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GUIDE TO THE LITERATURE ON COLLAGEN

Rubin Borasky

INTRODUCTION

The term collagen refers to a chemical substance of animal origin. Biologi-
cally, collagen is recognized by its preferential staining reactions. The
biophysicist recognizes collagen by its x-ray diffraction pattern, and
appearance in the electron microscope. Collagen is a natural fibrous high
polymer possessing little elasticity but great mechanical strength.

To the chemist, collagen is a simple albuminoid protein, which is, at ordi-
nary temperatures insoluble in water, dilute acids and alkalies, and solu-
tions of salts such as sodium chloride and ammonium sulfate. In its native
state collagen is resistant to digestion by certain proteolytic enzymes.
Collagen has physico-chemical properties which set it apart from other pro-
teins. These are its characteristic iso-electric point, the property of
birefringence, and swelling reactions in acids, alkalis and solutions of
certain salts such as barium chloride and calcium chloride, When heated
gradually in water, collagen shrinks within a small but well-defined tem-
perature range.

When boiled in water for a sufficiently long time, collagen is irreversibly
changed into gelatin, a water soluble protein, having many physical and
chemical properties (other than solubility in water) markedly different from
its forerunner collagen, Much of our knowledge of the chemistry of colla-
gen, in particular, and proteins in general, has been derived from investi-

gations on gelatin.

Bracconot' s discovery of glycine in a gelatin hydrolysate (1820) /749/, and

Graham's /763/ investigations on the diffusion of gelatin solutions '1861-

1865) mark the beginning of protein and colloid chemistry, respectively.

A greatly enriched knowledge and understanding of the gross and microscopic

anatomy of animal tissues and organs is the result of many studies made on

collagenous tissues by investigators since Malphigi founded the science of

histology. This is not surprising since collagen is so widely distributed

throughout the animal kingdom, and is found in varying amounts in all verte-

brate animal tissues and organs.

The leather technologist is concerned with the chemical, mechanical and

physical properties of collagen, so that he can modify and control the many

processing steps involved in leather manufacture to improve processing

efficiency and to obtain desired qualities in the finished leather.

This bibliography was started as an aid in planning and executing experi-

ments, to elucidate the fundamental physical and chemical properties of

collagen, so essential for a better understanding of the tanning mechanism,

and improvement of tanning practice. The large number of references ob-

tained, and the varied fields of scientific investigation covered by these

references, suggested that a bibliography on collagen would be of value to

many workers in biological, biophysical, chemical and physical research.
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Limiting the references to collagen alone was found to be impossible since
the terms gelatin, glue, skin, hide substance, hide powder, connective
tissue, tendon and others are very frequently though erroneously used as
synonyms for collagen. This is a fortuitous circumstance, since much of our
knowledge concerning collagen is based on investigations of the various
collagenic derivatives or tissues listed The strictly non-collagen refer-
ences have been kept to a minimum as a necessity but it is hoped there are
enough such citations to be of use to investigators whether their interests
are biological, chemical or technological
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NOTE OH THE CLASSIFICATION OF REFERENCES

References in this bibliography are grouped into four sections Section I,

Biology references, is classified under four headings, and Section III,
chemistry references, are classified under twelve headings. Section IV is a
supplementary list of references which were obtained from a search of Chemi-
cal Abstracts, Biological Abstracts, the Journal of the American Leather
Chemists Association, the Journal of the International Society of Leather
Trades Chemists, published from January 1947 through August 1949. The cita-
tions are arranged alphabetically and chronologically according to author
within each classification group.- More detailed classification of the
references will be found in the subject index, which was made as comprehen-
sive as possible so as to make the bibliography independent of the classifi-
cation system adopted as a matter of convenience to the author. Each cita-
tion was verified by consulting the original source whenever possible,
Chemisches Zentralblatt, Chemical Abstracts, Biological Abstracts, and other
secondary sources were consulted only when the original source was not
available in the libraries of the Philadelphia area Insofar as possible
abbreviations used are those in the United States Department of Agriculture
Miscellaneous Publication 234, "Abbreviations used in the Department of
Agriculture for Titles and Publications".
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in HClo oooooo

influence of proteases on. » ,110,

490

oooocoooooooooootampons

»

tanned
affected by trypsino » o

physi co -mechanical
properties o

»

stability of » o .

»

ooooooooo
oooooo

.113

o674

.547

o ,616
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Subject Reference

Collagen(s) - Continued
tanning with vegetable tannins

in aqueous organic solvents » = 969
tendon

activation of, ............. olOOl
catalytic decomposition of . . - 348
combination with HC1. . . = . . . <. 378
properties of „ . . . <> . . . „ » 347 , 1001

thermic transformation of . <> <> . . . . 617
thermodynamics of00 .... „ „ 636,637,640
thermolability. = „ 8 . . . . . <» <> . . o . <> 630
titration curve .................. 903
treatment with

allCfi.ll oooooocooooooo.oooo.oo 42 9

natural salts . ... ........... . 567
tyrosine content of 8 8 8 8 o 8 8 . . 8 8 . . 360
tryptic digestion of <» 8 8 8 8 . .435,489
"bWO ^Il)ooooooooooooooooooooooooo3X6

ultra-violet absorption spectra. .967
uptake of water by 8 . ... ........ . 901

vegetable tannedc 251.262

water diffusion into.

„

8 . 8 8

8

. 8 „ D „ 603
wet , effect of temperature on. ...999

x=ray study of o o o o o ... 204=226,272

Collagenase j, from Clostridium
We lchi2.ooooooo.ooooooooo.oo

Colloid(s).«»»,oo.,.»...oo. 50 ..

lyophillico
osmotic pressure of 8 . 8 8

8

.

.

8

radioactive rays effect on.

"CXSSIA0O OOOOOOOOOOCOOOOOOOOO
Colloidal behavior, theory of..
Compound(s)

aliphatic diazo, action on
collagen and keratin...

chrome -collagen.
chromium 8 . <> . . . . . „

.

8 . . » ....

.

collagen-tannin. ... .......

.

COllOXCLS-io OOOOOOOOOOOOOOOOO
organic

halogeno . . ... ............... „ 583
sulfur. . o . o c o .......... 8 o . o o . 582

Concept, mice liar. ...... ....... „ 231 ,239
Conjunctiva, chemical composition

Ofoooooooooooooooooooocoooooooooo295
Connective tissue, see Tissue,

connective

474,899
. . . .230
... 8 765
. .834
...,846

12

. ...845

.957

.673

.504

.691

.665

9

m

Subject

Corium, histology of..

Cornea,
capillary formation in..

collagen fibers of......
Crystallization, reversible,

tendons .............. „

.

8

Curves, titration
collagen. .... ..........

.

in HC1 and NaOHo ... ....

.

feather keratin. .....<,..

protein fibers. .........
wool keratin. ...........

Cuticle, earthworm,, electron
microscopy of. ..........

Darmstadt, work in progress at

Depilation. .... ...... 8 . . ...

.

chemical. ....

Derivatives, collagen
aging of o o o o

physical chemistry of
Dermatology. .....

Dermatosis , chronic, .............
Differences, sex, from standpoint

of biochemistry. ......... » . .

.

Diffusing factors. ...............
Diketopiperazines of leather. » . «

.

Dioxopiperazines , skin collagen..
Dye(s)

acid=analine .... ............

