise the alveolar COa pressure by about
10 mm. in the first experiment, but that in successive ex-periments
this rise was less, and that the rise was followed by a fall which reached
its maximum about ten minutes after the exertion and was greater
after each successive exertion." It will be seen that my results agree
with this statement, with the exception of the initial rise, of which
more later.

A long cross-country run of about eight miles in fifty-seven minutes
gave the same general picture, although it was found that after this
prolonged (but less intense) exertion the changes observed were not
greater than after running twice up the laboratory stairs
The previous inhalation of oxj-gey was without effect on the

secondary fall of carbon dio.xid pressure, as was also pre^'ious forced
breathing, although in the latter case the respiratory distress was les-
sened. Finally, the after effects of severe exercise (secondary fall of
carbon dioxid tension) were not observed after a walk of 600 yards at
four miles per hour.

Similar secondarj' falls of carbon dioxid tension and rise of oxygen
Pembrey and Cook: Journal of physiology, 190S, xxsvii, p. Lxvii.
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tension were found by Hill and Flack
'

-^^^^l^;^^^^:'^:^,

temperature, it is

f"^'"^^^^^ ^^^, ,he chief cause of the hyper-

Uttle

!^^°-;°™^^;^iJ^J
~

the muscular metaboUtes. as sug-

pnea is in the stimulating action o
^^^^ ^^ ^edi-

following the races.

Experimental Methods.

The method of obtaining san,ples of the *eolat air is es^"';^y

that of Hddane. Certain modifications m the method of coilecUng

^rsSiStrSrrrsr-the mouthpiece of th, re^ir^ion

iurettes, wWch, with the connecting tubing, are m ed a far
^

the

r^n ,thniece tube with acidulated water (o.i per cent HCl). immeai

The gttus c^ll^cted is transLred, with the usual precauUons, to

a »ate -Ta ke" d measuring burette, and first its carbon d.ox,d and

thin its „.yge» determined by the use of absorpUon p.pet.es. The

Hn.i«ndF"Cii: Journal 0! physiology, 1907. ™«'. P' "•

* Hough: this Journal, 1910, Mvi, p. 156-
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carbon dioxid was absorbed by 20 per cent sodium hydrate and the
oxygen by phosphorus. After reduction to standard conditions,
the alveolar tensions were calculated on the assumption that the
alveolar air is saturated with aqueous vapor at 37° C. In practically
all cases samples were taken of the alveolar air at the end of inspira-
tion and at the end of expiration.

Four different degrees of muscular work were used: (i) that
involved in the sitting posture wliich had been maintained for at
least twenty minutes and had been preceded by no more vigorous work
than is involved in walking about the laboratory; (2) that involved
ni walking for ten or more minutes at the rate of four miles an hour;
(3) that involved in a trot which was rapid enough to produce hy-
perpnea, but not labored breathing; (4) that involved in a hard run
(usually a "run in place") which produced decidedly labored breath-
mg. The samples of air were taken within ten to twenty seconds after
cessation of the exercise, or else at varying intervals of time (fifteen
to forty minutes) afterwards.

It may be well to remind the reader that the so-caUed "inspira-
tory" and "expiratory" samples cannot be taken on the same respira-
tory movement; indeed, thirty seconds were aUowed to elapse between
the two to pcrn^it the effects of the modification of the respiratory
movements necessary in taking one sample to pass off before the next
sample was taken. In the case of the samples taken immediately after
various forms of exercise the inspiratory sample was first taken,
after which the exercise was continued for one minute or more before
taking the expiratory sample. In other cases the order of taking the
two samples was reversed. Considerations of these necessary condi-
tions of the experiments will cx-plain why the carbon dioxid tension is
sometimes lower or the ox)-gcn tension higher in the expiratory thanm the inspiratory sample. Inspection of the tables will show that
this does not happen frequently.

In the trot and the run care was taken to work up gradually to the
desired intensity of the work. This period of "warming up" lasted
from two to five minutes, according to the final intensity of exercise
desired. Time was thus given for the circulation to adjust itself to the
new conditions, after wliich the work was continued at approximately
unilorm mtensity for the period given. This was usuaUy from seven
to ten minutes.
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In concluding this description of the experimental procedure, the

.vr ter deSes to emphasize the necessity of the utmos accuracy n

ollectin the samples of alveolar air, being -v^nced f-
h^^^^^^^^^^

exncrience that herein Hes a great chance for error. The forced ex

pir'adon h ch precedes siphoning off the sample must be made as rap-

^. Tnossn^le and in no case can it he in Ike least prolonged. It is

ItiousC ven a laUvely slight prolongation of this expiratory

1 r^ill give too high values for carbon dioxid

^^^^^^^J^^
for oxvgen This consideration apphes m general to aU collections o

amples of alveolar air, but is doubly important under the

-^^^^^^^^^^^^^

r!n.rnlar activ-ity when the blood is bringing back greatly ncreased

;"
Uti sTcarbon dioxid and carrying away equally increased

Tantities of oxygen. A prolongation of two or th- sec^^^^^^^^^

expiratory effort before taking the sample may easi y lead as l

Zw from actual determinations- to an increase of 5 or lo mm.

trdrbon dio^d tension and an equal decrease of the oxygen tension.

Even when on one's guard against the error, one does not alwa^. suc-

ceed in avoiding it, especiaUy when in respiratory distress A o subject

tir«^ I r^uL u,Uil he has had very consideraUe pracHce ^n

tlZZ samples and even in taking then und.r the con^^ «/

trrnuscular Luy, and if he understands ^l-t he
^

doing s^^^

much the better. I beUeve that the mtroduction of the compress

Tad descHbed is, for this reason, a material i-P---^;-
^^^^^^^

dane's original method; and I am inchned to suspect that the differ

ences between my results and those of Pembrey and Cook and some of

ho o Douglas and Haldane may be attributable to this dofference

n our experimental procedure. In other words, in Haldane sm^*^^^^

one must not only force through the long tube (4 feet long, i indi m

dCter) some 500 c.c. of air, but must also breathe out some 300 ex.

n^re of a r to till this tube. When the breathing is very deep and rapid,

U i oRen d fficult to secure this 700-800 c.c. of air at the end of expira-

t on With the writer's modification it is only necessary to force out

the 500^ c before closing the compress, and there is no temptaUonto

prolong the expiratory effort beyond this pomt.

Results.

The results of the experiments are given for

f^^^l^^^^lJ^^lZ
Tables I and 11. All these experiments were made on the same sub-
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ject, although a few on other subjects show that the figures in the

tables are qualitatively representative. The results are expressed in

terms of alveolar tensions (mm. of mercury). The figures in Table I

are from samples taken immediately (ten to twenty seconds) after the

muscular activity; those in Table II from samples at varying intervals

after the exercise, the subject sitting still, or at most only transferring

gas from the collecting to the measuring burette between the exercise

and the collection of the sample, and always sitting still for several

minutes before taking the sample.

I. Alveolar tensions immediately after muscular activity. — The Sitting (or

resting) tensions show the constancy of that of carbon dioxid, first

pointed out by Haldane. It is interesting to note that the two ten-

sions of tliis gas which are distinctly lower than the rest were observed
on exceptionally warm days, thus agreeing with the observations of

Boycott and Haldane ^ on the effect of external temperature on alveo-

lar tension. The figures also agree with Haldane's observation of the
greater variability of the oxygen tensions.

We may also note in our results the agreement with Haldane's
observation of the increasing difference between inspiratory and expira-
tory tensions, as the intensity of the muscular work increases. Thus
the differences for carbon dioxid are 2, 3, 4.3, and 7.5 mm. Hg, and for

oxygen 0.2, 6.0, 7.0, and 9.3 mm. Hg, for our four grades of muscular
work. The obvious explanation is that given by Haldane, namely,
the greater depth of the breathing movements.

Passing now to the quantitative changes observed, we note, as the
most striking feature in the alveolar tensions immediately after the

exercise, that the walk produces a small rise of the carbon dioxid tension,

the trot shows about the same tension as the walk or rather a ten-
dency to a lower tension, wliile with the hard run there is a distinct

fall from that of the trot or the walk, and that this fall usually goes
below that of the resting tension.

For the four experiments in wliich we can directly compare the
tensions in the sitting posture and after the walk, the rise of carbon
dioxid tension is only between i and 2 mm. of mercury on an average,
but it seems to be the rule. There is, of course, a considerable increase
of production of carbon dioxid during the walk, and our figures show
that the increased ventilation of the lungs ahnost, but not quite, keeps

' Boycott and Haldane: Journal of physiologj', 1908, xxxvii, p. 358.
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An-EOLAR Tensions Ten to

TABLE I.

Twenty Seconds after Muscular Activity; CO,,

-
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Roii.^N; O2

TABLE I.

Antique. E.xperiments made on the same Day ake Successive.
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pace with this. The alveolar oxygen tension at the same time shows
a rise from an average of 101.6 to 104 mm. (in the four experiments in
question). The increased ventilation of the lungs which almost keeps
pace with the increased production of carbon dioxid is more than
enough to care for the increased consumption of oxygen.
The same four experiments give the alveolar tensions after a trot—

which,^ it will be remembered, produced hyperpnea but not labored
breathing— and these show little change from those taken after the
walk. The average carbon dioxid tension after the walk is 39.5 mm.;
that after the trot is 39.9. In the first three out of the four ex-jjcri-

ments, however, there is a trifling fall in the average tension. The
increased ventilation of the lungs in these cases more than counter-
balances the increased production of carbon dio.xid. That the respira-
tory movements now slightly overventUate the lungs is furthermore
suggested by the rise of the alveolar tension of oxygen from 104 (walk)
to 107 (trot).

The trot thus shows the suggestion of an overventilation of the lungs.
With the increased muscular acd\aty represented by the hard run,
this overventilation becomes much more pronounced. The figures
in the column of averages in Table I represent with more than usual
accuracy what takes place in each experiment. The average carbon
dio.^dd tension faUs from 39.7 to 35, while the oxygen rises from 104.2
to 113 mm.
The term "overventilation" is used in the above merely to indicate

that, so far as the alveolar tensions are concerned, the respiratory
movements more than keep the alveolar tensions of the two gases
normal; they send the carbon dioxid tension below the normal, and
to an even greater extent they send the oxygen tension above the
normal. It may be noted that, so far as it goes, the effect must be to
increase the difference of pressures in the blood and the alveoh for
both gases at the very time that the increased speed of the blood
through the lungs requires more rapid diffusion.

In the experiments of September 25 and 29 the first run of ten min-
utes was foUowed immediately after taking the samples given in
Table I by a second run of ten minutes. The samples taken immedi-
ately after this second run show a still further faU of the carbon dioxid
tension and an average rise of the oxygen tension (see Table III).
It is c\idcnt that the longer this severe muscular actixity is continued
the more pronounced do the changes of alveolar tensions become.
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, The after-effects of muscular activity upon alveolar tensions. - Table II

dv^slh n ions in samples taken at varying periods after the ces-

Sn of th: muscular work. Part of the results of the experiments

of October 2 and October 25 will be found m Table 1.

TABLE III.

S"s.™s »™ SECOND T» M,»uTB. 0FTmR™_

Breathing.
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In two experiments the alveolar tensions were detennined at periods
of five, fifteen, and thirty minutes after the trot (Table II). As far as
they go they show qualitatively the same course as those taken after
the hard run, although they are quantitatively less in amount. Here,
again, the effect lasts for at least thirty minutes; indeed, at this time
our figures show the same deviation from the normal as is seen after
the fifth minute. It is significant that both in the case of the trot
and the run there seems to be little change in this condition of over-
ventilation for half an hour after the exercise.

Discussion of Results.
•

In speaking of the effects of muscular activity upon any function
of the body one must distinguish carefully between those primary
effects which are directly attributable to the events taking place in
the contracting muscles and those secondary effects caused by various
conditions introduced into the organism by the work. For example,
the excessive rise of systolic blood pressure in the brachial arter>' which
McCurdy demonstrated to be caused by the maximal lifting effort
involved in the dynamometer test for strength of legs is reaUy due, as
McCurdy points out, to the pressure conditions suddenly introduced
into the pleural space by a forcible contraction of thoracic and abdom-
inal muscles against a closed glottis; they do not represent the immedi-
ate effect of the contracting leg muscles on arterial pressure.
The need of making this distinction is even more clear in the case

which we are investigating. Certain forms of muscular work interfere
with the free movement of the ribs and diaphragm and, by the result-
ing underaeration of the lungs, influence the gaseous tensions both
of the alveoli and of the blood in special ways. Constricting clothing,
the closure of the glottis in exercises of ma.\imal effort, the fixation of
the ribs to afford firm origin to working muscles, breathing through the
nose instead of through the mouth when the volume of air respfred is

greatly increased, are obvious examples of such secondary influences of
muscular activity upon respiratory conditions.

I would stress tliis point here because I am incHned to think that
some forms of exercise used by previous observers may have introduced
these very conditions of interference with the perfectl'y free movements
of ribs and diaphragm. The rapid running up and down stairs in the
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eKperiments of Douglas and Haldane seems to the writer open, to some

extent, to this criticism; and the fatigue of the respiratory muscles m

printing or even in cross-country running may also mterfere with

ul p dmonary ventilation. In other words, while observations on

the respiratory mechanism under the conditions in question are valu-

ab e as showLg what effects may be produced there, directly or

inLctl^ by certain forms of muscular work, they have htt e or no

le as'sWng the response of the respiratory centre under the con

ditions in question, for the work of this centre can be measured only by

obi" ations on the skeletal and muscular mechanisms of respiration

Zen these mechanisms are free to respond to the full extent to the stmulus

received from the centre. ,

In the experiments given in this paper the utmost care has b en

used to guard against this fundamental source of error. Constricting

cbthing has been avoided ; during hyperpnea mouth breathing has been

used whenever nasal breathing otiered any obvious resistance to the

entrance or exit of air, and, finally, the forms of exercise chosen m no

wav impede the free action of the thorax.
,, j „r

The writer also beUeves that the modification of Haldane's me hod of

taking the sample of alveolar (introduction of the compress) materially

ontrfbutes to tLaccuracyof results. The advantagesotlns^^^^^^^^^

ment have already been fully dwelt upon and I -^^^^^^^
^^fj^^f

.^^^

samples were rejected when the experimenter (who was also he

subject) was not sure that there had been no prolongation of the

orced expiration. It must never be forgotten that any such pro-

longatiorTof this expiration is sure to lead under the conditions^ hard

muscular work to erroneously high values for carbon dioxid and low

'm ibovfsoiuces of error are urged mth reference especially to the

one point of difference between our results and those o most other

workers. All agree upon the lowering of the carbon dioxid tension

when the hyperpnea has largely passed away five or more minutes

Tfter the exeVcis. Several observers, on the other hand, find tha the

sample taken within ten or twenty seconds after the cessation of v igor-

ous work shows a considerable rise of carbon ^;-^\'^^^!^-'^Tus
if the subject is "winded." The writer has umformly failed to get .his

rise The samples taken immediately after ten minutes of hard work

invariably showed a fall, which was greater the more mtense the work
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and also increased with the duration of the work. The experiments
also show that the changes of carbon dioxid tension go along with
corresponding changes of opposite character in the oxygen tensions,
thus supporting the view previously expressed that they represent
an overvcntilation of the lungs.

_

This over\'entilation of the lungs is fully explained on the assump-
tions that during work in which a muscle or group of muscles con-
tracts with any degree of intensity we are dealing with the entrance of a
second stimulus

" to the respiratory centre in addition to the ordinary
stimulus of carbon dioxid; that tliis stimulus is some kataboUte or
kataboUtes of the working muscles; that it is slowly eliminated from
the blood and hence continues to exert its stimulating influence for
half an hour or more after the cessation of the muscular work.

Putting all the facts together, it would seem that they are satis-
factorily explained as follows. During very moderate muscular activ-
ity, such as that of a walk, the increased breathing is the result of a
slightly increased tension of carbon dioxid in the arterial blood. Our
figures show in each experiment an increase of from i to 3 mm. This
is caused by the greater production of carbon dioxid by the muscles
wliich destroys the equiUbrium which had previously existed between
the production of this gas by the body and its eHmination by the exist-
ing lung ventilation. The tension of the gas rises in the arterial blood,
and this stimulates the centre to greater activity until a new equilibrium
point is established. After the cessation of such work, with the dimin-
ished production of carbon dioxid by the muscles, the old equiUbrium
IS rapidly re-estabhshed and the carbon dioxid tension does not go
below normal (Douglas and Haldane).

With greater intensity of work the effect of the muscular kataboHtes
adds itself to that of the carbon dio.xid, and the overvcntilation of
the lungs begins. This tends to decrease the carbon dioxid tension
and to raise that of oxygen, thus opposing the tendency of the in-
creased production of carbon dioxid to produce the opposite effect.
The result is the algebraic sum of the two factors, and in the case of
the trot we find that there has usuaUy been little change of alveolar

« The word " stimulus " is here used in the sense merely of increasing the activity
of the centre and without prejudice to the possible differences in mode of action
which Haldane assumes for the various substances which would meet the terms
of this definition.
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tension from that observed during the walk. With the still more vig-

orous work of the run, the effect of the overventilation gets the upper

hand, and the alveolar carbon dioxid tension goes below, wble that

of oxygen rises above normal.
.

These changes in the alveoli are probably greater than those m the

blood It would seem that three factors determine the artenal carbon

dioxid tension: the tension of this gas in the lungs, the tension m the

venous blood, and the time spent in the capillaries of the lungs the

first of these factors, as shown in this paper, would tend to keep down

the tension in arterial blood during the work, the last would tend to

raise it by giving less time to estabUsh the resting eqiuhbriuin of ten-

sions before the blood leaves the pulmonary capiUanes; with regard

to the second factor, the tension of carbon dioxid in the venous blood

during muscular activity, accurate information is app^^^^^tf
not

available. Chauveau and Kaufmann,' Sczelkow,^ and Hill and

Nabarro,« agree in finding an increase of the volume percentage ot

carbon dioxid gained by the blood passing through a working as com-

pared with a resting muscle, despite the increase of blood flow through

the muscle. This would of course by itself lead to an mcrease of the

carbon dioxid of the caval blood; but muscular acti^4ty also involves

a more rapid flow through the skin without change in the intensity ot

the metaboUc processes in that organ. This would lower the tension

of carbon dioxid in the blood of the cutaneous vems which might

counteract the increased tension of that from the muscles It is

obviously impossible to determine a priori what ^vill be the tma

result upon the tension of this gas in caval blood, so that we are left

in the dark as to the carbon dioxid tension of the arterial blood during

muscular activity, although it is probable that it is somewhat above

that of the alveoU; at any rate it is not lower than this, and probably

does not, except in the case of very severe and prolonged exercise,

depart very far from the normal tension. During vigorous muscu ar

work, then, the respiratory centre is being stimulated by the muscular

metaboHtes and by an almost if not quite normal tension of carbon

dioxid in the centre.

' CH.4UVEAU and Kaotmann: Comptes rendus, 1886, ciii, pp. 974, ioS7, "SS.

» SczELKOW: Siuungsberichte der k. Akademie der Wissenschaften, Wien,

i862,xlv, p. 171. ... Q
» Hill and Nabarro: Journal of physiology, 189s, xvui, p. 2i».
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With the cessation of the work and the diminished production of
carbon dioxid in the muscles, the amount of tliis gas carried to the
lungs in the venous blood is lessened at the same time that the stimulus
to the centre from the muscular katabolites continues in full force. The
over\'entilation of the lungs discharges carbon dioxid from the alveoli
faster than the gas is received from the blood, and a marked fall of
alveolar tension results. It would seem that during this period there
must also be a decided fall in the tension of carbon dioxid in the arterial
blood, since everything which now transpires — the fall of alveolar
CO2 tension and the lessened velocity of blood through the lungs —
must contribute toward this result. If the carbon dioxid tension of the
arterial blood does thus faU, there should be a lessened tension of this
gas in the respiratory centre and hence a diminution of the total stim-
ulus to its activity; there should be, as there actually is, a rapid dimi-
nution in the ventilation of the lungs during the first few minutes
following the work, and this will continue until the establishment of an
equilibrium between the amount of carbon dioxid returned to the lungs
by the blood and the amount discharged from the body by the breath-
ing movements. The rapid return of the breathing movements to-
ward normal after work is therefore the result of this washing out of
carbon dio.xid from the blood. At this time the muscular katabolites
will be relatively more important and the carbon dioxid relatively
less important in the stimulation of the centre than during the work.
This condition is indicated in the relatively long persistence of the low
alveolar carbon dioxid tension and the high oxygen tension. With the
gradual removal of the kataboHte stimulus, the total stimulation of the
centre diminishes, the overv-entilation lessens, carbon dioxid increases
m the alveoU and in the arterial blood, and finally after an hour or
more the resting condition, in which carbon dioxid is the sole stim-
ulus, is restored.

The failure of Jliss Fitzgerald {he. cil.) to get any change of alveolar
carbon dioxid tension after a bicycle ride of nine miles in fifty-three
minutes (= 10 miles an hour), if we are to accept the results of but
one observation as of general application, is of some interest in this
connection. From Leo Zuntz's '» deteminations of the carbon dioxid
eliminated in walking and bicjxle riding we may safely estimate the

" L ZuNTz: Untersuchungen uber den Gaswechsel und Energieumsatz des
Radfahrers, Berlin. 1899.
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carbon fcid production in her experiment a, twee as great as m mj

warc™riments,but not so great as in my trot experiments. Tlie fact

la, shTobtained the same values as the normal indicates one o! two

!k? „ Fither the intensity of the work was such that it falls between

t"val„!* our walh L trot experiments, where the alvecJar

amotS^t oMntermediate katabolites. The hyperpnea m such case

kataboUtes- probably accounts for the return toward nom.al ob-

tervtd by Pembrey and Cook with the advent of second -nd Se -^

n nfter all merely marks the completion of the adjustment ot the

: a;i:mra wToJand especiaUy the circulaUon ^^^r^s^^U^

the riven intensity of muscular activity. In work of the kind used by

Pem^Iey and Cook we may suppose that several minutes are reqmred

fortBs adjustment and that by this time overventdat^n of th^^^lungs

has begun The CO. tension has begun to go down, and it ma> taU

to the^ormal or below normal. Second wind is not simply the re-

t b ishmrt of the resting CO. tension, although Pembrey's work

does indicate that the respiratory distress which comes on at the be

^n" ;JW work suddenly entered upon at its full intensity may

well be due to the excessive CO. tension in the artenal blood.

TW is not the place to discuss the chemical nature of the muscuto

JtrboItes whether lactic acid, or lactates, or some other unknown

Tubstan s or whether they act only by diminishing the titraUon

atunity of the blood or in oLr ways. The results of nvy expenmen

throw little or no light on these questions, so that their discussion here

tuTd be ou of pLce. It is most interesting to observe however

Tgene al paraulm between the duration of the period of secondary
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low COj tension and the time during which Ryffel has shown that
lactates can be demonstrated in the blood after hard muscular work.

Finally, it is worthy of remark that this secondary lowering of CO2
tension is unaccompanied by any of the concomitant symptons of
apnea or acapnia. Does the katabolite stimulus take the place, with
other centres of the usual carbon dio-xid stimulus, as it seems to do
with the respiratory centre? We can only raise this interesting and
important question.

Summary,

1. An improvement is described in Haldane's method of collecting
samples of alveolar air, which, it is believed, makes for greater
accuracy.

2. Moderate muscular work (e. g., a walk of four miles an hour)
shows a shghtly increased alveolar tension of carbon dioxid and of
oxygen. The increase of lung ventilation is attributed solely to the
increase of the carbon dioxid stimulus to the respiratory centre. This
result is in agreement with the work of Douglas and Haldane, who
also show that after this work there is no secondary fall of alveolar
CO2 tension.

3. With greater intensity of work (in which the subject " warms up "

gradually to the maximum intensity and so avoids being winded in the
earlier stages) the alveolar air immediately afterwards shows a fall of
carbon dioxid tension and a rise of oxygen tension. These changes in-
crease with the intensity and the duration of the work, a fall of

1° mm.
being noted after a hard run of twenty minutes, although it does not
usually exceed 5 mm. after a hard run of ten minutes. In none of our
e.xperiments was the carbon dio.xid tension after such work higher than
nornial, and reasons are given for regarding this result in the work of
pre\ious investigators as a secondary effect of interference with the
free working of skeletal and muscular mechanisms of respiration,
or else to errors in taking the sample of alveolar air.

4. After the cessation of hard work there is a rapid fall of alveolar
CO2 tension to 26 mm. (normal = 37) and an even more striking rise
of oxygen tension to 112-125 mm. Tliis condition persists with undi-
minished intensity for twenty to thirty minutes and then gradually
passes away.
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that the cnanges m
^^^ increased speed

blood in the capillaries of the lungs.



THE RELATIVE TOXICITY OF DOG'S NORMAL AND
HYPERTROPHIED THYROIDS TO ANIMALS SUSCEP-
TIBLE TO THYROID FEEDING.

By O. O. STOLAND.
[From the HuU Physiological Laboratory of the University of Chicago and tU Phys iolcgica

Laboratory of the University of South Dakota.]

nnHE recent work from this laboratory by Carlson and his pupils
on thyroid feeding in a number of avian and mammalian spe-

cies brought out the fact that rats, mice, guinea pigs, rabbits, and
pigeons are relatively susceptible to thyroid administration, and that
this toxic action is within Umits specific for the thyroid. The present
experiments were undertaken at Professor Carlson's suggestion as a
further test of this specific toxicity, as well as ;\-ith the hope of throw-
ing further Hght on the nature of thyroid hyperplasia or goitre preva-
lent in dogs in the region of the Great Lakes. The studies of Marine i

and his co-workers and of Carlson and WoelfeP on these dog -oitres
have brought out the fact that the hypertrophied glands contain a
smaller percentage of iodine than do the normal glands. While it is
true that the relation of the iodine to the thyroid secretion is still an
open question, there seems to be no doubt of the parallehsm between
the percentage of iodine and the degree of action of the thyroid in
certam physiological processes.' If the toxic action of thyroid admin-
istration m certain species is specific for the physiologically active
substance in the thyroid, and if the substance is quantitatively re-
lated to the iodine in the gland, we should expect that the do^'s
normal thyroid would be more toxic than the goitrous gland This
proved to be the case.

' Marine and Wn.LiAMs: Archives of internal medicine. 1908, i p ,c8-
Marine and Lenhart: Archives of internal medicine, :909. iii, p. 66; i;, p. 440!Carlson and Woelfel: This journal, igio, xxvi, p 52

' Hunt and SEmELi.: Bulletin Hygienic Laboratory, Washington, igoo
no. 47; 1910, no. 69.

o
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fel found a great individual variation in the iodine content of the
dog's thyroids, but for the "normal" glands the iodine content was
greater than for the h>TDertrophied glands in accordance with the pre-

T.\BLE II.

Rats fed 0.33 gm. " normal " dog's
tliyroids per day.
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. * * i^nct in tVipse cases In all cases the animals

ttbss the/remained nearly constant in weight unUl a few days

TABLE IV.

*»'«' «t?,';aS^f,r.^J='ir=-
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some weight during the feeding, but those fed on goitre thyroids re-

mained practically constant in weight. It was very unfortunate that
the experiment was brought to an untimely end by the death of the
rats during the shipment from Chicago to South Dakota.

Conclusions.

1. In the case of animals very susceptible to thyroid feeding, dog's
normal thyroids are more toxic than the hypertrophied thyroids.

2. As the hypertrophied thyroid contains a smaller percentage
of iodine, the degree of toxicity of the dog's th>Toids, as determined
by this test, is, on the whole, inversely proportional to their iodine
content. The toxic material is more concentrated in the normal
than in the hypertrophied glands.

3. In the case of the rats the loss of weight during the first few
days of thyroid feeding is partly due to the handling in feeding and
weighing.

I am greatly indebted to Dr. A. J. Carlson for very valuable sug-
gestions and criticisms, as weU as for thyroid material sent me for the
part of the experiments conducted in the laboratory at South Dakota.



A NOTE ON THE EFFECTS OF INTRAVENOUS INJEC-

TIONS OF THYROID PRESSURE LIQUID IN DOGS

AND CATS.
By G. H. CALDWELL.

[From the Hull Physiological Laboratory of the University of Chicago.]

THE results of experimental work so far reported from this lab-

oratory seem to show that dogs and cats exhibit a remarkable

resistance to the internal secretion of the thyroid glands. Large

amounts of fresh as weU as desiccated gland have been fed to dogs

daily for months without producing effects which can clearly be at-

tributed to the specific nature of the substance fed. To supplement

these results a series of tests were carried out, at Professor Carlson s

suggestion, to determine whether the dog is equally resistant to thyroid

pressure Uquid introduced directly into the blood. Fresh thyroid

material from dogs, removed and used immediately after the death of

the animals, was chosen for this work. Only those glands of approxi-

mately normal size were taken and, after being washed and freed from

other tissues, they were chopped up fine, ground with sand, and noixed

with Fuller's earth until of about the consistency of putty, i Ms mate-

rial was then placed in the Buchner press and subjected to a pressure ot

approximately three hundred atmospheres until practically free from

fluid. The Uquid thus expressed was used for aU of the experiments.

This pressure Uquid was injected intravenously by punctureof the

saphenous vein through the skin and hence without anaesthesia. In

most cases the injections were made as soon as the pressing was com-

pleted, and in all cases the material was kept on ice so as to mimmize

the bacterial growth. While scrupulous cleanliness was observed

it was impossible to sterilize completely either the material itself or

the apparatus used; hence the pressure Uquid as finaUy obtamed

was not sterile. But, as the injections did not cause any apparent

infection, the natural immunity of the dogs evidently took care of the

bacteria thus introduced directly into the blood.
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Results.

Dog I. — Weight, 7 K. On June 25, July 7, and July 11 intravenous injec-
tions of the pressure liquid of 30, 50, and 40 dogs' thyroids respectively.
No change in weight or change in pulse after the immediate efifects

of the injection. Dog died within ten hours after the last injection.
Dog II. — Weight, 9 K. On June 29 intravenous injection of the pressure

liquid of 15 dogs' thyroids. No effects on body weight or pulse.
Dog ///. — Weight, 4 K. On July i intravenous injection of the pressure

liquid of 80 dogs' thyroids. No effect on body weight or pulse.
Dog /F. — Weight, 6 K. On July 13, 15, 18, 22, and 25 intravenous in-

jections of 25, 66, 40, 56, and 40 dogs' thyroids respectively. No effect
on body weight or pulse.

The data on Dog V are presented in tabular form in Table I.

Cat I. — August 22. Intravenous injection of the pressure liquid of 20 dogs'
thyroids. Only temporary effects.

Cat II. — August 26. Intravenous injection of pressure liquid of 35 dogs'
thyroids. Only temporary effects.

Rabbit I. — August 24. Intravenous injection of the pressure liquid of
12 dogs' thyroids. Dyspnea, palpitation, tremors, and death within
two minutes.

Rabbit II. — August 26. Intravenous injection of the pressure liquid of 16
dogs' thyroids. Death within two minutes with same symptoms as I.

Rabbit III. — August 26. Intravenous injection of the pressure liquid of
10 dogs' thyroids. Death within five minutes with same symptoms as I.

In most instances the injections in the dogs and cats were followed by
temporary depression, increase in rate of heart beat, vomiting, defeca-
tion, and micturition. Within fifteen to sixty minutes the condition
of the animals as judged by external signs had returned to'practically
normal. After the third injection Dog I coUapsed, the heart beat
became slow and weak, and the respiration was dyspneic, with extreme
prostration. A half-hour later the animal had improved greatly, but
it died during the night. As none of the other dogs reacted in this
way, it is probable that death in this case was due to anaphylaxis.
Dogs II and III received only one injection each, the results being

negative in each case, except for the temporary effects. Dog IV
received five injections and recovered well from each, not even losing
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weight. Dog V received eight injections, reacting after each injection
about as described above. In this dog there was progressive loss of
weight with gastric and intestinal disturbances and apparently a sHghtly
increased pulse rate. There was rapid recovery of body weight follow-
ing the discontinuance of the injections.

The cats exliibited practically the same symptoms as the dogs.
The rabbits showed in each case marked dyspnea, tremors, and depres-
sion, resulting in death almost immediately, apparently from paraly-
sis of the heart. Rabbit III received a smaUer dose than the other
two and did not succumb quite so rapidly.

It was not until the work with Dog V was begun that the iodine
content of the material was determined. After the glands were
chopped up fine they were weighed, and a known quantity, represent-
mg one average gland taken from various parts of the mixture, was
saved and the iodine determined. Obviously this procedure was not
accurate, as the mixing could not be perfect, but served for purposes
of comparison. In the case of the pressure liquid, however, the
whole amount was mixed and measured. Then an amount repre-
senting five glands was used for iodine determination by the same
method.

The study of the changes in the heart's action was very unsatis-
factory because of the great irregularity of the heart rate in dogs and
Its susceptibiUty to nervous influences such as fear, excitement, vomit-
ing, etc. However, our results gave no reason for supposing that the
heart was materiaUy influenced by the injections, as the average rate
after recovery from the temporary effects was not different from that
before injection, except possibly in the case of Dog V. There were no
changes which might not be satisfactorily accounted for by the condi-
tions present. The temporary changes were undoubtedly due to the
foreign proteins introduced into the blood causing a fall in blood pres-
sure, and, secondarily, to the gastro-intestinal disturbances.

Summary.

The results of this work furnish additional evidence of the high
resistance of dogs and cats to the specific thyroid substance. The
fact that cats show as great resistance as dogs do to thyroid material
from dogs seems to show that the resistance in the latter was not due
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solely to the source of the material. The fatal results in the rabbits

ly be plained by a high susceptibiUty on their part to an mcrease

Tf thyroid substance in the blood, or to the specific effect of the for-

eln Lteins. In general these three species exhibit the same relative

Snce to thyroid pressure Uquid introduced intravenously and to

thyroid given by mouth.



THE EFFECTS OF BLOOD TRANSFUSION IN
PARATHYROID TETANY.

By CLARA JACOBSON.
[Prom the Hull Physiological Laboratory of the University of Chicago.]

^HE work here presented was undertaken at Dr. Carlson's sugges-
tion in an endeavor to determine whether the parathyroids act

by removing or changing some toxic substance present in the blood or
by means of an internal secretion. The severe nervous symptoms fol-
lowing parathyroidectomy have suggested the presence of a circulating
toxm. Such substances must come from body or food metabolism.
They may be present normally, but reach a dangerous concentration
only when the "detoxicating" organs are deficient or absent. On the
other hand, they may be abnormal metaboHtes, either qualitatively or
quantitatively, resulting from the lack of proper stimulation or regu-
lation by the mternal secretion. Most of the experimental results
can be explained equally weU on either of these two hypotheses
The strongest evidence in favor of the internal secretion theory has
been the apparently specific action of extracts of thyroid and para-
thyroid glands and of the nucleoprotein isolated from the latter by
Beebe, m suppressing the symptoms of parathyroidectomy But
we have found that tetany is suppressed by measures lowering the
blood pressure. This suggested that these tissue extracts may also
act in this way, particularly in view of the fact that tissue extracts in
general, parathyroid included, are known to lower the blood pressure
This is especially the case when the pressure is higher than normal
before the injectior .. Thus the suppression of symptoms by parathy-
roid extracts, as experiments have been carried out, may not be a
specific action.

If the gland does act by means of an internal secretion, it should
be possible to isolate this substance from normal blood providing
the proper methods were used. Transfusing normal dog's blood into



g
Clara Jacobson.

dogs completely thyroidectomized should also demonstrate the physi-

oSTaction of this internal secretion. The fact that a very smal

m^nant of parathyroid tissue .vill suffice to prevent he devdopmen

of symptoms speaks in favor of such an experunent Injections or

tran'sfuSon of Lge quantities of normal blood ought to markedly

decrease or entirely prevent the appearance of symptoms.

Literature.

.,. -A f<.f«n„ 1 — As above stated, the symptoms
Toxemia in parathyrmd tetany. AS duovc

^irriilatinff

Of parathyroidectomy have suggested the presence of a circulatog

tol They have been compared with symptoms of certam con^-

s°vTpoisons^ as picrotoxin and ammonia, and attempts have been

Tade' to esUbUsh a relationship to organic toxemias as m anU^

tetany, gastric tetany, uremia, and eclampsia.
/-g"-^>^f^^/j^™

augments the parathyroid tetany symptoms. It is claimed that he

S of animals in tetany gives rise to toxic
^T-^'^^^^'^'XZn

Lto other animals. Chemical analysis of the urme has shown m-

"
aseTa^onia excretion, but the extent to which this -ay have been

due to anorexia and other conditions possibly not associated with the

Wocheuschrift, 1909, xlvi, p. n^ ^U^^"^'";.™^

italiennes de biologie, 189S, x.^v, p. 196; (Epilepsy) ^laoti.
.g . ^„sia)

Comptes rendus de la Societe de Biologie, 1908, kv, pp. 8° ^^ 138, (Edamyia

Vassale- Archives itaUennes de biologie, 1898, xxx, p. 49; Ib'd 1903, xim- p.

]; imXX^Vr,p. X43; CEKX: Archives italiennes de ^-logie ^90. ^P;

o LoKTAx: Ci^mptes rendus de la Societe de Biologie 1904, Ivi, P^ 61 Fko^-

son: this Journal, 1911, xxvm, p. i33. (Hlooa) calui. .

bSogie, 1899, xxxi. p. .81 ; Ceni and Besia: Ibid., 1904, xhi, p. 455-
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toxemia is not known. Dutto and Monaco have observed a diminished
azote excretion. On the other hand, the injection of blood from
ammals m tetany into animals parathyroidectomized but not showing
symptoms appears without effect. The reported results of analyses
of the ammonia content of the blood are conflicting.

Histological changes in organs,^ following complete thyroidectomy are
considered in general by Kishi and by Bensen. Degenerative changes
have been noted in the brain and spinal cord, by some in the
fresh gross specimens, by others through special fixing and staining
methods. Defective osteogenesis has been observed. Degenerative
changes have also been noted in the kidney, digestive tract, and Hver
but these are not always well marked. The physiological significance
of these changes is not known.

Methods.

In this seri£s of experiments small dogs weighing about 4 to =;

kilos were used. Complete thyroidectomy was performed, and twelve
to eighteen hours later normal defibrinated blood was injected in-
travenously, and this injection repeated every twenty-four hours
In a few cases, as indicated in the table, blood injecUons were made
t^ice daily. About 15 to 20 c.c. of blood per kilo body weight were
used daily in each case. The blood was obtained directly fro'm the
heart of normal dogs under relatively aseptic conditions and without
anesthesia. In two cases the parathyroidectomized dogs showed
mild symptoms, but lived two weeks, and blood injections were then
stopped to see if acute nervous symptoms would appear. Two
other dogs showed no sj-mptoms whatsoever, and injections were
stopped at the end of one week. No medication, as for instance intra-

» Babo.vneix and Harvier: Comptes rendus de la Societe de Biologic, 1S04xlv. p. 105; PiSEXTi: Archives italiennes de biologic, 1894, xxi, p. 15; Roi^ac'
Archives dephysidogie. 1S9-, ix, p. .36; Bensex: Virchow's Ar^chiv iir pXlo:
gjsche Anatomic, Ph; .iologie, und klinische Medizin, 190.. cl.xx. p. ...fYiZ-Ibrd 1904, ck.wi, p. .60; A^QtiER and TiiEm-Exv: Comptes rendus dc la Societedc B.olog,e, X907, ku, p. 963; Maxca: Archives itaUenncs de biologic, 190

Wt^'f'ii- ,

"'""^ /*'''- 1908,1, p. 367; Morel: Comptes rendus dc la

ft •
,'

''^"' ''°^' ^^'''' P' 7^°' ^^'^' '910, Ix^^ii, p. 163; Delitala

schrift far Pathologic, 191 1, vii, p. 175.
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venous injections of calcium lactate, was given to suppress the tetany

a any Ze! ^en, as we have frequently observed the tempera^^^^^^^

rose above 102° in tetany, cold baths were given until the temperature

e umed to xox° or 100°. The results obtained from other ammals

C^decto-ized and observed in tlus laboratory P-- y- ;-
taken as controls. Post-mortem examinations were made m all cases,

social attention being directed to the condition of the ahmentary

'' The method of direct transfusion of normal blood into the thyroidec

tomized dogs in place of intravenous injections was considered, but not

adZted be'cVuse of the obvious difficulty of repeating this operation

fa ly over a sufficiently long period of time to be conclusive. Danger

Section would be increased and the efiects of repeated anaestheUcs

would be a disturbing factor. On the whole, then, this method does

not seem as practical as the one followed.

Ther'are however, two main criticisms on the preserit method

to be noted We do not know the properties of the mternal secretion

^e 1; be deaUng with. It is possible that in tl^e Proce. o^^^de^^^^^^^^^^

tion we may destroy or remove the internal secretion or the sec etion

ryle unstable and lose some of its activity in the interval between

The'drawing of the blood from one dog, its

^^f-;^^^^^^\^'^lt
able cooUng, and its subsequent injection mto the other dog. bee

fndly Thave the possible injurious action of daily injecUonsof large

nuantiUes of foreign blood. In answer to the second objection, how ver,

rha'ethe record of two dogs which ^aHed to show any s^njP^oms

of the parathyroidectomy. These dogs received daily ^njecUons o

the normal blood for one week without showmg any change m their

general good health.

Results.

The results are summarized in Table I. The -erage surp^^^

of the 14 dogs under this treatment was ten and a half days. Four

dogs Uved tMrteen days or longer. Dog 5 suffered from a hemo.hage

into the wound area and was subjected to a second ^P-^^ion

f
ay ^T.

after which no further blood injections were made. A<:ute fn^^

symptoms developed the day following,
ff^."^"^^^^7 jndf

nVt, so that the condition at the time of death is unknown, ndi-

cations were that death was caused by hemorrhage possibly resulting
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TABLE I.

Summary op Experiments on Fourteen Parathyroidectomized Dogs, with Daily
Injections (intravenously) of 15-20 c.c. Normal Defribrinated Blood per
Kilo Body Weight.'

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Wt. K.

7.7

4.0

6.0

8.0

6.26

6.5

4.44

4.6

3.6

4.0

5.3

5.4

7

4

Date of

operation.

Apr. 17

" 17

" 17

" 17

May 3

" 3

" 3

" 8

" 8

" 23

" 23

June 19

" 19

July 3

Date o£

death.
Days

survived.'

May 1
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from an increased blood pressure in a tetanic convulsion. In the

other dogs progressive depression rather than acute nervous trouble

seemed to be the rule. As an illustration of the general results we

may cite the following abstract of the protocol in one experiment,

Dog No. 2.

April 17, 3.15 P. M. Th>Toidectomized; glands small.

April iS, 8.30 A.M. Strong tremors in legs; dyspnoea.
^

9.30 A. M. Injection of 90 c.c. of normal blood; sj^ptoms

remain the same.

II 00 A.M. Possible sUght diminution in symptoms.

1 00 p M Depression; slight tremors in shoulder muscles.

. 2 05 P M. No tremors, general appearance much brighter.

April 19, 9.00 A.M. Depression, but no tremors. Injection of 50 c.c.

normal blood.

April 20, 8.30 A. M. Depression, but no tremors. Injection of 120 c.c.

normal blood.

2 00 P.M. Strong tremors, rigid limb extension, cannot walk

when put on his feet, respiration rapid, 100 c.c.

blood injected.

April 20, 3.30 P.M. Blood dra^-n from femoral artery; respiration good;

tremors diininished.

4 00 P.M. Tremors entirely gone.

April 21, 9.30 .-..M. SUght tremors; respiration normal; 100 C.C. normal

blood injected.

April 22, 9.30 A. M. No tremors; respiration normal; depression, 75 cc

blood injected.

April 23, 9.30 A. M. No tremors; respiration normal; depression, 75 c.c.

blood injected.

April 24, 9.30 A. M. No tremors; respiration normal; depression, 7SC.C.

blood injected.

April 24, 3.00 P.M. No tremors; diaphragm contractions synchronous

^
mth heart beats; 50 c.c. blood injected.

April 25, 9.30 A. M. Slight tremors; diaphragm contractions, depression,

75 c.c. blood injected.

A i>ril 26 9 30 A. M. Depression, tremors, and snapping of jaws followed
Aprti 20, 9-30 V^

^^^^^^^ ^^^ ^^ ^^^^^.^g. ^^^^^ disappear within

five minutes, 75 c.c. blood injected.

Al>ril27 8 30 A.M. Like yesterday. 75 c.c. blood injected.

^SfrLt 8;foA.«. Like yesterday. Sneezes less, less depressed, 75 cc

blood injected.
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April 2g, 8.30 A. m. No tremors, less depressed, diarrhea, 75 c.c. blood

injected.

April JO, 8.30 A. M. No tremors, less depressed, diarrhea, 75 c.c. blood

injected.

May I, 8.30 A. M. No tremors, less depressed, diarrhea, no blood

injected.

May 2, 8.00 A. M. Breathing at times labored, transient tremors,

vomiting, nose infected.

12.00 M. Convulsions, tonic contractions.

12.15 p. M. Tetanic convulsions. Bled to death from carotids.

Post-mortem:. Stomach and intestines in unusually good condition, only
slightly hemorrhagic in duodenum and at pylorus. One small ulcer in

stomach.

These experiments show that injections of normal blood neither

absolutely prevent the onset of symptoms nor act promptly, if at all,

in suppressing them, but the lives of the animals appear to be pro-

longed. The injections seem to have some effect in delaying or reliev-

ing the acute tetany symptoms, but the more chronic depression

persists to a fatal culmination.

The post-mortem findings in the stomach and intestines are sim-
ilar to those previously described. Ulcers and a hemorrhagic mucosa
are just as marked in those examined immediately after death
as those examined within twelve hours of death, so that these findings

may not be considered as post-mortem changes. Neither can they be
attributed to iso-lysin action of foreign blood, for these changes have
already been reported as occurring in animals not treated this way.
There are differences in the extent and severity of these lesions, just as
there are differences in the constancy of other characteristics of para-
thyroid tetany; for example, salivation, typical of and yet frequently
absent in this form of tetany.

Discussion of the Results.

The results we have obtained are not so conclusive as we had ex-
pected, but so far as they go, they seem to favor the internal secretion
h>-pothcsis. From tlie standpoint of the detoxication theory, these
injections may be considered as diluting the blood and increasing
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the blood pressure and thus promoting eUmination The inJecUon of

large quantities of a concentrated NaCl solution has proved efficien

in "ringing the Uves of tetany animals by Meltzer and Joseph, but

we do not know whether diluting the blood with isotonic salt solution

to the same extent that is done by the blood transfusions would

prove as efficient. Even in our series of calcium injections the average

prolongation of Ufe was not so great as in the transfusion expenments

It is possible that the early introduction of so much foreign blood mto

an aLal already weakened by parathyroidectomy has a depres.ng

effect and thus augments the progressive depression already present

TUs may prevent the appearance of tetany, and the annnal is saved

the strain and loss of energy incident to the tetany. However «.e

two control animals already mentioned received the same quanUUes

of blood vet showed no depression.

If ourLults are due to the action of a specific internal secretion

this secretion must be present in the blood in very small quantities or

t pdy destroyed or lost under the conditions of our experiments.

Z. LlxX fraction of the parathyroid seems to P-y-"^f-^;;P;

ment of the tetany symptoms, and because of the further fact that

in dogs tetany usually does not develop until two or more days after

omplte par'athyroidectomy, one would expect a -- mark d

effect from blood transfusion. It is possible, however, that the delay

in the development of tetany after complete thyroidectomy indicates a

series of processes necessary to establish the conditions of te any rath

than the persistence of the parathyroid secretion m t^^ bloody I

weU known that in exceptional cases tetany may appear within less

Than twenty-four hours of the parathyroidectomy. These exception

pit to a rapid destruction or eUmination of the secretion when one

in the blood and lymph. If this interpretation is correct, we cannot

look for marked or lasting improvements from blood
transfusionm para-

thyroid tetany.

Summary.

Intravenous injection once or twice daily of defibnnated blood o

normal dogs into parathyroidectomized dogs prolongs the hfe ot

the™ animals on the whole, but it has no immediate or marked action
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on the tetany and the depression symptoms. These transfusions have

no obvious injurious effects on normal animals.

Accepting the internal secretion hypothesis, our results indicate a

rapid destruction and eUmination or a very slight concentration of

the parathyroid secretion in the body fluids.



THE COMPARATIVE TOXICITY OF DIFFERENT ANIM.\L

TISSUES TO ANIMALS SUSCEPTIBLE TO THYROID

FEEDING.
By H. E. FRENCH.

[From the Hull Physiological Laboralory of the University of Chicago.]

THIS study was undertaken, at the suggestion of Professor Carlson,

as a part of the research work that is being devoted by him to

the thyroid gland. Its object has been to discover whether the tox-

icity of the commercial desiccated thyroid when given by mouth is

specific, or whether similar effects can be produced by other animal

tissues prepared and fed in the same way; whether it is due to decom-

position products; or whether it is due simply to the great amount of

protcid matter ingested by an animal unaccustomed to such a diet.

The literature of the whole subject has been reviewed recently by

Professor Carlson.^ Very Uttle of it appUes directly to the question in

hand except the work of Cunningham.^ In 1898 Cunningham pub-

hshed the results of some extensive experiments carried out two years

earUer. He found that extracts of thyroid glands given hypodermically

are toxic, but that other tissue extracts given in the same way are also

toxic, and he thought that extracts made from stale materials were more

toxic'than those made from fresh tissues. He reported that absolutely

fresh calf's and sheep's thyroids given to four rabbits by mouth^ m

40 and so gm. doses for eighteen days are harmless, while one feedmg

of the same material kept in the ice box for twenty-four hours is toxic

enough to kill the animals in a few hours. He secured exactly the same

results with stale meat and extracts of stale meat, but observed that

for the most striking effects other material should be ten to fourteen

days old, but not putrid. He fed the various commercial thyroid

preparations of that time, getting more or less toxic and widely vary-

1 Carlson, Rooks, and McKie: this Journal, 191 2, xxx, p. 129.

2 CuN>aNGHAM: Journal of experimental medicine, 1898, iii, p. i47-

56
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ing effects. He found no evidence of toxicity when any of the above-
mentioned substances were fed to dogs and cats. Exophthalmus was
observed in rabbits, not only after some of the thyroid feeding, but
also after toxic meat extracts. Cuimingham concluded that absolutely

fresh thyroid is not toxic when given by mouth, and that the symptoms
of experimental thyroidism are due to decomposition products, and
that they are not pecuhar to the thyroid. Carlson and his students

have been making extensive experiments with thyroid feeding in the

last two years. They have found that the commercial desiccated thy-

roid or the gland dried and pulverized in the laboratory is toxic for

many animals. Different genera exhibit great variations in their

susceptibility; dogs, cats, foxes, and ducks being the most resistant

of all animals fed, rodents and primates the least. The most con-

stant symptoms are emaciation and diarrhoea, with death in con^all-

sions or in depression; no exophthalmus has been observed; post-

mortem examinations have showoi hyperaemia of the intestines with
infiltration of the intestinal mucosa. A few observations indicated

that this toxicity is not shared by other tissues.

In the experiments that follow, both fresh and desiccated materials

have been used. In the one case various tissues of the sheep— thyroid,

brain, Uver, spleen, kidney, and skeletal muscle— were prepared in a

manner as nearly like that used in the preparation of the commercial
desiccated thyroid as the facilities of the laboratory would permit.

The tissues were secured fresh, stripped of fat and connective tissue,

finely minced, desiccated in small quantities in a drying bath at

about 85° C, and ground to fine powders. The powders were fed to

certain groups of animals, the commercial preparation was fed to other

groups, no tissue at all was given to still others. In the other case

what might be roughly called fresh material was used. The term
includes, however, absolutely fresh thyroid, stale thyroid, and stale

butcher's meat. By absolutely fresh thyroid is meant the thyroids of

animals killed on the same day on which the glands were fed— not
more than two or three hours elapsing between the slaughter of the one
animal and the feeding of the other. The writer went every day to a
large sheep-killing house, saw the glands removed from animals slaugh-

tered only a few minutes before, received the warm glands, hastened
back to the laboratory, minced them with a clean knife upon a clean
board, and fed them at once. By stale thyroid is meant part of the



S8
E. E. French.

material above kept in a laboratory ice box for from one to three days.

By stale butcher's meat is meant meat such as butchers sell to feed

dogs— it was very stale when purchased, and was then kept in the ice

box from one to four days; it was never putrid, but it was surely from

six to ten davs old when used, probably much older.

The animals fed were white rats, guinea pigs, and rabbits, chosen

because these animals have been found to be most susceptible to

thyroid feeding. They were kept in convenient cages in large cement-

floored animal rooms, light, dry, warm, well ventilated, and fairly clean.

There was no overcrowding, and there was plenty of dry bedding and

good food.

The technique of feeding was not particularly difficult, but it was

tedious and required care. Rats were fed by mixing the required dose

with cracker dust and water, and placing the mixture before them;

this was done in the mornings; other food was given later in the day

if the required food had been eaten. Rabbits and guinea pigs were fed

the dry material and to some extent also the moist in gelatin capsules.

The capsule or a little of the moist material was placed in the ammal's

mouth, and the rabbit or the guinea pig was then held and watched

unUl the material was either swaUowed directly or chewed and swal-

lowed. In every case the efiorts persisted until it was certain that the

animal had reallv taken the dose recorded. Feeding was done regularly,

except that animals fed on thyroid, becoming markedly sick after five

to six feedings, were often given smaUer doses or none at aU on some

days.

Weight, appetite, and other conditions indicating health or disease

were carefuUy observed. Heart and respiration were watched in a

general way, but they are always so rapid and variable that httle

importance can be attached to them; any records made were based

upon the comparative rapidity of respiration in groups of ammals

obser^-ed very quietly and at some Uttle distance. Temperatures were

recorded for a time, but, seeming to indicate nothing, they were dis-

continued. Something of a post-mortem examination was made in

every case of death, and in a few cases microscopic examinations were

made of liver, kidneys, lungs, stomach, and intestines.

In aU, some seventy rats, forty-five guinea pigs, thirty rabbits, and

two pigeons ha^-e been fed. The work was done in six different senes,

or times, of from three to eight weeks each. The general health of rats
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and rabbits varied somewhat at the different times irrespective of feed-

ing. The chief facts are summarized in Table I.

The results of the feeding of fresh and stale sheep's thyroid and of

stale meat may be briefly stated as follows

:

Fresh Sheep's Thyroid.

One rabbit given 20 gm. per day, died on the . . . loth day.

One rabbit gi\-en 50 gm. per day, died on the . . . 7th day.

Three guinea pigs given logm. per day, died on the 7th day.

Stale Sheep's Thyroid.

One rabbit given 20 gm. per day, died on the . . . 5th day.

One rabbit given 40 gm. per day, died on the ... 3d day.

One rabbit given 50 gm. per day, died on the ... 2d day.

One guinea pig given 10 gm. per day, died on the . . 8th day.

One guinea pig given 20 gm. per day, died on the . . 3d day.

Stale Meat.

Two rabbits given 20 gm. per day ]

One rabbit given 50 gm. per day ^no fatality.

One guinea pig given 10 gm. per day J

From the table it will be seen that almost every £inimal fed on thyroid

in any form died in a short time; the average time of survival imder this

feeding was a little less than seven days for twenty-nine animals;

the average number of feedings was between five and sLx. Three rats

survived twelve daily feedings of .33 gm., and had to pass out of obser-

vation, but they had lost much weight and were taking the typical

course; one guinea pig and two rabbits in the same way passed from

observation after two or three feedings on larger doses of stale thyroid

;

no doubt some of these animals died later as a result of the feeding.

The clinical courses were wonderfully uniform; there were rapid emaci-

ation, vigorous appetites, and often diarrhoea, followed by a day or two

of restlessness, muscular tremor, sometimes convulsions, sometimes

coma, sometimes very evident abdominal pain, and death. There

seemed to be rapid heart and respiration. There was no exophthalmus.

Post-mortem examinations showed in every case a marked hypera.miia

of the stomach and intestines, sometimes fluid fecal matter in the

colon and rectum; microscopic examination added nothing.



6o H. E. French.

o
z
Q
a

o

o
S

>•

Q
O
n

S

o
d

O

a _c

O O
.a

O
a a a a c _a

"a '3 '3 '3 rt rt

o o o o o o o o o
o o

I-!

o

go ^
o oo o
On —

'

O O OO O O

I O -*
in o

:^ .^ .^ ,-( 1-1 CS

5
CO o
CO ^H

o o »o oO f^ MO --I

•3

•c

.a' &

« -5.

a
CJ

« ps; o «

.a

t/] C

Pi O

u:

§



The Comparative Toxicity of Different Animal Tissues. 6i

Most of the animals fed on other tissues did not die, and not only did

they sundve, but many gained in weight, and with hardly an excep-

tion they seemed perfectly well at the end of the experiment. The
gain in weight is no doubt to be accounted for by growth, and by the

better care given to the animals while under observation. No death
and no unfavorable symptoms can be attributed to the feeding. In
August, 1910, one rabbit on brain feeding and two on muscle feeding

died with symptoms of emaciation, infected cuts or bites on Hps, noses,

and other parts of the body, and discharges of pus from nose, mouth,
and eyes; post-mortem findings were those of inflammation of the res-

piratory organs. But unfed animals in the same room also died with
the same s>Tnptoms and findings; and rabbits at the same time in

another room fed on kidney, and all rabbits fed at other times on any
tissue but thyroid remained perfectly well. Some of the rats fed

from November 28, 1910, to February 3, 191 1, died with symptoms of

loss of weight and warty excrescences about heads, tails, and genitals;

the post-mortem findings were those of gastro-enteritis, in one case

there was an encysted parasitic worm in the liver. Some of the rats

also died on two very cold nights. But, as with the rabbits in August,
control rats seemed to be as badly affected as those fed, and died in the

same proportions, and with the same symptoms and findings; and rats

at other times with one exception remained perfectly well. One rat

fed on 2 gm. of kidney died in July, 191 1, with indefinite symptoms
and findings, but two others on the same feeding remained perfectly

well, gained an average of 25 gm. in weight in the three weeks they were
under observation, and then survived the rest of the summer.
Thyroid was fatal in every form: commercial, desiccated in the lab-

oratory, absolutely fresh, and stale. Three guinea pigs and two rabbits

on feedings of absolutely fresh thyroid perished m time, and ^\ith

symptoms exactly the same as those fed on other forms. Stale thjToid
killed one rabbit in five days and one guinea pig in eight days, but
the symptoms were the same. Stale thyroid in the two cases just men-
tioned, and in the case of one guinea pig on 20 gm., one rabbit on 40 gm.,
and one rabbit on 50 gm., failed to kill in the short time reported by
Cunningham. Very stale meat in large and repeated doses failed to

kill four animals. Decomposition does not seem to be responsible,

nor is time or autolysis needed to develop the toxicity of the thyroid.

Considered as protein, the dosage of other materials used was enor-
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mous for the body weights; the dosage of thyroid in most cases was

much smaller. The dosage of desiccated material reached 2 gm. per

day for most tissues and for all of the animals used at some time; rats

received 2 gm. of kidney per day for twenty days, guinea pigs and

rabbits received 2 gm. of liver, spleen, and brain for from twenty-one

to iifty-six days. One guinea pig and two rabbits each received 20 gm.,

another rabbit received 50 gm., of stale meat repeatedly, all without

effect. These dosages are from two to six times as great as the dosages

of thyroid used and probably many times as great as the minimum

fatal dose for these animals. The time of observation with negative

results is four or five times that needed for fatal results with thyroid.

The toxicity would seem to depend on something more than an excess

of proteid.

Conclusions.

1. Thyroid in the forms used— fresh, stale, and desiccated, either

commercial or laboratory prepared— contains a substance that is

decidedly toxic for some animals.

2. The other animal tissues used— brain, liver, spleen, kidney, and

skeletal muscle— give no evidence of toxicity when prepared and fed

in the same way in equal or even larger quantities.

3. While the study does not indicate the nature of the toxic sub-

stance, it would seem to show conclusively that it is not due to autoly-

sis or decomposition, and that it is not simply an excess of protein in

the food.



FURTHER STUDIES OF THE ACETO-NITRILE TEST FOR
THYROID SUBSTANCE IN THE BLOOD.

By HERBERT 0. LUSSKY.

[From the Bull Physiological Laboratory of the University of Chicago.]

I. Introductory.

THE chief aim of this investigation was to determine more spe-

cifically whether the aceto-nitrile test of Hunt is a specific

test for thyroid secretion.

Much work on the physiology of the thyroid gland has recently

been done in this laboratory by Professor Carlson and his pupils.

The results of one series of experiments with thyroid feeding have

just been recorded. If the Moebius theory of the relation of the

thyroid secretion to the symptoms of exophthalmic goitre is correct,

these symptoms ought to be produced in laboratory animals when
placed in, a condition of hyperthyroidism, if such a thing is possible.

Accordingly large amounts of desiccated dog's and sheep's thyroids

were fed to dogs, cats, foxes, monkeys, guinea pigs, rabbits, rats,

pigeons, chickens, and ducks. It was found that dogs, cats, foxes,

and ducks are very resistant, while rabbits, pigeons, rats, guinea pigs,

monkeys, and man show a greater susceptibility. The toxic effect

produced by feeding is within limits specific for the thjToid and is

greater for normal than for hyperplastic thyroids. This latter finding

is entirely in accord with our e.xpectations, since the percentage of the

supposed active principle (iodine compound) is greater in the normal

than in the hypertrophied gland.

Large amounts of desiccated thyroid were fed to dogs, cats, and ducks
for months without producing symptoms with the possible exception

of slight emaciation. One can account for the lack of more specitk

symptoms in but three ways. Firstly, the material constituting the

active secretion is not absorbed as such. This, however, cannot be the
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case, as is shown by the effect of thyroid feeding in clinical and e>q3eri-

mental hypothyroidism. Secondly, the lack of symptoms might be due

to a lack of excessive accumulation of the secretion in the blood. The

rate of absorption and the rate of ehmination of the thyroid substance

from the blood after absorption might be so related to each other that

there is at no time a sufficient concentration of thjToid in the blood to

produce sj-mptoms. In other words, there may be a rapid process of

absorption going on simultaneously with a rapid process of ehmination,

or a slow process of absorption with a slow or rapid process of elimina-

tion or destruction. It is evident, however, that although the concen-

tration of thyroid never becomes great enough to produce symptoms

it must at some time be greater than normal, and could be detected if

we possessed sufficiently delicate methods. Thirdly, the thyroid

secretion may be absorbed in its active form from the digestive tract,

and an excessive thyroid feeding may reach an excessive concentration

in the body fluids, but certain species may exhibit no symptoms

from this excess.

It was upon the suggestion and under the direction of Professor

Carlson that we undertook this work to determine if with our present

tests an increase or decrease in the concentration of thyroid secretion

can be detected in the blood of animals in which the amount of thyroid

substance has been altered.

II. LITER.A.TURE.

No one has as yet been able to demonstrate the supposed secretion of

the thyroid in normal mammalian blood. Even Hunt's aceto-nitrile

test, which at present appears to be the most delicate test for some

substance in the thyroid, gives negative results.' Likewise, the l>Tnph

coming directly from the thyroid parathyroid gland complex, which

according to the older views ought to contain a greater concentration

of thyroid secretion than the blood, has been shown by Carlson and

Woelfel ^ to give no evidence of a secretion.

On testing the blood of guinea pigs after prolonged and excessive

thyroid administration, when we should expect increased quantities of

thyroid or thyro-iodine in the blood, Hunt' obtained negative re-

' Hunt and Seidell: Hygienic Laboratory, 1909, Bulletin No. 47.

' Carlson and Woelfel: this Journal, 1910, xxvi, p. 32.
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suits. In the blood of two cases of exophthalmic goitre, however,
Hunt ' reports finding evidence of the secretion, while in a third the
results "were negative. Carlson and Woelfel - also report negative re-

sults in the blood of one case of exophthalmic goitre.

The intravenous injections of thyroid preparations have so far pro-
duced no svTnptoms which can be traced specifically to thyroid.

It is evident in the light of the present knowledge of the action of

tissue extracts on the circulation that the lowering of blood pressure
and the slowing and strengthening of the heart beat are not due to the
specific action of thyroid upon the heart and blood vessels, as is as-

sumed by Von Cyon and Oswald.'' It is more probable that traces of
cholin in the preparation are responsible for these blood pressure
changes.^

Olds" found that rats show no increased resistance to morphine after

thyroidectomy, contrary to what one would deduce from the fact that
thyroid administration decreases the resistance of rats to this poison.
Likewise, Hunt could find no increased resistance in guinea pigs to
aceto-nitrile after thyroidectomy.

Trendelenburg 7 found that the blood of thyroidectomized cats
increases the resistance of mice to aceto-nitrile. He concludes that, in
the absence of the thyroid, toxic metabolic products accumulate in

the blood, and that these products are responsible for the increased
resistance of mice to aceto-nitrile. These substances, when absorbed
b\- the th3Toid, cause the latter to give the reaction.

III. Methods.

The work was di\-ided into two sets of experiments: the one was
concerned with producing a decrease of thyroid secretion in the blood;
the other with producing an increase.

As a test for the secretion of the thyroid we used the aceto-nitrile
test of Hunt, since by this means as small a quantity as o.i mgm. of

' Hunt: Journal of the .\merican Medical Association, 1907, xli.'?, p. 240.
* Von Cyon and Osw.^ld: Archiv fur die gesammte Physiologic, 1901, kxxiil,

p. 199.

' Von Fl'RTH and Sch\v.\rz: Ibid., 1908, cxxiv, pp. 113, 361.
* Olds: this Journal, 1910, xxvi, p. 354.
' Trendelenburg: Biochemische Zeitschrift, 1910, xxix, p. 396.
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thyroid can be detected. The test consists in feeding thyroid to white

mke for a period of about eight days and then testing their resistance to

rceto-nitr le. If certain quantities of thyroid are fed, the resistance o

the mice is increased, in some instances as much as twenty times. We

therefore expected to find an increase in the resistance of mice to aceto-

ne after being fed on the blood of animals in experimental hyper-

r oUsm. Inasmuch as the Hunt test does not show the presence

of the secretion of thyroid in normal blood, it cannot be hoped to show

any difference between nomml blood and the blood of completely

thyroidectomized animals, although the thyroid secretion in the lat-

er' must necessarily be diminished. In the mouse itself, however

the normal immunity to this poison ought to be decreased by

'tottSetofexperimentsgrayhouseihicewereusedexcl^^^^^^^^^

sine they withstandThe operation of thyroidectomy better than the

vhite mice and show the same increased resistance to aceto-m jde o^^^

feeding thyroid. All of the gray mice were caught m tiie Bidogica

L bor^torL and kept in cages under identicaUy the same condi ons

of care and feeding for a period of about one week The f^l
"^^^^^

healthy mice of about the same size were then selected Part of them

were p aced separate as controls and the rest
^"-y^^^'f^^^l'^,

a perL of time ranging from three to eight weeks, durmg_which all

of the mice were kept under uniform conditions, their resistance to

aceto-nitrile was tested.
. , 1 1 . c j „

In the second set of experiments we tested on mice the blood of dc,g

and rabbits after long and excessive administration of commeraa^

sheep's thyroid by feeding; one sample of human bood after large

doses of thyroid had been taken; the blood of dogs after intravenous

fnTctionofVoidiuiceandintraperitonealinJecUonof^h^^^^^^^^^^

sion; and the blood of thyroidectomized rabbits, ^or the intraper

toneal injections the ordinary commercial sheep thyroid, after

heating to 100° for several hours, was mixed with boihng 0.9 per cent

NaCl solution. After cooHng to body temperature it --n^-t
f^

On the following day the blood for the tests was drawn. The th>roid

^uice was madeW extirpating the thyroids (as nearly normal as possi-

ble) from dogs bled to death. The thyroids, as free from blood as they

can possibly be obtained'without perfusion, were then cut fine, ground

Sthlnd, mixed with FuUer's earth, and placed under 300 atmos-
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pheres pressure. The liquid thus obtained was injected intravenously
in dogs. Twenty-four hours after the injection samples of blood were
drawn for the tests. Controls were run in this series by feeding thvToid
juice to mice directly.

The mice used for these experiments were from closely related litters
and had been kept under identically the same conditions of care and
feedmg shkc birth. The accto-nitrile was dissolved in water and
injected subcutaneously.

IV. Results.

AT ''^^^f:f
""'y ^°^^ °°' <l-^«-- the resistance of gray mice to aceto-nitrile.- Most of the gray mice survived the operation of thyroidectomy

The largest percentage of deaths seemed due to the anaesthesia durin.
the operation. Very few showed respiratory symptoms due to injur^
of the recurrent laryngeal nerves and only two were seen in tetan/The only way of distinguishing between the normal and the thv-
roidectomized mice was by the scar. On testing their resistance fo

ofthe'f' ;\V^.."'''
""' remarkably uniform, in consideration

of thefact that the mice could not possibly have been of the same a^e
Experiment I shows that there is no decrease in the resistance of ^rlymice to aceto-mtrile after thyroidectomy.

2 Feeding thyroid to dogs does not increase the thyroid substance circulating
.n the blood to a detectable amount. - A dog of about 8 ksm. was feddaily 20 gm. of desiccated sheep's thyroid mixed with ground meatfrom October r to December x, 1910, when it was placed on ad
of 30 gm.pcr day until December 31. Two hundred and thirtv-five
cubic cenimetre. of blood were then drawn, desiccated and fed to micemixed with cracker dust in the form of cakes; each mouse receded
half a gran, of dried blood daily for eight days. The normal micereceived cakes made of cracker dust only. The result is recorded

fed to the dog. But from January 6 to the 21st 40 gm. were ed daily.

and edt "l "f""'"" °' '''^"' ^^'^^^ ^'^^ ^--- ^---te'd

; ent in T? r " '" ™"- "^'^ "'^"'^ ^^ --^^'^d - Experi-ment III. These two e.xpenments show that the resistance o them.ce o aceto-n.trile was not increased by feeding the dog's blood. Thi

r; rr V""'"-""^'
"" ^"°""^ °'" ^hy-'d circulating in tl^eblood of the dog which had received excessive amounts of thyroid o



6s Herbert O. Lnssky.

such a long period of time could not be detected by tW. method. It

does not prove that there was no increase in the concen ratior. of

thvord in the blood over normal, since our test m.ght not be suffi-

ciently delicate to detect such a slight variation m amount as may

^'s^ThTblood of thyroid-fed rabbits does not increase the resistance of nuce to

acet<.nitrile to an appreciable degree.- Five healthy rabbits were each fed

rlof desiccated sheep's thyroid for eight days when they showed

marked symptoms of emaciation, weakness, and diarrhea Their

Zd wa the'n dra^vn, desiccated and fed to mice in cracker dust cakxs

for eight days; each mouse received half a ^J-
of desiccated W^^^^^^

per day. The result is recorded in Experiment IV. It was un

To^una'te that the number of mice was so Ihnited that we cod^d no

obtain the lethal dose of the blood-fed mice more accurately. But 1

1

ev dent that it must have been below 0.55 mgm. per gram w ight of

mouse Thus the increase in the resistance of the blood-fed nuce over

The normal is so extremely small that it cannot be considered as an

indication of th>'roid in the blood which was fed.

Ixbe IntrapeHtoneal in.ecUon of thyroid. - For these tests 30 gm.f

commercial desiccated sheep's thyroids were heated at xoo for e^-

eral hours and then mixed with boiling 0.9 per cent NaCl solution

After cooUng to body temperature this emulsion was injected under

aJeMic cond tions into the peritoneal cavity of a dog. A few hours later

St Xh showed signs of great depression and extreme weakness,

and it remained in this condition until death. The foUo-g day^^^^^^^

pies of blood were drawn, desiccated, mixed with cracker dust in the

form of cakes and fed to mice; each mouse received 75 gm. of desic-

atTd blood daily for eight days. The resistance of the -- to acetO"

nitrile was then tested. The controls were ^^^ -a^^Xt the b n
cakes The results, recorded as Experiment V, show that there is no

marked increase in the resistance of the fed mice over the normal.

r The intravenous injection of thyroid Juice.- Seventy CUblC centimetres

of th^-roid juice were slowly injected into the leg vein of an 8 kgrn.

dog. Immediately the dog began to show signs of —^ed de-

pression; the blood pressure fell, and the heart beat became very slow.

Both, however, returned to normal shortly after the injection. Twenty-

four Lurs after the injection a sample of blood was dra^vn, desicca ed

and mixed with cracker dust and fed to mice for eight days, each mouse
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TABLE I.

No. of

cxp.

I.

II.

III.

IV.

VI. I

VII.

VIII.

IX.

X.

No. of animals and food.

Seventeen thyroidectomized mice
Ten normal mice
Ten mice fed 4 gm. desiccated blood of dog which
had daily received 20-30 gm. desiccated thy-
roid for eighty-three days

Five normal mice
Eleven mice fed 4 gm. desiccated blood of a dog
which had daily received 40 gm. desiccated
thjToid for fifteen days

Nine normal mice
Seven mice fed 4 gm. desiccated blood of rabbit
which had been fed desiccated thyroid until
symptoms appeared

Nine normal mice
Fi\e mice fed 6 gm. desiccated blood of a dog
which had received 30 gm. of desiccated thy-
roid intraperitoneally

Seven normal mice
Three mice fed 4 gm. desiccated blood of dog

which had recei\'ed 75 c.c. of thyroid juice in-

travenously
Three mice fed 4 gm. desiccated blood of dog

which had received 100 c.c. of thyroid juice
intravenously

Five normal mice
Four mice fed 2.1 gm. desiccated blood of dog
which had received 50 c.c. of thyroid juice in-

travenously
Eleven normal mice
Three mice fed 8 c.c. of thyroid juice

Three mice fed 2.6 c.c. of thyroid juice ....
Three mice fed 0.8 c.c. of thyroid juice ....
Six normal mice
Five mice fed 3.4 gm. desiccated blood of thy-

roidectomized rabbits
Six mice 'fed 3.4 gm. desiccated blood of normal

rabbits

Six normal mice
Five mice fed 3.8 gm. desiccated human blood
which was drawn after eating 22 gm. of thy-
roid

One mouse fed 7.5 gm. of same blood
Three mice fed 3.8 gm. desiccated normal human

bI<iod

Eight normal mice

Maximum
dose in

mgm. per
gm. wt.

mouse tol-

erated.

0.60

0.58

0.23

?

0.35

0.28

0.48

0.33

0.48

0.33

0.49

Minimum
fatal dose
in mgm.
per gm.

wt. mouse.

0.54

0.55

0.18

0.20

0.29

0.29

0.55

0.30

0.55

0.30

0.58

0.46

0.4S



70 Herbert O. Liissky.

receiving .5 gm. of desiccated blood daily. One week later 100 c.c. of

thyroid juice were slowly injected into the same dog \vithout producing

noticeable symptoms. Twenty-four hours after the injection, samples

of blood were drawn, desiccated and fed to mice in cracker cakes,

each mouse receiving .5 gm. of desiccated blood daily for eight days.

On examination of Experiment VI, it will be seen that the smallest dose

on which the blood-fed mice died is not very much higher than the

largest dose on which the normal mice survived. The difference, which

would undoubtedly have been smaUer had we possessed more mice,

is not great enough to be considered a positive test.

The blood of a 7 kgm. dog drawn twenty-four hours after an intra-

venous injection of 50 c.c. of thyroid juice was also tested out on mice.

Each mouse received .5 gm. of desiccated blood for eight days. Exper-

iment Vn shows that the blood Ukewise produced no increase in the

resistance of the mice great enough to be considered a positive test.

The th>Toid juice itself, however, gave marked results, as is shown

in Experiment VIII. Three sets of mice with three in each set were

fed for eight days on cracker cakes contaimng thyroid juice. Each

mouse of the first set received i c.c. daily, those of the second set

one third of a cubic centunetre, and those of the third set one tenth.

The controls were fed cracker cakes. The first set showed at least

twice the resistance of the normal mice, the second set about one and

one-half, while the tlurd set showed no increase. These results indicate

that the resistance of the mice varied with the amount of th>Toid jmce

fed.

6. The blood of thyroidectomized rabbits. — The blood of three healthy

rabbits, three weeks after thyroidectomy, was drawn and desiccated

and fed to mice in cracker cakes; each mouse received .4+ gm. per

day for eight days. Another set of mice received the same amount

of desiccated normal rabbits' blood for the same lejngth of time. The

control mice were fed merely crackers. Experiment ESZ shows that the

blood of the thyroidectomized rabbits more than doubled the resistance

of the mice to aceto-nitrile, while the normal rabbit's blood did not

show such an increase. Tliis result is in harmony with Trendelen^

burg's findings on the blood of thyroidectomized cats.

7. Human blood after eating large amounts of thyroid.— Professor Carlson,

before and after eating large quantities of desiccated sheep's thy-

roid, had some of his own blood drawn. This was desiccated and
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fed to mice. Five of the mice received per day .45+ gm. of the blood

(desiccated) drawn after eating the thyroid for eight days; one mouse
received .93— gm. per day. Three mice were fed .45+ gm. of normal

desiccated blood per day for eight days. Eight mice were fed only

cracker cakes. Experiment X shows that if there was any increase in

the amount of thyroid in the blood it must have been very slight. It

TABLE II.

Date.
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19, there was more or less continuous feeUng of distress in the abdominal

region and occasional acute abdominal pains. During October 20-23

the s>-mptoms were sufficiently severe to render the subject unfit for

work.

Conclusions.

1. The fact that thyroidectomized mice show the same resistance

to aceto-nitrile as normal mice leads us to either of two different con-

clusions. First, the Hunt test is not a specific test for thyroid sub-

stances, since the products formed by other tissues (to take the place

of thyroid secretions) give the same test. Or, secondly, in the normal

blood there is such an extremely smaU concentration of thyroid that

the decrease in the concentration wliich must necessarily follow thy-

roidectomy cannot be detected by this method.

2. If the results recorded on feeding to mice the blood of thyroid-fed

and thyroid-injected animals have been correctly observed, they

would indicate that the thyroid substance, since it was not detected

in such blood, is either (i) quickly taken out of the blood, as was

shown by Hektoen and Carlson,^ and Pettit and Carlson ^ to be the

case with antigens, or (2) is quickly excreted, as is the case with many

drugs. The rate of eUmination of the thyroid substance from the blood

is now under investigation.

3. The increase in the resistance of mice to aceto-nitrile due to feed-

ing the blood of thyroidectomized rabbits agrees with Trendenlen- •

burg's findings on the blood of thyroidectomized cats.

4. In view of the facts that thyroidectomized mice show the same

resistance to aceto-nitrile as do normal mice and tiiat there are other

substances in the blood of thyroidectomized animals which cause an

increased resistance, it would appear that the Hunt test is not a specific

test for thyroid.

5. Inasmuch as there are, at least under certain conditions, other

substances than thyroid in the blood which increase the resistance of

mice to aceto-nitrile, and since these substances may vary in different

individuals, or at different times in the same individual, the Hunt test

8 Hektoen and Carlson: Journal of infectious diseases, 1910, vii, p. 319.

» Pettit and Carlson: Ibid., 1912, x, p. 43-
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on human exophthalmic goitre blood lacks sufficient control. In the
case of positive results it is impossible to say which substances are
present.

The author wishes to express his thanks to Dr. A. J. Carlson for

the valuable suggestions and stimulating interest shown during the
progress of this work.



THE PRESENCE OF PROTHROMBIN AND THROMBO-
PLASTIN IN THE BLOOD PLATELETS.

By stanhope BAYNE-JONES.

[From the Physiological Laboratory of the Johns Hopkins University]

THE rgjiid disappearance of the platelets in shed blood during

the process of clotting and their constant presence as a nucleus

for various thrombi are phenomena that have led physiologists and

pathologists to attribute to these elements an important role in the

coagulation of the blood. But although attention has long been di-

rectal toward the platelets as furnishing one or more of the factors of

coagulation, yet statements with regard to this function continue to

be expressed with some degree of reserve. The coagulation factors

that they have been supposed to contain are (i) prothrombin, the

antecedent substance of thrombin, or "fibrin ferment," and (2) a sub-

stance which accelerates coagulation.

The view that the blood platelets contain the mother substance of

so-called "fibrin ferment" was demonstrated experimentally by

Morawitz,! i^ 1904, when his researches led him to conclude that the

platelets contain prothrombin (or thrombogen) in large amounts.

He found that aqueous extracts of the platelets, after the addition of

calcium, caused a solution of fibrmogen to clot. No mention is made

as to whether or not the platelet extract was effective without the addi-

tion of calcium. He argues also that thrombokinase must have been

present in his platelet extract, since otherwise they could not have

caused dotting of the fibrinogen with the aid of calcium alone. It is

obvious that this argument is vaUd only if we accept Morawitz's

theory of coagulation, namely, that calcium and kinase must combine

to activate prothrombin to thrombin. This \-iew has been called into

question recently, and we can only accept the experiments made by

Morawitz as demonstrating the origin of prothrombin from the plate-

1 Morawitz: Archiv fur klinische Medizin, 1904, Lxxix, p. 215.
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lets. As far as his experiments are concerned, it remains uncertain
whether or not they also contain thromboplastic substances. It

seemed very desirable, therefore, to investigate this latter point and
also to corroborate, if possible, Morawitz's findings in regard to the
origin of prothrombin from the blood platelets. At Dr. Howell's
suggestion I have undertaken the study of these two points. The re-

sults given below show quite conclusively that platelets contam both
prothrombin and thromboplastin (thromboplastic substance).

Method — Isolation of Platelets.

Tlie manner of showing the presence of prothrombin in the blood
platelets consisted in causing a reaction between filtered extracts of
these elements and solutions of pure fibrinogen, without and \\-ith the
presence of calcium. The fibrinogen was prepared in all cases from
thoroughly centrifugalized oxalated dog's plasma, according to Howell's ^

modification of the method of Hammarsten. The calcium used was in

the form of calcium chloride in a 6 per cent solution. The isolation of the
platelets was effected through a modification of Morawitz's method
of fractional centrifugaUzation, as follows:

Two hundred cubic centimetres of blood were drawn from the
femoral artery of a dog through an oiled glass cannula into an equal
amount of the sahne oxalate solution described by LeSourd and
Pagniez^ as an efficient preservative of the blood platelets. The
solution consisted of sodium oxalate, 4 gm. dissolved in i litre of a solu-

tion of sodium chloride, 0.9 per cent. The final mixture of blood
with this solution contained 0.2 per cent sodium oxalate. This mixture
was quickly centrifugalizcd at 1600 revolutions per minute for ten min-
utes. At the end of tius time, a Uttle more than half of the sUghtly
rosy, opalescent, supernatant plasma was pipetted off, lea\ing the
sedimented red blood corpuscles and leucocytes and a considerable
proportion of plasma. Microscopical examination of the porUon of the
plasma drawn off revealed a great number of well-preserved platelets,

together with a few leucocytes. To remove the latter, this portion of

the plasma was again centrifugalizcd at 1600 revolutions per minute

"^ Howell: this Journal, ipto, x.wi, p. 453.
» Lr.SouRD and Pagnikz: Journal dc physiologic et dc pathologic gcnerale

1907, ix, p. 582, and 191 1, xiii, p. 56.
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for ten minutes, wliich caused the remaining leucocytes and red blood

corpuscles, and, unfortunately, a large number of the platelets to be

sedimented on the bottom of the tube. The supernatant plasma was

decanted into clean tubes, and again centrifugaUzed at 3000 revolutions

per minute for a half-hour or longer, at the end of which time a grayish-

wlute layer was found adherent to the bottoms of the tubes. Upon

microscopical examination, this layer was seen to be composed entirely

of platelets more or less agglutinated. The plasma was poured off,

and in order to. insure the freedom of the platelets from aU traces of

plasma, a large quantity of 0.2 per cent saUne-oxalate solution was

added, and the platelets were stirred up in this fluid. From tliis sus-

pension they were recovered by centrifugalization at 3000 revolutions

per minute for about fifteen minutes. The supernatant Uquid was

poured off, and extracts of the platelets were made both in distiUed

water and in 0.9 per .cent solution of sodium chloride. The saUne ex-

tract was found to be inactive, which accords with the findings of

Morawitz and others, while the most active extract was obtained by

aUowing the platelets from 200 c.c. of blood to be acted on by 2 c.c. of

water for one,hour.

