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8 Connectzve Tissues

advances 1n one field are frequently dependent upon knowledge derived
from quite another dsscipline

Although the ferulity of the multidiscipline approach 1s thus recog-
nized, untverstttes, and scienufic socteties and Journals which are usually
testricred to one small arca of 2 field 1n their coverage, have not yet
made adequate provision for channels of interdisciphinary communica-
ton. We do not wish to compete with the formal scientific meetings
or with the scientific journals which have established patterns and for-
mats for the presentation of material. Our purpose at the meetngs is
to keep an informal atmosphere and to encourage the exchange of
methods, research plans, concepts and difficulties, which cannot be done
of there 1s formal speech making

The Foundation has endeavored to meet the need for imnterdisciphn-
ary communication by bringing together for a series of rwo-and-a-half
day annual conferences a small group of investigators, representing in
so far as possible all the branches of science relared t a chosen prob-
lem Parucipants 1n these informal conferences over 2 five-year period
develop a feeling of friendshup, trust and mutual respect which in trn
promotes communrcation, cross ferulization of ideas and cooperation
The success of such an endeavor, however, 1s dependent upon full
participation of all members 1n the discussion Accordingly attendance
at any conference 15 limuted to twenty-five.

Under the gudance of Dr Wiallard C Rappleye, President of the
Foundation since 1942, the Conference Program has been gradually
expanded and enlarged unnl during 1953 1t included twelve different
groups which meet anaually to discuss a wide vacety of problems in the
freld of medicine and the closely related disciphines” Our plan is to dis-
continue the meetngs of each group at the end of five years.

In order to shate with a wider group of investigators and students
the essentral quality of these conferences and to give others an nsight
1nto the functions of the scientific mund, the informal nature and tempo
of the discusstons, as far as possible, ase preserved in the published trans-
actions

FRANK FREMONT-SMITH, MD
Medscal Director



INTRODUC'I‘ORY REMARKS

Ragan | think ¢ Might be Mictestng 1o hear whar eacp, of you
B thmkmg and domng, and [ shapy askh Df Ngevine ¢ begin the prg.
Ceedinpg
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furse, by Stilizing hxsmchemlml ‘Mmethods, Which, 55 Ve know, are crude
at besy are ajsg attempring g Study the changes 1 the densuty of
Stlagingyg matri by, hxstoradmgraphy, Which, g5 y have

Ore, 45 5 Very usefy] toof 1n hlsmchcm:srry, and n some Bstances hag
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shown us that certamn histochemical methods have been rather mis-
leading.

Because these rats develop both osteoporosis and aneurysms, we feel
that this disease 15 primanily one of the connective tssues Dr J )
Lalich, 1n our department at the Untversity of Wisconsin Medical
School, has been attempung to determine the amuno aced patterns i
the aorta of control and treated rats, and he belteves thete is a difference
1 the tvo groups which suggests that there may be some basic distut-
bance at work

Ragan  Is Dr Lalich studying serum?

Angerine No, only tissue

Ragan: Which ussue?

Angevine  He has been working only on the total zorta, but plans
to do studies on the skeleton later on.

Gyorgy. Does he use hydrolyzed protein® What do you mean by
amino acids?

Angevine He 1s wotking with an extract of the entire aorea, and 15
attempting to obtam a paper electrophoretic pattern on that In
ather words, he has not attempted to break it down 1nto various com-
ponents

Gyorgy How does he obtain the ammo acids?

Angevsne They are hydrolyzed.

Ragan- Is thus done befote the rats are put on the diet?

Angevine These diseases were produced in young rats, 1 was done
after they have been on the diet for about three to four weeks

Ragan. Before they developed the aneurysm?

Angevine Yes If kept on the diet, chronic changes may be pro-
duced, which take abour twelve to fourteen weeks.

One of the reasons we have been especrally interested 1n thus problem
15 that Dr Frank M Strong, of the Department of Agricultural Brochem-
1stry, at the Unwversity of Wisconsin, has been successful in isolating
from the sweet pea the toxic factor which produces the lesion All 1
can say at present s that 1t 15 a dipeptide and tha we probably will be
able to find a simular substance on our chemical shelves

Gyorgy Is the dipeptde admnsstered by mouth, or by 1njection?
Ang We have ad ed 1t by mouth. Dr. Strong (2) will
report at Atlantc City in April, 1954, on the exact nature of the sub-
stance
Ragan. What do you use as your end point’

Angerse: As to production of a lesion?