.

combination with collagen
fat soluble . ............

.

palatine fast, action on
collagen.

Reference

oooooooooooo

oooooooooooooo

o o o o o o

381

o o o o

.,65

8 898
. .56

.557

.903

.400

.884

.838

.881

.984

.702

.694
8 683

.553

.615
o 2 3 5

.115

.887

.830

.670

.325

. .75
=385

.83

389

Ear, rabbit, transparent chamber
in................. 1,9, 47, 48, 194, 195

Earthworm cuticle ....................984
Edema.. ........................ .. 110, 613

Elacin. ............. .............. . . .200

Elastic tissue -= see Tissue, elastic
Elasticity, rubberoid. ............... 639

Elastin. .'. ............. .. 184, 188, 200,490
absorption of water. ............. 800

action of proteolytic bacteria
OHooooooooooooooooooooooooooo45l

adsorption of water vapor by..... 929

composition of <> ................. . 806

see also Amino acid(s)
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Subject Reference Subject Befe re rice

Elastin - Continued
determination of . . » .

.

. . .

.

effect of
enzymes on,

potassium thiocyanate on=
elastic properties of . . .

.

, o

.

in beef muscle
in lUngo O O O O O O O O O O O O O O O O O

rearrangement temperature of.

SlClXlo 300#OCOOD0300000000COOOO
thermal transformation of.. to

titration curve of s .......».,
Electrolyte (s)

colloidal,
effect on

collagen hide fiberso....
gelatino

human skin,

influence on osmotic pressure
Of COllOidSo D O O C C O O O O O O

Electron microscope
in biology,
in dermatologyo

Electron microscopy.244, 269, 270, 272=278,

910,926,927,931-933,
953,973,975,984,985,

988-990,1002-1004
,oooooooooo..o973
975,989,1002-1004
OO............ 933

297,304

,...805
....393
....797
....983
o o .ol41

, oooo797
.66,138
o o o o798
. . . . 801

o . o o837

o o . ,578
....756
....288

.834

o988
.235

of amnion. . . . . . . .

.

of collagen.

.

. . .

.

of human skin,
earthworm cuticles
elastic tissus....
mUSCle OOOOOOO.OOOO
sarcolemma, .......
sodium hyaluronate

tissue sections.
Electrophoresis of

collagen. » . . . , » . . , o . ..... . » .

.

modified collagen. ...........
Element(s)

histological , staining method
fOr.oooooo.oo.ooo.ooooooo

tissue. ...a... ....... ........
elastic. ...... ..........

Embryo ( s ) , fowl .......... ......

.

Endometrium, collagen, network of
Endothelium, capillary.......
Eukeratins

amino acid composition of
Enzyme (s)

blow-fly larva (lucilia
Serecatio )...........

....984

....932

....985

....953

. . . .931

....990
926,927

....548

....906

...67

..172

. .277
21 „23

..122
159,-189

812

447

Enzyme (s) = Continued
COd. ...saoo.soo. oaooo6ooo..o<
effect on e la stin. ..........

=

general. ....... ............. <

haddock. .......o.. o..,. ......

in edema formation. ..........

pancreatic. ....... . .... .....

.

proteolytic. ...... . ..... . 445,

from mushrooms. ..........

reactions with collagen. ....

<

Epidermis, mammalian, fibrous
prcte ins of.

Equilibria, tension of fibrous
collagen and rubber. .........

Erythema, radium, ................
Estrogen, effect on mouse vagina

cervex and stroma of uterus.,
Explants , osteogenetic. ..........

Extract(s

)

sulfite cellulose. ...........
testicular. ... o .o .... ....... . «

, .. .449

. . . .805
433=492
. . . .449
o c. 110
....492

455,457
....434
. . . .347

..,.160

....638

....155

. . c .124

.....43

o,..961
....462

Fabric(s), ..........
protein. ........

Factors, diffusing?.
Fat, of dog tendons.

-

,.,.....216
........ 889

462,830,831
= c.....287

Feather rachis, x=ra2/ study of,..,.. . 225

Fever, rheumatic. ..........o........ .974

Fiber(s), ............. .oo.oo.216, 220,, 221

animal
me chano chemical method

for use with. ... . 880

sulfur linkage in. . . 878, 879,

883,886
argyrophillic . .......o.......

demonstration in

connective tissue..,,
biological, structure of,....
collagen. .........

26-28

. ,105

a o 892

.144,213,266,279,
557,569,1008

acid contraction of...,,

alkali swelling of......
arrangement in veins....
artificial. ... c ........

.

behavior in cultures....
characteristics in vitro

culture ......o.o.o..
cornea. .

.

deaminated. ....

development of.

differentiation in vitro,

o o o o o

.....150

. ... .390

. . . . o .64

.649,650
o o o o o c 21

ocoooo22
...... 56

. ... .387
22,26-28

37
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Subject Reference Subject Reference

oc262

Fiber(s) - Continued
double refraction of=...
effect of

lime -sodium sulfide
mixture on, 0000000,00 391

liming on» o , o » , = , , » o = = = 392
elastic properties of 01 ..,»» 265
fine structure of = . . = <, . . . . 71,72
for precipitation of lime „ 00, 108
formation in cultures of

connective tissue o =» o , 20 ,27
formaldehyde tannedo = 00000 = 941
genesis of „ 00=000000=000000 18,38
hide 0000000000000000000000000 578
in arteriosclerosis o ». ttt ,.„J16
mechanically de forme do » = = » = = = 252
metamorphosis of =

„

,

„

„ » » = . . = 25
method for demonstration in

connective tissue > = = „ . 105
frozen sections...»oo».»..69

molecular structure of 213,218
265=272,279

morphology of o , = = o = , = , „ , 72
muscle 9 acid contraction of= o 150
non~tendon = = o o

o

« o , c = » = = = 57
optical properties of =

.

o 699
origin of „ =0000=0000= 18,38, 50,51
pretannedo , » o , , , , o o o , o , » , = 260
production of

from fibrillar sols , o

,

o , 54
in VitrOo O O O O O O O O O O O O O O O O O 16

properties of = = = = 0000000000 = 594
thermoelastiCo o =

o

c o o o o r 150
sclerotiCo 000000000 = 000 = 0000 = 56

strength of, = 00000 = = 0000 = 00 = 908
structural stability of====o=949
structure of „ , = = . , , , „ 591 , 592 , 641
swelling of. . ,.. 147, 387„404=407

,

450,593,601
tannedo 00 = = 00 = , 64,252 , 680,941
tendon= o = = = = = » = « = = = „ . » = = = = 57

collagenic - see Fiber(s) collagen 1

collagenous, development of,.,»,,,-2
from reticulumo . „ „ = . „ = . = <-. , , 30
in tissue culture

s

= = o, =26-28,30
nature and origin of =

=

„ » = = = = = = 18
in great omentum of rodents » o 101
mechanical significance ofo=rl56

connective tissue
action of ascorbic acid on

formation of»..,.„ s ,,, „,29
development in tissue

cultures o = = =

«

= = » = = . = = = = = = 23

Fiber(s) - Continued
elastic 000 = 000, o = oo = = oooooooo265,266
high»molecular o » » = = = = = = = = = = = o = » 877
keratino , o o o = = = = = = o o = . 22, 271 ,824, 825
muscle, thermoeiastic

properties of o = o o = = , , , = o , o 150
organic o o o o o » = = 1 = = . = » o »

.