A microscopical control was employed throughout, using as a stam

for the preparations, Wright and Kinnicut's aqueous solution of

brilUant cresyl blue (1-300) as described by Duke.^ In none of the

final preparations of platelets were any leucocytes observed.

With these, preparations it was found that the blood platelets con-

tain a substance which, in the presence of calcium, causes the clotting

of a solution of pure fibrinogen. The addition of tissue extract was not

essential. A typical experimental result is as follows:

ExpcrimenlXI. — i. i.c.c. fibrinogen + 5 drops of a solution of pure

thrombin = clot in two minutes.

2. 0.5 c.c. fibrinogen + 0.5 c.c. water = no clot or precipitate in

forty-eight hours.

3. 0.5 c.c. fibrinogen -h 0.5 c.c. water -(- i drop CaCb = no clot in

forty-eight hours.

4. 0.5 'c.c. fibrinogen -j- 0.5 c.c. aqueous extract platelets = no clot

in forty-eight hours.

5. 0.5 c.c. fibrinogen + o.s c.c. aqueous extract platelets + i drop

CaCia = clot in one hour fifteen minutes.

* DtJBCE: Journal of experimental medicine, 1911, xiv, p. 265.
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Spontaneous clotting of platelet-emulsion. — In addition to prothrombin,

the platelets have been considered to contain all the factors of coag-

ulation. Thus Schittenhelm and Bodong * give experiiiients to

show that emulsions of platelets clot spontaneously. If this were so,

it would vitiate the conclusions drawn as to the coagulative action

of extracts of platelets upon fibrinogen. Special attention was given to

this point, and it was found that in no case was there any sign of clot-

ting in the extracts and emulsions of the washed platelets in either

water or sahne solutions. The result given by Schittenhehn and Bodong
can be understood only on the assumption that their emulsion of

platelets still contained sufhcient plasma to cause clotting.

Thromboplastic Action of Platelets.

The second object of these experiments was to investigate the

accelerator action upon coagulation ascribed to the blood platelets.

Morawitz considered that these elements contain a substance which,

as in the case of extracts of other cells and tissues, hastens clotting.

This substance he called thromhokinase, supposing it to act as a ferment

activator after the manner of enterokinase. In his recent work on

blood clotting, however, Howell ^ has sho\\'n that this substance accel-

erates coagulation not by an action upon thrombin or prothrombin,

but by neutralizing the antithrombin present, and he has proposed

for it the name of thromhoplastin. For the purpose of observing the

thromboplastic action of the platelets, aqueous and saline extracts

of them were added to a strong antithrombin plasma, obtained by
injecting Witte's peptone (0.5 gm. per kilo of body weight) into the

circulation of a dog. The blood, thus rendered incoagulable, was drawn

af»-er twenty minutes from the carotid artery through an oiled cannula,

and was thoroughly centrifugalized. The preparations obtained in

this way vary in their power of clotting, according as the peptone

injection has caused the formation of much or httle antithrombin.

The best preparations do not clot at all — or at least the plasma ob-

tained from the blood by centrifugalization, does not clot spontaneously,

and even dilution with two or three times its volume of water may be

' ScniTTENiiELM and Bodoxg: .\rchiv fur experimentelle Pathologie and
Pharmakologie, 1905, liv, p. 223.

' Howell: this Journal, 1911, x.xix, p. 187.
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ineffective. Tissue extracts will cause clotting in such plasmas, when

added in sufficient amounts, and their action is quick or slow in pro-

portion to the amount of antithrombin present. In this connection

it is interesting to note that this peptone plasma can, by slow evapora-

tion in watch crystals, be dried down and preserved in a desiccator

for any length of time. The residue, taken up with an amount of

0.9 per cent salt solution equal to the original amount of the plasma,

can be used in all respects like fresh "peptonized" plasma, and thus

a supply of antithrombin plasma of constant strength can be kept on

hand. When added to such peptone plasmas, extracts of platelets

caused clotting. This result was obtained alike with aqueous and with

sahne extracts. Simultaneously, similar tests were made with extracts

of washed red blood corpuscles, extracts of perfused turtle muscle and

a special thromboplastin prepared from the glycerin extract of dried

thymus, all of which caused clotting in the antithrombin plasma.

To the thromboplastic action of all of these the platelets showed an

equal strength. An experiment illustrating this fact follows:

Experiments Xa and XV. — i. i c.c. peptone plasma + i c.c. extract thy-

mus (undil.) = clot in four hours thirty minutes.

2. I c.c. peptone plasma + i c.c. H2O = no clot in forty-eight hours.

3. I c.c. peptone plasma + i c.c. aqueous' extract platelets = clot in

one hour ten minutes.

4. I c.c. peptone plasma + i c.c. aqueous extract erythrocytes =

clot in three hours.

5. I c.c. peptone plasma + i c.c. aqueous extract turtle muscle =

clot in twenty-four hours.

This experiment shows that the thromboplastic action of the platelet

extracts is more effective in neutralizing the antithrombin than

extracts of the other cells. Other experiments, however, while all posi-

tive, did not emphasize this difference. DupUcate mixtures to those

given above were made with the addition of a drop or two of calcium

chloride (6 per cent). In these tubes clotting occurred only after a

considerably longer time, or in some cases there was an entire failure

to clot, owing to the inhibitory action of the calcium. Although these

extracts were filtered before using, it might be objected that the coagu-

lation was induced by the presence of particles acting as mechanical

centres for the deposition of fibrin. This objection was eliminated by
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the use of control tubes, in which suspensions of fine lint shreds and
dust were added to some of the same peptone plasma without causing

clotting.

Summary.

1. By the use of solutions of pure fibrinogen and by blood platelets

isolated in purity, it is shown, in corroboration of Morawitz, that these

latter elements contain a substance (prothrombin) which, after activa-

tion with calcium, clots fibrinogen.

2. Extracts of the platelets also contain a substance (thromboplas-

tin) which causes the clotting of so-called peptone plasmas, presumably

by neutralizing the antithrombin present in such plasmas.

3. On the basis of these facts it may be concluded that the disin-

tegration and solution of the platelets when blood is shed are helpful

or essential to the clotting of blood in two ways: (i) by setting free a

quantity of prothrombin which is subsequently activated to thrombin,

and (2) by liberating a thromboplastic substance (thromboplastin)

which ncutrahzes the antithrombin normally present in the blood.



SOT^IE OBSERVATIONS ON DECEREBRATE FROGS WITH
ESPECLAL REFERENCE TO THE FORMATION OF ASSO-

CIATIONS.
By THEODORE C. BURNETT.

[From the Rudolph Sprcckch Physiolosical Laboratory of the University of California.]

IT is generally assumed by physiologists and psychologists that the

association processes are a function of the cerebral hemispheres.

This is due to the fact that all the observations of workers in this field

go to show that loss of the cerebral hemispheres is accompanied by

loss of associative memory. Here and there, however, an independent

thinker registers a doubt when such a statement is made. For instance,

Loeb' says: "Associative processes occur everywhere in the hemi-

spheres (and possibly in other parts of the brain)." So far as I have

been able to ascertain, no work has been done on the positive side of

this question; no one has made the attempt to prove that the lower

centres may have the power of forming associations, when the higher

centres in the cerebral hemispheres are removed. In a conversation

with my friend and chief. Professor S. S. Maxwell, some time ago,

he suggested that it might be worth while to try the method employed

by Yerkes in demonstrating the presence of associations in normal

frogs, and so prove definitely that a decerebrate frog could or could not

form associations. This paper is the result of that suggestion.

At the outset considerable difficulty was encountered in getting the

frogs to live after removal of their cerebral hemispheres. All the frogs

we were able to get were from a source where the infection "redleg"

was prevalent, and many of the deaths were due to that disease.

The plan was finally adopted of isolating the most promising frogs and

keeping each one in an aquarium jar by itself for three or four weeks

before operating. By such means it was possible to eliminate this

source of trouble. After operation, the frogs were kept in an environ-

» LoEB, J.: Comparative physiology of the brain, 1900, p. 275.
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ment approaching as nearly to the natural as possible and still keep
them in confinement. A large zinc-Uned packing case, in which chemi-

cals had been shipped from Germany, was divided into two compart-

ments by a zinc partition, soldered securely and made water-tight.

One compartment was lilled with soil and then sown with grass seed.

Slips of geranium and other plants were also set out in this miniature

garden. The other compartment was llllcd with water, which was
easily renewed when necessary, an outlet having been provided by
which the water could be drawn off. The sides of the case were suffi-

ciently high to prevent the frogs jumping out, but as an extra pre-

caution a cover of coarse wire netting was provided. This made an ideal

habitat for both the decerebrate frogs and the normal which were kept
for comparison.

Three frogs were used in these experiments. One, a Rana pipiens

of small size, was operated on May i, 191 1, and designated as D.
Another. (Rana Boylii), designated as Di, was operated on October

24, 191 1, and the third (a larger Rana pipiens), D 2, November 24, 191 1.

Observations on D began at the end of the summer vacation, and
continued until his death, on January 4, 1912. Di died January 2,

191 2. Three normal frogs were selected as controls, as nearly like

the decerebrate as possible, and were designated as N, Ni, and N2
respectively.

Before proceeding to the main object of this communication, it

may be well to point out certain differences that have been observed
between the normal and decerebrate frogs, even at the risk of repeating

some statements that have been made before.

In the first place, as to spontaneity. Any one casually observing a
decerebrate frog would say there was no difference between such a
frog and a normal one. But if a normal and a decerebrate frog are

observed at the same time, it will be seen that there is a difference in

degree. The decerebrate frog is somewhat less spontaneous. This was
very well illustrated in the labyrinth to be described hereafter. When
a normal and a decerebrate frog were put in the labyrinth together,

the normal frog would at once start forward in his efforts to escape.

The decerebrate frog, however, would remain quiet for varying lengths

of time before it would start forward. This was rather a drawback to

the experiments with the labyrinth, as it required constant stimulation

to keep the decerebrate frogs moving. It was also noticed that the
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decerebrate frogs spent a great deal more time in the water than did the

normal. Possibly they were less subject to external stimuU under these

conditions. On several occasions they were taken from the water and

placed with the normal frogs. Sometimes they would jump back again

without any apparent cause; at other times the slamming of a door

or jarring of the building would be followed by a "plump" as the

decerebrate frogs jumped into the water. If a decerebrate frog hap-

pened to be "sitting on the bank," so to speak, and one approached

suddenly or made a sudden gesture, it would immediately sprmg mto

the water, especiaUy if oriented in that direction. If oriented in some

other direction, the frog might turn, but more likely it would sprmg

forward, come in contact with the wall of its habitat, turn, and take

to the water. The normal frog, on the contrary, was just as likely to

crouch and remain perfectly motionless under these circumstances

as to take to the water. One could not predict what would happen.

It should be borne in mind that there are individual variations among

decerebrate frogs as well as among the normal, and these statements

are based upon observations upon a number of frogs extending over

several months.

It was soon noticed that the decerebrate frogs were suffering from

lack of nutrition. They were growing progressively thinner, while

the normals did not seem to suffer particularly from this cause. Natur-

ally the supposition was that the decerebrate animals were not gettmg

the proper amount of food, and means were taken to insure this result.

The decerebrate frogs were taken every day at noon and placed under

a glass dish. FHes with one wing removed were introduced, and the

frogs left there until all the flies had been caught. In addition to insur-

ing their getting food, this gave an opportunity for comparison with

the normal frogs as regards the feeding reflex. Incidentally it was

thought that some insight into the matter of the formation of asso-

ciations might be gained in this way, as A. G. Schaeffer = has recently

shown that the feeding associations are readily learned. Schaeffer's

interpretation of his results may have to be revised on the basis of in-

hibitions, but at present that does not concern us. Schaeffer's paper

appeared too late in the season for hairy caterpillars, but on one

occasion a belated one was found and put under a glass dish with decere-

« Schaeffer, Asa G.: Journal of animal behavior, 191 1, i, p. 309-
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brate frog D, at 12.15 P- m. At 12.18 D caught the caterpillar and
promptly expelled it. At 12.20 D again snapped at the caterpiUar,
just touched it, and refused to take it. No more attention was paid
to the caterpillar for ten minutes, and then at 12.30 D again snapped
at it, caught and swallowed it. Three flies were introduced about ten
minutes later, and in three minutes D had caught them all. A few days
after another caterpillar was found, and this time it was ofTered to a
normal frog under exactly similar conditions. In less than five minutes
the frog had caught and swaUowed the caterpiUar at the first attempt.
Further experiments along this line were not made; they are simply
introduced here as being rather significant and worth more extended
study. A description of a few experiments will suffice to make clear the
difference observed between the decerebrate and the normal frogs as
regards their feeding reflex.

September 18, igu. - D and N were put under a glass dish ^-ith five flies.

N crouched and paid no attention to the flies. D, on the contrary,
caught three flies in rapid succession. N then caught a fly, and soon
after D caught the fifth fly, making four caught by the decerebrate
frog, while the normal frog caught but one. This was at noon. At
2.15 both frogs were again put under the dish with seven flies. D cap-
tured them all in about ten minutes. During the whole e.xperiment
N either crouched or made ceaseless efforts to escape, jumping at the
sides of the dish or '• boring" at the angle made by the edge of the dish
with the table.

September 28, 1911.- i2.ogv.u. D and N ^\•ith sLx flies and a grass-
hopper. At 12.10 D catches a fly. By 12.16 five flies have been cap-
tured by D. At 12.24 D captured the grasshopper. During all this
time N has been making constant efforts to escape. The e.\-periment
was ended before the skth fly was caught.

October 6, 191 1. — 12.14 p. m. D and a different normal frog which had been
under observation for some time and is unusually keen and actiN-e.
Four grasshoppers. At 12.15 D caught a grasshopper. 12.17 D catches
another. 12.18 and 12.22 N catches the remaining two grasshoppers.

Ocli)ber 7, igii. — 12.10 P. M. D and the same normal frog as above, with
SIX flies. D caught five flies as foUows: one at 12.11, 12.13, 12.16, 12.24,
12.29. The normal frog paid no attention to the flies, but spent all the
time in efforts to escape.

This will suffice to show the difference between the two frogs when in
a strange environment. It is probable that fear inhibited to a certain"
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extent the feeding reflex in the normal frog, while the absence of fear

in the decerebrate frog left the reflex unhampered. It was quite

different in their natural environment. If flies with one wing removed

were placed in the box where the frogs were kept, the normal frogs were

even more alert than the decerebrate in capturing them, and more

skilful and accurate. In spite of this care in feeding, however, the frogs

did not gain, and, as stated before, died in January.

The decerebrate frog illustrates very well Loeb's ' theory of cham

reflexes. Placed uijder a dish with a number of flies, D, for instance,

would remain quite motionless until a fly crawled into his visual field.

The retinal reflex at once oriented the frog toward the fly, and then

followed one of two events. If the fly stopped and remained motion-

less, nothing further happened. If, however, the fly continued its

movements, the orientation was immediately followed by the simul-

taneous spring and snap necessary to capture its prey, and then followed

the swallowing. More than once, when D was not very hungry, he

has been seen to sit in one spot and simply snap when a fly came into

the visual field, without any attempt to capture it.

We come finally to the question. Can a decerebrate frog form

associations? A few preUminary experiments made it very evident that

the labyrinth used by Yerkes * would not be practical. If a frog turned

to the closed side, when stimulated, he would simply spring forward,

or attempt to cUmb up the side of the labyrinth, until falling backward

he would be oriented the other way. If stiU on the wires, the next

stimulus would send him off, when he would, if unmolested, sit for a

length of time proportional to the amount of stimulation he had

undergone; for it is well known that decerebrate frogs fatigue quickly.

It was determined therefore to modify the labyrinth in the direction

of simplicity in the following way (see Fig. i). The left side was closed

entirely, so that the frog had no choice but to go forward toward the

open end. The right side of the open end was closed by a glass plate.

By this arrangement a single turn to the left was all that was necessary

to escape. Additional wires were strung across the front end, so that if

the frog remained too long at the glass his movements could be acceler-

ated. It was also thought that this might form an association that was

unpleasant. The region about the entrance to the labyrinth (X, Fig. i)

was also made uncomfortable by dropping ether on the frog from a

» LoEB, Jacques: Comparative physiology of the brain, 1900, p. i44-
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pipette, if he lingered too long. There was only one reaUy comfortable

region, and that was in front of the open end, O.

In order to be sure the above method would work, it was first tried

with a normal frog. As soon as he entered the labyrinth a drop of

ether was let fall upon his back. The frog lost no time in moving on,

but went in a straight line to the right side, which was closed with glass.

SOIL AND

CROWING PLANTS

WATER

Figure 1. — A horizontal section of Ycrkes' labyrinth as modified by the author. At
X the left passage is closed, allowing no choice of direction. E, entrance; O, open

end of labyrinth; G, end closed by a glass plate. X also marks the point at which

ether was applied. The lines indicate the course of Dj on the seventy-seventh trial.

Single induction shocks were then sent through the wires, whereupon

the frog whirled about and jumped off to the clear space. After sitting

quietly for a few minutes, he went to the open end and escaped.

After about twenty trials this normal frog would make his escape with

rarely an error. Occasionally he would make a mistake and go to the

glass, but would correct the error on feeling the first shock. Undoubt-
edly he would have been perfect if the trials had been continued. In

order to be sure this was an association, the labyrinth was reversed, the

left opening being closed by a glass plate. This involved a turn to the

right, instead of to the left as formerly. The frog went straight to the

left side as usual, and finding liis way blocked, tried to "bore" through

the glass. An induction shock was followed by violent eflorts to escape

through the glass, until finally a sudden turn and jump sent him toward

* Yerkes, R. M.: Harvard psychological studies, 1903, i, p. 579.
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the rear end. After sitting for a short time, the frog went to the rear

end of the labyrinth, whence he started. It was quite obvious that he

was at a loss how to escape.

The decerebrate frogs behaved in a very different manner. On enter-

ing the labyrinth they would jump forward when stimulated by the

ether, and generally landed on the wires in the middle of the passage.

If the induction shock was weak, they would either jump a short dis-

tance or crawl forward a short distance. If the current was strong, they

would give a spring forward and land at the glass, or if oriented to-

ward the open end,cLs often happened, theywould spring to the opening

and escape. If stimulated at the glass end, they would make frantic

efforts to get through or over the glass, until, falling backward, they

would be oriented toward the rear of the labyrinth. They would then

go to the rear end, only to be made uncomfortable by ether, when back

they would go again to the glass. The following notes on three different

trials may be of interest.

January 2, igi2. — D2 was put in the labyrinth and went forward to the

glass. Single induction shock sends him climbing up the glass. In

doing so he loses his balance and falls backward, facing the rear. After

sitting awhile, he turns and faces the opening. Stimulated -with a drop

of ether, he jumps forward and escapes. This was the lirst trial for this

date, but the fifteenth of the series.

January 2, 1912. — Sixth trial for this date and the twentieth of the series.

D2, forward to mid-wires. Stimulated, he jumps forward and turns

to the left facing the opening. Turns to the right and goes to the glass.

Stimulated, he climbs up and falls backward, facing the rear. The

ne.xt jiunp carries him to the mid-wires, and then to the rear corner,

whence he started. A drop of ether and he turns and goes to the glass

again. Single induction shocks cause the same series of contractions

by which this frog always responds, viz., strong contraction of the ex-

tensors by which the frog is raised upright, with his belly against the

glass, followed by loss of balance and falling backward facing the rear.

By a slight turn to the right, the next jump brings hin^ opposite the open

end, but oriented away from it. After a few minutes, another turn to

the right brings him to the wires at the open end. Here he sat for twenty

minutes, when a single shock sent him off.

January 8, igi2. — Sixth trial for this date and the seventy-seventh of the

series. On entering the labyrinth, a drop of ether sends D2 to the

mid-wires. Stimulated, he goes to the glass. Stimulated, he reacts
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as usual, falls back facing the rear, and then goes to the rear comer.

A drop of ether again sends him straight to the glass without stopping.

Stimulated, he again goes to the rear corner. A drop of ether sends

him to the glass. By this time his toes were bleeding and he was quite

fatigued; the e.xperiment was therefore discontinued. The course

of this frog is given in Fig. i.

From the above it is quite evident that not a trace of association

was exhibited by this frog. Over one hundred trials were made,

but the last trial was no better than the first. What is true of D2 is

also true of the other two frogs, D and Di. The death of the latter

two cut short the experiments, but enough was done to make it reason-

ably certain that the same result would have been obtained.

From what has been stated herein, we may conclude —
1. That the reflex excitability of the decerebrate frog is heightened,

owing to the loss of inhibitory influences from the higher centres.

2. From observations on the feeding reflex, Loeb's theory of "chain

reflexes" receives additional proof.

3. The decerebrate frog is incapable of forming even the simplest

associations, and Goltz's closing remarks still hold good :

'

' The brainless

frog is nothing more than a complex of simple reflex mechanisms." *

• " Der enthirnte Frosch nichts ist als ein Complex von einfachen Reflex-Mecha-

nismen."



THE BLOOD PRESSURE FALL PRODUCED BY TRACTION
ON THE CAROTID ARTERY.^

By TORALD SOLLMANN and EDGAR D. BROWN.

[From the Pharmacological Laboratories of Western Reserve University and of the

University of Minnesota.]

Ge>peal Phenomena.

ONE of us (S.) noticed quite accidentally, in the course of a blood

pressure experiment on a dog, that traction on the carotid

artery in the neck caused a marked fall of blood pressure. This formed

the starting-point of the present investigation. We found that the

phenomenon occurs with uniform constancy in all the animals inves-

tigated (dogs, cats, and rabbits), unless there are interfering condi-

tions, such as shock.

The fall as a rule begins almost simultaneously with the pull on the

artery, or it may be delayed a few seconds, especially when the animal

is in the condition of shock. The fall is somewhat abrupt, reaching

the minimum blood pressure in ten to thirty seconds and returning

to normal more gradually after traction is released. As a rule, the

pressure reaches normal in thirty to one hundred seconds, depending

upon the amount of fall (which in one instance (Tr. 130), was 100 mm.

of mercury), and according to the general condition of the animal.

The heart rate in almost all instances where observations were

taken was slowed by 3 to 25 beats per minute, even when the vagi

were divided; in a very few instances it was quickened. There is at

the same time a disturbance of respiration; in some instances it

becomes slowed and more shallow (Tr. 108-T41), whilst in others

it is quickened and deeper. Tliis disturbance is in a large measure

governed by the degree of anaesthesia; respiratory phenomena being

more likely to occur when the animal is lightly anaesthetized.

' A preliminar>' report on this subject was published by us in the Proceedings

of the Society of Experimental Biology and Medicine, 1908, v, p. 20.
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All the above-described phenomena could be obtained only by-

traction on the cephalic end of the common carotid artery, and not on

the cardiac end. It was not materially affected by division of the vagi,

cervical sympathetic and depressor nerves.

The site of the phenomenon was traced to the origin of the internal

carotid arteries and the dense plexus of vessels and nerves in this

region.

Conditions governing the Phenomenon.

Our experiments were made in two series of animals : in Experiments

45 to 85 (phenol series) our usual method of procedure consisted in an-

TABLE I.

Fall of Blood Pressitie from Carotid Traction.

Vagi.
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in most instances where traction is made on both arteries at the

same time; but the difference is small, and the experiments are

too few in number to make any further deduction.

TABLE II.

Dog.
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the blood pressure fell below 80 mm. SoUmann * has pointed out

that this holds for a variety of blood pressure reactions. In order to

determine the relation of traction fall to blood pressure, an average

was taken from thirty-eight dogs (Table IV).

Hemorrhage. — In one animal (Dog 62) we tried the effect of traction

after lowering the blood pressure by bleeding the animal, and then

TABLE III.

Fall op Pressure from Carotid Traction witb. Carotids Open and Ligated.

AnimaL
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In order to estimate the amount with some degree of accuracy, a

string was either tied to the cephalic end of the severed artery, or, by

means of a bent pin hooked aroimd the undivided artery, run over a

small pulley, and weights attached to the free end. Although different

TABLE V.

Before opening of thorax.
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the vagi have been divided; so that stimulation of the vagus centre

does not fully account for the slowing.

TABLE vtl.

Animal.
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The myocardiograms show that the heart, especially the systole,

is weakened during the fall; the fall and the weakening being syn-

chronous. This does not decide absolutely

which is cause and effect, whether the

pressure falls because the heart is weak-

ened, or vice versa.

Clamping the aorta. — In order to exclude

as far as possible the possibility of part of

the reaction being vasomotor, the aorta

was clamped just below the left subclavian

artery, and in two dogs the left subclavian

was ligated. The average traction fall (12

experiments in three animals — Dogs 20,

21, 22) is practically the same with aorta

clamped or open (Table IX)

.

This experiment shows quite conclu-

sively that the vasomotor system takes no

essential part in the phenomenon, for the

traction fall is apparently unaltered when

the greater portion of the vascular system

is shut off.

Volume of organs as recorded by the oncometer

and plethysmograph. — As a further means

of determining whether the vasomotor

mechanism was concerned in the phenom-

enon, readings were taken of the onco-

metric volume of the kidney and spleen,

before and during the change in blood

pressure.

These show a diminution in volume as

the blood pressure falls.

TABLE DC.

Figure 1. — Dog, 67; tracing,

170. Both vagi are divided.

The upper tracing is a my-
ocardiogram, written by a

double tambour. The up-

stroke is diastolic. The
lower tracing is the blood

pressure. The base line

shows zero pressure. The
first signal corresponds to

traction of both carotids,

the second to traction of the

right carotid.

Aorta open.
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An oncomctric tracing of the kidney (Fig. 2) shows the volume of the

organ coincides ahnost identically with the blood pressure. Plethys-

FrcURE 2. — The upper tracing is an oncometer curve from the kidney; the lower tracing

is the blood pressure; the base line records zero pressure.

mograms of the front leg also showed the volume of the limb diminished

with the blood pressure fall (Tracing 129). According to our present

knowledge this would be considered conclusive evidence that the phe-

nomenon is cardiac and not vasomotor.
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Vasomotor centre (perfusion of innervated organs). — The reaction of the

vasomotor centre was studied by the method described by Sollmann

and Pilcher.'

The organ (generally the spleen) is perfused in situ, being entirely

severed from the circulation of the animal, but the innervation being

intact. Changes in the flow indicate corresponding changes in the

central vasomotor tone.

This was tried on nine animals. Of these four showed a slight

vasodilatation, whilst five gave no result.

The results of this method are therefore indecisive. This in itself

makes it rather improbable that the fall is mainly vascular.

Preliminary Attempt at Localization.

Having ascertained that both sides are approximately equally

effective (Table I) and that the vagus nerve is not directly involved,

we endeavored to locate the origin of the reaction.

Since the phenomenon occurred primarily from manipulation of the

artery itself, our first object was to determine whether the reaction

originated within the arterial wall.

In order to settle this point we tried:

The relative efficiency of electric stimulation and of traction in the neck. — It

was found that electric stimulation (Dogs 45 and 46) was practically

ineffective even with very strong induction shock.

A very sUght fall was observed, but not greater than could be pro-

duced by gentle manipulation of the artery, such as handling with the

fingers or sponging of the wound (Tr. 151).

In these same animals traction caused a fall of 35 mm. and 55 mm.
respectively.

Stretching the immobilized artery. — The artery in the neck was grasped

in two places between the finger and thumb and the intervening por-

tion stretched, without effect. The employment of hsmostats in like

manner on various portions of the artery was ineffective.

It is therefore evident that the reaction does not originate within

the arterial wall of this region. It being thus excluded that the phe-

nomenon arises either from stimulation of the arterial wall or from

cerebral anaemia, there only remains the possibility that the traction

• Sollmann and Pilcher: this Journal, 1910, xxvi, p. 233.
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is transmitted to some more distant structure, and there produces the

effective stimulation.

Tnis had to be located by successive stages, first, as to the direction

in which it is transmitted.

Comparative efficiency of traction on the cardiac and cephalic ends of the artery.

— It will be obser\'ed, by a mere glance at Table X, that the cephalic

end is the one involved, and therefore the stimulation is transmitted

solely in the cephalic direction.

TABLE X.

Fall of Blood PRESstmE from Carotid Traction.

Animal. ' Cardiac end.
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TABLE XI.

Response of Blood Pressure to Traction of Divided Vagi.

Animal.
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peripheral ends of the superior laryngeal nerve after dividing the vagi
in order to determine whether these nerves were concerned in the
reaction. This was tried on four dogs (26, 29, 30, 31) with quite uniform
results. When traction was made on the central end, there was a rise

in blood pressure from 4 to 7 mm. in two of the animals, whilst the

TABLE XIV.

Section of .Accelerator Nerves.

Before division. After division.

Blood pressure fall 200-160 = 40 170- 75 = 95

Rate slowed 192-150 = 42 132-120 = 12

Other two showed no effect. Electric stimulation of the central end
produced a rise in all animals from 7 to loo mm. Electric stimulation
and traction on the peripheral end was ineffective in all cases except
Dog 26, where there was a fall in blood pressure from 8 to 15 mm.
This excludes the possibility of the superior lar>Tigeal nerve being con-
cerned in the phenomenon.

It may therefore be concluded that the cervical nerves (depressor,

s>'mpathetic, vagus, and superior laryngeal) are not connected \vith the
reflex, either as afferent or efferent paths.

Effect of division of accelerator nerves on the phenomenon. — In Dog 63 the
annulus of Vieussens was divided on both sides. The results are shown
in Table XIV.

Excision of both inferior cervical ganglia and of all branches.— The fall

of blood pressure occurs fully after section of both the accelerators

TABLE XV.

Excision* of Interior Cervical Ganglia.

Before excision After excision.

Dog 73. Blood pressure fall 32 30

(Dog 63) and even after excision of both inferior cervical ganglia with
all their branches (Table X\0. Tliis suffices to show that the efferent
path is not through the annulus. This seems, however, concerned in
the slomng of the heart, but it would be unsafe to draw this conclusion
from a single ex-periment.

Effect of paralyzing and of removing the stellate ganglia. — In DogS
I to 4 the stellate ganglia were removed on both sides without punc-
turing the pleura, by an incision back of the shoulder over the junc-
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tion of the second rib with the vertebra, a portion of the rib being

removed.

Table XVI shows that the efferent path is not through the stellate

gangUa, at least not in the main. The natural diminution of reaction

TABLE XVI.

• Removal of Stellate

Dog la, 1 per cent nicotine applied to ganglia .

Partial extirpation of ganglia ....

Dog 3a, 1 per cent nicotine injected into ganglia

Incomplete extirpation of ganglia . .

Dog 4a, Ganglia completely extirpated

Dog 2, 1 per cent cocaine injected into ganglia .

Dog 9, Stellate ganglia completely extirpated .

Ganglia.
Result.

Reaction still present.

Reaction markedly diminished.

Reaction not abolished.

Reaction much diminished.

Reaction scarcely diminished.

Reaction scarcely diminished.

Reaction slightly diminished.

with a lowered blood pressure makes it difficult to decide whether any

part takes this path, but the result obtained in Dog 4'i renders this

improbable.

Division of the splanchnics. — The faU of blood pressure occurs almost

as well after both splanchnics have been divided. The slight differ-

ence corresponds to the lowered blood pressure (Table XVII).

Several experiments were made, of which Dog 70 was the most suc-

cessful. In this animal both splanchnics were divided just above the

diaphragm.
T.\BLE XVII

DrvisioN OF Splanchnic Nerves.

Dog.
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stimulation, the two measures were combined. It seemed prob-

able that if a maximal fall were obtained by one of these methods, the

other should not further lower the blood pressure if it involved the

same mechanism. If the mechanism of the two stimulations were dif-

ferent, it would be expected that the response would be additive.

This was the actual result. Thus in Rabbit i carotid traction alone

lowered the blood pressure, on the average, by 17.5 mm.
During maximal depressor stimulation the traction further lowered

the pressure, on the average by 11 mm., the difference being explainable

by the lowered blood pressure.

Conversely, depressor stimulation alone lowered the blood pressure

by 20 mm. (average). During maximal carotid traction the depressor

stimulation further lowered the pressure by 14.5 mm.
It may therefore be concluded that the carotid traction reflex is

absolutely distinct from the depressor reflex (Table XVIII).

The localization of the afferent path in the carotid plexus. — We showed,

on page 97, that the reflex originates in the cephalic direction from
the thyroid region of the neck, and that it docs not involve the

cervical nerves of this region.

We therefore traced the phenomenon up the course of the carotid

artery, and of its branches, testing the response to traction and elec-

trical stimulation of the vessels and their accompanying nerves at vari-

ous levels. Four such experiments were made in dogs (52, 53, 54, 55)
and two on rabbits (60, 61) with identical results. It would be useless

to enter into the full details of the experiments. In all the animals

the cervical nerves and carotids were di\dded in the neck, and the caro-

tid exposed at the level of the origin of the internal carotid in dogs by
an incision near the angle of the jaw; in rabbits by prolonging the

median incision. By dividing successively the branches of the carotid

artery, it was found that traction on the cut branches, with the excep-

tion of the internal carotid, was entirely or practicaUy negative (Tr.

129, 130, 133); whilst traction on the internal carotid or on the stump
of the common carotid, so long as it remained connected with the

internal carotid, produced the typical phenomena on blood pressure

and respiration. It is evident, therefore, that the traction phenom-
ena are transmitted practically exclusively through the internal caro-

tid artery. It was also found that electrical stimulation of the region

about the internal carotid just outside the skull m one instance (Tr. 134)
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caused a rise, and in another (Tr. 142) there was the tj^pical fall, show-

ing that the structures which are stimulated by traction of the carotid

are situated in this region and not witliin the skull.

TABLE xvin.

Combination of Carotid Traction and Depressor Stimttlation.
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that traction or stimulation of an isolated bundle of tissue, or of the

internal carotid artery, would produce a fair effect, but when, in order

to trace the direction of the impulse, we placed double ligatures on the

bundle and divided, we found that no reaction followed, whether we

stimulated or pulled on the central or peripheral stump or on both

together.

In one instance a portion of the arteiy 2 cm. long was isolated from

all connections except the nerve plexus. Traction on this piece of

artery in any direction and even stretching from both ends gave the

typical fall, but when a Ugature was tied around the nerve plexus

traction became ineffective.

This can only mean that the division or the tying of a Ugature

around the nerve plexus destroyed the irritabiUty of the path, i. e.,

that it induced a condition of circumscribed shock. In support of this

view a very slow recover}^ of the irritabihty was observed in some cases

(Dog 55).

This inhibition, to which we shall recur presently, does not seem to

set in equally readily in all animals. In some it is induced by the very

first manipulation of the sensitive region, whilst in others a fairly com-

plete and prolonged dissection can be carried out before the reaction

disappears. On such animals we could ascertain that the phenomenon
could be produced by stimulation or traction of the tissues (nerve

plexus), even when separated from the internal carotid artery (Tr. 142),

whilst stimulation or traction of the isolated artery might or might not

be effective presumably according to the success of the isolation. This

proves the assumption that the artery acts merely as a means for the

mechanical transmission of the traction stimulus to surrounding

nerve fibres. It was found, further, that successive strands of tissue

each gave the reaction; in other words, that the phenomenon does not

reside in any one of the nerves, but in a considerable number of the

nerves composing the plexus.

In view of this fact, further attempts to isolate the atTerent fibres

from the complex network, appeared fruitless, and we are unable to

state at this time either the peripheral or the central connections of

this alTcrent path.

The inhibition of the reaction by circumscribed shock, upon which
we have touched, is not the least interesting of the phenomena exhibited

by this reflex. From the fact that recovery from this shock may occur,
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even when the inhibition of the reaction was complete, it follows that

the majority of the efferent fibres cannot have been severed by the

injury, but that they were completely inhibited by injury to othef fibres

of the plexus.

This indicates that the entire centre is inhibited, unilaterally, by

injury confined to a fraction of the fibres going to it. On the other hand,

the central inhibition has no tendency to spread to the other side, or

to the vasomotor or respiratory centres, for the blood pressure and

respiration are unaltered, and traction on the opposite carotid gives

an undiminished response. The inlubition, as has been said, may

either be sudden or gradual, early or late, and may differ in this respect

even in the same animal.

During the performing of these experiments we resorted to the use

of drugs, amongst them some whose action is well established; hoping

that these might aid in localizing the nervous structures involved.

The results were not of so much value as we had hoped for; in fact,

in some instances they render the problem more complex.

The drugs employed 4or this purpose were atropine, nicotine, curare,

epinephrin, pituitary extract, and extracts of the thyroid and thymus

glands. The results of these experiments will be given in a future

communication.

Summary.

1. Traction on the cephalic end of the carotid artery causes a fall in

blood pressure.

2. The amount of fall is in a large measure governed by the height

of blood pressure, the degree of traction exerted, and the general

condition of the animal.

3. The vagus nervous mecham'sm is not to any great extent involved

in the phenomenon, although it appears to exert some slight influence.

4. The fall is purely of cardiac origin as far as we are able to deter-

mine by the present methods of investigation.

5. The efferent path is not through any of the known cardiac nerves.

6. The afferent path is through the carotid plexus, and the impulse

is transmitted to this structure through the intimate connection with

the internal carotid artery.



RELATION OF CALCIUM TO THE CARDIO-INHIBITORY
FUNCTION OF THE VAGUS.

By H. H. HAGAN AND J. K. ORMOND.

[From the Physiological Laboratory of the Johns Hopkins University.]

AT the suggestion of Dr. Hooker we undertook the following experi-

ments to investigate the relation of calcium and potassium

salts to the cardio-inhibitory function of the vagus. The experiments

were made in the winter and spring trimesters of 191 1, and the animals

used in the first series were terrapins, while large turtles and frogs were

used in the last series.

It has been pointed out by Howell ^ and also by Busquet and

Pachon ^ that irrigation of the heart with normal saline solution

(NaCl 0.7 per cent) causes the cardio-inhibitory function of the vagus

to be suppressed, but that if the exposure to the saline solution has

not been for too long a period irrigation with Ringer's solution will

revive the vagus control. The latter workers stated that in their

experiments the addition of very small amounts of calcium to the saline

solution prevented the loss of the cardio-inhibitory function of the

vagus. More recently Mines ' has again investigated the importance

of calcium for vagus function with similar results. Our first series of

experiments consisted of a repetition of this work.

Technique.

The heart was isolated in situ without injury to the pericardium.

Since, in most cases, the inhibitory fibres were found in the right vagus,

the inflow cannula was inserted into a vein on the left side of the heart

' Howell: this Journal, 1906, xv, p. 280.

' Busquet and Pachon: Journal de physiologic et de pathologic g6n^rale,

190Q, xi, pp. Soy. 851.

' Mines: Journal of physiology, 191 1, xlii, p. 251.
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and the outflow cannula was inserted into a large artery on the same

side. All other vessels were ligated at a sufficient distance from the

heart to prevent injury to the pericardium and vagus fibres. The inflow

cannula was connected with a pressure apparatus, and the solution

entered the heart at a constant and approximately normal pressure.

The vagus was exposed by opening the carotid sheath and was stimu-

lated by an electrical current from an induction coil. The calcium

solutions used were made from a stock solution of crystals of calcium

chloride in which the amount of calcium was determined by titration.

The following are the results of experiments on the terrapin when

attention was confined to auricles and ventricles, since it was not pos-

sible to observe the sinus beat in the preparation here used. The

numbers indicating the current strength are purely relative, as they

represent distance between the primary and the secondary coils;

the larger number indicates, of course, the weaker current. Inhibition

in the table, unless the term is otherwise modified, means complete

inhibition, that is to say, a complete cessation of the beat of the auri-

cles and ventricles.

Experiment i.—
Solution. Current strength. Inhibition.

Ringer's i8 Yes.

NaClo.7% i6 No.

NaCl 0.7% CaCla 0.005% 16 No.

Ringer's 18 Yes.

Ringer's (continued) 23 Yes.

NaCl 0.7% I No.

NaCl 0.7% CaCl2 0.005% 1 No.

NaCl 0.7% CaCl2 0.05% 22 Yes.

Ringer's 23 Yes.

NaCl 0.7% I No.

NaCl 0.7% CaCU 0.05% 18 Yes.

Ringer's 23 Yes.

NaCl 0.7% I No.

NaCl 0.7% KCl 0.03% . -. I No.

Experiment 2. —
Ringer's 22 Yes.

NaCl 0.7% I No.

NaCl 0.7% CaClj 0.025% 23 Yes.

Ringer's 25 Yes.
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Solution. Current strength. Inhibition.

NaClo.7% I No.

NaCl 0.7% CaClj 0.0125 23 Yes.

Ringer's 23 Yes.

NaCl 0.7% I No.

NaCl 0.7% CaCl2 0.00625% i No.

Ringer's 30 Yes.

NaCl 0.7% IS No.

NaCl 0.7% CaCl2 0.00625% 15 Partial.

Ringer's 28 Yes.

NaCl 0.7% 10 No.

NaCl 0.7% CaCU 0.01% 29 Yes.

Ringer's 11 Yes.

Experiment j. —
Ringer's 22 Yes.

NaCl 0.7% 15 No.

NaCl 0.7% KCl 0.06% IS No.

Ringer's 21 Yes.

NaCl 0.7% KCl 0.06% .IS No.

Ringer's 21 Yes.

NaCl 0.7% KCl 0.12% IS No.

Ringer's 21 Yes.

Experiment 4. —
Ringer's 22 Yes.

NaCl 0.7% IS No.

NaCl 0.7% CaClj 0.00625% iS Partial.

Ringer's 26 Yes.

NaCl 0.7% IS No.

NaCl 0.7% KCl 0.015% CaCl2 0.00625% .... 28 Yes.

Ringer's 28 Yes.

NaCl 0.7% IS No.

NaCl 0.7% CaClj 0.00625% 15 No.

Ringer's 27 Yes.

NaCl 0.7% • 15 No.

NaCl 0.7% KCl 0.015% CaCb 0.00625% .... 28 Yes.

Ringer's 28 Yes.

NaCl 0.7% 15 No.

NaCl 0.7% KCl 0.015% CaCla 0.003125% • • • 25 Yes.

Ringer's 26 Yes.

NaCl 0.7% 15 No.

NaCl 0.7% CaClj 0.003125% 15 No.
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Solution. Current strength. Inhibition.

Ringer's 24 Yes.

NaClo.7% 15 No.

NaCl 0.7% KCl 0.0075% CaCk 0.003125% • • • 20 Partial.

Ringer's 23 • Yes.

Experiment 5.
—

In this and the two following experiments the beat of the heart

was each time restored to normal by irrigation with Ringer's solu-

tion and inhibited with a current strength of 21-25 before the effects

of the special solutions were investigated.

Solution. Current strength. Inhibition.

NaCl 0.7%, CaCl2 0.003125% 15 No.

NaCl 0.7% KCl 0.0075% IS No.

NaCl 0.7% KCI 0.0075%, CaCls 0.003125% ... 15 No.

NaCl 0.7% KCl 0.015% CaCla 0.003125% ... 15 Partial.

NaCl 0.7% KCl 0.0075% CaCl2 0.00625% ... 25 Yes.

NaCl 0.7% CaCla 0.00625% 25 Yes.

NaCl o.7%o CaCIo 0.004166% 15 Yes.

NaCl 0.7% KCl 0.03% CaCl2 0.003125% .... 15 Partial.

Experiment 6. —
Ringer's 31 Yes.

NaCl 0.7% CaCla 0.004166% . .

". .15 No.

NaCl 0.7% KCl 0.03% CaCla 0.004166% .... 30 Yes.

NaCl o.7%o CaCla o.oo4i66%o iS No.

Experiment 7.
—

Ringer's 21 Yes.

NaCl 0.7% IS No.

NaCl 0.7% CaCl2 0.004166% 15 Yes.

NaCl 0.7% CaCl. 0.003125% 15 No.

NaCl 0.7%, KCl 0.03%, CaCla 0.003125% .... 22 Yes.

NaCl 0.7% CaCl2 0.003125% 15 No.

NaCl 0.7% KCl 0.03%, CaClj 0.003125% .... 20 Yes.

NaCl 0.7% CaCl. 0.003125%, 15 No.

NaCl 0.7% KCl 0.03% CaCla 0.003125% .... 19 Yes.

NaCl 0.7% KCl 0.03% 15 No.

NaCl 0.7% KCl 0.12% 15 No.

Ringer's 23 Yes.
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Conclusions from the Above Observations.

109

1. Irrigation of the heart with normal saline (0.7 per cent NaCl)

soUition removes the cardio-inhibitory function of the vagus.

2. The vagus control of the heart can be restored by irrigating with

normal saline to which is added calcium chloride in small amounts.

The minimal amount or threshold value of the calcium necessary for

this restoration varied somewhat in different animals, but in general

(for the terrapin) it lies between 0.00312 and 0.00625 P^r cent.

3. A sodium calcium solution too weak in calcium to restore the

vagus action ^\-ill do so in the presence of a small amount of potassium

chloride. In other words, the presence of potassium lowers the thresh-

old value of the calcium necessary for vagus action.

4. A sodium potassium solution will not restore the vagus control

of the heart.

At the conclusion of the above series of experiments it was suggested

that there was a possibility of an error in our results in that no obser-

vations of the sinus venosus had been made. For it seemed possible

that perfusing with a sodium chloride solution might cause the auricles

and ventricles to take on a rhythm independent of the sinus, and that

complete vagus inhibition of the sinus might result without affecting

the other chambers of the heart. Furthermore it seemed possible that

the addition of calcium to the saline solution might bring about a res-

toration of the normal sequence of the beat of the various chambers,

and by so doing also restore the inhibitory function of the vagus for

the entire heart. To test this idea we carried out another series of

experiments on the terrapin, turtle, and lastly on the frog. In these

our technique was slightly modified from that described for the first

series, in that it was necessary to open the pericardium in order to

observe the beats of the sinus. Five experiments were made upon

terrapins such as had been used in the first series and three were made

upon a fresh-water turtle (snapper). In these experiments the sinus

beat was observed as well as that of the auricles and ventricle. In some

of these experiments an attempt was made to record the contractions

of the three chambers, but the result was not so satisfactory as direct

observation, since the feeble sinus record was confused by the tug

resulting from the ventricular contractions. As regards the point in

question, these experiments were conflicting in their results. When. the
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terrapin's heart was perfused with the solution of sodium chloride,

the rhythm of the heart beat was dissociated in various ways. In some

cases the auricles and ventricle beat independently of the sinus, or

the sinus and auricles followed in sequence, while the ventricle beat

independently, or perhaps the sinus ceased to show visible contrac-

tions. When the vagus was stimulated under these conditions, it had

a variable effect. In some cases the sinus was inhibited completely,

while the auricles and ventricles continued to beat without change in

rhythm or at a shghtly slower rate. In other cases the sinus as well

as the auricles and ventricles were unaffected by the vagus stimulation.

In all cases, however, when the solution of sodium chloride was re-

placed by Ringer's solution, the regular rhythm of the heart beat

returned, and with it the complete inhibition of all chambers upon

vagus stimulation. It was not possible from this series of experiments

to draw any satisfactory conclusions. It would seem that some un-

known condition in the experiments was not properly controlled.

Since the experiments of Busquet and Pachon were made upon frogs,

it was determined to repeat their observations on these animals with

the additional precaution of observing the beat of the sinus venosus.

This series of observations gave decisive results. In the first experi-

ment the combined vago-sympathetic trunk was stimulated. The

heart was first perfused with a Ringer's solution, and the threshold

value was determined for the current necessary to give complete

inhibition of all chambers. The Ringer's solution was then replaced

by a solution of sodium chloride (0.7 per cent), and it was found that

stimulation of the vagus was entirely without effect upon the heart.

When the Ringer's solution was again substituted, the vagus control of

the heart promptly returned to its normal condition. In a similar

experiment upon another frog a solution consisting of sodium chloride

0.7 per cent, and calcium chloride 0.0115 per cent, was perfused

through the heart after the irrigation with sodium chloride. With this

solution also the vagus effect which had disappeared was completely

restored. In two other experiments upon frogs the intracranial por-

tion of the vagus was stimulated alone in order to meet the possible

criticism that the beat of the sinus when the vagus was stimulated

during the perfusion with sodium chloride was due to the simultane-

ous stimulation of the accelerator nerve fibres. The following brief

notes of the experiments are reproduced:
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1

Experiment i8. — Large frog used. In this frog the skull was partly removed

and the central end of the vagus dissected out. The inhibitory fibres

were e.xposed at their e.\it from the brain, and the sj-mpathetic fibres

were cut below the vago-sympathetic ganglion (Gaskell's method of

dissection). The inhibitory fibres were then stimulated between the

ganglion and the brain, and complete inhibition of the heart resulted.

The same result was obtained when the heart was being perfused \\'ith

Ringer's. Similar stimulation when the heart was being perfused ^"ith

the sodium chloride solution did not cause inhibition of any part of the

heart. After change to Ringer's solution stimuJation caused complete

inhibition.

Experiment ig. — Large frog used. Exposed the intracranial portion of the

two vagi, following the technique described in Exp. i8. Before cutting

the accelerators they were stimulated, and a distinct acceleration and

augmentation was produced by the left, but the stimulation of the right

gave no apparent result.

Perfused wiih. Ringer's. Cut the accelerator fibres below the vago-sjon-

pathetic ganglion. Stimulated the intracranial portion of the two vagi;

the left produced complete inhibition, while the right gave only slight

inhibition. The left vagus was used for stimulation in the remainder

of the experiment. The sinus and auricle were in perfect rhythm, but

the ventricle seemed to be beating independently.

Changed to NaCl 0.7 per cent CaCl2 0.0115 per cent. There was an imme-

diate increase in tone of heart and also in force of beat. On the NaCl
solution which was used before this the rate of beat was 33 before

stimulation and 28 during stimulation. On the sodium calcium solution

there was complete inhibition during stimulation.

Changed to Ringer's. Heart normal.

Changed to XaCl 0.7 per cent, and the heart became irregular and could not

be restored.

It will he noted that the above results of the experiments on the frog

are in accord with the observations and conclusions made from our first

series of experiments, and corroborate the results of Busquei and Pachon.

Irrigation of the frog's heart with normal saline solution removes the

cardio-inhibitory function of the vagus for all parts of the heart. But the

vagus control of the heart can be restored by irrigation 'with a sodium

calcium solution.

It has been shown by Howell,* that an increase of potassium in the

* Howell: Loc. cit.
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circulating liquid favors this inhibitory action of the vagus nerve on

the heart, and tliis conclusion is corroborated by the present paper in

so far as our experiments show that the influence of subminimal

amounts of calcium may be brought to the threshold value by the

addition of small quantities of potassium chloride to the circulating

liquid. Furthermore, Howell and Duke ^ have demonstrated that one

result of the inhibiting action of the vagus is an increased output of

potassium from the heart muscle. On the basis of this last fact these

authors have proposed the hypothesis that vagus inhibition is at

bottom simply a case of potassium inhibition; that is to say, the

vagus impulses stop the heart beat by causing the liberation of potas-

sium witWn the heart muscle, presumably in that portion of the heart,

sino-auricular node, in which the heart beat originates. The fact,

shown by Busquet and Pachon and corroborated in this paper, that

the presence of some calcium is necessary in order that the vagus im-

pulses may inliibit the heart is not, as might at first be supposed, in

antagonism to the above hypothesis regarding the part taken by the

potassium in cardiac inhibition. It has long been known (Howell,^

Locke, ^ Gushing,* Joseph and Meltzer,' Mines '" and others) that the

motor nerves to the skeletal muscles lose their action in the absence of

calcium. Howell and Duke " have shown that the same fact is prob-

ably true in regard to the accelerator nerves of the mammalian heart,

and the results of this paper prove simply that this conclusion may be

extended to the action of the vagus nerve on the heart. On the basis

of these several results one may be permitted to suggest the generaliza-

tion that the action of nerve fibres on peripheral tissues is possible

only in the presence of some calcium as well as sodium in the tissue

acted upon. In the presence of normal amounts of potassium and so-

dium the reduction of the calcium below a certain threshold value de-

stroys the action of the nerve. What part of the neuro-muscular

apparatus is paralyzed by the removal of the calcium cannot be deter-

' Howell and Duke: this Journal, 1908, xxi, p. 51-

' Howell: Journal of physiology, 1894, xvi, p. 476.

' Locke: Centralblatt fiir Physiologie, 1894, viii, p. 166.

• Gushing: this Journal, 1902, vi, p. 77.

' Joseph and Meltzer: this Journal, igii.xxix, p. 1.

>" Mines f Loc. cit.

" Howell and Duke: Journal of physiology, 1906, xxxv, p. 131.
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mined from the experiments published; it may be the nerve fibres, the

nerve terminals, or the supposed receptive substance in which the latter

end. It is, however, sufficiently obvious that the importance of the cal-

cium, so far as the inhibition of the heart is concerned, probably Ues in

its relations to the production aiid conveyance of the vagus impulses

to the heart muscle rather than to the inhibitory process itself which

occurs within the heart muscle. Those who have investigated the re-

lations of calcium to the rhythmic activity of heart muscle are aware

that the presence of calcium in physiological amounts never produces

inhibition. On the contrary, it causes invariably an increase in tone

or in rhythmic contractiUty. In the absence as well as in the presence

of calcium a sufficient excess of potassium will cause complete quies-

cence of the heart muscle of a nature similar to that produced by the

vagus impulses. The results of Busquet and Pachon, therefore, with

regard to the relation of calcium to vagus inhibition should not be

stated in the form that calcium is necessary to the process of inhibi-

tion in the heart, but rather that calcium is necessary in the nerve

apparatus for the conveyance of the vagus impulses to the heart

muscle.



PERISTALSIS, SEGMENTATION, AND THE MYENTERIC
REFLEX.

By W. B. Cannon.

[From the Laboratory of Physiology in the Harvard Medical School.]

THE neuromuscular structures of the alimentary canal, from the

lower oesophagus onward, are singularly uniform. Smooth

muscle arranged in an outer longitudinal layer and an inner circular

layer, with a primitive nerve plexus between, constitutes in both the

stomach and the intestines the machinery by which aU the mechanical

factors of digestion are managed. The structure of the nerve net

in the stomach, so Auerbach reported,' is similar to that in the intes-

tines. This view is slightly modified by Dogiel, who states that the

ganglia of the net and the individual cell bodies of the neurones are

larger in the small intestine than in the stomach and colon.^ The

axones of the "motor cells" in the plexus, according to Dogiel's de-

scription, pass through several ganglia, giving off collaterals to each,

before ending in branches to muscle cells. Histological evidence,

therefore, indicates a local nervous system fairly tj^pical for all parts

of the digestive tube, and so arranged as to correlate the activities of

closely neighboring parts.

The Myenteric Reflex.

The experiments of NothnageP and Luderitz^ showed that stimu-

lation of the small intestine causes contraction above the stiniulated

» Auerbach: Amtlicher Bericht iiber die Versammlung deutscher Naturfor-

scher und Aerzte, Karlsbad, 1862, xxxvii, p. 202. See also Oppel, Vergleichende

mikroskopische Anatomie der Wirbelthiere, Jena, 1896, i, p. 27; 1897, ii, pp. 124,

471.

2 Dogiel: Archiv fur Anatomie und Entwickelungsgeschichte, 1899, Supple-

ment-Band, p. 137.

' Nothnagel: Archiv fiir pathologische Anatomie, Physiologie, und klinische

Medicin, 1882, Ixxxxiii, p. 4.

"4
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spot. Basing his judgment on Nothnagel's studies of intussusception,

Mall clearly inferred that while a mass in the intestine is arousing

contraction above (a contraction which forces the mass downward
and thus arouses fresh regions above to contract), active dilatation

below is at the same time inviting an easy descent.^ The truth of

this inference was demonstrated by Bayliss and Starling, whose well-

known experiments led them to state, as the "law of the intestine,"

"Excitation at any point of the gut excites contraction above, inhi-

bition below." ^ The co-ordinated character of this response, which

occurred in the absence of cerebrospinal connections, made them
believe that it was a local reflex controlled by Auerbach's plexus—
a conclusion which Magnus verified by obtaining evidence of the "law"
in excised gut from which Meissner's plexus had been removed.'

The method used by Bayliss and Starling in studying the small

intestine they applied to the large intestine as well, and found the

local reflex present in the colon of both the dog and the rabbit.* That
the cat's colon also is the seat of similar co-ordination was discovered

by Elliott and Barclay-Smith, who observed that distention of the

middle tliird of the large intestine in this animal causes constriction

above the distended area and relaxation below. ^

By means of a slight modification of the method employed by
^lagnus I have studied the response of excised portions of all the

large divisions of the alimentary canal. The portion to be examined
was removed from the body immediately after the animal (cat) was
quickly etherized, pithed, and bled, and was placed in oxygenated

Ringer's solution kept at body temperature. A silk thread fastened

midway in the piece of digestive tract \\as tied to an L-shaped glass

tube (through which the oxygen bubbled), and thus the structure was
anchored in the solution. Another silk thread, attached directly oppo-

site the first, connected with a writing lever. The pull of the lever was
about I gm. The contractions of the muscular ring between the threads

* LiJDERiTZ : Archiv fiir pathologische Anatomic, rhysiologie, und Idinische

Medicin, 1889, cxviii, p. 33.

' M.'VLl: Johns Hopkins Hospital reports, 1896, i, p. 71.

' Bayliss and Starling: Journal of physiologj', 1899, .xxiv, p. no.
' Magnus; Archiv fiir die gesammte Physiologic, 1904, cii, p. 132.

' Bayliss and Starling: Journal of physiology, 1900, xxvi, p. 107.

' Elliott and Barclay-Smith: IbiJ., 1904, .xx.xi, p. 2S1.
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were thus recorded, and tHs ring thus acted as an indicator for influ-

ences initiated by stimuli applied above and below.

Fig. I is a record from a piece of large intestine about 3 cm. from the

ileocolic valve. The stimulus was a pinch. When appUed below the

recording rmg, a contraction resulted; when apphed the same distance

above the ring, not contraction, but shght relaxation, was recorded.

In observations on the oesophagus and stomach the best results

I tii iiiiiiiiiiiiiiiii

B A

FiGtJRE 1. — Contraction of riiig of colon

when stimulus (pinch) was applied be-

low (B); slight relaxation when applied

above (.4). Time, five-second intervals.

niii"i"'ii "' iiiiiiiiiiiii

B \ A

Figure 2. — Contraction of ring of cesoph-

agus when stimulus (pinch) was applied

below (B, B); slight relaxation when

appUed above {A). Time, five-second

intervals.

were obtained from parts removed three or four days after both vagi

had been severed, and the movements of these regions had thus been

given time to regain their normal character.^" Fig. 2 is a record from

the lower end of the cesophagus deprived of its remaining vagus nerve

supply three days before. Again stimulation by pinching below

the recording ring with small forceps caused contraction of the rmg,

whereas pinching above caused not contraction, but shght relaxation

In Fi<^ s is registered the response of the body of the stomach about

2 cm below the cardia. The right vagus had been severed nineteen

days, and the left five days before. The stimulus was a pinch with

forceps applied about 1.5 cm. above, and again the same distance

below, the recording ring. The typical contraction occurred when the

stimulus was applied below; and no contraction, mstead a shght re-

laxaUon, occurred when the stimulus was applied above. The same

result was obtained when a ring nearer the pylorus was used as an

indicator. Since these observations on the stomach were first re-

ported," Sick and Tedesko, using chemical in place of mechamcal

10 See Cannon: This Journal, 1906, xvii, p. 442; iQo?, x«. P- 438.

" Cannon: Ibid., 1908, xxi, p. xx.
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stimulation, have likewise obtained contraction of the gastric muscle

above the stimulated spot, but they usuall}- noted also some con-

traction below.''

From the foregoing evidence it is clear that, by applying to the

oesophagus, the stomach, and the colon the method used to show

the presence of the local reflex

in the small intestine, there

can be demonstrated, through-

out that part of the digestive

tube wliich is composed of smooth

muscle, the presence of an intrin-

sic arrangement whereby a stim-

ulus causes a contraction above

and a relaxation below the point

of application. And not only

where the tube is open, but also

at the sphincters— certainly at

the cardiac and p3'loric sphinc-

ters''— is there reason to believe

that the mechanism for the local figum 3.

reflex is present.

Magnus proved that in the

small intestine the local reflex

B > A

Contraction of ring in body o[

stomach, when stimulus (pinch) was applied

below (B); slight relaxation when applied

above (.1). Time, five-second intervals.

was due to the functioning of the nerve net lying between the muscular

coats. In the new anatomical nomenclature this net is called the

"myenteric plexus," and is described as such for the entire alimentary

canal. I have suggested, therefore, that the local reflex of the alimen-

tary canal be called the "myenteric reflex."'^

The Varieties of Perist.a.lsis.

I. In the stomach and colon. — Although there is the foregoing evi-

dence of a mechanism throughout the digestive tube, assuring an

" Sick and Tedesko: Deutsches Archiv fiir klinische Medicin, 1908, xcii,

P- 431-

" See Cannon: this Journal. 1907, xx, p. 2S3; and 1908, xxiii, p. 105.

" C.\nnon: Ibid., 190S, .\xiii, p. xxvi.
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order!}' progress of the contents, there is evidence also that this

mechanism is not alwaj's operative. For example, in the proximal

colon and at tim.es in other parts of the large intestine, a«/iperistaltic

waves occur quite normally. And in the pyloric part of the stomach,

likewise, reversed waves may be seen. These waves, starting from a

pulsating ring more tonically contracted than other parts of the tube,

move in a direction opposed to that in which the myenteric reflex

would be effective. Furthermore normal gastric peristalsis does not

require the presence of the reflex mechanism, for the waves sweep from

the pulsatile source in an orderly manner to the pylorus after tlie

myenteric plexus has been completely interrupted by a half-dozen

incisions encircling the stomach."^ In the proximal colon, also, down-

ward-running peristaltic waves may be started by a pulsating ring

near the ileocolic junction, but the close succession of the waves indi-

cates that any forerunning inhibition must be ineffective or of shght

extent, and therefore quite unlike the projected relaxation preceding

the moving constriction, so characteristic of the small intestine.'^

2. In the small intestine. — The common presence of the mj-en-

teric reflex in the small intestine, and its usual absence or submergence

in the stomach and proximal colon, suggest that these regions are

fundamentally different. This surmise is supported by the action of

nicotine, which abolishes the reflex in the small intestine, but does

not in any way disturb either peristalsis of the stomach or antiperi-

stalsis of the colon.'^ Before this evidence is accepted, however, as

proving an important difference between the middle and the terminal

portions of the digestive tube, the varieties of movement manifested

by the small intestine should be examined.

That the small intestine is capable of conducting waves in either

direction any one can easily demonstrate by repeating Engelmann's

old observation on an anim.al recently killed.^^ A pinch starts con-

tractions towards the pylorus and towards the ileocolic valve, which

sometimes sweep over extensive reaches of the gut. Bayliss and Star-

ling, after coating the surface of an exposed coil with a cocaine solu-

" Cannon: this Journal, 1911, xxix, p. 258.

" See Bayuss and Starling: Journal of physiology, 1899, xxiv, p. 113; 1901,

xxvi, p. 138.

' See Elliott and Barclay-Smith: Ibid., 1904, x.\xi, p. 304; Cannon:

this Journal, 1909, xxiii, p. xxvii.

" Engelmann: Archiv fur die gesammte Physiologie, 1871, iv, p. 35.
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tion, or injecting nicotine or muscarine, still saw waves of constriction

run alonj^ the gut, but as often in one direction as in the other.'^ I

have removed loops of small intestine from the cat, tied them at each

end, filled them with i per cent strychnine sulphate, and placed them

in oxygenated Ringer's solution kept at body temperature. In one

instance I observed repeatedly during a half-hour rings of constriction

running along a loop in the normal direction. Then, by pinching the

loop midway of its length, I produced a strong contraction which first

brought the moving waves to a stop. In about ten minutes, however,

the contracted region, having relaxed, was pulsating and sending away

waves, in both directions. On another occasion a loop thus filled with

I per cent strychnine sulphate was hung in a moist chamber. The

lower end of the loop was dipping in Ringer's solution, to wliich barium

chloride (2 :iooo) had been added. Oxygen bubbled through the solu-

tion and filled the chamber. The part in the solution soon entered a

state of high tonic contraction; but after a brief period reversed waves

were seen, starting from the region of increased tone and passing up-

ward to the other end of the loop. In both these instances not only

' were reversed waves observed, as in Engehnann's and in Bayliss and

Starling's experiments, but these waves started from a pulsating source.

The small intestine, therefore, is capable, under these evidently un-

natural conditions, of exhibiting the same sort of activities that are

seen in the colon and stomach.

The question now arises, :May the peculiar peristaltic mechanism

of the small intestine be absent in conditions more natural than those

just described? Although the reversed waves described in the above

paragraph were probably not preceded by an area of inhibition, it is

of interest that several observers have noted, in experiments on the

small intestine, an area of inhibition above the stimulated spot. Thus

Bayliss and Starling found instances of stimulation below a balloon

in the gut, causing inhibition of the muscle about the balloon."" Mag-

nus obtained the same result at times in experimenting on the isolated

intestine.^' And Langley and Magnus have recorded similar obser-

vations.-^ In the dog, cat, and rabbit, on which these effects were

" Bayliss and Starling: Journal of physiology, 1899, xxiv, p. 115.

" Bayliss and Starling: Ibid., 1899, .\.\iv, p. 113.

>' Magnus: Archiv fiir die gesaminte Physiologic, 1904, cii, p. 134-

^ Langley and Magnus: Journal of physiology, 1905, xxxiii, p. 47.
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seen, stimulation of the small intestine, unaffected by drugs, may
therefore at times evoke relaxation above the stimulated spot. In

this connection the testimony of Bayliss and Starling is pertinent,

that repeated stimulation of the same piece of gut results in the peri-

staltic mechanism becoming fatigued. Under these circumstances,

they declare, the most striking difference from the normal condition

"is the absence of inhibition below the bolus."

The discussion thus far suggests that the myenteric reflex does not

hold the small intestine in a fixed and rigid mode of action, but may at

times be so far in abeyance as to permit waves of constriction to pass

in a direction opposite to the normal. This reversal of peristalsis has

been seen in the Uving animal by means of the X-raj's. An obstruction

was present about lo cm. beyond the pylorus. The course taken by
food passing along the duodenum was carefully traced on transparent

paper laid over a fluorescent screen. After the mass which accumulated

above the obstruction had been worked over for some time by alter-

nating periods of segmentation and peristalsis, it was suddenly divided,

and the proximal portion was moved rapidly back along the course

which had been traced, even up to the pylorus. Tliis reversed con-

veyance of the food was seen repeatedly with perfect clearness.^

Other evidence that antiperistalsis may occur in the small intestine

has been secured by watching directly, some time after operation, the

action of a reversed part of the gut. More than three months after

operation Kelling thus saw intestinal contents moved towards the

colon through a reversed portion by distinct peristaltic waves.-^

Similar observations have been reported by Enderlen and Hess, Beer

and Eggers, and McClure and Derge.-^ And the clinical evidence

that in cases of intestinal obstruction continued vomiting of offensive

decomposed material occurs after the stomach has been repeatedly

washed, can also be interpreted as due to upward-running waves in

the intestine. Although, as Mall and others have shown, reversal of

a piece of gut is likely to result in the early accumulation of indiges-

^ Cannon and Murphy: Annals of surgery, 1906, xliii, p. 524. Conceivably

the factor of fatigue, which, as already noted, impairs the action of the myenteric

reflex, was the occasion for this phenomenon.

" Kelling: Archiv fiir klinische Chirurgie, 1900, Lxii, p. 326.

** Enderlen and Hess: Deutsche Zeitschrift ftir Chirurgie, 1901, lix, p. 240;

Beer and Eggers: Annals of surgery, 1007, xlvi, p. 582; McClure and Derge:

Johns Hopkins Hospital bulletin, 1907, xviii, p. 473.
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tible stuff at the region of the upper suture,^ the results above cited

show that in time conditions may arise which alter the functioning

of the small intestine in situ to such a degree that it can exhibit

antiperistalsis.

In recently published papers I have presented evidence that colonic

antiperistalsis and gastric peristalsis are responses of the tonically

contracted organs to being stretched by the contents.^^ The rhyth-

mically repeated waves start at a pulsating tonic ring. They resemble,

therefore, the waves seen in excised small intestine filled with strj'ch-

nine sulphate (see p. 119). And since they are not interfered with by

nicotine, they are probably of the same order as the waves which can

traverse the small intestine after nicotine has been injected, and also

after the establishment of obstruction or reversal. Whether in the

stomach, the small intestine, or the colon, these constrictions can move

in either direction along the canal.

The Myenteric Reflex and the Nature of Segmentation.

Although citing instances of reversal of the usual direction of peri-

staltic waves in the small intestine, I do not wish to give the impression

that normally the waves traverse the gut quite as readily in one direc-

tion as in the other. Undoubtedly the ordinary direction for the con-

tents to take is from the stomach onward, because of the action of

the myenteric reflex. This reflex requires an extent of several centi-

metres along the gut for its full operation (see p. 123). As Baj-liss and

Starling inferred, the correlation of the portions involved in the reflex

is probably mediated through paths ascending and descending from

the point stimulated.^* On this assirmption interruption of these

paths by circular incisions through both muscular coats (thus di\nding

the myenteric plexus) should interfere with peristalsis. In a paper

published in 1902 I pointed out that the region Just beyond the first

attached loop of the duodenum (in the cat) is likely to exhibit rapid

" Mall: Johns Hopkins Hospital reports, 1896, i, p. 93; Sabbatani and

Fasola: Archives itah'ennes de biologic, 1900, xxxiv, p. 195; Prutz and Ellinger:

Archiv fiir Idinische Chirurgie, 1902, Ixvii, p. 964; 1904, Ixxii, p. 415.

" Cannon: this Journal, 1911, xxix, pp. 238, 250.

" Bayliss and Starling: Journal of physiology, 1899, xxiv, p. 115.
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peristalsis.-' In order to test the effect of dividing the myenteric

plexus, incisions reaching to the submucous connective tissue were

made encircling the gut at intervals varying between 1.5 and 2 cm.

throughout the first 45 cm. of the small intestine. (Of course the

operation was performed under complete anaesthesia.) After the ani-

mal had fully recovered from the operation it was fed 25 c.c. mashed

potato with which was mixed 5 gm. subnitrate of bismuth. After the

food began to appear in the duodenum, it continued to be present there

for two hours of observation. During a half-hour of continuous

watching no peristalsis was seen in the region where rapid peristalsis

usually occurs. The content of this region, however, was undergoing

almost constant segmentation — interrupted now and then momen-

tarily by the excitement of the animal. Later examination confirmed

this first experience. The encircling incisions stopped peristalsis,

but not segmentation. The ordinary peristalsis of the small intestine,

therefore, unlike the peristalsis of the stomach (see p. iiS), is seriously

interfered with by division of the myenteric plexus.

The foregoing experiment shows, however, that segmentation can

continue undisturbed in the presence of numerous interruptions of

the myenteric plexus. The inference is justified, therefore, that

segmentation is a local response to stimulation— a conclusion which

is supported by the rhythmic contraction of any narrow strip of

circular intestinal muscle when stretched by the puU of a recording

lever. Segmentation can best be explained, indeed, as a local response

to distention. Thus Bayliss and Starling observed that rhythmic

contractions occurred where the distending balloon in the gut exerted

the greatest tension.'" The observations that as a mass of food is

being pushed along the intestine the back end is likely to be cut off

by a constriction ring, and that in cases of intestinal obstruction the

accumulated mass is violently segmented,^' both point to distention

being the condition for rhythmic contractions. Normal segmentation

also is best explained as a response to stretching, for the contraction

occurs each time in the bulging region about midway between two pre-

vious contractions. Experimental e\ddence to the same effect I have

»' Cannon: this Journal, 1902, vi, p. 260.

'" Bayxiss and Starling: Journal of physiology, 1901, xxvi, p. 134.

" See Cannon: this Journal, 1902, vi, p. 261; Cannon and Murphy: I.oc,

cit., p. 522.



FiGi-RK 4. — A photo-

graph of segmenta-

tion,. in the small in-

testine exposed under

warm salt solution.
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secured by seizing the active exposed intestine between the fingers at

two points a few centimetres apart, and placing the enclosed contents

under pressure sufficient to distend the gut. The distention was

followed by the contraction of a narrow ring of

the circular coat; and when the finger pressure

was repeated rhythmically — as rapidly as a

contracted ring relaxed — a new contraction

occurred, not where one had just appeared, but

in a fresh region. Now here, now there, the

gut responded to the distending contents, a shift-

ing perhaps associated with lessened irritability

in the region just recovering from activity.

Because these rh\lhmic movements were seen

after the gut was poisoned with nicotine, cocaine,

or muscarine, Bayliss and Starling regarded

them as of myogenic origin. In opposition to

this conclusion Magnus brought the discovery that so long as in-

testinal smooth muscle is connected with the myenteric plexus it mani-

fests a refractory period and contracts

rhythmically, but when deprived of the

plexus it no longer pulsates.^-

The presence in the small intestine of

rhythmic segmentation, a local response

involving action in the nerve net, is

further evidence that the myenteric re-

flex is not always in control. That

these two activities involve a marked!)'

different usage of the neuromusculature

of the gut is indicated in Figs. 4 and 5,

wjiicli reproduce photographs of seg-

mentation and peristalsis, respectivelv. Fioure .s.—.\ photograph oi pori-

in loops of small intestine exposed under ^i''''^'^- '" ""^ ^'^••'"

'"'^'f
"'^ "'

.
posed miner warm salt solution,

warm normal salt scilutuin. The contrac-

tion that occurs in rh>thmic segmentation is narrow, involving in each

instance hardlv a centimetre of the circularcoat; whereas the contraction

'
^^\(;^•^•s: .\rchiv fiir die gesammtc Physiologic, 1004, ciii. pp. 531, 536.

For further discussion see Mac.nus: Ergebnisse der t'liysiol'>gie, 1905, vii.

P 45-
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that occurs in peristalsis extends along the canal for 4 or 5 cm.^' A

much larger number of circular fibres are evidently called into service by

the myenteric reflex to push food through the canal than are active in

any single segmenting contraction. And, furthermore, the area of in-

hibition demonstrable in peristalsis does not exist in segmentation.

On the basis of evidence now in hand the assumption is reasonable

that the rhythmic contractions of segmentation are governed by

local motor centres, and that in the operation of the myenteric reflex

the augmentor and inhibitory paths consist of neurones which are

superintendent in function and which normally affect the subordinate

local centres through considerable extents in a positive or negative

manner. Dogiel's description of neurones whose axones extend some

distance from the site of the cell body and give off collaterals to other

neurones in ganglia through which they pass (see p. 114), offers a mor-

phological basis for this conception. And the observation that atropin

paralyzes conducting paths but not local centres in sipunculus, whereas

cocaine paralyzes the motor centres before stopping conducUon,

suggests, as Magnus has intimated,^ that the drugs used by Bayliss

and Starling (see p. 118), though destructive of the reflex, do not seri-

ously aftect the local nerve supply.

The Myenteric Reflex and the Varieties of Peristalsis.

The e\'idence that the myenteric reflex is present throughout the

gastrointestinal tract has been given above. Although it can take

" Bayliss and Starling obtained records showing that the longitudinal and

circular coats of the intestine contract simultaneously in any region (sec Journal

of physiology, 1899, x.\iv, p. 105). MAGNUS observed that as the small intestine

became tonically contracted, it elongated, and he concluded therefore that as

the circular coat contracts, the longitudinal relaxes (see Archiv fur die gesammte

Physiologie, 1904, cii, p. 137). Quite possibly the change Magnus saw was due

to the circular coat being thicker and stronger than the longitudinal, for the con-

traction of the circular coat through a long extent of gut must increase the area

of cross-section of the cells laid side by side, and by thus elongating the tube, must

stretch the longitudinal coat. I lind that if a piece of intestine is cut both across

and lengthwise, and permitted to go into tonic contraction, it takes such shape

as permits each of the muscular layers to be in the shortest possible state. In

other words, they then contract simultaneously.

^ Magnus: .'\rchiv fur expcrimentelle Pathologic und Pharmakologie, 1003,

1, pp. 97, 103; Ergebnisse der Physiologie, 1908, vii, p. 44.
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control of the neuromusculature of the canal, it certainly does not

always exercise that control. The reflex is most evident in the small

intestine, but, as has been shown, it does not govern the rhythmic

segmentation which normally occurs in that region, and it may be so

completely suppressed as to permit the gut, while still in the intact

animal, to exhibit antiperistalsis. We may reasonably assume, there-

fore, that antiperistalsis of the colon also can occur in the presence of a

mechanism which, under certain circumstances, would enforce there

the local reflex. And the same assumption may be made regarding the

stomach.

What causes the myenteric reflex to appear or not, when material

is present, is as yet undetermined. Certainly chyme is not pushed

onward continuously from stomach to colon. And yet after a mass

of material has lain for some tune undisturbed, or has been under-

going segmentation, a peristaltic wave will appear, force the mass

onward for some distance, and then stop. If we consider the functions

of digestion and absorption which peristalsis subserves, the forwarding

of the nutriment might be serviceable, not because the mass as such

must be advanced, but because fresh regions for digestion and absorp-

tion are needed. The degree of digestion or the status of the mucosa,

or some relation between these two, might then explain the peculiari-

ties of peristalsis in the small intestine. Some such regulatory arrange-

ment for the progress of material through the gut is suggested by the

results reported by London and his associates. They found that food-

stuffs are absorbed at different rates at different parts of the tube—
meat most in the upper part, starch and fat most in the lower part*^—
and that each portion of the tract, in the case of any particular food,

absorbed a constant percentage, quite independent of the amount fed.'"

Nutriment when given in small bulk (50 c.c.) was distributed in the

small intestine quite as it was when given in large bulk (500 c.c), so

that in either circumstance the entire tract was forced into service."

Possibly these results are best explained as due to an invoking of the

myenteric reflex by the nature of the intestinal contents or the rela-

tion between the contents and the mucosa.

» London and Sr\Ti£: Zeitschrift ftir physiologische Chemie, 1909, k, p. 201.

" London and Sakdberg: Ibid., 1908, Ivi, p. 402.

" London and Dobrowolskaja: Ibid., 1909, bt, p. 273.
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In the colon as well, the nature of the contents may determine

whether the m}-enteric reflex shall take charge of the musculature.

In the distal colon, where the contents are more or less hard, onward-

moving peristaltic waves prevail. And even in the proximal colon

Elliott and Barclay-Smith observed (in the rat) that antiperistaltic

waves appeared if the material it received was soft and moist, but that

the peristaltic reflex was exhibited when the material was stiff and

dry.38

To what extent and under what circurnstances the myenteric

reflex may assmne control of the gastric musculature is not at all

kno\\Ti. That it is quite unnecessary for normal gastric peristalsis,

I have proved in the experiments already cited in which several com-

plete interruptions of the myenteric plexus had almost no effect on

the passage of the waves.

A More Exact Terminology.

The foregoing discussion has shown that besides segmentation the

alimentary canal manifests several different sorts of moving waves —
downward-moving waves with projected inhibition, and downward-

moving and upward-moving waves without projected inhibition.

All these various forms of undulation have hitherto been termed

simply peristalsis. The distinctness of their character, however,

justifies distinctive names. The term "peristalsis" means literally,

in relation to hollow organs, "encircling contraction." The fact

that the contraction occurs around a circular tube renders the reten-

tion of peri unnecessary. The important facts to be brought out are

whether the contraction moves, whether it moves down the tube or

up, and whether it is preceded by an area of inhibition. The downward-

moving contraction is properly designated as katastalsis. The upward-

or backward-moving contraction is properly designated as ana-

stalsis. Both anastalsis and katastalsis may occur, as stated above,

in any portion of the gastrointestinal tract. The katastaltic and anas-

taltic waves are likely to recur rhythmically and run in a close series,

/. e., with no projected inhibition. The contraction which is preceded

by a demonstrable region of inhibition is of different order; it is man-

" Elliott and Bakclay-Smith: Loc. cit., p. 285.
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aged by the myenteric reflex, and always moves downward. Since

the characteristic feature of this activity is the relaxing or opening of

the canal in front of the constriction, I suggest as a term to designate

it diastalsis, in the sense of expansion or dilation. Although each of

these words has been used either in Greek or English in a sense differ-

ent from that here intended, their significance in relation to the ah-

mentary canal is immediately clear. All three terms with slalsis in

their composition preserve an association with wave-motion along the

alimentary canal. The prefix in each case is significant of the pecul-

iarity of the wave motion which is designated.

Of the four mechanical activities of the alimentary canal, then,

rhythmic segmentation occurs in the small intestine, katastalsis

occurs t^-pically in the stomach, and anastalsis occurs typically in the

proximal colon. Both katastalsis and anastalsis can occur with seg-

mentation in the small intestine. These three activities are indepen-

dent of the myenteric reflex. The fourth activity, diastalsis, is the

resultant of the local reflex in the wall of the canal, and is characterized

by an area of inhibition preceding the moving constriction.

Summary.

The mj-enterie plexus is fairly uniform in structure throughout

that part of the alimentary canal which is pro\ided with smooth

muscle. Excised parts of oesophagus, stomach, and colon, like the

gastric sphincters and the small intestine, exhibit contraction above,

and relaxation below, a stimulated point. This may properly be called

the myenteric reflex.

The myenteric reflex is not always operative. In the stomach and

colon it is not operative when antiperistaltic waves are passing, nor

is it needed for normal gastric peristalsis. In the small intestine,

likewise, the reflex is not in control whenever that part of the canal

is manifesting antiperistalsis, as it may do after death, after being

treated with certain drugs, and after continued obstruction or reversal.

Furthermore, the reflex does not govern rhjlhmic segmentation in the

small intestine.

Evidence is given that segmentation is a local response to internal

pressure. Probably in the usual (reflex) peristalsis of the small intes-
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tine the same neuromusculature is involved as in segmentation, but

subject to superintending and co-ordinating neurons.

What causes the myenteric reflex to occupy at times the local neuro-

musculature is not known; there is some reason for thinking that

the nature of the contents or the relation of the contents to the mucosa

determines the appearance of the reflex.

Three terms are suggested to designate the distinctive waves

of the ahmentary tract: kataslalsis, for downward-moving waves,

anastalsis, for upward-moving waves, both usually appearing rhyth-

mically, and not preceded by an area of inhibition; and diastalsis,

for the downward-moving wave, controlled by the myenteric reflex,

and preceded by inhibition.



ATTEMPTS TO PRODUCE EXPERIMENT.\L HYPER-
THYROIDISM IN MAMMALS AND BIRDS.

By a. J. CARLSON, J. R. ROOKS, and J. F. WcKIE.

[From the HuU Physiological Laboratory oj the University oj Chicago.]

I. Introduction.

'npHE primary aim in this attempt to produce hyperth>Toidism was
-' the establishment of tests for the thyroid secretions in the body

fluids. It is clear that such tests might be more readily worked out

if we were able experimentally to increase greatly the thyroid secre-

tion in the body fluids. We have as yet no test that undoubtedly

demonstrates the thyroid secretions in the blood and the lymph. The

well-known aceto-nitrile test of Hunt is a delicate test for some sub-

stances in the thyroid gland, but it is questionable whether it is a test

for the actual thyroid secretion as passed into the body fluids.^ Asher's

recent e.xperiment on the excitability of the depressor centre has not

been sufhciently controlled to be used as a test for the thyroid secre-

tion in the blood.- The biological test for the thyroid secretion under

investigation in this laboratory is blood transfusion in experimental

cretinism; and we reason that the greater the concentration of the

thyroid secretion in the blood the less quantity of blood and the less

frequent the transfusions necessary to establish or maintain normal

growth under conditions of experimental "hypothyroidism" in the

young.

What are the physiological criteria of hyperthyroidism? It is

generally, though not unanimously, held that Graves' disease or ex-

ophthalmic goitre in man is primarily a condition of hj-perthjToidism.

The cardinal s>Tnptoms of this malady are: (i) tachycardia; (2)

hjperexcitability; (3) rapid loss of body weight; (4) disturbance of

' Carlson and Woelfel: this Journal, 1910, xx\'i, p. 32; Olds: /iiJ.jp. 354.