3
Ragan Yes, the aorttts, ot the osteoporosis .
agan 1€, U T e e 2 2T T e these
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(hanges, which are very dcimtre, the vertehr,) olumns of these paes
almose resemble the letter g they become 0 deformeq As far a5
“e know, the Calcum gpg Phosphorys metabolysm, and the caleum
Phosphogyg FA10 of the pon. ash, are hormal, o ye feel thay the defecy
'S probably the onnecrye USSue  There are definye changes ,, the
Gartilage, have sene Sections g, Dy ollis, p Gmnwllc

Anett, and p, Bure Wolbach. 10 see whyp they thpk of the patho.
logical changes, which haye not been very welf describeq

Ragan | thoughe Ponsey; (1) dd faely conclusive studtes g thar

Angetine He described the changes | the bone, which Anjone can

it ak 7 Id

System, 2 0 fa
Meyer- 1 t10ughe thay Ponsery's Paper in the Amterscay Journyy of
Pat/;a/og) fated thar 5) the ¢ A0ZEs 1n the fervoys gy, 0, O 1 he

Angeryy, I do not think ¢y, is so

agan Thete 15 S0me duimm of OPtuon on thay

Gjargy Clm:ca“y, 1 must be differen,

Angersy, Thag s nighe Ve bBave dope 2 few Myelogramg and haye
1ot been gple *0 cOrroborage 1, further Studies gre fecessary vy are
pnncxpally Oncerned a4 10 why thee changes occur very early 1 think

t 5| ation

Ragan They are ma)nourmshcd Tars, are they fnot?

N8t e That s an INteresting pont, Dy Ragan, they are not maj.
Rourished 1ats unny e chronye Stage 45 feacheq
847 How about the Weight gan s
Anges e There 4 00 markeq change weighe, they are fan
heahhy tats
4Lan" Oyys were also healzhy rats, bhyr they hag 0T ganeq Mmuc
:exghr. They were sull ver, young rayq when they were Put on ¢h
e,

Angersn, Excepe for Toughness of the hayr, the only change o the
appearance of the £28s 15 thay they are shorter because of the vertebr,y)
olumpy deformauon

Meyer When do you stare {eedxng them>

Angersne We stary at aboye three o four weeks They are very,
Young 50 0 stary with and have fontnued ¢ use some of them for
aboy eight ¢ go Months
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Ragan We do the same.

Angeveme Our mierest in this work has been largely because of the
fact that the toxic factor has been isolated, which I think may help us
to understand some of these condrtions.

I shall mention brefly a few of the other things that are going on in
our deparement at the Untversity of Wisconsm, I am not the one who 15
domng the work, and that is probably why I 2m not answering all the
questions Mr Don Churchill 15 investigating the alterations 1 the
ground substance of the central nervous system duning injury. People
have described the ground substance of the central nesvous system, but
very little attention has been paud to it during injury Another impor-
tant current project 15 that which [ discussed 1n some detail last year
1t concerns the muscle funcrion and structure in relation to enzyme ac-
uvity, on which Dr J W Harman has been working.

Ragan Whete 1s the ground substance of the central nervous sys-
tem?

Angevsne  In young animals 1t is diffusely located between the nerve
fibers, and there 15 a considerable amount of 1. When the aniumals ate
fully developed, one sees far less The bulk of it, of cousse, as one would
expect, 1s 1n the menmges, and 1n the pervascular tissues or blood ves-
sels

Ragan Is 1t metachromanc’ Is it PAS-positive?

Angevme Yes, it 15 We have been able to confirm the work that
has been reported from Dr Dempsey's laboratory (3) We ate chiefly
concerned now with what happens duting injucy, racher than with the
fact that 1t 15 sull present

Ragan- Does fibroplasia follow injury in the central nervous system?

Angevine We haven’t enough evidence to answer that guestion

Ragan Dr Travell, will you conunue’

Travell As you know, we have been studying mechanisms of pan
ansing n myofascial ussues This 1s also the work of a group,* and 1
wish to mention especially the collaboration of Dr Seymour H Runzler,
of Cornell Umversity Medical College, Dr. Hyman l?zkst, of Bed}
Istael Hospital, New York, and more receatly, Dr. Isidore Stein, o
Coney Island Hospreal, Brooklya.