P „ = = 257
proteino 0000000000 . = 204,205,208,224,

225,253,819
molecular configuration inoo=858
structure ofo=ooo=oo====o966,991
swelling of, in organic

solvents o = ,000000 598,599,601,
841,844

tensile properties of = = = = = o = 858
titration curves of = , , , , = = , , , 838

reticular
development in vitro o

=

= = = = = = 22

histogenesis, in mammals. o =

=

= o

2

reticulum, method for
demonstration in frozen
sections o = = , = = = , , = , = = o . = » = = = = 69

skin
£1ni IT1S.Xooooooooooooooooooooooo839
argyrophillic of, = = = = = a = = = = 66

ti s sue culture o o o » o o o o o o o , , = , , 30
Fibril(s)

collagen
affected by

formaldehyde, = 00 = 0,0 = 000 = 501

anat-omx Con = 000000000000000000086
artificialo 0000000,000 = 000000 = 86

cultures in vitro » ,,,,,,, =o=, o 38

polarizing microscope
measurements of»,....o41

formation in Jensen
sarcoma in vitro = = = ° , , 44

molecular structure of , = , , , , , 597

structure and growth of, = = , = = o 35

collagenic, of connective
tlSSUe=oooooooooooooeooooeoool63

collagenous, origin, structure,
arrangement ,o,, = ,,,,, = = „ooo,c,,ol7

connective tissue » o = = = , 161, 247, 561

reticular 0000, oooooooooooooooi 59, 189
Fibrin, , = , . . . «, . = = , , , 110,258,490,746,809
Fibroblast ( s )= = o o o o = o o = ,= = o o o o o o 6 , 39 , 40

Fibroin, ==0000000000=0= „ , 380,495,623,769
Fibrosis, myocardialo ,000,000000 = = . = , 284
Filtrates, bacterial culture , = = ,,0 462

Foods, amino acid composition of-,.,.357
Fo rmaldehyde

action on gelatim ,0,, ,0 = 000000,= 760
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Subject Reference Subject Reference

Formaldehyde = Continued
combination with

collagen. = o » = 495,496,498,939,942
keratin= oooo=ooooooo===== 495=498
silk fibroin. »o.» 1,.,oooo...».495

determination, 0000000000000 = 0676,681

G&!&ctos$ 0000000000000000000000000 ..or 309
Gangrene s gas, toxemia o = o = „ » - = , 12'7

Gas, mustard
action on ox cornea collageno o o o »979
distribution in tissueso o „ » » o = = = = 895

Gelatinoo o 00 o o„ = = = . ,256,257,317,322,351,
570,579,612,739=796

absorption of water by= ., .0 c . 776-779,
783,784

acetylation of r 0000000000000 = 0000 380
affected by

3-3.lC3.Xxo 00 o 00 o o o o o o o 00 00 o o o o o o 42 9

electrolyte So = 000000000000 = 00 756
formaldehyde 00000000 = 0000 = 000 760

& "fc o o o o 00 00000 O O o o o o c c o o o 000 TT§'

n© i-i*t rst X Ssil i>Soooooooo o 3 000000 j93

pancreatino 000000000 = 00000 = = =436
amino acids in= = = = o =0== 311,752 ,902
chemistry and determination ofoco747
coagulatedo oo = = = = = oo = ooo = ooo = ooo = 751
colloid chemistry of o o

=

o = =

=

a = o 586
cowhide, partial acid

hydrolysis of o 000 = = = 0000000 762
degradation products of o a = = = = = » 767
demineralization of = 000 = 00000000 o787
elementary composition of c „ o = » o = = 341
equilibrium with dilute HClc =785,786
estimation of o 000 = 00 = 00 = 00000 303,764
from collageno o <> = = = = =

»

o = = = = 312,774
hydration of = = = = = = = o » » = = = = = 631 , 635
hydrolysis of = = = = = = = » o <> = » = = = = = = = 782
incipient shrinkage of = = = = = = = 606 ,978
iso-electric point of = = = = = = =429 , 760
methylation of o ===ooo=====o==o,oc 380
molecular structure of =

=

= . = = o = = 217
molecular weight of========= =755,767
origin of = „

»

o = = o „ » » = = = = = = = . = = „
794

particle shape of = = = = .

=

= = = = o = = 767
peptization by mixed liquidsc =

=

= 780
precipitability of. = = = = = = = = = = = o = 766
preparation of = = = o o = = = = o = = o . » 740=742
production of = 000 = 00000 = 00 = 000000 768
proline content of

»

i o = » = « =

o

354, 355

000000000 = =796

Gelatin - Continued
sperm whale = = = = =

strongly stretched
preparations of = = = = = = = » = = = » = = 240

structure of , , = = = » = . = = = = = = = 745, 756
swelling, = = o o = = = = = = = = = = = o = » o o 744,770
tanned, stability of , = = = = = = = = = = o 616

thermodynamics of, = 00000 = = 00 = 000 637
tyrosine content of = o o = = = o o = = = = » = 360

Gels
gelatin= = = o , o = = = = o . o753,755,789,790

mut-arotation of o coooooooooooo 771
high molecularo = =

»

= = = » = = = = = = = = =877
Gland(s)

adrenai
;
female rats,

connective tissue of = = = = = = = = = 921
mammary, contractile

t x s sue s in, o=oooooooooooooooo9 86
Globulins, muscleo 00000 = 000 = 00 = o483,484
Glucosamine dimannose = o o o o o = = = = , = » = = 863
Glue = see Gelatin and

glue (739-796) = = „ „ o » » o o 257, 739, 743,
759,792

chemistry ofocooooooooooooooo = = = o 748
collagen ando 0000000000 = = = = = = = = = = 781
colloid chemistry of

o

o o o o o = = = 586
Glutin from bone and skin= , 000=0, = » = , 566

Glutokyrin= = ooo<»ooooooooooooo = ooooo = = 328
Glycine

determination of = 00000 = = = = = = = 367 , 368

discov© of o 000 000 00 00000000 0000 749
Glycogen of human cartilage » = o = = = o o o o9?0

Glyoxal, action on hide protein, = = = = = 934
GrO£l"to OOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOc936
Gorgonin= oooooo = ooooooo = = = = o = = ooooooo 810
Grain, histology of , = o o o o o =» = ======= o = 65

Grafts , tendon= oo = oooooooooo = = o = = = = = oo33

Gramacidin, amino acid
composition of 00000000000000 = = = 818

Groups
amino

;
aliphatic, determination

Ofoo==ooo===o======o==oooo==o375
guani dyl = = = = = o = = o = = = = = = = = = = = = = o = 942

reactive
,
collagen= = o « = = = = = » = = = = = 936

Guinea pig, collagen
distribution in= = = = = = . = = o » = c ° = = = 964

Gut, surgical enzyme digestion
Oi^ooooooo«ooooooooooooooooooooooo481
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Subject Refe rone© Subject He fere nee

Kaematoxylin-dioxane-phosphomolyclic
acid (stain for collagen and
reticulin) . „ . . . , , , . o , . . , . , » , . , , ,96

H&ll*o)©ooooooooooooooooooooooooooooooo623

281

284
746

amino acid composition of,„.,»»..812
animal, x-ray analysis of . = . 204, 220,

221
hydrolysis of , , . o . = . . , » , <= „ . = 848,849

Healing, wound - see Wound healing
Heart

dog, collagen, creatine, and
phosphorus content of,

normal and pathological,
collagen content of , , <> , , .