' .AsHER and Flack: Zeitschrift fiir Biologic, 1910, Iv, p. 83.
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the digestive tract (diarrhea); (s) exophthalmus. If it were estab-

lished that exophthalmic goitre is primarily hyperthyroidism, the

above symptoms would constitute the desired criterion at least for

man. The basis for the prevalent view as to the etiology of exoph-

thalmic goitre is (i) the structural changes in the thyroids, (2) the

effects of partial extirpation of the gland, (3) the aggravation of the

symptoms by thyroid administration; (4) and the alleged production

of some or all of the symptoms in healthy individuals and experimental

animals by thyroid administration.

As regards the structural changes in the thyroid glands, their

physiological significance is as yet a matter of inference rather than

direct demonstration. These changes may signify an altered secretion

rather than an excessive secretion. The changes are very variable.

There may be in man considerable hyperplasia of the thyroid with-

out any other evidence of "toxic" goitre; or there may be strong

symptoms of exophthalmic goitre with little or no hyperplasia

and increase in volume of the glands. The existence, simultane-

ously, of symptoms of exophthalmic goitre and of mjTcedena or

hypothyroidism in the same individual is another fact that is

difficult to bring in line with the prevalent views. This fact alone

seems to show that we are dealing with an altered thyroid secretion,

or with a number of thyroid secretions that may vary independently

of one another, or that some of the so-called cardinal s^-mptoms

of exophthalmic goitre are secondary effects of some disturbance of

metaboHsm, and not primarily the result of the thyroid changes— a

view ably championed by Marine.^ Moreover, a considerable per-

centage of the dogs in certain regions of America exhibit the thyroid

hyperplasia considered typical of exophthalmic goitre in man, without

showing any of the other symptoms of this disease syndrome." The

temporary, or in rare instances permanent, effects of partial removal

of the thyroids in exophthalmic goitre are just as readily accounted for

on the theory of altered secretion as on the theory of excessive secre-

tion, if they are not instances of spontaneous recovery.

The alleged aggravation of the goitre s>'mptoms by thyroid adminis-

tration is also capable of a different interpretation. It is obvious that

in this disease the organism is less resistant to many unfavorable

' Marine and Lenhart: .Archives of internal medicine, 1911, viii, p. 265.

* Carlson and Woelfel: this Journal, 1910, xxvi, p. 32.
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conditions than is the normal individual. Even the healthy man

appears to be much more susceptible to the toxic clTects of thyroid

administration than any other mammal. Is it surprising that the

weakened exophthalmic goitre patient should be even more suscep-

tible than the normal individual? There is nothing necessarily specific

in that fact, because nervousness, tachycardia, etc. are aggravated

by many untoward conditions, particularly disturbances of the

digestion.

The case for experimental hyperthyroidism is best stated — and re-

futed — by a brief reference to some of the tj^sical investigations in

this field. Schoendorff * fed one dog weighing 25 K. with 1.5 gm. to

10 gm. desiccated thyroid per day for about five months. During

this period there was gradual loss of weight from 25 K. to 15 K. The

urine examinadon showed that the loss of weight was primarily

due to the oxidation of the body fat, but there was also a minus

nitrogen balance. Georgiewski ^ fed from 50 gm. to 100 gm. fresh

ox th>Toid per day to three dogs, weighing 7.4 K., 2.2 K., and 6.2 K.

respectively. Dog I died after five and a half days, having lost 66

per cent of his body weight. Dog II died in eighteen days after

losing 34 per cent of his initial weight. Dog III died in fifty-four

days, ha\dng lost 42 per cent of his weight. The dogs developed

tachycardia (pulse up to 200 per minute), polyuria, diabetes, and,

in the early part of the experiment, an increased appetite. Simi-

lar results were obtained by feeding ox thymus to two dogs and

one rabbit. The same investigator reports on subcutaneous injec-

tion of pressure fluid of fresh ox thyroids into dogs. All of the eight

dogs used developed tachycardia, polyuria, diabetes, and emaciation.

Tetany and exophthalmus were not observed. Berkeley " fed 5 to 15

grains (fresh gland) of sheep's thyroid to mice (5) and guinea pigs (3).

These animals died in from three to ten days. The sjTnptoms devel-

oped were emaciation, rapid respiration, tremors, and — myxedema!

Cunningham ^ reports three series of investigations in h\-perthyroid-

ism. Series I. Subcutaneous injections of thyroid extracts (sheep,

some of these were sterile) into dogs and rabbits. Toxic sj-mptoms re-

' Schoendorff: .\rchiv fiir die gesammte Physiologic, 1897, lx\'ii. p. 305.

« Georgiewski: Zeilschrift fur klinischc Mcdizin, 1897, x.\xiii, p. 153.

' Berkeley: Johns Hopkins Hospital Bulk-tin, 1S07. viii, p. 137-

' Cunningham: Journal of experimental medicine, 1898, iii, p. 147-
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sembling some of those in exophthalmic goitre were produced. But

the same resuUs were obtained by the injections of nucleoproteins or the

extracts of other glands. Series II, Feeding fresh sheep's thyroid to

chickens (i), rabbits (4), dogs (3), cats (i), monkeys (4), man (2).

From 40 to 300 gm. were fed daily for fourteen to hventy days- without

producing any toxic symptoms in any of the animal groups. Series III.

Feeding of desiccated thyroid and stale thyroid. Toxic symptoms were

produced in roosters, rabbits, monkeys, and man, but not in dogs.

The quantities fed or the length of the feeding experiment on the dogs

is not stated. The monkeys weighing about 1.5 K. developed diarrhea,

tachycardia, increased excitabihty, loss of weight, and fever, after

receiving from 3 gm. to 4 gm. desiccated thyroid. In man i gm. desic-

cated thyroid per day caused diarrhea, restlessness, cardiac accelera-

tion, and loss of weight. Feeding experiments with desiccated thymus

gave the same results. Cunningham concludes that the toxic symptoms

are due to decomposition products and are not specific thyroid effects,

as they are not caused by the fresh thyroid glands. Schultz ^ studied

the metabolism of normal and of thyroidectomized dogs fed daily for

about three months with desiccated thyroids, representing 2 gm. to

2.5 gm. fresh glands. The normal dogs showed no change in metab-

olism, but in the thyroidectomized dogs there was an increase in

the nitrogen and the phosphorus elimination. Underbill and Saiki '"

fed dogs desiccated sheep's thyroid (Armour) in quantities from 5 gm.

to 50 gm. per day from one to ten days. There was slight, if any,

increase in the nitrogen elimination, and only a slight change in nitrogen

constituents of the urine.

The above suffices to show that undoubted exophthalmic goitre or

hyperthyroidism has not yet been produced in experimental animals by

any form of thyroid administration. The experimental results are

too contradictory. This may be due in part to differences in the

thyroid preparations used; but our own studies indicate that lack of

sufficient control of some of the experimental conditions is also a factor.

As regards man, the literature seems fairly unanimous on the point

that thyroid administration increases oxidation and nitrogen ehmina-

tion in cretinism and myxedema as well as in normal individuals,"

' Schultz: Festschrift fur Rosenthal, Leipzig, 1906, i, p. 291.

'» UxDERmLL and S.mki: Journal of biological chemistry, 1908, v, p. 225.

" Mag.\us-Levv: Van Norden's Handbuch der Pathologic des Stoffwechsels,

1907, ii, p. 312.
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and that excessive thyroid feeding leads to a series of nervous symp-

toms, more or less similar to those of exophthalmic goitre.

II. Methods.

• The results of thyroid feeding in myxedema and cretinism (clinical

and experimental) seem to show that the thyroid secretion is absorbed

in active form from the digestive tract. This secretion must therefore

be relatively stable. The absoiption of the active thyroid substance

from the intestine is not surprising in view of the recent findings of

Wells and Osborne/- that in the guinea pig a number of proteins are

absorbed from the digestive tract sufficiently intact or unchanged

to produce anaphylactic sensitization. Inasmuch as the secretion

seems to be absorbed in its active form from the digestive tract,

thyroid feeding is obviously the simplest and the least objectionable

method of attempting to mduce extra quantities of the secretion in

the blood.

The material used by us was Armour's desiccated sheep's thyroid

(powdered). We used the whole thyroid substance rather than the

isolated and supposedly active thyroid elements (thyroglobulin, th}--

roid nuclcoprotein, etc.) partly because of the difficulty of securing

enough of the latter material for an investigation of the present scope,

but mainly because it is as yet doubtful whether these substances

constitute the thyroid secretion.

The feeding method is open to the objection that while the thyroid

secretion is absorbed as such from the intestines the normal animal

may have such regulatory mechanisms that the secretion thus absorbed

is quickly excreted, altered, or stored so that there is no e.xcess of it

in the body fluids at any one time and hence no hji^erthyroidism.

Negative results by the feeding method are therefore not conclusive.

The method of hj-podermic injection of thyroid preparations is also

open to this objection, but it would not apply to the method of intra-

venous injection of thyroid extracts. But these two methods are

at present open to fatal objections in other directions. All investi-

gators will probably agree that the thyroid secretions have not yet

been isolated in pure form. Thyroid pressure fluid, thyroid extract,

'- Wells and Osborxe: Journal of infectious diseases, 191 1, viii, p. 06;

Wells: Ibid., 1911, ix, p. lar.
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thyroidine, etc. are therefore certain to contain many substances not

passed into the blood and lymph by the normal thyroid gland. Some

of these substances are to.xic protein and protein derivatives. The

introduction of these directly into the blood will in all probabil-

ity lead to various symptoms of toxemia, anaphylaxis, etc., quite

independent of thyroid secretions. While this was not clear to the

early workers on the thyroid, it is so ob%-ious to-day that we must

set aside not only these methods but also the results secured with

these methods by the earlier workers.

As determined by the method of Oswald, the iodine content of the

various lots of Armour's desiccated sheep's thyroid used in this work

varied from 0.8 mg. to 1.3 mg. per gram of dried substance.

The effect of the thyroid feeding on digestion and nutrition as deter-

mined by the body weight, the appetite, and the nature of the feces .

can be fairly accurately recorded in all the animal groups employed.

The rate and character of the pulse could not be recorded in the birds

and in the smaller mammals, and as the pulse record would be of no

value in the larger mammals such as monkeys that were more or less

wild and struggled violently on being handled, it was also discarded

in these groups. Thus the only groups that yielded acceptable pulse

records were man, dog, cat, and fox.

An accurate objective criterion for an increased nervous excitability

in mammals (excepting man) and birds is wanting. The pulse would

be of great assistance on this point. We are famiUar with and can rec-

ognize the signs of increased nervousness in exophthalmic goitre in the

human and the t>'pe of hyperexcitability following parathyroidectomy

in cats and dogs, but we do not know the expressions of various degrees

of nervousness in tame ducks, chickens, rats, or guinea pigs. With

the exception of man, dog, fox, and cat, the notes as to the presence or

absence of increased nervous excitability in the experimental animals

signify merely the presence or absence of restlessness.

The presence or absence of exophthalmus is also largely a matter of

personal opinion, unless it is very marked. No observer can fail to

recognize a case of pronounced exophthalmus in man. But there are

all degrees between the normal appearance and position of the eyeball

and extreme exophthalmus. We have been unable to devise any

system of measurements that will show shght variations in the position

of the eyeballs and the nictitating membranes in the animal groups
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under investigation. We had to be content with direct inspection,

making the comparison before and during the feeding in the same

animal, as well as controlling the fed groups with groups not fed.

Some of our coOeagues in the laboratory who were not familiar with

the fed and the control groups also assisted in making these observa-

tions. Nevertheless, there is too great a margin for mere personal

opinion. The appearance and position of the eyeballs may seem to

vary in consequence of a progressive emaciation. And it is well known

that the degree of prominence of the eyeballs varies in different breeds

of dogs.

We are aware that our tests should have been completed by taking

at least the nitrogen balance of all the fed animals, but we were not in

position to carry out this phase of the work.

III. Results.

I. Pigeons.— Our experiments on pigeons were made in three series,

(A, B, C) with daily feeding of 0.33 gm., i.ogm., and 2.ogm. desiccated

sheep's thyroid respectively. The pigeons were fed by the capsule

method." They offered little or no resistance to the process. Healthy

birds of fairly uniform size and age were selected. Besides the thyroid

the pigeons were hberally suppUed with the routine food. The birds

were confined indoors, but they had been accustomed to this mode of

living for two months or more before the thyroid feeding began. The

results arc summarized in Table I.

Series A. Plumage. — In all the birds of this series more or less

rapid loss of the feathers began eight to ten days after the beginning of

thyroid feeding. In two cases the moulting was so rapid that the birds

became practically devoid of feathers for a few days. The feathers of

the new plumage did not seem to be of normal gloss and smoothness.

It seems that tliis moulting was caused by the thyroid feeding.

Body weight. — There was a general loss of weight during the first

twenty to thirty days of thyroid feeding. This was followed by a

return towards the initial weight up to the end of the experiment.

The greatest loss in weight appears simultaneously with the period of

," The powdered thyroid was packed in gelatin capsules of suitable size, the

capsules moistened and placed on the back part of the tongue, and manipulated

until swallowed.
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TABLE I.

Pigeons. Summary of Records or Body Weight on Daily Feeding or Desiccated
Sheep's Thyroid. There is an Interval of Thirty-five Days between the
First (o) and the Second (6) Feeding Periods of Pigeons XVIII and XIX.
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rapid moulting, and may be due to the greater rate of oxidation neces-

sary to maintain the temperature of the partly featherless birds rather

than to a direct effect of the thyroid feeding on metabolism. This

explanation is suggested by the return towards the initial weight on

receiving the new plumage. It is also possible that an acquired toler-

ance to the thyroid feeding is a factor in this recovery of the body

weight.

General conditions. — During the rapid moulting the birds were less

active and appeared somewhat depressed, but the pigeons that died

(Nos. IV-VI) did not seem more depressed on the day before found

dead than did those who survived in good condition till the end of the

experiment. There appeared to be no increase in excitability at any

stage of the experiments. The appetite remained practically normal.

Post-mortem findings. — The post-mortem examination of Pigeons

IV-VI revealed no obvious lessons. The emaciation was marked, as

these birds had lost one third of their weight.

Series B and C. Plumage. — There was no tendency to moulting

or loss of feathers in the birds of these series, despite the large doses of

thyroid fed. The moulting observed in Series A must therefore have

been correlated with the season (spring) quite as much as with the

thyroid feeding.

Body weight. — There is a rapid loss of weight, all the birds having

lost about a third of their body weight at the time of death. The rate

of the loss per day with 2 gm. per day is only slightly greater than that

following I gm. per day.

General conditions. — Most of the birds showed symptoms of weak-

ness and depression one or more days before death. No increased

excitability or restlessness was observed. Some of the birds ceased

eating twenty-four hours or more before death, others continued to

eat to within a few hours of death, so that the post-mortem revealed

the crop filled with fresh food. All the birds of tWs series developed

diarrhea. This was probably an important factor in the loss of weight.

Post-mortem findings. — All the birds showed hyperemia and hemor-

rhagic inllltration of the intestinal mucosa, and in three cases this

extended to the stomach and the crop. This condition indicates severe

digesti\e disturbance and consequent toxemia.

Summary of experiments on pigeons. — i . The effect of daily feeding

of thyroid in doses of about i gm. per kilo body weight seems to
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depend on the individual resistance of the birds, about 60 per cent in

our series being but little alTected, while 40 per cent lost weight and

died in twenty to thirty days. Larger doses of thyroid have injurious

effects on all the birds (Series B). The s>Tnptoms are: loss of weight,

diarrhea, weakness, and depression. Appetite may continue to within

a day before death.

2. On cessation of the thyroid feeding the birds make apparently

complete recovery, even when the excess thyroid administration has

been carried almost to the point of death. On resuming thyroid feeding

in these birds there appears to be an increased tolerance.

3. The general symptoms together with the post-mortem findings

indicate that the thyroid feeding in doses greater than i gm. per kilo

body weight results in disarrangement of digestion with attendant diar-

rhea and toxemia.

2. Chickens.—A lot of six roosters varying in weight from 2.3 K.

to 3.5 K. were selected. Five of these were fed daily Armour's sheep

thyroid in capsules. The sixth, or control, rooster received daily

similar capsules filled with starch. The roosters offered very Uttle

resistance to the feeding process, the thyroid capsules being readily

swallowed when placed on the back of the tongue.

Records were kept of the general conditions, the appetite, the

plumage, and the body weight. No attempt was made to study the

pulse.

Rooster I. — Died May 30 wthout showing any symptoms prior to May 29,

when he appeared dull and depressed. Post-mortem examination

revealed some congestion of the viscera.

Rooster II. — Died July 21. There were no obvious s>Tiiptoms before this

date. Post-mortem examination gave no indication of the cause of

death.

Rooster III. — Died August 16. This rooster showed some weakness for

eight days before death. He was lying down frequently during the day,

panting occasionally. Post-mortem exaniination showed congestion of

the viscera and there was some indication of septicemia.

Rooster IV. — Died August 16. Three days before death this rooster

showed occasionally a rapid and labored respiration. Post-mortem

examination gave indications of septicemia.

Rooster V. — Died July 29. No symptoms prior to death, and post-mortem

examination gave no indication of the cause of death.
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Rooster Vr . — Qonixo\. Weight, May, 16 2.65 K.; August 16, 3.20 K
The animal was kept in the same coop with the rest of the roosters'

and therefore under the same conditions. He was fed daily starch-

filled capsules to the same number as the thyroid-fed animals, in order

to determine whether the feeding process itself had any deleterious

action. On August 17, we began to feed this rooster 7.5 gm. thyroid

per day with the results shown in Table II, No. VI b.

TABLE II.

Chickens. Summary of Records of Body Weight on Daily Thyroid Feeding.

Thyroid
per day.
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Plumage. — Only in one case (No. Ill) was there any noticeable loss

of feathers.

General conditions. — At no time was there any increase in excita-

bility that could be detected in their general behavior. There were

usually weakness, depression, and diminished appetite for a day or

more before death.

Post-mortem findings. — The most constant condition was hjqDere-

mia of the viscera, particularly of the intestines. Nos. Ill and IV

gave indications of septicemia. This may have been a secondary

result due to disordered digestion from the thyroid feeding.

3. Ducks. — Five ducks were secured, three males and two females,

apparently full grown, and nearly of equal size and weight. No diffi-

culty was experienced in feeding the thyroid capsules to the ducks.

No facilities were available to keep the ducks under the best hygienic

conditions. They had to be kept indoors and rather confined, with no

facilities for swimming. This fact must be kept in mind in interpret-

ing the results of our ex-periments, because the slight but gradual loss

in weight of Ducks I-IV from April 6 to August 6 is probably due to

the confined conditions rather than to the thyroid feeding. Unfor-

tunately, no control bird was kept to settle the point definitely.

During the period from April 6 to August 6, during which time the

thyroid fed daily was gradually increased from 0.5 gm. to 6 gm. or from

0.15 gm. to 3 gm. per kilo body weight, no changes in the ducks were

noted except the sHght gradual loss of weight in Nos. I-IV. The

plumage was usually not so smooth and clear as in ducks kept out-

doors with plenty of water, but this was probably due to the confined

condition. And we are inclined to attribute the slight but gradual loss

of weight in Nos. I-IV to the same cause, rather than to the thyroid

feeding. On August 6 the ducks were to all appearance normal birds,

having at no time exhibited either increased excitability or depression

symptoms. The appetite appeared to be normal. No attempt was

made to record the pxdse.

Body weight. — On August 6 the experiment in group was dis-

continued, and increasing doses of thyroid given daily to one animal

at a time until the death of the animal. With the exception of Duck

III, there was no loss of body weight even with doses of 10 to 20 gm.

of thyroid per day— 5 gm. to 10 gm. per kilo body weight— doses that

speedily killed the ducks.
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Plumage. — There was no loss of feathers or other marked change

in the plumage.

General conditions. — There was neither marked depression nor

increased excitability. The ducks would appear normal in tlie evening

and be found dead in the morning, or in good condition at eight

o'clock in the morning and dead by noon.

T,\BLE III.

Ducks. Summary of Records of Body Weight on Daily TimJOiD Feeding. Betv\-een

THE First (a) .and Si;cond (h) Feeding Periods of Ducks I, II, and III there

ARE intervals OF FiFTV-SIX DaYS, FiFTY-FIVE DaYS, ANT) SiXTY-THREE DAYS,

KISPECTIVELV.
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2. Daily doses of thyroid in qviantities from 5 gm. to 10 gm. per

kilo body weight result in the death of the animals in from two to

thirty days, without the development of anorexia, emaciation, increased

excitabihty, or change in plumage.

3. The death may be due to the forced feeding with a highly con-

centrated protein food, desiccated sheep thyroid containing from 12

to 14 per cent nitrogen mostly in the form of protein.

4. Rabbits and guinea pigs- — Our experiments were made on nine

rabbits and fifteen guinea pigs. The results in the two species are so

similar that they can be discussed together. The animals were fed

0.3 gm. desiccated sheep's thyroid per day. The effect of this quantity

of thyroid was so rapid and striking that larger doses were not tried.

The feeding offered no difficulties. The gelatin capsule containing

the thyroid was simply placed in the mouth, and the animal watched

till capsule and contents were chewed up and swallowed. As for other

food, the animals were given the ordinary routine diet.
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We invite attention to the summaries of the results. Three

t>-pical experiments suffice to show their general character.

Control guinea pigs. — Records were kept of two pigs picked at ran-

dom from the same lot, as our experimental animals were kept during

TABLE IV.

Rabbits a:to Gitinea Pigs. Summary of Records of Body Weights on Daily

Thyroid Feeding.

Rabbits.1 Average Body Weight at the Beginning of the THYKoro Feeding

1.5 K. Quantity of Thyroid per Kilo Body Weight per Day, 0.25 gm.

No. of

animal.

Feeding
period.

Days.

Percentage
loss of body
weight at

death.

No. of

animal.

Feeding
period.

Days.

Percentage
loss of body
weight at

death.

I .

11 .

III .

IV .

V .

4

33

14

18

33

46

40

45

45

VI

VII

VIII

IX

12

36

14

36

30

33

35

43

Guinea Pigs

613 GM.
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the experiment period in the same cage with them, and given the

same diet, with the exception of the thyroid. Both controls increased

in weight.

Body weight. — There was a rapid and progressive loss of body

weight in all cases, the average loss at the time of death being 41 per

cent and 33 per cent in the rabbits and the guinea pigs, respectively.

This progressive loss of weight and consequent weakness were usually

accompanied by normal, or even greater than normal, appetite. Most

erf the animals at death had quantities of well-masticated food in the

stomach. One guinea pig was observed to eat a couple of hours before

death, and another one attempted to eat when he was too weak to

chew. The disturbance of digestion was therefore not accompanied by

anorexia.

General conditions. — Diarrhea was practically a constant sjonptom

in the rabbits, but less constant in the guinea pigs. The progressive

emaciation was accompanied by depression and weakness, not by in-

creased excitability and restlessness. There was no exophthalmus.

No attempt was made to record the pulse, as the heart is too rapid for

reliable direct observation.

Post-mortem findings. — The most constant lesions were hyperemia

and hemorrhagic conditions of the viscera, particularly the intestines,

and the congestion (pneumonia?) of the lungs in the guinea pigs. With

one exception the contents of the large intestines and the rectum of

both rabbits and guinea pigs was very watery. The diarrhea together

with the congestion of the intestines indicates severe digestive disturb-

ances, due directly or indirectly to the thyroid feeding.

The lung infections in the guinea pigs were probably indirect effects

of the thyroid feeding, due to a lowered resistance with the progressive

emaciation and cachexia.

Our experiments include a sufficient number of animals to prove

that rabbits and guinea pigs are severely affected by small quantities

of desiccated thyroid per os. The progressive emaciation and

usual diarrhea remind one of the similar symptoms in exophthalmic

goitre in man, but there is no anorexia, nervousness, or exophthalmus.

It may also be noted that as the guinea pigs received about twice the

quantity of thyroid per day given to the rabbits, as reckoned by body

weight in the two groups, the fatal termination of the feeding averaged

in the guinea pigs twelve days, in the rabbits twenty days.
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5. Rats. — The method of feeding consisted in mixing the thyroid

powder with cracker dust and water until the mass had the consis-

tency of thick paste. The rats would eat this preparation with great

avidity. The quantity of thyroid thus fed per day was 0.33 to 0.36 gm.

When it became apparent that this quantity of thyroid had a rapid and

deleterious action on the tame or white rats, bred and raised in cap-

tivity and accustomed to a mainly vegetarian diet, we extended the

experiment to wild or gray rats just captured. The wild rat is om-

nivorous, if not carnivorous by choice, so that the mere introduction

of animal proteins in the diet ought to be less injurious in these

animals. It turned out, however, that the wild rats were even more

strongly affected by the thyroid than the white rats.

Because of their wildness and viciousness the body weight of the

gray rats was recorded only at the beginning of the experiments and

at the death of the animals. No attempt was made to study the pulse

in either group. The conditions of the appetite, the fur, the feces, and

the general activity were recorded daily.

The following t}pical records may be given as illustrations:

White rat II. ......-<

White rat VIII

Gray (wild) rat II

* Diarrhea. t Died.

April 5

10

IS

20

25

April 22

28

May 10

17

18

I
April 21

\ May II

t Died at 5 p. m.

<

Weight = So

70

63

58*

sot
Weight =200

190

I8S

i6s

iSS t

20S

120 §

Was eating at S .\. m.

§ Died. Diarrhea for several days before death.

Body weight. — There is progressive emaciation pari passu with \'ig-

orous appetite* until at death the average loss of weight in the two

groups was 21 and 34 per cent of the initial weight. The average dura-

tion of life under the feeding was twenty-six days in the case of the

white and twenty-two days in the case of the gray rats. The average



146 A. J. Carlson, J. R. Rooks, and J. F. McKie.

weight of the wild rats was considerably greater than that of the white,

so that the quantity of thyroid per kilo body weight was less in the

former than in the latter. Nevertheless the wild rats showed a greater

TABLE V.

Summary of Experiments on Rats fed 0.36 gm. of Desiccated Sheep Thyroid

PER Day.

White Rats
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this fact the appetite usually continued good to within a day or less

than a day of death. With the progress of the cachexia the fur became

unkempt and the hair Ijcgan to fall out. There was no increase in ex-

citabiUty or activity, and no exophthalmus.

Posi-morlem findings. — In most cases there was marked congestion

of the intestines, and in many cases distinct congestion of the lungs.

TABLE VI.

Foxes. Summary or Records or Body Wficht, ox Daily Thyroid Feeding.
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back part of the tongue so that they were swallowed whole. In the

persistent struggle and \aolent resistance to this process all of the

animals were sooner or later injured about the mouth and in the

throat, and this led to infection and death, in one case compUcated

by pneumonia. We are inclined to the view that the gradual loss of

weight of the foxes and the infection and death of three of them within

one to two months after the beginning of the thyroid feeding are not the

results of the thyroid feeding itself, but of the disturbance and the injuries

sustained by the feeding process. We believe that if the foxes could

have been trained to take the thyroid without struggle, they would

have shown a resistance to the excess thyroid equal to that of cats and

dogs.

7. Cats.— Seven healthy cats were selected, four males and three

females. Great difficulties were experienced in feeding the th>Toid

to the cats. The thyroid powder mixed with ground-up meat or ^\•ith

milk was never eaten completely, so we had to resort to feeding the

thyroid in gelatin capsules. The cats would not swallow the capsules

and contents if they were allowed to chew them up. Consequently we

had to select capsules of a size that could be swallowed whole, and these

were placed on the back part of the tongue so as not to permit chewing.

All the cats struggled violently in the feeding process to begin with,

but Xos. II and IV soon became docile and swallowed the capsules vol-

untarily. The other five continued intractable, and as a result were

gradually injured in the throat and mouth; and this led to infection

and death in two of them. All of the five refractory cats lost weight

during the feeding, but this was in all probability due solely to the

struggle, injuries, and shock of the feeding process, and is therefore

without significance as regards thyroid physiology. A brief summary

of the results on the five refractory cats may nevertheless be presented:

Cat I. — Thyroid fed, April 5 to June 15: 0.5 gm. to 3.0 gm. Body weights:

April s, 4-2 K.; May 5, 4-4 K; June 5, 3.4 K.; June 15, 40 K. E.xperi-

ment discontinued.

Cat III. — Thyroid fed, April 5 to May 28: 0.5 gm. to 1.5 gm. Body

weights: April 5, 5.1 K.; May 5, 5.1 K.; May 25, 4.5 K. Died, May 29,

from throat infection and pneumonia.

Cat V. — Thyroid fed, April 5 to June 15, 0.5 gm. to 3.0 gm. Body weights,

April 5, 3.4 K.; May 5, 3.4 K.; Junes, 3.7 K.; June 15, 3.0 K. Died,

June 17, from throat infection.
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Cat VI — Thyroid fed, April 23 to May 8:1.5 gm. to 2 gm. Body weights

April 23, 4.0 K.; May 7, 2-7 K. Died, May 8, from pneumonia and

gangrene of the throat.

Cat F//.— Thyroid fed, May 8, to May 29, i.o gm. to 1.5 gm. Body

weights. May 8, 3.2 K.; May 19, 3° K. Died, May 29, from throat

infection and pneumonia.

We now in\ate attention to the records of Cats II and IV, the only

animals of the series that fed mthout struggle and hence without

injury and attendant complications. Wliile the general results on the

other five cats are given, we think it is fair to base the conclusions of

the experiment on this group on the results of Cats II and IV alone.

TABLE Vn.

Cat ir Male. Summary of Recosd of Body Weight anu Pulse on Daily Feed-

ing OF Desiccated Sheep Thyroid in Increasing Quantities from 0.3 cm. to

IS GM. Feeuinc Period, 239 Days.

Date.
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ceived 18 gm. of thyroid per day, the cat lost more than a third of its

body weight, yet no tachycardia developed.

Body uright. — When desiccated thyroid is fed in quantities of 5 to

6 gm. per kilo body weight per day, there are gradual loss of weight,

diminished appetite, a tendency to diarrhea, and a rough and unkempt

condition of the fur. Tliis loss in weight is quickly regained on cessation

of the thyroid feeding.

General condilion. — There was no increased excitabiUty at any stage

c-f the experiments even in the cat receiving 18 gm. of thyroid per day.

This cat appeared to continue in practically normal cerebral activity

even when he was losing weight rapidly. He would play and purr, and

did not seem sick until about November 20, 1910.

The cat is therefore relatively resistant to thyroid feeding. SLx

grams or more per kilo body weight daily lead to emaciation, diarrhea,

and diminished appetite, but no tachycardia or increased excitability

or exophthalmus. The clinical pictures of such cats are quite different

from typical cases of exophthalmic goitre or "hyperthyroidism" in

man.

8. Dogs.— The experiment was started April 5, 1910, with a lot of

four dogs in normal good condition, ranging in weight from 7 to

9 kilos. We did not foresee the great quantity of desiccated thyroid

required to affect dogs, otherwise much smaller specimens would have

been selected. Smaller dogs, weighing only 3 to 4 kilos, were

selected for the later experiments. The thyroid powder was mixed

with moistened ground-up meat, and this was taken by the dogs with

great avidity.

In order to make the pulse record of any value, it must be taken under

as nearly unifonn condition as possible, and, as is well known, this is

very difficult to secure in dogs. We adopted the following plan.

The pulse record was taken in the morning before feeding, and the

dogs were trained to he down without restraint, while the rate and

character of the heart beat were recorded. But even in this way one

cannot maintain uniformity in the degree of cerebral emotional activity,

owing to the varying degree of playfulness of the dogs from time to

time. Dog I especially gave us great trouble on this point. It is

obvious that only a relatively great and persistent difference in the

rate and character of the heart beat in the dogs can have any signifi-

cance with regard to specific actions of thyroid secretions. The pulse
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record of each dog was taken daily. The variations shown in the

summaries given in Table VIII are typical for the entire senes.
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heart and the cardio-regulatory nervous mechanism by the thyroid

feeding, but to the fact that the dogs became accustomed to the experi-

mental routine, so that the excitement factor was to that extent

ehminated.

It can therefore be said that desiccated sheep's thyroid fed to dogs

daily in quantities up to 4 to 6 gm. per kilo body weight for long periods

has no effect on the regularity of the pulse, and slight, if any, effect on

the rate. If the rate is affected, it is in the direction of acceleration.

Tachycardia is therefore not, or at least not readily, produced in dogs by

thyroid feeding.

The body weight. — The results touching this point are practically

negative, with the exception of Dog VII, who received 20 gm. per kilo

body weight per day. The dogs either maintained their weight or

gained in weight. The gain in weight was probably due to normal

growth and to improved hygienic condition and care rather than to

the thyroid administration.

General conditions. — There was no digestive disturbance (except

in Dog VII), diminished appetite, nervousness, restlessness, depression,

or change in the eyeballs that might be interpreted as exophthalmus.

In short, the dogs continued as normal healthy and happy individuals.

This applies also to Dog VII, despite the diarrhea and loss of body

weight. The dog remained playful and lively in disposition.

It is clear from the above that none of the supposed symptoms of "hyper-

thyroidism" or exophthalmic goitre can be produced in normal dogs with

daily thyroid feeding in quantities up to 6 gm. per kilo body weight.

Daily thyroid feeding in quantities up to 20 gm. per kilo body weight

per day leads to digestive disturbances, probably oiving to the excessive and

concentrated form of the protein thus administered.

Primates. —The work on the primates comprised three rhesus

monkeys and one of the authors (A. J. C). Two of the monkeys were

relatively tame, having been used for experimental purposes in the

psychological laboratory here for several years. Nevertheless, they

were not tame enough to be handled for the purpose of feeding and

recording pulse without violent struggling and excitation (fear or anger).

Under such conditions the recording of the pulse would not have yielded

any reliable data. In all three monkeys before and throughout the

course of the feeding, the pulse was too rapid to record accurately by
palpation.
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Various expedients were tried to induce the monkeys to take the

thyroid powder voluntarily. The thyroid was thoroughly mixed with

peanut meal or raisins and pressed into a ball, but the animals would

TABLE IX.

Daily Record of Body Weight, Pulse, ,unt) General Condition on Feeding

Desiccated Sheep's Thy-koid to an .\dult Healthy ]Man. .\ce, 36 Years.

"
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take the prepared morsel, sniff it, and throw it away. Our final re-

course was gelatin capsules moistened, placed on the back part of the

tongue and manipulated with the finger on a blunt pair of forceps

until swallowed. There appeared to be no decrease in the resistance

to this mode of feeding throughout the experiment. The monkeys

proved as intractable as the foxes.

TABLE X.



Experimental Hyperthyroidism in Mammals and Birds. i5S

No change was made in the diet or the daily work, except as the work

had to be discontinued because of the effects of the feedmg^

There was no diarrhea or diminished appetite. Begmmng tober

19, there was a more or less continuous feeUng of tension or distress

TABLE XI.

Results ox the Monkeys.

MONKEV I. Fed daily 0.5 cm. Desiccated Thyroid.

Date.

April 17

" 19

" 23

" 25

" 28

Body weight.

kUoi.

2.9

2.7

2.4

2.3

2.2

Remarks.

Diarrhea, weakness.

Diarrhea, weakness.

Found dead at 8 P. M.

Monkey II. Thyroid fed, June 21-30, 0.33 cm., July 1-7, 0.5 cm.

June 21 .

" 27 .

July 1

" 5

" 7

July 14

Ulol.

2.00

1.90

1.80

1.80

1.70

1.90

Inco-ordination of head; weakness.

Inco-ordination of head; weakness.

Feeding discontinued.

No weakness and inco-ordination.

Monkey III. Thyroid fed, June 21-30, 0.33 cm. July 1-7, 0.5 cm.

June 21 .

" 27

July 1

• 5

7

July U

kUoi.

1.90

1.80

1.75

1.65

1.46

1.75

Weakness; inco-ordination of head.

Feeding discontinued.

No weakness and inco-ordination.
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in the abdominal region, and occasional acute abdominal pains.

During October 20-33 the conditions noted were sufficiently severe

to render the subject unlit for work. By October 26 the pulse and gen-

eral conditions had returned to normal. The above experiment was
carried out for a different purpose, but the results noted bear directly

on the question now under discussion.

Discussion of results. — In the two experiments on man the distinct

effects were (i) loss of weight, and (2) dizziness and weakness, and (3)

tachycardia. The loss of weight was too great to be an accidental

fluctuation. There was no lack of appetite, no digestive disturbance,

or other complications to account for it.

The dizziness and an ocpasionally slight blurring of vision were

undoubtedly an effect of the thyroid feeding, as those S3-mptoms

were unknown to the subject prior to, and promptly disappeared on,

the cessation of the experiment. At times the dizziness itself was
sufficient to interfere with intellectual work.

In the first e.xperunent the pulse record must be considered as nega-

tive. A regular pulse that at no time exceeds 84 per minute in warm
weather cannot be designated as tachycardia. There was no evidence

of nervousness, either subjective or objective. In fact, if this ex-peri-

ment had been run on a dog or a monkey, the only effect that could have

been recorded was the sHght loss of weight, as the dizziness and dis-

turbance of vision were not great enough to produce objective signs.

There can be little doubt, however, that such signs would have been
brought about if the thyroid feeding had been continued longer or the

dose increased, as was done in the second experiment. The experi-

ments indicate a relatively high susceptibility of man to thyroid admin-
istration per ounce, as compared to other mammals and to birds.

The sjTTiptoms developed by the three monkeys were (i) loss of

weight, (2) weakness, (3) diminished appetite, and in one case

diarrhea, (4) inco-ordination of the head, probably due to dizziness

or weakness. As to the loss of weight, it might be due to diminished

appetite as well as to direct action of the thyroid on tissue o.xidation.

It was undoubtedly due to the thyroid feeding directly, as Monkeys
II and III gained in weight on cessation of the experiment. The weak-
ness might be due to the loss of weight. The peculiar bending of the

head now to one side, now to the other, and again forward on the

chest have not been observed in any other group of animals used in
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this investigation. The cause of the phenomena can only be con|ec^

tured (weakness, dizziness, pain in the head or ears?). lU chftcu t o

estabhsh an objective criterion for nervousness in monkeys, especially

when the pulse cannot be recorded. If activity be taken as criterion,

T.VBLE XII.

Quantity of Desiccated Sheep's Thvi.0^ per Kilo Body Weights
QUANTITY 01:

^^^ ^^^ ^^^^^ ^^ MOUTEI.

Species.

Man

Rhesus monkeys

Rabbits ....

Guinea pigs . .

Pigeons . . .

Chickens . . .

Rats

Cats

Ducks

Foxes

DofTS

. , 1

Causing moderate
Tolerated without ^^ severe symp-
obvious symptoms

gm.

=fc0.01

-0.25

-0.25

-0.50

±1.00

±1.00

-2.00

4.00- 5.00

5.00- 6.00

4.00- 5.00(?)

6.00-10.00

to severe symp-
toms and death.

gm.

0.03 (?)

0.25

0.25

0.50

1.50-2.00

1.50-2.00

2.00

5.00-6.00

6.00-10.00

5.00-20.00(?)

10.00-20.00

the thyroid feeding did not increase this excitability, as the animals

became, if anything, more quiescent. But this was probably due to

the loss of weight and weakness. j . • j„

In the light of the effects of thyroid feeding on mammals and birds,

the monkeys seem to exhibit about the same resistance as the rodents

Thev are probablv somewhat more resistant than man, but much less

resistant than the carnivorous mammals and the birds.

IV. Summary and Conclusions.

,. Toxic sj^ptoms can in all probabiUty be produced in all animah

by thyroid feeding. The great variations in the resistance to th>roid
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feeding in the different animal groups may be re-emphasized by the

following summary:

The cause of these variations must remain a matter of conjecture,

at least Until we know more precisely the nature and the mode of action

of the toxic agent in the thyroid. At present we do not know whether

the more resistant groups owe their resistance to a greater action of the

digestive fennents on the toxic substances, to a diminished absorp-

tion, to a rapid destruction and excretion, or to a greater tolerance on
the part of the tissues in general.

2. In the case of the more resistant groups the s>-mptoms produced

by the large doses of thyroids are probably not specific thyroid effects,

but complicated by the effects of the excessive protein diet. This is

suggested by the fact that the more resistant groups are almost

exclusively carnivorous (dog, cat, fox, duck ") and are accustomed

to a high percentage of animal protein in the food. The fact

that the omnivorous and the herbivorous animals are, on the whole,

much less resistant suggested the possibility that a part or the whole

of the toxic action of the thyroid in these groups is not specific but

due to an excess of animal proteins. Tliis h^-pothesis has been put
to the ex-perimental test in this laboratory by Dr. French, the suscep-

tible groups being fed with corresponding quantities of desiccated

pancreas, kidney, muscle, and liver of sheep and dog. These organs

proved invariably less toxic than the thyroid.

3. When the thyroid is fed in toxic quantities, the most constant

symptoms in all the animal groups are loss of body weighl, gastero-

enteritis , and diarrhea . The loss of bodyweight usually appears and may
continue for some time before the enteritis and diarrhea are in evidence.

But in some cases, particularly in the ducks, the feeding terminated

fatally without any distinct digestive disturbance. In the same way,
the feeding may end fatally without any marked loss of weight. This

is particularly true for the ducks. It is obvious, however, that in an
investigation comprising as many animals as the present one and
extending over a long period a certain percentage of the animals will

die from causes not directly associated with the thyroid feeding.

Undue emphasis should therefore not be given to these exceptions,

but the ducks should be further investigated toucliing this point.

" The duck should probably be designated as omnivorous rather than as

carnivorous.
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4 In the groups in which the pulse could be recorded with accuracy,

thyroid feeding in distinctly toxic quantities does not produce tachy-

cardia Neither does the feeding result in nervousness or exophthal-

mttn any of the groups. The animals usually retain their appetite

Td" 11 feL until the gasteroenteritis is extreme or the ammal is mori-

bund. In view of our results in so many animal groups it would seern

that the records of exophthalmus obtained by previous o^ser-rs ^Y

thyroid feeding are based upon errors of judgment, and that the ner-

vousness and tachycardia similarly described are due to some other

factors than the thyroid feeding. This is clearly t^eja- in som

instances from the accounts of the experiments given by the authors

themselves; for example, in Cunningham's experiments on monkeys

It would require considerable imagination or an undue mfluence

of one's wish or one's judgment to identify the symptom complex

of excessive thyroid feeding in experimental animals with the exoph-

tha^c goitre syndrome in man. The symptoms in experimental

is may or Tay not be an expression of ^>Terthyroidism. Oth^^

Unes of investigation must determine that point. The symptoms are

not those of exophthalmic goitre.

6 It would seem that man is very much more susceptible to thy

roid feeding than any other species so far subjected to the experiment.

Because of^ tMs fad and in view of the higher or more dehca^ y

balanced nervous organization in man, the expression of h>Terth>

roidism in man may differ from that in the lower amn.aR It 1. there-

fore clear that the present study contributes nothing to the settlement

of the question of etiology of exophthalmic goitre in man, except m

so far as it renders untenable the argument from "expenm nta

hv-perthyroidism." Unfortunately, the monkeys are not smted for

eipcriments with thyroid feeding because of their great aversion

thyroid in their food. And as the opportunities to feed thyroid m

marked toxic quantities to normal and Wealthy humans are neces-

sarily rare, this phase of the question must remam unsettled for the

present.
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RELATION OF THE LIVER TO THE FIBRINOGEN

CONTENT OF THE BLOOD.

T

Bv WALTER J. MEEK.

[From Ihe Physiohgjcal Laboratory of the University of Wisconsin.]

'HE earliest work on the origin of fibrinogen was done by Claude

Bernard in 1848, Lehmann in 1851-52, and Brown-Sequard in

1869.^ These authors directed their attention to the distribution of

fibrinogen in various veins and arteries. They found the blood from

the liver and kidney very poor in this coagulating proteid, while the

mesenteric veins were rich. Conclusions were therefore drawn by

them and their followers that the intestines produced fibrinogen.

Dastre " reviewed this early work and in the main confirmed it. His

analyses showed more fibrinogen in arterial blood than in venous.

He decided that there must be certain organs which produce and

others which destroy fibrinogen. In the first class he placed the skin,

lungs, and mucous coat of the intestine; in the second class, the liver

and^ kidneys. This argument was strengthened by analyses showing

that the blood from the portal vein was especially rich in fibritiogen.

Later workers have criticised the methods used by these earUer authors

in determining the amounts of fibrinogen in the blood.

In recent years the origin of fibrinogen has been attributed not only

to the intestines but to the bone marrow and the liver. Mathews

'

revived the old ideas and concluded from a long series of experiments

that fibrinogen was produced in some part of the intestinal area. In

seven different animals he found that in all but one. blood from the

mesenteric vein was richer in fibrinogen than blood from the carotid.

Starting from observations that fibrinogen is regenerated after its

removal from the blood, he tested the power of cats to reform the pro-

1 BROWN-SfcQUARD: Joumal de physiologic, 1851, i, p. 298.

= Dastre: Archives de physiologie, 1893, v, pp. 686, 169, 327, 628.

=" Matuews: this Journal, 1899, iii, p. 53-
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teid after defibrination and excision of various organs. In this way he

decided that the spleen, pancreas, kidneys, lymph glands, and repro-

ductive organs had no part in the reformation. After extirpation of

the intestines, however, there was regeneration in only one of five

animals, and the amount in this case was very small. In the other four

animals the fibrinogen remaining after the defibrination had even

disappeared. Mathews' results were somewhat contradictory. Al-

though he found a decrease in fibrinogen after excision of the intes-

tine, he reported three experiments in which the mesenteric veins were

ligated, and three other experiments in which the coeliac axis as well

as the mesenteric veins were tied, all without any eftect on the amount

of fibrinogen in the blood. Mathews discovered a relation between

suppurating processes and the amount of fibrinogen. From the

results obtained by intestinal extirpation and by experimental sup-

purations he concluded that for the most part fibrinogen was formed

by leucocytic decomposition in the intestinal area.

Starting from the clinical observations that the amount of proteid

is increased in patients sufi^ering from infectious diseases, IMviller''

produced infections in guinea pigs and studied the proteid distribu-

tion in the blood and bone marrow. He found a marked increase in

the fibrinogen content of the bone marrow, and accompanying this

was an increase in the number of leucocytes and great lymphoid activ-

ity. He therefore concluded that the bone marrow was the chief

seat of fibrinogen formation. Morawitz and Rehn ^ came to a similar

conclusion in another way. They whipped the fibrinogen out of the

drawn blood, reinjected, and then sought carefully for the tissues

showing unusual activity during the period of regeneration. The

spleen and especially the bone marrow showed a great number and an

active proliferation of myelocytes. On this evidence the authors

decided that the bone marrow was a fibrinogen former.

Doyon and Kareff * in 1904 reported a single experiment in which

the portal vein of a dog was connected by a parafined cannula to the

vena cava by way of the hepatic vein. The lobes of the liver were

then excised. The animal lived only nineteen minutes after the com-

* Mt;i,LER: Beitrage zur chemischen Physiologic, 1905, vi, p. 454.

' Morawitz and Rehn: Archiv fiir experimentelle Pathologie unci Pharmaco-

logie, 1908, Iviii, p. 141.

• DoYON and Kareff: Comptes rendusde la Societe de Biologic, 1904, p. 612
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munication was established, but in that time the blood had become

completely non-coagulable. Doyon advanced this rather meagre

evidence in support of his contention that the liver was the seat of

fibrinogen formation. This h>pothesis he further supported by exper-

iments showing the failure of frogs to regenerate fibrinogen after re-

moval of the liver, and by cases of phosphorus and chloroform poison-

ing in dogs in which the disappearance of fibrinogen proceeded along

with lesions in the liver.

Nolf ' repeated the work of Doyon on liver extirpation in the dog

and failed to confirm it unless very special preliminary preparations

were made. He connected the portal to the right auricle by a long

cannula and joined the abdominal and thoracic venae cavas in the same

way. The liver was then entirely removed. Dogs subjected to this

procedure lived about two hours without any change being noted in

the blood. If however the operation was preceded by heavy meat

feeding, or if during the experiment there was injection of peptone or

stasis in the intestinal area, the fibrinogen might begin slowly to dis-

appear. In only two cases did the blood ever become completely

non-coagulable. Nolf decided that two factors were chiefly respon-

sible for the phenomena observed, namely, fibrinogen production and

fibrinogen consumption. He believed that the liver was producing

fibrinogen and thrombin. Leucocytes and endothelial cells were at

the same time consuming fibrinogen. His operative procedures by

extirpating the liver cut off the source of fibrinogen and by inject-

ing peptone stunulatcd the consumption of it by the leucocytes.

Nolf gave no quantitative estunates of fibrinogen at any stage of his

experiments.

In a recent paper Whipple and Hurwitz « have carefully studied the

effect of chloroform poisoning on the liver and fibrinogen content of

the blood. They found that fibrinogen disappeared at a rate exactly

corresponding to the amount of liver necrosis, and it regenerated at a

rate exactly corresponding to the rapidity of fiver repair. They con-

cluded that fibrinogen was either formed in the liver or was wholly

dependent on that organ for its production.

A rc\icw of the work done on the rclaticm of the liver to fibrinogen

formation, as well as suggestions from Dr. Eyster, led us to attack the

' Noi.f: Archives intcrnalionales dc physiologic, 1905, iii, p. i.

* WuiTPLE and Hurwitz: Journal of experimental medicine, 191 i.xiii, p. 136.
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problem b>' means of the Eck fistula. This operation would cause less

mutilation of the animal than the rtethods of Doyon and Nolf. In

addition wc planned to secure quantitative estimations of the fibrino-

gen at various stages of the experiments. After some preliminary

work on cats in order to develop the technique the following plan was

mapped out:

1. To find the normal rate of fibrinogen regeneration after it had

been reduced as much as possible in the blood.

2. To find if fibrinogen is regenerated after an Eck fistula.

3. To find the part played in regeneration of fibrinogen by the

arterial blood to the liver.

Technique.

Dogs were used in all of the experiments reported in this paper.

The Eck fistulse were made after a method described by Fischler and

Schroder.^ This consisted first in approximating the veins and sewing

them together at the lower margin of contact with a single row of

stitches. The threads from the uppermost stitch were left long. A
cutting thread was next placed in position. This passed into the lumen

of the portal, forward 1.5 cm., across into the lumen of the vena cava,

back 1.5 cm. and out. The ends of the cutting thread were left quite

long. The second row of stitches completing the anastomosis between

the veins at the upper margin of contact was next made. After allow-

ing a few minutes for small clots to cement the veins together, the ends

of the cutting thread were taken one in either hand and the opening

cut through by sawing back and forth with the cutting thread. An

assistant held the long ends from the uppermost stitch to support the

anastomosis during this procedure. There was usually very httle

hemmorhage, in fact none if the stitches had been laid carefully. This

method is practically the same as that described by Sweet '" except a

silk thread is used for cutting instead of a cautery wire. The method

is easier and seems more satisfactory in every way than the old methods

in which scissors are used to cut the openings in the veins.

Previous workers have determined the amount of fibrinogen in

• Fischler and Schroder: Archiv fiir cxpcrimcntellc Tathologic and Phar-

macologic, 1900, l.xi, p. 428.

" Sweet: Journal of experimental medicine, 1905, vii, p. 163.

\
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the blood in three different ways. The first method consisted in whip-

ping the fibrinogen from the blood in the form of hbrm. This was

ground up and washed in a mortar with water and normal salme until

the washings no longer gave a biuret reaction. The fibrin was then

caught on the weighed filter through which the washings had been

passed, washed free from chlorine, extracted with alcohol and ether,

and dried to constant weight.

The French workers as well as some of the Germans have used the

method of Reye." Reye found the percentage of ammonium sulphate

necessary to precipitate fibrinogen from plasma. Blood was first

drawn into a 3 per cent sodium fluoride solution until the fluoride was

diluted to .5 per cent. To every 10 c.c. of plasma secured after stand-

ing or centrifuging, there was added 25 c.c. of distilled water and 134

c c of a saturated solution of ammonium sulphate. On cooling in the

ice chest a flocculcnt precipitate appeared. This was caught on a

wei'-hed filter and washed with a corresponding strength solution of

ammonium sulphate until the washings no longer gave a biuret re-

action. The filter was then dried at 85° C. for twelve hours. The

precipitate of fibrinogen now coagulated by heat was washed with

hot water untU sulphur free, extracted with alcohol and ether, dried

for two hours at 100° C, and placed in the desiccator untfl constant

weight was maintained.

Whipple and Hurwitz'^ coagulated the fibrinogen by heating the

plasma from 58° to 60° C. for ten to twelve minutes. The fluo-

ride plasma was first made faintly acid with acetic. After heatmg

the coagulum was centrifugalized down and caught on a weighed

filter. , ,

In our experiments we have relied principally on the first method.

. As carried out by early workers this meth.,d was necessarily me.xact

since they knew little or nothing about the nature of thrombm and

the phenomenon of fibrinolysis. In our work washings from previous

clots were alwavs added to insure the presence of suflicient thrombm,

and the fibrin was removed from the blood as soon as whippmg was

completed. With these precautions the method seemed reliable enough

for the comparisons we have made. It was impossible to use the pre-

' Langstein und Mayer: Beitrage zur chemischen Physiologic, 1904, v,

p. 6().

'- Wiiunn.i; ami Hurwitz: L(K. r!l.
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cipitation methods entirely on account of the large amount of blood

required. However in every set of experiments a few determinations

were made by the method of Reye. This method is more accurate

than the former, but with the small amounts of blood at our disposal

the error must have been correspondingly large. The percentage

increase or decrease, however, always agreed closely with the first

method. Determinations were not made by heat coagulation because

the experience of most phj-siological chemists has been that such

methods are unreliable. The coagulation point of a' protein varies

widely with the slightest differences in acidity, salt content, rate of

heating, and even protein concentration. These factors are of course

beyond control. Chick and Martin," after recently investigating

anew the subject of heat coagulation cf proteins, have even said that

it is improper to speak of proteins as having any particular coagula-

tion temperature at which they are thrown out of solution. In all

cases the fibrin obtained by whipping or the fibrinogen precipitated

by ammonium sulphate was dried for two hours at ioo° C, re-

placed in the weighing bottle and kept in a desiccator over sulphuric

acid. Weighings were then made daily until a constant weight within

.2 mg. was obtained for three successive days.

Rate of Fibrinogen Regeneration.

That fibrinogen can be reformed in the body after its removal from
the blood has been known many years. Dastre" reported Magendle
to have first discovered that the fibrinogen might be removed from an
animal by successive bleedings, defibrination, and reinjection. In the

horse at the end of fifteen to sixteen days the total amount of fibrinogen

was greatly increased by this treatment. Dastre confirmed these

results. Doyon'^ has described experiments in one of which the amount
of fibrinogen rose from .11 gm. to 1.8 gm. per 1000 c.c. of blood in nine

and one half hours. Mathews found in the cat that in thirty-six to

seventy-two hours the amount had returned to normal and afterwards

might be found in excess. Whipple and Hurwitz also found a regenera-

l\ CmcK and Martin: Journal of physiology, igio, .\1, p. 404.

h\Dastre: Archives de physiologic, 1893, v, p. i6g.

15 pOYON: Comptes rcndus de la Societe de Biologic, 1906, lix, p. 860.
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tion in excess as the liver recovered from the effects of chloroform

'thfhrst point to be determined in our experiments was whether

this regeneration would occur under ether anesthesia and in the

our or five hours at our disposal for a single experiment. Accord n^y

a dog was placed under ether anaesthesia and samples ^^ ^ °°d
^^f

^^^

1 the cLtid, defibrinated by whipping and -njected m the m-

oral vein. In this manner about one fifth to one sixth of the total

b ood can be drawn at each bleeding. Eight or nine bleedings great y

1 ver the fibrinogen content of the blood, although 1 is ch^cult t^

render an animal fibrinogen free. Durmg injection the bbod was

kept at body temperature. The amounts of fibrmogen as fibrin were

determined It the'beginning, after the last bleeding and at the end of

the experiment. A protocol of one ex-periment is submitted.

Do, No. 6. March 31. -10.15 A. M. Ether anesthesia. Cannulas placed

in carotid for bleeding and in femoral for reinjcction.

10 « A M Bled 51 cc. Whipped until no more fibnn formed.

Fibrin subsequently found to be .0802 gm. or 1.570 gm- per 1000 cc.

'''1'8'a.M. Bled 97 cc. and at same time reinjected prmous

sample. This order of bleeding, defibrination, and remjection followed

in all of the succeeding samples.

10.43 A. M. Bled 93 c.c.

10.47 A. M. Bled 66 c.c.

10.52 A.M. Bled 108 c.c.

10.5S A. M. Bled 95 c.c.

11.04 A.M. Bled 104 c.c.

11.08 A. M. Bled loi c.c.

II.n A. M. Bled loi c.c.

11.18 A.M. Bled no c.c. This sample conlamed .019 gm. of

fibrin or .172 gm. per 1000 c.c. of blood.

3.20 p. M. Bled 75 c.c. This sample contamed .0264 gm. of

fibrin or .352 gm. per 1000 c.c. of blood.

This experiment showed quite clearly that fibrinogen is regenerated

even more rapidly than generally supposed. The rate of regeneration

was detennined in two other dogs. Table I summarizes these results^

Under experimental conditions in from three to hve hours after de-

fibrination the fibrinogen may increase over 100 per cent.
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Regeneration of Fibrinogen after an Eck Fistula and
Ligation of the Portal Vein.

So far as we have been able to find, no one has ever studied the

fibrinogen content of the blood before and after an Eck fistula. Nolf

and Doyon entirely extirpated the liver, although the literature occa-

sionally credits them with having made a fistula. Our idea was to

reduce the fibrinogen of the blood by whipping, make a fistula, and

TABLE I.

Rate of Fibrinogen Regeneration after Partial Defibrination. The Figures
INDICATE the AMOUNT OF FIBRINOGEN PER 1000 C.C. OF BlOOD.

Initial amount.
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10.20 A. M. Bled 88 c.c. Whipped and reinjected.

10.30 A. M. Bled 90 c.c. Whipped and reinjected.

10.36 A. M. Bled 42 c.c. Fibrin in this sample equalled .414 g^-

per 1000 c.c. of blood.

10.45 A. M. 28 c.c. of blood drawn into 14 c.c. of sodium oxalate.

Fibrinogen by method of Reye equalled .720 gm. per 1000 c.c. of

plasma.

1.45 P.M. 28 c.c. of blood drawn and determined by method ot

Reye. Fibrinogen equalled .900 gm. per 1000 c.c. of plasma.

1.46 P.M. Bled 50 cc. and whipped. Fibrin equalled .512 gm.

per 1000 c.c. of blood.

This experiment showed a marked increase in fibrinogen after

establishing the Eck fistula and ligating the portal. The result was

hardly to be expected, judging from the work that has accumulated

to show that the Uver is the seat of fibrinogen formation. The proto-

col shows that the two methods of determination agree in the main.

The figures for fibrinogen are naturally higher than for fibrin, since

they refer to the plasma. The percentage increase, however, is close,

being 23 per cent in one and 25 per cent in the other.

Table II gives the results of eight experiments similar to the one

described above. In sk of these there is a decided increase in the

amount of fibrinogen. In the fourth there is a loss of 6 mg. per 1000

c.c. of blood, a figure of course within the limits of experimental error.

The fifth experiment shows an appreciable loss of fibrinogen after the

fistula. It may well be that in certain animals the shock of such an

operation as the fistula has lowered the power of the fibrinogen form-

ing parts. The data presented seem sufiicient. however, for concludmg

that fibrinogen may be reformed even after the portal blood is entirely

diverted from the liver.

Regeneration of Fibrinogen after Eck Fistula and Ligation

OF THE Hepatic Artery.

Our hypothesis thus far had been that fibrinogen was made by the

liver from constituents of the portal blood. The data presented in

Table II show that either other organs may produce the substance or

that the liver may use arterial blood for that purpose. To help settie

this pointwedid the usual Eck fistulaan.l in addition ligatod the hepatic
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artery. This amounted to an extirpation of the liver, since the only

connection remaining with the circulation was the hepatic veins. A

T.ABLE II.

Rate or Fibrinogen Regeneration after Eck Fisthl-e and Ligation of the Portal
Vein. Figures give Fibrin Content or 1000 c.c. of Blood.

Initial amount.
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Not only had no fibrinogen been formed in these experiments, but

the amount remaining after partial defibrination had d^-PP--^;^

large part or entirely. In the first two experiments the fibrmogen ^^ a

1 m^surable, although there was not enough to fon. a no^a

blood clot. In the third no fibrin could be detected and the blood

remained non-coagulable indefinitely. ^^
ff^^^^f^^^"^

n.al clots as well as tissue extracts were added without results There

was evidently a reduction of coagulating proteid and m the last exper

iment an absence of the substance altogether.

Our experiments have shown that without any disturbance of the

Uver circulation fibrinogen may be regenerated as much as 100 per

cent in three hours. With the portal blood diverted this rate of re-

generation has dropped to an average of about 40 per cent. \\ hen the

Lr has been extirpated the power of regeneration has been entire^
.

lost and the fibrinogen remaining in the blood has disappeared. The

sSplest explanation of this series of results is that the hver forms

fibrLgen from some constituent of the blood. The richest b od

supplv to the liver is of course the portal, and from this source most o

tie fibrinogen is made. When this supply is removed, the liver make

use of the arterial blood and still continues to form a certam amount of

fibrinogen. "This explains why in all the Eck fistula l^teratu- there

no mention of the dogs' blood ever becommg non-coagulable, a fact

that has been puzzling to those who believed in
^^^fl'^^;'l\^^

fibrinogen. Anatomically there is no reason why arterial blood to the

liver ntay not be used in this way. Confirmatory exadence that the

liver may use arterial blood in its various activities has been offered

by Voec^tlin and Bernheim.'' They recently found that the formation

of bile continues after an Eck fistula and ligation of the portal

The only other explanation of our results seems to be that the hver

may be sending a hormone to some distant organ thus stmiulatmg

it to fibrinogen formation. This does not seem probable. If such a

substance were constantly being thrown into the blood, one n.ght

expect enough of it to be present to keep up the fibrinogen formaUon

for some time after extirpation of the liver. Fibrinogen, however,

seems to decrease in amount at once.

In view of the work reported here it would seem probable that

n ^-oEC.TLIN and Bernheim: Journal of pharmacology and experimental

therapeutics, 1911, ii, p. 455-
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the results obtained by Mathews on extirpating the intestines should

be referred lo the liver instead of the intestines. Our experiments

showing that after removal of the hver there is a disappearance of fibrin-

ogen confirm the work of Nolf. This author found, however, that it

disappeared only after very special procedures, among which were

injection of peptone and stasis in the intestinal area. Our experi-

ments indicate that partial defibrination is another procedure hasten-

ing its disappearance.

TABLE IV.

Decrease in Fibrinogen after Eck Fistul.^ and Ligation of both Portal Vein
AND Hepatic Artery. Figures give the Fibrin Content of 1000 c.c. or Blood.

Initial amount.
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re.ulir decreases The diminution at the end of two or three hours

s ptbab
"0

^^^^^^^^ than we should expect from the dilution of the

E iciioned by the absorption of water from the t.sues m o^^^^

to make up for the voknne lost by the hemorrhage of the operation

anc^ie^^Hhdrawal of blood for the analysis. The disappearance of

fibinoger^n chloroform poisoning, as reported by the ---^--^-;'

feems t be sufficient evidence, however, for bel evmg that fibrmogen

s ut liled in some wav by the body. Quite Ukely our experiments

did noTallow sufficient time for the reduction in amount to become

clearly apparent.

Summary.

, Fibrinogen is regenerated at a rapid rate in the dog after partial

deftbrinatiom In thr^ee hours the amount may be increased as much

";"
f't" rLk fistula and ligation of the portal vein, fibrinogen is

still reformed after partial defibrination but at a slower rate.

AfteTan Eck fistula, ligation of both portal vem and hepati

artery and partial defibrination, fibrinogen is no longer reformed, and

the amount remaining in the blood rapidly disappears.

4 The experiments reported do not clearly ^^ow a reduction in

fibrin gen after extirpation of the liver without partial defibnnati n

The simplest explanation of these facts is that the ^ver 1
self

forms fibrZen The necessary material is furnished by the blood

ofThe poTaWein for the most part, but if this supply is cut o^ the

hver makes use of material reaching it by way of the hepatic arter>

.

The d" ppelrance of fibrinogen from the blood after rts seat o or-

lation is Loved probably means that the substance p ays some rde

rbodilv metaboliL. Another explanation of the phenomena ob-

served might be that the liver conditions the fonnation of fibrinogen

Ts-^^e dltant organ by means of a hormone or other stimulatmg

mechanism.



FASTING STUDIES.— IX. ON THE DIFFERENTIAL LEUCO-
CYTE COUNT DURING PROLONGED FASTING.'

By PAUL E. HOWE and P. B. HAWK.

[From the Laboratory of Physiological Chemistry of the University of Illinois.]

/^^HANGES in the distribution of the various forms of leucocytes in
^^ the blood during prolonged fasting have received but little atten-

tion. In the majority of the fasts reported, the obser\^ations were
confined to the enumeration of the erythrocytes and leucocytes and
the estimation of the haemoglobin.

Tauzk- examined the blood of Succi, and observed a decrease in the

relative number of mononuclear lymphocj'tes and an increase in the

eosinopliile and polymorphonuclear leucocytes during a thirty-day

fast.

Benedict/ in a more recent study of the variations in the different

forms of leucocytes as the result of fasting, reports results from the

blood of one individual during two fasts, accompanied by data from the

intervening and final feeding periods. The subject presented, normally,

a condition of leucocytosis. The difi'erential count of the leucocytes

showed in general an increase in the number of polymorphonuclear

leucocytes in both fasts; he states, however, that "in neither instance

did the percentage reach a distinctly pathological level." The small

l}-mphocytes were below the normal during both fasts, with two ex-

ceptions, the second and final days of the seven-day fast. The relative

number of large lymphocytes was above normal during the last two
days of the seven-day fast and entirely above during the following fast.

' Reported before the American Society of Biological Chemists at the New
Haven meeting, December, 1910. Proceedings of tlie Society of Biological

Chemists, 1910, p. 15.

^ Tauzk: Orvosi hetilap, Budapest, 1894, 512; abstract from Jahresbericht

ubcr Thier-Chemie, 1894, xxiv, p. 147.

' Benedict: Metabolism in inanition, Carnegie Publication, 1907, No. 77.

'74
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The eosinophiles were in general low and the mast cells high during

both fasts.

Chartcris" reports the percentage distribution of the leucocytes of

Beaute during a fourteen-day fast, and calls especial attention to the

gradual increase in the number of eosinophilic leucocytes. He does

not lay any stress upon the variations in the other forms of leucocytes,

and a consideration of the data presented shows that while there ap-

pears to be a tendency for the polymorphonuclear leucocytes to

increase and for the small lymphocytes to decrease, still the variations

which occur do not greatly exceed the possible normal fluctuation m

the differential distribution of these cells.

The results of experiments reported upon dogs (Luibomudrow,*

Keuthe«) are conflicting. Luibomudrow investigated the changes

in the various forms of leucocytes of fifteen dogs which fasted to

a loss of 20 per cent of the original body weight. His data indi-

cate an increase in the percentage of pol>Tnorphonuclear leucocytes,

a decrease in the percentage of the small mononuclear lymphocytes

and the presence of eosinophiles (which did not occur normally) as

the results of fasting. Keuthe's data, on the other hand, indicate

exactly the opposite efi'ect; his observations were made upon but one

dog during two short fasts, one of eight days and the other of three

days, the preUminary periods of which were entirely different. This

latter fact is of great significance, since he shows in the same paper

that the diet exerts an influence upon the relative numbers of the vari-

ous forms of leucocytes in the blood stream.

Poletaew,' Okintschitz,* and Kallmark" have studied the changes in

the leucocytes in the blood of rabbits as the result of fasting. These

authors report a decrease in the relative number of both the poly-

morphonuclear leucocytes and of the l>Tnphocytes. Poletaew and

Okintschitz also demonstrate an increase in the number of large mono-

* CiiARTERis: Lancet, 1907, p. 685.

' LuiDOMUDROW: Dissertation, St. Petersburg, 1893, quoted by jMihlmann:

Centralblatt fur allgemcinc Tathologic, 1890, x, p. 183.

" Kkuthe: Deutsche medicinischc Wochcnschrift, 1007, xxxiii. p. 5S8.

7 Poletaew: Archives de sciences biologiqucs de St. Petersburg, 1893, 11,

P- 795
8 OKiNTScmTZ: Arctiiv fiir experimentellc Pathologic und Pharniakologie,

1893, xxxi, p. 383-

» Kallmark: Folia hxmatologica, 1911, xi, pi. 1, p. 411-
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nuclear IjTnphocytes and of the eosinophiles. The data reported by

Kallmark show an increase in the number of eosinophiles, but do not

demonstrate the changes in the large mononuclear lymphocytes, since

he includes this form of cell with the small lymphocytes. After the

initial decrease in the number of lymphocytes Kalhnark shows that the

percentage of this form of cell remains practically constant at all

times, there being a decrease at the beginning of the fast, which returns

to approximately the normal and an increase upon the ingestion of

food. His explanation of this phenomena will be considered later.

The differential count of the leucocytes of normal dogs has been

made by Busch and Bergen,'" who show the following relations: Lym-

phocytes 21 per cent, large mononuclear lymphocytes 6.8 per cent,

pol>Tnorphonuclear leucocytes 65.7 per cent, eosinophiles 5.3 per cent,

and mast cells rare. They state that the polymorphonuclear leuco-

cytes show the least, and the eosinophiles the greatest, variation; with

a high polymorphonuclear percentage there is a small percentage of

lymphocytes, and with a high percentage of eosinopliile there is a low

percentage of polymorphonuclear leucocytes.

Description.

Differential counts were made of the leucocytes on blood smears

obtained during the fasts of four dogs and two men. The lengths of

the fasts were as follows: Dog No. i, two fasts— one of fifteen days

and a second of thirty days; Dog No. 2, a fast of forty-eight days;

Dog No. 3, a fast of one hundred and seventeen days," and Dog No.

6 (a pup), a fast of seven days. The two men fasted simultaneously

for seven days. The blood was examined during an intermediate

feeding period of forty-eight days in the case of Dog No. i and during

a period of eight days following the fast in the case of the men. An

examination of the blood under normal conditions previous to the

fast was made in each case. Each subject received a constant quan-

tity of water per day. The conditions of experimentation and a de-

scription of the subjects are found in previous publications from this

laboratory." The blood utilized in the preparation of the smears

'» Buscn and Bergen: Report of the Laboratory of the University of Buffalo,

1903, No. 2 (Folia hxmatologica, 1904, i, p. 783).

" Howe, Mati-ill, and Hawk: Proceedings of the .\merican Society of Bio-
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was taken from the ear in the case of the dogs and from the finger in

the case of the men. The staining was done by the method devised

by MacNeal.'^ A distinction was made between the foUowmg types

of leucocytes, polymorphonuclear leucocytes, small lymphocytes,

larcre l>TTiphocvtcs, transitionals. eosinophiles, and basophiles. The

results contained in the accompanying tables show only the changes

which occurred in the percentage distribution of the leucocytes; t. e.,

in cases where there was a variation of more than i to 2 per cent,

this result is reported and all Subsequent counts are at this value until

another change occurs. Where individual days are recorded these

are counts for but the one day. The data recorded as normal are an

average of at least two counts. Wherever a marked change m the

percentage distribution occurred a count was made upon a second

smear and the average taken.

Discussion.

The distribution of the dilTerential forms of leucocytes in the blood

of dogs under normal conditions shows but slight variation. This may

be seen from the accompanying illustrative tables. An average of

the results obtained, including the two normal periods of Dog No. i,

is as follows: polymorphonuclear leucocytes 48 per cent, small hiiT-

phocytes 45 per cent, large lymphocytes 4 per cent, transitionals

1.3 per cent, eosinophiles i.i per cent, and basophilic cells occa-

sional. These results differ from those of Busch and Bergen,"

being lower in the percentage of polymorphonuclear leucocytes, large

h-mphocytes, and eosinophiles, and higher in the percentage of small

lymphocytes. This difference may be due to the dietary variation,

which may exert an influence upon the percentage distribution of the

leucocytes (Keuthe).'^

As the result of an initial fast three of the dogs (i, 3, and 6) showed

logical Chemists, 1909, p. 260; Journal of the .\merican Chemical Society, 191 1,

x.xxiii, p. 568; Journal of biological chemistry, 1911, x, p. 417, and 1912, xi, p.

loy, Howe and Hawk: Journal of the American Chemical Society, 1911,

x.\xiii, p. 215. ...

" MacNeal: Journal of the American Medical Association, 1907. xlviii,

p. 600.

" Bl'sh and Bergen: Loail.

" Keutiie: Lac. cil.



178 Paul E. Uoicc and P. B. Hawk.

TABLE I.

Differential Leucocyte Count. (Percentages.)
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a decrease in the percentage of poI>Tnorphonuclear leucocytes, with

an accompanying increase in the percentage of small l\-mphocytes,

while the blood of the remaining dog (2) showed exactly the reverse

TABLE II.

DiFFERENTI.M LEUCOCYTE CoUNT. (PERCENTAGES.)
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condition of this dog, which was distinctly emaciated and anemic at

the beginning of the fast.

The repeated fast of Dog No. i did not show the same changes in

the differential distribution of the leucocytes as occurred in the initial

fast. During the repeated fast all of the forms of cells with the excep-

tion of the large lymphocytes remained practically constant, although

the fast was twice the length of the first fast (fifteen days and thirty

days). This constancy observed in the differential counts of the

second fast we would interpret as due to the influence of repeated

fasting. Upon the ingestion of food following the first fast the leuco-

cytes returned to their normal relative proportions.

The decrease in the percentage of polymorphonuclear leucocytes and

the increase in the small lymphocytes in the case of the normal dogs

as the result of a prolonged fast were of practically the same magni-

tude. The value at the end of each fast was between 26.4 per cent and

21.2 per cent for the polymorphonuclear leucocytes, or a decrease of

approximately 50 per cent from the normal, and between 69.6 per

cent and 63.2 per cent for the small Ijonphocytes, or an increase of

about 50 per cent as compared with the normal distribution. These

changes, which occurred as the result of prolonged fasting (until the

inception of the premortal rise in nitrogen excretion), are more

nearly in accord with those obtained by Liubomudrow'^ in his shorter

fasts. The constant relation observed by Kallmark'^ between the

leucocytes in the case of rabbits is not apparent in our data. This

author considers that the thjinus and lymph glands are concerned

with the maintenance of a constant relation between the various

forms of cells. The variations observed as the result of fasting and

of the ingestion of food after a fast he ascribes to a lag in the ac-

tivities of these organs such that with "the increased consumption of

lymphocytes, which he conceives as taking place, there is not an im-

mediate increased production of lymphocytes; the result is a tempo-

rary decrease in this form of cell.

The data obtained from the two fasting men indicate an increase

in the percentage of the polymorphonuclear leucocytes at the beginning

of the fast, followed by a decrease below the normal at the end of seven

'^ LiuBOMtn)ow: Loc. cit.

" Kallmark: Loc. cil.
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days- the opposite conditions held for the l>-mphocytes. There was

an increase in the percentage of large lymphocytes during the earlier

part of each fast. Subject E showed an increase in the eosmophihc

leucocytes which continued through the post-fasting feeding penod.

As the result of the ingestion of food following the fast there was a

tendency for all the forms of leucocytes to return to the normal.



ON THE RELATION OF VENTRICULAR TONUS TO THE
CAUSATION OF THE HEART BEAT.

By E. G. martin.

[From the Physiological Laboratory in the Harvard Medical School.]

THE problem of the causation of the heart beat has been studied

by many investigators and from various angles. One fruitful

line of research has concerned itself with the effects of solutions of the

blood salts on rhythmic activity. In experiments of this sort the

tissues under examination often show, in addition to specific rhyth-

micity, well-marked tonus influences. These latter have seemed, in

the experience of certain investigators, to be so constantly associated

with particular conditions of rhythmicity as to indicate a fundamental

relationship between the influence of the blood salts on cardiac rhyth-

micity on the one hand and on cardiac tonus on the other. Thus

Howell,^ in analyzing the heart's automatic activity, associates the

functions of sodium and calcium salts in the rhythmic process with

definite tonus influences e.xerted by them. His position, in brief, is

that the tone loss shown by heart tissue in solutions of sodium salts

indicates that sodium is concerned in the relaxation process; while

the increased tone produced by calcium shows calcium to be concerned

in the process of contraction.

S. R. Benedict- has advanced a more elaborate hypothesis in which

he assumes that the abihty of heart muscle to show spontaneous

activity is definitely associated with a certain tonic state. The effects

of various substances upon cardiac rhythmicity depend, according

to Benedict, on whether they raise tone or lower it.

The question seems to me of enough importance to merit a more

exhaustive consideration than it has yet had. I have therefore made

a detailed study of the tone changes shown by ventricular tissue of

' Howell: this Journal, 1901, vi, p. 199.

2 Benedict: this Journal, 1901;, xiii, p. 192; also 190S, xxii, p. 16.
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turtles in more than one hundred and fifty experiments, extending

over a period of eight years, and including a large variety of experi-

mental conditions. .

Method of comparing tone changes.- In most of my experiments

with ventricular tissue the strip method of Greene^ has been used.

This method is highly satisfactory in general. When one attempts,

however, to make comparative studies of the tone changes shown by

a large series of strips, the difficulty of establishing a valid cnterion for

the extent of the changes is at once encountered. To measure tone

variations in percentages of resting length is objectionable because

the resting length itself changes with every '^h^'^'^g;:/';.^^^"^- .^ 7':

over, in cutting a succession of strips there is every likelihood that the

arrangement of contractile elements will vary greatly from strip o

strip, so that the measured length and the effective length may easily

be quite different. i^^t^^

As a basis for comparative study of tone changes I have selected

the maximal height of spontaneous contraction shown by the strip

when immersed in 0.7 per cent sodium chloride. This value is one

which occurs in nearly all experiments with ventricular strips, since

the usual method of initiating spontaneous beats in such strips is by

immersing them in s-^dium chloride solution. The height of contrac-

tion can be measured with great accuracy on the same record on which

tone changes are measured. The magnification of the heart lever

need not be taken into account, since it is the same, in any experiment,

both for contraction height and for tone variations.

These are practical reasons why the recorded height of contraction

is a useful basis on which to compute percentage tone changes. Us

emplovment involves the assumptions that the height of contraction

of heart strips subjected to simple and uniform treatment will vary

with the effective length, and that the effective length for ordmary

contractions bears a reasonably constant relation to the effective length

for tonus variations. Our knowledge of the actual mechanism of

ordinary and tonus contractions is not adequate either to prove or

disprove these assumptions, and in the absence of knowledge assump-

tions must be used with caution. I consider them justified in his

instance by the experimental observation that in strips immersed in

' Greene: this Journal, 1898, ii, p. 8?.
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sodium chloride solution the tone loss bears a definite relation to the

initial height of contraction whether this height be great or small. I

have studied records of thirty-two experiments in which strips were

immersed in 0.7 per cent sodium chloride solution to the point of "ex-

haustion." The initial height of contraction, as shown on the record,

ranged from 13 mm. to 30 mm. I distributed the experiments in five

groups according to their initial contraction heights and obtained the

following average hour percentage tone losses.^ For a contraction

height of 13-15 mm. (three experiments) the average was 26 per cent;

16-18 mm. (five experiments), 30 per cent; 19-21 mm. (eight experi-

ments), 26 per cent; 22-24 rnni- (ten experiments), 25 per cent;

25-30 mm. (six experiments), 24 per cent. The hour percentage tone

loss held practically constant, v. hile the height of contraction more

than doubled— a result that could scarcely be purely accidental, and

that indicates a definite relationship between initial height of con-

traction and tonus loss, on the one hand, and effective length on the

other.

Media employed.— In choosing the various media whose effect

upon ventricular tissue was to be studied, I have been guided through-

out my work by two principles: first, that the only substances to

which we know the heart to be adapted are those present in the blood;

as soon, therefore, as we subject it to the iiifluence of other substances

than those, we introduce abnormal conditions, and thereby lessen

the value of whatever conclusions we may wish to draw from our ob-

servations; second, that the heart is adapted to the blood constituents

in certain definite, so-called physiological, concentrations; we are

* Since different experiments occupy different amounts of time, allowance

must be made for the duration of the tonus effect. This allowance I have made

by reducing the observations to an hour basis. Comparisons are thus furnished

between hour percentage changes. For example, if a strip gives on the record an

initial height of contraction of 20 mm. and in a period of two hours relaxes so as

to show a fall of base line of 8 mm., the actual hour tone loss is 4 mm. and the hour

percentage loss 20 per cent. Where the period of the tone change under obser-

vation was less than an hour I treated it as though the change would continue

uniformly till the hour ended, multiplying the observed tone change by the frac-

tion of an hour it endured. Tone changes continuing for longer periods than ah

hour were treated as though they were uniform throughout their period, unless

there were obvious variations in the rate of change; in such cases the period was

subdivided so as to give substantially uniform rates of change for each interval.
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not entitled to interpret effects produced by solutions excessively

concentrated as nothing more than higher degrees of the eflects pro-

duced by the same solutions in physiological concentrations; there

may be qualitative as well as quantitative differences. This possi-

bility, which has recently been pointed out by Hoskins" for adrenalin,

applies with equal force to all substances by which tissues are aflected.

The chief media I have used are 0.7 per cent sodium chloride, Ringer s

solution (0.7 per cent sodium chloride, 0.026 per cent calcium chloride,

0.04 per cent potassium chloride), a mixture of sodium and calcium

chlorides in the same proportion as in Ringer's solution, 0.025 per

cent calcium chloride solution, and 0.7 per cent sodium chloride made

alkaline with sodium carbonate. Some or all of these media have

been used, freed as far as possible of oxygen by brief boiling, saturated

with atmospheric air or with pure oxygen, or in some cases haying

bubbluig through them carbon dioxide, hydrogen, or nitrogen. Solu-

tions through which hydrogen is bubbling are of course abnormal to

heart tissue. My use of this gas was to minimize the taking up of

atmospheric oxygen by the solutions at the surfaces. There was

never any indication that the gas exerted positive influence on the

tissue. I have obtained very interesting results by withdrawing

strips from the solutions in which they were bathed and leaving them

in moist air. This treatment seems to me to be valid, in view of the

complete saturation of the tissue with the solution from which it is

taken The effect is to confine the interchanges between cells and

bathing medium to the restricted amount of the medium contained

in the intercellular spaces. Since there is thus likely to be a some-

what prompt establishment of equilibrium throughout the mass, the

experiments with moist air may be peculiarly instructive.

The effect on tone of isolating ventricular Ussue from its blood supply. -

The mechanical stimulation inevitable in the preparation of ven-

tricle strips for experimentation throws them into a state of strong

tonic contraction. This tonus of manipulation resulting from ex-

cessive mechanical stimulation possibly corresponds to the tonus

of excessive electrical stimulation ndted by Fischel^ and others.

The first effect observed after the strip has been placed in position is

5 HosKiNS: this Journal, 1Q12, xxix, p. 366.
, , . q

« Fischel: Archiv ftir cxpcrimcntcUc Palhologie und rharmakologic, 1897,

xxxviii, p. 228; Scmii.TZ: this Journal, looS, xxii, p. i.s6.
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a rather rapid relaxation from the condition of high manipulative

tone. This first relaxation seems to be essential. I know of no bathing

medium which hinders it appreciably. The rapid initial relaxation

continues for not more than twenty or twenty-five minutes at the

longest. Some average hour percentage values for the initial relaxa-

tion, compared with the heights of subsequent contractions in sodium

chloride solution, were: for 0.7 per cent sodium chloride, 250 per

cent; for 0.7 per cent sodium chloride saturated with oxygen, 200 per

cent; for sodium chloride and calcium chloride in the proportions

used in Ringer's solution, 230 per cent; for moist air, 350 per cent.