We have been concerned mainly with three questions: Fust,“whaf 15
the nature of the peripheral focus known as the “trigger area, which
medsates pam smpulses from the musculoskeletal structures, and main-
tains a contnung pain cycle? The second question 1s, what are the

ossah Macy, Jr Founds

*These investigations have been supported (in pare) by the Jouh Macy, 15 Fou

T nd the Noarianal Heaer Instirute of the National Insututes of
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relationsh:ps of myofascr) tigger mechanisms oo PUn teferced fron,

Iseased viscer, And the third question 15, ghyy 1s the mechan;sm by

{or 2 brief application of o fapidly coof.

IRE $pray such as ethy} chiorde of 2 Muxare of freons) interrupts theo
s

Wich fespect to the fuse QUCstion, the nature of the Lrigger areq, o
have Cfcountered o Mumber of Misconceptiong 45 0 What 15 meyn, by
the term “ttigger area” For the benetic of QUL Visitors whe have nog

Amully, A trigger aren 45 Physical Sigh g discovered on physicaj
t'xnmmanon, and g5 Presence 15 revealed three things, farse, -
Cumscribed, deep tenderness, with g lowered deep pain threshold g5
Measured by the algesxomemr, secondly, 4 localizeq twirch of fascieyly-

Pable ang a visible sign, and thirdly, ¢he descriprion by the Pattene
of the Aprearance of Pam ar a distance from the tr1gger areq, when thys
S sumularad by Pressure

O
case of g Tepresented ag €4 of vasodilaton
ur fmdmgs have shown tha, when the needle thermomuple 15 1.
Serted ingq 4 TIBger area, the temperature appears o he elevated, s,
the 1y Teadings during the fiest 15 ¢o 60 seconds 2re highey than the
r
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contraction of that portran of the muscle which contains the trigger area
and which appears to be i spasm

Ragan Do you obtain action potentials in the muscle?

Travell The patient feels tense to palpation  We have not been
able to run any electromyographic recordings simultaneously with our
temperature recordings We had formerly made 2 few observations.
using surface electrodes, and there appeared to be a continuous small ac-
vty at the site of a trigger area. We did not think a needle electrode
would be satisfactory for recording, because the mmute a needle is -
serted squarely into a trigger area, 1t disappears

Fremont-Smith When you put a needle into the trigger zone, do the
surface recording action currents disappear?

Travell We actually have not done that experiment, We were sim-
ply comparing demonstrable trigger areas with muscle areas that were
not tender and contarned no trigger areas

Ragan We have done work on rheumatord muscles, with flexion
contractures; when the jornt 1s not extended beyond pain limits, but stl!
with a flexion contracture, there are no action potentials tn the muscles
It 1s only when 1t 1s extended beyond pain hmuts, and the patient starts
to have pain, that the action potentials appear

Travell Wouldn't the stretching of the muscle increase the inter-
nal pressure within the muscle?

Ragan- 1do not know These muscles are presumably 1 spasm, be-
cause there 1s a contracture which holds them in flexion, but they are
not 1n spasm as far as actual elecerical potentials are concerned

Fremont-Smuh  Unul they ate stretched to the pam pome?

Ragan  Beyond the pan point

Travell Observations have been made on painful muscles thought
clinteally to be in spasm, m which no action potentials were demon-
strated Harell (4) discusses this question.

Ragan A muscle cannot be 1 spasm «f 1t does not have an electrical

potential, can 1t?
Travell Tc can resist stretching, bur 1t may nor contract actively un-

til then

Fremons-Smuth 1t 1s a question of the defimtion of “spasm.” If we
define 1t as something which does have electrical potentials, then ob-
viously the absence of electrical potentials eliminates spasm I am 1n-
clined to agree that 1f we do not have action potentials, 1t shoulfi not be
called spasm  But I think 1t 15 ouc use of the term that leads us into this