,

Hemaglobin, cattle
Hide powder - see Powder, hide
Hide(s) - see Skins
Hide substance - see Substance, hide
Histogenesis (origin, development-

in vivo) 2,3,14,17,18,32,42,50-52
Histological technique, * ,55,59,60,62,67,

69,73-77,79,80,96,100,103-105,684
Histology, ,,00,00,,, , ,56=58,61,63=66,68,

70=72,78,81,82,85,87,
88-92,94,97-102,104

Hyaluronic acid, „ « » » » o ,; . o o » » o . » . , , , , 830
Hyaluronidase ,,,,,00,0000000,,,,,,,,, 830
Hydrogen peroxide, action on

collagen and thymonucleohistone , , 143

Industry, leather, biological
problems of the , , ,

,

= »

,

, , » , , , , , , 920
Infections, skin, rabbit by

goup A streptococci ,,,,,,, o,,,,„ » 974
Inflammation

allergic, collagen degradation
lllo '000000000000 00 00000000 o oe o 142

chronic, due to implanted
collageno , ,139,140

hyperergic (Arthus phenomenon) , , , 147
Integument, chemistry of ,,,,,,,,, 300, 850
Iris

chemical composition of,,,,,, o,,, 295
collagen and mucoid of, , , , „ , , „ , , , 294

Iron, fixation of hide substance by,, 541
Isinglass, amino acid composition

Of o 00000000000000000000000000,000 356

Kertin( s),, ,000 ,, ,,o , , . , o ,242, 271,816
action of aliphatic diazo

compounds on, ,,,,,,,,,,,,
amino acid composition of , , ,

.

basic amino acids of.........
combination with formaldehyde

cornification of, , , , o , , , ,

.

,

feather, titration curve of t

secreted, , , , , , , , = , , , , , , , . ,

,

e

structure of, , . » . . . .

,

(

wool, titration curve of . . .

<

K-toxinc 000000

9 o 9 5*7

. . ,810

.,,.811
o o .495-

498
,,,,816
o o , ,884
. o o ,227

. „ o .857

. . . .881

474,899

Lamb, tenderness Of*oooooooooooooooooo285
Leather(s) - see 645-712, ,256,664

affected by trypsin, 709

adsorption of water vapor by, . ,., 955
chemistry of ,,,,,, , ,, 104,689,701,711
chrome

moisture content of,.,,,»,, . , 672

thermal stability of 673

chrome tanned, ,,0,0,...,..,,. 682 , 803
556
562

663

670

Jensen sarcoma. 44

absorption of water by,,,,
fixing of water by,

combined tanning matter of,,,,

diketopiperazines of,,..,,,=,

,

dispersion in copper ammonium
solution, 00, 000.0, .0000, ,o,o. 563

expansivity of, ,,,0,00,0,00,000, 1000

fixation of tannin by, 678

formaldehyde tanned, ..,,,, = , , » » . 676

shrinkage temperature of, .,,,704
fundamental structure of , o , » ,,»,,, 58

hydrolysis of, 644

hydrolytic action of acids on, ,,,411

manufacture oo.o,,,,,,,,,.,,,,,,,, 820

biochemical problems in, ,,.,,696

chemistry of ,, o,,,,, ,104,689,711
method for testing, , , ,,,, ,00.,,,, 669

microscopic examination of,,,,,,, 646

nitrogen determination of . , , . , . , , 710

physical properties of,

bibliography, .,.<>, » , , . , 699

shrinkage temperature of . 545, 611 , 647,

648,651,652,656,
661,669,677

sole, stability of . . , .651,652
soluble matter of , 690, 691

vegetable tannedo . , , , , o . , . . 656-661

action of water on. . . , . . 690, 691
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Subject Rafe ranee Subject Rafe re nee

Leather(s) - Continued
vegetable tanned = continued

aged, soluble decomposition
products of o o o o o o o o o o o. 6 o * 679

wattle -bark tanned, water
solubles of o > o o => o o o o o o o o o o o o o 692

wet, effect of heato . . . o 565,647, 652

,

661,999
oooooooooG3o

ooooooooo 974
o c o o X 2 2

o 3 6 7 g 9 5

1

o o o o c o

o895

x-ray examination ofo.

Lesions
cardiac

s rabbit

o

o o o »

«

connective tissu8oo»«o
Leucine, determination of »

Lewisite, distribution in
"fcl iD SU.O Soooooooooooc oooo

Light, polarized, action on
tissue (connective=-muscuiar)

»

= 136
ultra-violet, action on

hide proteins o o o o o o o o = o <= o c o o 626
Limeo oo ooooo 05>ooooo oooocoo o 454 ,49 6 , 774

removal from animal ckin.=oo,»o»o409
saturated solution, action

on collagen^ OD <.<>,.><, 9 o o <,<>«> o <.<> O(o 401
sodium sulfide mi xturo Socoooooooo 39 j.

Limiil^ o 00000000 000000000000 eocoo o o o o o 466
Linkage

- CH = N -oooooooooooo ooooooooo* ,883
sulfur, reactivity of „ » . . . o =878, 879,

883,886
Lipids in human cartilage „ o <> -> o

Li quor(s)
lima, ammonia in o o o o o o ° o o

tan,

plumping in o o o o

plumping power of <> o o c

Liver, chemical composition of
Luoilia sericata (blow=fly) o

Lupus erythematosus, dissominatedo

»

o 120 s

121,896
Lymphatics, relation to

me s e nchyme cellsooooooo 000 o.ooooooo8
Lymph nodes, adult rabbit* »

»

» » »

«

B 30
Lyotrope series and theory of

tanning » o o o o c o o o o c 549-551 , 580=584
Lyotropic substances and

shrinkage of collageno = <> <> = « o 580-584
Lysine content of me Sl"fcSoooooooo«ooooo930

o o o o o o o

O O O o

o O 970

o o 366

c O 605
oo693
o„293

447

Macromolecule(s)o »

«

Macrophage o

»

» » o » o c

o o o © o o 231,238

Material(s)
batingo oooooooooooo ooooooooo o « o o o 491
biological, structural units of°»231
collagenous, decomposition ofooco324

- oo OOO OOOO O oc oo o o o oooop c 232;. 233

natural, large interplaner
spacings in ooooc.3ooooc.ooooot.236

tanning, vegetable o c o c = » o o o » o » * 494
Me at ( s

)

cooked, collagen determination
II Q OOOOCOOOOOOOOOOC OOOOOOOOO . jB33

determination of collagen in»o t ,296j
299

gelatin content ofoooo»..»..»».oo795
lysine, methionine, and

threonine content of » o =

o

o o ° 930
Mechanism for basic chrome sulfate

re a Ct/lOHo OOOOOOOOOOOOODOOOOOOOOOO
Medicine, x-ray diffraction studies

Ulocoooooooooooooooooooooonoco©oo992
Membrane (s)

COllagen 00000000300000000000000oll3
natural, fibril orientation inooo981

Mercuric chloride, germicidal
efficiency of-, ooooooooooooooooooo 869

8

Mesenchyme
COXlSoooooooooooooocoooco

mi "fccsis xricooooooooooooocooooo24

h iHTlSLEL c oooo oooooooooooooooooooooooooV
' vertebrate , fresho ooooooooooooooo 196