Following the initial rapid relaxation, the characteristic tone change

of excised ventricle tissue is a much slower but continued relaxation

which may go on for many hours. I have numerous records of con-

tinuous relaxation during twelve to fifteen hours, and several where

the strip relaxed steadily for twenty-four hours. The rate .of this

secondary relaxation is higher during the first hour or two than later,

and is modified to some extent by the medium surrounding the tissue.

Thus the average hour percentage loss during the early part of the

period of secondary relaxation was for 32 strips in 0.7 per cent sodium

chloride, 26 per cent; for 4 strips in Ringer's solution, 40 per cent;

for 7 strips in moist air, slightly above 50 per cent; for 5 strips in

sodium chloride saturated with oxygen, 26 per cent; for 5 strips in

sodium and calcium chlorides in the proportion of Ringer's solution,

24 per cent. All these figures are concerned with a period of sec-

ondary relaxation lasting about one hour. The media in which relaxa-

tion continued for a long time were sodium chloride, kept saturated

with oxygen, and moist air applied after sodium chloride exhaustion.

The average duration of activity of strips in sodium chloride kept

saturated with oxygen was about ten hours; the average hour per-

centage loss for the entire period was 7 per cent. Strips which have

been "exhausted" in sodium chloride solution and then transferred

to moist air virtually always, in my experience, continue to relax in

this latter medium, often for many hours. In twelve experiments the

average duration of the moist-air period was thirteen hours, the aver-

age hour percentage tone loss was 4.5 per cent.

Media which induce increased tonus. —Benedict ' lists as the strongest

' Benedict: Loc. cit., p. 28.
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tone-raisers, oxygen, calcium chloride, and sodium carbonate, and

attributes the improvement in beat induced by these substances

after sodium chloride exhaustion to their tone-incrcasmg mllucnce.

I have observed the effects of these substances in a great many

experiments, and have been led by my observations to differ

somewhat from Benedict's statements, both with reference to the

tone-raising properties of these substances and to the relationship

between their tonus influence and their effects upon rhythmicity

One of Benedict's strongest tonus increasers is oxygen. I have pointed

out elsewhere « that the rhythmic activities of heart strips are pro-

moted by abundant supplies of atmospheric oxygen as well as by

treatment with pure oxygen. Two situations in which improved beat

follows oxygen application are: passing a stream of air or oxygen

through a 0.7 per cent sodium chloride solution in which a strip is

nearly or quite exhausted ; and transferring a strip exhausted in sodium

chloride solution to moist air. In eight experiments in which air or

o.xygen was turned into a sodium chloride solution with consequent

improvement of beat of the contained strip, the tone continued to fall

in seven experiments, but rose for an hour in one, later falUng agam

for five hours. In twenty-nine experiments in which recovery from

sodium chloride exhaustion followed transfer of the strip to moist

air, relaxation continued uninterrupted in twenty-eight, and in one

there was evidence of a slight tone increase at the moment of transfer,

followed shortly by continuous relaxation. In some of these experi-

ments the moist chamber was filled with pure oxygen, without ob-

vious difference of elTect on the tissue.

While I differ thus from Benedict with regard to the tone-raismg

powers of oxygen, I wish to recall what I have previously reported,^

that strips subjected to the combined influence of oxygen and calcium

chloride show much greater tonus increases than when treated with

either substance by itself. My contention is not that oxygen is never

under any circumstances a tone-raiser, but that its influence on tone

is distinct from its power to bring about increased activity.

I have not observed the effects of immersing strips in pure sodium

carbonate solutions, but excellent recovery after sodium chloride

exhaustion can usually be obtained by the use of sodium chloride

8 Martin: this Journal, 1906, x>', p. 307.

^ Martin: Loc cit., pp. 30S, 311.
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solution made alkaline with sodium carbonate. This alkaline solu-

tion, in my experience, is not a constant tone-raiser, nor is recovery

of function following its use always associated with rising tone. I

have many records of excellent recovery with continuous loss of tone,

and a number in which the alkali induced a marked rise in tone with-

out causing any improvement in beat.

The blood constituent which most consistently brings about a rise

in tone in heart strips is calcium chloride. Even this substance, how-

ever, by no means invariably increases cardiac tone. I have pointed

out above (page i86) that fresh strips bathed in mixtures of sodium

and calcium chlorides in the same proportion as in Ringer's solution

show continuous relaxation for considerable periods. In order to

obtain tone increase in fresh strips by means of calcium chloride, the

solution must be oxygenated or else the concentration of the salt must

be markedly greater than in Ringer's solution.

Calcium chloride in physiological concentration acts most effec-

tively to cause increase in tone when apphed to strips that have been

previously exhausted in sodium chloride solution. I have pointed out

elsewhere "* that in this situation also the reviving power of calcium

chloride is most marked. Are we to conclude from this coincidence

that the power of calcium chloride to bring about recovery is neces-

sarily associated with its tone-raising property? A careful analysis

of the behavior of strips under treatment with calcium chloride shows

that the two properties may well be wholly independent. In ten

experiments in which excellent recovery of inactive strips was brought

about by calcium chloride I determined the time during which the

tone rose, and the time elapsing between the point of maximum tone

and the point where the tone fell again to the level it showed before

the calcium chloride was applied. The period of rising tone varied

between one and seven minutes, averaging 3.4 minutes. The time

required for the tone to fall to the former base line varied between four

and forty minutes, averaging 17.6 minutes. In every one of these

experiments the improvement in beat persisted for hours after the

application of the calcium-containing solution, and was accompanied

by a continuous fall in tone. Obviously the activity of the tissue in

these experiments did not depend on a state of increased tone, for the

'» Martin: this Journal, 1Q04, xl, pp. 119, 126.
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improvement in beat persisted long after the tone had fallen below

the point of the previous inactivity.
, u t

The facts I have reported in the preceding paragraphs show, i

believe that Benedict's contention that oxygen, sodium carbonate,

and calcium chloride owe their favorable influence on cardiac activ-

ity to their tone-raising property is not supported by experimental

evidence Benedict's further contention " that "exhaustion" in heart

tissue signifies too great loss of tone, fails likewise in the face of the

numerous instances of pronounced recovery accompanied by still

further loss of tone. Of these the most marked are cases m which

strips are transferred from sodium chloride solution to moist air. I

have shown in an earlier paragraph that relaxation contmucs after

this treatment, and I have elsewhere" emphasized the striking recovery

which it induces.

Effects of sugar solutions. - Howell " and Others report that under

certain circumstances heart strips immersed in sugar solutions

show marked improvement in beat. Benedict ^^ calls attention to

the rise in tone which accompanies this improvement, citing it as a

point in support of his contention that tone increase bears a causal

relation in respect to heightened activity. While this observation as

one of a series of corroborative data would be of value, by itsell it

has little weight, and what importance it might have is lessened on

account of the highly abnormal character of the treatment involved

Do sodium salts cause relaxation?- Howell has laid considerable

stress on the tendency of sodium salts to cause relaxation m heart

tissue," associating this tendency with the function of sodium in con-

nection with the causation of the beat. My observation, recorded

above (p. 186), that heart tissue cut off from its normal blood supply

may relax steadily for hours under various treatments, has led. me to

question whether sodium salts are as definitely relaxing as they have

been supposed to be. Careful analysis of a large series of records has

brought out the following significant facts: i. During a period of

about two hours after isolation heart strips relax fully as fast when

"Benedict: this Journal, 1905, .\iii, p. 199-

" Martin: Loc. cit., p. 124.

" Howf.ll: Loc. cit., p. 185.

" Benedict: Loc. cit.

» Howell: Loc. cit., p. 100, and 1006, xv, p. 284.
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transferred from the body directly to moist air as when immersed

in 0.7 per cent sodium chloride. 2. In the later stages of long experi-

ments, when heart strips have been active for hours in moist air or in

Ringer's solution, transfer from these media to 0.7 per cent sodium

chloride is more apt to be followed by a rise in tone or no change at all

than by a loss of tone. In nineteen experiments of this sort transfer

to sodium chloride was followed by rising tone in twelve, in four there

was no tone change, and in only three was there a defmite tone loss.

In all these cases the strips in sodium chloride solution showed the

activity characteristic for that treatment.'*^ 3. The relation of sodium

chloride to tone change is the same in hearts perfused in situ as in

excised strips. Howell '" describes the relaxation due to loss of tone

in hearts perfused with 0.7 per cent sodium chloride, and elsewhere '*

states his belief that this tone loss is a specific sodimn chloride eflect.

I have tested this idea by comparing in turtles' hearts in situ the efJect

on tone of simply cutting off the flow of blood through the heart,

with the effect of perfusing with sodium chloride solution. In compar-

ing tone changes in an empty heart with tone changes in a perfused

heart certain precautions must be taken to make the comparisons

valid. In the first place, the base of the ventricle must be carefully

immobilized so that true tone changes may be distinguished from ad-

ventitious movements. This immobilization I accomplished by thrust-

ing a stout needle horizontally through the roots of the arteries, and

clamping the needle firmly in position. In the second place, the per-

fusion must be carried on in a manner that will not permit mechanical

distention to obscure true tone changes. For obtaining adequate

perfusion without distention I placed the inflow cannula in one of

the vencc cavas, tying the others off, and secured a perfectly free out-

flow by cutting through the walls of the ventricle near the apex in two

or more places. Records of the behavior of the heart were gotten by

carrying a thread from the frenum over a pulley to a recording lever.

The tension on the heart did not exceed 2 gm. The heart was prepared

for perfusion in the manner described, and a record of its behavior

taken during a period of two or three hours. Then sodium chloride

solution was passed through it and the record continued. In drawing

" Greene: Loc. tit., p. 91; also Martin: this Journal, 1904, xi, p. 125.

" Howell: this Journal, 1906, xv, p. 284.

" Howell: Ibid., 1901, vi, p. 199.
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conclusions as to tone changes the record of the first half-hour was

disreKarded, so that the effects of manipulation might have passed off.

In three experiments of this sort the hour percentage tone losses before

perfusion were, respectively, 23, 10, and 50 per cent averagmg 28

per cent; and after perfusion, respectively, 15, 18, and 28 per cent,

averaging 20 per cent.

In several other experiments in which quantitative comparisons

were not sought, direct observation showed that hearts cut of! from

the circulation relax to as great an extent as do hearts perfused with

sodium chloride solution.

On the basis of the various observations cited above I am led to

believe that the relaxation commonly noted in perfused hearts or in

heart strips is a result of their separation from the circulation rather

than a specific effect of sodium chloride.

Summary.

1 Ventricular tissue, cut off from the circulation, relaxes steadily

f<,r several hours in moist air. in 0.7 per cent sodium chloride solution,

in Ringer-s solution, and in a mixture of sodium and calcium chlorides

in the same proportion as in Ringer's solution. This relaxation is more

rapid during the first two hours than later. It may continue for twenty-

four hours or more.
, „ . , ^

2 The improvement in beat of ventricle strips following treatment

with oxygen, sodium carbonate, or calcium chloride is not necessarily

dependent on the tonus-increasing powers of these substances, smce

investigation reveals numerous instances in which the improvement

in beat follows the use of these agents without corresponding tone

increase, and others in which tone increase fails to be accompanied

by improvement in beat.

3 Sodium chloride "exhaustion" cannot be explained as due to

excessive loss of tone, inasmuch as excellent recovery can be had with

still further loss of tone.

4 Evidence is presented indicating that the relaxation of heart

tissue in sodium chloride solution is not so much the result of a spe-

cific action on the part of the solution as an effect of separation from

the circulation.



THE RELATION OF THE ADRENAL GLANDS TO BLOOD
PRESSURE.

By R. G. HOSKINS and C. W. McCLURE.

[From the Laboratory of Physiology of the Starling-Ohio Medical College.]

THAT adrenal extract exerts a powerful stimulating effect upon

the sympathetic nervous system has been demonstrated by

Elliott ' and others. Recent researches at the Harvard Medical School

have shown that during periods of particular stress the adrenal glands

are stimulated to an augmented secretion which reinforces the sjTn-

pathetic activity characteristic of such period. In cats, under the

influence of anger or fear, partial asphyxia and strong sensory stimu-

lation epinephrinemia has been demonstrated.

-

Whether, however, during periods of quiet existence, the sympa-

thetic nervous system by a minimal epinephrin discharge is kept in

tonic activity is questionable. Such is the usual assumption, but it is

without adequate foundation. It is based largely upon a supposition

that minimal quantities of circulating epinephrim have an effect

qualitatively similar to that of the relatively large quantities that

have been used in experimental investigations. Such an assumption,

however, is not necessarily true. It is possible that the threshold of

stimulation of the sympathetic system is sufficiently high not to

be reached by the normal concentration of circulating epinephrin.

In the case of the small intestine a stimulating efl'ect of adrenalin

has been noted from quantities which left the sjonpathetic inhibitory

fibres unaffected.'

Of the bodily functions controlled by the sympathctics blood pres-

sure is one of the most sensitive to epinephrin. For this reason, and

' Elliott: Journal of physiology, 1905, xxxii, p. 401.

' Cannon and de la Paz: this Journal, 191 1, xxviii, p. 64; Cannon and Hos-

KINS: Ibid., 191 1, xxix, p. 274.

^ HoSKiNS: this Journal, 1912, xxix, p. 363.
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on account of the ease with which blood pressure can be recorded,

studies of the relation of the adrenals to the sy-mpathetics can well be

made on the vasomotor system.

Such investigations have been made by Strehl and Weiss,^ Young

and Lehman,^ and later by Young « alone. The method in each case

was, in brief, after opening the abdominal cavity, to pass the ends of

ligatures through the body wall on each side of the adrenal glands in

such a way that by traction upon them the adrenal vessels should be

occluded. Thus.withaminimal disturbanceof the viscera, the discharge

of the glands into the circulation could be stopped. Strehl and Weiss

experimented upon rabbits, and Young and Lehman upon dogs. While

blood pressure was being recorded, the ligatures were drawn tight;

after ten to thirty minutes they were released. Strehl and Weiss

reported that the' ligation was succeeded by an immediate fall of

pressure followed by a rise when the ligatures were removed. Young

and Lehman, after occluding the vessels, observed but Uttle fall, and

that occurred very gradually. Upon releasing the ligatures, in three

of their eight experiments, a decided rise of pressure occurred; in

two. a slight rise; and in three no change. Young, in a repetition of

the experiment, observed no significant fall of pressure for hours

after tying off the glands.

Elliott' and others have shown that circulating epinephrin is quickly

destroyed. If therefore the adrenals by their secretion exert a con-

stant tonic influence upon the sympathetics, ligating off the glands

should result in an immediate fall of pressure. Whether or not a sub-

sequent rise occurs after releasing the gland is of little significance.

Checking the adrenal circulation might have resulted either in a long-

continuing depression of the glands, such as results in the kidney

when the renal vein is occluded, or in an accumulation of elaborated

secretion. In either case removing the ligatures would not restore

normal conditions.

In view of the conflicting results previously recorded, a repetition

of the experiments seemed ilesirable. i)articularly since a number of

* Stri-.iii. und Weiss: .\rchiv fur die gesammlc Physiologic, igoi, Ixxxvi,

Young and Lehman: Journal of physiology. lOO.S. xxxvu. p. Iiv.

« Young, cited by Vincent: Ergebnisse der Physiologic, igio. ix, p. 579.

' Elliott: Loc. cil., p. 444-
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sources of experimental error are now recognized of which the earlier

investigators were probably not cognizant. It is necessary in such

experiments to start from, as nearly as possible, a normal epinephrin

level. If under the influence of emotions, strong sensory stimulation,

or asphyxia the adrenals were discharging an augmented secretion,

any fall of pressure succeeding the ligation would be of doubtful sig-

nificance. There would, in any case, be a fall of pressure at least

to normal.

Our experiments were made upon eleven dogs. The effects of

anaesthetics upon the adrenals being unknown, a variety of substances

was used: urethane, urcthane and ether, ether alone, and chloroform.

The method of procedure in nine cases was essentially that of Strehl

and Weiss. After inserting a cannula in the carotid artery the abdomen

was opened by a median incision, and while the viscera were protected

by warm towels, the ends of strong ligatures were inserted through the

body wall in such a manner that by subsequent traction the circula-

tion of each adrenal could be cut off. The abdomen was then closed.

After waiting for some time for the immediate effects of the operation

to pass off, the carotid cannula was connected with a recording manom-

eter. By use of a slow extension kymograph a continuous graphic

record of the whole experiment was secured. After blood pressure

had been maintained for some minutes at a constant level, one liga-

ture was drawn tight, then, after a three to five minute interval, the

second also. For the reasons previously mentioned, a subsequent

removal of the ligatures was regarded as useless. Post-mortem exami-

nations showed that the ligatures had successfully occluded the adrenal

vessels. In two instances the adrenals were dissected free and tied

off by mass ligatures directly, the abdominal cavity remaining open.

In view of the evanescent nature of circulating epinephrin, the

experiments were continued only from ten to thirty minutes. It was

assumed that any direct results of adrenal deficiency would occur

within that time. Indeed, in two instances, it was proven that under

the experimental conditions a quantity of adrenalin injected in amount

just sufficient to produce a demonstrable effect was quickly destro}ed.

Our results agree consistently with those of Young and Lehman.

In only one case after ligating off a gland was any fall of pressure ob-

served. In this instance the ligature had inadvertently been placed

diagonally so as probably to block enough splanchnic fibres to account
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for the slight fall that occurred. Usually at the moment of tying the

ligature there was a brief fluctuation of i)ressure, sometimes up and

sometimes down, but the original level was quickly regained.

Since the ligation of both glands was without effect, any possible

influence of accessory chromatline tissue was ignored.

Our experiments, like those of previous investigators along this

line, are not conclusive as regards normal blood pressure. It would

be essential to know that the glands were secreting in a normal way

at the time the ligatures were tied to permit absolute conclusions.

If, owing either to anaesthesia or trauma, the glands were sufliciently

depressed, the results would be without significance. It remains for

subsequent research to exclude these possibilities.

Since, of the sympathetic fibres, the vasomotors are particularly

sensitive to the effects of epinephrin, it seems justifiable to conclude

that at least under the conditions of the experiments the assumed

tonic influence of the adrenals upon the sympathetic system is non-

existent.

Such an influence has been supposed to be shown by the fact that

adrenal extirpation finally results in a circulatory failure. The facts,

however, that circulating epinephrin is quickl\- destroyed, whereas

the weakness following the removal of the glands develops hours or

days afterwards, and that the asthenia is shared by skeletal muscle

which has no sympathetic innervation, indicate that it is due rather

to an interference with the nutritional processes in the tissue. In the

present state of our knowledge speculation as to the exact nature of

the interference is scarcely profitable.

SUMM.VRY.

In eleven dogs under anaesthesia ligating off the adrenal glands

caused no immediate fall in blood pressure, although the animals

were sensitive to minute doses of adrenalin and under the existing

conditions injected epinephrin was quickly destroyed. The vaso-

constrictor and supposedly other sympathetic fibres, therefore, had

not been under a tonic influence exerted by the adrenal glands.
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THE INFLUENCE UPON METABOLISM OF NON-OXIDIZ-

ABLE MATERIAL IN THE INTESTINAL TRACT.

By FRANCIS G. BENEDICT and LOUIS E. EMMES.

[Contribution from the Nutrition Laboratory oj the Carnegie Institution of Washington.]

''HEN food is ingested, an increase in the oxygen consumption

and carbon dioxide production is invariably noticed by all

observers. At first it was believed that the presence of oxidizable mate-

rial in the blood caused this increase in combustion, but later, since it

was noted that frequently the increase occurred soon after taking meals,

it was thought that the gain in metabolism might be due to the muscular

work involved in the process of digestion. This latter idea was warmly

advocated by Zuntz and v. Mering,' who found, by injecting directly

into the blood stream nitrogenous as well as non-nitrogenous material,

that there was essentially no increase in the oxygen consumption.

They also found that when the same material was placed in the stom-

ach there was an immediate gain in the oxygen consumption. This

led to the belief that the increased metabolism noted after the inges-

tion of food was, in large part at least, due to the muscular activity

involved in the processes of digestion.

That the muscular movements of the stomach and the intestinal

tract play an important role in metabolism seemed to be substantiated

by the experiments of Loewy,= who employed a dilute solution of sodium

sulphate, provoking thereby a powerful peristaltic effect. In these

experiments Loewy noted enormous increases in the oxygen consump-

tion and carbon dioxide production. His results have been frequently

cited, and undoubtedly have done much to establish the belief that the

increased metabolism following the ingestion of food is in large part,

if not wholly, due to the mechanical work of digestion. A critical

' Zuntz and von Merino: Pfluger's .\rchiv 'ur die gesammte Physiologic,

1877, xiv, p. 634; and 1883, xxxii.p. 173.

2 Loewy: Plluger's Archiv fiir die gesammte Physiologic, 188S, xliii, p. 515.
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examination of Loewy's protocols shows them decidedly deficient in

infomiation as to the muscular movements of the subjects during the

tests.

In connection with a lengthy series of experiments in this laboratory

on the influence of the ingestion of food upon metabolism, it seemed

desirable to make some tests with sodium sulphate, determining the

respiratory exchange by means of the respiration apparatus here

employed. All of Loewy's experiments were carried out with the older

form of Zuntz-Geppert respiration apparatus, and it was beUeved that,

with a more recently developed apparatus and more modern views

regarding the influence upon metabolism of minor muscular activity,

the experiments should be repeated. Accordingly we have carried

out a number of experiments with different individuals in which we

have followed the details of experimentation outlined by Loewy, with

the single exception that we have employed the respiration apparatus

used in this laboratory instead of the Zuntz-Geppert apparatus. The

very frequent reference to these experiments of Loewy as conclusive

proof of the important part mechanical intestinal movement plays

in the increased metabolism noted after the ingestion of food justifies

the amplification of Loewy's earher study.

While the introduction of a saline purgative would be provocative

of intense peristaltic action, Professor W. B. Cannon of the Harvard

Medical School thought that the use of some bulky material, which

might perhaps involve the segmentation process to a larger extent

than the use of sodium sulphate, would prove especially interesting.

With such a material even greater muscular work would probably be

produced than the simple peristalsis with sodium sulphate, which

might result in a relatively few powerful peristaltic waves, while the

process of segmentation would continue for a long period. Accord-

ingly a series of experiments was included in the research in which

agar-agar was ingested. This material furnishes bulk and has been

shown to be abnost undigested by the normal individual.

Apparatus and Methods used in the Experiments.

The respiration apparatus used in these experiments was that

regularly employed in this laboratory, which has been described in an

earUer paper.^ The subjects were all normal individuals, some of
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whom had previously been used for subjects of respiration experiments,

while others were wholly unaccustomed to the apparatus. Each

subject came to the laboratory in the morning without breakfast,

having had no food for at least twelve hours. Previous to the experi-

ment he lay upon a couch for a period varying from twenty to forty-

five minutes in order to insure a condition of muscular rest and quiet-

ness, and the experiment was not begun until the pulse rate had reached

a normal and constant level. The pulse rate was taken by means of a

Bowles stethoscope placed over the apex beat of the heart, a long

rubber transmission tube leading to the earpieces of an observer

permitting records to be secured without the knowledge of the sub-

ject. In order to detect any extraneous movements or restlessness

which might atTect the metabolism, graphic records were made of the

muscular quietness of the individual, these being obtained by means

of tube pneumographs fastened about the chest and the thigh of the

subject. With these pneumographs in place, it was absolutely im-

possible for the subject to move even his hand or his foot without a

record being made on the smoked paper of the kj-mograph; it was

thus practicable to determine whether or not the requisite degree of

quietness had been obtained in order to secure a true measure of the

possible changes in metabolism due to the sodium salt or the agar-agar.

In all, thirteen experiments were made, six with sodium sulphate

and seven with agar-agar, eight diflerent subjects being used. Each

experiment consisted of a number of fifteen-minute periods with inter-

vals of half to three quarters of an hour. Throughout the whole

experiment the subject lay quietly upon a couch, except when the

sodium sulphate or the agar-agar was administered. Before giving

either material, two or three preliminary periods were obtained, these

being continued until the results agreed satisfactorily. During the

experimental periods the oxygen consumption and the carbon dioxide

production were determined, and records made of the pulse and respira-

tion rates and the muscular activity. In comparing the results of the

experiments the pneumograph curves were first carefully examined,

and any experiments showing extraneous muscular activity were

rigidly excluded.

3 Benedict: this Journal, 1909, x.\iv. p. 345. .\n elaborate description of the

apparatus as now in use with sevieral important modifications is soon to appear

in the Deutsches Archiv fur klinische Medizin.
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Although these experiments were not planned primarily as a study

of metabolism without food, the values for the carbon dioxide produced

and the oxygen consumed represent probably the minimum meta-

bolism for these men without food, lying awake and absolutely quiet;

hence the statistics for body weight and height are worthy of record.

These are given in Table I.

T.\BLE I.

Statistics of Ace, Height, and Average Weight of Subjects.

Subject.
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mental period. At 4.30 ? m. there was a very copious loose move-

ment of the bowels. The results of the experiment are given in Table

II.

TABLE II.
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making an ideal subject. During the period beginning at 11.39

A. M. the desire to defecate became very strong, and he defecated at

11.56 A. M. The stool was very copious and watery. 'The results of

the experiment are given in Table IV.

T.ABLE III.

Experiment with W. .A. M. using Sodium Sulphate.
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cular relaxation. The experiment was uneventful, save that the

subject noticed no intense desire to defecate, did not defecate

while in the laboratory, and reported that the first defecation occurred

at 5 P. M., this being followed by others at 9.00 and 9-3° p- ^i- '"^ "«

instance were the stools watery. The results are given in Table \ I.

TABLE IV.

Experiment with O. F. M. using Sodium Sulphate.

Date and
time.

Feb. 26, 1911

8.47 A. M.

9.21 A.M.

.Average

10.13 A. M.i

10.39 A. M.

11.12 A.M.

11.39 A.M.

12.17 r. M.2

1.05 P. M.

1.38 p.m.

Carbon
dio.xide

clim'd

per min.

220

210

215

203

200

214

224

221

205

225

O.tygen
absorbed
per rain.

Respira-

tory

quotient.

Increase in

C.C.

275

275

275

263

251

272

272

286

275

268

0.80

0.76

0.77

0.79

0.79

0.82

0.77

0.75

0.84

Carbon
dioxide.

Oxygen.

per cent

-5.6

-7.0

— .5

4.2

2.8

-4.7

4.7

per cent

-4.4

-8.7

-1.1

-1.1

4.0

.Average

pulse

rate.

-2.5

62

60

56

56

59

61

61

60

60

Average
resp.

rate.

15

16

15

16

15

15

16

16

14

Took 15 gm. sodium sulphate in 200 c.c. water at 9.55 A. M.

2 Defecated at 11.56 a.m.

Experiment of January .8, 191.. with F. P. R. - ^his subject ha

been used for previous respiration experiments, and his famiharitj

with the apparatus and the experimental routine made him partic-

ularly satisfactory as a subject. The e.xperiment was eventtul m no

wav save that in the period beginning at 12.29 p. m. a great deal of

rumbling was noticed in the bowels. Defecation occurred at 1.25 ^^
the stool being thin and watery. During the next period, t. e.. in tha

be-inning at 1.56 p.m., there were further intestinal movements and
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rumblings; these continued until the second defecation at 2.50 p. m.

The results of the experiment are given in Table VII.

TABLE V.

Experiment with J- P. C. using Sodium Sulphate.

Date and
time.
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any way with ihc high values reported by Loewy, whose results are

summed up in the following translation of a paragraph from his article

:

"The size of the increase in the metabolism varies within relatively

wide limits; the most marked results are found in e.xperiment Xo. 2 with

TABLE VI.

Experiment with H. H. A. using Sodium Sulphate.
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It can be seen from Tables II-VII that practically all of our experi-

ments are in exactly the same category as were those made by Loewy

with student C; the only conclusion that can be drawn from these

experiments is, therefore, that when suitable precautions are taken

for the control of the extraneous muscular activity the ingestion of

TABLE VII.

Experiment with F. P. R. using Sodium Sulphate.

Date and
time.
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considerable bulk, it was decided to make a series of experiments in

which a relatively insoluble substance, capable of yielding stools of

large bulk, could be introduced into the intestines. For this purpose

use was made of the Japanese agar-agar, which was administered

either dry or in the form of jellies of various consistencies containing

different portions of the substance. It was found that these jellies

did not rapidly give up their moisture, even when placed in water in

an oven at body temperature.

The subjects found it very difficult to eat large amounts of agar-

agar, either in the form of jelly or as dry material. When given dry.

the agar-agar was in the form of a powder, or else chopped in small

pieces or pulverized. In interpreting these experiments it is neces-

sary, however, to consider that there is still some absorption of car-

bohydrate from this material, although Saiki^ has shown that the ab-

sorption is very imperfect; indeed, the property of these Japanese

materials and especially of agar-agar to retain water and yield stools

of large bulk has led to their being employed as therapeutic agents.

In order to make the agar-agar jelly more palatable, i per cent by

weight of Liebig's extract of beef was added.

It was necessary that the experiments with agar-agar should be of

much longer duration than those with sodium sulphate, since unques-

tionably the progress of material out of the stomach would be much

slower; experimentswere therefore continued forsLx toeight hours. One

great difficulty was experienced in conducting long experiments of this

kind, particularly with subjects who were not used to the apparatus.

in that they became very tired. Although the separate experimental

periods are actually only fifteen minutes long, it is necessary for the

subjects in both the periods and the intermissions to lie quietly upon

the bed with the muscular activity reduced to a minimum; only in

this way is it possible to avoid the incidental rise in metabolism due

to any increase in muscular activity, such as raising the body, sitting

up, talking, or any other excitement. Under these conditions of volun-

tary and forced muscular rest, the subjects frequently complained of

being very tired ,^ and undoubtedly this of itself may stimulate some-

what I lie metabolism.

< Saiki: Journal of biological chcmistrj-, iqo6, ii, p. 251.

' Johansson also finds it impossible to continue experiments with enforced

muscular rest for more than one hour. Skandinavisches Archiv fur Physiologic,

1908, xxi, p. 3.
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Experiment of March 4, 1911, with J. J. C. —Although as a rule un-

satisfactory as a subject, J. J. C. was the first on whom a test was

made of the influence of agar-agar feeding on metabolism. All the

T.\BLE VIII.

Experiment with J. J. C. using .\c.ar-Ac.\r.

Date and
time.
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found this a somewhat unpalatable jelly, he was also given a small

cup of black coffee without sugar.

No peristaltic movements were felt by the subject. He defecated at

5 p. M. and again at 6 p. M.; while the movements were much softer

than normal, they were in no sense watery. The results of the experi-

ment are given in Table VIII.

T.VBLE IX.

KXPERIMENT WITH \V. .\. M. T-SING .\GAR-Ar.AR.

Date and
time.
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subject in the hope that larger amounts of the substance could be

eaten. Of the dry pulverized material he ate 8.5 gm. with 300 c.c. of

a I per cent solution of Liebig's extract of beef. The high values found

in the first period after agar-agar are explainable only on the ground

of stimulation caused by the muscular activity incidental to sitting

TABLE X.

Experiment with J. J. C. using Agar-Agar.

Date and
time.
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of dry agar-agar with 300 c.c. of a i per cent solution of Liebig's

extract of beef. During the last three periods the subject complained

bitterly of backache, and was greatly relieved when the experiment

was over. The results of the experiment are given in Table XL

T.MiLE XI.

ExPERHfENT WITH O. F. M. USING ACAR-.AGAR.

Date and
time.
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immediately adjusted himself to the experimental routine in a most

successful manner. Of special note is the fact that he was able to

eat 23.28 gm. of dry agar-agar, using water instead of beef tea to

assist in swallowing it. The intelligent comments of the subject

aided materially in the interpretation of the results of the experiment.

TABLE XII.

Experiment with J. P. C. using .^g.^r-.-Xc^r.

Date and
time.

AprU 17. 1911

9.09 A. M.

9.40 A. .M.

10.11 .\. M.

Average

11.25 a.m.'

11.59 a.m.

12.30 p.m.

l.Ol P.M.

1.30 p.m.

2.05 p. m.=

2.55 p. M.
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agar-agar may have been accountable for the dryness. The results of

the experiment are given in Table XIII.

Experiment of October 19, 1911. with Dr. P. R. — Having had an ex-

tensive experience not only in metabolism experiments, but particu-

TABLE Xin.

Experiment with Dr. N. K. W. using Acar-.\gar.

Date and
time.
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ing of the importance of the experiment, and particularly of the im-

portance of muscular relaxation. This subject took 17.71 gm. of dry

agar-agar, with one glass (200 c.c.) of water.

T.\BLE XIV.

Experiment with Dr. P. R. using .•\gar-.\g.\r.

Date and
time.
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Discussion of the Results with the Ingestion of

Agar-Agar.

In considering the results of the experiments with agar-agar, it

will be necessary to bear in mind the fact that the long-continued

experiments made necessary by the relatively slow action of the agar-

agar in the intestinal tract are especially fatiguing to the subject. It

will be noticed that whenever the subjects complained of headache,

backache, or weariness, the metabolism is increased; and it is reason-

able to attribute such an increase directly to these extraneous factors.

The greatest increase in metabolism noted was that in the last period

of the experiment with Dr. N. K. W., in which there was a gain of

19 per cent in the oxygen consumption. Inasmuch as this was not

accompanied by an increase in the production of carbon dioxide, and

we have no reason to assume that there was a marked change in the

character of the metabolism, it is highly probable that this value was

due to an error in technique caused by the restlessness of the subject;

although the pneumograph curves did not show any great muscular

movements, nevertheless, movements of the head may have caused a

leak around the nosepieces which caused the increase. It is certainly

true that the results of the last three periods with Dr. N. K. W. are

open to the objection that the conditions were distinctly abnormal.

Similarly, in the experiment with O. F. M., the subject complained

steadily of backache during the last three periods, while in the experi-

ment of March 14, J. J. C. was very restless. Making allowance for

these extraneous factors, it is seen that with the majority of subjects

there is no measurable increase in metabolism that can be rightly

attributed to increased segmentation on account of the ingestion of

agar-agar. Fortunately the particularly valuable and satisfactory

e.xperiment with Dr. P. R. of October 19, 191 1, was carried to a con-

clusion without such factors as headache, backache, restlessness, or

extraneous muscular activity of any kind. Under these ideal conditions

the maximum oxygen increase amounted to but 6.7 per cent.

It would appear, therefore, from the results obtained in this series

of experiments, that the movement along the intestinal tract of a

large bulk of material, such as agar-agar taken either in jelly form or

with water, is accomplished without the expenditure of any consider-
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able or measurable amount of energy; it would therefore appear that

the "work of digestion," in so far as either peristalsis or possibly

the segmentation process is concerned, cannot be of sufficient moment

to play an important role or to explain in any degree the marked rise

in metabolism so frequently noted after the ingestion of various food

materials.



THF INFLUENCE ON THE RESPIRATORY EXCHANGE OF

VARYING AMOUNTS OF CARBOHYDRATE IN THE DIET.

By FRANCIS G. BENEDICT and HAROLD L. HIGGINS.

[Conirihuiion from the Nutrition Laboratory of the Carne.ie InstUulior^ of Washington,

Boston, Massachusetls.]

O^HE significance of the respiratory quotient in indicating the

1 character of the kataboUsm has been pointed out by Zuntz

and his associates. Simultaneously with the improvement of tech-

nique and methods for the determination of oxygen absorption by the

body, and with the more thorough understanding of factors which

are likely to disturb a properly conducted respiration experiment

the respiratory quotient has in recent years come to be of mcreased

practical importance and thus to receive considerable attention.

It is commonly known that soon after the ingestion of carbohy-

drates, especially the soluble carbohydrates, there is a marked rise

in the respiratory quotient indicating a katabolism of sugar and pos-

sibly the conversion of sugar to fat. The prevailing view has been,

however, that after active digestion has ceased- probably in slx hours

and at least in twelve hours -the storage of body carbohydrate

has essentially reached constancy, to be then gradually depleted as

inanition proceeds. This view has been strongly supported by the

statement of Magnus-Levy ' to the effect that he was unable to in-

crease the respiratory quotient by feeding a man enormous quantities

of carbohydrates for at least two days. On the other hand, Benedict,

Emmes, and Riche^ in this laboratory, using a small respiration

apparatus,' found that when the evening meal contained a large amount

of carbohydrate the respiratory quotient on the following morning,

> Magnus-Lew: Pfluger's Archiv fur die gesammte Physiologic. 1894, Iv,

p. 25. .. o

2 Benedict, Emmes, and Riche: this Journal, 1911, xxvii, p. 3*3-

3 Benedict: this Journal, 1909, xxiv, p. 345-
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at least twelve hours after the last meal, was higher than when the

preceding meal was poor in carbohydrates. The larger combustion

of body carbohydrates being interpreted as indicating a larger supply,

it seemed proved that diet must play an important role in glycogen

supply. The importance of body glycogen in connection with inani-

tion, muscular work, and probably athletic training, as well as the

great physiological interest in the amount and variation of body

glycogen (undoubtedly much greater in percentage than the varia-

tion of body fat or protein) , has led us to elaborate and continue the

previous research.

Instead of restricting our study to the evening or last preceding

meal, we have followed the diet of the whole day previous. Further-

more, instead of limiting the scope to merely the question of "large"

or "small" amounts of carbohydrate, we have quantitatively fixed

the amount of carbohydrate, and also the protein and fat contents

and the fuel value, in each of several diets; thus we were able to

determine the relation between the carbohydrate content of the diet

and the respiratory quotient the next morning without food. As

the condition of the supply of body carbohydrate previous to begin-

ning the day's diet would probably affect the results, we have given

the same diet several days— generally four— in succession, observ-

ing the respiratory exchange before beginning the diet and after each

successive day of the study. In this manner we not only obtained

what may be called the true respiratory exchange resulting from the

diet, but we also obtained an index of the changes in carbohydrate

content of the body leading up to this condition. In order not to place

too much weight upon results which might be due to the idiosyncra-

sies of a single individual, and also to find if any such idiosyncrasies

existed, a number of subjects were included in the study, — seven

in all.

Six different diets were experimented with; the daily composition

of each diet is given in Table I. In the experiments with any one diet

the composition for each day varied not more than 5 gm. for the pro-

tein, fat, or carbohydrate, and not more than 30 calories in total energy.

Except in a few instances, the same foods were taken at the same time,

the menu for each diet being fixed. The foods chosen were easily

obtained and prepared and were of approximately constant composi-

tion. As a rule, the composition and caloric value of the materials
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were taken from Atwater and Bryant's tables,' but in a few cases

analyses were made of the individual foods.

In making up the diet care was taken to have it as palatable as pos-

sible on the principle that food not relished might lead to unsatis-

factory results. With this in view, also, several minor changes were

occasionally made to suit the tastes of the different men, as, for

TABLE I.

Composition of the Diets.

Diet No.
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give constant caloric value and protein content, with varying relative

amounts of carbohydrates and fats. Thus, by comparing the results

with those obtained with diet No. i, we have the opportunity of ob-

serving the effects of the varying amounts of carbohj'drate.

A fundamentally important factor in experiments of this kind is

the hearty and intelligent co-operation of the subject. We were very

TABLE II.

St.mistics of Subjects.

Subject.
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was generally taken as complete when the pulse had fallen to a con-

stant level. Three fifteen-minute respiration experiments were, as

a rule, made on each day. Nosepieces ^ were used in all cases, the lips

being closed with surgeon's plaster to prevent the subject from inad-

vertently breathing through his mouth and thus introducing an error.

To compare satisfactorily the respiratory e.xchange, and especially the

inde.x of total metabolism commonly accepted as the most reliable,

/. €., the oxygen consumption, the subjects kept perfectly still during

the experiments, making practically no voluntary muscular move-

ments. After observing the disturbing effect of fever in one series

of experiments, the sublingual body temperature was taken at least

once during each morning's experimenting. Observations of the pulse

rate were also obtained in each experiment without the knowledge

of the subject by means of a Bowles stethoscope with especially long

leads. These pulse records are of unusual interest in view of the fact

that the total metabolism seems to have an almost direct relationship

to the pulse rate.

Each subject adhered essentially to his daily routine of life so as to

secure a fair constancy of muscular work throughout each day, since

unusual muscular work would affect the quantity of body carbohy-

drate consumed. To obtain a rough measure of the activity, the

subjects as a rule carried a pedometer, which served to record all up

and down movements of the body, the pedometer readings giving an

approximate comparison of the activity of the subject on different

days.

The respiration experiments of a morning agreed, as a rule, very

closely. We have therefore felt justified in using in the following

tables the averages for each day in view of the fact that over 85 per

cent of the individual experiments differed from the daily mean by

only 4 per cent or less, and over 50 per_cent of the experiments by 2

per cent or less.

Diet No. I, carbohydrate-free. —The experiments with diet No. r

were made in connection with another research, but the results are

given here, in Table III, to show the general trend of the respiratory

quotient with a diet which was carbohydrate-free. The respiratory

quotient fell very rapidly, reaching a minimum on the second day

' Benedict: Loc. cii., p. 364.
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and remaining at a low value on the subsequent days, thus indicating

sharply the almost complete absence of carbohydrate metabolism. In

these experiments undoubtedly the acidosis affected the quotient.

The diet varied greatly and was not accurately measured, but great

care was taken that no carbohydrate was eaten.
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TABLE IV.

DiKT No. 2, inn ('..«. Carbohydr.vtes (.5nOO Calories).
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into two meals instead of three. The results are given in Table V.

Only one subject was tested on this diet, but here again the results

indicate a fall in the quotient to about 0.75. The preliminary higher

quotient of 0.81 indicates a previous diet containing more than 125

gm. of carbohydrate per day.

TABLE V.

Diet No. 3, 125 cm. Cakbohvdrates (3100 Calories).

Subject.
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TABLE VI.

Diet No. 4, 200 gm. Carbohydrates (3000 Calories).
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developed a septic hand. The results of this day were also undoubtedly

affected by the fact that the subject ran in coming to the laboratory

in order to arrive in time for the experiment. These two causes doubt-

less raised the body temperature and pulse rate and possibly afTected

t\ e respiratory exchange.

T.\BLE VII.

Diet No. 5. 400 gm. Carbohydrates (.WOO Calories).

Subject.
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UnfortunatdN- the results of these three scries of experiments were

vitiated bv the febrile condition of H. H. A. and the septic handof

W G J
• 'furthermore those with the other two subjects are not coin-

cident in that with F. P. R. the respiratory quotient steadily rose as

,he experiment progressed, while with subject C. B. S. the quotient

was but little altered by the diet. The fact that the results with

W G J approach nearer to those of F. P. R. seems to indicate that

about 0.83 or 0.84 is an approximately normal respiratory quotient

for this diet.

Diet No. 6, 600 gm. carbohydrates (3050 calories). — More changes were

made in the composition of this diet than of any other, but the

total amounts of the fundamental constituents were unchanged. On

December s. with C. B. S. and H. H. A. (I), a large amount of the

sugar was given in cranberry sauce; but as the 677 gm. of cranberry

sauce eaten proved to be too large an amount for one day, it was

omitted thereafter; so much cranberry sauce seemed also to pro-

duce a marked diuresis. In the two diets beginning December 19

some of the sugar at the noon meal was replaced by about 185 gm.

of cranberry sauce. The general composition of the diet was as

follows

:

8.45 A. M. ISO gm. bread, 50 gm. honey, 500 c.c. fat-free modified

milk, 30 gm. sugar.

LOOP. M. ISO gm. bread, 50 gm. honey, i egg, 2 oranges [ca.

175-200 gm. each), 57 gm. sugar.

6 00 P.M. 50 gm. bread, 88 gm. canned salmon steak, 72 gm.

lettuce, 400 c.c. fat-free modified milk, i package popcorn {ca. 100

gm.), I orange {ca. 175-200 gm.), 47 Km. sugar.

The milk was skimmed milk, 000 gm. of which were modified

with 30 gm. of milk sugar. Especial care was taken in apportioning

the diet so that in each of the meals there were 200 gm. of carbo-

hydrate.
'

The results of the experiments are given in Table VIII. With this

diet there was clearly a higher respiratory quotient than with the pre-

ceding diets. The general average of the respiratory quotients was

about 0.87, with on the whole but little deviation from this figure.

With two subjects, F. P. R. and H. H. A. (II), it required two days for

the respiratory quotient to reach this level. The drop in the respira-
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TABLE VIII.

Diet No. 6, 600 cm. Carbohydrates (TO50 Calories).

Subject.
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tory quotient of H. H. A. (I) on the fourth day and more particu-

larly H. L. H. on the fourth day, is very marked. We are at a loss to

explain this fall satisfactorily.

Discussion of Results.

On inspection of these results it will be observed that a given diet

with the same individual will generally lead to the same respiratory

exchange on the following morning; that is, after a given diet, one

finds essentially the same rates of carbon dioxide output and oxygen

consumption and consequently the same respiratory quotient. This

is very marked in the case of the oxygen consumption, since different

diets with the same subject do not necessarily lead to the same con-

sumption of oxygen, even when the protein content and caloric values

are the same. In a few cases, especially when using a large amount

of carbohydrates, it is necessary to continue the diet for two or even

three days before a constant carbon dioxide output, and therefore a

constant respiratory quotient, can be obtained.

The observation that a given diet usually produces the same respir-

atory exchange is of especial value in a study of the effect upon the

metaboHsm of superimposed factors, such as work, food, or stimulants,

when a constant and definite base-line is desirable or obligatory.

The respiratory exchange and "nuchtern" metabolism, generally after

but one day of a diet, will thus give a definite base-line, which will

be constant for any one individual and therefore probably propor-

tional for all subjects.

It may be noted that with the same diet different individuals give

approximately the same respiratory quotient, especially after one or

two days. The only marked exception in our experiments to this gen-

eral statement is noted in the case of C. B. S. with 400 gm. of carbohy-

drate (diet No. 5). It would appear, therefore, from these experi-

ments that but little difference exists among norma! pec^plc, under

the same general conditions of life, as to the storage of carboh\drate

after a given diet.

From these experiments, also, it is very clear that the respiratory

quotient, under "nuchtern" conditions, is high or low according as

the diet of the preceding day is high or low in carbohydrate. Further-

more the higher the amount of carbohydrates, the higher is the rcspir-
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atory quotient in practically a direct relation. The chart, which shows

the average respiratory quotient obtained each day of the several

diets for all subjects, explains this perhaps more clearly. For instance,

with a carbohydrate-free diet, the respiratory quotient ranges from

about 0.685 to 0.725; with

100 gm. of carbohydrate

and 125 gm. of carbohy-

drate a day, which are

essentially the same, the

quotient is from 0.73 to

0.765; 200 gm. of carbo-

hydrate a day produces a

quotient of 0.78 to 0.82,

400 gm. of carbohydrate

from 0.81 to 0.84, and 600

gm. of carbohydrate from

0.84 to 0.87. With each

diet the respiratory quo-

tient ranges between cer-

tain definite limits, these

ranges being independent

of one another except in

the first days of the two

Average respiratory quotients for the preliminary (P)
(Jigt.s containing 200 gm.

and four to five (I-V) succeeding days with diets luj * „„^ .„„... .
, I I i A ,

of carbohydrate and 400
containing varying amounts of carbohydrates. -' ^

gm. of carbohvdrate re-

spectively. If a larger number of experiments had been made, how-

ever, one may safely predict that even this overlapping would have

disappeared.

In the ca.se of F. P. R. with diets Nos. 5 and 6, and of H. H. A.

(II) with diet No. 6, a gradual rise in the respiratory quotients may be

observed on the first days. This points to the possibility of a gradual

accumulation of carbohydrate in the body, indicating that the rather

low supply of body carbohydrate at the beginning of the diet could

not be raised in one day to a level which might be said to be commen-

surable to the diet. It is also clearly shown that this accumulation

will not be continued indefinitely, since the quotient in two of these

cases reached a fixed level above which it did not rise on subsequent

aa
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days. In no urine wilh the diet containing 600 gm. of carbohydrate

was sugar found in excess of the slight normal reducing power.

The selective capacity of the tissues in choosing the materials which

it will metabolize or burn is emphasized by these experiments. That

the body can make use of diets containing 100 gm. of carbohydrates

and 600 gm. of carbohydrates with almost equal facility confirms

the view that carbohydrate is a decidedly labile body constituent.

The utilization by the body of 600 gm. of carbohydrate a day with-

out glycosuria is probably explained in most part by the correspond-

ingly increased combustion of carbohydrate indicated by the respira-

tory quotient the following morning, and in part perhaps by the

formation of fat from sugar. This efliciency is of especial interest in

view of the fact that the 3000 calories, of which 2400 calories were

from carbohydrates alone, probably supplied each subject with a

ration more than sufficient for maintenance.

In connection with these diets a constant protein intake was main-

tained so far as possible, in order to avoid the effect upon the results

of a varying protein metabolism. All of the urines were collected,

but as the other excreta were not analyzed for nitrogen, and our knowl-

edge. of the amount of protein intake is but approximate to 5 gm.,

we do not feel justified in giving any prominence to the urine data.

However, the nitrogen excretion for twenty-four hours with diets

Nos. 2 and 3 was consistently higher than with diets Nos. 4, 5, and

6, even sometimes as much as 20 to 30 per cent.

Conclusions.

1. With the same individual and the same diet on the preceding

day, the respiratory exchange in the morning without food will always

be essentially the same. When the diet contains considerable carbo-

hydrate, and the supply of body carbohydrate at the beginning of an

experiment is small, it may be necessary to continue the diet two or

possibly three days before this agreement in the respiratory ex-

change is obtained.

2. With different normal individuals the same diet will lead to

essentially the same respiratory quotient the next morning without

food.
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3. The supply of body carbohydrate, as shown by the respiratory

quotient after digestion has ceased, bears a distinct relation to the

quantity of carbohydrate in the preceding diet.

4. a" diet of 600 gm. carbohydrate and 3100 calories a day for

four days was not sufficient to produce glycosuria in men with seden-

tary occupations.
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STUDIES ON THE PULMONARY CIRCULATION.— I. THE

PRESSURE VARIATIONS IN THE PULMONARY CIR-

CULATION OF THE DOG STUDIED BY A NEW PULSE

PRESSURE INSTRUMENT.

By carl J. WIGGERS.

[From the Physiological Laboratory, Cornell University Medical Cotkge, New York City.]

Previous Work. *

'HE mean pressure existing in the pulmonary circulation of the

dog has been determined in artificial respiration experiments by

Beutner, Lichtheim, Openchowski, Bradford and Dean, VeUch and

Wood.i xhg extremes of mean pressure as well as an average of each

observer's results are schematically shown in Fig. i. It is quite

obvious, however, that values thus obtained are not necessarily iden-

tical with those occurring in the animal when breathing is natural,

for (i) the mechanical influences of artificial respiration are substi-

tuted for those incidental to natural breathing, and (2) the degree of

artificial respiration produces a variable CO2 content in the blood

which causes the rate and systolic discharge of the heart and possibly

also the calibre of the pubnonary vessels to change. Hence arti-

ficial respiration modifies the pulmonary arterial pressure. That the

averages of such wide variations as different workers obtained happen

to correspond with the mean pressure of a single investigator who

studied the pulmonary circulation during natural breathing may be

regarded as a mere chance rather than, as Tigerstedt' impUes, evi-

dence that artificial respiration introduces no material error. Only

two experimenters, Knoll ' in rabbits and Plumier ' in rabbits and dogs,

' Tigerstedt: Ergebnisse der Physiologic, 1907, ii, 2, p. 528.

' Knoll: SiUungsberichte der .\kademie der Wissenschaften in Wicn, 1S88,

xcvii, p. 207.

' Plumier: .\rchiv internationale de physiologic, 1904, i, p. 176.
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have investigated the pressure in the pulmonary arteries during natural

breathing. Plumier found that, although the mean pressure in dogs

ranged very low, there occurred in addition variations of pressure

with each respiratory cycle which were often greater than the average

mean pressure itself (Fig. i, P). It appears from such observations

that the respiratory variations in the pulmonary arterial pressure, so

completely disregarded in open chest experiments, become, in many

Bi,uBDBAVW P

Figure i. — Diagram showing the extremes of mean pressure and their average {A), as

recorded in dogs by Beutner (B). Lichtheim (I), Openchowski (0), Bradford and

Dean (BD), Bayet (BA), Velich (V), Wood (H'), and Plumier (P).

respects, more important for investigation than the mean pressure

height itself.

In 1910 the writer * made a report upon the maximal and minimal

pressures found in the puhnonary arteries of dogs, as registered by

valved mercury manometers. The results upon which this report was

based are shown in Table I. They show that in experiments where the

mean pressure averaged only 18 mm., the maximal pressure averaged

31.3 mm. and the minimal pressure 5.9 mm.

Nature of Pressure Changes.

Records of the pulmonary arterial pressure with a membrane

manometer show that during each cardiac cycle variations of pressure

occur, the magnitude of which depends on the rate and systolic dis-

charge of the heart, as well as on the resistance and capacity of the

* Wiggers: this Journal (Proceedings of Society), 1910, xxvii, p. xxi.
•
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pulmonary vessels at the lime of such discharge. The pressure varia-

tions (luring svstole and diastole may be designated, as in the systemic

circuit.'' the actual pulse pressure. Records \vith meml^rane manom-

eters indicate, ho\ve^•er, that neither consecutive systolic and dia-

stolic pressures nor their ditTcrences, the pulse pressures, are equal, but

vary during each respiratory phase in a manner more marked than in

the' systemic circuit. For the extreme dilTerenccs in pressure thus

created during several respirations, the term maximal-minimal pres-

sure difference is reserved, since these pressures are the ones recorded

In- mercury manometers (Fig. 2. MX-MM-

FiGCRE 2 - Pressure variations in the pulmonan circuit rcc(,rdcd w.th a membrane

manometer of a vibration rate of 22.3 per second, showing difference between actual

pulse pre.ssurcs (Waves I, II, III, IV) and maximal-minimal pressure difference (.UA-

MN). A', relative position of levers. R, respiration, downstroke in mspiration. T.

time in seconds (small letters referred to in text).

Such a simple differentiation between the actual pulse pressure and

the maximal-minimal pressure difference presents certain difficulties

in the pulmonary circuit, however, which are not met with in the sys-

temic arteries. In only a comparatively small number of animals are

the number of heart beats to each respiration so nicely timed that

inspiration and expiration fall uniformly during either systole or dia-

stole of the heart. When expiration occurs during systole, it expresses

itself as an increased upstroke followed by a corresponding!)' high

diastolic pressure (Fig. 2, Wave I), which offers a support for the

succeeding systolic pressure, \^'hen, however, expiration occurs

<> WiGGERS: Journal of experimental medicine, 191 2, xvi, p. i74-
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during diastole, it causes a small elevation of diastolic pressure which

offers a support to the next systolic upstroke (Fig. 2, Wave II).

The question then arises whether to regard CE or D-E as the true

pulse pressure during the ne.xt heart beat. If the former is selected,

expiration always causes an increased pulse pressure, but if the latter

is chosen, it often causes a smaller pulse pressure. When inspiration

occurs during systole, no marked effect on the upstroke is apparent

(Wave III, Fig. 2). When it falls during diastole, however, it pro-

duces a distinct depression. Such cases offer a choice between the

variations A-C or B-C as the true pulse pressure.

The object for which the pressure variations are measured largely

determines the choice in these cases. If it were proposed to utilize

the actual pulse pressure in the pulmonary circulation as an index of

the systolic discharge of the right heart, it would be desirable to dis-

regard the respiratory factor influencing the pressure during diastole

as much as possible, and accordingly it would be proper to regard the

distance B-C of Wave IV and D-E of Wave II as true pulse pressures.

Inasmuch as it is very questionable whether such actual pulse pres-

sures taken in the pulmonary circulation during natural breathing offer

a criterion of the systolic output (it being impossible to estimate the

influence of inspiration and expiration when they occur during systole)

,

and, furthermore, as the determination of the extent of both cardiac

and respiratory influences was desired, it seemed preferable in this work

to regard the difference between any systolic pressure and the lowest

part of the diastolic pressure immediately preceding it as the actual

pulse pressure change occurring during the interval of a cardiac cycle

(f . g. the variations B-C and C-E) . To an average of ten of these actual

pulse pressures the term "average pulse pressure" is frequently applied

in this paper.

Apparatus employed to register Pui.se Pressure.

Before undertaking a quantitative investigation of the pressure

variations in the pulmonary circuit, it becomes fundamentally im-

portant to satisfy oneself that the instrument employed reproduces

the systolic and diastolic pressures without error.

Recognizing the inability of maximal and minimal valved manom-

eters to record actual pulse pressures, the pressures in the pulmonary
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artery were simultaneously recorded in a preliminary investigation

<

with a calibrated membrane manometer. The results showed, how-

ever, that the highest and lowest pressures deciphered from the record

of a membrane manometer failed to agree with those of the valved

manometers (Table I). These discrepancies led to a study of the

errors incurred by membrane manometers, which, as the reasons for

their existence gradually became clear, resulted in the development

of a new instrument which controlled the errors of the ordinary

membrane manometer.
_

.

Reasons for the inaccuracy of membrane manometers. — The Studies of

I'rank" indicate that the quajit)' of au instrument ii. e., its ability

to reproduce pressure changes accurately) may be estimated by

determining the vibration period {T), or its reciprocal, the number

of vibrations per second. In a simple manometer system (e.xclu-

sive of registering apparatus) T = 27rV -^7, where M'
,
the effective

mass, depends directly on the specific gravity of the fluid, the length

of the manometer column, and, on account of a friction factor,

inversely on the cross-section of the manometer tube, and where

£', the volume-elasticity coefficient (ratio of pressure increase to volume

displaced), depends, when air bubbles and elastic connections are

avoided, entirely on the character of the membrane or spring re-

straining the fluid within the manometer system.

The quality of an instrument, however, is not the only index of an

instrument's usefulness. In order to minimize the risk of error in

translating recorded pulse pressures into numerical figures by com-

parison with a calibration scale, it is necessary that these pressure

variations should he reproduced on a feasible scale. In the study of

the pulmonary circulation it was desirable that the ratio between the

recorded variation and the actual pressure change should not be less

than 1:5. As the quality of an instrument increases, however, the ex-

cursions of the elastic membrane decrease, hence it becomes neces-

sary to magnify these movements before they are recorded. When

such magnification must be obtained by ponderable levers and re-

corded with fricti(m on smoked surfaces, the reduced mass of the

lever (m) (/. c, one third of the lever length, the square of its magni-

" Frank: Zeitschrift fur Biologie, 1903, xliv, p. 445; 1908, 1, p. 309.
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fication (d-) , and its mass per unit area (a)) changes the formula for the

vibration period to T = 2 tt y/^,' + '"
, a formula in which rj designates

the deforming action of the lever on the membrane. To judge from

the lengthened vibration period, an increase of sensitiveness, whether

obtained by decreasing the volume-elasticity coefiicient or by increas-

ing the magnification of the membrane movement, decreases its quality.

Studies with his optical manometer led Frank' to the conclusion

that an instrument with a vibration rate of at least 40 per second was

required in order to register pressure changes in the arterial circulation

correctly, but, according to this investigator, the best membrane

manometer tested had a vibration rate of 30 per second, while the rate

of many instruments in common use range between 12 and 17 per

second. The writer has also determined the vibration rate of a number

of membrane manometers available in the laboratory. The best of

these showed under the most favorable conditions, and when the sen-

sitiveness did not exceed 1:10, a rate of 22 to 28 per second, but when

the sensitiveness was increased to the desired ratio of 1:5, the vibra-

tion rate dropped to one half of this figure. According to this criterion,

then, the ordinary membrane manometer is not capable of registering

the pressure variations correctly.

The chief faults of these instruments consist in the fact that, due to

the momentum acquired by the movable parts, the writing point is

carried too far in its rise. To counteract this effect of great mass

inertia, artificial resistance is introduced, in practice, by means of a

damping cock. This, however, tends to produce so marked a defor-

mation of the record in a direction opposite to the effect of mass inertia

that the matter is overdone unless we possess some criterion by which

the correct amount of damping may be judged. Htirthle^ pointed

out that the damping should never be so great that the maximal

variations which it is expected to record cannot be completed in the

time interval available for such changes in the animal, and has suggested

the simple expedient of damping until the contour of the damped curve

does not deviate from that of an undamped manometer. Porter*

' Frank: Zeitschrift fiir Biologic, 1905, xlvi, p. 512.

" HuRxra-E: Archiv fur die gcsammte rhysiologie, i8go, xlvii, p. 8; 1910,

cxxxvii, p. 145.

» Porter: Journal of physiology, 1892, xiii, p. 513-
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gauged the optimum degree of damping by comparing the recorded

pressure extremes with maximal and minimal valved manometers.^

With these standards as to the proper amount of damping, it is

commonly believed to be quite or entirely a matter of technic to

obtain records which are true as regards their amplitude. Such, how-

ever, has not been the experience of the writer. As before pointed out,

the highest and lowest pressures recorded by a membrane manometer

failed to agree with those given by maximal and minimal valved

manometers. The chief deviation lay in too high a diastoUc pressure.

It was furthermore found that, in the few instances where by suitable

damping it was possible to make both the highest systolic and lowest

diastolic pressures agree reasonably well with the maximal and mini-

mal pressures of valved manometers at the beginning of an experi-

ment, this correspondence did not hold good to the end. The factors

which account for such variations are difficult to determine in each case.

They are probably variable and numerous. Among those probably

entering may be mentioned (a) an unequal stretching of the rubber

membrane, (b) a variable friction in the axes and between the drum

surface and writing point, (c) a change in the force of the heart to which

the damping was originally adapted, (d) an accidental and unavoid-

able change of artificial resistance {e. 1^. by lodgment of particles of

vaseline in the stopcock), and (f) a modification in the natural resist-

ance within the manometer system due to the entrance of blood

into the manometer tubes or to the formation of a coagulum in the

cannula.

It seems, therefore, that if instruments with low vibration rates,

writing with ponderable levers on smoked surfaces, are to approach

quanritative accuracy, it is necessary to standardize them frequently

against maximal and minimal valves. In doing this, however, so many

instances were found in which it was impossible to adjust the damping

so that both systolic and diastolic pressures corresponded at the same

time with that read in valved manometers, that a number of proce-

dures were deWsed to overcome this difficulty. This led eventually to

the construction of a sensitive pulse pressure instrument which, being

capable of rapid and repeated standardization, gives correctly the

extremes of pressure during the interval of any cardiac cycle. It may

be added, parenthetically, that no claim is made as to the instrument's

ability to depict correctly the contour of pressure waves.
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Description of instrument.'" 'J'he pulse pressure instrument (Fig. 3)

consists essentially of the two registering manometers, 5 and D,

connecting by stopcocks i and 2 with the valve chamber C.

Each registering manometer consists of a capsule (A) having an

opening 7 mm. in diameter. Both capsules are covered with a mem-

brane under such a degree of tension as to give a resistant sensation

to the touch. The membrane covering the capsule D is chosen slightly

lighter than that covering capsule 5. The lever system is supported

on a framework (B) which is set over the manometer capsule (A),

and by rotating about it as an axis, enables the levers to write at

Figure 3. — Pulse pressure instrument (letters referred to in text).

any angle to the drum and permits an independent delicate adjust-

ment of each lever to the smoked surface. This rotatory adjustment

is made possible by the fact that the aluminum disc (C) cemented to

the rubber membrane does not partake of the rotation, since its move-

ment is transmitted to the lever through a ball and socket joint. The

hollow straw lever (not shown in Fig. 3), together with its paper

pointer, measures 10 cm., weighs 30 mg., and magnifies 25 times. The

lever can be raised and lowered by a slotted bar (D), supporting the

lever axis. In the case of the upper manometer its weight is further

supported by a hair spring (£) to insure a prompt upward movement,

whereas the lower lever is equipped with a similar spring (£') exerting

a dowmvard pull.

The valve chamber (C) is divided by two dome-shaped valve seats

into three compartments. The upper and lower compartments both

communicate through a stopcock with the registering manometers,

"• I am obliged to Mr. G. F. Soderstrom for a sketch of the apparatus.



studies on lite Pulmonary Circulalion. 243

and, if stopcocks 3 and 4 arc open, also with the tubes connected to

the artery. If these cocks are closed, however, they communicate

with this tube ('/') only through the middle compartment. The floor

of the upper chamber is guarded by a maximal valve (F) which may be

reached by removing scrcwcap (G), and the top of the lower chamber

is covered by a similar minimal valve (F) which becomes accessible

through the lateral scrcwcap (//). The design of the valves is shown

in Fig. 3. They are made of brass and weigh exactly .9 gm. Firm

closure is obtained by a small circlet of rubber dam applied to

the lower surface of the horizontal portion of each valve. The weight

of the valves is important. They should be suflTiciently heavy so that

^' ^'°°

riGURE 4. - - Curves showing that when pressure change is too rapid in proportion to weight

of valves, the maximal pressure is recorded higher than actually existing. Pressure

variations in all tests, o-ioo mm. B, pressure directly recorded. C, pressure recorded

through valves.

the maximal or minimal jiressure is not recorded through them during

the interval of a single pulse beat. Otherwise there is a tendency in

sensitive instruments for the lever to record the maximal and minimal

pressure lines respectively higher and lower than they should (Fig. 4).

On the other hand, they should not be so heavy as to interfere with

the full pressure record within the time interval occupied by 5 or 6

heart beats. Thai these conditions are complied with in the case of

valves weighing .() gm. is shown in that the maximal pressure, when

recorded through the valves, is not immediately recorded to its fullest

height, but after a time interval of approximately .12 second (Fig. 5).

Stopcocks I and 2 are utilized to dampen the manometers (damping

cocks), while 3 and 4 by their closure shunt the pressure through the

middle chamber and the maximal and minimal Valves (standardiza-

tion cocks). Stopcock 5 connecting by tubing with a pressure flask

and a mercury manometer similar to that described by Guenther and

Lombard" serves for calibrating and Idling. The brass communicat-

ing tube is 25 cm. in length and 1.8 cm. in internal diameter. The

" GUENTUER ami Lombard: this Journal, 1910, iv, p. iii.
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end communicating with the cannula is closed by a perforated stopper

through which an T-shaped tube with a stopcock is passed. This

l^ermits an adjustment to the level of the cannula by its rotation

through cork.

Calibration, standardization, and operation.—The instrument is calibrated

in the customary manner by attaching a manometer and pressure

bottle to stopcock 5.

After connection with an artery the instrument is operated as fol-

lows: Stopcocks 3 and 4 are closed, permitting a registration of the

FiGl'RE 5. — ^ shows 100 mm. level. B shows that the interval (A'-D required before

maximal pressure is recorded through valves, .9 gm. in weight, is appro.ximalcly

o.ii second. /, time in i/ioo second.

maximal and minimal pressure level by the two manometers. This

should require several pulse beats, but is usually carried on while the

drum remains stationary. The drum is then allowed to run and trace

these levels as a straight line with which, if desired, two ordinate

markers can be made to coincide. By adjusting the damping of stop-

cocks I and 2, the writing points are so adjusted that, upon opening

stopcocks 3 and 4, in the case of the upper lever, the highest systolic

pressure occurring during a respiratory phase coincides exactly with the

maximum pressure line, while in the case of the lower lever the lowest

diastolic pressure corresponds with the minimal line. This procedure,

designated as the standardization, is frequently repeated during the

course of an experiment. Fig. 6 shows instances where this stan-

dardization was applied in studies of pressures in the pulmonary arte-

ries and the carotid respectively. By applying the calibration scale

to the shellacked record, the actual systolic and diastolic pressures

during any heart beat can be calculated.
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Figure 6. — Records showing nature of tracings taken in experiments. / TP, intratho-

racic pressure changes; /.l /", intra-abdominal pressure; 5 CP, systolic carotid pressure;

DCP, diastolic carotid pressure; SPP. systolic pulmonary arterial pressure; DPP,

diastolic pulmonary arterial pressure; V P, superior vena cava pressure; T. time m
1-5 seconds; I, inspiration; E, expiration; K, expiratory rest.
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Test of instmment. — Inasmuch as the principle of this instrument

assumes that the highest and lowest pressures registered through

its maximal and minimal valves represent the true extremes of pres-

sure in the animal, the question whether the position of rest assumed

by the manometer levers depicts the extreme pressures in the vessels
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test of this point was, however, also made by actual comparison of these

maximal and minimal pressures of the systemic circuit with those

obtained with valvcd mercury monometers. The results of such

comparison, as shown in Table II, show a deviation so small as to be

regarded negligible in comparisons of this kind.

Operative Procedures.

Dogs were anesthetized with chloretone alone, in which case the

heart rate was perfectly regular, inspiratory and expiratory variations

in cardiac rhythm being eliminated without vagus section.

A record of arterial and venous pressure was taken in all experi-

ments. A long cannula filled with anticoagulation fluid was introduced

into the superior vena cava through the right external jugular and

connected with a membrane manometer through air transmission, a

form of registration at once convenient and, according to Frank," more

reliable than liquid transmission in the case of venous pressures.

The following technical .precautions were employed in order to

obtain pulse pressure tracings from the pulmonary artery under con-

ditions of respiration as nearly normal as possible. A thoracic trocar

connected by an air-tight system with a recording tambour was first

inserted through an intercostal space and the ncgaUve pressure during

inspiration and expiration recorded for a short tune interval. Under

artificial respiration the fifth to the eighth ribs were resected on the

right side so that the lower lobe could be withdrawn by gentle trac-

tion and the arterial branch to the small lobule accessory to this lower

lobe could be dissected from the lung tissue. Ligation of this vessel

cut off so small a part of the entire pulmonary circuit that its closure

by a clamp even during natural breathing was without any influenca-

on recorded arterial pulse pressures. After applying a clamp which

could subsequently be operated by a screw projecting from the repaired

chest, a short-necked waxed cannula was securely tied into this vessel

and a rubber tube connection was pulled through an intercostal space

in such a way that, with the lung reduced, a straight line was formed

with the arterial branch. This proved exceedingly important, for if

the least tendency to a kinking of the pulmonary artery into which the

" Frank: Zeitschrift fur Biologic, igii, Ivii, p. 176.
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cannula was inserted existed, it became increased when the ribs were

raised in inspiration. If this occurred, the lumen of the vessel was

reduced during inspiration and the true pressure variations occurring

in the large pulmonary arteries were not accurately reproduced. To

prevent the elevation of the ribs compressing the rubber tube during

inspiration and so introducing an artificial pressure change, a waxed

glass tube, 8 mm. in internal diameter, was slipped into the

rubber connection until it approximated the cannula. This tube was

similarly connected to the pressure-recording apparatus. The thoracic

wall was then surgically repaired and rendered air-tight. After stoppage

of artificial respiration, which had just previously been increased so

that the animal was in apnea, a negative pressure equal to that existing

during expiratory quiet previous to operation was re-established by

gentle suction through a T-tube inserted into the trocar-tambour

system. When natural respiration returned, the rate and depth

deviated appreciably from that before operation in only 12 per cent

of the experiments. These, of course, could not be regarded as normal

and are not included in this report.

Quantitative Studies of Pressure Changes.

a. Pressure variations in natixrally breathing dogs. — The pressures as

recorded in a typical experiment are shown in the tracing repro-

duced as Fig. 6. Such tracings show, when the negative pressure

changes are considered, that each respiratory cycle in the dog may be

divided into active inspiration, passive expiration, and an interval of

respiratory quiet. Taking the pressures during respiratory quiet as

a standard, it is evident that the systolic and diastolic pressures both

fall during inspiration and rise during expiration. The extremes of

systolic and diastolic pressures as quantitatively estimated during the

periods of inspiration and expiration in different experiments are

shown in Table III.

The following facts may be established from these figures:

1. The systolic pressure varied 2 to 35 mm. during the respiratory

cycles. The average variation was 12 mm.

2. The diastolic pressure varied 2 to 18 mm. during the respiratory

cycles, an average variation of 8 mm.
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3. The maximal pressure in different experiments ranged between

60 and 32 mm. The average maximal pressure was 43.3 mm.

4. The minimal pressure in different animals ranged between 6 and

21 mm. and gave an average of 11.9 mm.

5. The greatest actual pulse pressures (i. e., highest systolic minus

highest diastoUc) in different animals ranged between 14.5 and 43

mm., an average of 24.3 mm.

6. The smallest actual pulse pressures (i. e., the lowest systolic minus

lowest diastolic) in different animals, ranged from 10 to 23.5, an aver-

age of 20.6 mm.

7. The maximal-minimal pressure difference (highest systolic

minus lowest diastoHc) ranged from 20 to 48 mm., an average of

33.1 mm.
b. The influence of heart rate on pulmonary arterial pressures. The

influence that the duration of the heart cycle exerts on pulmonary

arterial pressures can only be determined when the influence of

respiration is in abeyance. Such a condition was, as a rule, estabUshed

by inducing a temporary apnea vagi for an interval of 30 seconds

and, in a few instances, which served as corroborative checks, by

creating a condition of apnea vera. To avoid serious objection, the

over-ventilation should not be so great that the apnea following the

discontinuance exceeds 45 seconds. In most of the experiments

recorded in this paper, it was much less. The experiments in which

the relation of the cardiac cycle to pulse pressures was studied under the

above conditions may be conveniently classed in groups according to

the nature of the heart rate studies.

Group I. — Experiments showing the effect of different heart rates

occurring in different animals during temporary apnea. In six out

of nine of these, the heart rate ranged naturally between 84 and 180.

To obtain a comparison of pressures with a wider range, three more

were added in which the heart was slowed by vagus stimulation.

The procedure in each experiment consisted of the following steps:

(i) Stimulation of the central end of the left vagus with a current just

sufiicient to induce apnea. (2) Recording the maximal and minimal

pressures through valves of the pulse pressure instrument in order to

establish true maximal and minimal levels. (3) Recording 15 or 20

cardiac pulsations with the manometers damped so that the systohc

pressure of one and the diastolic pressure of the other corresponded
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with the maximal and minimc-a line. During apnea the systolic

and diastoUc pressures were, of course, uniform. The values thus

obtained are shown in Table IV.
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make certain that its damping was properly adjusted to the altered

force of the heart which such a change in rate entailed. Owing to the

MmHg tendency of the heart,

"I
' ' '

I especially with the stronger

current, to escape from

inhibition and to thus in-

troduce an irregular

rhythm, the variety of

heart rates yielded by a

single experiment was not

so great as might have

been desired. The data

from different experiments

are arranged according to

the duration of the cardiac

cycles in Fig. 7. They

show that as the heart

cycle increases in length

up to .8 second (approxi-

mately) the systohc pres-

sure either undergoes no

change or displays a slight

tendency to decrease.

When the heart cycle be-

comes longer than I second,

however, the systolic pres-

sure begins to exceed that

of faster heart rates.

This tendency of the

pulmonary sj'stolic pres-

sure to deviate in direc-

howin'g the influence of the du- tion from the diastolic in

482

470

457

X J- _L _L J
.4 .8 1.2

Figure 7. — Plots si

ration of cardiac cycle on jiulmonary systolic and the case of slow beats IS

diastolic pressures during apnea. Figures along or-
^^^ ^^^^^^ ^^ ^^^ systemic

dinates represent pressure in millimetres of mer-
_ _

-'

cury; those along abscissa represent duration of circuit and requires a few

heart cycle. Dots indicate precise heart cycles at
^Qj-^Jg of interj-)retation.

which observations were made. • ^uSmce anv decrease m the

duration of the cardiac cycle occurs largely at the expense of
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diastole, the diastoUc pressure in the systemic circuit increases pari

passu with the heart rate, obviously because the interval during

which blood can leave the arterioles is decreased. The resistance

in the pulmonary circuit is so low, however, that a pronounced

reduction of the diastolic interval is necessary before the flow of blood

from the vessels is materially impeded. This probably explains why

the diastolic pressure is so constant during variations of heart rate

as wide as 200 and 80.

Were the systolic output of the right ventricle at all heart rates equal,

we should anticipate a corresponding effect on the systolic pressure.

The cardiometer studies of Henderson'' have shown, however, that

every increase in heart rate above 60 per minute is accompanied by

a decreased output. As it is found that the marked increase in sys-

tolic pressure occurs when the heart rate is less than 80, it is a reason-

able inference that the high systolic pressure at slow heart rates is

probably an expression of the overbalancing influence of the greater

systolic output. When the heart slows down, we have, in both the

systemic and pulmonary circuits, two forces tending to modify the

systolic pressure, the greater output tending to increase the systoUc

discharge, the prolonged diastole tending to reduce it by lowering the

diastoUc support. In the pulmomiry circulation the diastoUc pressure

is alwavs so low, however, that the latter factor is minimal.

Applicalion of results. — It is well known that the hearts of many

animals undergo a rhythmical acceleration during each inspiration and

a retardation during each expiration. When, as is often the case of

the dog, these variations become extreme, they may exert so marked

an influence on systolic and diastoUc pressures that the cardiac changes

overbalance the mechanical influences of respiration and determine

the trend of pressure variations (Plumier^). In man, however, these

variations are not extreme, and the heart cycle rarely varies beyond

the range .60 to .90 sec. (Lombard, PiUsbury »). The studies on the

influence of heart rate show that it is precisely within this range that

the variation in the length of the cardiac cycle is practically without

influence on the diastolic pressure and that its influence on the systohc

pressure is very sUght. This is shown in Fig. 7, A. where the actual

pulse pressures during heart cycles between these ranges are compared

" Henderson: this Journal, iqo8, x.\iii, p. 34s-

" Lombard and Pillsbury: this Journal, 1899, iii. p. 201.
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in three experiments. It becomes, therefore, very questionable whether

the secondary respiratory rhythm found in man is able to influence the

pulmonary arterial pressure to any mentionable extent.

C. Influence of respiration on pulmonary arterial pressures. The total

mechanical influence exerted by respiratory movements on the pul-

monary arterial pressure may be determined by comparing the aver-

age pulse pressure and the maximal-minimal pressure difference

during normal breathing and temporary apnea vagi. The influence of

inspiration and expiration may be separately estimated by comparing

the actual pulse pressure during inspiration and expiration with that

Figure S. — Plot of data from Experiment 467: A, actual pulse pressures, natural

breathing; B, average pulse pressure and maximal-minimal pressure difference

breathing; C, D, same in apnea; E, maximal and minimal pressures during breath-

ing and apnea compared. Cardiac cycles (.63 second) each represented by 35 paces

on abscissae.

occurring during the interval of respiratory quiet. These relations

were worked out in three cases. A single experiment may be quoted.

Experiment 467.—November 27, 191 1. Dog, weight 21 kg. Heart,

regular; rate, 96 per minute; respiration rate, 17 ; intrathoracic pressure

variation, -2 to -4.5 mm. Hg. Respiratory cycles, divided into active

inspiration, passive expiration, and respiratory rest, have a ratio 2:1:3

— heart respiration ratio was 1 :5H- The results are shown in yl
,
Fig. 8.

The systolic pressure ranged from 28.3 mm. in inspiration to 45 during

expiration, while the diastolic pressure during these respiratory phases

varied from 6 to 13.2 mm. Taking the pressure during the interval of

respiratory quiet as a standard, it becomes evident that both systolic

and diastolic pressures decrease during inspiration and increase during

expiration; but the relative changes of systolic and diastolic pressures

are such that the pulse pressure is greatest during expiration and least

during inspiration. The maximal-minimal pressure difference of 39

mm. contrasts with the greatest pulse pressure of 32 mm. and the aver-

age pulse pressure of 25.58 mm. {B, Fig. 8).
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After the production of apnea vagi for a short interval of time, the

systolic pressure (C, Fig. 8) was uniformly 32 mm. and the diastolic

10 mm., giving an actual pulse pressure of 22 mm., which now became

synonymous also with the average pulse pressure and the maximal-

minimal pressure difference. If the maximal-minimal pressure dif-

ferences during apnea and normal breathing are now compared, it

becomes evident (Fig. 8, E), that the difference between 45 mm- and

32 mm. in the case of the maximal pressures and between 10 mm.

and 6 mm. in the case of the minimal pressures is contributed by

respiratory movements. Expressed in percentile figures, ordinary

respiration contributes 40 per cent to the height of the maximal

and 14 per cent to the depth of the minimal pressure. In the two

other experiments comprising this group, respiratory movements con-

tributed 38 per cent and 32 per cent respectively to the maximal

and 10 per cent and 25 per cent to the minimal pressures.

Another group of six experiments were studied with reference to

the respective influence of rate and depth of respiration on pulmonary

arterial pressures. A tj^iical case of this group may also be considered

in detail. In Experiment 482, in which the heart rate was uniformly

125 per minute, the respiration durmg three periods was as follows:

I. Rate, 25; depth, 5 mm. II. Rate, 40; depth, 8 mm. III. Rate,

10; depth, 20 mm. During these periods the following results were

obtained

:

Period.
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Mm. Hg.

respiratory rate could, in any way, influence the pulmonary arterial

pressure. Any increase in respiratory rate occurs, as a rule, at the

expense of the expiratory pause and not in the duration of inspiration

or expiration. It is only when respiration becomes so rapid that both

inspiration and expiration fall

during the same cardiac systole or

diastole, that the natural relation

can be disturbed.

Relation between pulmonary, arterial,

right ventricular, and carotid pressures.

— Inasmuch as only two pulse

pressure instruments were avail-

able, it was necessary to record at

separate but closely following in-

tervals, first, the pulmonary arte-

rial with the carotid pressure, and,

secondly, the pulmonary arterial

with the right ventricular pressure.

Fig. 9 shows the relations thus

established. It becomes interest-

ing in such a comparison of pres-

sures to note that the intraven-

^"^ '

tricular pressure exceeds the
FiGUREQ-Three plots from Experiment

jj^ ^^^^^^^ ^
486, shovvmg relations of carotid, pul- ^ ' ' '

.

monary arterial, and right ventricular only a few millimetres in COrre-

pressures (cardiac cycle, .50 second). sponding heart beats and follows

its variations during inspiration and expiration precisely. The

expiratory increase in systemic pressures is, however, delayed for the

interval of one heart beat.

Summary.

By measuring the pressures in the pulmonary artery of naturally

breathing dogs with sensitive membrane manometers, the damping

of which was standardized against maximal and minimal valves, the

following pressure relations were established:

1. The maximal pressure averaged 43.5 mm., the minimal 11.9 mm.

2. The actual pulse pressure was smallest during inspiration,

averaging 19.8 mm., and greatest during early expiration, averaging
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23.3 mm. In every case it was considerably smaller than the maximal-

minimal pressure diflerence, which averaged 3 1 .4 mm.

3 The length of the cardiac cycle modified the pressures m the

following manner: An increase in the heart cycle caused a shght and

graded reduction of diastoUc pressure. A lengthening of the cardiac

cycle from .3 to .8 second (approximately) caused a tendency to

decrease the systolic pressure. Further reduction inaugurated an

increase in pressure.

4 Variations in the length of the cardiac cycle such as occur m

man (extremes, .60 to .90 second) produce no very appreciable in-

fluence on the systolic and diastoHc pressures.

5 The mechanical action of respiratory movements contributed

approximately 32 to 40 per cent to the height of the maximal and 10

to 25 per cent to the depth of the minimal, pressures to which the ves-

sels are exposed. The depth of respiration and the corresponding

variation in intrathoracic pressure determine the extent of this

contribution.

6. The systolic pressure in the puhnonary arteries is exceeded only

a few millimetres by the systoUc pressure within the right ventricle,

the respiratory variations of which correspond to those in the puhno-

nary arteries.



A NUTRITION INVESTIGATION ON THE INSOLUBLE
CARBOHYDRATES OR MARC OF THE APPLE.

By EDWARD C. SCHNEIDER.

[From the Department of Biology of Colorado College, Colorado Springs, Colorado.]

TN recent years that group of carbohydrates called hemicelluloses/

' which is distinguished from cellulose on the one hand and the

majority of soluble polysaccharides on the other by being capable of

hydrolysis on boiling with dilute mineral acids and resistant to the

action of diastase, has been the subject of numerous investigations.

In this group are the pectins,^ to which has been ascribed the gelati-

nizing property of many fruit and other plant juices. They are

widely distributed among plants, but are not reported to have been

found in animal tissue. Many botanists ' consider that pectic com-

pounds are always associated with cellulose in the cell wall, while

some hold that the intercellular substance or middle lamella is com-

posed of a calcium salt of,pectic acid. These compounds are known

as pectoses, and from them on boiling with water the pectin is obtained.