kind of didficulty. . .
Ragan To me, at Jeast, spasm meangys ng active, and of we
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Holbrook. But you're beating around the bush there. These muscles
are shortened
Travell. They will not stretch
Holbrook* That s the pomt.
Ragan. That s perfectly true, but they are sull not 1n spasm
Holbrook. Of course not until they are pulled But they shorten.
and then when they are pulled they go 1nto spasm  But they will un
dergo progressive shortening without spasm I agree with that
Travell- While at rest, they would not necessarily show action po-
tentals
Ragan. But then, by that definition they are not 1 spasm
Holbrook. Of course not
Travell. They do nor go into spasm unul they are steetched or
ouched with a needle, which actually nstiates a ewitch or a localized
contraction of that portion of the muscle
Ragan: That happens to any muscle when 1t 1s touched with a
needle
Travell. No, 1n our expetience 1t does nor  We msert a needle 1nto
many muscle areas and nerther induce a muscle contraction, nor set
off 2 pamn sensation Thete will be no change in the level of the muscle
temperatare from the mueal resting temperature, unless perhaps there
may be a slow, slight rise probably due to hyperemra of ussue myury It
15 surprising how many areas 1n healthy muscle can be riddled with nee-
dles, without complaint from the patient, and without anything happen-
mg
Fremont-Smuth When you insert 4 needle into normal muscle, have
you ever observed whether you do or do not evoke any action currents?
Travelf We were not pnmartly studying normal muscles
Fremont-Smith> Was your work done with action currents, Dt
Ragan?
Ragan  Yes, using an electromyogtaph
Travell Of course, when normal muscles are njured by a needle,
we do not obtatn a localized contraction of the muscle, as we do when
we touch a tnigger area
. Fremont.Smuth 1t may be, again, a question of what you mean by
coatraction ” You may mean a fasacutation of a group of fibrls, and
Dr Ragan may mean an electromyographtc evidence of muscle ac-
tiviry
Ragun  Exactly, any ume we imsert a needle into a muscle we are
damaging 1t, 1n my opinton
Travell Yes, but that may not 1nstiate a gross muscle contraction
Ragan  I'm talkung about electromyographic evidence, or an action
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Ragan: What does ergonovine have in it?

Travell* Ergonovine maleate is a syntheric alkaloid relased to ergota-
mune and other ergor atkalows, Brgonovine, however, does not produce
the tachycardia and the rise in blood pressure which accompany the
injection of ergotammne

Figure 1 shows 2 study on a patient who had angina of effore. A
dose of 01 mg. of ergonovine was injected steavenously, and within
one minute depression of the ST segment was evident in Lead I At
the same time, pain appeared m the elbows and in the neck, the same
areas where the patient developed pain on walking. After about six
munutes, ethyl chloride spray was applied n sequence to the different
pain aress, and for cach one 1n tuen, pain disappeared within Bl
seconds On the other hand, the 5-T depression persisted. and even io-
creased unul nutroglycensn was gwven. Oaly then did the elecerocardio-
gram freturn to normal,

Figure 2 illustrares what happens when ethyl chloride spray is applied
before the ergonovine is injected. In the first or control ergonovine

P TEST [, we
S 54 -ercoNoving .
. 0.2 mg. TEST 2.0 o
d> 15
o0 10
8% os Ny R g
P t £
@ o 2 4 8 0 iz 8
NITROGLYCERIN TEST )
E )5\"€HNUM LEFT CHEST
H ANG SHOULDER
2 4 6 B8 10 1z W
(~ETHYL CHLORIDE TEST 2.
PRAY
2 s NITROGLYCERIR
z i
£ i
2 4 6 8 10 12 4

UINUTES

. hlande (Test 2), on etgonovinen
e 2 g o o v vt e 10 2 LR
A E, 4 Glyearold = c ey ST dharee, ve
pot tnfluenced by e ¢, W v T L B
Bakse, H, Wenstes, § & =~ . o - o o ahlonde
spray on ardiat pa . H wom e e o
(1934}
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test, chest parn and S-T depression both appeared 1n about one minute
Nitroglycerin was given in two munutes, and about theee mmutes Jater
the electrocardiogeam was normal and patn dssappeated In the secand
test, which was done 2 week later, no pain appeared after the ergono-
vine injecuion, which had been immediately preceded by application of
ethyl chloride spray. Nevertheless, the electrocatdiogtam became ab-
normal in one minute after the ergonovine, and remained abnormal for
as long as twelve minutes, when the 5-T segment changes were reversed
by futroglycerin

During the first test, the areas in which pain appeared were noted
Then at the next visit, just before the ergonovine was njected, each of
these predicted pain areas was sprayed for one to two minutes with
about s1¢ sweeps of the ethyl chloride spray, covering the enrire skin
area once or twice The effect on skin temperatute produced by a single
sweep of a rapidly cooling spray 1s shown 1 Figure 3 Sometimes we
used ethyl chlonde spray, and sometimes a muxture of freons with
similar physical properues.