Methionine occooooooooo ooooooooo 898, 930
Method(s)

histological, see Histological
technique

Loehiein-Volhard, for enzyme
&C"fcX^ri"fcy o oooocoooooocoo o o o o o o 470

Microbiological
amino acid determination

"bjy^ooooooocooooooooooo950y951
enzyme activity determination

OOO o O O 000 O OOO C OOo470^49i
photometric ninhvdrin in amino

acid chromatographyo o o . o

o

o o o 971

plUmping O OOOCOOOOOOOOOOOOOCOOOOO.861
solubility product, for amino

acid determination . « o « s „ B , » 367

staining, for
collagenous ti ssue BO oo a o 997

fibers, collagen, elastin
and muscle cooooccocco.oco 103

histological 3l8mentSo. ct ....o67
tannin ^nalvsis c c = ococooooo.o = C oo662
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Subject Refe renee Subject Refe renee

Method(s) - Continued
technical j of the

Army Institute of Pathology 55

3 o « » o • • o o o 231 s 239
..........248,761
...............41
see Electron

ooo.o.oo.ooooo 688
......... .452,453

Micelle(s) .

.

gelatin.
Microscope s polarizing
Microscopy, electron -

microscopy
Micro-tannology. . . . .

.

Mixtures, buffer......
Molecule, keratin, structure of 882 9 885
Morphology, submicroscopic .......... 925
Mucoid^ of elastic tissue ... . . . . . . » . . 188
Muscle (s)

beef
collagen content of...,...o,.983
connective tissue content of. 298
elastin content of.....,,.o..983

C 1 &£&ooooooooooogooogooooooooooooo225
connective tissues of ..... ....... 186
dystrophic, collagen content

OOOOOOOOOOOOOOO
electron microscopy of
striate . .

.

. . ....... .

Mushrooms, proteolytic enzymes from. .434
Mustard gas « see Gas, mustard
Myoepithelium. . . .... ... . ....... ..... 986

303
985
.25

Ne rve ( s )

intercostal, fibro hyaline
deposits in. 00 oooo....o..o.o

pansacral, collagen disposition
and glandular structure of.,

sciatic, rabbit .... o o . ....... 106
Kinhydrin. ......

Nitrogen
ooooooooo

amino

.

o o o o o O O O

of collagen and wool...
collagen, of dog tendon....
content of

skin, human. ...........
tendon, dog. ...........

361

.81

,891

971

370
,364

287

288
287

Operation(s)
pretanning. ............... ..... . .455
soaking. ......................... 695

Ovary, rabbit, connective tissue of.. 922

Pancreatin. .......................... 436
action on collagen and gelatin. . 467

,

468
Papain, papayotin. ........ .......... . 433
Pathology. .... . .106-111,113-117,119,122,

123, 126, 127, 135-142, 144-147

Pattern(s)
regeneration. . ...... ............ . 119
x-ray diffraction of bone,

tendons, and connective
tissue ....... = ............... 237

Pepsin. ............ o .441,471,472,483,484
action on proteins. .... .......... 890
denatured, ... ................... . 473
iso -electric precipitation of..- r . 439

Peptide (s) , .......... o ..o......
Permeability, tis sue. ............
Phagocytosis. ....................
Phenol, combination with collagen
Phenolformaldehyds

,
tanning

properties of. ...............
Phenolnovolac , combination with

.750

.462

.145

.417

,952

collagen. ..... ..417

. .944

. .128

, .829

Phenols, dihydric. ..............
Phormia regina larvae...........
Physical chemistry of cells and

Physiology. . ... ,112,118,120,121,124,125,
128=134,143,148-155

Pickle (s

)

action on collagen. .407,412,416
Pickling. o.oooooooooooooooooooooo.ooo 706

Placenta
collagen of. ..0...................94
induced. ..ooo.....ooo.oooo...o.., 154

Plexus , Auerbach* s. ................... 82

Plumping of calfskin. ................ 712

Polymers, low=angle scattering in. ...960

Potassium thiocyanate, effect on
collagen and elastin. ............ 393

Pouch(es) ,
pharyngeal. ............... .42

Powder, hide
action of

acids on. ............... 421 , 426a

papain and papayotin on...... 433
chrome tanned, hydrolysis of..... 644

formaldehyde tanned. 504

preparation of. .............. 343,345

swelling of ......... . 587-590,608-610
Pressure

of colloidsooooooo.o. ...... 834

osmotic, ....... ...7 54, 7 57, 758
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Subject Reference

Process(es)
dyeing, ,,OO,»0 ,, = ,,, 0000000,0,000 558
liming o 000000000000000000000 = 0000 900
settingo 0000000000000000000000000 883
tanningo o , o o . o . o ,,»,,, , 675

chemistry of.,. 3 ,,.,.,..,..„,675
physico-chemical aspects of, » 558
theory of . . , . . , . . . , . . 595,596,611
vegetable, = 000000000000 . =552,897

Procollageno 000000000000 = 000000000000 976
Proline

determination of = , , , » o , = 354, 371 ,745
in gelatin^ , o , , o = » o » o = o » » = = = = o , , 354

Prope rties
physico-mechanical of cellulose,

collagen, and rubber, . , = = . = „ 546
tensile, of protein fibers = = , »

,

c = 858
Protease ( s)

Aspergilus oryzae, = 0000000000 = = =486
bacte 2*1 £L 1 o o 00000000 00 000000000 000 461
influence on swelling of

collagen and fibrin= . = = = » , » „ 110
Protein(s)o o = 0000 = = =210,212, 215 ,219,750

absorption of water vapor by„==o=813
action of

bromine on. = = 000000000000 = 000 833
neutral salts on, = =

=

D = = = = 875, 876
pepsin and trypsin= o o , , , , , 890

amino acid composition of = = = = = = . , 357
animal skin= . 619,621=623, 627,994,995
as colloidal electrolytes, „ , = = = = = 837
chemistry of = = = = = = = = . = = = = 828,835,843
coagulable

„

histological study of = = = o » o 89 , 90
combination with acids and

b&S© S o o o o o o o o o o o o o o o o o o o623 s 836
COriUUlo = = = = = = = = = 508
denaturation of. „ o = = = , = = , = = = » = = = 219
determination of glycine iric.o...368
egg shell. 000000000000000000000 o o282
electrophoresis of = = = = o » ...... = 544
estimation of serine and

threonine in. 0000 = = 0000 = 00 = = 369
fibrous

s of mammaliar epidermis, = 160
formaldehyde compounds , . » ,,, = ,, , 509
heat denatured, reactivity of 0,00 823
hide,

action of

glyoxal on. = . = o o « o » = , » o 934
salt on..,..*.... , = 399
ultra-violet light on. ...628

effect of vegetable
"b&.nno.^o oxio 00000000000000 935

Subject Reference

Protein(s) - Continued
hide - continued

reaction with tetra-oxalato-
diol-chromiate 0,0 = 0000.0, 397

reactivity in its iso-
electric zone , o ,, o ,=,„ o o , 331

hydration of.................219, 842

hydroxy amino acids in, ,=,.,,,,.= 358
hydroxylysine in= = = = = = = = , = = ,,,000 376

monamino acids of » , , » = = . = = » . „ , , , 374
industrial, , o o o o o » . » » o o = o o , » » „ . 847
insoluble, amino nitrogen of , =,,,370
muscle