Czapek'' decides that "it is uncertain whether they form a definite

class of cell wall substances." Bigelow, Gore, and Howard" suggest

that all insoluble pectin bodies occurring in the vegetable world are

really in combination with cellulose.

The pectins occur both in the juice and the marc of fruits and

vegetables, and have been the subject of many chemical investiga-

' For a good review of the literature on these, see Swartz: Transactions of

the Connecticut Academy of Arts and Sciences, 1911, xvi, pp. 247-382.

2 For literature, see Bigelow, Gore, and Howard: United States Department

of Agriculture, Bulletin of the Bureau of Chemistry, 1905, No. 94, pp. 67-89.

' See Green's Vegetable Physiology, pp. 41-46; also the numerous papers of

Mangin: Comptes rendus, cix, p. 579, ex, p. 295, cxvi, p. 653.

• Czapek: Biochemie der Pflanzen, i, p. 545.

' Bigelow, Gore, and Howard: Loc. cil.
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tions. Scheibler," in 1868, secured from the marc of beets a crystalli-

zable sugar which he called arabinosc. Later Weisberg '
confirmed

the opinion of Schcibler by obtaining a furfurol yielding sugar from

the pectin of beet marc on hydrolysis with sulphuric acid. In 1889

Wohl and Van Niessen « showed the presence of 14.6 per cent of

galactan in the beet marc. Next Herzfeld ' found the pectins to be

combinations of the two hemicelluloses, pentosans, and galactans.

"Chemically pectin bodies are characterized by yielding reducmg

sugars, furfurol, and mucic acid in widely varying amounts, according

to the source of the pectins and the method employed in isolating

them." "

The Composition of the Apple and its Marc.

The average water content of the whole apple varies from about

80 to 86 per cent of the total weight, and the dry matter from about

14 to 20 per cent." The marc, which is the portion insoluble in water,

includes from 2 to 2.7 per cent of the apple. Bigelow, Gore, and How-

ard 1- analyzed the air-dried marc from Rhode Island Greening apples

with the following results:

Water ^4-04 per cent.

Cellulose 33-2^2

"Starch" (reducing sugars, calculated as starch, ob-

tained by hydrolyzing with weak hjdrochloric

acid)
27.68

Pentosans 22.79
^^

^^

Protein 3-5°

Ash 96

They, furthermore, removed the pectin from the marc by boiling

in water and secured after sLx hours a total of 40.84 per cent. The

8 Scheibler: Berichte der deutschen chemischen Gesellschaft, 1868, i, p. 58-

' BiGELOW, Gore, and Howard: Loc. cit.

« Bigelow, Gore, and Howard: Loc. cil.

« HERZFEtD: Chcmisches Centralblatt, 1891, ii, p. 61S.

'" Bigelow, Gore, and Howard: Loc. cit.

" Alwood and Davidson: United States Department of .\griculture, BuUetin

of the Bureau of Chemistry, 1904, No. 88, p. 10.

'- Bigelow, Gore, and Howard: Loc. cit.
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pectin removed during the lirst hour yielded 46.58 per cent of pen-

tosan and 54.6 per cent "starch," ^^ while the pectin removed during

the second hour gave 41.46 per cent of pentosan and 30.02 per cent

of "starch." They made no mucic acid determinations for galactans.

Marc and pectin from Ben Davis apple. — For the studies recorded in

this paper a marc was prepared from Ben Davis apples by the

method of Bigelow, Gore, and Howard. After the removal of cores

and bruised places the apples were ground to a pulp which was

then washed with water until free from sugar. This residue was

dried on a radiator, ground to a powder, extracted with alcohol, and

then with ether in a Soxhlet's extractor.

The method used for the quantitative estimation of the hemicel-

lulose content consisted in boiling 3 gm. of air-dry marc with 100 c.c.

of 2 per cent hydrochloric acid for four hours. The reducing sugar

was determined in the neutral filtrate by AlHhn's method. The

pentosan content was determined by the phloroglucid method,"

and the galactan content calculated from the yield of mucic acid.^°

One preparation of this marc contained

:

Reducing sugars, estimate as dextrose, after boiling . 28.00 per cent.

Pentosans 28.02

Galactans ii-S7

A pectin was prepared from this marc by hydrolyzing it for several

days, at 38° C, with 0.4 per cent hydrochloric acid. It was separated

from the filtrate as a colorless, transparent, jelly-like precipitate by

adding alcohol. The pectin secured was soluble in water. It was

redissolved and again precipitated with alcohol and then spread in

thin layers and allowed to dry spontaneously. This pectin was ana-

lyzed with the following results:

Reducing sugar, as dextrose, after acid hydrolyses . . 57.45 per cent.

Pentosans 3S-S7

Galactans 45-83

" Not starch, but reducing sugars obtained by hydrolysis with hydrochloric

acid, calculated as starch.

" For phloroglucid method, see Methods of analysis, United States Department

of Agriculture, Bulletin of the Bureau of Chemistry, 1908, No. 107, p. 54.

" Provisional method for galactan, Bulletin of Bureau of Chemistry, No. 107,

P- 55-
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A small amount of marc was also prepared from Colorado Greening

apples, and from it the pectin was separated by boiling with water

for two and a half hours under a return condenser. This preparation

was found to contain:

Pentosans 38.89 per cent.

Galactans
49-6o

It will be observed that the two pectins prepared by dilTerent methods

from two kinds of apples, while not of the same composition, are not

strikingly different.

Bacteriological Studies.

Winogradsky" and Behrens'' have shown that certain bacteria,

apparently the' butyric acid bacteria, are capable of fermenting pectins.

Slowtzoff''"* observed that the xylan in a putrefying mixture disappeared

in nine or ten days. Gran" found the Bacillus gelaticus produced

sugar from agar-agar, which was rich in galactan. Saiki-" obtained a

slight gas production with Bacillus coli communis in media contain-

ing agar-agar and Irish moss (Chondrus crispus), both of which con-

tain galactan. McCollum and Brannon,=' working with the intestinal

bacteria of the cow, found they destroyed 28.09 to 76.13 per cent of

the pentosan of corn fodder, wheat straw, and oat straw when anaerobic

digestion was continued for fourteen days. Miss Swartz," while inMen-

del's laboratory, experimented with numerous pentosans and galac-

tans, finding the greater number resistant to bacterial action. Excep-

tions were the soluble dulse pentosan from the seaweed Rhydomenia

palmata and the galactan of Limu manauca, a preparation from the

Hawaiian seaweed Gracilaria coronopifolia. The dulse was readily

decomposed by mixtures of either soil or faecal bacteria. The Limu

" WiNOGRADSKv: Comptcs rendus, iSqj, cxxi, p. 742.

" Bkhren'S: Centralblatt fiir Bakli-riologic, iqo2. ii, vii, p. 114.

•» Slowtzoff; Zeitschrifl fiir physiologischc Chcmie, iqoi, xxxiv, p. 181

'" SwARTZ, Mary D.: Transactions of the Connecticut Academy of .Arts and

Sciences, 191 1, xvi, p. 284.

'" S.MK.I; Journal of biological chemistry, 1006, ii, p. 258.

2' McCoLLUM and Brannon: Journal of the Xmcrican Chemical Society,

iQOo, xxxiii, p. 1253.

=2 Swartz: Transactions of the Connecticut .\cademy of Arts and Sciences,

iQii, xvi, pp. ,523-331-
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manauea was resistant in all tests but one, and this was inoculated

by exposure to air. This author found Irish moss entirely unalfected

by common micro-organisms. Hence we may conclude that the agar-

agar was fermented by B. coli communis in Saiki's experiment.

Bacterial digestion of the marc. - Preparations of the apple marc,

cooked and raw; the residue of marc reclaimed after extracting

marc several days with 0.4 per cent hydrochloric acid; and purified

pectin were subjected to the action of intestinal bacteria. Two or

3 gm. of the marc or marc residue were usually suspended in 100

and 200 c.c. of water to which i per cent of Witte's pepton and a little

sodium chloride had been added. The pectin media always contained

I or 2 per cent of pectin, as well as the pepton. To these special media

the bacterial cultures were added. Mixtures of intestinal bacteria

were prepared bv stirring fresh human fa-ces in sterile water and then

allowing the larger particles to sediment. One half or i c.c. of this

emulsion was then transferred to the special media. In one series of

observations a pure culture of B. coli communis was used.

These mixtures were subjected to both aerobic and ana-robic methods

of cultivation. The anarobic culture observations were made with

Novy's jars in which the air was replaced with hydrogen. All cultures

were grown at body temperature. Control tests were usually made.

Early observations showed that reducing sugars very rarely ap-

peared, and in the two instances where they were detected only traces

were present. All cultures showed visible growth with some gas

formation.

To determine what proportion of the sugar-yielding constituents

was destroN-ed bv bacteria, it was found most convenient to add enough

hvdrochloric acid to the mixture to make a 2 per cent solution, and

then to hydrolyze it for four h.uirs under a return condenser. After

neutralization and filtration, the amount of reducing sugar was de-

termined by the Allihn method and calculated as dextrose.

Table I summarizes- the bacterial studies. The mixtures of fajcal

bacteria, both arobic and anarobic, destroy the hemicelluloses of

the marc to a considerable extent. They attack the cooked marc

more readilv than raw marc. They also destroy the acid extraction

residue with greater facility than they do raw marc. The seven-

days experiment with the pectin makes it certain that facal bacteria

are capable of decomposing both the pentosan and galactan of apple
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pectin, 66.4 per cinl of ihc suKaryielding radicles being destroyed.

In no instance was tiic bacterial action allowed to continue long enough

to determine wlutlu-f the pentosan and galactan could be wholly

destroyed.



264 Edward C. Schneider.

that a soluble ferment of Aspergillus nigcr partially hydrolyzed the

pectose of gentian root, converting it into pectin.

Enzymes capable of hydrolyzing pentosans have not been reported

to occur in higher animals. Slowtzoff,=^ working with xylan, observed

it could be gradually hydrolyzed by 0.2 per cent hydrochloric acid,

but was not digested by saliva, gastric, or pancreatic juice. Berg-

mann,--' also working with xylan, found it to be unatTected by intes-

tinal extracts of the hen, goose, guinea-pig. sheep, ox, and horse.

Miss Swartz -« found " Taka " diastase hydrolyzed the pentosan of dulse,

but that dulse and the pentosan of limu lipoa, from the marine alga

Haliseria pardalis, did not respond to saliva, malt diastase, pancreatic

extract, intestinal extract, gastric extract, or 0.2 per cent hydro-

chloric acid.

Bierry. Giaja, Sawanura, Saiki, and Miss Swartz'^' have all failed to

find galactanases in higher animals. Miss Swartz reports that "Taka"

diastase hvdrolyzed the galactan of the seaweed preparation limu

kohu (Asparagopsis sanfordiana) ; and that 0.2 per cent hydrochloric

acid hydrolyzed those of the marine alg£e preparations limu akiaki

(Ahnfeldtia concinna), and limu kohu, and that of slippery elm.

Beaker trials with the apple marc and pectin.— Repeated digestions

in vitro were tried with cooked and raw marc; with the resi-

due obtained from marc extracted with 0.4 per cent hydrochloric

acid; and the pectin. The enzyme preparations were (a) filtered

human saUva, {h) diastase purified from Parke, Davis & Co.'s diastase

by repeated precipitations with alcohol, (c) "Taka" diastase, also a

Parke, Davis & Co. preparation that was freed from sugar by precip-

itation with alcohol, (d) extractions of dog's and pig's pancreas with 25

per cent alcohol, and {e) an alcoholic extract of dog's intestine. That

all enzyme preparations were active was shown by control digestions.

The digestive mixtures were kept at body temperature, protected

from bacterial decomposition by toluene, from three to thirty days.

Not a trial with marc, marc residue, or pectin showed a trace of reduc-

ing sugars when tested with Fehling's solution.

^ Slowtzoff: Zeitschrift fiir physiologische Chemie, 1901, xxxiv, p. 181.

'< Swartz, Mary D.: Transactions of the Connecticut Academy of Arts and

Sciences. 191 1, xvi, p. 277.

' Swartz: Loc. cil., p. 285.

" Swartz: Lof. cil., pp. 33^^333-
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The marc was slowly but incompletely hydrolyzed by a 04 per

cent solution of hydrochloric acid at 38° C. Both pectin and reducmg

sugars were products of this hydrolysis. The proportions of each and

the rate of formation are given in Table II. For the quantitative

determinations the pectin was separated from the acid filtrate with

alcohol as a clear gelatinous precipitate.

T.\BLE II.

Day.

3 gm. marc + 100 c.c. 0.4 per cent HCl.

3 gm. marc + 100 c.c. 0.4 per cent HCl.

3 gm. marc + 100 c.c. 0.4 per cent HCl.

3 gm. marc + 100 c.c. 0.4 per cent HCl.

1

2

4

5

Pectin.
Sugar (as

dextrose).

per cent.

6.0,?

8.73

10.26

10.73

per cent.

2.67

1.85

4.30

4.22

Several attempts were made to separate all the peclm from the

marc by the use of larger volumes of acid, but were not successful.

The following is an example of such trials. Three gm. of the niarc

were hydrolyzed in a flask with 300 c.c. of 0.4 per cent hydrochloric

acid at body temperature, for four days, and the mixture was fre-

quently shaken. After this the marc residue was hydrolyzed with

2 per cent hydrochloric acid under a return condenser and still yielded

14 16 per cent of reducing sugar which was calculated as dextrose.

Digestion and Utiuz.\tion.

Lindsey, in 1904-1905, fed apple==« pomace, with hay. to sheep and

cows, and found 65.63 to 80.06 per cent of the total dry matter and

35 82 to 84.95 per cent of the fibre content was utilized. The sugar

and hemicellulose content of the pomace were not determined In

the fibre, however, according to the analyses of marc by Bigelow. Gore,

and Howard, there may be 40 per cent or more of pectin. W ith some

of Lindsey's animals, therefore, a part of the pectin must have been

=' Lin'dsey: Seventeenth Annual Report, Massachusetts State Experiment

Station, 1905, pp. 70, 86.
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utilized. Alwood, Davidson, and Moncure -^ report apple pomace to

contain as much, on the average, as 9.34 per cent of sugar. This

in part accounts for Lindsey's observation that, "from the composi-

tion and digestibility of the pomace, it seems probable that 4 pounds,

when fed in what is termed a 'balanced ration,' would be equal in

feeding value to i pound of good cow hay."

A considerable number of pentosan feeding experiments '" have been

conducted with sheep, cattle, horses, rabbits, pigs, dogs, and fowl.

All give evidence of a marked digestion of pentose-yielding hemicel-

luloses. We have Kellner '^ to thank for the evidence that the diges-

tion products are assimilated. He placed oxen in a respiration calo-

rimeter and fed them starch and rye straw, rich in pentosans, and con-

cluded that the pentosan of the straw took part in the formation of

fat and indirectly in the formation of flesh.

Several researches have been conducted on man. Konig and Rein-

hardt ^- found the pentosans of peas, red cabbage, beans, and Graham

bread were largely utilized. They made no observations as to the influ-

enceof bacteria. MissSwartz^' administeredmarinealgtepreparations,

dulse, limu eleele, and limu pahapaha, to human subjects, and observed

that the pentosan of the dulse disappeared entirely from the intestine;

that 69 per cent of the limu eleele and 34 per cent of the limu pahapaha

were utilized. It is to be noted that Miss Swartz earlier found that the

pentosan of the dulse was readily decomposed by mi.xtures of facal and

soil bacteria. Therefore she attributed the disappearance of these

pentosans in digestion to bacterial activity.

Researches dealing with the utilization of the galactans have been

less numerous. Lindsey,'^ Lohrisch,^* and Miss Swartz'" have each

showTi them to be utilized to some extent by domestic animals.

'^ Alwood, Davidson, and Moncure: United States Department of Agri-

culture, Bulletin of the Bureau of Chemistry, 1904, No. 88, p. 13.

=» See Li-ntdsey: Fifteenth Annual Report, Massachusetts State Experiment

Station, 1903, pp. 75-81; also see Swartz: Loc. cit., pp. 276-282.

" Kellner: Die Landwirtschaftliche Versuchs-Stationen, 1900, liii, p. 457.

'2 Konig and Reinhardt: Zeitschrift fiir Untersuchung der Nahrungs und

Gemessmittel, 1902, v, p. no, 1904, vii, p. 729.

'' Swartz, Mary D.: Loc. cit., pp. 344-348.

^ Lindsey: Seventeenth Annual Report, Massachusetts State Experiment

Station, 1905, pp. 78-84.

35 Lohrisch: Zeitschrift fur experimentelle Pathologie und Pharmakologie,

190S, V, p. 478.



A Nutrition Investigation on the Insoluble Carbohydrates. 267

Saiki," while a pupil of Professor IMendel, was the first to try feeding

experiments with galactans on man. He employed marine alga;

preparations. Two diet periods with agar-agar gave coefficients of

digestibility for the galactans of 8 and 27 per cent. With the Japanese

wakamc, from Undaria pinnatifida, 28 per cent was utilized; and

with kombu, from Laminariacese, as much as 78 per cent was used.

Lohrisch'^ studied the utilization of the galactan of "soluble agar" and

found about 50 per cent was digested. He further conducted three

respiration experiments on men and obtained a rise in respiratory quo-

tient which indicated that this carbohydrate is oxidized in the human

body. Miss Swartz''* found on feeding Irish moss to human sub-

jects that one subject was unable to use any of the galactan, while

another utilized 11 per cent. The coefficient of digestibility for the

galactan of limu huna was 10 per cent, and for Umu akiaki 60 per cent.

This poor utilization of these galactans was in accord with the high

degree of resistance these seaweed preparations showed to bacterial

decomposition.

Digestibility of the apple marc. — Human subjects served in these

experiments, and throughout the entire period of observation used

a diet practically free from cellulose. White bread, crackers, butter,

cream, milk, cheese, meats, eggs, sugar, and coffee were taken. While

the food was not weighed, yet approximately the same quantity

of each article of diet was used each day. When marc was added to

the daily diet, no reduction was made in the amounts of other foods.

It was served as a cereal with sugar and cream. For the cooked marc

period it was cooked in a water bath for an hour and a quarter.

The fjeces of each period were marked off with lamp-black, taken

in gelatin capsules just before the first meal of the period. Each

collection of fieces was immediately weighed and at once mLxed with

alcohol and then dried over a water bath. The amount of hemicel-

luloses remaining unutilized was determined by boiling 3 gm. of the

air-dried, thoroughly mixed, powdered faeces with 100 c.c. of a 2 per

cent hydrochloric acid for four hours and then the sugar test applied

as in other hydrolysis experunents.

5« SwARTZ, Mary D.: Transactions of the Connecticut Academy of Arts and

>ciences, xvi, p. 352.

" Saiki: Journal of biological chemistry, 1906, ii, pp. 261-262.

" Lohrisch: Loc. cil.

" Swartz: Loc. cil., p. 353.
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The data obtained from these feeding experiments are tabulated in

Table III The coefhcients of digesUbility are higher than the bac-

terial observations on the raw marc alone would lead one to expect

but accord better with the destructions of the hemicelluloses obtamed

through the action of bacteria on the acid treated, the cooked marc,

and the pectin. It is clear, then, that the action of the gastric juice

TABLE IV.

Carbohydrate.

After hydrolysis, as dextrose

Pentosan

Galactan

In fijeces.

per cent.

6.22

2.95

2.50

fflQ.

4.01

1.90

1.61

Adminis-
tered.

16.8

16.81

6.9-t

Cosfficient

of

digestibility.

81.3

88.69

76.78

J

on the marc favors its bacterial decomposition in the intestme. Fur-

thermore, cooking the marc does not materially increase the amount

of destruction it undergoes during digestion.

The faeces of the cooked marc period of subject No. 3 were also ana-

lyzed quantitatively for the galactan and pentosan. The results are

given in Table IV. Both of these carbohydrates very largely disap-

pear during the journey through the digestive canal. The preliminary

study of the action of bacteria on the pectin had suggested the possi-

bilitv that both the pentose and galactan radicles of the pectm wou d

be destroyed by bacteria in the process of digestion. Undoubtedly

their disappearance in digestion, because of the absence of pectin-

digesting enzymes, must be attributed to the activity of mtestinal

bacteria. . , r j ;„„

The urine during a marc period failed to give tests for reducing

sugars and also gave a negative test for pentose. No examinations

were made for either pentosan or galactan.

It will be observed in Table III that in the marc periods the apple

marc increased materially the total amount of fceces Jhe faeces,

however were so well formed that it hardly seems probable that the

marc contains those constituents of the apple which cause looseness

of the bowels in many persons after eating apples.
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SXIMMARY.

1. The pectin prepared from apple marc by hydrolysis with hy-

drochloric acid yielded 35.87 per cent of pentosan and 45.83 per cent

of galactan.

2. Mixtures of intestinal bacteria destroy the hemicelluloses of

marc and also destroy pectin. They do not form reducing sugars as

an end product. They destroy almost equally well the pentosan and

galactan of the pectin.

3. Animal enz>Tnes, malt diastase, and "Taka" diastase do not

hydrolyze the marc or its pectin.

4. Weak solutions of hydrochloric acid split off from the marc

pectin and reducing sugars.

5. From 79.1 to 84.5 per cent of the hemicelluloses of the marc is

either utilized or destroyed during digestion. Bacterial activity proba-

bly accounts for this disappearance. The coefi&cient of digestibility

for the pentosan was 88.69 and for the galactan 76.78.

The writer wishes to express his hearty thanks to Professor Lafayette

B. iMendel for suggestions and advice.



ELECTRICAL CHANGES IN THE HEART DURING
VAGUS STIMULATION.

A

By WALTER J. MEEK axd J. A. E. EYSTER.

[From the Physiological Laboratory oj the Universily of Wiscmsin.]

LTHOUGH attempts had been made previously, Gaskell '
was

• the first to report electrical changes in the heart during vagus

action. His experiments were made possible by the peculiar anatomy

of the terrapin's heart which has a branch of the vagus running free

with the coronary vein from the sinus to the posterior base of the ven-

tricle. The sinus and left auricle could therefore be cut away from

the rest of the heart while the vagus connections were maintained with

the ventricle and the right auricle. This was practically a first Stan-

nius' ligature, and it was usually followed by a period of quiescence

in the right auricle and the ventricle. During this period Gaskell

found that the demarcation current from the burned tip of the right

auricle and the uninjured base of the same chamber showed a positive

variation on vagus stimulation. The support that this experiment

gave to Gaskell's assimilatory theory of inhibition and the part this

has played in physiology are matters too well known to merit dis-

cussion here.

So far as we can find, the literature does not contain a single paper

describing an exact repetition of Gaskell's e.xperiments. Boruttau,=

however, in an oral report to the Deutsche physiologische Gesell-

schaft in 1905, stated that only in the case of the terrapin's auricle

had he been able to get a positive variation of the demarcation current

such as that described by Gaskell. Boruttau had made attempts

with the auricles and ventricles of frogs and terrapins. No other

worker to our knowledge has reported definitely for or against the

original e.xperiments.

J Gaskell: Beilrage zur Thysiologie, Festschrift zu Ludwig, iSS", p. 114-

» Boruttau: Zcutralblatt fur Physiologic, 1905, xi.x, p. 301-

271
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Yxom time to time, however, workers using other galvanometers

have failed to find electrical changes during vagal stimulation such as

those originally described. Gotch ' used the capillary electrometer

on a tortoise's auricle prepared in Gaskell's way. The electrometer

showed monophasic variations of the demarcation current corre-

sponding to each beat, but on vagus stimulation the meniscus came to

rest at exactly the same point it had occupied during the previous

diastoles. Burdon-Sanderson,-" in commenting on this demonstration,

insisted that there still might have been positive variations which even

the sensitive electrometer failed to detect. Fano and Fayod ^ reported

rhythmical variations of the capillary electrometer which were more

or less independent of the regular auricular beats. These variations

changed in character during vagus stimulation, and the authors

thought there was some evidence in this of a trophic function of the

vagus as advocated by Gaskell.

Einthoven,'' in 1908 while working with the string galvanometer,

was also impressed with the fact that during vagus stimulation no

electrical changes appeared in the mammalian electrocardiogram

which could be interpreted as positive variations. In numerous rec-

ords he found that the position of the string indicated no change in

potential during slowing of the heart, yet this was to be expected if

the basal portions became more positive. Einthoven reviewed Gas-

kell's work, pointed out the inefficiency of the instruments employed,

expressed doubt concerning the original investigations, and concluded

that in the dog at least there was no evidence of an increase in posi-

tivity during vagus stimulation. Kahn ^ made the same observa-

tions on electrocardiograms as Einthoven and drew much the same

conclusions.

Our interest in the problem grew from stud>ang electrocardiograms

taken during vagus inhibition in various experiments we had made

on cats and dogs. These records all confirmed the observations of

Einthoven and Kahn that there was no change in the mean level of

3 Gotch: Journal of physiology, Proceedings of the physiological society,

1887, viii, p. xxvi.

•• Burdon-Sanderson: Ibid., p. xxvii.

* Fano and Fayod: Archives italiennes de biologic, 188S, i.x, p. 143-

s Einthoven: Archiv fur die gesammte Physiologic, 1908, cxxii, p. 517.

' Kahn: Archiv fur die gesammte Physiologic, 1909, cxxvi, p. 197.
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the string during vagus action. Wc then deternuncd to repeat Gas-

kell's experiment <.n the tortoise, using in place of the D Arsonval

the huge Kinthoxen string galvanometer. The string galvanometer

which detects exlremelv minute currents and responds accurately to

the most rapi.l changes in potential xvould seem ... be the .deal mstru-

ment for such an investigation.
r- 1 n

The tortoises were prepare.l in Un- manner described by Gaskeil.

TlK. .pecies used was Chrysemis concinna. The coronary nerve

was easilv found, and a ligature laid in such a way that on bemg tied

it spared'the nerve but severed the right auricle and venlr,cle trom the

sinus and left auricle. This was found more satisfactory than sever-

ing the parts with scissors, although the latter method was used ni the

first experiments. The tip of the right auricle was seared with a

hot glass rod. Non-polarizable electrodes were placed on the burned

apex and uniniure.l base of the auricle. The vagus was isolated and

tested with medium-strength tetanic stimuli from a Du B<ms Re>-

mond coil. The sinus an<l left auricle which had continued t.. beat

were of course inhibited if the vagus remained active.

In our first experiments we had difficulty in securing quiescent

preparations. Either the stimulus caused by cutting of^" the sinus and

left auricle or by stretching the right auricle to accommodate the

electrodes seemed to develo). automaticity. and the period of quies-

cence was much shortened or entirely absent. \A-e found, however,

that terrapins dilTer greatly in this regard. In a later shipment we

secured a tvpical quiescent preparation from every specimen, auto-

maticity developing, if at all. only after several hours. Even in those

cases in which automaticitv had developed it seemed that any change

of potential due to vagus activity should manifest itself, since the

string of the galvannmeter responds almost instantly and the general

change in IcncI would not therefore be obscured by the beats super-

posed on it The demarcation current which ai>pcared on connecting

up the electrodes was compensated and the shadow ol the string

brou-ht upon the slit of the photographing apparatus. 1
he electrodes

were so placed that an up stroke indicated positivit>- ot the auricular

base Records were then taken during which the vagus was stimu-

lated from two to fifteen seconds. The results were uniformly nega-

tive In those cases in which the preparation was automatic, the con-

tractions of auricle and ventricle were marked by beats, but the mean
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level of the string never changed throughout the record. In those

cases in which the preparation was quiescent the beats of the left

auricle disappeared during stimulation, hut the mean le\el of the

string, as before, remained unchanged.

In the experiments just mentioned the sensitiveness of the gal-

vanometer was such that i millivolt deflected the shadow of the string

on the slit through a space of 27 mm. Although this might be consid-

FiGURE 1. — About one fourth the original size. Increase in posilivity at base of right

auricle during stimulation of right vagus. Tetanic stimulation of \-agus from X to

X. Time at top of record in seconds. Beats recorded by string due to regular con-

tractions of left auricle. Electrodes on seared apex and uninjured base of right auricle,

and so placed that positivity of auricular base gives upward movement of string.

Sensitiveness of string such that 1 millivolt gives a deflection of 270 mm.

ered a fairly sensitive string, it occurred to us that possibly we were

really overrating its sensitiveness. Such proved to be the case. We

found that i millivolt gave a deflection in the laboratory D'Arsonval

of 620 mm. Assuming that Gaskell worked with an instrument of

this sensitiveness in the cases in which he secured variations of 20mm.,

we could expect a variation of only i to 2 mm. in the string galva-

nometer. This indicated that our string was by no means sensitive

enough for the object in view. A quartz thread was then inserted

and the tension loosened until i millivolt gave a deflection of 1350 mm.

Our results at once became uniformly positive. Experience showed

that we could secure positive variations on vagal stimulation with a

deflection of the string anywhere from 270 to 1350 mm. With the

latter sensitiveness the reaction was usually so marked that the

shadow of the string passed entirely out of the range of the photo-

graphing apparatus.

In Fig. 1 we have the results of stimulating the right vagus in a

quiescent Gaskell's preparation. The time was marked in one-second

intervals at the top, and the duration of stimulation by indentations

at the bottom of the record. The position of the secondary coil was

5.3 cm. The electrodes were so placed that an upward movement

indicated positivity of the auricular base. The sensitiveness of the

string was such that i millivolt gave a deflection of 270 mm. It will
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be seen that within one second after the vagus was stimulated the

string began tc. rise rapi.ily. At the end of Ihe seconds it had reached

a height of ^:; mm. Within three seconds it began to return slowly t(,

its former position. The return was much slower than the mitial

rise and the original level was not reached until the end of the record,

about sixty-three seconds. The beats appearing on the record were

due to the left auricle, which being in connection with the smus

had maintained its rhythm. The chronotropic action of the vagus

can be seen in the >lo\ving of this rhythm.

,„,,, 2. - on. fourth the original size. Increase in positivily a, base c,f ri.h. aunde

.Ln, stimulation of left va.us. Sensitiveness of stnn, su.h that ,
m.lhvoU ,nes a

deflection of \\>^ mm.

1,1 six terrapins examined with the very sensitive string we never

once failed to demonstrate an increased potential at the base of he

auricle on stimulation of the right vagus. The effect appeared on the

average at the end of one second after stimulation. I he return o

the ori.dnal condition occurred in from twenty-three to seventy

seconds The exact increase in potential could not be measured m

all cases because the shadow of the string usually passed out of range

of the photographing apparatus. It was evident that U varied greatly

with the different animals. In Fig. i the increase in potential can be

accurately estimated. It is something over lo"^ volt.

In four of the six terrapins we found the left vagus gave results

.imihir to the right. Fig. 2 is a record of such an experiment. The

stimulus lasted twenty seconds. There was only a slight chrono-

tropic effect, but rather a marked inotropic. The diastolic lexel ot

the thread rose about ,0 mm., indicating increased positivity at the

base of the right auricle. In no case did we find the left vagus as ac-

tive as the right, and in two of the six experiments we were unableto

secure anv results from the left vagus even witli the most sensiUve

"string whi'c It we were able to use. Recent work by Clarrey « has shown

that the vagi of tlie turtle huNC a preponderant homolateral etTect.

s (,;.\KRi.\: Ihis Journal, ion. xxviii, p. Mo.
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but that crossed results may be obtained with slri)ng stimuli. Our

experiments agree with Garrey's findings.

In comparing our work with that of Gaskcll it is evident that

the string galvanometer has almost exactly duplicated the results he

obtained with the D'Arsonval. Our method has had the advantage

of being a graphic one. Gaskell found that the increase in potential

took place almost immediately after stimulation and in every case

had reached its maximum within ten seconds. Only in one or two

of his experiments did the increase in potential last as long as one

FuuRii .^. — One fourth ihe original size. Record showing gradual decrease in the demar-

cation current and also the effect of stimulating the right vagus tetanically. Sen-

sitiveness of string such that 1 millivolt gives a deflection of 500 mm.

minute. In all these details our own results are in close agreement.

The rate of decrease in the potential at the auricular base after its

rapid rise due to the stimulation is much slower in our records than

that observed by Gaskell. As noted by Gaskell, the demarcation

current gradually decreased as the experiments progressed. Fig. 3

shows this decrease as well as the efTect of stimulating the right vagus.

The thread was very sensitive, and part of the shadow escaped the

recording apparatus.

Gaskell was convinced that he was dealing with a physiological

property of the vagus because he failed to secure similar effects on

stimulating the accelerators. Spread of current was ruled out of our

experiments in several ways. The left vagus did not always give re-

sults. In time the effect of the right vagus wore off and finally dis-

appeared. Stimulating the carotid artery in exactly the same way

that the vagus had been stimulated was ineffective. It would seem

beyond question that the increased jMisitivity exhibited by the auric-

ular base during vagus stimulation is a true physiological action

brought about b\- that nerve.

Our experiments make it apparent why Einthoven and Kahn have

failed to find increased positivity in the mammalian heart on vagus

stimulation. In mammalian work it is impossible to use a string



Electrical Changes in Ihc Heart during Vagus Stimulation. 277

sensitive enough to record the increased potential. A string suffi-

ciently sensitive to have its shadow deflec.ed 270 mm. by 1
mdl.volt

at the' distance of 1 meter would of course be broken by the action

currents of the mammalian heart. This difficulty can hardly be over-

come PreNious workers have evidently overestimated the sensitive-

ness of their string as compared with the type of galvanometer used

by Gaskell. and also the amount of potential increase actually brought

about by vagus stimulation.

Summary.

1 Gaskell's observations showing an increased potential in the

auricular base of the terrapin's heart during vagus stimulation have

been repeated with the string galvanometer. The increased positivity

of the auricle appears within one second after stimulation begins,

reaches its maximum in three to five seconds, and then gradually

returns to the original value during the next twenty-three to seventy

seconds. . „,,

2 The right vagus seems to be active in all preparations. Ihe

left vagus influenced the right auricle in four out of six terrapms,

but the effect was less marked than that obtained by the same stim-

ulation of the right nerve. The innervation of the vagus therefore

seems to be mostly homolateral.

3 The extreme' sensitiveness of the string required to demonstrate

this so-called trophic action of the vagus makes it improbable that

the method can be applied to the mammalian heart.



ON THE ABSORPTION OF FAT I^' THE SALMON STOMACH.^

By CHARLES W. GREENE.

{From '.lie Dcparimail of Physiology and Pharmacology, Laboratory of Physiology,

University of Missouri.]

M'ARCET- in 1858 published experiments on dogs sliowing that

after a meal consisting of meat and mutton fat the content of

the stomach yielded in every cas: large amounts of fatty acids

though the fats of the food were neutral. This was the first dem-

onstration that fats were dissociated in the stomach. Cash' in

1880 observed the digestion of fat in the stomach. He was also

able to secure an increased amount of fatty acids when he sub-

jected neutral fats to the action of extracts of the gastric mucous

membrane in the presence of hydrochloric acid. After removing the

pancreas to eliminate the pancreatic juice known to contain lipase.

there was an abundant absorption of fats, as shown by the abdominal

lacteals. From these various tests Cash drew the conclusion that the

gastric secretion contained an active lipase. The work of Cash was

supported by Ogata,^ who devised an experiment to test the fat-digest-

ing action in the stomach itself. Cash made the significant observa-

tion that the gastric mucous membrane contained both neutral fat and

fatty acids, though he attached no importance to this observation.

Harley" in 1897 showed that neutral fats were dissociated in the

stomach in dogs in which the reflux of pancreatic juice was made

impossible by removal of the gland. The percentage of fatty acid

in the stomach was found to be as high as 31.29 per cent of the total

1 rublishcd by permission of the U. S. Commissioner of Fisheries.

Marcet: Medical times, 1858, xvii, p. 209.

' Cash: Archiv fiir Physiologie, 1880, pp. 323-333.

* Ogata: Ibid., i88i, p. 515.

' Harley: British medical journal, 1897, i. P- 121*^-

6 Volhard: Zeitschrift fiir klinische Medicin, 1900, xlii, p. 414. :i"(l >0Oi.

xliii, p. 613.
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fats inlnKluml. Volhard^' to<,k up the question of the action of

gastric iuir. on neutral fat. In his ch.ssic series of papers he gives

nnich valuable detailed experimental evidence which tends to place

beyond further doubt the fact of the digestion of fats in the gas-

tric cavitv and under ihc^ influence of the gastric juice.

The experimenters who have striven to test the digestion of fats in

the stomach have given no attention to the possible absorption o

fat cleavage products in this organ. The status of our knowledge of

this question was expressed by Noel Paton/ in 191 1. in the following

words- "There is no evidence that fats arc absorbed under any condi-

tion in the stomach." Nevertheless the literature shows that in

1901 Schilling
^ observe.1 by histological methods that fat ^v^s ab-

sorbed into the epithelium of the stomach of the sucking calf. He

found fat in smaller quantity in those animals killed some time after

feeding In a calf killed after a rich meal of milk the epithehal

cells in the ndddlc stomach region were thickly filled with micro-

scopic fat drops. The fat had penetrated into ditterent levels of

the epithelium. This has been accepted as a demonstration ol the

taking up of fat bv the gastric mucosa.
, . ,.

I have demonstrated the absorption of fat by the stomach c,f the

youn-^ king salmon. Oncorhynchus tschawytscha. While pursuing my

teneral phNsiological slu.lies of this species in California the oppor-

tunitv cam'e to me to te.t how these fishes take up the fats of their

f„c.d The intestine and numerous pyloric cocca were found to ab-

sorb fats with avidity and in large quantit>-. But it was a sur-

prise to find an active fat absorption taking place through the

cylindrical epithelium forming the superficial coat of the gastric

mucosa. , . ,

The method used was t.> feed olive oil to the salm.m. keeping the

f.sh in a,i aquarimn. The alimentary tube of the salmon is quite

simple in its gross anat.>my. It is an S-shaped tube, with no complex

features other than the large number of blind sacs, or cceca. at the

pyloric end of the intestine. In practice it was Kmnd to he an easy

neuter to inj.rt oil fr,.m a medicine dropper into the rectum. .\ gentle

pressure continued for a few m.mients will press the oil entirel>- through

the canal until it Hows from the mouth. Giving the oil by way ot the

mouth is not so satisfactory.

' Paton, D. Noel: Encyclopedia Britaiinica, iqn, xix, p. 9^5-

» Schilling: Fortschrille dor Medicin, iqoi, xix, p. 613.
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'I'lie absorption was tested by Hell's modification of the Herxheimer

method of staining the fats in frozen microscopic sections. It was as-

sumed that any fat absorption by the stomach

mucosa would be by the same mechanism

operative in the intestine. Therefore one

might expect a resynthesis of fats in the ab-

sorbing epithelium. It was found that fats

were deposited in the gastric epithelium,

though the nature of the fats was not de-

termined further than that they stain both

with osmic acid and with scarlet red.

Fat absorption in different regions of the stom-

ach. The usual cardiac and pyloric divi-

sions of the stomach are sharply defined

in the salmon. The cardiac division is

abundanth' supplied with peptic glands of

the tubular type usual with fishes. The sur-

face of the mucosa is covered with rather

long but slender cylindrical epithelial cells.

The pyloric end of the stomach is smaller

and ends abrupt!}- in a valve-like constric-

I.-IGURE l.-Gastricsuperficial tion that separates it from the pyloric por-

epithelium of fat-fed salmon tion of the intestine. The lining mucous coat
No.46fromBrookdaieHatch-

jg thrown Into deep folds, but no glands are
ery, ( alifornia. This young ."
salmon was fed olive oil 42 present. The cylindrical epithelial covering

hours before killing. Thema- js onlv slightlv differentiated. The outer or
terial was fixed inFlemming's

"

- "•
, ,i ^ .• t \ i

stronger solution. The fat
^ore superficial Cells are relatively long and

has penetrated the outer zone cylindrical, though not SO long and slender
ofthesu,».rficialcellsandlhe

^^ j^ ^j^^ ^^^jj^^ ^,^j ^j^C Cells of the deep
cells ol the crypts as deep as

the neck cells. The Osmic folds are more nearly cubical. There is no
staining shows a relatively evident diflerentiation of structure, and the
greater number of fat dro])-

, „ , ,, .11
lets in the bodies of the cells

deeper cells bear no resemblance to gland

in portion? of the section not cells.
shown in the figure. This ™ , . , , , ., j- j- . • c

f, . , . , f ., ,
The absorption of fat by the cardiac division of

figure IS typical of the earlv ...
stageoffatabsorption. Cam- the stomach. — The superficial epithelial cells

era outlines. Magnificati<,n,
^f ^he cardiac stomach contain an unusuallv

Leitz ocular 1, objective 7. r . ,.

large number of fat droplets after fat feeding.

These cells are free of fat in the fasting salmon, and the fat drop-
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lets arc iVw in numhcr. and extremely small in mzc in an animal

that is feeding naturally.

The fat droplets vary greatly in size. They vary from a fraction of

a micron to two micra in diameter. They are most numerous in the

most supertkial epithelium, but are present as deep as the neck cells.

Fish were killed at different times after feeding, from ten hours to forty

hours and more. The fat appears in the earlier stage of absorption

crowded into the outer or free ends of the cells (Fig. i).

At a later stage the fat
^^^,./

drops are distributed along ^ "^ -' (t^'v ,<-;
^^

the body of the cell and -~ ^J^ ''^^^'^^ '•

around the nucleus. Still
^) 'rj,

later the fat is massed about ; j ^^
the bases of the cells. The , J pcij'i

fat drops vary in size in ^'r^P) ^ ^^ ^^
different parts of the cell, - Vlj ' ^'

small at the free border, lar- -
. - ^

gerat thecentralportion.and

again small at the basal part i,-,oire 2. - Two fifths the original size. General

?^, ^,, \iew of a section of the pyloric division of the

"f the cell.
^^^_^^^,^ ^j f.^^_,^j ^^,^„„ >,T„. 88. McCloud

The fat passes through the
^^^^.^^ Baird. California. The section was cut

bodv of the cells and not near the pyloric valve. Most of the deeper folds

^^^^
, , are free of fat, but two have fat in the mucosa

through the cement SUD- ^^ ihcir full depth. Only a trace of fat was found

stance between the cells. jn the connective tissue supporting the mucosa.

Little fat was found in the
, • 1

supporting connective tissue, a fact taken to indicate a relatively

ra,Md removal .if the fat after it passes through the c>lindncal eel s.

Absorption of fat from the pyloric division of the salmon stomach. - 1 he

epithelial covering of the pyloric i-arl of the stomach is comparatively

simple an.l undifferentiated. The membrane is more folded near the

bend of the stomach and more and more simple toward the pylorus.

The most superficial folds have somewhat Umger cells.

The sections made at a favorable time after feeding lat .how the

superficial epithelial cells crowded with fat. Ofttimes the cells are

fille.l from tip to base, so full of fat droplets that all structural detail is

obscured. Not all folds are equally loaded with fat. Some will have

the surface cells filled throughout, other folds will have the tree ends

filled and the bases of the cells sparsely .lotted with fat droplets. In
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such instances the droplets at the bases of the cells are smaller than at

the apex, as indicated in the figure submitted.

Occasionally all the. cells lining a fold will contain fat, even down

to the bottom of the fold. Two such folds are shown in the figure.

The amount of fat in the cells is less and less the deeper in the fold the

examination is made. A large portion of the deeply folded mucosa

contains no fat. This fact is not due to any lack of abilit>- of these

cells to absorb. Rather is it due to the fact that the fat is not brought

in sufficiently intimate contact with the deep folds of the mucosa.

The mucous surface e.xtending deepest into the cavity of the stomach

is brought in most intimate contact with the fats of the food. These

cells are the ones most loaded with fat.

The fat droplets in the pyloric epithelium are larger than in the

cardiac epithelium. The droplets in the neck cells and in the bottoms

of the crypts of the pyloric region are smaller than in the more super-

ficial cells. The size and number of fat droplets probably vary in rela-

tion to the rate at which absorption and resynthesis is taking place.

This deduction is supported by the observations made on the pyloric

coeca of the same salmon. The cctca are special fat absorbers. The fat

is taken up in very much greater quantity than in the gastric epithe-

lium. In the coecal cells the fat droplets are often three times greater

in diameter than in the gastric cells.

My observations show that the gastric absorption of fat does not

nearly equal the intestinal absorption in amount and volume. But

the observations do show conclusively that the stomach is a fat-ab-

sorbing organ of no insignificant proportions. The final re])ort of these

experiments will be published in the Bulletin of the U. S. Bureau of

Fisheries.



COMPRESSION OF THE CARDIAC NERVES OF LIMULUS.

AND SOME ANALOOIKS WHICH APrLY TO THE MECH-

ANISMS OF HEART BLOCK.'

By WALTER E. GARREY.

[/•>„„, //„ Ph^suMual Laboratory of Washins'on Umvarsity, St. Louis and the Laboratory

'

o( the U. S. Bureau of Fishenes,^ Beaufort, N. C .\

T
Introduction.

HI-: cxpcrinifntal work wliich will l)e dcscriljc.l in this paper was

- undertaken with the view of ascertaining the effects of com-

pression upon conduction in nerves. The chief object in view was to

determine whether the changes in conduction in the nerves of the

heart of LimuUis polvphemus were comparable to the changes in the

atrio-ventricular bundle of the mammalian heart when clamped by

the method of Erlanger.' It was believed, and this belief has been

justif.e.l, that such an investigation would throw further light on the

mechanisms of heart block.

The effects of compression uiion comluction in motor nerves have

been noted in numerous investigations. In recent years Ducceschi *

has made the most extensive observations, while the work of Meek and

Leaper •' merits especial attention owing to the refinement and accu-

1 These investigations were reported to the American Physiological Society.

December 2q ign, at which time numerous tracings illustrating the details were

reproduced A report was also made to the St. Louis Medical Science t lub, Jan-

uary 0, igu. The paper is abstracted in this Journal. 1Q12. xxix, Proceedmgs of

the American Physiological Society, p. xxi.

^ 1 am indebtJd to the Commissioner. Hon. Geo. M. Bowers, for the opportunity

of conducting these investigations, and to Mr. H. D. Aller. Director of the Beaufort

Laboratory, for his co-operation in placing at my disposal the conveniences and

facilities for prosecuting the work.

' Erlancer, J.:
Zentralblatt fiir Physiologic. 1Q05. xix. p. o, ami Journal ot

experimental medicine, igo6. viii, pp. S 5S.

* DuccKSCHi: Archiv fur die gesammte Physiologic, iqoi. Ixxxui, p. 38-

' Mkek and Leapf.r: this Journal, ion, x.wii. p. 308.



284 11 (///(/ E. Garrcy.

rale (luantitativL' charactc-r of the method employed by them, and

owing to the further fact that the}- also hoped to throw light upon the

nature of the conducting tissue in the atrio-ventricular bundle. While

Meek and Leaper found only a slight difference between the amount

of pressure required to block impulses in motor nerves and in skeletal

muscle, it is none the less highly probable that quantitative differences

in the reaction to compression between the types of conducting tissue

e.xtant in the vertebrate heart ilo e.xist. This view is based upon a pre-

vious communication by the author," in which it was shown that it re-

quires a greater degree of compression to block inhibitory nerve im-

pulses than normal autogenous impulses in the turtle's heart. One is

led, from this and other facts, to expect that, qualitatively at least, all

types of conducting tissue comport themselves in a similar manner

when compressed. It is not the least surprising, therefore, that the

results of our experiments upon nerves are, in the main, in harmony

with the previous findings in experiments upon the auriculo-ventricular

bundle of His, showing only such deviations as are to be expected from

tissues with the physiological properties found in the Limulus heart

The Method.

a. Material. - The heart of Limulus polyphemus ("King crab,"

"Horseshoe crab") was chosen as most suitable for this investigation.

As has been pointed out by Carlson," the impulses in this heart are

neurogenic. They originate in a ganglionic nerve cord which is situ-

ated on the dorf.um of the tubular, segmented heart. The chief mass

of the ganglion lies upon the posterior segments. The impulses are

transmitted to the anterior segments by nerves exclusively. There

are three of these nerve paths: the anterior prolongation of the gan-

glionic cord and the two lateral or marginal nerves. This anatomical

arrangement makes it possible to cut or clamp each or all of the con-

ducting nerve paths. The myocardium is sync^'tial, and arranged

circularly in nine segments. The only physiologic connection between

these segments is to be found in the nerve paths just mentioned. The

myocardium contracts, like skeletal muscle, with a force graded to the

" G.\KKEY, VV. K.: this Journal, 191 1, x.\viii, p. 249. Also Fredericq, L.:

Archives internalionales de physiologie, 191 2, xi, p. 405.

' For literature concerning the heart of Limulus, cf. Carlson, .\.].: Ergebnisse

der Physiologie, 1909, viii, p. 373.
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strength of the impulses which reach it. It is therefore possible to get

graphic records which show the results of compression.

b Procedure.— The conditions under which this investigation was

proiccuted did not admit of the use of the Uquid transmission method

employed by Meek and Leaper. In its stead a modified Gaskell clamp

open at one side, the jaws of which were covered with thick smooth

pure gum tubing, was employed. In the carUer experiments these

elastic pads were not used, but were resorted to as soon as it became

evident that it would otherwise be impossible to graduate the amount

of pressure with sufficient accuracy, or to avoid permanent injury to

the nerves. For adjustment and graduation of pressures the clamp

was provided with a very fine micrometer screw. The clamp was

placed in most instances at about the junction of the second and third

se-ments This location was chosen because the bulk of the rhythm-

inkiating nerve cord is posterior to this point, and because after sec-

tion, or clamping to complete block, at this point, the antenor seg-

ments only rarely initiate an automatic rhythm. Various procedures

were resorted to in the application of the clamp. In some mstances

the whole cross section, including the muscle tissue and the three

nerve paths, was compressed. In other instances the lateral ner^'es

were cut and the central nerve cord only was clamped; or agam, the

nerve cord was cut or dissected back from the anterior segments, and

the clamp applied to both lateral nerves or to one of them after section

of the other. The results are identical in all these procedures as far as

the effects of compression are concerned, being modified only by the

fact that the height of contractions of the anterior segments is much

decreased by any procedure which materially decreases the number of

nerve fibres conducting impulses to their musculature. Although

many experiments were performed upon the heart in situ, it was found

to be more convenient and satisfactory to work upon the excised organ

immersed in its own plasma or in sea water. The latter method was

therefore most generally used.

A light heart lever was attached to a muscle segment posterior to

the clamp (usually the sixth) ; its movements served as an index of the

strength of the impulses sent out by the nerve cord. The movements

of a second lever attached to a segment anterior to the clamp afforded

an accurate measure of the effects of compression. In such a prepara-

tion the posterior segnaents may be likened to the auricles and the an-
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terior segments to the ventricles; the

conducting nerve to the atrioventricu-

lar bundle.

General Results of Compression.

The most striking effect of the grad-

ual application of compression to one

or all of the conducting nerves was a

reduction in the height of contraction

of the muscle of the anterior segments,

distal to the clamp. When the com-

pression was very gradual, the reduc-

tion in the contractions was also very

gradual and perfectly uniform (Fig. i).

When the compression was induced by

more rapid approximation of the jaws

of the clamp allowing an interval of

time between successive manipulations,

the tracings presented a series of step-

like reductions in the height of contrac-

tion, each step corresponding to an

increase in pressure (c/. Fig. 6). With

the application of a given degree of

compression, the major effect is im-

mediate, but the appearance of the full

effect requires the lapse of a certain

time, during which, if the pressure is

maintained constant, the height of the

contraction gradually decreases. The

importance of a similar time factor has

been noted by Ducceschi and by Meek

and Leaper {loc. cit.) in their obser-

vations upon compression of motor

nerves.

When a given amount of pressure

had been so graded that complete block

was just obtained, and the pressure was

then removed, the nerves gradually.
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i„foi,r rprovered their conductivity and
and in many instances completely, recoverea inc

the subseauent contractions reached their origmal he ght. While

Lertg however, as well as during the application of the severer

recovermg^ n ,

contractions may show considerab e

grades of P^^^^^^' ^^^ l^^
^ ^^^^^^ detailed reference will be made

variations in height, a lact to wmcu
rnntraction

later. Occasional instances were noted in which ^^^"/^ ^^"'^^^^

had reached a minimum a partial recovery ensued, although the

LmpressLn was maintained constant. This recovery during om-

presSonTever resulted if the degree of compression was severe. VX^en

Se srerer degrees of compression were

-^-^"f
.^^^^ ^^r .^

partial or no recovery ensued, a permanent injury to the

^^t^-^l..-The^.^

applied to the lateral nerves or to the anterior P-^- c^

f^ -J^^
cord mav cause an inhibition of the g-gl---;-P"';^^j"

Du^c'ct'
heart and this imding has been confirmed by the author. Ducce.chi

and othet have also shown that compression may stimulate motor

netes n echanicallv. Such mechanical stimulation with resultan

Tnh bition could explain a weakening of ganglionic impu ses but do

not ac ount for our'findings as recorded above, for exammation of u

trac ngs shows that the contractions of the anterior -gn-nts di. al

the clamp are the only ones affected by the compression. There was

t iSrof the ganglionic impulses, since ^^^^^^^^^
. • t„ tV,o f-lnmn <;howed no alteration in rate, rn\ inin,

rt^gtrr resrrbt::tributed so^y to alterations in

condrctfvity of the conducting nerve fibres at the site of clamping.

COMPARISON OF COMPRESSION WITH SECTION OF THE CONDVCTIKG

Nerves.

From the very nature of the method employed some nerve fibres

niust inelitably have been more afl'ected by the compression than

B CARLSON, .\. J.:
Ergebnisse der Physiologic, viii, p. 434, and this Journal,

''V'^Z: Archiv fUr Anatomic und Physiolog ^^P--^^^-;
Archiv fur die gcsammtc Physiologic, 18S5, -xxxvi, p. 467, Duccescui.

Meek and Leaper: Loc. cit., Fig. 2, P- 31 7-
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others. It seemed possible, then, that our results might be explained by

assuming that the conductivity of some of the nerve fibres was com-

pletely suppressed while other nerve fibres were still able to conduct

normally. To test this possibility Carlson's '" experiments on the sec-

tion of the nerves were repeated with certain variations. It was found,

in confirmation of Carlson's work, that a decrease in the number of

conducting nerve fibres by section decreased the height of contraction

Figure 2. — About four fifths the original size. Effects upon tlie strength of contractions

of the anterior segments, produced by section of the conducting nerves. The nerve

cord was cut at A, the right lateral nerve at B, and the left lateral nerve at C, thus

stopping further contraction of these distal segments. Time = one fifth of a second.

of the myocardium innervated (Fig. 2). Further experiments revealed

the cause of this diminution in the height of contraction, and showed

that the muscle elements involved were those which were most directly

innervated by the sectioned nerves. Thus upon section of a lateral

nerve the chief effect is upon the homolateral half of the myocardium.

This is shown in Fig. 3, which was taken from an experiment conducted

in the following manner. The heart was fastened by pins to a paraffin

block, weighted and submerged in sea water. The pins were inserted

about the margin of the posterior seven segments. In the anterior two

segments they were placed in the median line, just avoiding the central

nerve cord. Tracings were then taken from the lateral halves of these

anterior segments. When the left lateral nerve was cut (at X, Fig. 3),

the contractions of the left side were at once diminished to about one

sixth of the original height. After about eight minutes (at the point Z,

Fig. 3) recovery had taken place and was almost complete.

Discussion. — In interpreting these findings we believe we are justi-

fied in postulating a predominant homolateral innervation of the

myocardium of Limulus. Impulses passing along a given path affect

more especially those cells which they innervate most directly, and in

case the more direct path is interrupted then recovery and co-ordina-

"• Carlson, A. J.: Ergebnisse der Physiologic, igog, viii, p. 40S, Fig. 15.
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ti.Hi are effected by transmission of the impulses by a more indirect or

circuitous route. Functional integrity of the myocardium is thus re-

established cither by conduction from muscle cell to muscle cell (which

does not seem probable in the Ught of Carlson's i' work) or by the

establishment of new paths in the peripheral nerve plexus.
"

In this

way function, lost by the section of the more direct paths, is re-estab-

lished. The whole arrangement is strongly suggestive of the disposi-

tion of inhibitory nerve fibres

found by Garrey " in the heart

of the turtle. In the turtle the

action of the inhibitory nerves •
• """" '

is more pronounced on the

homolateral side of the heart |l||fi|!lililliillill>ft«\i\,iVr..'w(U'^Ujii''i*"«tj''

— a bilateral effect is obtained X
. . ^, , . u,,,-... ,,,, • FiGOTE 3.— Upper tracing from the right ha.t

with Stronger stimuli. I he view ^^^ ^^^^^^ ^^^^.^^ ^^^^^ ^^^ ^^^^ half of the

that a similar condition may ^^^^^^ segment. The left lateral nerve was

exist in Limulus is. strengthened cut at X and produced only a homolateral

. .. , ^

•

t pffprt Note the recovery at Z. Heart s

by the results of stimulation o eff«t^ ^Note

^^^^^^

the nerves. After ablation of
.

.• u

th'> n-rvc cord from the posterior segments, a procedure which pro-

duced quiescence of the heart and prevented inhibitory phenomena,

stimulation of a lateral nerve with very weak induced currents

(either faradic or single) produced a much stronger contraction on

the homolateral half of the anterior segments. Strong shock,

produced a bilateral effect. These results are in perfect accord

with those obtained upon the turtle's heart when a vagus nerve was

stimulated The effects of section of the nerves of Limulus heart as

here outlined furthermore remind one forcefully of the experiments of

i> Carlson, A. J.: this Journal, 1907, xvii, pp. 478 et scq.

.= Section of some of the fibres of a motor nerve paralyzes the fibres o skeletal

muscles which they innervate. The contraction of the muscle as a -hok.s cor-

respondingly weakened. It is somewhat surprising that a similar condition is to

be Lind in the Limulus' myocardium, which is a syncyUum. Cak-on has sho „

however that in spite of this anatomical condition conduction does not take place

by transmission of the impulse directly from muscle element to --<^1^ ^l^-*^"''

but, normally, is always by way of the nerve plexus. After treatment of the m o-

cardium with sodium chloride (or other chemicals) a direct muscular conduction

may be established.

" Garrey, \V. E.: this Journal, 1911, x.xviii, p. 330-
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Gaskell on the turtle's heart. He produced blocks of varying degrees

by successive sections which narrowed the conducting bridge; snnilarly

in our experiments the response of the muscle is also affected by de-

creasing the number of conducting nerve fibres, i. e., the functionatmg

area of cross section.
^v a

The results of section and stimulation of nerves, as we have outlmed

them above, justify the conclusion that the effects of clampmg of the

nerves may be due in part to destruction of function (temporary or

permanent) of some of the compressed fibres, i. e., by actually cuttmg

oft- certain paths of conduction while others still function. By this

procedure a corresponding portion of the myocardium contracts less

efficiently Many of the phenomena, however, cannot be ascribed to

this mechanism, and are compatible only with the altermitive view

that they are produced by an alteration in the property of conduction

in all the fibres.
^ ^u i i

After a clamp has been tightened on the nerve cord, say at the leve

of the junction of second and third segments, till the myocardium of

the anterior segments fails to respond to the impulses from the pos-

terior part of the nerve cord, recovery more or less complete, depending

upon the severity of the compression, will take place (see Fig. 8) Ihis

fact alone speaks strongly for an involvement of all of the fibres m

the altered conduction. Other facts which speak for this view will

be considered in the subsequent sections.

The Rel.\tion of Strength of the Impulses to Block.

a Experimental variations in the strength of impulses. - A degree of com-

pression which will block a weak stimulus will not block a stronger

stimulus; strong induction shocks, for example, applied to the lateral

nerves posterior to the clamp after the normal impulses had been com-

pletely blocked, frequently caused contractions of the anterior segments.

Strong autogenous neurogenic impulses may also break through a

block which is complete for weaker impulses. One of the most striking

methods of demonstrating this relation of strength of stimulus is to

produce complete block by clamping the nerves, and to then subject

the gan.'lionic nerve cord in its posterior portion to the action of stimu-

lating chemicals, such as isotonic solution of chloride, citrate, or tar-

trate of sodium, which is added to the sea water or Limulus blood
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plasma in which the nerve cord is immersed. These chemicals increase

Z rale of discharge and the force of all impulses sent out by the gan-

^: In all hearth thus treated, as soon as the impulses had reached a

sufficient strength the previously existing ^l^k disappearc^^^^^^^^^^^^

segments anterior to the clamp began to contract. This is ^llu^trntcd

in a somewhat t>'pical way in Fig. 4, in which the nerve cord was trans-

ferred from sea water to isotonic sodium chloride at the pomt ^. The

mMS

Fio.^ 4. - Illustrates the disappearance of block upon stimulating the --e cor^(b"t

melrcs per minute.

increased strength of impulses is recorded in the contractions of the

posterLrsegmeL(lowertracing).Foursecondslaterthestrengthene^^

impulses forced the block, and the anterior segments contracted. In

cases in which the increased strength of the impulses was sustained by

the proper admixture of sea water and sodium chloride solution, it was

found that the impulses continued to force their way through the com-

pressed area. As soon, however, as the nerve cord was ^fPl-'^^'^d
'n sea

water and the impulses were thereby weakened, the condition of block

was re-established. When the stronger impulses had forced a block,

it was found that the block was easily re-established by
;n^;^^^'"f/\^

amount of compression by tightening the clamp and tha the block

again disappeared when the clamp was released In perfect accord

with these experiments are the results of Meek and Leaper," who found

that strong artificial stimulation of a motor nerve would cause an im-

pulse to pass a region of compression when weaker stimuli produced no

" Meek and Leaper: Loc. cit., p. 31 5-
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effect. An examination of the published tracings of Ducceschi '» shows

also that, as a result of compression of motor nerves, the effects of the

weaker make induction shocks disappeared before those due to the

stronger break shocks, although the author makes no reference to the

finding.

b. Partial block due to impulses of various strength. — It was very com-

monly found that the impulses originating in the ganglion varied

FlGUEE 5. — A 2/1 rhythm established by blocking out the weaker of two unequal

impulses, as seen in the upper tracing taken from the posterior segments. Lower

tracing from anterior segments. The clamp was placed 'between the two. Time

record indicates seconds.

in strength in a perfectly regular manner, for example, a strong im-

pulse frequently alternated with a weak one. In other instances the

impulses appeared in groups of three or four; the first of the group

producing the strongest contraction, the last impulse producing the

weakest contraction, while the intermediate contraction had a strength

graded between the other two. In several such instances the clamp

was applied and the conducting nerve paths compressed. There always

resulted a gradual weakening of the contractions anterior to the point

of compression after the manner already described. In every instance

a stage ultimately was reached at which the weak impulses were

blocked while the stronger impulses were still transmitted. Fig. s

shows the results of one of these experiments. In this instance the

nerve cord generated impulses alternately weak and strong, as is shown

in the upper tracing. Clamping produced a 2/1 rhythm, since the

weaker impulses were blocked and only the stronger caused contrac-

tions of the anterior segments (lower tracing).

The same condition is shown in a very striking way in Fig. 6. At

A, B. and C the clamp was fightened but complete block wrs not

produced. Near the middle of the record an alternating rhythm sud-

" DuccESCHi: Loc. cil.. Fie. 4. P. 44-
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denly made its appearance.'"

The weaker impulses failed to

get through the compressed

region, and a 2/1 rhythm was

instituted. That the result was

due purely to a diminution in

the strength of the impulses is

clearly demonstrated by the

fact that whenever a strong

impulse replaced a weak one, as

at i-i, 2-2, and 3-3, it was

conducted through in the nor-

mal way and produced contrac-

tion. These examples indicate

clearly that in any condition in

which the impulses vary in

strength, compressing the con-

ducting paths may lead to the

establishment of a partial block.

It can be readily seen that the

type of block will depend upon

the grouping of the unequal

impulses and the degree of com-

pression. A strong impulse

alternating with a weak one can

give only a 21 rhythm. Other

types of partial block are de-

veloped, however, in such

groupings as are indicated in

Fig. 7, which diagrammatically

represents two types of group-

ing, tracings of which have been

obtained in the course of this

work. Slight compression rep-

resented by the line a elimi-

nates the weakest contraction

w The preparation had previously

been subjected to the action of

potassium permanganate and of

calcium chloride solutions.

^ ^ -3
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(4) in both group A and group B. There thus is developed a partial

block with a 4/3 rhythm. Greater compression (represented by the

line b) causes a 4/2 block in group A and a 2/1 block in group B. The

amount of compression indicated by the line c develops a 4/1 rhythm

of partial block in both groups.

It is thus seen that a variety of different types of partial block may

be developed as a result of inequalities in the strength of the impulses

generated in the rhythm-

producing tissue. The

number of t^-pes of block

which may be produced

in this way is, however,

limited for each grouping

of the impulses. This fact

places a distinct restriction

upon the application of this
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Partial Blocks Induced by the Passage of Impulses through

THE Compressed Region.

In addition to the partial blocks produced by the coincidence of

variations in the strength of impulses and the proper degree of com-

pression, our experiments show that partial block may also be instituted

by changes in the physiologic properties in the compressed portion of

the nerves. The changes are due to the passage of the impulses them-

selves, and are of such a nature that the passage of one or more im-

pulses through the compressed area renders the nerve incapable of

conducting succeeding impulses effectively. These alterations in the

properties of the nerve occur independently of any alteration in the

strength of the ganglionic impulses or of any alteration in the excita-

bility of the myocardium.

Indications of these changes are to be found in nearly every tracing.

In their simplest form they appear as a distinct irregularity in the

height of contraction of the anterior segments, distal to the point of

compression. These irregularities are most noticeable in the severer

grades of compression, when all impulses are much weakened, and in

the interval following the release of the clamp subsequent to compres-

sion. The variations in the height of contraction may recur with dis-

tinct regularity. This is to be seen in Fig. 4- In this tracing it is to be

noted that when the block was overcome the impulses affecting the

anterior segments were alternately strong and weak. The weaker

impulses are in evidence as a slight shoulder on the descending limb of

the stronger contraction. When the ganglionic impulses became

weaker, this shoulder disappeared because the weakened impulse could

not pass the block. A 2/1 rhythm of partial block was thus instituted.

The experiment represented in Fig. 8 brought out very clearly the

irregularities and partial blocks established by severe compression at .4

.

Following decompression at R, recovery gradually ensued, but during

this stage there is furnished a very striking instance of the type of

partial block under consideration. It may be noted that at first there

was a short stage in which every second impulse was inelTective. Fol-

lowing this it is to be noted the contractions appear in groups which

are separated by intervals in which the ganglionic impulses failed to

pass through the block. Toward the end of the tracing the block dis-

appeared and the normal sequence of beats was re-established and
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maintained. The condition is quite comparable to the stages of slight

block which may be established in the vertebrate heart by clamping

the auriculo-ventricular junction. That the groups in the blocks of

the vertebrate heart appear more regularly is only a relative matter.

They may appear irregularly in vertebrates and occasionally \\ith

perfect regularity in the heart of Limulus. There is then justification

for believing that this mechanism is appHcable to the explanation of

A "R "^

Figure 8.— Shows partial block with groups of contractions separated (irregularly) by

dropped beats. Effects of clamping at A, clamp released at R, and normal sequence

re-established at iV. Upper tracing is from the second segment, the lower from the

si.\th segment — clamped between the second and third segments. The smoked paper

moved 22 millimetres per minute. About one half the original size.

partial block as it appears in the vertebrate. The tracings of Duc-

ceschi " show that compression of a motor nerve transforms a complete

tetanus of the muscle into an incomplete tetanus, and also show that

the impulses which pass through the area of compression vary greatly

in strength and number. These results harmonize with our findings as

outUned above. Our e.xperiments, however, show how important this

factor of lengthened refractory period or fatigue, if we may so desig-

nate it, really is in the explanation of the mechanisms of partial block.

a. Condition of the nerve which results in this type of block.— The con-

dition which results from compression of a nerve is one of general

sluggishness. The abihty of the nerve to conduct impulses is dis-

tinctly diminished, and while conclusive proof has not been adduced

to show that conduction time is lengthened, yet there are grounds for

believing this to be the case. Any procedure which tends to increase

the excitabiUty and conductivity of the compressed nerve may cause

the irregularities which have just been considered to disappear. This

happened, for example, in the e-xperiment from which Fig. 4 was taken.

WTien sodium chloride was applied at the site of clamping, the partial

block disappeared at once and every impulse passed readily through

the clamp.

" DucCESCHi: Loc. cil., p. 49, Figs. 6 and 7.
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Attention is again directed to the obvious fact that although one

or more impulses may pass the clamp they leave the nerve m such a

condition that one or more succeeding impulses are conducted with

difficulty They are weakened or rendered ineffective by the physio-

logical activity of the nerve. This condition of the nerve remains until

a certain, although somewhat variable, time interval has elapsed. W e

may look upon this interval as a prolonged refractory period not unlike

that produced in nerves by Frohlich >« through the agency of asphyxia

and anesthetics. To test this idea, a condition of partial block was

produced by clamping. The ganglion was then cooled, while the tem-

perature of the clamped portion of the nerves remamed constant.

Cooling from 28° C. to 20° C. produced a slowing of the heart rate from

16 per minute to g per minute. The effect of this procedure upon the

strength of the impulses, as recorded by the posterior segments, was

almost imperceptible, but the condition of partial block immediately

disappeared. The impulses all passed to the anterior segments and

produced contractions when the rate was slow. When the ganglion

was again warmed to 28° C, the condition of block again supervened.

b Discussion. -It is our belief that the result of cooling the gan-

glion was due wholly to the slower rate which gave ample time between

Lpulses for the nerve to recover from the abnormal state occasioned

by their transmission. It is a tempting field of speculation to attribute

the phenomenon of block, which is produced by the conduction of

impulses, to a condition similar to Wedensky's ^^ "parabiosis
;
a con-

dition which Scmenoff '^^ has shown may be produced by compression

of nerves. The applicability of this explanation is, however, rendered

highly improbable by the work of HoiTmann.- who has demonstrated

wi°th the string galvanometer that each contraction of the myocardmm

of Limulus is not a single twitch, but a tetanus. We cannot be more

specific than to state that we believe the blocks are due to a refractory

condition of the nerve which is the result of fatigue. Fatigue has been

demonstrated by Meek and Leaper - in nerves which have been sub-

's Frohlich, F. W.: Zeitschrift fur allgemeine Physiologic, 1904, "i. PP- 474

9 Wedensky: Archiv fur die gesammte Physiologie, 1903, c, p. 182.

-0 Semenoff: Ihid., 1903, c, pp. 1-144.

=• Hoffmann (Paul): .\rchiv fur Physiologic, 1911. PP- M^ ^ ^<</-

" Meek and Leaper: Loc. cil., p. 31&.
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jected to pressure; fatigue of nerves is in fact a general accompani-

ment of general sluggishness such as may be produced by cold (Tait ^),

by anesthetics (Frohlich -••) and by yohimbin lactate (Tait and

Gunn=").

The Relation of Depressed Excitability of the Myocardium

TO Heart Block.

It has developed regularly in the course of our experiments that

clamping of the nerves weakened the impulses to a point where the

myocardium failed to give a mechanical response. In many such in-

stances it was found that if the excitability of the muscle was in-

creased, contractions were again obtained. This result was produced

in individual cases by wanning the myocardium or by adding small

quantities of isotonic solutions of sodium chloride, citrate, tartrate, or

dibasic phosphate to the sea water in which it was immersed. An

indication of this result is to be seen in Fig. 6. At Z 5 c.c. of n/2

disodium phosphate were added to the 50 c.c. of sea water in which

the anterior segments were immersed. The increased excitability

is shown in the increased height of contractions, and careful inspec-

tion of the tracing shows that there are, interpolated between the

higher contractions, very small contractions which were caused by

the weaker impulses from the nerve cord, contractions which were

recorded in spite of the fact that the impulses giving rise to them

were actually weaker than in the preceding portions of the tracing,

where they produced no effect. That a partial block existed in this

experiment was due then not only to alternating strength of impulses,

but also to the fact that the myocardium was not excitable enough to

respond to the weakened impulses. There can be no question, then,

that impulses may actually pass the clamp without being effective,

nor that the effects which are produced by impulses which reach the

muscle through the clamped region are determined in a certain

measure by the physiologic condition of the musculature.

An illustration of a peculiar but not infrequent response of the

23 Tait: Quarterly journal of experimental physiology, 1908, i, pp. 92 d seq.

** Frohlicii: Loc. cil., p. 47S.

^ Tait and Gunn: Quarterly journal of experimental physiology, 1908, i, pp.

igi et seq.
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muscles of Limulus heart is shown in Fig. 9- The contraction of

ce^Li segments appear in groups in which the individual contractions

eet progre^ively weaker (lower tracing), although the impulses .hich

used these contractions remain fairly constant (upper tracmg)

aUeast do not vary uniformly with the grouping - It is apparent th

nLm decreasJin the strength of all the impu ses, such as w.uM

rcult from clamping the nerves, would lead to a dropping out of the

F.o... 9. - 0.in. .0 ueal.ent with ^r^^^^^^;^^::;^ tS^^^T^ ^^

the posterior segments (lower tracmg) "'^
,"°';~orseiner.ts (upper tracing).

partial blocks even if the impulses were of equal strength,

weakest contractions of each group and that a condition of partial

Mock would therebv be produced. This was tested by an actua clamp-

ing experiment and the expected result obtained; a condition of partial

block appeared.

GENERAL APPLICATION TO He..RT BlOCK OF THE VERTEBRATE HEART.

Our work on the nerves of Limulus heart has given detailed infor-

matL concerning the actual factors which must be considered m any

explanation of heart block due to compression of the «"ducting s

tern It remains for us to see how well they fit into the explanation

heart blo'k in the vertebrate heart. The striking similarity of our

results to those obtained on vertebrate hearts leads us to beheve that

=e This condiUon of the muscle was induced by treating
^""^f:f

^
^^^J

number of solutions; the actual cause of the peculiarity of tlus muscle is, however,

not known to us.
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the same factors are involved when all types of conducting tissue are

compressed, and that the differences which do appear can readily be

accounted for when we consider that the myocardium of Limulus acts

like skeletal muscle, while the vertebrate contracts according to the

''all or none" rule, and possesses a refractory period of a distinctive

character. That the conducting paths are nerves in the cases we have

considered above, and that they probably are not in the vertebrate

heart, we feel certain makes little, if any, difference in the general

application of our findings.

In applying our results we turned at once to the admirable sche-

matic representation of the mechanism of heart block due to clamping

the His' bundle which Erlanger
"'
has given us. This investigator lays

special emphasis upon two factors as the probable causes of the partial

blocks which he observed. One of them is the gradual and progressive

weakening of the impulses which pass the clamp when it is gradually

tiofhtened; the other is the variation in the excitabihty of the ventric-

ular musculature subsequent to contraction. Our experimental re-

sults harmonize perfectly with this conception of the mechanisms in-

volved; compression weakens the impulses transmitted, and the effects

produced by these impulses depend upon the excitability of the

musculature.

Our experiments show that at least two additional factors must be

considered in individual cases of heart block. The first of these is the

not infrequent variations in the strength of the impulses which orig-

inate in the rhythmic tissues. While this is undoubtedly much more

a factor in the neurogenic heart of Limulus than in the vertebrate

heart, still it occasionally becomes a factor in the latter. It is a not

infrequent occurrence to find cases in which the vertebrate auricles

beat, first weakly then strongly, with rhythmic variabihty. Clamping

in such instances could result in a block of a fixed type. The limita-

tions of this factor as a mechanism of importance are, however, ap-

parent, and have already been referred to in the discussion of our

experiments.

The other factor to which we wish to direct attention, one which

has not been found by previous investigation, is the change in the

conductivity of the compressed tissue which is brought about by the

2' Erlanger, J.: this Journal, 1006, .xvi, p. 183, and American journal of

medical sciences, 1908, cxx.w, p. 797.
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passage of impulses; as shown above, the tissue is thus fatigued or

rendered refractory, so that succeeding impulses are blocked un -1

recovery has occurred. This factor should not be overlooked in the

application of Erlanger's mechanism, for it will serve in the explana-

tion of certain irregularities which are frequently encountered m the

grouping of contractions in partial block.

Erlan-^cr's diagram makes it clear that in parUal block, experimen-

tally produced, many impulses actually pass the clamp, but fail to pro-

duce any effect because of their reduced strength and the reduced

excitabilitv of the ventricular musculature subsequent to its contrac-

tion This fact is not commonly recognized and has never been put to

the experimental test. Our experiments, however, show that the con-

dition actually existed in some of our cases, that impulses which were

completelv blocked, so far as any contraction of the myocardium was

concerned, actuallv passed the compressed area but were below the

threshold for the muscle. When the excitability of the latter was

raised by appropriate treatment with chemicals, these stimuli became

effective.

SXJMM.\RY.

1 Progressively increasing the compression upon the nerves of

Limulus heart causes a progressive reduction in the height of con-

traction of the myocardium supplied by the corresponding nerves;

the full effects do not come on immediately, but gradually increase

with a constant pressure.

2 Recovery may take place after releasing from compression.

3 Cutting, clamping, or stimulating the cardiac nerves causes

chan-es in height of myocardial contraction which are mainly homo-

lateral in the case of lateral nerves, but bilateral in the case of the

nerve cord. After cutting the lateral nerves the decreased height of

contraction may be recovered from, probably as a result of mipulses

which pass by new or more circuitous paths.

4 Clamping nerves may block out weak impulses, while stronger

impulses are only weakened; thus variations in the strength of nerve

impulses mav give rise to various types of partial block depending

upon the degree of compression of the conducUng paths.

5. Compression establishes in nerves a condition as a result ct
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which the passage of one or more impulses renders it refractory to

a succeeding impulse, thus accountmg for certain conditions of partial

block.

6. Impulses may pass a clamped region and yet be below the thresh-

old of the myocardium, or they may find it in a refractory state; thus

in certain cases the condition of the myocardium may be the factor

determining the type of partial block established by clamping the

nerves.



REACTIONS OF THE VASOMOTOR CENTRE TO SECTION

AND STIMULATION OF THE VAGUS NER\ LS.

Bv TORALD SOLLMANN and J. D. PILCHER.

,... ,*. PH.rr.acoU,cal L^>'ora.ryg^.cM.^c,^c,,ool of W.Urn Rcsene Uni^sUy,

rr^RE following investigations have been made by the method

1 described in our previous paper; ^ namely, by the artiticial pertu-

sion of an organln a living animal, with the nervous connections mtact

but completelv separated from the circulation of the animal With

this arrangement sudden changes in the perfusion flow can be pro-

duced only through the vasomotor centre; a quickenmg of the flow

indicating vasodilation, and a slowing, vasoconstriction always^ of

central origin. The study of the vagus effects appeared doubly im-

portant, because they are apt to occur incidentally in other conditions

which may be investigated.

Division of both Vagi.^

This causes almost invariably a moderate stimulation of the vasomotor

centre, involving the vessels of the kidney as well as those of the spleen,

both in dogs and in cats (Fig. i).
. , . , ,,

In animals with natural respiration the stimulation of the vaso-

motor centre could be explained by partial asphyxia, from the slowed

respiration which normally follows division of the vagi. This, in fact,

explains the stimulation in part, but apparently not altogether, for

in animals under artiiicial respiration (either oxygen insufflation or

bellows), section of the vagi still causes unmistakable --o'^^'^^^"^'

tion. although less than in animals breathing naturally. This may be

seen in Table I.

1 SoLLMANN and Tilcher: this Journal, 1910, xxvi, pp. 233-238.

» In the neck.
303
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With natural respiration section of both vagi produced recogniz-

able vasoconstriction in thirteen out of sixteen dogs (8i per cent)

and in three cats (loo per cent). With artificial respiration vasocon-

striction was recognizable in five

out of eight dogs (63 per cent), and

in six out of nine cats (67 per cent).

It will again be noted that the vaso-

constriction is much more constant

with natural respiration. •

The behavior of the vasomotor cen-

tre accords well with the behavior of the

blood pressure (see Table II). When
both vagi are divided, there is com-

monly a rise of blood pressure which

in morphinized dogs (under light ether

anesthesia) averages about 25 mm.
This is partly attributable to the

quickening of the heart rate, which in

these dogs amounts to nearly 60 per

cent; but it is not explainable al-

together by this, for in curarized

dogs, in which the vagus tone is

already depressed (so that the quick-

ening of the heart amounts to only

28 per cent), the average rise of

pressure is still 20 mm.; and it rises

12 mm. even in atropinized cats, in

which the section of the vagi cannot

alter the heart rate.

It is therefore necessary to assume a vasoconstriction, and this

again cannot be abolished by artificial respiration, for atropinized

cats with artificial respiration still show a rise of blood pressure,

often small, it is true, averaging only 6 mm.; but sometimes 15 mm.

and fairly constant. Pawlow ' found that curarized and atropinized

dogs also give a rise, averaging 15 to 25 mm.
The vasoconstriction can also be deduced from the cardiac volume.

As the vagi are divided and the blood pressure rises, cardiac plethysmo-

'
J. Pawlow: Archiv fiir die gesammte Physiologie, 1879, xx, p. 210.

niiiiin I I MM////
Figure 1.— Division of both vagi (Dog

C 82-1). The upper tracing is the

carotid pressure taken with a mem-

brane manometer. The second trac-

ing is from a damped mercurj- man-

ometer. The lowest line shows the

slowing of perfusion flow through the

kidney. The vagi were divided at the

signal on the abscissa. The heart rate

was 136 per minute before division

and 180 after division.
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grams (Experiment C i8o to 189) generally show temporary cardiac

Sla'on wi'h diminished excursions (Fig. 2). The dilation md.cates

TABLE I.

greater is the stimulation of the vasoconstrictor centre.

Animals with natural respiration. Animals with artificial respiration.

Dogs' spleen 20 per cent (12 expts.) 8 per cent exp s.

Do s- kidney 20 per cent (4 expts.) U per cent expts.

Cats- spleen 35 per cent (2 expts.) 10 per cent expts.

Cats- kidney 17 per cent (1 expt.) 8 per cent (2 expts.)

that the heart is throwing out less blood, notwithstanding the faster

rate, until it becomes adjusted to the new conditions. Asphyxia

was excluded by artificial respiration.

TABLE II.

were used in calculating these averages is stated in the parentheses.

Changes in heart rate Changes of blood

(per minute). pressure (mm.).

. . f 98-156.5 = 58.5 lW^^"-^'
Morphinized dogs with natural respiration.

| (13 ^^pts.) (17 expts.)

Morphinized and curarized dog with arti-
|

116^;1^^5 = 33
'fl^^f

ficial respiration. ,
14(V-152 = 12

Cats with alropin-morphin-ethylcarbamate I

^3 ^^^^^
^""^'''''''"

. -A •
1 ?12 220-8 127-133 = 6

Cats, same anesthetic, with artificial res-
-',^2

/xpts.) (U expts.)

piration.
'

Since the heart is working less efficiently at this stage, the rise of

blood pressure must be due to vasoconstriction.

We have not attempted to analyze this vasoconstrictor action

fu^her It is known that the vagus carries afferent constrictor fibres

(I e the next section), and it is conceivable that these are stimulated

by the trauma. In harmony with this, it
^^
.^''^^

^'''"I'^^'^'l'^^
pressure rises higher immediately after division, when the t aumaUc

Irritation is strongest. This extra rise usually disappear, in a fevv
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moments; but the moderate rise, and the stimulation of the vasomotor

centre which we have studied persist for at least five minutes.

The division of the depressor fibres might be invoked as a partial

explanation of the rise (Pawlow'), especially for cats; but this is

improbable, since there is no conclusive evidence that the depressors

arc tonically active.

^'^!M**#'*»'MVW^;^

Figure 2. — Effect of division of vagi on heart and blood pressure: Upper tracing,

cardiac plethysmogram (rise corresponds to increased volume), second tracing,

carotid blood pressure. The vagi were divided at the arrow; the preliminary fall is

due to traction. The heart rate increased from 138 to 173 per minute (Morphinizcd

Dog C 181; no curare).

Stimulation of the Central Stump of the Vagus in Dogs.

Both vagi were divided in the neck in curarized dogs. The results

of stimulation are Illustrated by Fig. 3 and by the following data:

Experiment.
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on the same animal, the response is nearly quantitatively identical

(Fig 3) Furthermore, when the blood pressure was raised by vagus

stimulation, sciatic stimulation did not produce any further nse

(Experiment 27).