ETHYL CHLORIDE ~—FREON

TEMPERATURE

PSP

s 2z &« 6 & w
MINUTES MINUTES
PIGURE 3 Bffece of tmo single sweeps of cthyl chloride, and t%o of & freon mixture,

" temnerature of skin surface, s recorded by an ion ronstantan thermocouple (Leeds
20d Northup Speedomax ) Temperature 13 recorded at 16-second intecvals
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The ergonovine angina was not always completely prevented by prior
application of the spray. Figure 4 shows that {n one patient prios spray-
ng of the back, sternum, and shoulder, with ethyl chloride caused 2

> mm |- ERGONOVINE TEST ) o—e
2 « 254 0.z2mg. resT 2o o
8>
Ea
Lo
-
"
I3
"

z

£ BACK, STERNUM

& LEFT SHOULOER

ETHYL :
oHlomibE  NITROGLYCERIN Test 2,

z SPRAY 14

o

& BACK

STERNUM
6 2z 4 6 & 1o 12 14

MINUTES
FiGuRE 4  Fftect ot pror spraving wich ethyl chlonde (Test 2 on rri:nnv‘ll{l;‘
taduced patn and §-T depression, as compared with effect of ergonovine slone (Test 1),
1w A P, a T0yearold emate " Onset 6f pain was delayed, while electrocardiographi
changes were not 1nfluenced by the spray.

five-munute delay 1n the onset of pain, although the changes in the
electrocardiogram progressed just as 1 the control test with ezgonovine
alone Both pain and ECG changes were terminated later by nitroglyc:
erin. The actual electrocardiograms taken in rhese two tests ate shown
i Figure 5. ft may be seen that the §-T segment was depxc’ssed o about
the same extent after the dose of ergonovine, whether or not the spray
was apphed.

Ta}?l;; I summarizes the results to date of the conttol procedures aad
the ergonovine tests 1n relation o the application of 1}3: spray. Exg:;:g
vine by itself evoked pamn in all the tests, togethes with efectroca e
graphic changes. Contsol injections of saline were 'enmely nelga l[&-
Nictoglycerin, gven sublngually juse before ergonovine, as 2 rule pre-
vented both the pain and the electroc diographic changes, p
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[

. o - e .

CONTROL

| NiTRoGLYCERIN
ATBMIN

4
'
i
l
1
i
1
h

ERGONOVINE NITROGLYCERIN
ATOMIN AT 6 MIN
FIGURE 5 Electrocardiograms showing effect of intravenous ergonovine on ST seg-

ment (A} without ethyl chlonde spray, and (B) with prior application of the spray, 1n
the tests illustraced 10 Figure 4

TABLE [
Influence of a Rapidly Cooling Spray (Ethyl Chloride or Freon) on Pan and

Electrocardiographuc Changes Induced by Ergonovine 1 13 Pauents with Effort
Angina and 2 Normal Electrocardiogram

Number Number Number Evoking
Procedure of Evoksn;
Tesws [ ECG Changes Pun | No Pan
Ergonovine® alone ) 15 15 [
Ergonovine preceded |
¥ cooling spray 5 15 6 9
Ergonovine preceded U
by nuroglycern 14 2 1 13
Physiotogical saline* 14 0 0 14
Erco tloned \ Paia Relief
novice fallos.
¥ tooling sprayt ;o 12 12 { Tl 19

1Spray apphied after pain and ECG changes had appeared
Tnjected tntravenousty
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ed pain areas, pain failed to develop at all after ergonovnie mn the ma-
jortey of cases, that 15, m 9 out of 15 tests (G0 per cent); in the other
6, pain was delayed in onset, or reduced in intensity. Thus, standardized
cardiac pain was blocked by altering the flow of afferent 1mpulses from
the somatic reference zone, even while objective signs of cardiac dis-
order persisted in the electrocardiogram, It seems mose likely that the
blocking of pam results from a counterirritant action of the spray, and
an alteration m the central excitatory state,

Ragan Dr Mirsky, would you like to discuss the effect of cortisone,
ACTH, and Compound F, on peptic secretions?

Mirsky: 1 should like 1o discuss the statement that the admmstra-
tion of ACTH, cortisone, or Compound F, in the treatment of a variety
of chinical states, results 1n an ulceration of the gastrointestinal tract.
The impression has been given that 1t is a universal response to the use
of these drugs.