,

determination of. ,,, , 874
peptic digestion of ,.. ,482

natural, detection with pH
indicator, ,=,.,,,,,,,,,,,,,,, 832

reactivity of „ = = o , » = = , , = o = 822 , 823

serum s

carbohydrate complex of. .....863
skin o o o = = o o o o o o o o . o = o , , o , . = , 301 j 373

glucide content of...........330
sorption of water vapor by,..,,. =914

structural, swelling of ,419,420
structure , . „ , , . . , , , . = , . . 359 , 842 , 862

theory of colloidal behavior. . , 845
x-ray analysis= = = = = = = oo = oooo = = o = o 959

see - X-ray analysis
Proteinases, evaluation of...........945
Proteolysis

measuring peptization in, , , , » , , = = 487
of bone and cartilage =,,= ==,,=,,, 982

Protoplasm, submicroscopic
morphology of, ,, =00000000=0000=0, 925

Pyloric ceca, cod and haddock 9

enzyme s from, , ,

„

o = = » , , , , . » « . o = e „ 449

Quill, porcupine
basic amino acid content of,,,,,, 811

x-ray analysis of, <.....<...<...... ,225

Quinone, reactions with collagen, ,,,, 526

Rabbit(s), 00 = 000,0 = 00,000000000 = = 303,891
ear, transparent chambers in,... 1,9,

47,48,194,195
lymph nOde 0,0000.0000000000,000000 30

nerves, sciatic,
collagen content of..........l06
collagen formation in........891
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oooooooooooooooooo
o o o o o

922

© o o o o 894 5 89 5

Rabbit(s) - Continued
ovfiryo oooooooo

Radio -autography
Rat(s)

female s adrenal glands of . . . . . . . . 921
methionine deficiento . . . » » » . , , . . 898

Reaction(s)
chemicals, of tannage . . . . » o . 320
histological for collagen. . . „ <> » » » 501

see also Histological technique
paradoxic pallor. » » o o . » , » . » , » » . . 155

Reagent, Schiff, for staining
reticulum^ r,oo..oooeooooo.o...o... 965

Reflections
j,
Braggo . » » » . . o o o o . . . » . . . .954

Refraction, double, in myelinic , . . . „ „ 855
Reinnervation of rabbit sciatic

HQ 1°"V"0 Sooooooooooooooooooooooooooo89X
Reticulin, , . .0 168,169,171,174,192,

197,246,802,1007
Retic

collagen, in cirrhosis. ... -o. » 114
controlled formation of . . . „ . . » . . 8 151
XtAIl^o oooooooooooooooocoooooooc o o o 14i
precollagen, in bilharsial

cirrhosis o o....oo.c........,.lll
relation to collagen ° ° . , „ . . o o . 154
SlCXXlo OOOOOOOOOOOOOOOOOOOOOOOOOOOOO S6
S"fc&inin^ Cf O O O O OOO OOOOOOOO o o o o o o 965

Rheumatism, fibrillar. ° .

.

° . o , . <> o o 144
Rings, Prena ^5oooooooooooooooooooooo9<t)
Rodents, great omentum ofo. O o»..o O oo=101
RuIdID© I°oooocoooooooooooooooooooooooooo22l9

physico-meehanieal properties of 546
tension equilibria cf „ . o . o . . . . o . 638

Salt(s)
SCXd-o ooooooooooooooooooonooooooo o4Q9
action on

collagen .«.. t ... 01 ,. 1 ,,,.,,,426
gelatin solutions .

.

» . , o . o » . . 770
hide protein. . ... ........... . 399

chromico . .... ...o ........... . 508,519
chromium

action on gelatin. ...o c 771-773
aquo, reactions with

collagen,, ......... t . . . . . 512
copper, reaction with gelatin and

gelatin hydrolysates. . . . <> o . . 773
fixation by hide substance

.

c «

o

. . 506
inorganic, influence on collagen* 582

ooooooooooooooooooo
O0O0O0OOOO0

500,519
452,453

Salt(s) - Continued
iron, »

o

neutral
action on

collagen solutions,, . 130, 398,
488,567

hide substance . , 412-415
proteins , . . . . . . „ . . . . 875, 876

antagonistic action of . .

=

. . . 394
effect on

boiling temperature of
collagen. . o . ........ . 607

hide substance, . , . . . .430,432
influence on

gelatin. . .... ...o ...... . .793

hydration of intersticial
connective tissue .... 918

organic acid, in chrome
tanning. . ..... . ....... ...517, 518

Sarcolemna, electron microscopy
Of O OOOOOOOOOOOOOOOOOOOO.OO. O 953 , 1005

Sarcoma, Jenseno ,oooooo.,,o..ooo.,.,oo44
Sausage , collagen in. <>. 296

Scars, alveolar cell, . 126

Scattering, low angle in polymers. ,,, 960

Scleroderma, diffuse. . . . . . „ » . . . o ,121,896

Scleroproteins. . .... ..... . . . . 80? , 827 , 850

amino acid content of .... 928

Sclerosis , alveolar. ... ....... ...... .126

Sclerotica, collagen fibers of....,ooo56
Scorbutus ,

experimental . . . ..... . 151, 153

Section(s)
gross anatomical. ...0,0000,0000. .9 9?

tissue, electron microscopy
Oaooooooooooooooooooooc;oo926j92?

SoXonililTlo oooooooooooooooooooooooooooo 7X0

Serine
estimation in proteins. ........ 369

Set,
permanent of animal

fibers, „ ........... .. 878, 879, 883

Sheepskin, semi=tanned. o ............ . 648

Shell
biochemical studies of........... 291

egg, proteins of ............... 282

Shrinkage , incipient. ................ 978

Silk fibroin
acetyl ation of............... 623 , 854

methylation of. .,............=... 380

Skin( s) . ...... o . . o ....... . o ...... 173, 820

animal
chemical depilation of. ...... 683
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Subject Refe re nee Subject Reference

Skin(s) = Continued
animal = continued

coagulabie proteins of o <= „ , 39 s 90
fibers of „ o o » o o o « o <> o =

»

<> 839
histology of o , o , o o » o o o <, o o , o = o 70
microbiology of <> <, „ o <> = <» <> » 451
removal of lime from ° . o » « . o 409
reticular tissue of o <> o

-

u » . 304
arginase in» » „ o » » o o < o <> » a , a a 968
bated histology of.o. ,.,o.» 3 .. I .oo91
biochemical studies of o =

»

» o o o 291
biochemistry of „ » o » o o o » o o D o o o » o o o 585

<3. J. f o o c o o -i o o a o z a o o w o o o o o o a c . . . . ~ 2

elastic tissue of o .