4—.—;

—

t-T—i—I—
-i—

r

FiGimE 3 - Stimulalion of the central stump of the sciatic to the left and of the vagus

Tthe right. The lowest line shows the slowing of the spleen flow (Curanzed Dog,

C 27-1).

None of our dogs showed any depressor reaction on vagus stimu-

lation This agrees with the experience of Seelig and Lyon,^ who em-

phasize the "remarkably constant pressor effect" eUcited from this

nerve which they find preserved even into deep shock. Baybss

states that pressor response is the common effect, but that depressor

response is often obtained after prolonged operations. Of this we

have had no experience. The statement of Howell ^ that "a depressor

effect is usually obtained" would seem to be an error.

The very different reaction of cats, in which the vagus usually

carries depressor fibres, will be discussed in our next paper.

Stimul.^tion of the Peripheral End of the V.'vgus.^

This was tried on five dogs with spleen perfusion. Curare was not

used. It was found that the heart escapes from the vagus control too

* U. G. Seelig and E. P. Lvon: Surgery, g>-necolog>-, and obstetrics, 1910,

p. 146. ...

' W. M. Bayliss: Journnl of physiology, 1902, xxvui, p. 287.

« H. H. Howell: Text-book of physiology, jd ed., p. 563-

' In the neck.



3o8 Torald Sollmann and J. D. Pilcher.

quickly to give entirely satisfactory results by our method. In two

experiments in which the heart was merely slowed, the spleen re-

sponded by undoubted constriction (Fig. 4).

The three experiments in which the heart was arrested, showed a

brief but marked quickening of the vein flow which was followed by

I I I I I I
—H-)

—

\

—
t

/-—

/

/ / '
/—'—*"

Figure 4. — Peripheral vagus stimulation. (Dog C 31-1). Upper tracing, membrane

manometer, second tracing, damped mercury manometer in carotid artery. Third

tracing, duration of stimulation. Lowest tracing, spleen flow.

slowing. On account of the quick sequence it is difHcult to tell whether

the quickening was due to dilation or merely to the expression of

blood from a powerful constriction. We incline to the latter view,

and would attribute the whole effect to acute cerebral anemia. The

pulse pressure showed increased excursion, the diastolic pressure

falling more than the systolic pressure.

Conclusions.

1. Division of both vagi stimulates the vasoconstrictor centre,

partly by the interference with respiration, and partly by traumatic

irritation of the afl'erent vasoconstrictor fibres in the nerve. This is

largely responsible for the rise of blood pressure.

2. Electric stimulation of the ajferent vagus in dogs produces vasocon-

striction, resembling quantitatively the response to afferent sciatic

stimulation.

3. Stimulation of the eferenl vagus produces results which may be

interpreted as vasoconstriction, referable to acute cerebral anemia.
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THE CONDITION OF THE DIGESTR E TRACT IX PARA-

THYROID TETANY IN CATS AND DOGS.

By a. J.
CARLSON.

[From Ihc Hull Physiological Laboratory of the University of Chicago.)

THE parathyroid tetany syndrome in dogs comprises a number of

symptom's that point to involvement of the digestive tract.

These are salivation, anorexia. • vomiting, and the usual gastero-

enteritis It is not known which of these, if any. are primary factors

in and which are secondary effects of the tetany. On the theory that

the hN-perexcitabilitv of the cerebrospinal axis and the skeletal muscu-

lature in this tetany is due to the action of a circulating toxm or toxms,

these toxins may have similar actions on the sympathetic and the

autonomic nervous systems. This would result either in inhibition of

secretory or motor activity, in hyperactivity, or in paralysis through

failure of normal co-ordination. Deficient secretion of the digestive

glands and paralysis of the neuro-muscular mechanisms of the diges-

tive tract would necessarily lead to anorexia and possibly vonuting.

Our h>-pothetical tetany toxins may also act on the digestive glands

directly either in the wa\- of stimulation or depression. In dogs the

tetanv is usually accompanied by signs of pain and distress, and it is

well known that pain tends to inhibit the activities of the digestive

tract in the normal animal. On the other hand, the neuro-muscular

apparatus of the digestive tract itself may exhibit the same degree of

resistance to the "tetanv toxins" as the heart tissues. In the dog

and the cat the heart activity is not greatly altered in parathyroid

tetany There is usually some increase in the rate and strength of the

heart' beat in strong tetanv. but this may be a secondary effect of the

increased muscular activity similar to that in exercise. There is no

inco-ordination or fibrillation similar to that in the skeletal muscles.

The heart invariably persists in strong rhythm for several minutes

after paralysis of the respiratory movements in death in an epileptic

3°9
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attack. The changes in the pulse that accompanies tetany are prob-

ably due to the condition of the central nervous system and the mus-

cular activity rather than to changes in the heart tissues, or hyper-

tonus of the heart nerves.

Methods.

I. Because of the usual persistent vomiting of dogs in tetany the

X-ray method of recording the motor activities of the digestive tract

after feeding bismuth mixtures did not seem feasible. Two devices

were employed with more or less success to render the X-ray method

available for the empty digestive tract.' Three loops of metal wire

(platinum, silver, lead) were sewed on to the wall of the stomach and

the intestines (the fundus, the antrum, the duodenum) in such a way

as to form a triangle, the size of the triangle indicating the size of the

lumen of the gut, and hence the degree of tonus or active contractions

of the musculature. These wires become encapsulated within a few

days and seem to cause little or no inconvenience to the dogs. The

method was less satisfactory in cats, for most of the cats operated on

in this way showed a poor appetite and occasional vomiting. A size

of wire was selected that gave a distinct shadow on the fluorescent

screen.

One centimetre long sections of catgut impregnated with silver

nitrate and reduced with pyrogallic acid were secured to the walls of

the stomach and intestines in the same way as the metal wires. Catgut

thus treated is nearly as opaque as metal, it is not absorbed (at least

not for four weeks), and causes less adhesions and inconveniences to

the animals. But these devices, at best, give an imperfect view of

small regions of the digestive tract, and after it was discovered that

vomiting is the exceptional thing in parathyroid tetany in cats, these

devices were abandoned for the bismuth mixtures.

2. One part of the work aimed at studying the motor activities of

the digestive tract, if possible, independent of the secretion of the

digestive fluids. For this purpose I used a mixture of 5 per cent solu-

tion of boiled starch, i per cent commercial peptone, 0.5 per cent

hydrochloric acid, and 10 per cent subnitrate of bismuth. When

warmed to 35°-4o° C. this mixture is sufliciently fluid to be given

> Carlson: Proceedings of the .•\merican rhysiological Society, 1911, this

Tournal, 1912, xxix, p. xxviii.
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through a stomacli tube suited to cats. The 5 per cent starch solution,

boiled for twenty minutes and acidulated, is a satisfactory earner for

the bismuth. The peptone was added to the mixture to msure the

chemical conditions for gastric secretion. Appetite or psychic secre-

tion is in all prcbabilitv eliminated by the lack of appetite. A few

experiments were made using the above mass not acidulated. The

mixture was warmed to body temperature, thoroughly shaken, and

given per stomach tube in quantities of 30 c.c. per kilo body weight

""

iTwould seem that the course of this mixture in the stomach ought

to reveal the motor conditions of the stomach independent of gastnc

digestion. There is nothing in the mass that needs to be or can be

digested in the cat's stomach. The hydrochloric acid is there to in-

sure proper co-ordination of the pylorus. So far as can be determined

there is nothing in the mass either to accelerate or to retard the gastric

movements. .

, I'he time of retention of definite quantities ot meat in the stom-

ach involves the two factors of (i) secretion and of (2) movements.

Thus meat feeding in tetany serves as an indirect method of studying,

gastric secretion in tetany. Our standard meat mass consisted of 10

gm. raw lean meat per kilo b:dy weight of animal. The meat was

passed three times through a meat grinder and i gm. peptone and

lo'per cent bismuth subnitrate were added. These constituents were

thoroughlv mixed, but no water added, because all the tetany cats had

to be fed 'forcibly, and it is much easier to force-feed the solid mass.

Small masses of the mixture were placed on the back part of the

tongue and manipulated until swallowed. Some of the control ammals

eat the mixture voluntarily, others had to be fed forcibly in the same

way as the tetany cats. The peptone was added to the mass to mini-

mize the influence of the varying factor of appetite secretion in the

tetany group and in the control group. In the case of all the animals

that had to be fed forcibly 5 cc. of water was given at the end of the

feeding to equalize the varying factor of salivary secretion.

4 In the experiments on dogs the starch-bismuth and the meat-

bismuth mixtures were given in the same quantity per kilo body

weight as that fed to the cats.

^ The time required for complete emptying of the stomach and of

the small intestine was taken as a simple and reliable indicator of the
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neuro-muscular efficiency of the digestive tract. When the meat mix-

ture was used, accurate figures were usually obtained for the stomach

only. In the case of the experiments with the starch-bismuth mixture

observations were also made on the number and the rate of propaga-

tion of the antrum and the intestinal waves of contraction, and of the

first entrance of the mass into the duodenum. It was hoped by this

later point to determine the tonus condition of the pylorus in para-

thyroid tetany. It goes without saying that careful lookout was kept

for actual tetany or contractures and spasms analogous to those of the

skeletal muscles in tetany.

The frequency of the fluoroscopic inspection varied according to the

points and measures involved. When it was desired to record only

the total time of the starch-bismuth mass in the stomach and in the

small intestine, the first observation was made one hour after feeding

and then every half hour till the stomach was empty. The progress

in the small intestine was then followed each hour, or each half hour,

as the varying rapidity of the movements demanded. When the meat

mass was fed, the first observation was usually made four hours after

the feeding, and then every hour or half hour, depending on the mass

remaining in the stomach. As to the time of entrance of the stomach

mass into the duodenum in some cases the feeding was made directly

under the fluoroscope, in other cases the observations were taken

within five or ten minutes after the feeding.

The animals were not tied down for the fluoroscopic observations, but

gently held in place and restrained by hand.

6. No attempts were made to remove the parathyroid glands while

leaving the thyroids intact. Our parathyroidectomy is therefore

equivalent to thyroid-parathyroidectomy. In the group of experiments

involving section of the splanchnic nerves this operation was effected

through an incision in the linea alba.

7. The galvanic excitability of the spinal nerves was measured by

minimum strength of current required for the cathodic closing contrac-

tion when applied to the femoral nerve.

Results.

I. The gastric and intestinal movements in parathyroid tetany as determined

by the introduction of artificial chyme into the stomach. I. Controls OH normal
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cats - Fourteen feedings with the bismuth-starch mixture were made

on seven normal cats. In six of the cats the time required for the

mass to leave the stomach and the small intestines was remarkably

uniform. The time in the stomach varied from ninety mmutes to one

hundred and thirty-five minutes, with an average of one hundred

and twenty minutes, or two hours. The time for the small mtestmes

varied from four and one-half hours to six hours with an average of

live and one-half hours. The cat (No. X\T) not included m this

summary showed in two experiments a delay of four hours m the

stomach and of more than nine hours in the small inlcstme. In the

case of the stomach this is more than double the average time of

the other six cats, and this experiment must therefore be discarded.

The cat was to all appearances normal. It is possible that the delay

was due to masses of straw or hair in the stomach. Later m the

course of the work it was found that masses of straw or boluses of

matted hair occasionallv present in the stomach ot cats greatly

delay the emptving of the stomach after feeding the starch mass.

But our control Cat No. XVI passed out of observation before this

possibility was recognized.
, , u

The time elapsing between the giving of the acid bismuth-starch

mass bv the stomach tube and the first appearance of the mass in the

duodenum was more variable. In two cases it was less than five min-

utes In four cases it was between five and ten minutes, while in the

remaining feedings the time was between ten and fifteen minutes.

In Cat No. X\T none of the mass passed out of the stomach during

the first twenty-five minutes.

. Controls on normal dogs. -Ten feedings of the bismuth-starch

mixture to five normal dogs were made. The dogs selected were small

(3 5 K. to 4.5 K.) in order to facilitate the X-ray observations. Accu-

rate observations were made only on the time for the stomach. This

was found to vary from three hours t(^ five and one-half hours with an

average of four hours. The dogs were healthy, vigorous, and to all

appearances normal. The results indicate that under similar condi-

tions the gastric movements in cats are more vigorous than in

Ccats inmrious stages of parathyroid <<-/,/;;y. - Twenty-eight

feedintrs of the bismuth-starch mass were made on sixteen cats in

variou" stages of the tetanv. The conditions include galvanic hyper-
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excital)ility with or without tremors or salivation; strong tetany;

galvanic liyperexcitability with depression and with subnormal body

temperature. The results are somewhat variable, and cannot be

adequately conveyed in a brief summary. A few typical experiments

are therefore given in detail.

Cat No. m.
Dec. 12, lo.oo A. M. Complete thyroidectomy.

Dec. 13, 10.00 A. M. Animal in good condition, but does not eat.

3.00 p. M. Labored respiration; tremors.

3.10 p. M. 100 c.c. acid bismuth-starch mi.xture given by tube.

4.45 p. M. Stomach empty.

7.30 p. M. All the mass in the large intestine.

Dec. 14, 8.00 A. M. Strong tetany; salivation; depression.

2.00 p. M. Strong tetany; 100 c.c. acid bismuth-starch mbcture

given by tube.

3.00 p. M. No gastric movements so far; all mass in stomach;

tonus of stonlach normal.

4.00 p. M. Some of the mass in small intestine; strong tetany.

7.00 p. M. Died in tetany. Post-mortem examination showed

most of the mass still in the stomach and unchanged

in consistency. Duodenum and upper jejunum

filled with a mass concentrated to a solid continu-

ous rod of imchanged starch-bismuth. Large in-

testine filled by the mass of April 13, much of the

starch being unchanged.

Cat No. Vin.

Jan. 23, 1912, 3.50 p. M. Cat normal. 100 c.c. acid bismuth-starch

mass by tube.

5.20 p. M. Stomach empty.

8.50 p. M. .^11 of the mass in the large intestine.

Jan. 24, 4.00 p. M. 100 c.c. acid bismuth-starch mass by tube.

4.10 p. M. Some of the mass in duodenum.

5.20 p. M. Stomach empty.

9.00 p. M. Nearly all of the mass in large intestine.

Jan. 25, 11.00 A. M. Complete thyroidectomy.

4.00 p. M. Condition good. C. C. C. = 1.7 M. A.

Jan. 26, 8.00 A. M. C. C. C. = 0.5 M. A. No tremors.

11.50 A. M. 100 c.c. acid bismuth-starch mass by tube.

11.54 A. M. Some of the mass in duodenum.
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Cat No. XrV.

Jan. 29, 1012.
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Jan 26, 1.25 P.M. Stomach empty.

c 00 p M. All of the mass in large intestmc.

T \^ . M r r r = o q M. A.; some tremors; no feedmg.
Jan. 27, 9.00 .A. M. *-• >-• ^- *^-3 ^"

'

Jan. 28, 10.00 A. M. C. C. C. = 0.2 M. A.

12.10 P.M. 100 c.c. add bismuth-starch mass by tube.

12.12 p. M. Some of the mass in the duodenum.

2.4s P. M. Stomach empty,

c ^o p M. All of the mass in large intestine.

Died in tetany. Much unchanged starch m the con-

tents of the large intestine.

Complete thyroidectomy and section of both cer^ical

sympathetic nerA^es in the neck.

Tan ,0 2.,oP.M. C.C.C. = 0.2 M. A.; no tremors or salivation.
'

3.00 P. M. 100 c.c. neutral bismuth-starch mass by tube.

,04 P M. Some of the mass in the duodenum.

3.30 p. M. Number of antrum waves per minute = 6. lime ot

passage of antrum waves, 34 seconds.

ct^p. M. Stomach empty.

T ^o P M r C C = o i; M. A.; no tremors or salivation.
Tan. ^i, 2.00 P.M. L,. »-. *-• u.ij^i

,

, . 1^
100 c.c. acid bismuth-starch mass by tube.

Considerable of the mass in duodenum; number of

antrum waves per minute = 6.

5 00 p. M. Stomach practically empty; some tremors.

9.00 p. M. All of the mass in the large intesUne.

Feb I 8 00 .\. M. Convulsions and salivation.

8.40.\. M. 100 neutral bismuth-starch mass by tube.

8.50 A. M. All mass yet in stomach.

10.00 A. M. Stomach empty.

I 00 p M. Practically all the mass in the large intestine,

s'.oo p. M. Violent tetany and saUvation; no contractions of the

large intestine during the attacks.

Feb 2 9 00 A. M. C. C. C. = 0.1 M.- A.; tremors and depression.

'

^ 00 p M. 100 c.c. acid bismuth-starch mass by tube.

3.50 p. M. Antrum and intestinal movements normal.

4.30 p. M. Stomach empty.

7.30 P. M. All mass in large intestine.

Feb ^ 8.00 A.M. Depression; temperature 37° C.

9.20 A. M. 100 c.c. neutral bismuth-starch mass by tube.

0.30 A.M. Some of the mass in duodenum.

10.50 A. M. Stomach practically empty.

3.00 P. M.

3. 1 1 P. M.
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Feb. 3, 12.20 P.M. Killed with ether. Some of the mass in lower ileum;

part in the large intestine; abundance of unchanged

starch.

Cat. No. X.

Jan. 27, 1912. C. C. C. = 1.5 M.A. Complete thyroidectomy.

Jan. 28, 11.00 A. M. C. C. C. = 0.2 M. A.; no tremors.

12.30 P.M. Mild tetany.

3.55 p. M. 100 c.c. acid bismuth-starch mass by tube.

4.00 p. M. Small amount of mass in duodenum.

4.30 p. M. Time of passage of antrum waves = 29-33 seconds.

-

5.20 p. M. Number of antrum waves per minute = 6.-

9.30 p. M. Stomach practically empty. Most of the mass in the

small intestine. Strong tetany.

Jan. 29, 9.00 A. M. Some of the mass yet in the ileum; normal movements

of ileum; large intestine quiescent; strong tetany.

C. C. C. = 0.2 M. A.

2.C0 p. M. C. C. C. = O.I M. A. Strong tetany, 100 c.c. acid

bismuth-starch mass by tube.

5.30 p. M. Rate of antrum waves, 5} 3 per minute,'- not as deep as

normal. Strong tetany.

6.50 p. M. Stomach practically empty.

9.30 p. M. Tetany and depression. Killed by ether. Stomach

contained two large masses of matted hair and

some round worms. Some of the mass in the ileum.

There was much unchanged starch in the con-

tents of the ileum and the large intestine.

Cat No. XXIX.

Feb. 14, 1912. Complete thyroidectomy.

Feb. 15-18. Galvanic h>i3erexcitability and tetany. Four feedings

with standard meat mass.

Feb. 19. 0.30 A. M. C. C.C. = 0.1 M.A. Strong tetany; temperature,

39.5°; ICO c.c. acid bismuth-starch mass by tube.

9.40 A. M. Some of the mass throughout duodenum and jejunum.

2.00 p. M. About one half of mass yet in stomach; antrum waves

not as deep as normal; number of waves per minute

=

5J2 to 6; time of passage of the waves -36 seconds

C. C. C. = 0.1 M. A. Temperature, 38° C. Ex-

treme tetany and epileptic attacks. Stomach and

2 This is practically the number and rate of propagation of antrum waves

described by Cannon in normal cats. This journal, 1898, i, p. 367.
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intestinal movements continue normal during these

Rttuck.^

Feb 10 4oorM. Condition about as above; stomach practically empty.

'

6.00 p. M. Small intestine practically empty. Strong tetany and

great depression.
^

Experiment No. X should in all probability be excluded on account

of the indigestible masses in the stomach. These solids were undoubt-

edly responsible for the abnormal delay of the starch mixture m the

stomach. In the case of Cat No. XIX, there was one observation simi-

lar to the one recorded above on No. XXIX. No. XIX was thyroidec-

tomizcd February 5- developed the usual tetany symptoms and was

fed the standard meat mass three times during February 6-9- On

February 10 with a galvanic excitability of o.i M.A., and with tetany

and epileptic attacks and depression 100 c.c. of the acid bismuth-

starch mass was given in the usual way by tube. It required hve hours

for the stomach to pass this mass into the intestine. These two ex-

periments go to show that in exceptional cases in the last stages 0} para-

thyroid iclanv when the animals exhibit great depression, there may be a

marked diminution in efficiency of tJie stomach and intestinal motor

mechanism. The artificial chyme may remain in the stomach and in

the small intestine more than three times the normal time.

In the case of the remaining thirteen tetany cats the gastro-mtes-

tinal motor activities could practically not be distinguished from those

of normal cats. The time for the stomach varied from eighty-five to

one hundred and fortv minutes, with an average of one hundred and

ten to one hundred and twenty minutes. The time for complete

emptying of the small intestine varied from four and one-half hours

to six hours with an average of five and one-half hours. These hgures

are identical with those obtained on the normal cats. Hence we must

conclude that in the cat even the sei'cre stages of parathyroid tetany usu-

ally leave the neuro-muscular mechanism of the stomach and small in-

testine in normal condition.

H\Tcrexcitability of the motor apparatus might result in paralysis

from stimulation of inhibitory nervous connections. It seems more

probable that it would lead to increased tonus, contracture, inco-

ordination, and possibly "peristaltic rush." ^ It goes without saying

3 See Meltzf.r ami .\if.r: this Journal. 1907, .\x, pp. 2-9-
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that these phenomena were always searched for. All the evidence

points to the conclusion that they are not present. Of course, none

of the cats were under continuous X-ray observation from the begin-

ning of the tetany to death in convulsions or depression. But the

observation^ were sufficiently frequent and of sufficient duration to

note these sjonptoms if they were in evidence at any stage. More-

over, if in cats parathyroid tetany implied tetany of the digestive

tract, the stomach and intestines would be quite as incapable of per-

forming their normal work as is the neuro-muscular mechanism of the

skeleton in respect to locomotion.

There does seem to be a slight deviation from the normal in the

case of the pylorus mechanism. On the whole the acid as well as the

neutral bismuth-starch mixture reached the duodenum after being

introduced into the stomach sooner ih the tetany cats than in the

normal cats. In one tetany cat the mass was observed to pass through

the pylorus at once owing to the pressure in the stomach tube and

without any movements of the antrum. This would indicate a diminished

tonus of the pylorus or a slightly diminished sensitiveness of the^ acid

refle.xes of the pylorus. This condition may be due to diminished

tonus of the vagi fibres rather than to a direct depression of the local

mechanisms. This phenomenon is, however, not a constant element in

parathyroid tetany, for in some cases the mass did not pass the pylorus

until after ten or more minutes, a time interval equal to that in normal

cats.

4. Dogs in various stages of parathyroid tetany. — The experi-

ments on dogs in tetany were not satisfactory because of the persistent

vomiting. It would seem that the stomach of tetany dogs is usually

hj^persensitive, because the mere passing of the stomach tube, or the

introduction of 50 to 100 c.c. of water (cold or at body temperature)

usually results in vomiting. The tetany dogs will frequently

vomit with nothing but mucus, bile, or intestinal worms in the

stomach.

Fairly satisfactory observations were obtained on five dogs. Three

of these are given in summary.

Dog No. V. — Weight, 4.4 K.

Dec. I, 191 1. 3-00 P.M. Complete thyroidectomy.

Dec. 2-3. Condition good; no tremors; cats.

Dec. 4. Mild tetany.
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Dec t;, 8.00 A. M. Strong tetany.
, . „e

^
^ 00 P M Condition same. 135 cc acid bismuth-starch mixtures

by tube. In less than five minutes some of the

mass found in duodenum and greater part of

jejunum. During more or less continuous X-ray

observation from 3-4 the antrum and the intestinal

movements (segmentation and peristalsis) seemed

normal in rate and intensity, while the dog was

in strong tetany all the time. Fundus of stomach

quiescent.

4,00 P. M. Dog vomited 20 cc. of the mass.

S.oo P. M. Condition of dog the same; mass distributed throughout

the small intestine.

8 ,0 P M Strong tetany; about two thirds of mass yet in stomach.

' Stomach movements feeble; intestinal movements

seem normal.

Dec. 6, 8.00 ,^. M. Strong tetany and depression. About one third of

mass yet in stomach. No movements of the

stomach seen. Segmentation and peristalsis present

in the small intestine.

3 00 P.M. Tremors and great depression. Dog bled to death.

30 c c of mass (starch unchanged) in the stomach.

Duodenum distended with the material in solid stule

and stained with bile. The mass in th^ rest of the

small intestine and in the large intestine more fluid;

much unchanged starch present. No ulcers in the

stomach and the intestinal mucosa.

Dog No. Xni. -Weight, 3.75 K.

Nov. 29, 191 1. Complete thyroidectomy.

Nov. 30-Dec. 2. Condition good.

Dec 3 Tremors, rapid respiration.

Dec 4-S Strong tremors alternating with period of quiescence.

Dec.6, 8.00..V.M. Tremors; phrenics stimulated by action current of

heart ; some depression.

II 00 \ M Condition same, no cc. acid' bismuth-starch mass

by lube. In less than five minutes some of the

mass had reached the duodenum and the upper

part of the jejunum; segmentation and peristalsis

of the small intestine; feeble peristalsis of the

antrum.
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Dec. 6, 3.00 p. M. Dog vomited 60-70 c.c. of mass. Antrum movements

present.

Dec. 7, S.oo .\. M. Found dead. Stomach contains much bile and mucus.

.Some of the starch mass in the lower ileum; stomach

and intestinal mucosa hemorrhagic.

Dog No. XVIII. — Weight, 5 K.

March 3, 1912. Complete thyroidectomy.

March 4-7. Condition fair.

March 8, 8.00 a. m. Tetany and depression.

2.00 p. M. Condition the same. 150 c.c. acid bismuth-starch

mass by tube.

10.00 p. M. Stomach empty; intestinal movements seem normal.

March 9, 8.00 .\. m. .\11 the mass in the large intestine; tremors; de-

pression.

The other experiments (Dogs Nos. VIII and X) gave a total time of

seven hours and five hours for the stomach. While it is admitted that

conclusions based on only five experiments are not convincing, these

points may be emphasized:

1. There is no evidence of a tetany (increased tonus, contracture,,

"peristaltic rush") of the digestive tract.

2. The stomach and the intestinal movements may be initiated

by the normal stimuli and persist with normal rate, intensity and

co-ordination during severe tetany of the body musculature.

3. The deviation of the motor activities of the digestive tract

from the normal in tetany is in the direction of depression and

paralysis, and not in the direction of hyperexcitability and increased

tonus.

4. Parathyroid tetany usually leads to greater disturbance of the

digestive tract (vomiting, motor depression, and paralysis) in dogs

than in cats.

II. Gastric digestion in cats in parathyroid tetany. — The observations

with the meat feeding in the control and the tetany cats are sum-

marized in Table I. The normal cats show a variation from six

hours to eleven hours with an average of eight and one-half hours

for the sojourn of the meat in the stomach. The tetany cats show

a variation of from ten hours to thirty-plus hours with an average of

seventeen and three-quarters hours or about twice the length of time
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given t.) gastric digestion in the normal cats. But these summaries

do not convey an adequate conception of conditions and the results m

TABLE I.

Normal cats. Cats in parathyroid tetany.

No. of animal.

Average

No. of ex-
I

lime in

periments. stomach
(hours).

.\veragc time 8J 2 hrs.

the tetany group. For thai reason the following typical series are given

in greater detail:

Cat No. XIX. — Weight, 3.6 K.

Feb. 5, C. C. C. = 1.4 M. A.; complete thyroidectomy.

Feb. b, 8.00 .v. M. C. C. C. = 0.5 M. A.; no tremors.
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Feb. 6, voo r. M. C. C. C. = 0.4 M. A.; no tremors; standard meat mass

given forcibly.

5.00 p. M. All mass yet in stomach; strong tremors.

10.00 p. M. Some of the mass in duodenum; rest in stomach.

Feb. 7, 6.00 A. M. Stomach practically empty; tremors.

4.00 p. M. C. C. C. = 0.25 M. A.; all the mass in large intestine.

Feb. 8, Q.oo A. M. Strong tetany; salivation; standard meat mass forcibly.

4.C0 p. M. Stomach empty; strong tetany. C. C. C. = 0.2 M. A.

Feb. 9, 9.30 A. M. Strong tetany. C. C. C. = o.i M. A.; standard meat

mass forcibly:

5.30 p. M. Stomach empty; intermittent tetany.

8.00 p. M. All mass in large intestine; strong tetany.

Cat No. XXn.— Weight, 3.5 K.

Feb. 0, 10.50 A. M. Cat normal; standard meat mass forcibly.

4.50 p. M. Stomach empty.

7.50 p. M. Small intestine empty.

Feb. 7, 9.00 A. M. Cat normal; standard meat mass forcibly.

3.30 p. M. Stomach empty.

6.45 p. M. Small intestine empty.

Feb. 8, 11.00 A. M. Complete thyroidectomy.

3.00 P. M. C. C. C. = i.s M. A.

Feb. 9, 2.00 P.M. Slight tremors; C.C.C. = 0.3 M. A.; standard meat

mass forcibly.

8.^0 P. M. All mass yet in stomach;' no movements of antrum.

Feb. 10, 8.00 A. M. All mass yet in stomach; C. C. C. = 0.15 M. A.; tre-

mors.

1 1.00 A. M. Standard meat mass forcibly; strong tetany.

4.00 p. M. All mass yet in stomach; strong tetany.

6.30 p. M. Some of the mass in small intestine; movements of

antrum.

Feb. II, 9.00 A. M. Tetany and depression; C. C. C. = 0.25 M. A. Tem-

perature, 37° C; about two thirds of mass yet in

stomach; movements of antrum.

8.00 p. M. Tetany and depression. Temperature, 36° C. Cat

killed by ether. 30 gm. of meat mass in a compact

ball in fundus of stomach; mass acid throughout

and covered with mucus on surface. Meat practi-

cally unchanged.

Cat No. XXIV. —Weight, 2.5 K.

Feb. 8, 9.30 A.M. Cat normal; standard meat mass voluntarily.

4.30 p. M. Stomach empty.
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Feb 14, 3.00 P.M. Complete thyroidectomy.

Feb. 15, 9CO A. M. Condition good; eats; C. C. C. - i.o M. -^

Feb. 16, 9.15 A. M. Tremors and labored respiration; C. C. C. - o.i MA.

Standard meat mass forcibly.

8 CO p. M. Only a trace in duodenum, rest of mass in stomach.

Feb. 17, S^co A. M. C. C. C. = 0.25 M. A. Tetany; about one fifth of

mass yet in stomach.

8.C0 p. M. Temperature, 37-5° C Tetany; standard meat mass

forcibly.
. ,„ <•„ t „ ,co r P r C = o I M. A. All 01

Feb 18, 8.00 A. M. Temperature, 38 L. C. C. ^.

mass vet in stomach; strong tremors.

8.C0 p. M. Mild tetany; temperature 38.3° C; about one half of

mass yet in stomach.

Feb 19 8.00 A.M. All of mass in large intestine. Tremors; temperature,

37-5° C.

9.00 A. M. Standard acid bismuth-starch mass by tube.

11.30 A.M. Stomach empty.

4.00 P. M. Small intestine empty,

r 00 P M. Standard meat mass forcibly,

o 00 P M. All mass yet in stomach; antrum movements.

r,, ; ,., o°r rcC =o^M. A. Tremors
Feb. 20, 8.00 A.M. Temperature, 37.2 L. C.L,.L.. °-3'-^-

and depression; about one third of mass yet in

stomach.

3 CO P. M. Stomach empty.

4.4s p. M. Standard acid bismuth-starch mass by tube.

4.48 p. M. None of the mass in duodenum.

7.C0P. M. Stomach empty.

Feb 21, 9.00 A- M. Temperature, 37.5° C. C. C. C. = 0.3 M^A. Great

depression; standard meat mass forcibly; drank

some water.

4C(oP M. Only a trace in duodenum; C. C. C. = 0.3 m. A.

Killed by ether. 20 gm. (25 gr. fed) of meat mass,

unchanged in stomach.

The following points seem to be established by these experiments:

I The delay of the meat mass in the stomach in tetany may be

the"same or only slightly greater than in nornud cats, but usually it

is much greater. . .

2. In no case was there an increased rapidity of gastric digestion

at any stage of parathyroid tetany.
_ u •

1 * fn„,.

^ The long delay of the meat in the stomach in parathyroid tetanv



324 A. J. Carlson.

is due to deficiency of or change in the gastric juice rather than to

motor deficiency. Because in the tetany cats exhibiting this abnormal

delay the artificial chyme (acid bismuth-starch mixture) leaves the

stomach in the course of about two hours, which is the average time

for normal cats.

4. The retarded gastric digestion is not due to the general depres-

sion or the moribund condition of the animal at the last stages of the

tetany, because it may occur at the very onset of the tetany symptoms.

5. Three factors may operate in this retarded gastric digestion:

(a) Direct depression of the gastric gland by toxic substances in the

blood; {b) absence of appetite secretion; (c) splanchnic inhibition of

the gastric secretion.

III. The effect of section of the splanchnic nerves on gastric digestion in cats

in parathyroid tetany. — It does not seem improbable that the sympa-

thetic nervous system should be affected by the conditions that lead

to h>'perexcitability in the central nervous system and the nerves to

the skeletal muscles, in which case the tetany may be accompanied

by inhibition of gastric secretion through the splanchnic nerves. How-

ever, it would seem that if the tetany would include such a general

hyperactivity of the sympathetic inhibitory mechanism there should

also be evidence of inhibition of the movements of the stomach and

intestines. We have already shown that this is not the case except

in the last stage of tetany. But the h>'pothesis was put to the experi-

mental test. All the splanchnic nerves on both sides were cut on eight

cats, the left splanchnics on four cats, and the right splanchnics on two

cats. In one cat the major splanchnic nerve was sectioned on both

sides, the minor splanchnics being left intact. In one case (Cat No. LXl

the section of the splanchnics and the thyroidectomy were made simul-

taneously. In the rest of the experiments the thyroidectomy was

made in three to eleven days after the splanchnic operation to insure

physiological degeneration of the cut nerves. The results are sum-

marized in Table II.

The two following experiments are given more fully to show an ex-

ceptional condition of accelerated gastric digestion in tetany:

Cat No. XXVIII. — Weight, 2.4 K.

Feb. 10. Section of left splanchnic nerves.

Feb. 13, 8.45 A. M. Standard meat mass voluntarily.

4.45 p. M. Stomach empty.
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Feb. 16, g.ooA. .\i. Standard meat mass voluntarily.

9.00 p. M. Stomach empty.
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Feb.
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operated cats is due to the fact that most of the feeding experiments

were made before complete healing of the abdominal wound, and

while abdominal adhesions were in process of formation. These con-

ditions would necessarily produce some discomfort and depression.

2. With the exception of two experiments (Nos. XXVIII and

XLII) the retardation of gastric secretion and digestion in parathy-

roid tctanv is just as marked in cats with complete or partial section

of the splanchnic nerves as in cats with these nerves intact. It would

thus seem clear that inhibition of the gastric glands through the

splanchnic nerves is not a factor in this delay. It must be noted,

however, that inasmuch as complete thyroidectomy after previous

complete section of the splanchnics results in greater depression and

quicker exitus than does the same operation in normal cats, the

influence of this general depression and the rapidly developing mori-

bund condition as factors in the retarded gastric digestion may be

greater in the former group than in the latter. It was proved again

that the delay was not due to motor insufficiency by giving the

artificial chvme (acid bismuth-starch mass) by tube (Experiments

Nos. LIII and LIV). This mass was passed out of the stomach in

two hours, or about normal time, while the meat mass was retained

by the stomach more than twice the normal time.

3. There are two instances in this group in which the gastric di-

gestion in tetany is more rapid than the normal. In each case the

stomach time was four and one-half hours, which is one and one-half

hours less than the most rapid gastric digestion observed in any normal

cat in my series. In one of these cases the meat was taken voluntarily,

and presumably with appetite secretion; in the other it was given

forcibly. One of my normal cats weighing 2.5 K. showed consistently

a six-hour period for the stomach on 25 gm. of the meat. This cat was

nursing three two-week-old kittens. She had an unusual appetite, and

took 100 to 150 gm. of meat each day in addition to the meat-bismuth

mixture. Cannon's extensive experiments on cats, with practically

the same quantities of meat (cooked), show the stomach time to be

at least six to seven hours.* Hence there can be no question but that

in these two cases the gastric digestion 'ccas iucclcrated by the tetany con-

dition. We assume, provisionally, that this was due to increased

secretion of gastric juice. On this point, then, our results so far indi-

' Cannon: this Journal, 1905, xii, p. 387.



328 A. J. Carlson.

cate that the tetany is usually accompanied by retardation of gastric

secretion, but in exceptional cases it may be normal and even greater

than normal.
. -j

Analogous conditions obtain for the salivary glands m parathyroid

tetany with this difference that the hypersecretion is the usual phe-

nomenon. Both in cats and dogs the tetany is usually accompamed

by saUvation. But in some cases there is no distinct salivation, al-

though the mouth and Ups appear to have the normal moisture. So far

I have observed in three dogs and a number of cats m all stages of

tetany the saUvary secretion completely stopped so that the mouth

and Ups became dry and parched, showing complete failure of the

salivary reflexes.
, ,• •

4 In cats complete section of the splanchnic nerves seems to dimm-

ish the resistance to subsequent thyroid-parathyroidectomy. The

tetanv appears sooner, but is less intense or violent, the depression

sv-mptoms being more pronounced, and the animal dies sooner in de-

pression or epilepsv. The eight cats survived the thyroid parathyroid

operation on the average thirty-four hours, the extremes being one and

one-half hours and skty-five hours respectively. The cat that sur-

vived the longest had the splanchnic sectioned and parathyroid removed

at the same time. The cat that died within one and one-half hours had

recovered from the ether and was walking about in apparently normal

condition The thyroid operation on cats requires only ten minutes

light anesthesia. In all my experience no normal cat has died from

the anaesthesia or operation trauma. Still, it is difficult to conceive

how the tetanv condition could have developed to a fatal culmination

in ninety minutes. These results on cats with the splanchmcs sectioned

similar to those obtained by Vincent and Jolly'' on normal
are si

foxes

In the way of explanation of the fact two working hypotheses sug-

gest themselves, viz. (a) the low systemic blood pressure may lead

to delicicnt circulation in the central nervous system, and in conse-

quence to an accumulation of metaboUtes and a lowered resistance;

(b) the lesion of the splanchnic nerves may lead to changes in the

activity of some of the visceral organs analogous to or m the same

direction as in the tetany. These hypotheses have not yet been put

to the test of experiments.

« Vincent and Jolly: Journal of physiology, 1905, xxxii, p. 65.
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IV On the importance of the appetite secreUon of gastric juice in the gastric

digestion in cats. - Inasmuch as practically all the meat feedings in

the tetany cats were forced feedings, the animals having no appetite,

or at least not being willing to eat, there remains to be considered the

possibility that the great delay in the gastric digestion of meat m

tetany is due to the absence of appetite secretion. We have seen it

is not due to splanchnic inhibition.

So far as I know, the importance of appetite secretion in the cat has

not yet been made the subject of direct investigation. But one would

not expect a great difference in this regard between the cat and the

dog. and according to the extensive work of Pawlow and Ms school,

la(± of appetite secretion in the dog would lead to a considerable re-

tardation of the gastric digestion. The same is true for man.' Can-

non's observations on gastric peristalsis after section of both vagi are

of interest in this connection." Appetite secretion of gastric juice is,

of course, impossible after section of both vagi. Yet Cannon found

that within a few days after this operation in cats the rate of discharge

of the food stuffs from the stomach was practically the same as in nor-

mal cats. The same was true after section of both the vagi and the

splanchnics. Immediately after double vagotomy the food remains in

the stomach longer than normally, but the recovery is too quick to be

accounted for by regeneration of the nerves. Cannon discusses his

results solely from the point of view of gastric peristalsis and pylorus

control. But it is obvious that the rate of emptying of the stomach

after feeding solid food depends as much on the rate of gastric diges-

tion as on the rate and strength of the gastric movements.

In the case of our control cats some would eat the standard meat

mass with great appetite, others had to be fed forcibly. The same

cats might eat voluntarily one day and a day or two later have to be

fed forcibl) . Most of the cats exhibited this variability despite the

fact that in nearly e\ery case food was withheld from the animal for

twenty-four hours or more before the experiments. A normal cat may

thus go without food for thirty-six hours, and yet refuse to eat raw

lean meat to which are added a little bismuth subnitrate and a httle

peptone. If such a cat is hungry, it is difficult to see why it docs not

' Haudek and Sigler: .\rchiv filr die gcsammte rhysiologic, 1910, c.xxxiii,

P- 145-

' Cannon: this Journal, 1906, xvii, p. 4^9-
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eat unless the food offered is not to its taste. And if the latter is the

case, giving this food forcibly ought not to lead to appetite gastric

juice. When one compares the present data on the control cats, the

gastric digestion in the cats fed forcibly is just as rapid as in those

eating voluntaril\-, as the following figures show:

Number of ^t„ „( .„.=
Average time in

feedings.
No. of cats. stomach.

Forcible feedings ... i8 12 8-7 hours

\'oluntan' feedings . .
22 n '•j hgurs

The point might be made that the importance of the factor of appe-

tite gastric secretion would be minimized by the fact that peptones

were added to the meat. A few experiments were made to test this

objection using dog and cat muscle instead of ox muscle and dis-

pensing with the peptone. The cats so far tried will not eat cat or dog

meat unless starved for two or more days. The results so far ob-

tained seem to show that cat and dog meat given forcibly passes

out of the stomach within eight to nine hours, or within the same

period as ox meat eaten voluntarily. It would thus seem that "appe-

tite gastric secretion" does not play as important a role in the cat

as Pawlow found in the case of the dog, or it is possible that the

importance of the appetite gastric secretion in the dog has been

exaggerated.

In order to determine whether the increased delay of the food m the

stomach after section of the vagi is solely a matter of motor deficiency

or in part due to lack of appetite secretion, both vagi were sectioned

in four cats and subsequently the standard acid bismuth-starch mass

was given by stomach tube. One of these experiments may be given

in summary.

Cat No. XLVn. — March 5, section of left vagus; March 8, section of right

vagus.

March 10, i2.,-?o p. m. Standard acid bismuth-starch mass by tube.

8.30 p. M. Stomach empty.

March 12, 4.00 p. m. Standard acid bismuth-starch mass by tube.

7,30 p. M. Stomach empty.

March 14, s!co a. m. Standard acid bismuth-starch mass by tube.

10.45 -^^ ^'- Stomach empty.
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These results seem to show that most of the increased delay of the

food in the stomach after xa^i section is due to motor rather than to

secretory insufliciency. The importance of the gastric appetite secre-

tion in the cat must, of course, be determined by direct expennients,

but the data so far at hand suffice to prove that the great retardation

of gastric digestion in tetany is not due solely to the absence of_ appe-

tite secretion. And since the delay is not caused by splanchnic inhibi-

tion we are forced to the conclusion that it is due to dmunished or

altered secretion owing to direct depression of the gastric glands or

the local secretory reflex mechanisms.

V Gastric digestion in parathyroid tetany in dogs. i. Rate of gastric

digestion of weal in normal dogs. Eighteen feeding tests were made on

five normal dogs using the well-ground lean meat (plus the bismuth

and peptone) in quantities of lo gm. per kilo body weight. In all ot

these tests the dogs ate the food with great appetite, and presumab y,

therefore, with accompanying appetite secretion. The delay oj the

meat in the slomaeh varied from eight hours to Jourleen hours unth an

average of ten and one-half hours. The following is a typical series:

Dog No. XXI. - Weight 4 K. 40 gm. of the standard meat mixture eaten

voluntarily.

April 23, 10.00 A. M. Fed I j, \iouTS.

10.00 p. u. Stomach empty I

April 24, 10.30 A. M. Fed I ^^ j^^^^^^

8.30 r. M. Stomach empty

April 25, q.oo a. m. Fed
, <> ^q^^-

5.00 p. M. Stomach empty

April 26, 8.30 A. M. Fed

Q.30 p. M. Stomach empty

April 27, Q.oo A. M. Fed

7.00 P. M. Stomach empty
^

Average time for the gastric digestion, ten hours and forty-one minutes.

. Rate of gastric digestion in dogs in tetany. The condition of the

^pp^ite -As a rule dogs in parathyroid tetany do not eat volun-

tarily There is no exception to this rule in the case of severe tetany.

Such dogs mav lap water xoluntarily. but they will not or cannot eat,

and it is practicallv impossible to feed them forcibly because ot vomit-

13 hours.

10 hours.
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ing. Many dogs will eat voluntarily in the interval between the tetany

periods. These intervals vary in length from three hours to thirty-

six hours. I have so far observed only six dogs eating voluntarily when

in mild tetany and tremors. In my experience dogs in marked depres-

sion following the tetany attacks do not eat. Because of these facts

forcible feeding had to be employed in most of our tests. This evi-

dently implies absence of appetite gastric secretion.

All stages of parathyroid tetany retard the gastric digestion in dogs. —
In the animals that retained the meat in the stomach long enough for

recording the digestion, the time varied from eighteen hours to more

than forty-eight hours. The latter is practically a suppression of

gastric digestion. The retardation of digestion is in evidence but not

extreme, even when the meat is eaten voluntarily in mild tetany or in

periods of quiescence between the tetany attacks. Two dogs retained

the meat for two days and five dogs for more than one day before

vomiting. These are exceptions, however. In fact, most of our

observations consisted in recording that all or nearly all of the meat

was retained in the stomach between the interval of feeding and the

interval of vomiting. If this interval is from five to ten hours, it is

obvious that the gastric digestion is retarded, although we cannot

give the amount of retardation in hours. I have observed the same

intense peristalsis of the antrum prior to vomiting in tetany dogs that

Cannon described in normal dogs. Two experiments were performed

on dogs after section of the splanchnic nerves and complete

thyroidectomy.

Dog No. XXV. — Weight, 5 K.

April 16, 11.00 A. M. Section of the splanchnic nerves on both sides.

April 22, 11.00 A. M. Complete thyroidectomy.

April 23, 10.00 A. M. No tremors. 50 gm. meat voluntarily.

4.00 P.M. Tetany and rapid respiration; about two thirds of

meat yet in stomach.

7.00 p. M. Tremors; about one half of meat yet in stomach.

11.00 p. M. About one third of meat yet in stomach.

April 24, 10.00 A. M. Tremors and depression; all meat mass in large in-

testine; 50 gm. meat voluntarily.

4.00 P. M. Strong tetany; all meat yet in stomach.

10.00 V. M. Strong tetany; two thirds of meat yet in stomach.

April 25, 8.00 A. M. Stomach practically empty; tremors and depression.
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April 25, 9.00 A. M. 50 gm. meat voluntarily.

5.00 p. M. Two thirds of meat yet in stomach.

April 26, 8.00 .A.M. One fourth of meat yet in stomach; no antrum

movements; mild tetany.

3.00 p. M. Condition same.

11.00 p. M. About one tenth of meat yet in stomach.

April 27, 9.00 A. M. Stomach empty; mild tetany.

10.00 .\. M. 50 gm. meat forcibly.

11.00 .\.M. Vomited all the meat plus bile and mucus.

April 28, 9.00 A. M. Depression, some tremors; temperature, 35°C. Killed

by ether. Bile and mucus in stomach. Intestinal

mucosa hemorrhagic. No lesions in stomach

mucosa.

Dog No. XXVm. — Weight 4.9 K.

April 15. Section of the splanchnic nerves on both sides.

April 22. Complete thyroidectomy.

April 23, 10.00 A. M. Condition good; 50 gm. meat voluntarily.

8.00 p. M. Stomach empty.

April 24, 9.30 A.M. Violent tetany; rapid respiration; salivation.

11.30 A. M. Dog recovered.

2.00 p. M. No tetany; 50 gm. meat voluntarily.

4.00 p. M. Strong tetany.

10.00 p. M. Mild tetany; nearly all the meat yet in stomach.

April 25, 8.00 A. M. Stomach nearly empty; no tremors.

9.00 A. M. 50 gm. meat voluntarily.

5.00 P. M. Strong tetany; three fourths of meat in stomach.

10.00 p. M. About one half of meat yet in stomach.

April 26, 8.00 A. M. Stomach and upper part of duodenum empty; rest

of the mass in jejunum, ileum, and large intestine;

no tremors; depression.

4.00 p. M. 50 gm. meat forcibly.

11.00 p. M. Tetany; all the meat yet in stomach. ••

April 27, 8.00 A. M. About one half of meat yet in stomach. MUd tremors.

4.00 p. M. One fourth of meat yet in stomach.

10.00 p. M. Stomach nearly empty.

April 28, 11.00 A. M. Depression; no tetany; 50 gm. meat forcibly.

11.00 p. M. Nearly all the meat yet in stomach.

April 20, 10.00 A. M. \omitcd about 35 gm. of the meat, largely unchanged.

Depression; no tetany; does not eat. Experiment

discontinued.
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The two dofjs with previous section of the splanchnic nerves exliibited

the typical retardation of gastric digestion. // is therefore not a phe-

nomenon of splanchnic inhibition. The tetan\- and depression symp-

toms were not augmented, as was the case in the cats with previous

section of the spkmchnics. But the two dogs showed much greater

appetite and less vomiting than is usually the case in tetany dogs with

the splanchnics 'ntact. It is not worth the while to comment on this, in

view of the fact that only two experiments are so far at hand. It may

be of interest to note, however, that Dog XXV ate the meat volun-

tarily on February 23, 24, and 25, and Dog XXVIII ate voluntarily on

February 24 and 25, notwithstanding which there was great delay in

the gastric digestion in each case. The lack of appetite gastric secre-

tion is therefore not an important factor in this delay.

VI. The condition of other sympathetic nervous mechanisms in parathyroid

tetany. I. The cervical sympathetic nerves. — (a) In the extreme

parathyroid tetany or epileptic attacks there is always the dilation

of the pupils typical of other forms of epilepsy, but in moderate or

strong tetany there is no evidence in the pupils of an increased

tonus of the cervical s>Tnpathetic fibres. To be sure, I have had dogs

in moderate tetany and depression showing somewhat dilated pupils,

but as this may be the case even after section of the cervical sympa-

thetics, it must be due to a lowered excitability of the retina or to de-

pression of the reflex centres. It is well known that parathyroid tetany

is sometimes accompanied by temporary blindness.

(h) The salivation of parathyroid tetany is not due to over-stimu-

lation of the cervical sympathetic nerves, at least in the cat and the

dog, for section of these nerves does not influence the course of the

salivation. Inasmuch as the salivation is not a constant factor in the

tetany, the absence of salivation after section of the cervical s>TOpa-

thetic nerves is of no significance. I have had such cases. But three

cats and two dogs showed the usual salivation, although the nerves

were sectioned at the time of the parathyroidectomy. No further

attempt was made to determine the mechanisms involved in the

salivation of tetany. The cranial secretory fibres are probably in-

volved rather than a direct chemical action on the salivary gland cells.

2. The pilo-motor nerves. — At no stage of parathyroid tetany have

I ever observed pilo-motor action in dogs or cats. I have seen it in
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the- last stage of extreme tetanic attacks that ended in death, hut in

such cases it is in all prohability due to asphyxia.

3 Sweat secretion.
- Distinct secretion of sweat in tetany was ob-

served in one cat. This cat did not show pyrexia so that the sweating

could not have been due to the normal reflexes. Sweatmg ^"^ th-e^

fore be regarded as a very exceptional phenomenon in parathyroid

tetanv in 'ats. Sweating in tetany cannot be considered an evidence

h^erexcitability of s>..pathetic nerves, unless the body tempera^

ture'iLom.al or sub-normal. In case the body temperature is elevated

the normal heat regulating mechanisms may be brought mto play

. The bladder. - There is no incontinence of the urme in parath>-

roid tetany, except in very strong attacks, when there may be occa-

sional spur;s or dribbling from the urethra. The great pressure on

the bladder from the abdominal muscles is probably responsible for

this rather than an increased excitabiUty of the ncuro-muscular mech-

anisms of the bladder.

c The rectum and the internal sphincter oj the anus. -When the

tetany animals have diarrhea, there are the usual frequent -ove-^^;^

of the bowels. In these cases there may be greatly diminished tonus

both of the internal and the external sphincters. When there is no

diarrhea, the defecations are always less frequent than - nonj.al an.

mals. This appears to be true even when no bismuth is added to the

food. Hence parathyroid tetany does not seem to mduce h>-per-

excitabilitv of the neuro-muscular apparatuses of defecation.

6 The 'condition of the pregnant uterus in tetany. - In the course ot

another line of investigation together with Dr. A^Werehus con-if^ete

thyroidectomy was perfom.ed in ten dogs and "S^t cats nearing full-

term pregnancy. With the exception of one dog and one cat all the e

™i developed tetany varying in degree from -Id tremo s to

extreme epilepsy. After twenty-four hours in tetany the labor started

n one of the dogs and three full-sized pups were born in the cour.. o

twelve hours. The dog died thirty-sbc hours later m depression. Fu e

pups fully developed) were found in the uterus. The head of one o

thTpups Jas engaged, but evidently there had not been ^nou^^r^

in the uterine contractions to expel it. In this case the conclition of the

externa, genitalia and the size of the pups showed the -t er to be at

term an.l we ca,i therefore not infer that the tetany induced the labor.

The Evidence points rather to the reverse conclusion, that the tetany
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condition rendered normal labor impossible by depression of the neuro-

muscular mechanisms of the uterus. All of the cats and the rest of the

dogs died without giving birth to their young, although some of them

certainly were at term, and all the fetuses were alive at the time of the

death of the mothers. In no case were uterine contractions detected

by palpation. The membranes were not ruptured.

It is well known that as a rule eclampsia convulsions in the human

do not induce labor. The same conditions appear to obtain for para-

thyroid tetany in dogs and cats. Instead of producing hyperexcita-

bility and contraction of the pregnant uterus, the parathyroid tetany

seems to lead to depression of the uterus.

7. Condition of the emotions. — Evidence of pain, lack of appetite,

and depression are most constant s>inptoms. But moderately strong

tetany may be present— particularly in dogs— without any obvious

sympathetic activity efferent or afferent. Dogs may respond to

caresses, light a cat, or eat with evident relish. In one case I ob-

served a male dog in parathyroid tremors of sufficient violence to render

locomotion very uncertain attempt to cover a bitch in rut.

8. The concentration of adrenalin in the blood could probably be used

as a criterion of hyperactivity of the sympathetic nervous system in

tetany.^ But in view of the fact that the physiological tests for adrena-

lin are not strictly specific, and the probabihty that the tetany in-

volves important changes in the blood besides in the possible adrenalin

content, the results would not be conclusive. The increase in unde-

termined urinary nitrogen in tetany is at least suggestive of such blood

changes. There is also a very great increase in the urinary diastase.

It seems, therefore, that the changes in the blood in tetany are too

complicated or too little known to yield anything c f value by the

adrenalin method.

Discussion of Results.

The methods employed in this work aimed at studying the activi-

ties of the visceral organs so far as possible under conditions of normal

stimulation. The results show in general that in tetany in cats and

dogs the deviations from normal activity are in the direction of depression,

not in the direction of hyperexcitability or hyperactivity. The later con-

' Cannon and Hoskins: this Journal, 191 1, .x.xi.x, p. 274.
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dition nf the viscera in tetany is a rare exception. This may or may

not be true for other genera.

In the case of other forms of tetany in the human there appears to

be tetany of the visceral as well as of the skeletal musculature, and

also hyperactivity of the digestive gland. Ibrahim " records tetany of

the sphincters, the smooth muscle, and the heart m mtantile tetany.

Thevery extensive study of clinical tetany with reference to the vis-

ceral organs by Falta and Kahn '^ appeared during the progress of the

present investigation. These investigators describe ^P-^k -^ r^^^^

ture of the stomach, spasms of the ciliary muscle and of the blood

vessels, angiospastic edema, hj^ersecretion of sweat, saliva, tears

gastric and intestinal juice, as usual symptoms of tetany m man. The

Lord a hv-persensitiveness of the vascular system to adrenahm and

of the digeltive tract to pilocarpine as further evidence that the tetan>

involves hyperactivity of the s>™pathetic and the autonomic nervous

mechanisms. The picture of tetania gastrica described by Falta and

Kahn in clinical tetany does not resemble the visceral conditions in ex-

perimental parathvroid tetany in cats and dogs. Of course, it is still an

open question whether all forms of clinical tetany -P^-^t para^

thyroid insufficiency. There are certainly many cases of infantile

tetanv without any demonstrable lesions in the parathyroid.. An^d

there'may or may not be abnormal dilation of the stomach in infantile

^^

mve never seen any indication of angiospastic edema in niy tetany

animals. But it must be admitted that this s>Tnptom would be more

difficult to detect in animals with fur than in man. Increased sweating

was observed in only one cat and P^'^--^^^
^^^^^'^^^'jl^.^^.

7,"
The secretory and motor fibres to the stomach in the vagi he just as

do e he heart as the phrenic nerves; yet in parathyroid tetany

the latter are stimulated by the action current of the heart, the former

not

Angiospasms ought to diminish the secretion of urine by dirninishing

the blood flow through the kidneys. There seems to be no dimim.hed

.0 IBR..HIM: Deutsche Zeitschrift fur Ner^enheilkunde. 19. !.>'«; P- 436-

>. FALTTand Kahn: Zeitschrift fur klinische Mcdiz.n. .on. Ixx.v, p. 108.

. Buss' zldtschrift fur Kinderhcilkunde, ip.x, ii, p. 53S
;
JoROcnsex: Monat-

schrift fur Kinderhcilkunde, iQii, x, p. 184-

" Thorspeeken; //>/(/., p. 420-
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kidney activity in tetany if the animals take water voluntarily or if

the normal amount of water is given them by stomach tube. The early

observations of Smith " on parathyroid tetany in cats are of interest

in this connection. Smith found that the tetany in cats is accompanied

by subnormal temperature. In only one case did he tind a slightly ele-

vated temperature in strong tetany. He showed further that this

lowered temperature is due to increased heat loss rather than to di-

minished heat production. The heat loss is not through evaporation of

sweat; it is probably due to depression or paralysis of the vaso-con-

strictor mechanism of the surface blood vessels, a condition of depres-

sion rather than of hyperexcitability of the sympathetic system.

I have confirmed Smith's results as to the subnormal temperature

in tetany cats. In no case did I find an increased temperature, even

in the most violent tetany. Tetany and galvanic hyperexcitability

may e.xist with a body temperature as low as 34°-35° C. On this point

there is a striking difference in the tetany in dogs and cats. Strong

tetany in dogs is always accompanied by increased temperature,

while mild tremors and depression may coexist with subnormal

temperature.

There seems to be nothing in the present results that might give a

clue to the cause of the usual anorexia in parathyroid tetany. Lack of

hunger may come about (i) by quantitative or qualitative change in

the afferent impulses in the sensation; (2) interference by abnormal

or abnormally strong impulses from other afferent paths, or (3) by

change in the part of the encephalon concerned with the processes of

hunger sensation. In most of the tetany dogs the lack of appetite

may be due to or associated with the evident abdominal distress and

possibly the nausea associated with the vomiting. But the anorexia

may be present in dogs which do not vomit or show signs of abdominal

pain. Vomiting is a rare exception in tetany cats, but the anorexia is

invariably present. The recent work of Cannon and Washburn '^ seeiYis

to give strong support to the theory that gastric contraction initiates

the hunger sensation. This theory would account for the anorexia in

the later stages of tetany when there is great motor deficiency of the

digestive tract. But the lack of hunger is just as marked (at least in

cats) when the gastric motor mechanisms remain, to all appearance,

" Smith: Journal of physiology, 1804, xvi, p. 378.

" Cannon and Washburn: this Journal, 1912, xxix, p. 441.
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norn.al. In practically all of the cats and dogs there is evidence of

dinunished or'altered gastric secretion. Yet in -cepUonal cas^s dogs

with their gastric glands in such condition will eat. I agree wi h Cannon

.1 Washburn that the fact of an animal eating is not conclusive evi-

dence that the animal is hungry. Man may eat (x) because of hunger,

) because of taste for special foods, (3) from hal.t, (4) fro- a se-

of duty ("eating to keep alive"). We have no means of knowing

whether or not all of these factors must be considered m expenmenta

animals. But while it is true for man and may be true for dogs and

cats that one may eat without being hungry, we thmk most phv. olo-

Jsts will agree that a hungry animal will eat if food is available; that

fa lure to eat is therefore a criterion of the absence of hunger; and

thlt onlv a verv hungry animal will eat impalatable or disgusting

food It would thus seem that in the eating of impalatable or dis-

gusting food we have a reliable objective f
^-^^

"/" Thi- ""tesrhas

of hunger of marked degree in experimental animals. Thi._ test ha

failed to show hunger in all the tetany animals so far examined but

the experiments are being continued and extended to animals in which

he afferent nervous paths to the viscera are eliminated in he hope of

determining more precisely the peripheral and the central factor, m

^"iTis not clear to what extent the changes in the digestive glands in-

dicated by our results are primary or secondary in the tetany, rhis

point is being investigated on dogs with Pawlow s accessory stomachs

hv Dr H F French. But the retardation of digestion may explain

the aggravation of the tetany by protein feeding. The feeding must

lead toward increased bacterial action, and absorption of bacterial

toxins as well as toxic splitting products of the proteins.

A possible criticism of the method of investigation followed in most

of the experiments occurred to me at the end of the work. There may

be change in the intestinal absorption in tetany so that the bismuth

salt may be taken up in toxic quantities. This might be an miportant

factor in tetany dogs, because of the usual hemorrhagic condition and

ulcers in the stomach and intestines. But in no case did I hnd ul cr

or distinct hemorrhagic areas in cats. However the above cntia.m

can only be met by a study of intestinal absorpUon in tclan>

'''"llie marked dilTcrence in certain of the tetany symptoms in dogs and
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cats is rather surprising in two so closely related groups. The ditTer-

ence may be represented in the following manner:

Symptoms. In tetany dogs. In tetany cats.

1. Body temperature. . Usually pyre.xia Usually hypothermia.

2. Gastero-enteritis . . Usually present Usually absent.

3. V'omiting Usually constant Practically absent.

4. Periodicity in the mo-

tor symptoms . . . Usually distinct Practically absent.

Symptoms subject to such variations must be regarded as secondary

effects of parathyroid deficiency depending on some peculiarity of the

species, or on the special physiological condition of the individual.

Much more work must be done on all available species before the

secondary and non-essential s>Tnptoms are eUminated from the para-

thyroid tetany syndrome.

SUMM-AJtY AND CONCLUSIONS.

1. There are no spasms, contractures or other evidence of hyper-

excitability or tetany of the neuro-muscular mechanisms of the diges-

tive tract in parathyroid tetany in cats and dogs. Even in ^•ery severe

tetany the movements of the stomach and the intestines may be normal.

The deviation from normal is in the direction of depression or paralysis.

2. The indirect methods used in this work indicate that the gastric

and pancreatic digestion in tetany ma}- be normal; but it is usualh'

retarded. The retardation may amount to practical failure of diges-

tion. In very exceptional instances there may be acceleration of the

gastric digestion (cats). It is shown that the retarded digestion is not

due to the absence of appetite secretion or to splanchnic inhibition.

It is probably due either to direct action of substances in the blood on

the digestive glands (secondary effects) or to altered activity as a direct

effect of the absence of the parathyroid secretion.

3. In the case of other sympathetic and autonomic mechanisms

(cervical sympathetic, pilo-motors, sweat nerves, the uterus, the blad-

der, the sphincters) the deviation from normal activity in parathyroid

tetany in cats and dogs seems also to be in the direction of depression.



GLYCOLYSIS AFTER PANCREATECTOMY AND WITH

THE ADDITION OF ANTISEPTICS.

By HUGH McGUIGAN and C. L. vox HESS.

[From the Pharmacological Laboratory of Norlhu'eslcrn University Medical School]

A MIXTURE of normal muscle extract with pancreatic extract

^

has no greater glvcolvtic power than these extracts taken sep-

arately ' However, there may be sufficient internal pancreatic secre-

tion in normal muscle so that its extract exerts a maximal action on

glucose; for this reason the present investigation has been an attempt

to develop a condition of pancreatic hunger in muscle and to deter-

mine then, the effect of adding pancreatic extract^ Accordmgly the

glvco'lvtic action of muscle extracts of both normal and pancreatec-

tomized animals has been tested, and it maybe stated in the beginmng

that bv the methods used, no difference has been found m the acUon

of the muscle extracts either alone or when mixed with pancreatic

extract.

Methods.

The pancreas was removed completely from a number of dogs under

aseptic precautions. The animals rallied quickly; sugar was always

found in the urine within twenty-four hours after the operation and

persisted until the dogs were killed. Post mortem examination showed

that in all cases the removal of the pancreas was complete.

PreparaUon of the extracts. -The dogs were bled to death under ether

an.'Esthesia. The muscles of normal dogs were removed, ground, tritu-

rated in a mortar to a fine pulp and macerated in an ice chest from

four to twelve hours, when the juice was obtained by a hand press. In

the experiments after pancreatectomy the pressure juice was obtamed

1 McGuiGAx: this Journal, 1008, xxi, p. 351-

= Our attention was drawn to this point by Dr. R. T. Woodvatt. Oppen-

HEIMER (Die Fermentc, 1910, p. 490) also suggests such a possibility.

34«
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by the aid of a Buchner press at 300 atmospheres. Either NaHCOs,

T^IgCOs, or phosphate solution (i part monosodium and 9 parts

disodium in 100 parts of H2O) was added to preserve neutrality and

the mixture made to a definite volume. For the pancreas extract a

fresh organ of the same species was ground, macerated in water,

and filtered through cheese cloth. In one or two instances the residue

was repeatedly extracted with alcohol and the combined extracts

evaporated on a water bath to dryness, taken up with water and

filtered and made to a known volume as recommended by Hall.^

Conduct of experiments. — Glucose was added to the muscle extract,

definite volumes of the latter measured into Erlenmeyer flasks, and

varying amounts of the pancreatic extracts added. An antiseptic, as

indicated in each case, was added and the mixtures incubated at about

40° C. (37°-42°). At the beginning and the end of experiments the

sugar was determined by the Pavy method. A control was used

in each case. The proteins were removed with acetic acid and sodium

sulphate, the excess of acid being neutrahzed with ammonia, before

titration.

The figures in Tables I and II indicate very plainly that, even under

optimal conditions for glycolysis, this method fails to show either the

presence or the influence of an internal pancreatic secretion. This

fact does not disprove the theory advanced by Cohnheun,^ but it

does argue against the vaUdity of the results and the method used to

support them. The glycosuria following the removal of the pancreas

and the work of Drennan,^ Hedon," Scott," Zuelzer,^ and others still

supports the theory that an internal secretion of the pancreas aids the

consumption of the sugar by the muscles.

The glycolysis occurring in the blood and in solutions of dextrose

to which yeast has been added is generally considered to be identical

with the glycolysis which occurs normally in the muscles. If this be

3 Hall: this Journal, 1907, xwi, p. 280.

* Cohnheim: Zeitschrift fur physiologische Chemie, 1903, xxxi.x, p. 336; 1904,

xlii, p. 401; 1905. xliii, p. S47; I9°6> xl"^". P- ^SS-

^ Drennan: this Journal, 1911, xxviii, p. 396.

« Hedon: Comptcs rendus de I'Academie des Sciences, 1911, Lxxi, No. 25,

p. 124.

' Scott: this Journal, 191 2, xxbc, p. 306.

« Zuelzer, Dohrn, and Marxer: Berliner klinische Wochenschrift, 1908,

p. 1380.
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true, Iht-n the action of chloroform and toluol in preventing this gly-

colysis would explain the failure to obtain any evidence of glycolysis

with muscle extracts, even though glycolysis occurs there normaUy.

The following experiments (Table III) will illustrate:

Flask B gave no indication of bacterial growth during the first thirty

hours, but after seventy-two hours smelled foul. This probably ac-

counts for the more rapid glycolysis during the last six hours of the

experiment.

It is to be noted that both normal and added sugar is used in gly-

colysis. If the same mechanism operates in the tissues, then free sugar

can be utiHzed directly. This agrees with previous work.'

Toluol or chloroform, in the concentrations used here, stops gly-

colysis. Formaldehyde, even in relatively strong concentrations, in-

hibits but does not prevent the action. The added sugar is glycolyzed

as well as the normal sugar of the blood. If the action be due entirely

to enz>TOes, we should not expect such a great inhibition as occurs

here, since enzvmes are much less affected by antiseptics.

The glycolvsis by yeast is similarly influenced. One per cent toluol

or chloroform stops the action of yeast, and the action of the yeast

pressure juice is also greatly inhibited. Formaldehyde does not com-

pletely stop the action of yeast until added to a concentration of one

half per cent.

Chloroform, toluol, or both have been recommended and used to

check bacterial growth in most work where the glycolytic power of

the tissues is tested, but since the glycolytic action of blood and of yeast

is considered similar to that occurring nomially in the muscles and

these processes are stopped entirely by the concentrations of anti-

septics used, and since weaker concentrations will allow the growth

of bacteria, one must conclude that the antiseptic method is absolutely

inadequate to furnish evidence in favor of the theory that the muscles

require the internal secretion of the pancreas in the utilization of sugar.

Regarding the differences between the action of antiseptics on the

cell and on enzymes, the evidence indicates clearly that in many

cases there is a wide difference. Cells may be killed without seriously

injuring the enzj-me. Since the continued enzymic action depends

upon its constant formation by the cell and no change in en2>Tnic ac-

tion can be found when the metabolism of sugar is seriously disturbed,

» McGuigan: this Journal, 1908, xxi, p. 334.



344 Hugh McGui^an and C. L. Von Hess.

O
Q
z

•^
(=4

s IP3 S

O
o
d

o Q
d d

o
d

o
d

o
d

o c c

rt S fcc to

P.-S

< -

3 Co

C5

c. o
o r;

2;'"

•a

2 o

e2



Glycolysis after Pancreatectomy uM Addition of A ntiscptics. 34:

— H S o o o q
d d d d d o o

= '^ ° 2 2 — —
S% S "-. ". "^ "": "1

^ d d> o o a a

o
3

^ \q oc r^ ^ P
d d d -^ — "^

.



346 Hugh McGuigan and C. L. Von Hess.

<

Id

Q o

o
o
Q

O

"3 9 -a

i?

s

S a 5
cj >- s
Oh

a ca o

o ?; u

3-T3

^1

O

3 i

c b

"-1



Glycolysis after Pancreatectomy uM Addition of Antiseptics. 347

-

—



348 Hugh McGiiigan and C. L. Von Hess.

we must conclude that the trouble lies neither in the production nor

in the activity of the enzyme, but in some other cellular function.

MacLeod '" thinks that the influence of the ductless glands on sugar

metabolism is exerted mainly on the glycogenolytic process and that

there is nothing to indicate that the glycogenolytic activities undergo a

change independent of accompan>ang glycolytic changes. We believe

both of these processes, while they may be enz^-mic in nature, are

probably for the most part carried on normally in the body by cellular

activity, and there is some reason for considering them entirely distinct

processes. In favor of the view we submit the following:

Epinephrin added either to sugar solutions containing yeast, to

starch solutions containing ptyalin, or to glycogen solutions con-

taining either ptyahn or liver extract, has no influence whatever on

the diastatic activity in any of these solutions. Yet epinephrin in-

jected into the portal vein causes an increase in the sugar content

of the blood. It is known that adrenahn first stimulates, then de-

presses nervous tissue and perhaps other tissues also. In the Hver it

is known to cause inflammatory changes. It seems probable, therefore,

that the glycogenolytic action of epinephrin is on the cell, since it

does not influence the enzyme. Again, while chloroform and toluol

greatly inhibit or stop glycolytic action, they have a much smaller

action on the diastatic action of any of the above enz>-mes. This

theory might necessitate the opinion that the glycogen exists in the

cell in combination with the proteins; but this does not exclude the

fact that some of it may be free, and it is due perhaps to the presence

of both forms that a sharp distinction between cellular and enzj-mic

action cannot be drawn. Pfliiger's " method for the determination

of glycogen, we think, indicates a protein-glycogen combination. For,

if only a weak solution of KOH be used to break up the combination,

the total glycogen cannot be obtained. Stronger solutions of KOH
disintegrate the proteins and so Hberate the combined glycogen.

The action of calcium inhibiting glycosuria also indicates such a

combination. '-

In support of the cellular theory of both processes, there is a great

reduction in the glycogen content of, and an increased utiUzation by,

" MacLeod: this Journal, 1912, xxix, p. 4-'o.

" Pfluger: Archiv fur die gesammte Physiologic, 1909, cxxix, p. 362.

" McGuiGAN and Brooks: this Journal, 1907, x\nn, p. 256.
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the muscles when caused to contract vigorously by either electrical

stimulation, strychnine spasms, or cold. There is no e-dence that

enzymes are increased in rate or amount by any o these agents

Further, Rona and Doblin « give evidence m favor of the vew that

TABLE III.

DOCS .-EKK HLKO .SEPTXCMXV PRO. ^^^^f^^l.^.^^J^Z^I.^'^i'^^^^^"^^^^^

Dirn-RMIXATIOX BY THE PaVY METHOD
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the glycolysis of shed blood is due to the cellular elements contained

therein. Slosse '' found that in the aseptic glycolysis of blood there

is neither alcohol nor carbonic acid formed, but that lactic acid is

formed as an intermediate product. Fletcher,'^ however, could find

no evidence of the presence of a lactic acid enzyme in minced prep-

arations of muscles to which glucose was added when these were

kept aseptic. Yet living muscle can utilize glucose and does form

lactic acid. Therefore cellular action is manifestly different from

enzyme action.

Since the glycolysis which occurs in drawn blood is the only un-

doubted glycolytic action which occurs in the body fluids, we are

justified in giving more weight to it than to processes which are

merely assumed to be of this nature. The evidence favors the opinion

that the glycolysis in the blood is due to the survival of the cellular

elements. Where there is an undoubted asepsis, the rate is more rapid

at the beginning and decreases with time or at the rate with which the

cells die. A sharp line of demarcation cannot be made here because

a part of the cell may be able to exert glycolysis and because the en-

tire cell may not die at the same time. Chloroform or toluol, which

acts very strongly on the activity of the form elements, stops the

glycolysis promptly and completely. In the same way the action of

anesthetics which cause a depression of the cell action, while they do

not completely stop the glycolytic action, inhibit it sufficiently to

cause a glycosuria.

At present there is no clean-cut distinction between cellular and

enzyme action. It may be that cellular action is a co-ordinated and

integrated enzyme action. We consider the cell, however, as more

than a mere collection of enzymes; it is the manufacturer and co-

ordinator of them. The enzyme is subordinate to, and exists for the

cell. As soon as a food substance is in a form wliich the cell can use,

a ferment would appear superfluous. Since the muscle can use glu-

cose directly, a glycolytic enz>-me would seem as unnecessary as

ptyalin in the saUva of a dog. Inability to manufacture enzj-mes

when needed or a depression in the activity of an enzyme must be

regarded only as a symptom of cellular depression. No explanation,

" Slosse: Archives internationales de physiologie, 1912, xi, p. 153, quoted

from Chemical abstracts, 1912, March 10, p. 636.

" Fletcher: Journal of physiology, 1912, xliii, p. 286.
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therefore, of a perverted sugar metabolism which is based only uporx

enzvTTie action can be considered fundamental.

S
"

no substantial evidence of the presence of glycolytic enz>^e

in'he bodv has been presented, the alleged co-operative mfluenc o

pane eatic extracts on the glycolytic power of muscle extracts mus b

re^rded as an assumption unsupported by expermient. So far as

gts itself is concerned, experimental facts support the opimon

fhat whatever influence the pancreas exerts m sugar metabolism, that

Intte must be exerted on cellular processes which are apparently

not enzvmic in nature.



ON FEEDING YOUNG PUPS THE ANTERIOR LOBE OF
THE PITUITARY GLAND.

By T. B. .\LDRICH.

T T 7"HILE the posterior lobe of the pituitary gland has been the

' ' subject of considerable investigation, as regards its blood-

pressure-raising principle, and many valuable data obtained relative

to its chemical and physiological side, the anterior lobe, although

much the larger and looked upon as the main secretory portion of the

pituitary gland, has been studied but little, and this in spite of its

undoubted intimate relation with the diseases known as acromegaly

and gigantism, where the pituitary gland is often found enlarged, the

anterior lobe being especially involved. That the pituitary gland

is associated with the growth of the skeleton and connective tissue,

either alone or (what is more probable) in association until some other

glands, is believed by all who have given the subject any thought,

and this supposed relation of the pituitary body to growth, especially

of young animals, has led to the employment of this gland in several

feeding e.xperiments. Prior to Schafer's work (1909) the observations

along this line, presumably carried out with the whole gland by

Cerletti,' and of Sandri - may be mentioned.

Cerletti injected young animals (intraperitoneally) with a pituitary

emulsion. His results appear to indicate a retardation in the growth

of the bones, at any rate in the direction of length. Sandri fed young

mice with pituitary apparently with the simple crude gland to the ex-

clusion of other food. He states that this caused ati arrest of the growth,

but he had no controls. Sandri also injected young guinea pigs

(intraperitoneally) with an emulsion of the gland, and observed some

apparent thickening of the bones, and atheromatous patches in the

arteries.

' Cerletti: Rendiconti della reale academia dei Lincei, 1906, and 190S;

also .Archives italicnncs de biologie, 1907, xlvii, pp. 123-134.

- S.^v.VDRi: Rivisla di pathologia nervosa e nicntale, 1907, xii.
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Gushing' failed to produce any constant disturbances except a

definite loss of weight hx repeated injections of extracts of pars anterior

alone, using the boiled extract or the emulsion of fresh and aseptically

removed glands.
. , . , , ^ 1

Schafer
' was the first to feed the two parts of this gland separately

to animals: the anterior lobe for the purpose of studying its cHect on

the growth of young animals, the posterior lobe to study its diuretic

action In his feeding experiments with the anterior lobe, in which we

are particularly interested, white rats, both young and adult, were

employed These rats were kept three or four in a cage, with an equal

number of controls, usually of the same Utter, in a second cage. Their

food consisted of bread and milk in a certain constant proportion

ma<le into the consistency of a thick paste. The pituitary-fed rats

received in addition to their regular food a small but constant amount

of pituitary substance (anterior lobe), while the controls received in

place of the pituitarv substance an equal amount of the dried pow-

dered substance of some other gland, usually testicle or ovary. The

weight of the rats was regularly recorded.

Schafer's experunents would lead us to conclude that the addition

of a small amount of anterior lobe substance to the food tavors the

growth of young rats; at least it does not appear -to impede or to re-

strict their growth.

Experimental.

In general the experiments here reported were carried out in a

manner similar to the above, young pups, however, being used in

place of rats.

These pups, seven in number (five females, two males) and from

the same litter, were taken from the mother as soon as weaned, weighed,

separated into two groups, each containing one male, A and B (con-

trols), and fed on bread and milk (the bread and milk were always

mixed in the proportion i : 2) only for eight days, from May 18 to May

26. At the end of this time they were reweighed, and each pup in

Group A received daily, in addition to his bread and milk diet. 50 to

75 mg. of the fresh desiccated, defatted anterior lobe of the pituitary

3 Cusmxc: Journal of the American Medical Association, 1909. liii, p. 35°.

* Schafer: Troceedings of the Royal Society, 1909. lxx.\i, p. 442.
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gland of the ox in capsules; each in the other group received an equal

amount of desiccated, defatted testicle or ovary, also in capsules.

Desiccated ovary or testicle was given to the controls in order to con-

form to the conditions employed by Professor Schiifer in his feeding

experiments with white rats, and to give the control dogs an equal

advantage as far as any benefit is to be gained by feeding glandular

tissue as such. Accord-

ing to Professor Scaafer

the amount of calcium

in the three glandular

tissues given is approxi-

mately the same ; if

anything, the excess is

against the pituitary

tissue. The pups were

fed twice a day in such

a manner as to assure

each one receiving

plenty, and weighed

usually every fourth

day.

May. ""'june. July. Aug. Sept. The results obtained

Chart showing rate of growth of the two groups of dogs.
^^^ recorded in the table

Group A, dotted line, received the addition of anterior

lobe of pituitary to food; Group B, plain line, the con- 'T^'''" ^'^^^ •

trols received desiccated ovary. Addition was made It will be seen from

May 26. The dates are marked upon the abscissa the table (page 355) that

at propordonate intervals, while the weights are given as
q^.^^^ g contained

ordinates. ,. , , -i
• 1 ^

shghtly heavier dogs to

start with than Group A (45 gm.). At the end of eight days, with the

same food, the dogs in Group B averaged 1498 gm. against 141 1 gm.

for Group A, or an average difference of 87 gm. in favor of Group B.

From this it would seem as though Group B had a natural tendency to

increase faster than Group A.

Although at the commencement of the experiment the pups weighed

nearly the same, they fell very soon (a httle over a week) into two divi-

sions (table and chart showing this, omitted), a heavy and a light

weight group, and there they remained until the end of the obser-

vations. In each group we find a pituitary-fed pup the heaviest;

7000
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in the group of heavy pups, 850 gm. heavier than the nearest control

in this division; in the other group 70 gm- heavier than the nearest

control However, as divided, the average weight of the control

is Wgher than the pituitary-fed pups (456 gm.),and had the control

TABLE I.

with anterior lobe. .

Group A. Pituitary fed

(•1 dogs, 1 male, 3 females).

July

Date.

May 18
" 26
". 31

June 3

8
•' 12

16
' 20
" 24
" 28

1

5

10

14

18

22
26
31

4
8

" 12
" 16
" 21'
" 25
" 29

Sept. 2
" 6
" 12
" 16

Total

weight of

animals.

Aug.

gn.

4900
5644
6428
7179
7518
8014
9515
9559
9968
11026
12901
12680
13427

14330
14765
15460
15820
16970
184()0

18725
18905
19340
20450
20975
20995
21270
21900
23015
23075

Average
weight.

Group B. Controls

(3 dogs, 1 male, 2 females).

Total

weight of

animals.

gm.
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that died August 21 lived, this advantage would have been still more

pronounced.

All the pups were affected approximately the same by metereologi-

cal conditions, the loss in weight from July i to 5 being very pro-

nounced. It was during this period that we experienced exceedingly

hot weather, the maximum temperature being 110° F. In general

the curves indicate even to the end a healthy htter of pups. It is

interesting to note that, although the pups were not full grown at the

end of the observations, their average weight was 450-900 gm. less

than their mother's (6750 gm.) and shghtly above their father's

weight (5400 gm.). Three of the heavier dogs, two in the control

group, were 450-950 gm. heavier than their mother and 1000-1900

gm. heavier than their father. The above is explained, no doubt,

in part at least, by the care and the feeding they received during this

period.

From the foregoing table of average weights the following calcu-

lations have also been made:

Increase in weight in per cent of original weight:

Pituitary. Controls.

First week (normal diet) . 15 % 18 %
Aug. 21 317 % 3SS %
Whole period 37^ % 39° %

Increase in weight in per cent of weight on May 26, when feeding

of glands was commenced:
Pituitary. Controls.

First week (May 26-June 3 27 % 3° %
Aug. 21 262 % 286 %
Whole period 309% 316%

These percentages show that the controls grew more than the

others; but they also show that the rate of increase in the pituitary

group increased faster than in the control group.

One fact stands out prominently, that given in tliis amount neither

the anterior lobe nor desiccated ovary arrested the growth of young

pups.

Furthermore, had the pups by chance been divided differently,

the most striking results would have been obtained, all referable to
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the effect of feeding the anterior lobe. This only goes to emphasize

the importance of making a number of feeding experiments before

drawing conclusions. Schafer found that the addition of the antenor

lobe of the pituitary gland to the food of young rats stimula ed their

.rowth. My experiments on dogs seem to show the opposite effect,

r,r at least to show that its average effect is below that ot the controls,

at the same time intimating that the growth of certain individuals may

be stimulated, since a, pituitary-fed dog was the heaviest (850 gm.

heavier than its nearest control). Before we can arrive at any positive

conclusions relative to this question, it will be necessary to experi-

ment further, not only on rats and dogs, but on other animals. At

the present time feeding experiments are being earned out with

white rats. These results will be reported in a later paper.