«

» »

»

.

o

803
minimum plumping ofo „o S o 0t, .712

chemistry of

o

o « »

»

» o - 286 „ 310
coagulabie proteins of „ <>

»

» „ 89,90
collagen derivatives of <> o <> » o => <= 553
C «L X 9-£J0H o ooooooooooooooooooooooooo
cow, capillary distribution in«oo924
9 1& S^1 O^ooooooooooooooooooooSSjlvS
fish, histology of » <> » <> o > a o <> <> a »402
fundamental structure of <. » o o « o 58

g 1Ut U.n OfoOOOOOOOOOOOO;iOOOeOOOOOo566
histochemistry of <> „ o-o o o o „ o <> o o 99,100
histology Ofooooooocooooooocoooooo70
JIXaITIGLXI o oooooooooooooooooodocoooooo238
hydrolysis of uoooooooooooooo 848 , 849
oil tannage of „ » o

»

o s o ». e =. « , 655=655
reticulin of... . o.... oo. ( ..» 5 . 174
rQ cioixXuxHo oooooooooooooooocooooo<»oo6
specific gravity of o

»

» o o »

„

» 873
55"t?0^S^o oooooooooooooooooooooooooooo 99

StUCly Oa*ooo oooooooocoooooooooooo oo6jL

S "fc 2^\iC"t \X Y^Q 0^*o 00000000 ooooooooooooo^O
sw9 IXi£^ c^oooooooo 000000000 o 0000 386

chemical basis for » o <> = » » » „

»

585
unliined, action of trypsin on oo 465

Soda s caustic, action cn human hair c 0886
Sodium

fluosilicate * » o o <• o « <> o <> <> o <> e <> <> « <> o 645
hydroxide s titration curve of

collagen. o =, „ » « » * » » o o o » » o o o o = 400
periodate, acidified, in

reticulum stainingo o * » o » » o » 965
Solids , macromolecularo 00000000 = 00000238
Sols j gelatine » o » o « o o c „ » o o o o o o 789-791
Solubles, water, leather . „ = ° o o a o 663
Solubility of collagen in dilute

^CldS o o o o 00 o 000 00 00 o o oc 00 00 O o ool33
Solution(s)

acid, hide powder swelling
irioooooooooocooooooooooo426ci<>587

00000000000

,821

o578

o = 844

00000

0000

Solutionis ) = Continued
alkaline, effect on hide

substance ,^-,000000000000 412-=415

coliageno 00000000000000000000000 »912
ethyl acetate, wattle -tannin in,o977
£3 X €L X XIooooocooooooooooooo&oooooo754

size distribution in..».». c .» 7 88

viscosity of. = 000000000000 = o789

protein, electrochemical
properties of o o „ o o <> ° 4

tamain 9 effect on collagen
^ibSj^So 00000000

Solvent(s)
aqueous organic, tanning in ooo=o969
organic, protein fiber

swelling in, U ooooo<,ooo

Specific- gravity of skin and
vegetable tannine <> „ a o <> o »

Spectrometer, double crystalooo
Spines, Echidna, amino acids of «

Spongin, amino acids of » o o

»

« o o

Stability s hydrothermalo 000000000 508, 520
Stain

collagen, aniline blueo a » e o75,76,96
combined elastics trichrome

fO 3* "t 1 S S Xi© Sooooooooooooooooooo79
selective, for collagen and

reticular structures.
Strands, coliageno aa

Streptococci, group Aooo.

Structure (s)

connective tissue 0000000000000000 162

fibrillar, differentiation and
origin of u oooooooooo OJ oooooo o 45

proteinoo o ooo206,207,209,211,769,809
Substance(s)

amorphous, in connective tissue oc 182

CSlluiSroooooouooooooooooooooooaoSOl
c@ms n"t I. - .'.^ 0000000 00000 o 00000 o o916p917
collagenouso 000000000000000000000 126.

elastic, in tissue cultureso »

»

o o 185

J-ibrillSiroo 00 00000 0000 000 oooooooolT'

87 3

o954
00 811

00 810

0000000
o o o*75^96

; : ; - - -; j. -

0OOOO974

ground

c

oooooooooooocoooo 203

see Substance, cementing
intercellular o o o „ = . o = o » o 158

h 3_ d@ ooooooooooooooooooooooooooooo353
action of acids on....»...». c 411

antagonistic action of

neutral salts one ° » a » 394

effect of neutral salts o

.

o 430

fixation of chromium salts

c ooo»coooooooo«ocooooo 506

iror salts bv icn ».< ct »c. r 54],
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Subject Re fe ranee Subject Reference

Substance (s) - Continued
hide - continued

losses during soaking, . . . . ,00 695
reaction with

ligno sulfonic acid. . 510, 511
basic aluminum sulfate , = „ 543
basic chrome sulfate . . » , . 554

high molecular, ... ... ..... ...... . 877
intercellular 151-153, 198
interstitial, ...... ... ...... „ ,170,201
organic

magnetic anistropy of . . . . . , , . 814
hydrophyllic groups of0.0 581 „ 584

radioactive, action on colloids, , 84S
Sulfato -hydroxy-chromi , collagen

compound, ....... ..... = , 395
Sulfides, effect on alkaline hydrolysis

of hair and skin, , , , , . . . . . ...... . 849
Suppurations, subcutaneous, . 14
Surfaces, cell., chemistry of 544
Suspensions, histological, behavior

in supersonic field. ...,,,,,,,,„, 268
Sutures, collagen, enzyme digestion

Of,oooo,eooo,,oo,o,,o,oooooeo,,oo481
Syncyticem, connective tissue. ....... 176
Syntans, bonding with collagen. ...... 961
System(s)

biological ;t fine structure of,,,, 267
collagen,

di 30S.50S Ofoooooocoooooo©eooo9'53
HC1 equilibrium in, . ... ..... . 643

lattice fiber, . = . ...... , 254
protein, donnan equilibria and

molecular effects in, ,,,,,,,, 396
reticulars . ... » .......... ....... o92

O O o ©

oooooeoo

Tampons, collagen
Tannage

aldehyde,
basic chrome sulfate,,
chrome

formaldehyde

oo©oooo 113

0000

o e • e o e

,,c,704
523-525
. . . .996

.,.,996
iron. 00 . . ... , ..,.,.„..

.

. ... .519
vegetable, .............. e c 998

chromium acetate ............ . ... ,705
formaldehyde chrome ......... , . . . .996
mineral. .771=773
Oil. O C ... C . C C ...... O ....... . .653-655
quinone ..................... .....700
vegetable . . . ...... .........

.

. ... .935
zirconium. ....... ........... . , . . .530

1 o t> O o o o

.310
,697

,522
,41V

Tannin(s

)

catechin,
determination of
ligno sulfonate
synthetic ,

,

vegetable in aqueous organic
solvents, ....... . ..,».,»,,,, . 969

specific gravity of, ......... 873

wattle, in ethyl acetate
solutions . o o e 0.0 0-0.-0 o 00 ».o o o o o o .977

wattle -bark, combination with
collagen, ................ 527 , 604

Tanning
chemical and physiological

aspects of c 666
chemistry of. .................... 596
chrome .............. 499 , 500, 502 -505

,

517,518,520,521,532,533,
538,540,595,596,705,707,708

combined, chemical processes of, ,698

electronic theory of......... 633 , 634
formaldehyde. ......... . .495-498,501,

513=516,529,
534,536,537,539

mechanism of, ............... 949

mineral, ..........

„

........... . , 682

theory of , , , . , . . .549-551,633,634,703
vegetable. . . .535,542,595,596,632,893
zirconium, ....................... 530

Tantalum oxide in wound healing. . .... 911

Technique
pathological, 77

tanning. .... ...,.» ............... 671

Teeth
electron microscopy of ........... 990

tissue elements of ............... 172

Temperature , shrinkage. . 545, 552 , 561 , 620,

621,962,963,966
cf formaldehyde tanned leather. , „ 704

significance of
practical, .............. .619, 621

theoretical. ................. 627

Tendon(s). . .............. 237,241 ,243,571
Achilles, chemical constituents

of.......................... . 314

collagen fibers of

.

e ............. .57

dog, ...... ...................... .2 87

formaldehyde tanned. 241

fowl embryo. .,..............=....,21
graphs of , ........................ 33

heat contraction of. ....... ...... 241

reversible crystallization in. . . . 557
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Subject He fere nee Subject Refe renee

Tendcn(s) - Continued
tail £ kangaroo. 261

Tetra-oxalato-diol-chromiate , reaction
with hide protsin.o» 01> e , ., 1 .. sto 397

Theory
s
Fischer, M. Ho for acid

formation in edama, ...... ....... . 613
Thermodynamics. .......... . . 636 , 637 , 639
Thiocyanates

influence on shrinkage of
collagen. . o . . . . . ? . . . . <> . <> , . . . 582

potassium,, effect on collagen
and elastino .... ... ....... . 393

Thioglutin. . .................... . 866 , 867
Threonine

content of Mat3.,o»...» 5 ,,.o....930
estimation in proteins. . . . . . . . 369

Thrombus collagen formation in. ...... 109
Thymonucleohistone , affected by

ascorbic acid and hydrogen
peroxide ...... ........ ....... . 143

Tissue

(

s )

animal, properties of , <> . . . . » « . . . . 149
cieatricialo . . . <> . . . . . = . . <> . . . . <> <> . . . 14
collagen

effect of liming on.«..o..,.<,425
chrome tanned, influence of

fat- liquoring on properties
O^OOOOOOOOOOOOOOOOOOoSSS

thermodynamics of acid and
alkali contraction of... =636

collagenic, connective in wounds. 136
collagenous, method for

staining. ....... .......... 75,997
C C .L 1 O — (IS o oouououoaoooooooooooooooolS
combined elastics-trichroms

i t- R 1 H X*0 r o oooooooooooooooooooo*79
connective. = . . oil, 14, 20, 23, 27, 29, 31,

32 , 46 s 105 ,122,136, 144 , 146

,

148,154,157,158,161,162-167,
169 , 171 , 175-177 , 179-183, 186

,

187,190,193=196,198,199,202,
921,922

chemical and electrical
properties of. ........... 337

chemistry of,.... t ....,.o...o980
cultures of.... ....... ..11,27, 31
development of... . . . 176,193=195
clastic and thermodynamic

properties of . , . . . . . 148, 149
fiber development in« .23,161,162
growth in vitro . <»

.

:
» . . . . . . . . „ „46

human, swelling measurements
on... ..613

Tissue (s) - Continued
connective - continued

inflammatory, regeneration
X71:>oooooooooooeo»£ toe c o o 179

interference and Brownian
movement ino ............. 247

interstitial. ........... .915-919
lesions of endometrium. . . . . . . 122
1 XTT0 ±*oooo 00 ooooooooooooooooc c 2 9 3

loose, intercellular ground
substance- of. ...... ...... 158

pathology of collagen
degeneration of . .... ..... 146

physiology of . .......... =164,166
reprecipitated, x-ray

diffraction pattern of. ..280
reticular. . ... ...... ........ .16S
spread of fluids in. . . . . . . . . 919
subcutaneous. . . .... . .182,183,190
syncytium. ..oooo»<,o....oo.ooo 176

the rmo dynami e

considerations. ...... 148, 149
water binding in. ........... .171

regeneration. ... ............ . 1*79

x-ray diffraction patterns
Of O O O r .IOOC OOOOOO 300000030 237

yellow fibrous. ............. .201
contractile

s
, of mammary gland. ... 986

contractility. ................... 254
culture (s ). . - . . . .4, 7

, 11, 15, 16, 19-24,

26-28,30,31,36-41,
43-46,49,52-54,185

dorsal chord. .o...... ...... ....... 93
elastic, electron microscopy of. .932

embedded, surface staining of.....60
eye, distribution of Lewisite

1H: oooooooooooooooooooooooooo 895

fibrous
development in peritoneal

adhe sions ....... ......... 117J
origin and structure in

wound healing. ......

swelling of, histological and
physico-chemical

inve stigation. ........ 68

fine structure of............ 264, 266

firmne ss of.. ...... ............ .=2 64

granulation, tissue cultures in. ..15

human. ............. .............. 259

injured, vitamin C and repair of. ..5

living, method of studying. ..... 1 , 9,

47,48,194,185
mesenchymal. ..................... .45
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Subject Reference Subject Reference

Tissue(s) - Continued Water - Continued
muscular1

;, striated,, . o . .136 in dog tendons. . . .............. . .287

non-tendonous , properties of vapor
collagen fibers of » .....

»

.....57 absorption by proteins. ...... 813
normal, collagen and elastin adsorption by

C lit9 n't oooooooooooooooooo . . . .304 collagen and e lastm. . . « = 929
physical chemistry of........ o o o o 82 9 hide and leather. ....... . 955
1*9 "t1 CU 1 &X° o ooooooooooooooooooo . . . . 804 Wattles

s
cock... ......Do....... ......155

Ox SlCXIlo ooooooooooooooooo o c o o 173 Weight, micellar. ........... .754,757,758
distribution of Wetwork, tannery. .... o o ............. . 557

Lewisite in. . . . .895 Wool. o „ . . . . . o . o o .220,221,271,769,854,957
Toxins, gas -gangrene , see K=toxin acetylation of. . . . . . . . . <> ....... . . 380
Toxemia 9 gas -gangrene ....127 ammo acid composition of » . . . . . . o 812
Transparent amino nitrogen content of . ... 361,364

chambers 2 see Chambers , transparent methylation of. .... o o ..... o ..... . 380
Trypsin. ..... .......... . .435,443, 444 s 446 Wound(s) /wound healing, repair of

460,464,465,488,489 injured tissues/. . . .3=5,10,12-14,136
action on

diverse leathers. .......

.

o o o o 7Q9
proteins heated in fat or

Olloooooooooooooooooo . . . .890 X-ray analysis. .204=230,232=234,236=238,
effect on collagen. .........

.

o o o o 9 3 8 240=242,245,246,248=253,
tanned collagen. ......... ....637 256-261,263,271-273,280

XUXTIO I°S OOOOOOOOOQOOOOOOOOOOOOOOOOO .32,987 in biology and medicine .......... 992
Turtle scutes. ................... . . . .810
Tyrosine, color reaction for..... . . . .360

Zirconium tannage . ..... . . . . ... . . ... . 530

Urea, depilatory action. o o.... o 943
Uterus, structural differences of

nonpregnant and pregnant. . . . ... o 102

Vein(s), collagen fiber arrangement
lIXo ooooooooooooooooooooooooooooooo 64l

Vertebrate (s)

me so stroma, mesenchyme and
connective tissue of . ........ 196

microscopic anatomy of .... ....... 956
Vitamin C

see Ascorbic acid

Wallerian degeneration. ... . .... . . 106, 891
Walls arterial, collagen in. .......... 98
Water

content of skin. ...... .... ..... 288
fixation by collagen and chrome

tanned leather. ........... . . 562