Conclusions.

I The daUy addition of 50-75 mg. of fresh desiccated, defatted

anterior lobe of the ox to the food of young dogs does not stimulate

in -encral their growth, as evidenced by their weight.

2° The growth of young dogs is certainly not retarded or impeded

by the addition of the desiccated, anterior lobe, ovary or testicle to

their food.
^ , ^ . , , ^

3. In some individual instances the addition of the antenor lobe

may stimulate growth.



THE RELATIONSHIP OF THE SINO-AURICULAR NODE

TO AURICULAR RHYTHMICITY.

By V. H. K. MOORHOUSE.

[From the Physiological Laboratory of Washington University, St. Louis.]

Introduction.

THE significance of the sino-auricular node as regards cardiac

rhythmicity has been the subject of extensive physiological and

pathological research since the discovery of the specialized tissue by

Keith and Flack ' and its more detailed description by Koch.= This

report has special reference to the sino-auricular node of the dog's

heart and a brief description of the extent and character of the nodal

tissue of that animal is therefore important. The node, as described

by Koch, occupies a position along the sulcus terminahs beginmng

just below the border between the superior vena cava and the right

auricular appendix and extending for a variable distance (1-3 cm.)

in the sulcus terminahs towards the inferior vena cava. In form

the node is spindle- or club-shaped with its thickest portion (the

head) placed superiorly and its stem tapering off into a fine inferior

process. A superior process is described extending from the head for

a short distance over the cava-appendicular angle. In histological

structure the muscular elements are of an embryonic type and are

invested by greater or less amounts of connective tissue. The node

shows intimate connections with nervous tissues, nerve fibres and

gan-lion cells being scattered throughout its structure. The muscle

elements pass over imperceptibly into the muscular tissue surrounding.

A well-marked arterv runs in the sulcus and is in close association

with the nodal tissue, suppljing many branches to it and to the

surrounding musculature. For a more detailed description of the node

reference may be made to the article of Keith and Flack.' and Koch.

> Keith and Fl.\ck; Journal of anatomy and physiolog>-, 1907, xli, p. 172.

2 Koch: Mcdizinische Kliiiik, 1911-12.
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Physiological experiment has concerned itself with the effect of

removal of the nodal area in the intact and perfused heart. From the

above description of the relationsof the node, it will be seen how impos-

sible it is to remove the speciaUzed tissue without domg damage to

other structures. Any conclusions, therefore, from the result of such

removal must be provisional. Flack,^ working on intact dogs' hearts,

removed the nodal tissue by clamp and ligature. He states that m no

case did such isolation have any marked effect on heart rate. Jager

destroyed the nodal tissue by thermal cautery in intact dogs' hearts.

He carried out histological examination and states that destruction

of the nodal tissue had no effect on auricular rate. Removal of the area

containing the node in perfused hearts has been carried out by many

observers before and since the discovery of the specialized tissue.

Lan-endorff and Lehmann^ found that the Stannius expenment

upon excised cats' and rabbits' hearts resulted in stoppage with sub-

sequent slowing of the auricles and ventricles. On the other hand,

Erian-er and Blackmann ° have shown that this is not always the case.

From^a consideration of their protocols it is seen that in some cases

extensive removal of areas at the mouths of the great veins did not

cause change in auricular rhvthm. Though their work did not have

special reference to the sino-auricular node, the possibiUty that m

such cases there remained some speciaUzed tissue to account for the

unaffected rate is absolutely excluded by the position and extent of

the tissue removed. Lohmann ' applied formol to the region of the

node and notes a marked slowing of rate as the result. The difficulty

of locaUzing this effect is apparent. Cohn and Kessell,^ working on

perfused dogs' hearts, state that removal of a rectangular area con-

taining the node causes in all cases stoppage and subsequent slowing ot

auricular rate, which never regains its former rapidity. They conclude

that no other area is capable of taking up the function of pacemaker.

Their details of experiments and histological examination are still

» Flack: Archives Internationales de physiologie, 1911, xi, p. in.

< TXger- Deutsches Archiv fur kliaische Mcdizin, 1910, c, p. i.

< Langendorff and Lehmann: Archiv fur die gesammle Physiologie, 1906,

cxii, p. 352-

» Erlanger and Blackmann; this Journal, 1907, xi.\, p. 125.

' Lohuann: Archiv fur die gesammte Physiologie, 1908, cxxui, p. 628.

8 CoHN and Kessell: .\rchives of internal medicine, ion. vii, p. 226.
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unpublished. A very different conclusion is arrived at by Magnus-

Alsleben,^ who removed the nodal tissue, together with extensive

areas from the right auricle of rabbits' hearts. He concludes that no

specific centre exists at the junction of the superior vena cava with the

right auricle which is especially capable of impulse production. He

notes that the sinus node region possesses a relative superiority,

because shutting off its influence may lead to short periods of irregu-

larity, but states that after such removal other areas may take up

autonomy without change in rate.

The following series of experiments was undertaken with the object

of testing in various ways the specificity of the sino-auricular node for

the determination of auricular beat.

Method.

Dogs' hearts were excised with the usual precautions and perfused

with oxygenated Locke's solution at a constant pressure (60-70 mm.

Hg) and temperature (35-36° C). The suspension method was used

and the right auricular contractions were recorded by air transmission.

The portions of tissue removed were fixed in formalin, and in those

experiments where histological examination was carried out, imbedded

in paraffin. Sections were cut at right angles to the sulcus terminalis

and stained with hsematox>'Un and picroacid fuchsin. Where series

of sections were cut, every twentieth section was mounted in balsam.

Observations.

I. As soon as the heart assumed a regular rate cuts were made in

the sinus region in various ways

:

(a) A rectangular area, presumably containing the sino-auricular

node, was removed by a series of four cuts. The position of this area

A is shown in the accompanying diagram (Fig. i). The length of the

strip varied from i to 3 cm., depending on the size of the heart. Re-

moval of this area A gave results as follows:

i. Stoppage of the auricles and subsequent taking up of a rate

slower than before the cuts.

' MAGNUS-Alsleben: .\rchiv fur experimentelle Pathologic und Pharmako-

logie, 1911, Ixiv, p. 228.
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ii Gradual slowing of auricle without stoppage.

iii. Auricles proceed at former rate without interruption (see

Tabid). . ,
. „ .

Stoppage of the auricles as a result of operative procedures is not

especially significant, since during perfusion experiments it may be

elicited by various mechanical stimuli. Erlanger^ has pointed out

that a mere touch to the auricle
^^^

in perfusion experiments may

result in stoppage. Frequently

one sees a single cut causing

standstill for short periods. The

condition has been explained as

a form of shock.

In cases of the third t\-pe it

was, of course, necessary to

eliminate any possibility of the

presence of nodal prolongations.

Therefore, after removal of the

area A, the cuts were extended

towards the inferior vena cava

and the area B (Fig. i) was

removed. In some experiments

this was sufficient to cause stop-

page of the auricles with pro-

duction of a slower rhythm, bvt

in others it was very evident

that the impulse was not pro-

ceeding from nodal tissue, since

control removal of the sinus re-
• , u ^o„.

gion from the inferior vena cava to the auriculo-ventr.cular boundary

tbove the cava appendicular angle did not influence the rate In

these cases subsequent removal of other highly rhythmical portions

of the sinus region caused stoppage and slowing of the auricle.

(b) Removal of an area B (Fig. i) was next carried out, as soon a.

the heart was beating regularly. Area B is a rectangular strip from

the lower part of the sinus region, including the tissue adjacent to the

mouth of the inferior vena cava, and the lower part of the sulcus ter-

minalis. In length this strip was about i cm. Removal of this area B

R.PV.

Peric

I.V.C.

Figure i.
— Diagram of right auricle, show-

ing position of areas A and B.— S.\.C.,

superior vena cava; I.V.C, inferior vena

cava; K..\.\; right auricular appendix;

Peric, pericardial attachment; R.P.V., right

pulmonar>- vein; Art., artery to sinus region;

S.N., sinus node.
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by cuts gave results practically identical with those obtained from

removal of area A, viz., stoppage and slowing, gradual slowing or no

interruption of auricular rate (see Table I). Where the auricle con-

tinued to beat uninterruptedly, the cuts were extended upwards and

the area of tissue A containing the nodal tissue was removed. In

some cases this sufficed to slow auricular rate, but in others removal

of the whole area occupied by the speciaHzed tissue was without

effect on the rhythm.

Histological examination of the area B, as seen in Table I, showed

that no extensions of the nodal tissue were to be found, or, if present,

were very small and identified only with difficulty.

II. The greatest objection to the removal by cutting of an area of

tissue from the sulcus terminalis is that the artery suppl>-ing an

extensive area of highly rhythmical tissue is severed. Thus removal

of the area B interrupts the perfusion fluid supply to the area A.

The same objection applies to the removal of area A, since the fluid

pressure throughout the capillary area of the lower part is reduced,

and the condition of the muscle suffers accordingly. In the case of

the area A the fluid supply is often well kept up by the anastomotic

circle around the superior vena cava. The gradual slowing of auricular

rate observed in some of the experiments is safely attributable to the

disturbance of fluid supply. The fact that the auricle does not in many

cases resume its former rate after removal of either area may also be

caused by disturbance of the fluid supply to muscle tissue sUghtly im-

paired by the artificial conditions of perfusion experiments. Experi-

ments were carried out in which the area was first clamped and then

removed by cuts, and frequently the subsequent cuts caused a gradual

slowing of rate, e.g., Exps. 21 and 24, Table I. For these reasons

isolation was afterwards carried out by means of a rectangular clamp

which could be inserted through an incision without interfering with

the perfusion fluid supply for more than forty to fifty seconds. The

clamp causes complete functional isolation of the area enclosed.

Clamping experiments, as seen in Table I, gave a series of results sim-

ilar to those obtained in the cutting experiments. Clamping off the

area B was just as efficient in causing stoppage and slowing of auricle

as removal of area A.

Experiments were undertaken with the object of comparing the

rates of the two areas A and B. For this purpose the whole area
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(A B Fig i) was isolated without disturbing its fluid supply. Then

this area was divdded into two sections functionally by clamping

across near the centre. The two halves were compared as to rate by-

counting with a stop watch and in some case tracings were obtamed^

The area containing the node exhibited no constant predommance of

rate in these experiments. In Experiment 43. where the rates of the

two areas were equal, series of sections carried through both areas

showed that the nodal tissue was relegated to the area A. In Experi-

ment 44, where the rate assumed by A was distinctly slower than that

of B serial sections showed that the nodal tissue was confined to

the area possessing the slower rhythm. The results from all the

experiments of this t>-pe lead one to think that there is a balance o

power throughout this portion of the sinus region in the matter of

rhythmicity.
, , , , ,

The six ex-periments quoted at the end of Table I clearly controvert

the specificity of the node for cardiac rate. In these experiments aU

the node-bearing area was removed, together with all parts possibly

containing prolongations of nodal tissue, and extensive amounts of

caval, sinus, and auricular musculature A detailed protocol of an

experiment is illustrative of the procedure and result:

Experiment 38. Dog. December 12, 191 1.
—

Rate of auricle in ten seconds at commencement iS

After removal of area A ^^

After removal of area B '

Tissue around superior cava and in cava-appendicular region

crushed with clamp. After this procedure ^ H
Cut removing area from auricular septum at mouth of right

pulmonary vein. Auricle stops - later rate resumed .... 9

Histological examination. -Sections from the area removed from

auricular septum at mouth of pulmonary vein contain no trace of

nodal tissue.

The function of determination of auricular beat was assumed with-

out pause by some other highly rhythmical area. The musculature

of the coronary sinus, auricular septum, or superior vena cava was

probably concerned in this determination of beat, since removal of the

influence of these areas was effective in slowing auricular rate (see

Table I). These regions are developmental parts of the sinus, and their
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high grade of rhythmicity has been pointed out by Erlanger.'" His-

tological examination verified the justifiable conclusion that the

nodal tissue had been removed.

Discussion.

The assumption that the sino-auricular node is of paramount

importance in determining cardiac rhythm is not consistently borne

out by experimental evidence. In perfusion experiments removal of

the area containing the specialized tissue is frequently followed by

WWMW \\\\\ \ Mm
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Figure 2.— Four fifths the original size. The upper tracing is from the strip S.A. con-

taining the sinus node, and the middle from control strip S.B. Both stimulated

through and through and immersed in Ringer-Locke fluid. Time in i sec. intervals.

disturbances n rate, but if the specificity of the nodal tissue is to be

upheld, uniformly positive results are necessary. Clear negative re-

sults absolutely disprove the specificity of the nodal tissue as regards

cardiac rhythm. Removal of the nodal tissue cannot be carried out

without injury to the important structures around. Disturbances

in rate in perfusion experiments may therefore be caused not by re-

moval of the nodal tissue, but of the surrounding musculature. Ex-

cision of an area not containing nodal tissue has been shown to cause

definite disturbance in rate. When comparison as to rhythmicity is

made between the node-bearing region and an area not containing

nodal tissue, no striking difference has been observed. For these

Erlanger: this Journal, 1910, xxvii, p. S7.
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reasons the attempt to correlate specific histological structure ^^nth

specific physiological property has failed. From other points o view

the proof of specificity of the sino-auricular node is not conclusive.

Lewis >' by locating the point of primary negativity by means of the

string galvanometer, does not exhaust the possibilities. His pomts of

contact arc on the superficies of the auricle, leaving out of account the

highly rhythmical, more deeply placed areas. Among his rcsu^s are

evidences indicating that the place of

origin of the beat was not uniform, e. g., in

Experiment 3, the point P2 was primarily

negative to the point T.. The similar

work, of Wybauw'- locates the point of

primary negativity farther down on the

sulcus terminalis than the point Tj of

Lewis. A study of the pathological htera-

ture shows us that the question is undecided.

Cohn '^ reports a case of bradycardia with

definite sclerosis and infiltration of the

sinus node as the outstanding feature. It

is to be pointed out that it is not proven

experimentally that destruction of the node

causes bradycardia. Draper '' reports a

case of pulsus irregularis perpetuus with

fibrosis of the sinus node and artery. It

has been demonstrated that auricular

fibrillation may result from stimulation of

any part of the auricle. Koch '^ is inclined

to attribute the changes in rhythm in certain cases not to mflamma-

tion or destruction of the sinus node, but to extension to and mm-

tration of the surrotmding tissues. Flack- points out that^ on tie

basis of experimental work, destruction of the node by pathological

processes may only play a mediocre role in the development of irrcgu-

" Lewis: Heart, 1910, ii.

1"- Wybauw: Archives intcrnationales de physiologie, 1910, x.

>' Cohn: Heart, 1911, iii, P- 23-

» Draper: Heart, 1911, iii, p. i3- ^ „ i. f» , ,n
" Koch: Verhandlungen der deutschen pathologischen GescUschaft, 1909-10,

p. 85. ....
i« Flack: Archives internationalcs de physiologie, 191 1, m, p. i-/-

Figure 3.— Diagram of right

auricle, showing position of

various strips, whose rhyth-

micily was compared with

that of the strip containing

the sinus node (S..\.)
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larities. Sufficient pathological evidence has not as yet accumulated

to throw much light on the problem.

Since the completion of the above series of experiments confirma-

tion has been achieved in a very striking manner by another method.

The rhythmicity of an auricular strip containing the sinus node has

been compared with that of a strip not containing nodal tissue under

exactly the same conditions. The method is that described by Er-

langer,^" and consists in immersion of both strips in a bath of oxy-

genated Ringer solution at body temperature. The strips are con-

nected in series and stimulated through and through with exactly the

same induced current. The accompanying tracing (Fig. 2) is one of

a series obtained from auricular strips of the dog's and cat's heart.

This tracing shows clearly that the rhythmicity of the strip contain-

ing the sinus node (S. A.) was less than that of the strip (S. B.) with

which it was compared. The positions of S. A. and S. B. are shown

in the diagram (Fig. 3). Otherstrips (S. C. and S. D.) have also been

compared with S. A., and the results conclusively show that the sinus

node is far from exhibiting a constant predominance of rate.

Summary.

From the results of the perfusion experiments here reported it can-

not be concluded that the sino-auricular node is specific as regards the

determination of cardiac rate.

The rhythmicity of the musculature of the sinus region is shown to

be in no way exceeded by that of the speciahzed tissue.

After removal of the nodal tissue other areas not containing spe-

cialized musculature are quite capable of maintaining the normal

rate of the heart.

This work was taken up at the suggestion of Dr. Erlanger, to whom

my best thanks are due for his valuable advice and help. I am also

indebted to Dr. Terry and Dr. Emmel for their kind assistance with

the histological work.



THE RESPONSE OF THE VASOMOTOR CENTRE TO

DEPRESSOR STIMULATION.

By TORALD SOLLMANN and J. D. PILCHER.

I. Reactions of the Vasomotor Centre.

XT rE have confined our investigations mainly to "ts. since rabbitsW ,vere not promising subjects for our perfusion method of study-

ing cenTral vasomotor reactions. It is well known that the depresses

nerve in the cat runs in the cervical vagus trunk, where it evidently

p::d":;nates over the vasoconstrictor fibres. This was the case in

"rV::i:::i:ng the experiments the cats were ^r^f^J^
allv bv morphine-atropin-ethylcarbamate, and general!) cura ized.

bI vagTwL divided and the central stumps prepared for stimu-

fat on Oxygen insufflation or artificial respiration was apphed as

ne ded The spleen or the kidney or the iliac vessels were prepared

?or perfusion, according to the method described in our &- P^P-

A quilening of the perfusion flow indicates central vasodilation and

'' ThrToleen (ten animals^ and the kidneys (three animals) always

Jpond? to th depressor stimulation by an unmistakable dilataUon

r 1). The average of eleven t>-pical animals shows a fall of blood

^ "
r ,^ ^R _ ,T mm with i7 per cent increase in the

^T^rw^CxIepioSy, individual stimulations showed

^X^rcoi:Scti::id this^^ven when the blood pressure was

'^^times the flow would show a transitory ^^^^^J^
(.s in Fig 3). Since the blood pressure did not rise, this »« e^•ldeIltly

!lue to the adjustment of the perfusion fluid to the increased vascular

1 SOLLMANN and PilcheR: this Journal, 1910. xxvi, pp. 233-n&-

369
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area. Exceptionally the flow was temporarily slowed after removing

the stimulation (C 103). This must be attributed to vasoconstriction,

cither through vasoconstrictor fibres

in the vagus or, more probably,

through cerebral anemia.

The ihac perfusions (two animals)

were not decisive, since the depressor

response was weak. Only one Stimu-

lation showed a t\pical fall of pres-

sure, and this also showed an in-

creased perfusion flow. This is in

line with the statement of Bayliss -

that the leg participates in the

vasodilation.

Effect on the pulse pressure. — The

carotid tracings taken with a mem-
brane manometer show a conspicuous

weakening of the blood pressure

beats (Figs, i, 3, and 4) in most but

FiGUKE 1. — One half ihe original size, not all of the animals. This de-
Depressor stimulation. The cat (C

(.^ease of the pulse pressure might be
76.1) had been atropinized and both , . , , ,

due either to weakened contractionsvagi divided, o.xygen insufflation.

Upper tracing, membrane manometer;

second tracing, damped mercury ma-

nometer, both in carotid artery.

Lowest line, flow from perfused spleen.

The left vagus depressor was stimu-

or to lessened resistance.

Comparative effect of stimulation of the

right and left nerves, and of bilateral stimu-

lation.— It is stated by Bayliss ^ that

lated at the left signal, the right at the left depressor (in rabbits) is usu-
the right signal. Note the quickening ally the more effective, and that
of the perfusion flow with the fall of . • , ^- r i ^i i

nressure
stimulation of both depressors gives a

further fall. Of five cats which we ob-

served in this respect, in three (C 99, 102, and 208) both sides ehcited

exactly the same response; in one (C 102) the right caused a slightly

greater fall, and in another (C 76) the left was considerably more
active. The quickening of the perfusion flow averaged higher with

right stimulation, but this is probably accidental. The pulse pressure

2 Bayliss: Journal of physiologj', 1893, xiv, p. 303.

' Bayliss: Loc. cit., p. 314.
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changes were generally the same from both sides. The differences in

the two sides are therefore inconstant.

Simultaneous stimulation of both nerves produced but ^er> little

greater effect than stimulation of the more active nerve alone.

Strength of stimuli.
- It was found that the blood pressure fall n-

creased gradually with the strength of the inductive current, from the

n^inimal effective strength until the maximum response was reach d^

Our current strength was not measured with accuracy, so that the

data are not available for confirming the relation curve of Porter^

Vasoconsrctor effects could not be evoked by modif>-ing the strength

of the stimulation.

II. Rel.^tion of the Depressor F.all to the Level of

Blood Pressure.

In a previous paper ^ we have emphasized that cardiovascular re^

actions in general are modified by the level of blood Pressure at which

they are produced. The present investigation furmshed the oppor-

tunitv of collecting a fair number of data on vagus-depressor stimu-

lation in cats. These have been grouped after the manner suggested

by Porter,^ but separating the blood pressures by 20 mni. Both vagi

were divided, and the cephalic end of one was stimulated with induc-

tion shocks. The strength of the shocks was adjusted so as to give a

practically maximal response, and in most of the animals se-ra st^m.

ulations were made at different levels, so that we beheve he results

to be fairly representative for cats. The smoothness of the curv

argues for their accuracy. Nineteen ammals were used. The results

are shown in Table I. . ,

In Fig 2 the results have been plotted as curves, together ^Mth

the equivalent data of Porter ^ on rabbits. It will be noted that the

curves from the two anmials are quite different.

With rabbits the absolute faU of pressure is nearly the same with

pressures between 75 and 145 mm.; in cats the absolute tall increases

* Pouter- this Tournal, 1910, xxvii, p. 276.

. So'Skn and' Pilcher: Journal of pharmacology- and expenmen.al thera-

peutics, 191 1, iii. P- 48.

« Porter: this Journal, 1907, xx, p. 403.
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very conspicuously from 80 to 160 mm., so that the pressure in the

trough of the fall is almost the same whether the original level was

100 mm. or 160 mm. The percentile fall in the rabbit increases to the

level of 8s mm., and decreases
ISO .

-^
'

.

progressively at higher levels.

"" In the cat it increases steadily

140 to 175 mm.
The differencemay be due to

120

the fact that constrictor fibres

^°° are also stimulated in the cat;

80 and these constrictor impulses

may be less effective when the

level of blood pressure is high.

40 However, this is mere specula-

,jj
tion. More hkely the greater

fall from the higher blood pres-

20 40 60 80 100 120 140 160 iso"" surc is cardiac, the heart being

Figure 2.— Depressor response from different more sensitive to disturbances

levels of blood pressure. The diagonal indicates Qf i^g blood supply. In Support
the ascending levels of blood pressure at which

^^ ^^^ ^^^^^ ^ ^^jjg ^^^
the stimulations were made. The two upper

,, ,, ,
>.

curves give the average stand of pressure during erally (but not always) aCCOm-

the stimulation. The vertical distance between panied by diminished pulse

this and the diagonal shows the absolute fall of
pj-ggsure (Figs. I, "?, and 4).

blood pressure. The percentile fall corresponds

to the distance between the base-line and the

lower two curves. The marginal numbers indi-

cate thelevelof blood pressure in millimetres, and Js its empirical use as a base-
the percentage for the percentile fall. The plain

^^^ ^^^ judging the influence of
curves are for the cat, the dotted curves for rab- j a ,j

various experimental proced-

ures on the depressor response.

Since the absolute fall and percentile fall are parallel, but the range of

variation is smaller for the percentile fall, this latter would be the

more useful criterion for depressor response in the cat.

The main importance of the

curve, for our present purpose,

bits (plotted from the data in Porter's paper).

III. Depressor Stimul.a,tion during Occlusion of the Aorta.

Cyon and Ludwig." in their paper announcing the discovery of the

depressor nerve in the rabbit, also tried its stimulation during compres-

' Cyon and Ludwig: Arbeiten aus der physiologischen Anstalt zu Leipzig,

p. 128. Cited from Hznle and Meissner's Jahresberichte, 1866, p. 425.
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sion of the aorta to show the share of the splanchnic vessels (and of

course also the vessels of the hind legs) in the fall. Occluding the

aorta just below the diaphragm, they found the response to depressor

stimulation greatly reduced or even abolished. Von den Velden

(p. 238) reports a similar experiment, in which the response was re-

TABLE I.

Response to Depressor Stutolation in Cats.

Level of blood

pressure.
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In two animals the depressor fall was materially diminished during

compression, namely:

C 211 Before compression, 110-78 = 32 mm.

During compression, 130-110 = 20 mm.

C 99 Before compression, 138-70 = 68 mm.

During compression, 125-103 = 22 mm.

In two other animals, however, the depressor fall was not impaired:

C 77 Before compression, 158-78 = 80 mm.

During compression 150-68 = 82 mm.

C 73 Before compression (not tried).

During compression, 176-100 = 76 mm.

The relevant tracings for Experiment 77 are shown in Figs. 3 and 4.

The fact that the response is never increased, notwithstanding the

higher blood pressure, suffices to show that the exclusion of the pos-

terior vascular area diminished the vascular response. The consider-

able remaining response in individual animals might be explained by

heightened response of the remaining vascular areas or by weakening

of the cardiac contractions. Our perfusion experiments did not show

that the excitabiUty of the depressor centre is increased during com-

pression, and the excitabihty of the peripheral vasomotor system is

diminished, as shown by the diminished reaction, which persists, often

for some time, after the pressure is released (for instance, in Experi-

ment 102 the response was: before compression, 105-70 = 35; during

compression, 148-143 = 5; immediately after release, 90-85 = 5;

twenty minutes later, 80-75 = 5. In other experiments the difference

may not be important; for instance, in C 209 the fall was, before

compression, 98-70 = 28; two minutes after compression it was

80-60 = 22).

The large fall occasionally seen during aortic compression must

therefore be due to cardiac weakening, and a glance at the tracings

of Figs. 3 and 4 shows plain evidence of cardiac depression both before

and during aortic compression.

IV. The Cardiac Behavior in Depressor Stimulation.

The weakening of the pulse pressure during depressor stimulation led

us to examine further into the direct or indirect cardiac response.
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Lehndorff^ appears to be the only one who has taken the cardiac

factor into consideration. He states (p. 389) that the depressor faU

sometimes occurs in two steps, of which the second should be at-

tributed to cardiac fail-

ure from deficient blood

supply. We have occa-

sionally seen acute death

with such two-step trac-

ings (C 73). The ordinary

weakening of the pulse

pressure is rather differ-

ent, for it occurs early

(Figs. I and 3); but il

might still be due to inter-

ference with the blood

supply, or it could be due

to a nervous cardiac reflex,

analogous to the carotid

traction refle.x described

by Sollmann and Brown."*

Finally, of course, changes
^^_^ ^^^ ^^^^^^ ^^^ ^^

in the pulse pressure do
^'p';^^^;^ ;,;„,„,„„ before (Fig. 3) and during (Fig. 4)

not necessarily mean cor-
^^_.^j^ compression (Cat C 77-2). The signal in Fig. 3

indicates the stimulation. In Fig. 4 the aorta was

damped at the first signal and the depressor stimulated

at the second signal, the aorta remaining clamped.

Note the weakening of the pulse pressure in both

tracings.

responding changes in the

heart. In order to study

the cardiac phenomenon

we made a series of myo-

graphic tracings. Cats
j *u i o^Ko

were anaesthetized as usual with atropin. morphine, and ethylcarba-

mate, sometimes with curare and sometimes without Both vagi were

divided. In order to prevent the interference of shock the cardiac

tracings were generally taken by the acupuncture method, a needle

bein>^ thrust through the chest into the heart near the apex. The

Cushny mvocardiograph was used in one experiment.

The results were found to differ for normal and low blood pressures.

9 Lehndorpf: Archiv fur Physiologic, 1908, p. 362.

i" Sollmann and Brown: this Journal. 1912. xx-x, p. 88.
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With normal blood pressure (80 to 130 mm.) the depressor stimula-

tion was invariably accompanied by decrease of the cardiac volume

(seven stimulations on animals C 209, 209a, 210, and 211). The

decrease involved both the systolic and diastoUc volume; and on the

whole to about an equal degree,

although one or the other gener-

ally showed a somewhat greater

diminution (Fig. 5). The ampli-

tudes of the individual excursions

were not materially altered; on

the whole, they tended to an in-

significant decrease.

The diminished cardiac volume

means an imperfect filhng of the

cardiac cavities, doubtless due to

accumulation of blood in the dis-

tending vessels, and thereby its

withdrawal from the effective

circulation. This agrees with

the statement of Bayliss " that

depressor stimulation generally

lowers the pressure in the vena

cava.

With' a moderate dilation, as

in most of the experiments under

consideration, this interference

with the blood supply was not

sufficiently serious to embarrass

the heart, but when the drop of

pressure was large (50 mm., Experiments 209a and 211) there were

also evidences of cardiac weakening.

Again, when the blood pressure was low (40 to 60 mm., Experiments

208 and 209), the depressor stimulation showed a distinct tendency to

dilate the heart. The cardiac muscle, already suffering from a faulty

blood supply, is evidently more easily injured by the depressor

dilatation.

We also tried the effect of stimulating the depressor during occlu-

" Bayliss: Journal of physiolog>', 1902, xxviii, p. 293.

Figure 5.— About two thirds the original

size. Cardiomyogram with depressor

stimulation (Exp. C 211). The upper

tracing was taken with a needle myocar-

diograph; the upstroke corresponds to

diastole and increase of cardiac volume,

and vice versa. The lower tracing is the

carotid blood pressure. The vagus de-

pressor was stimulated, at the signal, with

strong shocks.
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sion of the thoracic aorta. In five observations on two animals the

results were qualitatively the same as the t>Tical results with open

aorta. Quantitatively they were weaker.

We may therefore conclude that the depressor stm.ulations do no

afTect the heart directly or rellexly. but that the heart is affected

indirectly by the altered distribution of the blood. Ordmar,ly tlus

produces onfy a decrease in the mean volume of the heart, leaving th

Amplitude of the contraction unaltered. But if the depressor effect

is excessive (as under high blood pressure), or if the cardiac efficiency

is already poor (as under low blood pressure), then the depressor stim-

ulation results in further impairment of the heart.

V. The Influence of other Experimental Procedures ltpon

Depressor Response.

This has been studied, directly or incidentally, by a number of

observers, most extensively perhaps by Tschirwinsky '- and by \ on

den Velden." According to Von den Velden, the response is increased

by those measures which cause moderate stimulation of the vasomotor

centre. Strong stimulation of the vasomotor centre lessens or pre-

vents the depressor fall. It is also prevented by peripheral vasomotor

stimulation (epinephrin, digitaUs) . Depression of the vasomotor cen-

tre by narcotics likewise lessens the response to depressor stimulation.

In the following we shall touch only upon those measures which we

have investigated personally.

Effect of strychnin on depressor stimulation. - The fact that small

doses of strychnin increase the efficiency of depressor stimulation

(i e that it gives a larger fall) has been noted by Bayliss and by

Von 'den Velden.'^ This has also been our experience: with a dosage

of cos mg. per kg. the blood pressure fall was distinctly, though not

-rreatlv increased. The perfusion flow also showed greater qmckening.

Our data show that this increased response is not due to increased

« Tschirwin'SKy: Ccntralblatt liir Physiologic, 1805, i.^, p. 977-

» VoN DEX Velden: .\rchiv fur expcrimenteUe Pathologic und Pharmacologic,

I9C36, IV, p. 223.
. o ,

» Bayliss: Proceedings of the Royal Society, 190S, Ixx.x, p. 3d/-

15 Von den Velden: Loc. cil.
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level of blood pressure, for this happened to be slightly lowered after

the strychnin.

The following are the averages from six experiments:

Depressor response (fall of pressure) before strychnin, 95 to 75 = 19 mm.

= 20 per cent.

Depressor response (fall of pressure) after strychnin, 85 to 64=21 mm.

= 25 per cent.

According to Bayliss " increased response is due to increased ex-

citability of the vasodilator centre. We did not investigate the effects

of toxic doses of strychnin. Bayliss describes a gradual reversal of the

depressor response into a pressor response (paralysis of the vasodilator

centre, and reversal of the reciprocal inhibitory effect on the vaso-

constrictors into an augmentory effect). Tschirwinsky and Von

den Velden merely note that the depressor fall is weakened, and

aboUshed in the convulsive stage. Velden states that it is ineffective

during the convulsive rise, but effective during the intervening period

of relative vasomotor depression.

Compression of both carotid arteries. — Von den Velden found that

this emphasized the depressor response. We found (in two experi-

ments) that it does not noticeably improve poor depressor reactions

(total falls of 15 mm. and less). We did not try its effect on good

depressor reactions. Von den Velden attributes the increased excit-

abiUty of the dilator centre to slight cerebral anemia (but, as Bayhss '^

points out, clamping the carotids would not interrupt the blood

supply of the vasomotor centre, which comes chiefly from the verte-

bral arteries).

Traction on the carotid artery, and the consequent fall of blood pres-

sure, does not appear to affect the depressor reaction directly,^^ the

depressor fall being somewhat decreased (from 33 per cent at 70 mm.

to 24 per cent at 54 mm.) . This reduction may be ascribed to the lower

level of blood pressure, for it agrees very well with the average figures

of Porter for these levels.

Effect of normal saline solution. — Porter and Beyer 1^ found that

restoration of the l^lood pressure by saline injection, after section cf

"" B.WLlss: Journal of physiolog>% 1893, xiv, p. 315.

" SoLLMANX and Browx: this Journal, 1912, xxx, p. 102.

" Porter and Beyf.r: this Journal, :qoo, iv, p. 283.
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the splanchnic nerves, restored the response to depressor stimulations

quantitatively t., the norn.al, thus confirming the^ results obtamed

bv the simultaneous stinu.lation of the cut splanchmc and depresso

nerves In our opinion this might be interpreted m several different

ways^ It might mean that the splanchnic area plays only an msigmfi-

cant role in the depressor fall- a conclusion which is contradicted by

the plethysmographic results of Bayliss^or it '^ht mean that the

other vascular areas compensate automatically for the loss of he

splanchnic area; or, finally, it might mean that the ^e^P-;^ °^

J^
vasomotor centres to depressor stimulation is heightened b> the

increased blood pressure, or possibly by the saline -l^^'"';^^:'-^'-^^;

Our experiments were made on cats, with the splanchnic nerves

intact, 20 c.c. per kg. of 0.9 per cent sodium chloride solution being

injected intravenously.

The average of five experiments are as follows:

Before injection, depressor fall from 77 to 59 = 18 mm., or 23..^ per cent.

During injection, depressor fall from 95 to 73 = " -m., or .3- per cent

After injection, depressor fall from 06 to 73 = ^3 mm., or 33.9 per cent.

These show a greater absolute fall, the percentile fall being prac-

tically unaltered. These changes are no greater than what wou d

correspond to the increased bloo^pressure. The Pe^f-- ^^
*-

f

a distinctly greater dilation (Experiments C 107 and 108). It must

therefore be concluded that saUne injection increases the excitability

of the vasodilator centre by raising the level of blood P-^-'-"*^- "«;-

ever it does not restore a centre which has been paralyzed, that is.

it is'ineffective in animals in which the depressor response had com-

C^hSr;^nted out that this stimulation of the vasodilator

centre does not invalidate Porter and Beyer's use ot normal saline

injections in their special problem.
..,.„,W

Hemorrhage -A slight hemorrhage may somewhat mcrta> the

pefceTt c ponse to'depressor stimulation. Thus in Expenmen

': the depressor response before bleeding was a fall of 7
per cen

from the level of icx, mm. After a slight blee.ling from the femora

arterv the depressor response was a fall of 8.6 per cent trom the le^ 1

o g,' mm. As the hemorrhages increase, the fall is progressively d.

n^inished and Unall> abolished. The perfusion reaction is preserved

longer This mav be seen from a tabulation ot Expernnent .08.
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IMood pressure fall. Perfusion flow.

Before hemorrhage .... 115-68 = 47 ram. = 41 per cent. 28-40 = 12 units.

At end of first hemorrhage . 56-46 = 10 mm. = 18 per cent. 29-38 = 9 units.

At end of fecond hemorrhaKe 50-40 = 10 mm. = 20 per cent. 28-32 = 4 units.

Before third hemorrhage . . 60-42 = 18 mm. = 30 per cent. 26-36 = 10 units.

At end of third hemorrhage . 36-36 = mm. 32-32 = units.

After rcinjection of blood . 60-60 = mm. 42-42 = units.

The failure to recover by injection of the blood was also seen in

the other experiments. In E.xperiment 103, for instance, the blood

pressure was restored to the original level (100 mm.) by the rcinjec-

tion of the blood, but the depressor remained ineffective.

It may therefore be concluded that the lesser response of the blood

pressure with moderate hemorrhage is due to the lesser mass of blood,

the centre retaining its activity, but when the pressure falls below

45 mm. the centre becomes paralyzed (in cats) usually without

recovery.

Nitroglycerine. — The effects of nitroglycerin on the depressor

reflex were investigated in three cats; 0.5 to i mg. per kg. of nitro-

glycerin being injected intravenously. The average figures for the

blood pressure response on depressor stimulation are:

Before injection of nitroglycerin, 145-105 = 40 mm., or 27.6 per cent.

At depth of nitroglycerin fall, 96-70 = 26 mm., or 27.1 per cent.

Several minutes later, 105-7S = 27 mm., or 25.7 per cent.

It appears from this that the effects of depressor stimulation and

nitroglycerin arc strictly additive. The percentile response to depressor

stimulation is not materially altered in the nitroglycerin fall, and the

absolute response is practically the average response at the correspond-

ing level, without nitroglycerin. (According to our curve depressor

stimulation without nitroglycerin would lower the pressure from 96

to 73 mm.) The strictly additive results suggest that the mechanism

of nitroglycerin dilation and that of depressor dilation are not identical.

Conclusions.

I. The dilator reaction of the vasomotor in response to vagus-

depressor stimulation in the cat can be shown by the perfusion method.

The pulse pressure (membrane manometer) is generally diminished

in the depressor fall.
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2. The depressor fall, buth absolute and percentile, increases as a

smooth curve with the level of blood pressure. The results are there-

fore different in cats and rabbits.

3. Occlusion of the aorta diminished the depressor fall; sometimes,

however, a large fall may occur even during compression. Such falls

must be due to a cardiac factor, since the response of the dilator centre

is not increased by aortic compression. The peripheral vasomotor

apparatus may be impaired for some time after aortic compression.

4. The vascular dilation from depressor stimulation affects the heart

indirectly. Ordinari.y the cardiac volume is diminished, but with-

out altering the amplitude of the e.xcursions. But when the depressor

effect is excessive (as under high initial blood pressure), or when the

cardiac efficiency is already low (as under low initial blood pressure),

then the unpaired blood supply weakens the heart.

5. Strychnin, in small doses, increases the depressor response,

independently of its own effect on blood pressure.

Infusion of normal saline increases the depressor response, propor-

tional to the rise of blood pressure.

Hemorrhage at first increases, then diminishes, the depressor re-

sponse. The lessened response is at first due to the lesser volume of

blood, but with severe hemorrhage the centre itself suffers.

During the nitroglycerin fall depressor stimulation produces a

fall corresponding to the level of blood pressure. The effects of ni-

troglycerin and of depressor stimulation are therefore strictly additive,

indicating that they involve a different mechanism. A similar simple

summation is observed with depres.sor stimulation and traction of the

carotid artery.



THE INFLUENCE OF ADRENALIN, MODIFIED BY SALTS,

ON THE BLOOD PRESSURE IN THE CAT.

By I. R. BURKET.

[From the Laboratory of Physiology in the University oj Kansas.]

Method.

THE usual procedure was employed in obtaining blood pressure

records from the cat: the cannula was inserted into the carotid

artery and connected to a mercury manometer; a saturated solution

of sodium carbonate was used as a transmission fluid. In the first

few experiments the test solutions were injected into the femoral

vein with a hypodermic syringe, but because of the rapid clogging of

the vessel from clotting as a result of this method, a glass cannula was

tied into the vein and the injections made through this. The solu-

tions were placed in the cannula and forced into the vein by com-

pression of the attached rubber tube, after which the cannula was

thoroughly washed to remove all traces of the substance used.

In preparing the salts for injection, volumetric solutions (molecular

where the solubility permitted) of chemically pure substances were

made, using doubly distilled water as a solvent. Before administra-

tion these were diluted to the desired concentration with doubly dis-

tilled water. The stock solution of adrenalin was made from Parke,

Davis & Co.'s base— i mgm. to each cubic centimetre of water acid-

ulated with 0.004 per cent hydrochloric acid — and was discarded

when two weeks old. The dose given in each instance was i c.c. of

the solution.

The effect of adrenalin on the cat. — When injected intravenously,

adrenalin acts very quickly, a maximal rise in pressure taking place

within a few seconds, succeeded by a return to normal in a few seconds

more, the whole effect lasting on an average less than one minute.

The after effect of fresh adrenalin is especially interesting: the curve

does not stop when it has reached normal pressure after the rise, but

382
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continues to fall till the manometer has shown a decrease equal to or

continues lai
. , . s -r , ^^^^ unab e to find any

greater than the origmal rise (Fig. i). i have oeen u
, 2

such action recorded in literature deahng with adrenalin L«hin^nn

shoted hat in certain admixtures of adrenalin and chohn, both sub-

stance; mi.ht act separately, the adrenalin causing a rise in pressure

FlCKC l._Kour«lh. the original size. C-^'i-X^H^Sur"?-.
'^

causes an after depression, someumes greater than he ong^^^^^^
^^^^^^^

The blood pressure at the beginning of the tracing is 160 mm. Hg

,

point in the curve it is 130 mm. Hg.

followed by the choUn depression. To prove that -^h w-a^ not the

case in these experiments the adrenalin was removed b> oxidation

a ro o o .olutTon was made alkaline and allowed to ^tand
^
-^ra

davs when upon ddicate chemical tests, the adrenalin was found to

be enUrely absent; this solution after being neutralized produ ed

upon Section neitiier a fall nor a rise in blood pressure, proving the

absence of chohn as well as adrenalin.^
^^^^^^^^

The effect of salts with adrenalin.*— ine aiier ciici^u

ca" dTto look for a substance which, when injected s>mul.aneously

, c- ,.. ,„i,-l. ,vis meparrf for public.lion a similar 6n<li»K ^» ^' ""

co;.x v"i:"»;™ -Siv ,. £ s-a™. Ph>,i«.o^., .,.., .„„ pp.

3 I have recently been informed by E. R. Weidle^ tn

present in use for the purification of adrenaUn are at fault.

'^^l^^'^^^^^-^^.X
S;Co.-scr>.staUineadrenalin-cons..<^-^^^^^^^^^^

inston Hygienic Laboratory, ^91°- bulletin Ox. p. ^S; -

.hich may account for the after d^pression.^^ Mr.^^^K^,.Kl^«
^

V P

shortly.
'



384 /. R- Burket.

with it, might prevent the undesirable depression without in any way
diminishing the initial rise produced by adrenalin. This substance

was found in barium chlorid. In even as great dilution as a 1/128 m
solution, barium thlorid injected alone will cause a marked stimu-

lation of the heart action and a rise in blood pressure. When injected

OTWriW«jrt'!*ijsjs::ir?.-j^v-'r--i»rriii><' rr«w -^

i ii ii il iiiiiiii i iiiiii i iii i iiiiii ii iiiliiiiiiiiiiii i iii i iiiiii—iii i iii i i ii iiiiiiiiiii i iiii n ii i iiiii iii iii i iilil i iiiililiii

_j }

Figure 2. — Carotid pressure. Hg manometer. BaCb sustains pressure and prevents

after depression. The temporary fall occurred in a few cases in which the older

stock adrenalin was used. Time, 2 seconds.

with adrenalin, the rise caused by the latter is noticeably augmented,

the pressure does not fall so rapidly, and the after depression is entirely

absent (Fig. 2). The strengthened heart beat may be observed for

fifteen minutes or more after injection.

In order to determine whether the mere addition of a given amount

of liquid (in these experiments i and 2 c.c.) to the circulation would

in itself cause any change in pressure, several injections of Ringer's

solution ^ were made and were found to produce no effect. The same

statement holds true concerning the effect of Ringer's solution on the

change of pressure caused by adrenalin.

The next salt experimented with was sodium chlorid. Injection of

an tn/S solution (which is of nearly physiological osmotic pressure)

caused no change either in blood pressure or heart action, and an

in/2 solution produced only a slight rise in blood pressure; these

' NaCl, 0.7 per cent; CaCIj, 0.026 per cent; KCl, 0.03 per cent.
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rcults corroborate the findings of Hyde,« Mayor,' and Ritter.« Never-

theless from this work, sodium chlorid in the doses given may be

considered a neutral salt. But when injected (m/2) with adrenahn

it caused a decrease in the original rise; it did not. however, affect

the length of action, nor

did it prevent the after

fall which usually fol-

lows the adrenahn rise.

Potassium chlorid in

dilutions of w/32 may

be considered practically

neutral, both alone and

in combination with ad-

renalin. Twice as con-

centrated solutions, how-

ever, have a depressing ^v„wvw^^^^ ^ ^ ^'^^w .
m^^^^n^u.^^^^vv.

uun^^^'""'""""v

effect on blood pressure

and heart rate when

given alone (Fig. 3), and

just the opposite effect

in connection with ad-

renahn (Fig. 4)- This
I ;

latter result may be ex-

plained by the statement

of Howell,^ that potas-

sium chlorid increases

vagus irritability in certain doses, while in larger ones it depresses,

the dose of potassium chlorid in connection with adrenahn was per-

haps sufTicient to depress the vagus, while alone it acted as a vagus

stimulant, therefore slightly lowering the blood pressure.

Calcium chlorid and magnesium sulfate have a depressing effect

on blood pressure, both when given alone and when administered

with adrenalin. Meltzer and Auer'° obtained the same results from

« Htoe: this Journal, igoS, xxiii, p. 201.

' Mayor: Journal dc physiologic, 1902, iv, 3, p. 425-

» Ritter: Deutsches Archiv fur klinische Medizin, 1910, c, p. n.

» Howell: this Journal, 1006, xv, pp. 280-294.

10 Meltzer and Al-er: this Journal, 1906, xv, p. 387-

Figure 3. — Carotid pressure. Hg manometer. KCl

causes a depression of blood pressure and heart

action. Time, 2 seconds.
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the injection of magnesium, but they used much larger doses, causing

complete inhibition of the respiration as well as a fall in blood pressure.

Some experiments were undertaken with the phosphates as the

result of a test which showed the adrenalin base to contain traces of

these substances. The phosphates used were the acid, neutral, and

alkahne sodium salts. No definite effect could be observed, either

Pressure inmm.Hg.
130

"'*'^**«%Wviw,'''W'WiSfJVv^;^

Figure 4. — Two thirds the original size. Carotid pressure. Hg manometer. KCl

augments adrenalin pressure (see te.xt).

when used alone or when given with adrenaUn; the acid phosphate,

however, increased the pressure somewhat, but had no effect on the

adrenalin rise, while the neutral and alkahne salts were without

effect when used alone, and only the alkahne one, Na3P04, caused

any change when given with adrenalin; the change produced here

was a marked depression, sometimes even complete neutrahzation, of

the adrenahn; but this was probably due to o.\idation of the adrena-

lin (which takes place readily in an alkahne solution, see above)

rather than to any specific effect of the tri-sodium phosphate itself.

Another substance which, being a waste product in the body, and

hence normaUy coming into contact with other constituents of the

blood, would be of interest in this connection, is the purin derivative,

uric acid. This compound alone causes a decided rise in mammahan

blood pressure; its effect on heart action, however, is very insig-

nificant, being in a majority of cases quite neutral, in others causing

only a shght increase in heart rate. It exhibits a pecuharity when

injected with adrenalin in that it causes a decrease in the normal

adrenahn rise. Just why this seemingly paradoxical result should

follow the combination of these two body products will probably not

be understood until the action within the body of certain substances

produced in normal metabohsm upon the internal secretions, indi-

vidually and in co-operation with each other, is better known.

Control injections of hydrochloric acid and sodium hydroxid of

equal acidity and alkahnity to that of w/i6 NaH2P04 and NasPO^,
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respectively, showed that the results obtained from these salts were

not due to their reactions. The hydrochloric acid caused a shght de-

pression, whUe the sodium hydrate had practically no effect upon the

blood pressure. Acid solutions equal in strength o the aad t> o

I : 10,000 adrenalin had no effect whatever; an alkalme solution of

equimolccular concentration was also neutral „„ ,
, ,^^

This work was done at the suggestion of Dr. Ida H. Hyde, for whose

valuable aid I am much indebted.

Conclusions.

I Adrenalin has an undesirable after-depressing effect on mamma-

lian (cat) blood pressure. This may be due to a hitherto unsuspected

impurity, as suggested by Weidlein.' The after effect may be counter-

aTed by very small doses of barium chlorid. Banum chlond also

strengthens heart action and sustains high blood pressure for some

^'T The waste product, uric acid, antagonizes adrenalin pressure,

although alone it increases blood pressure.

. The salts which cause a rise in pressure are: NaCl. m, 2; BaLh,

^.A^SandWs^; uric acid; and NaH.P0Wr6. Those lower^^^^

the pressure are: KCl, m/i6 and m/32; CaCl. m 16; and MgSO.,

m/S Those which show no definite action: Rmger s solution;

NaCl,m/8; CaCl,,w/32; andNa.HP04,m/i6.
, ^ , ,

4. kdrenaUn pressure is augn^ented by: BaCU, m/128 and W32,

KCL m/i6. Salts which depress the effect of adrenahn are: ^aLl,

m/2;' CaCl,, w/i6; MgS04, m/8; and uric acid.
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THE ACTION OF ETHYL ALCOHOL AND WATER ON

MUSCLE.

By FREDERIC S. LEE and M. LEVlXE.

[From Ihc Department of Physiology of Columbia Univcnily, Xeu' York.]

TN 190. the senior author and Salant ' published the results of a

1 study of the action of ethyl alcohol on the skeletal muscles of the

frog They concluded that while In small quantity the alcohol was

^active, in medium quantity it exerted on the muscle a favorable

action which was characterized by a quickening of both contraction

and relaxation, the power of making a larger number ot contracUon.

and of performing a larger amount ot work m a guen t-
•
a dda> o^

fatigue and the power of making a larger number of contraction, and

of cbing more work before exhaustion sets in. When m large quan-

tity the drug acted unfavorably, the phenomena bemg in general the

eve 'e of the former. Four years later Hough and Ham^ using a

similar method, confirmed in all essential points the favorable act on

of medium quantities of alcohol, but reported that qualitatively sirn-

iU. and eve'n greater results were obtained by the injectK^n of w

or Ringer's fluid. Only eleven experiments were performed w^th wa_te

alone Ind only five with Ringer's fluid alone, yet the au - e t

themselves justified in maintaining that the improvement in the sork

in. power of the alcoholized muscle was due not to the alcohol, bu

-to the increase of the circulating medium, or to the reduction of

osmotic tension in the blood plasma, or to both of these causes com-

l,ined
••

This claim, supported by apparently trustworthy if not xery

abundant, experimental evidence, seemed to necessitate a re-examma

tion of the experimental basis of the conclusions of Lee and Salant.

This the present authors have now made.

1 Lf.e and Salant: this Journal, 1902, viii, p. 6t.
Ti,«n-,r,«on

= Ho.-on and Ham: Biological studies by the students ol W .Iham Thompson

Sedgwick, Boston, 1906, p. iii-
3S9
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All of our experiments were performed, as before, on the gastroc-

nemius muscles of the common leopard frog, Rana virescens, during

the months from February to June, on frogs that had been wintered

in the laboratory. One hundred and fifty frogs were used. Curare

was not employed. The muscles were excised and stimulated by a

series of maximal break induction shocks at the rate of from fifty to

sixty times in the minute. In each case the two gastrocnemii of oppo-

site sides were employed in succession, one serving as a control. Their

working powers were compared by measuring the total height, as

recorded by the work adder, to which each muscle was capable of

lifting the weight before exhaustion ensued. The weight was the same

for the two muscles of each pair. After each contraction the lever

returned to the original abscissa. Since the exact determination of

the total amount of work performed in each case would have required

for each experiment an elaborate calculation, owing to the peculiar

construction of the work adder, and since we were seeking, not total

amounts, but relative amounts of work, we employed the total height

lifted as our criterion of efficiency.

Whoever has made such comparative experiments is aware of the

fact that great individual differences are exhibited by similar muscles

of opposite sides. We made forty comparisons of the right and the

left normal excised gastrocnemii and found that in twenty cases the

right, and in twenty cases the left, muscle performed the greater

amount of work. While single muscles deviated greatly from the

norm in the heights to which they were capable of lifting the weight,

and while it often happened that several right muscles in succession

surpassed the lefts, or vice versa, the percentage of total height to which

the weight was Hfted by the two muscles was 49 by the right and 50

by the left muscle, an approximate equahty. These figures show that

while in the long run equality of efficiency may be expected as between

right and left muscles, it is not safe to draw comparative conclusions

from the results of testing a small number.

For this reason we performed no less than forty experiments each

on the action of ethyl alcohol and of water respectively. We have not

used Ringer's fluid. The procedure was as follows: In each case,

after the frog had been weighed, the right or the left thigh was ligated

so as to occlude the blood flow. The Hgated leg was then amputated and

laid aside. Into the dorsal l)Tnph sac of the frog was injected either
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a 10 per cent aqueous solution of Squibb's absolute ethyl alcohol or

distilled water, in the proportion of 0.6 c.c. of the hquul for each ^ram

of body weight. While the alcohol or water was being absorbed the

normal gastrocnemius of the amputated leg was prepared and attached

to the work adder, and the record of its contractions up to exhaustion

was made. Exhaustion ensued in from mne to seventeen mmutes.

When the absorption had proceeded for a time varymg f^«™- ^^ven X-

ftve to sixty-seven minutes the frog was killed, and the -oM of h

contractions of its remaining gastrocnemius was made. Righ and lett

muscles were used for injection in alternate frogs. The results of the

injection of the alcohol are given in Table I.

, ,. . ,.

From this table it is obvious that there are widely diverging results

in successive experiments, a fact that has been observed by many in-

vestigators of the action of alcohol. Yet in twenty-si.x or 6, per

lent of the forty experiments the muscle that was under the influenc

of he drug lifted the weight to a greater height .than the contr..l

muscle. The total height to which the weight was lifted by he forty

alcoholized muscles exceeded that lifted by the forty -^al - ^

by 1379 mm., an average of 34 mm. for each muscle. This amoun ed

for each muscle to a percentage increase of 8.35^ The favorable action

of the mixture of alcohol and water is here sufficiently obvious. This

is mosrobvious when the mixture had acted for a period ranging

from thirty to forty minutes, and subsequently passes away

Is this augmentation of activity due to the alcohd tse f? This

Hoth and Ham deny and they claim a similar benehca action from

distiUed water. The results of our experiments with drstilled water

are given in Table II.
1 ^u

Here too there is great variation, but of the forty muscles thu.

treated with water only fourteen, or 35 per cent, showed an augrnen ed

fftt while the larger remainder were unable to lift the weight th

normal height. Th^ sum total of this decreased lift amounted to 786

B^m., or 19 mm. for each of the muscles, which is 0.95 per cent. Thu

Lre "increase of the circulating medium," or reduc ion of osn ot^

tension," or whatever change the water was responsible for far from

IcUng favorably upon the working power of the muscle, on the whole

slitrhtlv diminished it.
, . , i.

, „,.
^

We "can therefore see no escape from the conclusion that in our ex-

periments with dilute ethyl alcohol the observed augn^entation of
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TABLE I.

!
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TABLE II.

Xormal musde.

Total height of

lift in mm.

Muscle after distilled water.
Difference in height of lift.

627

678

5f)4

667

635

448

413

811

856

646

435

585

580

975

587

633

563

302

648

802

733

480

296

523

660

770

426

458

744

639

784

228

540

538

624

735

564

617

582

584

Duration of

action of water
|

in minutes.

30

50

47

43

40

42

35

45

43

40

40

43

35

47

40

38

35

34

34

32

32

35

31

34

34

32

32

37

34

36

35

35

37

37

43

45

45

34

40

44

Total height of

lift in mm.

687

703

447

623

671

395

503

710

704

554

522

799

662

707 .

998

413

533

282

621

720

552

600

306

455

516

542

424

247

796

707

737

375

517

525

604

697

472

594

560

724

-+- = water;

Total.

+60
+25
-117
-44

+26
-53

+90
-101

-152
-92

+87
+214
+82
-268

+411
-220
-30
-20
-27
-82
-181

+ 120

+ 10

-68
-144

-228
-2

-211

+52
+68
-47

+ 147

-23
-13
-20
-38
-92
-23
-22

+ 140

— = normal.

Percentage.

+9.5

+3.6
-20.7

-6.5

+4.0

-11.8

+21.7

-12.4

-17.7

-14.2

+20.0

+36.5

+14.1

-27.4

+70.0
-34.7

-5.3

-6.6

-4.1

-10.2

-24.6

+ 25.0

+3.3

-13.0

-21.8

-29.6

-.4

-46.0

+6.9

+ 10.6

-5.9

+64.4

-4.2

-2.4

-3.2

-5.1

-16.3

-3.7

-3.7
4-'><9
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working power was due to a specific action of the alcohol on the muscle

itself. Lee and Salant's original deduction thus seems to have been

justified. This augmentation of working power is temporary and

passes over ultimately into the opposite condition in which less work

can be done.

A similar preliminary and transient augmentation seems to have

been observed by most investigators of the action of alcohol on the

human being, although it does not appear to be found with all sub-

jects. Some have not found it at all and have even denied its existence.'

In loteyko's * experiments it was pronounced in two out of seven cases

tested by means of the ergograph. We suspect that a study of a con-

siderable number of individuals by a variety of methods and a careful

analysis of the results — and most of the investigations heretofore

performed have been lacking in these factors — would reveal that an

augmentation of various physiological activities by alcohol is more

common than is granted by some of the extremists. It may perhaps

be found that such effects are often very fleeting and easily overlooked.

Even where they have been observed, they are usually ascribed not

to excitation of tissues, but to inhibition of inhibitory mechanisms or,

where mental factors are involved, to suggestion. These explanations

are largely hj'pothetical. Whether or not they will be proven to be

correct in the case of the complex human body, they cannot be applied

to the augmented working power of an excised muscle, either in such

experiments as ours, or, especially in those of Lee and Salant, where the

same effect was observed in curarized muscles. In the excised muscle

we must assume the presence of physiological excitation, whatever

the mechanism of such excitation may be.

Our conclusion is that ethyl alcohol when administered to frogs in

moderate quantities is capable of augmenting the working power of

the skeletal muscles.

' R. FoERSTER has recently summarized the literature on the relation between

alcohol and muscle work in Pfluger's Archiv fiir die gesammte Physiologic, 1912,

Bd. 144, p. 51. For a fuller and critical discussion see Rivers: The influence of

alcohol and other drugs on fatigue; The Croonian Lectures, 1906, London, 190S.

This author is strongly wedded to the explanation of augmentation by suggestion.

*
J. lOTEYKO: Les lois de I'ergographie, Brussels, 1904. Also published in

Bulletins de I'Academic royale de Belgique (Classe des sciences), No. 5, May,

1904, p. 557.



OBSERVATIONS ON THE PHYSIOLOGY OF PURKINJE

TISSUE.'

Bv JOSEPH ERLANGER.

[From the Physiological Laboratory of Washinto,. University, St. Louis.]

Introduction.

rpHE structures now generally known as Purkinje fibres w.re first

1 seen and described by Purkinje in 1845.^- Since then the Pur-

kinje fibres have frequently been the subject of histological investi-

Son the results of which have formed the basis of inferences as to

E^nctional activities.' Only, however, after their true anatomical

ek ions to the conducting system of the heart had been brought to

ight n 1906 by the painstaking studies of Tawara,; did it become pos

sfble to form any rational idea as to the real significance of the Pur-

kin e fibre Tawara showed that the auriculo-ventricular bundle is

composed of them, and, in addition, that the bundle does not term-

naTas had been supposed, at the point where it enters the muscu^

septum of the ventricles, but continues as a closed system to the most

dSan" parts of the ventricles. The path of the Purlanje fibres,

d scHbed by Tawara, is as follows: On the upper edge of the muscular

sen urn of the ventricles the bundle of His divides into two branches,

St and a left, which continue down the respective sides of the sep-

'um subendocardially. The left limb, with which alone the presen

IZlem concerns itself, goes mainly to the anterior and posterior

. Reported before the .American Physiological Society
^^^^^^^^'J''

"^nrn^i'^Sdlf^^^ P-«e und Phar.aco.oJ

,005 i% 65. Jena; and NXCOI.AI in Nacel's Handbuch dor Phys.ologic dcs

Mcnschcn, Braunschweig, 1Q05, i. P- 810.

* Zeigler's Beitrage, 1906, x.\xi.x, p. 563-

395
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papillary muscles, arborizations extending from the latter over the

whole inner surface of the left ventricle. A part of the path to the

papillary muscles lies through certain of the false tendons bridging

the cavity of the \cntricles. It should not be forgotten in this connec-

tion that the conducting system of the heart contains as possibly active

tissue, not alone Purkinje fibres, but also nerve elements, with which

indeed, according to Wilson,^ Engel,^ and others, the bundle of His

and all of its ramifications, seem to be rather richly supplied. Since in

the present state of our knowledge it is impossible to dissociate the

functions of these two tissue elements,- it is preferred to regard the

ventricular portion of the conducting system as composed of Purkinje

tissue, a term which will be used in this paper to include not alone

Purkinje fibres, but also the nerve elements everj^vhere associated with

them.

Tawara was led by his anatomical studies to draw certain infer-

ences as to the physiology of the conducting system. He expresses

it as his opinion ' that, "contrary to the physiologists, it is necessary

to assume a rapid rate of conduction in the fibres of the auriculo-

ventricular bundle. An arrangement which carries the impulses in

closed paths directly to the most distant wall ... is intended to per-

mit the impulses to act upon all points of the ventricular wall as nearly

simultaneously as possible. To accomplish this, however, the impulse

must travel faster in the uniting bundle than in the rest of the ven-

tricular musculature." He, however, admits "the possibility of a

certain delay in the transmission of the impulse in the so-called node."

The present experiments represent an attempt to acquire some

specific knowledge of the physiology of Purkinje tissue, and inciden-

tally to put to the test of experiment the inferences from anatomy as

to the functions of the auriculo-ventricular bundle.

In approaching the problem the first consideration was to find

Purkinje tissue in some structure that would readily lend itself to

physiological experimentation. The close association of the bundle

of His with ventricular musculature seemed to exclude the former.

Since the present research was begun, however, Hering has pubhshed

some experiments in which the bundle of His was used for this very

' Wilson: Anatomical record, 1909, viii, p. 262.

° Zeigler's Beitrage, 1910, xlviii, p. 499.

' Tawara: Das Reizleitungssystem des Saugetierherzens, Jena, 1906, p. 186.
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purpose ^ Hcring claims it is possible, in the dog, to so stimulate,

bo h lectrically and mechanically, the cut surfaces of the aur.ulo-

ventricular bundle that the stimulus does not escape to the surround

ing structures. Pending conf.rmation of this claim .t would seem be

to accept with caution Hering's conclusion, arnved at by th -1
^J

this method, to the effect that Purkinje t.ssue --dependentb -.ta-

ble and that possibly the rate of conduction m Purkinje tis.ueis ap

p oxmately the sanfe as in heart tissue. The latter conclusion, it

should be added, rests upon the further assumption that he penph-

raT junction of the Purkinje elements with the ventricular mu. u-

llture lies some distance removed from the point of apphcation of the

''^The' primary method employed in the present research was sug-

gested by the statement of Retzer that in a "large number of pigs

hearts the moderator band consists of nothing but fibres of the con-

ducting system, together with the --.^-^1^ -^°";P77fJ/,;
and blood vessels."

« Here apparently, it was thought^, i. a structure

that would lend itself well to physiological experimentation It was

deemed advisable, though, before performing -y/^P^"-^" °!^^ '^^

nioderator band, to assure ourselves of the correctness of ^eUer s ob

servation. This task was assigned to M. S. Petersen m 1909. Peter

en, finding that the moderator band of the pig's heart -s.^-^f^y
of heart muscle, extended the problem so as to include a ^^^^y the

interventricular bands of other animals. He found that the mod^.-t

band of the sheep's heart also contained heart muscle, but that in

confirmation of "Miss DeWitt's observations . .
some ot the nter-

ventricular bands of the beef's heart consist of Purkinje tibres and n

nective tissue, exclusively." Petersen consequently conclude, tha it

should be possible to obtain definite results with the interventricular

bands of the left ventricle of the beef's heart "by followmg the ph>s -

ological studies with a histological examination." 1 his precaution, 1

should be added, has been consistently followed during the course ot

the present research.
1 *. ;„ tKic

The beef's heart has another advantage over other heart, in thi.

« Hering: Archiv fur die gesammte Physiologic, 1910, cxx.xi p. 57 2-

» Retzer: Johns Hopkins Hospital Bulletin 1009, xx, p. 168

.0 The work was completed in May, 1910, when U
--^';';^; ^'^^ ^fg^ „^^^^^^

of the University of Wisconsin as a thesis for the degree of Master of Science.
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connection in that its conducting system has been studied with the

greatest of care. Miss DeWitt's wax model of this heart " represents

the most complete reconstruction we possess of the conducting system

of any heart. Although there is great variability as to detail, the false

tendons of the beef's heart are usually arranged as follows: One false

tendon each arises from the anterior and posterior subdivisions of the

left branch of the bundle of His and passes directly to the anterior and

posterior papillary muscles, respectively. These main false tendons

we shall designate anterior and posterior. During their course across

the cavity of the ventricle, the tendons may branch, the branches

either continuing in the same general direction as the main tendon,

or passing back to fuse with the septum. In our experiments we have

made use mainly of the anterior and posterior false tendons of the left

limb of the bundle of His and their branches.

Methods.

I. Treatment of excised false tendons with salt solutions, etc. — At first

the attempt was made to determine whether the false tendons of the

left ventricle of the bullock's heart would beat when placed under the

conditions that permit mammalian auricular strips to develop sponta-

neous rhythmicity.^^ The false tendon, excised from the recently

killed animal, was treated as follows: (a) It was immersed for some

time in Locke's solution at a temperature of 35° C, and then, from

time to time, temporarily removed from the bath and stimulated with

the interrupted induced current, {h) The strips were then placed for

a few moments in a bath consisting of a i per cent solution of potas-

sium chloride at a temperature of 35° C. After reimmersion in the

bath of Locke's solution the strip was again treated as under (a).

These steps were taken in the hope that they would counteract any

such inactivity as might possibly have been due to fibrillation, (c) The
false tendons were also transferred to a bath of sodium citrate, J^g m at

35° C, and returned to the bath of Locke's solution, receiving in each

bath the treatment described under {a).

No results whatever were obtained in four such experiments. Con-

tractions were never observed. Histological examination showed that

" DeWitt: Anatomical record, 1909, iii, p. 475.

" Erlanger: this Journal, 1910, x.xvii, p. 87.
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three of the four strips studied contained Purkinje ^0 «nly^ while

ne contlined so.e heart muscle, ^viden^the m^hod
^^^

impart irritability or rhythmicity neither to beef s ventricular

"itZHt^ tZ. - It became obvious, as a result of

th fai"'e of Method I, that in order to obtain results it would be

necessary to perfuse the false tendons. In the hope of being able to

avoid the necessity of perfusing the whole heart, an undertaking

Ight with some liihcuUy, direct perfusion of the false tendons alone

was first attempted. When the septum of the ventricles is cut across

Iran tolnd about x cm. below auriculo-ventricular junction blood

.:::ei: ca^n be seen in the left limb of the bundle of His^c« ap-

parently toward the main false tendons ansingfrom
^^'f^^l^^^^^;

like the false tendons themselves, vary greatly in size and ^"'^^g^"^^"^^

Very often, however, one can be found that is large enough to take a

^'7hr;re;r;t is then made as follows: The septum and false

tendons ar! exposed and the distal ends of the latter are cut. A block

of septum, from which the main false tendons anse, --se^;,
^s

uppermost cut being in the position described aboye^ Th-annulajs

inserted into the artery and the strip is perfused with Locke s solution

^"

iltir;! Hreat many attempts were made to perfuse false tendons

in this way a satisfactory flow was obtained only three times. In

none of the experiments did the false tendons, or any other part of

the strL contrLt, even after repeated temporary perfusion with r per

e t poussium chloride. False tendons from the fee cases c,s^^^^^

cessful perfusion were studied histologically. Ihey ^1^ ^o^tained

bundl of Purkinje tissue, while one contained heart muscle maddi-

Sn td this in considerable amounts. Evidently this method, hke

the previous one, cannot be counted upon to %-ield result..

in Perfusion »; the whole heart. - No other course remained open

then than to perfuse the whole bullock's heart. Inasmuch as an ex-

periment so 'omplex as the perfusion of the beef s heart oull be

Satisfactorily handled only in a laboratory provided -th a th i-il

ities for physiological experimentation, it became neces.a y to tranter

the place of work from the slaughter house, where al ol the aboxe

described experiments were made, to the University laborator>
.

It

I
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is not necessary to describe the perfusion apparatus employed further

than to say that it was built so as to keep in continuous circulation

about 10 litres of solution. At first hearts were brought to the labora-

tory from the slaughter house. With these, however, no success was

attained. When received, they were all firmly contracted and could

not by any means whatever be made to beat.

Then hearts were obtained from small calves slaughtered in the

laboratory. In spite of this facility the greatest difficulty was experi-

enced in obtaining and maintaining contractions, a difficulty which

others before us seem to have had.'^ The trouble consisted in the lia-

bility of the ventricles of the calf's heart to fibrillate. The calf's

ventricles certainly fibrillate upon much less provocation than any

other heart (rabbit's, cat's, dog's) the author has had occasion to

perfuse. After beginning the perfusion, the first or second auricular

impulse that succeeds in reaching the ventricles often starts them

fibrillating, and the very weakest electrical stimulus that produces

an\- reaction at all usually has the same eft'ect. Mechanical stimulation

seems to be equally deleterious. Furthermore, it is not often that

fibrillation of the calf's heart can be stopped, as in other hearts, by

means of temporary perfusion with potassium chloride solution, and

not infrequently when potassium chloride had stopped fibrillation,

the heart, upon reperfusion with Locke's solution, either has not con-

tracted at all and has lost its irritability completely, or has remained

irritable, although not spontaneously rhythmical, or, as in a very few

cases, has been spontaneous for only a very short time. After the

first few moments of perfusion the auricles, with two exceptions, have

ceased entirely to contract. This tendency of the calf's heart to fibril-

late and then to completely lose its irritability may not be due wholly

to a peculiar sensitiveness of this heart to stimulation; it is possible

that the Locke's solution ordinarily employed in perfusion e.xperiments

is not suited to the calf's heart. As a matter of fact, it was found, after

many combinations had been tried, that the heart did best when fed

with a mixture of equal parts of calf's blood and a 0.9 per cent sodium

chloride solution.

In the first experiments on the calf's heart the false tendons were

exposed by cutting a large opening into the outer wall of the left

" Magnus-Alsleben: Archiv fiir cxperimentelle Pathologic und Pharmakolo-

gie, 191 1, Ixiv, p. 228.
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ventricle between the two papillary muscles,

f^^^^^^;^,
were tied by transfixion. Four experiments of thi kind

^^"J
P^^

::u o^u -eve; ^^-^^^z^^':^:^^-

"Thtn'torde, to avoid the da„go, of throwing the ventricle into

6.*ti„n though unneccary "'-Pf
"-'

*=„t
^ tur T

r:ir:hre:r:fnr:irraetrt
false tendons t p

conveniently placed tendons and

ZZZ^oy:!nZti..U. appliances (including aurists' forceps

andtistrs, platinum electrodes on bent handle and a small electric

ritXh could be lowered in the cavity of the ventricle so a. to

obtinCd Imination), the false tendons could be mampulated

t1 f.rtorilv In these experiments it became necessary to pre-

IZT^^^ in the ventricle of the fluid which oozed from

r sm^Urcut vessels and which escaped through the aortic valve

which invariably leaked to a certain extent, e^.n und the^^ P^
_

sure of 60 mm. of mercury that was maintained in most of the expen

TJ irfirst the drainage was accomplished by means of a.pira-

Uon later the blood was drained off by means of a small cannula

thru's th o gh the tip of the ventricle. The temperature of the pe -

tZ fluid lay between 3.° and 36° C ^^^Z:^TZ
usuallv remained constant within 1 C. KecorCs were

rm"nt of stimulation by means of a signal, of

^^^^^^-^^l^l^
outer wall of the heart by means of tambours, and of the tine m fi f hs

of seconds upon a Hurthle k>'mograph moving at the rate of over

60 mm. per second.

Observations.

Onh- eleven of the twentv-seven perfusion experiments have yielded

re.?. hi e onlv six can'be considered entirely satisfactory from a

technical standpoint. Nevertheless, the opportunity was aftorded by

hteu cell! experiments, in which the heart usually continued to

W for many hours, to trv the same procedure over and over agam

TW actTs of some impor'tance, since by frequent repetition alone is
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it possible to reduce to a minimum the disturbing effects of the many
variable and largely uncontrollable factors that one has to deal with

when results are obtained by stimulating a spontaneously rhythmical

tissue whose irritability varies throughout each cycle. Other steps

taken to minimize these factors will be mentioned from time to time

below.

Histological findings. — It may be stated here once and for all, that

all of the false tendons of the successful experiments of this series con-

tained Purkinje tissue. Two of them contained heart muscle in ad-

dition; one (Exp. lo) in considerable amount, the other (Exp. 19) a

single small bundle. The presence or absence of heart muscle had

no ob\aous influence upon the behavior of the false tendons.

Independent irritability of false tendons. — The experiments have dem-

onstrated that false tendons containing as their active constituent

only Purkinje tissue are irritable in that when they are stimulated

electrically the ventricles respond with contractions. There can be

no question in these experiments of an escape of the current to the

ventricular muscle. In some of the trials the electrodes (both bipolar

and unipolar methods of stimulation have been employed) were applied

to the false tendons a centimetre or more from their insertion into the

ventricular wall; while the strength of the stimulus eliciting a reply

from a false tendon in many cases has not sufficed to elicit a reply

when applied directly to the ventricular wall.

Relative irritability of Purkinje and heart tissue. — This brings up the

question of the relative irritability of Purkinje and heart tissue. First,

however, it is necessary to call attention to the relatively unfavorable

conditions to which the false tendons are exposed in these ex-periments.

Being narrow strands of exposed tissue, the false tendons must feel

the effects of cooling and drying much more quickly than the ventricu-

lar walls. The difference is minimized, however, by the fact that the

ventricular cavity, in which the false tendons hang, acts practically

as a moist and warm chamber. The additional precaution was, how-

ever, taken of permitting the ventricles from time to time to fill with

the perfusion fluid. The stimuli were break shocks supplied by a ver-

tical induction coil with 5000 windings in the secondary; the primary

current was supplied by two Edison-Lelande elements. In compar-

able tests the shocks were applied at as nearly as possible the same

rate and, in those cases in which the ventricles were beating sponta-
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neously, as nearly as possible in the -- Phase o ea h
1

.

obvious that it was impossible to meet -^^^^^^ > f, f,^": a
ments of an absolutely quantitative experiment; but,

^^
^^ '^e^^^^^^^^^

,bove the difficulties are minimized by the large number of readings

2 Two sets of figures, each of which represents the average of a

TumberlsuaU 4 to -) of' readings, will serve to indicate the relative

TrrUabi^i y of the tissues, one set (Table I) indicating qualitativel>
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and break shocks with the coil in the same position was o.i and 0.08

second respectively. While in another experiment (No. 20) with the

secondary coil at 26 cm. (threshold), 25.5 and 25.0 cm., the reaction

times were 0.117 — , 0.11 + , and 0.098 second, respectively.

Irritability of true tendons. — To test the irritability of true tendons,

the tendon was cut close to its insertion into the valve leaflet, and

TABLE II.

Experiment 20.

Threshold
position of coil.
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been closely observed for the purpose of determining whether they

contract. The cut tendon l>ang against the smooth moist endo-

cardium, or hanging freely into the cavity of the ventricle would cer-

tainly have moved perceptibly had any of its elements contra ted

In only one case did the false tendons seem to move independently o

the heart wall. In this case the false, tendons contained no heart

"^Rat'of conduction in false tendons. - The rate of conductions false

tendons could be calculated if we knew either (i) the reaction time

of the ventricles to stimulation of a cut false tendon at two points

along its course and the distance between these points; or (2) the re-

action time of the ventricles after stimulation of a cut end of a a se

tendon and of the ventricular wall near the insertion of that false

tendon (granting the identity of the latent periods of false tendon and

of ventrfcular muscle) and the length of the tendon. In discussing

the results that have been obtained, it is particularly necessary to

bear in mind that the criterion of response to stimulation is a contrac-

tion of the ventricles and that the latent period of the ventricles is

affected by a number of different conditions. We mention, for ex-

ample, (a) the phase of the cycle in which the extra stimulus is placed;

(6) the rate at which the heart is beating; (c) the rate at which the

repeated stimuli are applied; {d) the strength of the stimulus etc

By using threshold stimuli, by placing them as nearly as possible in

the same phase of the cardiac cycle, and by repeating them as nearly

as possible at the same rate, these factors may be reduced to a mini-

mum. Since, however, it is practically impossible to contro all fac-

tors, it is to be expected that the figures representing the latent periods

will'vary somewhat amongst themselves.

Method I.
- Some of the tj^ical results obtained by the hrst method

mentioned above are given in Tables III and IV.
. ,

, ,

The difference in time in Experiment 15 averages approximatelj

o on second. The distance subtended by the electrodes was about

8 mm » The rate of transmission is, therefore, about 73 cm. per second.

The average difference in time in Experiment 17 is 0.0135. The dis-

tance between electrodes was about 10 mm. The rate of antidromic

conduction is, therefore, about 74- 1 cm. per second.

n The measurements of length were made on the cut flaccid tendon They

arc probably much smaller than the distances between the same points m the

uncut tendon.



4o6 Joseph Erlanger.

Technical difficulties have stood in the way of determining the con-

duction time in the normal direction. Since, however, the reaction

TABLE III.

Experiment IS.

Threshold
strength of

stimulus.
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th.l of conduction. For instance, the latent period foUowing stimula-

TABLE V,

Experiment.

Experiment 17

Experiment 20

Experiment 22

Latency of \cn-

tricular c mtrac-

tion with stimu-

lation of false

tendon.

0.133+

0.11+

0.102+

0.125

0.112

0.082

0.0S4

Latency of ven-

tricular contrac-

tion with stimu-

lation of inner

heart wall.

0.133-

0.112

0.101

0.096+
0.10

0.1

0.114

0.104

0.11

1 t .ni neriod of response of heart muscle to the impulse delivered into

f fpulin e Ssue on the one hand, and from electrodes on the

othror l^e - in which the impulses started in these t.-o ways

iXir;:£"^^^^^ —ted with the receiving

tamboursmigM vary et. c^c

the reaction time was the same (Dcr-

.e":Z ^i:::::!^ tSh stimulation of the ventri^ar^^f the

with heart tissue is discussed below.

u Herinc: Archiv fur die gcsammte Physiologic, 19.0, c.xxxi. p. 57^-
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Discussion of results bearing on conduction.—At the OUtSet it should

be recalled that the hnpulses that start contractions in these ex-

periments must be interpolated between the spontaneous contrac-

tions. There is every reason for believing, therefore, that the

induced impulse travels more slowly than the impulse started by
spontaneous contractions, and that the faster rates observed, rather

than the average rates, more nearly approach the normal. In

any event it is justifiable to conclude that the rate of conduction

in false tendons is at least 75 cm. pet second. How this compares

with the rate of conduction in the heart wall it is impossible to say.

What is supposed to be the rate of conduction in heart muscle has

been measured by a number of investigators by means of the action

current. Owing to the fact, however, that the ventricles are not a

parallel fibred muscle, and that it is not known where the impulse is

delivered to this muscle, these observations have relatively little

value. Indeed, the recent experiments of Clement '* indicate that all

parts of the ventricular wall become negative at the same moment.

For this reason it has not been deemed necessary to determine for

comparison with our results the rate of conduction in the perfused

calf's ventricle. It is not entirely without interest, however, to com-

pare the rate of conduction in false tendons with the so-called rate of

conduction in ventricular musculature. So far as we are aware the

only figure that has been obtained from a study of the perfused heart

is that of Schleuter. He found the rate of conduction in the dog to

be 200 to 400 cm. per second.'^ These figures, though, are of but little

significance in the present state of our knowledge. The remarkable

fact is that the rate of conduction in the long slender false tendons is

as rapid as we have found it to be.

Direction of conduction in false tendons. — False tendons conduct in

both directions and apparently with equal facility. In not a single

experiment in which the heart and the false tendons were in a con-

dition to respond did stimulation of either end of a cut false tendon

fail to elicit a contraction of the ventricles. Neither was there any

constant difference in the threshold value of stimulation in favor of

one or the other direction. Perhaps of even greater interest is the

fact that the latent period of stimulation, as has been mentioned

" Clement: Zeitschrift fiir Biologic, 1912, Iviii, p. no.
'^ Schleuter: .^rchiv fiir die gesammle Physiologic, 1902, Lx.xxix, p. 87.
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above in another connection, is approximately the same in either

^'''^'^'°"-
. , An ittcmpt has been made to deter-

pulses of the conducting system P^- ^.-0^ l^HeX „.uscula-

papiUary muscles, where --'^
J"™"^'.^.

"
J^ lu o her regions of

ture, while the rest pass on subendocardialh to all

the ventricles.
.„h,Vrt have been mentioned above.

Several facts bearing upon this .ubject ha e "^^en m

(.) Upon the basis of the hypothesis we should expect to find s nc th

distance to the papillary muscles is ^^^lX^:^:;:,;Lr^l
central (septa) end of a cut false tendon

'^^^^^^itTL former

(papillary) end, that the reaction time to

^^^"J
f ^^"

^ ^^^ does

. longer than that -l^ing f.m
.^^^^^^^ 0^^^^ ^^^ ^^^ ^^

not s.e^ to be the case. Pos.ibh ,
howe^

,

different as the points o^/^-^--^^^^ ^ ^sLe, that the

tendon would lead us to believe. It may be, 1°'^^"
^

Purkinje tissue at the papillary end passes so- ^^^^scu-
papillary muscle before making ^^^}^'' ^^^ ^"^^^^0^,ny false

lature. (b) The fact that stimulation

f^^;
^^^ ^^^^^ ,Lwise

:;^lure than those pas.ng ^^^^^J^^^^^t, ^
anv rate it does not seem likely that hbres in sucn <x y

Xd by Tawara could pass in both directions^^^^^^^
still reach the ventricular muscle only by wa> of the Pap ->

ic) The experiments detailed above, in -h-hthe react on

t mulation of false tendons was compared with the ^eacU^n t

m

the ventricular musculature at. or close to, the mseruon

tendon, were it not for the difficulties in interpretation that h.n.

been mentioned.
,„v,ipn-, ha^^ been attacked

in another way. It was premised that if the ^epta «

tendons do not connect with the ventricular musculature direct!
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their points of insertion into the septum, but pass to the papillary

muscle, or at least to some distant point, superficial cuts, just deep
enough to sever all of the subendocardial Purkinje tissue, made succes-

sively, and so placed around the point of insertion of a false tendon as

eventually to ring it, should annul the response of the tendon so ringed

to stimulation, or should lengthen the reaction time. For the purpose
of making this cut a knife was used which could not cut deeper than
2-3 mm. Two sketches are here given (Figs, i and 2) to indicate the
location of these cuts.

Figure 1. Figure 2.

Fici-RE I. — Shows the position of the false tendon and of the cuts in E.xperiment No. 10.
The outer wall of the left ventricle has been removed so as to expose the left side of
the interv-entricular septum. (B) Septal stump of the cut posterior false tendon.
(C) Anterior false tendon. 1 and 2, Cuts severing the Purkinje tissue directly con-
tipuous with B.

Figure 2. — Shows the position of the false tendon and of the cuts in Experiment No. 1!.

A part of the outer wall of the left ventricle has been removed so as to expose the
left side of the interventricular septum and the papillarj- muscles. (A) Left branch
of the bundle of His (wliite streak). (B) Posterior false tendon cut as indicated.
(C) .interior false tendon cut as indicated. (£>) Posterior papillary muscle. (£) .in-
terior papillar>' muscle. 1, 2, 3, and 4, Cuts insulating septal stump of the anterior
false tendon.

The interpretation of the results of ringing is, however, quite com-
plicated. For instance, (a) the ringing of a tendon requires consider-

able time, during which the irritability of the heart as a whole may
change; (b) the ringing undoubtedly affects unfavorably the circula-

tion in the false tendons and subjacent heart muscle; (c) injury to

Purkinje tissue in one part of the system may aftect unfavorably its
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1 .»=• r^^ the change in the direction of con-

period of response. , ringing of a false

successive cuts is to lengthen the latent
P=™ff7;; "'„',,. ^'bo.h.

0, to increase the minimun. stunulu

J

„e e^ary or a
^ p

^^^^ ^^
More specifically the results are -'»"»;'"

„, „, „|se tendon

divides the Purkinie ussue "l^"!" *=
'°f^^™ „ entirely lacking.

(Exps. ro, .), the '"'^"^'f^^Stte below th^ insertion

(« When the first cut dmdes the ^"*'"
_^,^^,^, „,,,^, „, ,„y fast

o, the false tendon (E^^
"'p/^^', , ,,„,.hened and usually the

cut are obtained, me laienu p temporarily

rr -uSS' W ^VeTt ?,^;tltt'ptll. to the course o.

tLrnrLrcSL.erstheP„k.ietissuei^^^^^^^^^^^

between the two main false "=°^»- ^^w te fina cut nrade in the

occur. W The most sUJtmg results fcJlowAefi^^^^^
^^^
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false tendon had not been completely ringed. The results of these

experiments were not exactly alike, possibly because the uncut Pur-
kinje tissue varied in amount. Nevertheless the general trend of the
results bears out those of the successful cases of ringing. Thus in one
of the cases (Exp. 17), while with the last cut the septal (ringed) end
of the false tendon lost its irritability, the corresponding papillary
muscle remained irritable; the heart fibrillated when this papillary
muscle was stimulated. In another case (Exp. 19) the false tendon
did not lose its irritability with the last cut, although the latent period
of response of the ventricles was very greatly lengthened, a result which
does not usually follow incision above the insertion of the false tendon
unless, as in tliis case, it happens to be the tinal cut. In the third of
these cases of incomplete ringing (Exp. 20), the false tendon tempo-
rarily lost its irritabihty in consequence of the third cut, which again
was abo\'e the false tendon.

General Discussion.

It will be seen that in certain respects these facts appear to bear
out the hypothesis suggested by the work of Tawara: (i) The fact

that complete ringing blocks completely the passage of the impulse
into the ventricular musculature is strongly indicative of the correct-
ness of the theory in general. It is appreciated, however, that the in-

terpretation of this result is complicated by a number of considera-
tions, (a) For instance, the operation for complete ringing is more
extensive than for incomplete ringing. There is, however, no reason
for believing that the severity of the operation was to any considerable
extent greater in those instances in which the ringing was not quite
complete than in those in which the ringing was complete. Yet in
two of the three former ca.es the impulse was only partially blocked
for a short while, {b) It must be borne in mind that the cut severs in

addition to the subendocardial Purkinje tissue, some of the underlying
heart muscle. It is possible that the impulse from the false tendonns
delivered to the superficial muscle bundles, and cannot reach the mass
of the musculature after the latter have been divided. That this factor
is of no importance is rendered probable by some trials made on the
dog's heart in which the irritability to electrical stimulation of a point
on the surface of the heart was tested while it was being ringed with
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technical difficulties have stood in the way of determining what the
effects of ringing the papillary end of a false tendon might be.

Bearing of the Observations on the Cause of the As-Vs
Period.

A discussion of the As-Vs pause in the mammalian heart in the light
of present views in regard to the anatomy and physiology of the
His-Tawara system may not be without interest. Since the discovery
of the function of the auriculo-ventricular bundle of His, it has been
generally assumed by physiologists that the As-Vs pause is the result
of the slenderness of the structure, the His bundle, through which the
impulse must pass on its way from the auricles to the ventricles. This
assumption seemed to be justified by the observations of Gaskell and
others on the delay suffered by the impulse in passing over artificially

made bridges of heart muscle. Our results make it obvious that this

assumption, at least in so far as it applies to the narrow strands of the
false tendons, is not admissible.^' A few figures will serve to make
this clear. Assuming that conduction through the rest of the conduct-
ing system is at the same rate as in false tendons (about 75 cm. per
second), and assuming, furthermore, that the impulse is delivered to
the musculature of the papillary muscles (in a calf's heart this, the dis-
tance travelled by the impulse, would be approximately 5 cm.) the
As-Vs interval of the calf's heart, were it determined entirely by the
time consumed by the impulse in traversing the conducdng system,
would be about 0.066 second. In our experiments the As-Vs interval
has always been much longer than this, usually about 0.14 seconds.
Evidently conduction similar to that in false tendons but through
Purkinje tissue, cannot be the only factor contributing to the As-Vs
interval.

It is of more than passing interest that the sum of the reaction time
of the ventricles to direct stimulation as determined in our experiments
(0.08-0.1 second) and of the time required for the transmission of the
impulse from the auricles to the ventricles, as calculated above (0.066

" We should not lose sight of the fact that so-called slowed conduction through
bridges or compressed areas is always the result of injury, and of an altered distri-
bution of the impulse to the parts beyond the injury. Although false tendons are
narrow, they are not injured.
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that the main delay in transmission in cither direction is in the auricular
portion of the auriculo-ventricular bundle. Hering assigns the delay
entirely to the node of Tawara. No other possibility is considered.
While there is no denying that Hering's inference may be correct, we
do not believe it is possible, as yet, to exclude other factors, one of which
may be a latency suffered by the impulse in traversing one of the
two junctions in this locality. By no great stretch of the imagination
it is possible to recognize a certain similarity of the atrio-funicular

junction in the sheep to a bridge between heart masses separated by
a clamp or by incisions. In both there is at this place a break in the
continuity of a majority of the fibres. In view of the rapid rate of
conduction that obtains in those parts of the conducting system that
are open to direct experimentation, the writer can see no good reason
for believing that the complexity of the fibres in the node constitutes
an explanation of the delay in the transmission of the impulse from
auricles to ventricles. If the knot-like structure of the node of Tawara
is the cause of the delay, how is it possible to explain the rapid rate of
conduction in the ventricular portion of the conducting system where
"nodes" are likewise to be found.^^ Furthermore, if it is assumed that
the node alone is the cause of the delay in the transmission of the im-
pulse from auricles to ventricles, it becomes difficult to explain satis-

factorily the fact that the Vs-As interval is longer than the As-Vs
interval. On the other hand, explanations with some degree of plausi-

bility can be found if it is assumed that the delay is the result of the
interposition of a latent period. It is only necessary to assume then
that the latent periods of the two contiguous tissues are not quite the
same; or that the stimulus delivered in one direction has not the same
strength as the stimulus delivered in the other.

It may be not entirely irrelevant to add that the presence of a node
is not essential to the establishment of delays in the conducting sys-

tem. In many of the author's experiments on heart block, the heart
clamp has surrounded the auriculo-ventricular bundle some distance

below the node of Tawara. Yet in these cases compression, which
conceivably may act by reducing the number of connecting fibres,

that is, by producing a bridge, has increased the As-Vs interval.

This discussion may be summed up with the statement that in the

opinion of the writer the As-Vs interval is accounted for in relatively

^ Tawara: Loc. cit., p. 146.
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.m.\\ trut by the time consumed by the impulse in trayelUng yith

a r ble V locity through the tissue of the conductmg system.

case is still forthcommg.
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EXTRASYSTOLES IN THE MAMM.\LIAN HEART CAUSED

BY THE STIMULATION OF THE KEITH-FLACK NODE.

By W. D. S.\NSUM.

[From the Physiological Laboratory oj the Uititersity of Wisconsin.]

Introduction.

IN a paper published in 1907 Hirschfelder and Eyster '
attempted

to determine that portion of the mammalian heart in which the

cardiac impulse arises, using the method previously employed by

Engelmann^ and others in the cold-blooded heart. Hirschfelder and

Eyster outline their purpose as follows:

"The investigations of Engelmann upon the frog's heart have

shown that in an extrasystolc arising from a stimulus to the sinus

region the extrasystole and its diastolic phase (compensatory pause)

plus the preceding cardiac cycle is shorter than the length of the

time required for two regular cardiac cycles. In the extrasystoles

arising from stimulation of the auricle or ventricle, this interval is,

however, just equal to two regular cardiac cycles. The explanation

of this given by Engelmann led him to conclude that by this method

it is possible to differentiate between that portion of the heart that

initiates the prevalent rhythm and other portions."

Hirschfelder and Eyster stimulated various regions on the vena

cava and the right auricle, but were unable to determine an essential

dilTcrence in the length of the compensatory pause in the ditTerent

regions, and hence came to no definite conclusions as to the site of

the autogenic tissue. Extrasystoles from the right auricle as well

as from the superior vena cava showed in many cases a shortened

compensatory pause, and on the other hand stimulation of the supe-

rior vena cava under certain conditions resulted in a full compensatory

pause.
43
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Since this time, as the result of the anatomical work of Keith and

Flack,' Koch," Aschoff,^ and others, that portion of the mammalian

heart corresponding embryologically to the sinus region of the cold-

blooded heart has been definitely located. The tissue in this region

is easily differentiated from the surrounding auricle, and histologically

its position and extent in the dog's heart have been carefully described

by Lewis, Openheimer, and Openhehner.^ It lies along the sulcus

terminalis of the right auricle, extending from the angle formed by

the superior vena cava for a distance of about 12 millimetres. The

width varies from 2 to 6 millimetres. While the ex-perimental work

that has been done in an attempt to test the significance of this

region in reference to the control of the cardiac rhythm has been

somewhat contradictory, the majority of workers who have studied the

so-called sinus node from the physiological standpoint have concluded

that under normal conditions it is this tissue in which the dominant

rhythm of the heart resides.

The experiments we are about to describe were undertaken to de-

termine whether or not any essential difference could be shown in the

length of the compensatory pause in an extrasystole arising from

stimulation of the sinus region and of other parts of the heart. Such

should be the case if it be true that this region normally acts as a pace-

maker for the whole heart.

Methods.

Dogs and cats were used. The animals were anesthetized, placed

under artificial respiration, the thorax opened after ligation of the

internal mamman,' arteries, and the pericardium slit open and sewed

to the margin of the opening in the thoracic wall. The apparatus

used and the method pursued were in general the same as that de-

scribed by Hirschfelder and Eyster.' The apparatus is constructed

in such a manner that stimuli may be sent to the heart automatically

at every eighth beat and during any part of the heart c}xle. Unipolar

stimulation was used. A non-polarizable electrode was used for the

stimulating electrode. The end of this carried a piece of yarn in con-

tact with the kaolin, by means of which the electrode easily followed

the motion of the heart without breaking contact. The electric stim-

ulus used was just strong enough to be felt on the tip of the tongue.
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The indifferent electrode was fastened to the leg of the aninial. An

electrically driven tuning fork vibrating at the rate of 100 times per

second was used to record the time.

Figure i -Shortened bigeminus following the slin,ulation of the 1--^1>-Flack node^

UnpermoBt line, right ventricle; second line from the top, nght auncle; th.rd Ime

kom t"e top magneto-marking pen; lowermost line, time in hundredths of a second.

Th^ occur encT of the stimulus is given by the up-stroke of t^^^ -agneto-s.gnal-

nen wl is marked on the record by 4. The incidence of sUmulat.on ,s the t.me

from th p of the previous auricular contraction to this pointy The latent P-od

ofThe auricles and 'ventricles are the times from this line to tb---f
^f

«;

tricular contractions respectively. The "Double Cardiac Cycle 3S the time

representedS the distance between the lines r and 3. "^Regular V^tole P

-

Fxtrasystole" is represented between the lines 3 and 7, and Extrasystohc Cycle

between he lines s and 7. The shortening of the bigeminus is the difference between

th doub e c d c cvde and regular systole plus extrasystole. The normal aunctdar-

ventricular conduction lies between the lines x and .; the extrasystohc aunctdar

ventricular conduction between the lines jand 6. The same figures are used m the

interpretation of all of the tracings.

Results.

Table I consists of a series of results derived from the stimulaUon

of the Keith-Flack node at different intervals during the diastohc

pha.e Fig. I shows an example from this table. In every case

in tWs series where the stimulus is effective there is a shortenmg of

I /
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the bigeminus.'' This result is the same as that obtained by Engel-

mann - on stimulation of the sinus region of the frog's heart. The

eighth column of Table I shows that as a rule the extrasystolic cycle

is a httle longer than the nomial. This is probably merely an ex-

pression of the fact that the region requires a slightly longer time to

1;
'

4.
3'

7,

Figure 2.— One half the original size. Stimulation of the auricle midway between the

node and the appendage. This shows the nearly full bigeminus followed by a

slightly lengthened regular cycle.

regain its power to discharge an impulse, when it has previously dis-

charged more rapidly than normal, as the result of artificial stimula-

tion. In one case this increase in length is as high as 1 2 per cent of

a normal cycle, but the average is much smaller (a Uttle over 4 per

cent)

.

Tables II and III represent a compilation of similar data from records

of stimulation of the right auricle. Fig. 2 is an example taken from

Table II, and Fig. 3 one from Table III. In Table II the stimuli were

appUed to the body of the auricle midway between the sinus node and

the appendage. In Table III the auricular appendage near the tip

was the area stimulated. In Table IV the right ventricle was stimu-

lated. Fig. 4 is an example taken from this table. If we consider

Table III first, it is evident that the shortening of the bigemini (columns

10 and 11) while still present is much less than in the extrasystoles

arising from stimulation of the sinus region. The increase in length

of the extrasystolic cycle (columns 8 and 9) is considerably greater,

averaging about 20 per cent of the total normal cycle. There is evi-

dently therefore a tendency toward the occurrence of a full bigeminus,
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but not to the same extent as occurs in the case of the ventricular

"ndage. This .ho,, the nearly Ul b*™,™..

shortening

-f '-l-J-^r^^SerS rl"!^^^^^^^ tron, .he

I
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this interpretation, however, is the distinctly greater shortening of

the bigeminus in extrasystoles arising from stimulation of the sinus

node than in extrasystoles from stimulation of the body or the append-

age of the right auricle. This definite difference would seem to be
very diflicult of exi^lanation on any such assumption. The experi-

ments so far undertaken do not determine the cause of this difference

^^

—

—

\ I

wmwmmimmstmmmmmmm^mitmmmm&mmmmm
Figure 4. — Two thirds the original size. Stimulation of the ventricle. This shows

the full compensatory pause.

with absolute certainty. A possible explanation is that the right

auricle in the mammalian heart possesses such a high degree of auto-

maticity (though less than the sinus region) that after a compensatory

pause of a certain length an impulse originates in the auricle. Sup-

posing this actually to occur, it is evident that the return to the sinus

rhythm would necessitate that the next one or two auricular cycles

would be longer than those before the extrasystole occurred. The re-

sult, in other words, would be a full compensatory pause, but a pause

distributed over more than one cycle. Measurement of the next one
or two auricular cycles following a shortened bigeminus from auricular

stimulation have shown that in all cases these are somewhat longer

than the auricular cycles before stimulation. Fig. 2 is an example

of this. Further experimental proof must be presented, however,

before this explanation can be fully accepted.

Conclusions.

Extrasystoles arising from the stimulation of the sinus region

(Keith-Flack node) of the mammalian heart show a shortened bigem-

inus and absence of a full compensatory pause. Extrasystoles aris-
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in. from the stimulation of the right auricle show, in contrast to those

rom the cold-blooded heart, absence of a full compensatory pause,

sis and auricular extrasystoles, however, show a d.stmct d,f^erenc

in the shortening of the pause, in the former the extrasystole .. onl>

IhtU- longer than a normal cycle, while in the latter the condrt.on

f^pro ches'that of the ventricle in which the lengthenmg .s suffiaen

t produce a full bigeminus. It is suggested that th^ =.bsence of a ful

biieminus in auricular extrasystoles in the mammalian heart is due

to\he high automaticity of the auricle which develops to the pomt

activity before a full compensatory pause can be completed These

pJriments, finally, add positive evidence to that accumu ated b

other methods that the cardiac impulse in Jhe-ammahan heart nor-

mally has its origin in the nodal tissue of the smus region (Keith-

Flack node).
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NORM.\L TEMPERATURE OF RABBITS.

By CHANNING FROTHINGHAM, Jr., and GEORGE R. MINOT.

[From the Laboratory of the Department of Theory and Practice of Physic,

Harvard University.]

"pEMBREY,'' - in a series of thirty-one observations on ten rabbits,

-* gives the average temperature as 101.7° F. (38.7° C.) with ex-

tremes of 98.6° F. (37° C.) and 105.4° F. (40.8° C). In a second

series of seventy-seven observations on thirteen rabbits he reports

the average as 103.6° F. (39.7° C.) with e.xtremes of 101.4° F. (38.6°C.)

and 105.8° F. (41° C). Winternitz^ and Pratt find that the normal

temperature of rabbits ranges from 98° F. (36.6° C.) to 102° F. (38.9°

C). Richef* finds the average normal temperature to be 103.2° F.

(39-55° C.), his maximum being 105.4° F. (40.8° C.) and his mini-

mum 100.94° F. (38.3° C). Obernier," Hale White,^ Ellenberger" and

Scheunert, Lefevre,* Carter,^ and Abbott,'" have also made observa-

tions on the rabbit's normal temperature. The average of all the

observations mentioned above is 102° F. (38.8° C).

The variation in normal temperature ranged from 2.6° F. in Abbott's

animals to 6.8° F. in Pembrey's animals. The average of the differ-

ence of extremes quoted by these writers is 4° F. The lowest normal

temperature reported is 98° F. (Winternitz and Pratt) and the highest

105.8° F. (Pembrey).

Carter showed a distinct rhythm of temperature during the day

with the maximum at 7-1 1 p. M. and the minimum some 1.2° F. lower

at 7-11 A. M. Maurel " states that the rabbit's food is the chief cause

of the daily variation in temperature. If the animal, having been kept

without food during the day, be fed at night, the temperature shows

a rise to the maximum, not at the usual time in the evening, but in

the morning. This is denied by Carter, who observed an evening rise

in the temperature of rabbits after a fast of three days. Abbott says:

"One sees the peculiar fluctuations in temperature of over 1° C. when

one feeds different amounts of food to the rabbits." These rabbits

430
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were kept under normal conditions in clean, bright cages and the

hmefn in summer being .5° F. higher than in winter.
_

Expen

'Trpelental work on rabbits the temperature findings are fre-

^:Z^.., and from them --^-^^"^^^
for example, the experiments of H-s -d Zms r o

^^ ^^^^,^^_

Extracts," and the expenments n the effe .
^^^

_

t-P-^-^r^oTv.t but' no ehle conclusions are drawn
ture IS considered of value, Dut no

^^^^.^^ ^^

Le 01 ino^d rabbits a. i™^" ".
-'"tided . tlu aTLt

tures were variable and mconsistent, it was deciuea 10 m

::X^ the temperature of n-al^;:^^-;^^^J^ ^Ih-
possible the average variation of

^'J'^'\^^'''''[^ ^^ 3^,h , nature

department and in order to see if this
T^^^ ^ ^^^J^^, be used

that the temperature imdings in experimental rabbits mign

for drawing conclusions.
^ ^1

Series I.
- Four healthy-looking normal rabbit., th^ee "i.

/
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throughout the experiment, and carrots and hay were fed to them
plentifully every morning and evening.

The temperatures were all taken by rectum with a standardized
clinical thermometer (one-half minute) which was compared with

March 25 to 29, 191 2 —Series I, Chart I.

Male: wt. = 1550 gm.

March 25 1029,1912— Series I, Chart

Male: wt. = 1950 gm.

101.6

II.

Other thermometers and found to be the same. It was allowed to re-

main in the rectum at least a minute.

The thermometer was always inserted the same distance about
5-6 cm., for Finkler "= has shown in guinea pigs that the rectal tem-
perature varies according to the depth to which the thermometer is

102.0

March 25 to 29, 191 2— Serie.s I, Chart III. March 25 1029, 191 2— Scries i, Chart IV.
Male: wt. = 2150 gm. Female: wt. = 2700 gm.

inserted. Also Abbott states "that in taking rectal temperatures
you must get the thermometer in beyond the grasp of the sphincter,
for you could by pressure on the bulb of this muscle force the mer-
cury up to a point higher than that resulting from the actual body
temperature."

The animals in this first series were taken from their pen in a basket
as quietly and with as little handling as possible to the laboratory,
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which was down two flights of stairs. The ^P^^^^
J^ ^fn; the

holding the animal gently between one's thighs. After takmg the

temperatures at about 2.45 p- M- the animals were replaced m their

Male: wt. = 2000 gm.

basket and allowed to remain without food in the laborator^-^ for two

to thee hours. Then their temperatures were aga n recorded, and

hen the animals were returned to their pen. This P-cedu-^a

repeated for five consecutive days, and the results are recorded on

Charts Numbers i, 2, 3, and 4, Scries I.

S-rie- II Chirt III. AprilSto 12, 191 2 -Series II, Chart IV.

Aprils 10 12, i9i2-Ssne,U, cum 1

Female wt. = 2500 gm.

Female wt. = 2300 gm.

•"xirutir.inlthis series were taRe„ about , ... M. and again

/



434 Channing Frothingham, Jr., and George R. Minot.

about eight hours later on five consecutive days. On the next to the

last day two of these rabbits were each bled i c.c. One of these (No. 2)

showed a drop in temperature; the other (No. 3) presented no especial

change. The temperatures in this series are shown on Charts i, 2, 3,

and 4, Series II.

It is evident from these charts that the temperature of rabbits is

not absolutely stable. The extremes in these animals were 101.5° F-

(38.6° C.) and 104,2° F. (40.1° C.) with an average of 103.1° F. (39.9°

C.) Although this average is about 1° F. higher than the average of

other observers, the difTerence of these extremes was only 2.7° F.,

which is 1.3° F. less than the average of other observers. There was
no regularity in the variations of the temperature. Sometimes it

rose in the afternoon, sometimes it fell. No difference seemed to

exist between males and females; and there was as much variation in

two to three hours, Series I, as in eight hours, Series II. The greatest

consistent variation between two consecutive readings was between
the first and second, possibly due to the fact that the animals usually

struggled more on the first day.

In conclusion it may be said that rabbit's temperature is irregu-

larly variable. Although other observers have found variations of

from 4° to 6° F. in normal rabbits, it seems from these charts that a

constant variation of over 2.5° F. might be of value in drawing con-

clusions in experimental work.
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STUDIES IN THE PHYSIOLOGY OF THE CENTR.\L NER-
VOUS SYSTEM. -II. THE EFFECT OF REPEATED
INJURIES TO THE SPINAL CORD DURING SPINAL
SHOCK.'

By F. H. pike.

[From Ike Department of Physiology, Columbia University.]

Introduction.

JN an earlier series of experiments on resuscitation of the central
nervous system,^ it was observed that transection of the spinal

cord at a certain stage in the resuscitation period always resulted
fatally. A cat which was breathing regularly, with pupils fairly well
contracted and good reflexes, in the early period of the restoration of
the head circulation, would rather suddenly begin to fail after spinal
transection in the upper dorsal region. The respiration soon became
slow and irregular, then ceased, the pupils dilated widely, the corneal
reflex disappeared, and the heart finally became slower and weaker.
Artificial respiration would keep the animal alive, so far as the heart
was concerned, for a considerable period, and spontaneous respira-
tion might return for a little time, but a second collapse would follow
and the respiration would again fail. A series of such partial recov-
eries, each less complete than its predecessor, might occur, but the
final result was permanent failure of the respiration and the reflexes

about the head.

Repeated occlusions of the head arteries, with restoration of the
cerebral circulation in the intervals, are well borne by cats.^* and tran-
section of the spinal cord late in the resuscitation period has but

I

The experiments on which this paper is based were done in the Hull Physio-
logical Laboratory of the University of Chicago.

^ Stewart el al.: Journal of experimental medicine, 1906, viii, p. 311.
' Stewart and Pike: this Journal, 1907, xix, p. 342.
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slight or transient effects.' In view of Sherrington's'^ statements that

shock, on transection of the spinal cord, is exerted m the aboral direc-

tion alone, and that when shock has once been produced, subsecrtient

transections below the level of the first have only a momentary etlect

this deportment of animals during the—
^^.^^'"^P^^^ow the

worthy of further inquiry. The experiments given below show the

result of this inquiry.

Before giving these results, it may be well to consider bnefl>cr-

tain of the conditions commonly known as shock and to differentiate^

in a general way, some of these conditions from others with which

they are sometimes confused. Porter ^ has clearly pointed out that

shock lias been the occasion of much loose thinking \et so firmly

fixed are the older ideas of shock, and so slender their rea basis in

fact that any independent discussion of the subject frequent y meet,

with heated opposition, wholly out of proportion to the evidence on

which the opposition may be founded.

Porter and Story ^ have pointed out that in certain experiment,

supposedly dealing with surgical shock, the medulla oblongata ha.

been so injured anatomically as to give nse to that form of .hock

often described as resulting from a lesion of the central nervous sys-

L and which I have called spinal shock. While an anatomical

separation of parts, or actual anatomical injury of any part of the

central nervou's system is not necessary for the production of spml

shock, complete blocking, in a fairly definite region, of conduction in

all afferent or etTerent paths going through that region is a necessary

condition. In anaemia of the brain and medulla there is no actual

anatomical lesion produced, but the eflect on reflexes is exact y the

same as that produced by a total transverse lesion of the spinal cord

In either case the other parts of the central nervous system remain

elatively unaffected. In surgical shock no specific anatomical

lesions have been described and there is probably no compete block-

ing of conduction paths in this condition. The area affected i. ^er^

^ Stewart cl d.: Loc. cit., p. 311; this Journal, lOoS, xxi, p. 367^

> Skerrington: Integrative action of the ner^•ous system. No. \ork. ,906.

oorter: Har%cy Lectures, 1906-1907, pp. 109-1 10, Philadelphia and Lon-p. 241.

don, 1 008. ... ,

-
J'ORTER and Story; this Journal, 1907, xvni, p. 190.
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wide and may involve apparently the entire central nen-ous system.

Shock, as it presents itself to the clinical neurologist, is, in general,

due to a more or less definitely locahzed anatomical lesion and may

be considered as the pathological analogue of spinal shock as it is

produced experimentally. In fact Gowers * has discussed it as such.

Experimental shock may be either of the nature of chnical shock

or of spinal shock, and the term ceases to be an exact one. Clinical

shock in itself may arise either from an organic lesion of the central

nervous system, e. g., a sarcoma of the vertebral column which pro-

duces a total transverse lesion of the cord, or it may arise from con-

ditions outside of the central nervous system which produce no ana-

tomical lesion but which in some way disturb the normal interaction

between the central nervous mechanism and the periphery. Clinical

shock is not, then, an exact or unequivocal term. Surgical shock

usually refers to the condition brought about by changes occurring

outside of the central nervous system, and influencing it only in-

directly, but it may also follow an operation for removal of a tumor

of the central nervous system. Traumatic shock is an equally am-

biguous term since the trauma may or may not directly involve the

central nerv-ous system. Since the various conditions of shock may

or may not be the same, it would be well, in discussions of the subject,

to specify as accurately as possible the particular condition under

discussion. Failure to observe this precaution, and a certain ten-

dency to regard all kinds of shock as essentially alike have resulted in

unnecessary bewilderment on the part of the student in this confus-

ing and little-known field. I shall consider in this paper the condi-

tion to which the term spinal shock has been applied, meaning thereby

the phenomena observed when there is total anatomical or func-

tional interruption, at a definite site, either of a given set of, or of all,

afTerent and efferent tracts in the central nervous system.

When we have found out exactly what each kind of shock is, and

can tell in each case what mechanisms are affected, we may discuss

the question of the identity of all forms of shock with some degree of

assurance. In the present state of our knowledge, to insist upon the

essential identity of all these forms would appear rather arbitrary.

An animal is in a condition of spinal shock when the cerebral cir-

culation is completely interrupted, since there is total blocking of all

' GowERS: Diseases of the nervous system, 2d ed., London, 1892, i, p. 201.
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conduction paths, alTcrent and clTerent, during the period of func-

tional failure of the medullary and other higher mechanisms. As ex-

amples of the various views of the nature of other forms of shock, we

mav mention those of two workers. Romberg ^ and his collaborators

think that in collapse due to the generation of bacterial toxins in

the body the synapses of the central vaso-motor mechamsm are no

longer passable for afferent impulses. Henderson '« believes that, in

certain conditions of shock, the trouble lies in the veins and thepe-

rinhcral mechanism rather than in the central mechamsm. Nor is it

beyond the linuts of scientific probability to suggest that different

fomis of shock may depend not upon the disturbance of one mecha-

nism alone, but that the two great co-ordinating mechanisms of the

inimal body - the chemical and the nervous mechanisms "— may

be affected, each under conditions which may not greatly interfere

with the essential features of the action of the other, but which may

completely upset their interdependent action.

The Fund.\ment.\l Assumptions of the Hypothesis

OF Spinal Shock.

It will be of service in the interpretation of the few experimental

results given in this paper, and of others now in press or to be pub-

lished shortly, to present in a general way the fundamental assump-

tions upon which the h>-pothesis of spinal shock is based and to

point out certain conclusions not sufficiently recognized as bemg the

necessary and unavoidable deductions from these assumptions.

Without at this time going into detail concerning the earlier work

and the growth of ideas of the localization of the vaso-motor nervous

mechanism, we may say that present ideas of shock date from the

time of publication of Goltz's '^ paper in reply to Eckhard.'^ Eckhard

had concluded, as the result of his experiments, that the mechamsm

» Romberg d./.: Dcutsches .\rchiv fur klinische Medizin, 1809, Ixiv. pp.

706-712.
'» Henderson: this Journal, 1910. xx\ii. p. 152.

' G..VSKELL: Proceedings of tlie Linncean Society of London, Session .2:, 1909-

10 10, p. 9 of the reprint.
.. r;,w «

'^ GoLTz: .\rchiv fur die gcsammte Physiologie, 1S7J, vu. p. S3-^ ^f"''- 1^/4-

viii, p. 460.
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of certain vaso-motor changes involved afferent and efferent tracts

passing to and from the medulla oblongata. Goltz promptly pub-

lished his preliminary note and shortly afterward followed it with

his longer paper on the reflexes in the dog after spinal transection.

In the interpretation of his results, Goltz, in the absence of direct

proof, found it necessary to make certain assumptions. Since it is

too frequently lost sight of that Goltz's ideas were based on an assump-

tion, we may quote Goltz's own statement in the matter: —
"In brief, the whole posterior part of the animal seems unirritable

(after spinal transection). A few days later the apparently dead

spinal cord may have recovered almost entirely. The posterior part

of the animal then offers a large number of reflex phenomena. No

one will assume that that piece of the spinal cord which is separated

from the brain in so short a time acquires entirely new powers as a

reflex organ; we must assume that those powers were only suppressed

or inhibited temporarily by the lesion of the spinal cord." "

Goltz's principal assumption, then, was that the reflexes seen in

the part of the animal innervated by the isolated portion of the spinal

cord were normally negotiated by that part of the spinal cord lying

below the level of the transection. His second assumption was that

the reflexes were temporarily suppressed or inhibited by the lesion of

the spinal cord — the postulate or assumption of "shock." Far

more attention has been devoted to a discussion of the mechanism of

shock than to a discussion of the validity of the fundamental assump-

tion to which the postulate of shock is merely subsidiary. Goltz

subsequently extended his main assumption to all levels of the cen-

tral nervous system below the cerebrum. In the closing sentences of

his description of the deportment of his "brainless dog," he says:"

"All these facts demonstrate with great clearness that the functions

[\'errichtungen] of the parts of the brain lying below the cerebral

hemispheres are approximately the same in all vertebrates. For

many years I have insisted that the spinal cord of the higher animals

has within itself independent processes as various or manifold as has

" Eckhasd: Beitrage zur Anatomic und Physiologie zu Giessen, 1873, vii, pp.

67-80, 81-113.

1' Goltz: translated in Loeb, Comparative physiology of the brain, New

York, 1900, pp. 273-274.

>6 Goltz: Archiv fiir die gesammte Physiologie, 1S92, iT, p. 614.
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the spinal cord of the frog. This statement may now be extended

holds not alone for the spinal cord, but for all levels of the central

nervous system lying below the cerebrum." As a necessary conse-

quence of- this main assumption, it follows as Goltz - ^^-^S^^ -
sisted that there are no motor centres m the cerebrum and that the

cerebrum is essentially an associative mechanism. As Loeb expressed

it the cerebral hemispheres have to do with associative memory.

Goltz's wider statement of the segmental hjTothes.s of the centra

nervous system is a strictly, logical extension of his earlier statement

of the functional equivalence of the spinal cord m all vertebrates,

and the subsidiary assumption of shock is just as

^^^^J^^
;."

^^.^

former case as in the latter. Without the postulate of shock^ Gol z s

interpretation of the deportment of his b-mless dog would be im-

possible. And granting the vaUdity of this postulate of shock as

Goltz uses it. his conclusions are perfectly sound and consistent^ In

fact Goltz-s position has been the only consistent position with re-

gard to the whole h>'pothesis.'« The fundamental assumption of the

segmental h>-pothesis. and the secondary but inseparable assumption

of shock are therefore clearly inconsistent with the h>-pothesis of

cerebral localization.

Goltz's idea of the cause of shock was the stimulation of efferent

inhibitory pathways by the act of spinal transection.^ Despite the

arguments against the validity of such an assumption, the hy-

Dothesis is still widely held.

Be.'inning with Rosenthal - and Bastian.- the idea has grown up

amon°<^ certain groups of clinicians that the spinal cord is not the sole

Z mechanism in'the human subject. This idea finds its most deh-

nite expression, perhaps, in the law of Crocq,- that the reflex tonus

of the skeletal muscles and most skin reflexes m adult human subjects

are dependent upon reflex arcs which pass through the cerebral cor-

" Pike: Science, 191 2, N. S., xxxv, p. 621.
Q„.„„,vrTnN- In-

w PORTER and Muhlberg: this Journal, 1900, iv, p. 334; Sherrington. In

tegralivc action of the nervous system, New York, 1906, p. 246; Uke. th..

'TS;^^;L:;r^t^nSrichte der K.niglichcn preussischen Akade.ie der

Wisscnschaften, Berlin, 1873. p. 104.

13 BxsTUN- Medico-chirurgical transactions, 1890, xxiii, p. 151-

".0 Crocq: Gazette des hospitaux. 1901, No. 88, p. 850; Abstract ,n Jahres-

bericht fur Neurologic und Psychiatric, 1902, p. 82.
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tex, and that the arcs for the tendon reflexes lie through the brain

stem; while in new-born animals and in the lower forms generally

these reflexes may depend upon short arcs through the spinal cord

alone. Surprising as it may seem, the idea of phylogenetic relation-

ships seems to be more definitely held by clinicians who for the most

part deal with the higher forms alone than by the purely laboratory

workers in physiology.

The present position of neurologists with reference to cerebral

localization of motor functions, while considerably removed from that

of Goltz, is not altogether clear on all pomts. The hypothesis of the

functional independence of circumscribed centres, one for each con-

ceivable function, once so firmly fixed in the minds of physiologists and

still so commonly found in the literature, undoubtedly needs revision.

But in such a revision the idea of localization need not necessarily lose

in definiteness, but, on the contrary, may gain greatly in clearness.^^

Von jNIonakow -- has shown that in ontogeny as well as in phy-

logeny two motor systems— the phylogenetically old and the phjdo-

genetically new— are successively concerned in movement in man.

There seems little question that cerebral localization, so far at least

as the motor functions are concerned, is a fact and not a hypothesis.

It seems equally clear that the phylogenetically newer mechanisms

are the ones which are chiefly represented in the cerebrum and that

the older mechanisms participate but little. Certain of the newer

mechanisms have been added to the spinal cord also in phylogeny.

A third assumption of the segmental hj'pothesis, implied but not ex-

pressed, is that all levels of the central nervous system below the cere-

brum have remained unaffected functionally in phylogeny, since, ac-

cording to Goltz's wider statement, these levels have essentially the

same function in the frog, with the merest rudiments of the newer

systems, and in the monkey or in man, manifesting the highest de-

velopment of the newer mechanisms. Von Monakow,-^ although re-

taining the assumption of certain segmental mechanisms in the spinal

" Pike: Science, 1912, N. S., xx.xv, pp. 619-622.

^ VON MoNAKOW: Aufbau und Lokalisation der Bewegung beim Menschen;

Separatabdruck aus dem Bericht uber den IV Kongress fur e3q)erimentelle Psy-

chologic in Innsbruck, 1910; Leipzig, 1910.

^ VON MoNAKOw: Loc. cit., Ubcr Lokalisation der Himfunktionen; II allge-

meinen Sitzung der Vcrsammlung deutscher Naturforscher und Artze zu Konigs-

berg, 1910; Separatabdruck, Wiesbaden, 1910.
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cord, imds it necessary to rer.our.ce the greater part of the -gmental

hypothesis in so far as it concerns movement m man and it. relation

octS mechanisms. Shock thus becomes not only an unnecessary

nd confusing hypothesis in dealing with --^ral localiza .n b^^^^

is implicitly denied in part in von Monakow's argument. It is doubt

uW the hypothesis of shock is capable of adding any hing to the

d a n s of^ur ideas of the function of the spinal cord. The hypoth-

e of a phylogenetic change, functional as weU as morphological, in

; centra' nervous system, a.d the assumption of integrat.v mech-

anisms- would seem to be the only necessary assumption, for the in

teTetation of cerebral function. It seems questionable whether any

other assumptions are necessary in the interpretation of function m

t^ spinal cord. Nor does it seem possible to neglect the strong prob -

bility of a phylogenetic change in the spinal cord in arriving at thi.

'TeTeS mass of anatomical data on the nervous system avail-

abl at the present time was not available when Goltz began his work^

W are no longer shut up, as Goltz was, to the two assumptions open

o hind that the isolated part of the spinal cord acquired new

uncLs or (2) that all the functions observed after a period of re-

covery we e normally negotiated by the isolated portion of the spina

cord A third assumption is now open to us- the assumption tha

he more primitive mechanisms may assume the furjction of h

newcTin the event of injury to the newer. The deductions from the

th^d assumption are supported by all the known facts of cerebral

^f::!ild seem to be a truism that the proof or fP^^^^^i^

various conflicting views, and the final

--"^f-? ^^/^^.^^^^^^^^^^^

the test of later work will be found in the study of the Ph>logenetic

and ontogenetic development, functional as well as morphological

th: central nervous system; and, quite apa^t from any question

clinical application, such a study cannot fail to yield a. one of its

tZ a clearer insight into the role of the central nervous system m

the evolution of the vertebrate phylum

This is in line with the suggestion of Donaldson " that the diller

^* Herrick: Journal of nervousand mental disease, 1911, xxviii. P- 75°; Tike:

'"TSo^o^'jt^n^ of comparative neurology and psychology, 190S, xviii,

p. 144.
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ences in brain weight, spinal cord weight, and weight of the entire

central nervous system in the common leoj)ard frog, Rana pipiens,

as compared with the corresponding European species, Rana tempo-

raria and Rana esculenta, might be expected to correspond to certain

physiological differences.

The method of attack upon the problem of the function of certain

parts of the central nervous system must be to a certain extent an in-

direct method. One of the main problems of the present time lies in

tracing out in the central nervous system the course of the nerve im-

pulses concerned in the various activities of the organism. This is

primarily a question of architecture, and while both morphologist

and physiologist are concerned with essentially the same funda-

mental problem — the question of the course pursued by nerve im-

pulses— the methods of attack are somewhat different. The mor-

phologist follows out nerve tracts, but he has no assurance, from this

study alone, that all impulses go in exactly the same channels which

the microscopic study indicates. The anatomical possibilities should

be checked up experimentally. The physiologist has as yet no

direct method, capable of extensive application, of following the

actual course of a nerve impulse in the central nervous system. The

physiologist, along with workers in other sciences, is therefore re-

duced to the necessity of making certain fundamental assumptions

at the start and then testing their agreement with the known facts

or with new facts which these assumptions lead him to search for.

The Effects of Low Blood Pressitre in their Relation to

Shock.

The possible indirect effects, immediate or remote, of certain bodily

conditions associated with spinal shock should also be considered. If

the lesion is high up in the spinal cord, the blood pressure is always

low. This is invariably the case when the cerebral circulation is

interrupted.

The question of the effects — immediate and remote — of low

blood pressure -^ arises then in connection with experiments on re-

peated injuries of the spinal cord, and on the persistence of function,

"° Pike, Guthrie, and Stewart: Journal of experimental medicine, 1908, x,

p. 400; Pike: this Journal, 1909, xxiv, p. 125.
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which I will consider in a separate paper. Le Gallois" early in the

Tas entu V ound that month-old rabbits would, after behead.ng

nt be r marked in passing that Le Gallois' experiment was the

for runner of the method of decerebrution of more recent years.

GoUz- found that the circulation would persist for hours m de-

cani ted fr r If the spinal cord was afterward destroyed m one

W and left intact in a control, the blood accumulated m the vems

restore the heart beat in the frog whose spmal cord had been de

ed but would not conserve it long. A fresh injection of defib^.

one t ne of all that portion of the spinal cord lying below the level o

transect on It is possible to remove the greater portion of the spin

ord- 11 below the level of the third dorsal vertebra as^G^t

Ld Ewald- have shown, by removing smaller parts m successive

operations.

.. LK Gallois: Experiences sur le principe de la vie, (Euvres, Paris, i8i., ..

n IS- cited by Goltz and Sciiiff, vide infra.

'•'.'goltz: Archiv fur die gesan^nUe Physiologic >874, vn. f^^
485.

- Goltz: Archiv fur palhologische Anatomic und Ph>siolog.e (Mrc

iS6a xxix, pp. 3q8, 412, 415. ... „ „ _.

3^ GoiTZ- Archiv fur die gesammlc Physiologic, 1872, v. p. ,4-

3. sciiiff: Untersuchungen zur Xaturlehre des Mcnschen und dor Th.ere. 18,6,

xi n UV, Gesammeltc Beilrage, i8q4. n, p. 596-
.
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Romberg and Piissler "^ attribute the fatal termination of many
cases of acute infectious diseases, e. g., diphtheria, pneumonia, to the

failure of the heart and respiration as a secondary effect of the low

blood pressure, rather than to a direct action of the bacterial toxins

on the heart. Porter and Story ^" have found that if the blood pres-

sure is lowered continuously, a critical level will be reached below

which the usual reflex response of the vaso-motor centre to afferent

impulses fails. This condition, once set up, is self-perpetuating rather

than self-corrective.

The same effects of low blood pressure are shown in certain of the

experiments cited in a previous paper '* on the failure of the respira-

tion after decerebration of the animals and subsequent spinal tran-

section. Hayem ^" similarly finds in death from haemorrhage that

the respiration ceases before the heart beat fails.

The Experimental Results.

The technique of ligating the head arteries and the general deport-

ment of the cat during the period of anasmia has been described in

detail elsewhere.^*

When, as already mentioned, the spinal cord is transected during

the occlusion period, without particular care to avoid haemorrhage,

irregularities soon appear in the heart rhythm and in the blood pres-

sure curve. The heart often ceases to beat within an hour from the

time the spinal transection is made.

That these results are not due to trauma or irritation of cardiac

fibres alone is shown by results obtained by the intravenous injec-

tion of nine-tenths per cent sodium chloride solution at the time the

transection of the spinal cord is made, or shortly afterward. Although

the intravenous injection of large amounts of foreign fluid is inad-

visable when the vessels are widely dilated and the heart action feeble,

^ Romberg, Passler, Bruhns, and MtJLLER: Dcutsches Archiv fur klinischc

Medizin, iSgg, Ixiv, p. 712; Passler and Rolly: Ibid., 1903, Ixxvii, pp. 96-167.
" Porter and Story: Loc. cit., p. 196.

'" Pike: this Journal, 1909, xxiv, p. 143.

'' Hayem: Archives de physiologic normale et pathologique, 1888, 50 serie, i,

p. 103.

" Stewart and Pike: this Journal, 1907, xix, p. 330; Pike: Ibid., 1909, xxiv,

p. 124.



447
studies m the Physioloiy of the Cclral Ncnous Splcm.

animal under those conditions is shown m the protocol of

o ^ Ariiilt nf Ether. Tracheotomy.

movements of hind legs.

..AM Iniected lo c.c. of NaCl solution.

;;•:;:" Ssected spinal cord below last dorsal segment. Re-

'T^ f":^ 'K:^iXinal cord below second lumbar segment,

x^'.oo A. M. Injected lo c.c. of NaCl solution.

12.16 P. M. Stopped artificial respiration.

„'.,8P.>I. Struggles. Movements of hmd legs.

In this cxDoriment it was possil>lc to transect the spinal cord at

fiv dW reX"s, and certainly one could not P-^-e nruch ntor

rritln or -unra except by crushing tl. cord compe^^^^^^^^ he

stttLXt^^;:rf-S^'rrd«fi:;t

„ care is used -,^» ^
-^ 3„ ™ td^sio" period with-

*r'':terSK a"«.nVh couse o, .he experinren. or hastening

Z d^h^Uh: ani„,.:i. .. protocol will ntaUe these po.nts clear.

..,„,„,», ,. (,V»™»«r
'«;.--;J-S'tr^.tai,u""*he:^;i";

rdrSptC^-rrrCSn"' Chest opened and hear.

A c^.,..iOT- Journal of experimental medicme, 1908. s,

3' Pike, Guthrie, and Stewart, journal ui i. ^

pp. 400-402.
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started by direct massage. Thoracic aorta clamped until respiratory

gasps returned (some seven or eight minutes) after which clamp was

removed. Spinal cord exposed in upper dorsal region after temporary

failure of respiration but before ligation of head arteries.

12.22 p. M. Normal blood pressure. Corneal reflex had not yet

returned.

12.23 p. M. Ligation of head arteries.

12.30-32 p. M. Respiratory gasps cease.

12.36 p. M. Blood pressure now faUing very slowly. Spinal cord

transected. Rise pf blood pressure, with slow fall afterward.

12.46 p. M. Two or three kicks of hind legs, without apparent ex-

ternal causes. Slight transient rise in blood pressure. Left hind foot

drawn up when pinched. Reflexes not especially active. Blood- pres-

sure remained very uniform, falling only about 2 mm. in twenty min-

utes. No irregularities of heart appeared.

1.02 p. M. Blood pressure now 25 mm. Hg; artificial respiration

stopped. Very slight rise of pressure, then slow fall to base line. At

1.06 p. M. Heart beat was barely perceptible on blood pressure

tracing. No struggles during asphyxia.

After transection of the spinal cord in this animal no change oc-

curred in its condition which had not been observed in many other

animals with the spinal cord anatomically intact. Other experiments

have given similar results.

It is clear from the experiments quoted above and from the general

effects of low blood pressures as gathered from the literature, that

the fatal termination of spinal transection early in the occlusion

period is not due to trauma qua Irauma or to irritation of the spinal

cord in itself. The trauma and irritation are just as great when the

spinal cord is transected later in the resuscitation period, but the

effects are very different.^" At this later period they are merely tran-

sient as compared with the effects of the earlier transection.

The reason for the respiratory failure and the dilation of the pupils

when the spinal transection is made early in the resuscitation period

clearly lies in the low blood pressure, and in the inability of the reviv-

ing medullary mechanism to maintain blood pressure after interrup-

tion of the efferent vaso-motor paths. The spinal mechanisms are

not more affected by the transection in itself at this time than at any

'"' Pike, Guthrie, and Stewart: this Journal, 1908, xxi, pp. 359-371 ; Stewart

et al. : hoc. cil., 1906, p. 311.
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other tin^e. The damaged ^^^ -^^'Z:Z:r;JZ::^J'Z
sensitive to low blood pressure and ^°. ^^^>

*^^J
P^^..^

,^hich has

time than later in the resuscitation
P^^^'J^'^f^^;™ regularly is

°"l"'*7r:hr::L'TetetS. n^d »...„«, be co„.

None of the whole series ui h ^ ^^^^^g

,ted .s evidence tor *«
-"^ ;";;;;„^lf,t:f„feted in strue-

„, spinaUhock from ^P;- --"^
1*„. ,, „„M appear also

tures anterior to he ex °
centripetal propagation of

that a former statement """™"^
,„„„,„a„ving lo»- blood

,Hock applies to the low^^^Z:Z oi spinal shoe.,

pressure rather than to the essent i

^^^^^^ ^^^^.^.^^^

Thess experiments show, h«^^^"'. ^^ ..,
^^^ ^ame operative

arising from different causes assoaat d -^^ f
sa P

_^^^^

procedure may occur
^^^j-^-^;:::;^^:!*:! Editions arising

inevitably
---/-™/^fXalS so far as we have observed it.

during an experm^ent. Spmal shocR
^^^^^^ ^^ ^^^^^^^

is propagated peripherally on
^^^'^^ ,^ ,, ,he identity

ri,rfrTlrr'Le^ion Jthe two conditions is

^"T'Uuon of a more or ---->' ----S:.^
motor mechanism, as opposed to

^/^^^"^^^^^^^^^ I, i, difficult

affords the simplest explanation of the °bs^-^^^^
j„,, ,,,d,

to see how the segmental va-motor m ch n m o the^

^^^^^

once reduced to a co.^^^^^^^^^^^^^
inhibitory paths

impulses from above or t)> amiu
^^._

dnring the period o --^r "^^ft
".': lot of tonus intpuUes

thetical condition of shock either (i) o>

„.Weh .ere not coming ^"^ '^^ * .Vb; ftTLns^ction of .he

the reflexes are not '™«,'*'"* .°° *
(,fby a second stimulation
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i. c. docs not cause any more profound condition of shock in the seg-

mental mechanisms than existed before. If we assume that the bulbar

vaso-motor mechanism is the functional mechanism, the gradual rise

of blood pressure during the resuscitation period is readily accounted

for by the gradual recovery of function on the part of the bulbar

mechanism. The collapse of the animal following transection of the

spinal cord during the resuscitation period is due to the fact that the

bulbar vaso-motor mechanism can no longer produce any rise in pres-

sure by a constriction of peripheral vessels after interruption of the

efferent nerve channels.



EFFECTS OF THE VAGI UPON HEART BLOCK AND

VENTRICULAR R^^TE.

By W.\LTER E. GARREY.

[From the Physiohtical Uhoratory of Washington University, St. Louis.]

Introduction.

TT is well recognized that vagus stimulation can produce heart block

lo ilcrease L degree of partial block with a -sequ-^^^^^^^^

nf the ventricles. On the other hand, it has been shown b> Lrlan.er

^ 1 elder > that in partial auriculo-ventricular block, produced

;; citw ^^^^^^^ -i-1-^- "' ^^^ -^^ -V'-'-' \

b ock nTcLse acceleration of the ventricles-. ^^^^^-
lying these opposite results have not been sufficienU

^^^^_
prevent much confusion in the hterature. espeaal^ U.e ^1--^^^^^^

ature deahnc. ^vith the action of the vagi m this condition The present

paper' d 1 with an experimental analysis of the action of these nerves

fn heart block undertaken with the idea of determining the mecha^

nisms by which the opposite results mentioned above maybe
accounted

^°

Our experiments show that in interpreting the results of vagus

stllaSTwe must keep clearly in mind the fact ^^^:^^
duce two effects which are antagonistic in character. The fi^^t ^f ^h^^^

f the depressing effect upon conductivity and strength of -"tr cton

> ERt.NGKR and Hirschfelder: this Journal, 1906, :a-, pp. 180 ct sc,.
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auriculo-vcntricular block exists in the turtle heart, it is possible, by

vagus stimulation, to so alter the block that the rate of the ventricle

may be varied in either direction, in one instance being slowed, in

another accelerated.

Material and Method.

Previous work - convinced the author that the heart of the turtle

(Pseudemys elegans or P. rugosa) would serve the purposes of this

investigation admirably for reasons which follow. The vagal inhibi-

tory fibres do not innervate the ventricles in this animal, so that any

change in ventricular rate consequent upon stimulation of the vagi

must be the indirect result of the action of these nerves upon other

portions of the heart. In selected individuals the left vagus lacks

the chronotropic influence possessed by the right nerve, and it is thus

possible to determine the action of the vagi uninfluenced by changes

in rate.' The turtle's heart also possesses the distinct advantage over

the mammalian heart in that the ventricles are unable to initiate a

rhythm of their own when a functionally complete block exists.

To produce the various degrees of block a clamp of the Gaskell

type was used. It was provided with a micrometer-screw adjustment,

and the jaws were covered with thick pure gum tubing — provisions

which permitted very delicate adjustments with minimum injury to

the tissues. The best results in clamping were obtained by a procedure

in which the heart was exsanguinated by cutting the large veins and

bleeding into the peritoneal cavity. The aortic arches were doubly

ligated, cut, and turned out of the way. The clamp could then be

accurately applied to any part of the heart and the desired degree of

block produced by compression. Light heart levers were attached to

the tissue on either side of the clamp and records of the contractions

made.

Experimental Results.

(a) Sino-auricular block. — In a previous article the author ' has

described and published tracings which showed that it was possible,

bystimulating the left vagus of the turtle, to so depress the conductivity

2 Garkey, W.alter E.: this Journal, 191 1, xxviii, p. 330.

' Garrey, Walter E.: Loc. cit., (2), p. 342, Fig. 6.
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and contractility of the auricles that these structures failed to beat

or to conduct impulses from the beating veins of the nght s.de to the

ventricle thus p oducing sino-auricular block which was funct.onally

lip etc It has since been determined that when the left vagus .^s

Zle o n^aintain this block it could easily be made to do so by

applying a very slight degree of compression to the smo-aur cu ar

iun ion Our experiments showed that this result was possible be-

caus the left vagus failed to innervate the right basal vems. which

de" mined the cardiac rate. The only effect of the left vagMn these

experiments was to produce block or to increase block produced b>

'' When'the right vagus nerve was stimulated in the above experi-

nients. there always resulted a negative chronotropic change due to

the homolateral action of the nerve on the pace-making vein, and

consequentlv all contractions were transmitted to the auricles and

venrHdes This result was due to the fact that the slow-mg permitted

a recovery between contractions which compensated for the negatne

dromotropic effects, as will be shown subsequently. It h-. on the

other hand.been shown that it is possible to obtain ---"^
^^^^^^

by right vagus stimulation- for example, Prolonged uninterrupted

stimulation of the right vagus nerve with ---;-^«";^^.; fjte
tions, notably sodium citrate and disodium Pho^PJ-te, mh.bitedjhe

.vhole heart; after some time the basal vems and sinus began to bca .

but these beats, owing to the continued vagus effect upon co-

-

tivity, were blocked at the sino-auncular junction. The jk^ate
.

result was exactly comparable to the one obtained when the left vagus

";rr'\ln 0. .e .en va.us upon auHCo-ventr... .ocU

Bv selecting turtles in which the left vagus had no chronotropic ellect

ft wa possible to determine the exact relation of conductivity changes

oTh ciegree of auriculo-ventricular block. To test this expenmenta 1>

d-aerent clegrees of block were produced by -^;^-^^^^^:::^
tissue at the auriculo-ventricular junction and hen ^^muilat n, the

eft va<^us with interrupted induction shocks of d.t.erent strength.. I

any df ct whatever was produced it was always in the direction
.^

^nc'reasing the degree of block. Although the ^^^^^^
their rate unchanged, the a/v ratio was increased and the ventricle.

< Garrey, Walter E.: California State medical journal, July, 1907.
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were thus either slowed or completely stopped. Even a slight vagus

effect, one which was indicated on the tracings by only a slight weaken-

ing of the auricular contractions, sufficed in many instances to make a

partial block functionally complete for the existing cardiac rate and

thus to stop the ventricles completely (cf. Fig. i).

In experiments conducted in this way there can be no question con-

cerning the mode of action of the vagus, nor of the cause of the slowing

i

Figure i.— The effect of stimulating the left vagus in partial (2/1) auriculo-ventric-

ular block. Stimulation at i depressed conductivity and weakened auricular con-

tractions (lower tracing) without slowing their rate. The result was an increase in

the degree of block with cessation of ventricular contractions (upper tracing). Initial

auricular rate = 35 per minute.

or Stoppage of the ventricles. The ventricles are not innervated by the
|j

vagi, and then- excitabihty is, therefore, not decreased when the nerve I

is stimulated. To the contrary, the rest combined with the stimulation

of augmentor fibres actually increased ventricular excitability to such

a point that, when vagus stimulation ceased, evidence of the block

not infrequently entirely disappeared and the normal i/i rhythm

was re-estabUshed for a time. The vagus acted only upon the clamped

area and tissue proximal to the clamp, and since the left vagus pro-

duced no chronotropic changes in the animals selected, we conclude

that the increased block was due either to the weakening of the im-

pulses or to decreased power of conduction. As a matter of fact both

these factors played a role in the production of the results obtained.

It could, however, be shown that impulses very much weaker than those

pictured in Fig. i were able to produce ventricular contractions if the

accompanj-ing reduction of conductivity was not too great. We

thus come to the conclusion that the changes in the degree of block
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and in the ventricular rate, which we have described as due to left

"t'stinudation, were the result chiefly of the reduction of conduc-

ivity in the clamped area. Accompanying this change a refractory

ate and a fatigue condition were induced in the cla-ped - by

the transmission of each impulse; these factors are also important,

as I have previously shown.

(C) The action of the right vagus upon auriculo-ventr^cular bl ck- - In

addition to the effects produced by the left vagus stmndation o

the ri-^ht vagus nerve produces a chronotropic change the result ot

whichls the production of effects exactly the reverse on^o^^^fj^^

in the last section. Gaskell showed that cooling the -^ ^^^^^^

thus slowing its rate, tended to remove the condition of Par^al block

produced by compression, while warming or irrigating wUh salt

(loTL chloride) solution, thereby accelerating the rate had the

;;:•;; Effect, klanger and Hirschfelder « obtained - - resuIs

in the partial blocks produced in mammals by clamping His bundl .

From these considera ions it is clear we should be able to obtam cm-

d n"e of this effect on the turtle's heart by stimulating the right vagus

n r" and thus slowing the rate of heartbeat^ ^^. ^^^^^^^^^
expect the effects of a negative chronotropic change, and he r suiting

dec ease in the degree of block, to be masked to a certain extent by

theTposite effect^due to reduced conductivity. A P^^^^
be able, by stimulating the right vagus nerve, to produce three dis

tLt V riations in the degree of block: (x) to ncrease the degree of

block in spite of chronotropic changes, a result m which negative dro-

moropic changes preponderate, (.) to
Pf^^;^\}^]^^:i^\Z

inhibitory effects without any change in the a/v ratio, in uhich case

the antagonistic effects are just balanced, and (3) to note even marked

nr^ative inotropic and dromotropic changes upon the auricles and

yet w n to thLlow rate, to see the degree of block actually decrease

Ou; experiments have demonstrated aU these results It 1. onb

necessary for the purposes of this paper to prove he th.d these

possibilities, for the greater effect necessarily involves the Is r

^

In the experiment which is illustrated by Fig. 2 ""^ '.-^'^"^ ;°™

plete block was produced by damping the auricular tissue a he
pitie DioLi. VI stimulated
auriculo-ventricular groove. W lun tlic rigni. Naj,

5 Garrey, Walter E.i this Journal, igi2, xx.x, p. 295-

« Eru^ncer and Hirschfelder: Loc. cil. (i).
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byweak faradic shocks (at^), the auricular contractions were weakened.

The block remained functionally complete and the ventricles qui-

escent except for the single contraction following the lengthened inter-

val between auricular contractions noted at the point marked with the

arrow. Stronger stimulation of the right vagus (at B) caused slowing

of the auricles and resulted in a complete disappearance of the a/v

block. A contraction of the ventricles followed every auricular con-

traction. With the return of the more rapid auricular rate, complete

LLUJ*

Figure 2. — The eSect of stimulation of the right vagus nerve upon functionally complete

auriculo-ventricular heart bloclc. Upper tracing records ventricular contractions,

lower tracing from the aimcles. Weak faradization of the right \agus nerve begmnmg

at 4 affected the degree of block only at -; when a lengthened period between auricular

contractions caused a single ventricular contraction. At B stronger faradization of

the same nerve produced marked slowing of the auricles, in consequence of which

the block disappeared and the ventricles contracted after each auricular contraction.

Block reappeared when the rate again became rapid. Initial auricular rate = 36

per minute.

block was again established in spite of the increasing strength of

auricular contractions. It is thus seen that if the conducting system

is not actually destroyed by compression the term "complete block"

has a meaning which is only relative, for the degree of block depends

largely upon the auricular rate. The vagi are looked upon as nerves

which depress cardiac activity. It is a striking thing, therefore, to

find that the negative chronotropic element in this depression, acting

upon the sinus and auricles, may overbalance the other effects of

depression and produce exactly the opposite effect upon the blocked

ventricles. Ventricles slowed by severe partial a/v block may thus

be made to beat faster; and quiescent ventricles, in functionally com-

plete block, may be made to respond to every auricular contraction.

This result is only obtainable when the auricles are slowed sufficiently
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to Dcrmit a degree of recovery between contractions which more than

TeSl' the' negative inotropic and dromotropic c-g^s induced

by the stimulation of the vagi. The fafgue effects of the preuous

contractions must also be neutralized by this slowmg. The fact

Tead discussed, that stimulation of the left vagus ^^en
--^^^^^^

panied by chronotropic changes always increases the degree o block,

ser^s as a sufficient control to prove the correctness of our contention.

It m ght bTargued that we were stimulating sv^pathetic accelerator

fibres a ong with the inhibitory. To eliminate these as factors in ou

re' ults, the^ following procedure was resorted to, -mely
'^^^^^^^^

the right vagus nerve or vagus centre within the skull after destruction

of the cervical portion of the spinal cord. In such cases he same

r sius were obtained, namely, a decrease in the degree of block only

when there also resulted a distinct slowing of auricular rate. Th

Iccderator fibres of course were not aft'ected by such intracramal

stimulation.stimulation. . t tUp

id) Auriculo-auricular block, and the effects of the vag. upon .t. In the

production of auriculo-ventricular block in our expermients he

chmp in reality grasped auricular tissue at the a/v junction. We

kn^wthat his 'tissue !s directly under the control of the vagi.

tho:id be possible, therefore, to dupUcate the abo^. Endings
-^^^^^

of auriculo-auricular block produced by ^PPl-t on of the clamp

between any two parts of the auricular portion ot the heart ihis

wt demonstrated experimentally by removing the ventricles and

o applvng the clamp to the heart in sit., that the left auricle was

para d from the re' of the heart by the clamp^ Compression thus

produced auriculo-auricular block. Tracings from a number of

ti rtles'^^^ all showed results identical with those obtained upon

a V block. Stimulation of the left vagus, without chronotropc

ch'n.ts always produced an increase in the degree of b ock. even to

complete quiescence of the distal (left) auricle. SUmulation of the

ht vi'us likewise produced an increase in the block when he nega-

te chronotropic changes were only slight ^ith grater slaving o

the right auricle, consequent with stimulation of the "g^t ^agus

neve proximal to the clamp, the opposite effect was produced; the

a e'of block became less, a larger proportion of the - - .n

appeared in the distal (left) auricle, which thus actually beat more

:^Sy than before vagus stimulation. Since the negative chrono-
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tropic changes usually appeared when very weak stimuli affected the

right vagus, it frequently happened that the removal of the block

was the only effect of stimulation of this nerve. These experiments

only serve to emphasize the fact that we are dealing with two antago-

nistic factors whenever the vagi are stimulated, and that block may

be either increased or decreased by these nerves.

(e) The action of the vagi upon intraventricular block. — In the pre-

ceding experiments the tissue clamped was always a portion of the

heart which was directly innervated by the inhibitory fibres of the

vagus. It is generally conceded that the ventricles of the turtle do

not receive such vagus fibres— a view which is verified by the experi-

ments to be described in this section of our report. Since all vagus

effects upon these structures must be indirect, it was decided to test

the action of these nerves upon a block produced by clamping the

ventricular musculature. The procedure employed was to section on

either side of the ventricles between the middle and basal third, thus

narrowing the conducting bridge so that it could be easily grasped by

the clamp and any desired degree of block produced. The impulses

which passed through the clamped region were initiated in the basal

portion of the ventricular tissue, and with a given cardiac rate remained

of constant strength, since the vagi did not depress the conductivity

of this tissue. Only when a change in rate supervened, or when aug-

mentor fibres were stimulated, did the strength of these impulses

vary.

Our experiments showed that in no instance was it possible by

stimulation of either vago-s\Tnpathetic trunk to increase the degree

of intraventricular block; on the contrary, block in this region was

always reduced when either of these nerves was stimulated in the neck

(Fig. 3). This effect was invariably obtained whether there was any

change in rate or not. Our experiments were then directed to an analy-

sis of these results and showed that there were two factors involved.

One of these was the stimulation of the augmentor fibres in the mixed

trunk of the vago-sympathetic, the other was the reduction in cardiac

rate. The action of the augmentors was demonstrated in the follow-

ing way. Animals were selected in which the left vagus produced no

chronotropic changes. The cerebral hemispheres were destroyed and

the upper cervical cord transsected. The left nerve was stimulated

intracranially, intraventricular partial block having been previously
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obtained by clamping. The usual auricular weakening ensued when

th nerve was stimulated, but the degree of intraventncular block

remained totally unaffected. Such experiments afford conclu.ne

Xt that th'e depressing effects of the vagus inhib.to^hbr.o

not extend to the clamped ventricular tissue of the turtles heart,

otherwise results similar to Fig.
' " "

"

I would have been obtained,

namely, an increase in the degree

of block. In contrast to the

absence of any effect upon v/v

block obtained by intracranial

stimulation, stimulation of the

vago-sympathetic trunk in the

neck always decreased the de-

gree of block with consequent

acceleration of the apical portion

of the ventricles, distal to the

clamp. This result is shown in

Fig. 3.

Stimulation of the right vago-

sympathetic trunk also invari-

ably decreased the degree of

partial v/v block. In the event

of chronotropic changes ac-

companying stimulation of the

right nerve it was impossible

to decide between effects which

Figure 3. - Record ot a 2/1 ventnculo-

vcntricular block produced by clamping

across the middle portion of the ventricle;

the upper tracing is from theapicalport.on.

The left va^us trunk well down m the neck

was stimulated weakly at *. The ensums

decrease in the degree of block was due to

the action of accelerator fibres, for previous

strong stimulation of inhibitorj- fibres of

this ner%e within the cranium had no

effect upon the degree of block. The time

record marks intervals of 10 seconds.

were due to accelerator fibres .

: r those indirectly due to the slower rate. '"
'-^^^yf^d"

rtrrtrlwloll'nT^U-™.. -.diction oitl^netve

was bc-un with very weak shocks, the secondary coil of the (Harxard

I .a^us Co.) inductorium having been withdrawn - - a. possi

from the primary coil and tilted to an angle of 30 •
The stimuli vNert

hi 'adually and continuously strengthened by decreasing the angl

thus gradual 'and progressive slowing of the rate was -duced^ . .a

shown upon the auricular portion of the tracings taken. At hr.t
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stimulation did not affect the degree of block, but as soon as the rate

of the auricles was sufficiently reduced the degree of block decreased

and the rate of the portion of the ventricle distal to the clamp increased;

the ratio became i/i. When the original heart rate returned, the

original degree of block also returned. Inasmuch as our previous

experiments have shown that no vagus inhibitory fibres affect the

ventricle of the turtle and since intracranial stimulation of this nerve

does not affect accelerator fibres, it is clear that the only variable in

this type of experiment lies in the change of rate effected by the vagus

stimulation. The vagus effect upon the intraventricular block is

therefore wholly an indirect one; sufficient slowing of the heart will

always result in a decrease in the degree of block and consequently in

an acceleration of the blocked-off apical portion (unless of course

the whole heart is too greatly slowed to admit of acceleration)

.

—

Discussion of Results.

The main conclusions have been stated in the presentation of our

experimental results, it remains only to emphasize certain phases of

our work which may aid further in the interpretation and analysis of

the conflicting results which may appear when the vagi are stimulated

in conditions of functional heart block. Our experiments upon intra-

ventricular block show that we must differentiate clearly between the

effects produced upon a block located in a tissue which is not directly

supplied by inhibitory fibres and effects produced upon a tissue sub-

ject to their depressing action. In the former case it is mipossible

by vagus stimulation to increase the degree of block; on the contrary,

the result will almost invariably be to decrease the degree of block,

because the slowing materially raises the excitabihty of the tissues

and renders conduction more easy; in addition, the direct influence

of augmentor (accelerator) fibres also adds a very material factor

working in the same direction. Failure of vagus stimulation to in-

crease the degree of block does not, however, necessarily mean that the

blocking clamp (or lesion) is in a position outside of direct vagus

influence; it may equally well mean that the direct depressing action

of the inhibitory fibres upon conductivity is more than compensated

by the action of accelerators or by such indirect and antagonistic

factors as result from the slowing of the heart's rate. When vagus

dromotropic and inotropic influences predominate, and the neutrahzing
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of block will be increased. Our results ^P°;^^t^™ ^^^ Hirsch-

perfect harmor^y with those of

f^
-ger and o Eri-.-j.nd

?elder obtained upon n^ammals m
^^^^^^^^^^ ^^^ bundle,

after heart block had been produced ^ cUmp ng

These authors never noticed an increase m the ^eg- °

but obtained the oPVo^l^^f^^^'ll^^^Z^^e heart's

.hich was correctly ascnbed by them
^^ //l^/'^^ /^^„,3 ,l,o show

rate. Interpreted on the basis o

-/^^^'f^^^^^XTt" depression

that if the vagi directly affected the - ^^^
^^J ^^/.^^ ,J ,, ,,as

produced by their stimulation -; ^^^ ĵ;^^;;f/;,,,ericq ^ has

readily minimized by other factor

^^^fJ^"^'"' ^^.^^,1 reported

demonstrated upon mammals a tmdmg ^^ J^.^^^Xty ,ompres-

by Carrey Mor the turtle's heart, -^^'^ \ ^
^ f ni'show'that

sion to block normal motor -^P^^f^^^f^^^P Bv this method

entirely cleared up .1 .t -^^^^,^„,. Frederic's

tr:HcK';rpr„lo„„dl,i„du=„ced.,^i.l.^;t.>.^b..^^^^^^

It may be well to agam emphas,«. he fart hat »
J,„,,j,4_

from changes in rate of the «°'-
«'J^

n
^^^^^^^^^^^^^

if partial a, v

to assume that the vag. mnervate these -"«'«"_ ^^ ,„j

block exists, an influence of these
"""^^^^^/f^f^'ireula; rate

even remote from, the blockrng 1^^°°
'"^'^

'"^JJi'depend upon the

in either direction. In any given case *= '"'
^'^^^^^^^^ ^J„„, „(

degree of block, the strength of vagus """'"'^
°^; ^ „t«^er in a

s,<;;ving of the auricles, and the s,te

f *=.^'J-';; "^^^^^ i„,,Utory

position
^'i5'>''f .«P;°'°""*;™t thea^Tg b aTsum of these varied
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know that no partial block exists and then make sure that the result

is not due to the ordinary negative chronotropic effects of these nerves

upon the sinus and auricular regions. The pulse and apex beat alone

do not afford sufficient data for the determination of the modus oper-

andi of the vagi.

For the practical therapeutics of heart block our experimental

analyses are also significant, for they indicate the complexity of the

factors which must be considered and balanced before we can be certain

that the administration of a given drug will produce the desired effect

upon the degree of block.

SlTMMARY.

In functional heart block, stimulation of the vagi may produce

results which are exactly opposite in character. Increase in the degree

of block with slowing of the rate of the portion of the heart distal to

the clamp ensued whenever the tissue clamped was directly innervated

by the vagi and the depressing effects of these nerves was not neutral-

ized by antagonistic factors. Among these antagonists the action of

the augmentor (accelerator) fibres was demonstrated, but of more

importance was the negative chronotropic effect of the vagi. If a

sufficient slowing of the rate occurred the degree of block decreased

and the portion of the heart distal to the clamp was accelerated instead

of slowed; or, if quiescent as a result of functionally complete block,

this portion of the heart was caused to beat. The results must be

ascribed to the inhibitory action of the vagi upon the cardiac pace-

maker and not to accelerator action or "reversed" action of these

nerves. In case the clamp was apphed to a tissue not directly inner-

vated by the vagi (the turtle's ventricles, for example) stimulation of

these nerves, if any effect was produced, always decreased the degree

of block. From these facts it develops that a change in the ventricular

rate is not a safe criterion on which to base conclusions concerning

vagus terminations in these structures. The actual effect of vagus

stimulation is the resultant of several factors, among which are the

position of clamp (that is, whether on tissue innervated by inhibitory

fibres or not), the degree of block, the strength of vagus stimulation,

the involvement of accelerator fibres in the stimulation, and the

amount of chronotropic change. The experimental results were

obtained on turtles' hearts, and the analysis was made possible by the

differences in the action of the two vagi in the animals selected.
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without the alcohols, that had been freshly prepared. As a criterion

by which to determine the relative toxicity of the two alcohols, the

rate of reproduction, or the number of offspring that a female could

produce in a certain period of time, was selected. In order to produce
an egg, which hatched shortly into a female offspring, an adult female

must have been able to digest and to absorb a certain amount of food

materials. If any female produced more offspring in a certain period

of time than any other female, she must have been able to digest and to

absorb food more quickly and also to have consumed a larger amount.
Probably coupled with the metabolism were the other cellular ac-

tivities of the body, as growth and elimination.

The following table gives the summaries of the results obtained by
the use of the two alcohols in three different experiments:

T.^BLE I.

Summary of the results of the experiments showing that more offspring were produced
under the influence of methyl alcohol than under the influence of ethyl alcohol; and
also that the ill effects of methyl alcohol had disappeared in the second generation
after it had been removed.

.2
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many offspring as the control family when they were removed from

rilaSic solution. The effects of ethyl alcohol upon a race ha.

been determined in an earlier paper.''

Summary.

, Methyl alcohol is less toBC than ethyl alcohol, as determined by

d;.„"h.tcen and ten

-"«,tT..e"r^oL^^Wn 'i:-^:

r;XC- "et^M rhor'X'e^ no permanent in.ty to

the families.

« Whitney: American naturalist, 191 2, xlvi, pp. 41-36.





INDEX TO VOL. XXX.

A DREXALIN, action on blood pressure,

Adren? glands, influence on blood pres-

sure, IQ2-

Alcohol, toxicity, 463-
„„„„ctliP

\LDRICH T B. On feeding young pups the

anterii^r lobe of the pituitar>' gland, 352-

Anisthelics antagonized by salts i.

Apple, carbohydrates of marc, 258.

Associations in decerebrate frog, 80.

B \YNE-JONES, S. The presence ot

prothrombin and thromboplastin in

the blood platelets, 74-

Benedict, F.G., and H.L.HiGGiNS. The

influence on the respiratory exchange oi

varying amounts of carbohydrate in the

BE^Emc;! F. G., and L. E. E.mes. The

influence upon metabolism of nc n-oxidiz-

able material in the intestinal tract, 197-

Blood, influence of liver on flbrinogen con-

tent, 161.

—— leucocytes in fasting, 174-

platelets, prothrombin and throm-

_^''J>re'^"ure,' Isected by adrenal glands^

'^
'.

affected by adrenalin, 382.

falls on traction of carotid

artery, 88.

in lungs, 233.

Brain, decerebration docs not prevent

associations, 80.

Brown, E. D. See Sollmann and Brown,

ss
*

BURKET I R. The influence of adrenalin,

modified by salts, on the blood pressure

in the cat, 382.

BURNETT, T. C. Some observations on

Tecerebrate frogs with especial reference

to the formaticn of associations, 80.

/-ALDWELL, G. H. A note on the

V^ effects of intravenous injections ot

thyroid pressure Uquid in dogs and cats,

Cannon, W. B. Peristalsis, segmentation,

and the myenteric reflex, 114.

TiRLSON \ J. The condition of the diges-

t^e tr^ct in parathyroid tetany in cats

and dogs, 3°9. „ j t F
Carlson \. J-, J. R- ^^0°'^^' """^ J'

•

McKiE. Attempts to produce expert

mental hyperthyroidism m mammals and

birds, 129.

DEPRESSOR nerve, action on vaso-

motor centre, 369.
.

Diet, carbohydrates influence respiratory

exchange, 217.

See Benedict and

EuuES, 197. , ,

Erlanger, J.
Observations on the physi-

ology of Purkinje tissue, 395-
, „ ^^

Eyster, J. A. E. See Meek and Eyster,

271.

FASTING, leucocytes in, 174.

Fat, absorption by salmon stomach,

278.

Food carbohydrates of apple, 258.

F^NCH H. E. The comparative toxicity

of different animal tissues to animals

susceptible to thyroid '<='--'''"8'/,
,,^^_

Frothinoham, C, Jr., and G. R. Mk^oi.

Normal temperature of rabbits, 430.

pMMES, L. E.



468 Index.

/^ARREY, W. E. Compression of the
^-^ cardiac nerves of Limulus, and some

analogies which apply to the mechanism
of heart block, 283.

Carrey, \V. E. Effects of the vagi upon

heart block and ventricular rate, 451.

OreeKe, C. W. On the absorption of fat

by the salmon stomach, 278.

jLJAGAN, H. H., and J. K. Ormoxd.
* * Relation of calcium to the cardio-

inhibitory function of the vagus, 105.

Hawtc, p. B. See Howe and Hawk, 174.

Heart block, 283.

, electrical changes during vagus stim-

ulation, 271.

, extra-systoles caused by stimulation

of the Keith-Flack node, 421.

, nerves, compression in Limulus, 283.

, I^lrkinje tissue, 395.

, relation of sino-auricular node to

auricular rhythm, 358.

, tonus of, 182.

, vagus inhibition affected by calcium,

105.

, ventricular rate and heart block

affected by vagi, 451.

HiGcrs's, H. L. See Benedict and Hig-

GINS, 2r7.

HosKiNS, R. G., and C. W. McCltjre. The

relation of the adrenal glands to blood

pressure, 192.

Hough, T. The influence of muscular

activity upon the alveolar tensions of

oxygen and of carbon dioxid, 18.

Howe, P. E., and P. B. Hawk. Fasting

studies.— IX. On the differential leuco-

cyte count during prolonged fasting, 174.

T NTESTIXAL tract, non-oxidizable ma-
•'• terial influences metabolism, 197.

, peristalsis, segmentation, and

the myenteric reflex, 114.

ACOBSON, Clara. The effects of blood

transfusion in parathyroid tetany, 47.J

K'^
EITH-FL.VCK node, 421.

T EE, F. S., and M. Le\i\e. The action
*—

' of ethyl alcohol and water on muscle,

389.

Levlve, M. See Lee and Levixe, 389.

LiLLiE, R. S. .Antagonism between salts

and anaesthetics. -— IL Decrease by anaes-

thetics in the rate of toxic action of pure

isotonic salt solutions on imfertilized

starfish and sea-urchin eggs, i.

Li\'er, relation to fibrinogen content of

blood, 161.

Lungs, blood pressure in, 233.

LussKY, H. O. Fiurther studies of the

aceto-nitrile test for thyroid substance

in the blood, 63.

TV /T" .^NOMETER for pulse pressiu-e, 242.
'' Martin, E. G. On the relation of

ventricular tonus to the causation of the

heart beat, 182.

McClure, C. W. See Hoskins and Mc-
Clure, 192.

McGtiGAN, H., and C. L. von Hess.

Glycolysis after pancreatectomy and with

the addition of antiseptics, 341.

McKiE, J. F. See Carlson, Rooks, and

McKiE, 129.

Meek, W. J. Relation of the li\-cr to the

fibrinogen content of the blood, 161.

Meek, W. J., and J. A. E. Eyster. Electri-

cal changes in the heart during vagus

stimulation, 271.

Metabolism, after pancreatectomy, 341.

influenced by non-oxidizable material

in the intestinal tract, 197.

on feeding pituitarj- gland, 352.

with carbohydrate diet, 217.

Minot, G. R. See Frothingham, Jr., and

MiNOT, 430.

MooRHOUSE, V. H. K. The relationship

of the sino-auricular node to auricular

rhythmicity, 358.

Muscle acted on by alcohol and water, 389.

Muscular activity affects oxygen tension,

iS.

ORMOND, J. K, See H.\gan and

Ormond, 105.

p.A.NCRE.\TECTOMY, glycolysis, 341-
•'- Peristalsis, segmentation, and the

myenteric reflex, 114.

Pike, F. H. Studies in the physiclogj' of

the central nervous system. — U. The

effect of repeated injuries to the spinal

cord during spinal shock, 436.

PiLCHER, J. D. See Sollmann and Pil-

CHER, 303, 369.



Index. 469

Piluilary Kland influences metabolism, .^s^

I'ulso pressure manometer, 242-

I'urkinjc tissue, 305-

RESPIRATION, oxvRcn tension influ-

cnced bv muscular activity, 18.

Respiratory .^xchanse, with carbohydrate

(lid, 217.
,

Rooks, J. R. See Carlson, Rooks, and

McKiE, laq-

S\LTS antagonized by anx-slhelics, i.

SvNSUM, W. U. Extra-systoles in the

mammalian heart caused by the stmu,-

hition of the Keith-Elack m.de, 421.

Schneider, E. C. A nutrition mvcst.Ka-

lion on the insoluble carbohydrates or

marc of the apple, 258.

Shock, spinal, 436.

SOLLMANN, T.. and E. D. Bkonvn. fhe

blood pressure fall produced by tracl.on

on the carotid artery, 88.

S01.LMANN, T., and J. 1). Pn-CHER. Reac-

tions of the vasomotor centre to section

and stimulation of the va^us nerves, 303-

S01.LMANN, T„ and J. D. P.uhek. The

response of the vasomotor centre to de-

pressor stimulation, 360.

Spinal cord, shock, 436- . . -. r

STOLAND, O. O. The relative toxicity o'

dog's normal and hypertrophied thy-

roids to animals susceptible to thyroid

feeding, 37-

Stomach absorbs fat, 278.

EMPERATURE, normal, of rabbits.

T
TeUny.VratliyoW, digestive tract m, 300.

430'

Tetany, parathyroid, effects of blood trans-

fusion, 47. • •
f

Thyroid affects comparative toxicity ol

(iilTercnt animal tissues, 56.

, condition of digestive tract in para-

Ihvroid tetany, 3og.

\ experimental h\i)crthyroidism, 129,

', pressure liquid, intravenous injection,

', substance detected in blood by aceto-

nitrilc test, 63.

. toxicity of, 37-

Transfusion ' of blood, in parathyroid

tetany, 47.

VAGUS action on heart block and

ventricular rale, 451.

on \asomotor centre, 303.

,
cardio-inhibilory function of vagus,

lOS-

stimulation, electrical changes in

heart, 271.

\asomotor centre, reaction to vagus sec-

tion and stimulation, 303.

^ rcs[>onse to de|>ressor stimula-

tion, 36Q.

Von Hess, C, I.. Sec McGuigan and vos

Hess, 341-

\\7HIT\EY, D. D. The relative tox-

'V ieity of methvl and ethyl alcohols

as determined by the rate of reproduc-

tion in Hvdatina senta, 463-

WiGGERS, C. J.
Studies on the pulmonary

circulation.- 1 . The pressure variations

in the pulmonarv circulation of the dog

1 studied by a new pulse pressure inslru-

I
ment, 233-

o



663 -U











QP
1

A5
V.30
cop. 2

Biological

& Medic*!

Seriali

American Journal of Physiology

PLEASE DO NOT REMOVE

CARDS OR SLIPS FROM THIS POCKET

UNIVERSITY OF TORONTO LIBRARY

STORAGE