In 1949, we presented some data (8) to indicate that when patients
are exposed to a variety of noxtous stimuli, an increase in gastric secre-
tion, as measured by pepsinogen excretion mn the urine, may occur in
some of them We postulated that perhaps the secretion of ACTH
played 2 role 1n that phenomenon. Very shortly thereafter, a setses 'of
papets began to appear 1n which evidence was presented that the admin-
sstration of ACTH, or adrenocortical hormones, resulted in an m-
crease 1 pepsinogen excretion and in gastric secretion It is now fre-
quently stated that acuvation of the adrenal cortex can cause a reacti-
vaton of ulcers, or the nrtiation of gastric and duodenal ulcers

In a random study of pauients who had received ACTH, corusone,
and Compound F, we could find no diff es between the pep
of the blood and urine as compared with a group of patients who bad
not recerved these compounds More recently we studied the effects of
ACTH, corusone, and Compound F, on the blood and urinary pepsino-
gen of a sertes of healthy subjects After a "comml." pertod of fmx:{l
12 to 28 days, they were given the hormones for a 'sxmllar period and
then followed for an addironal “post-treatment™ period. We found no
difference between the data obtaned in the period during which t:e
subject recetved hormones, and that obtained prior to, and after, the
admunistration of these hormones.

Ragan Dr Meyer, would you like to continue? o

Meyer 1 jotted down a few ponts on problems we are x\;oxklgi; ms,
and naturally I do not have to tell you that they are Chemlcﬂ[ prol de “:
First, we have now more or less determined the structure ol d:ed I:nd
charide, produced by bacterial hyaluronidase fﬂ;’m hyaluronic 2ad,

. letely desulfated ct sulfate, It repre-
om the partly or «
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sents @ new type of carbobydrate which 15 produced by all the hyalur.
omdases of bactena that we have mvesngated The disacchande pro-
duced by these bactenial hyaluronidases from byaluronic acid 15 com-
posed of an unsaturated uronic acid and hexosamine. The hexosamuae is
the reducing end, and 1t 1s N-acetylated After hydrolysis, the hexosamine
15 1solated and has proved to be D-glucosamine, The vronic acd 15
denived by splitnng out {from the ongmal glucuronic acid moiety the
elements of warer.

We assign the following structure to the compound (Figure 6) The
double bond 15 between catbon 4 and 5 It absotbs in the ulteavioler ar

OH
t

H~C H—C
H—(l:—-*OH H-‘('Z*NHAC

I

mo—c—st | O——C—H o

H=-C H~ ?—OH

]

d H—C

] |

COOH CH,OH

FIGURE 6  Bactenal dusacchande

235 1w, and takes up one mol of bromine and two mols of hydrogen
on catalytic hydrogenaton, with palladmum catalyst and yields on ozo.
nazation oxalic aad.

The notmal repeating unit of hyaluronic acd has been shown by
Wesssmann and Meyer (9) to be S-glucuronido-1-3 Neacetyl glo-
cosamine, which 15 polymerized n a straight chain presumably also
w2z 1-3 glycosdic bond  Animal hyaluronidases hydrolyse these hexo-
samundic bonds yselding the normal disacchande, N-acetythyalobmronic
aad, and mulnples of this disacchande Since bacteria) hylaurondases
yield only the unsaturated disaccharide, we have to conclude that every
shucosaminidic bond broken feads to a modified nonreducing end-group.
We are anempung to find our whether this unsaturated glucuronidic

. 8roup occuts in nature,

We ate also wosking on other structural problems, One graduate
student has been working on the strucrure of chondrosin, the deacety-
lated and desuifated rep unit of chonds sulfate of cartilage,
and on the sulfated N- lared compounds produced by d-
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gesuon  We also are conunuing work on the nature of the mucopoly-
sacchacdes produced by different mesenchymal tissues We have start-
ed to work on bone and hope to obtain some informaton on calcrfica-
on. In the same program, we are collaborating with Drs. H. Grossfeld,
J Decker, and G. Godman, of the Department of Medicine and the His-
tochemustty Research Laboratory, Columbra University, College of
Physicrans and Surgeons, on the nature of the polysaccharides produced
by mass ussue culture, and hope to study enzyme systems involved
the synthesis. Another project 15 a collaborative study on the macco-
molecular structure of hyaluronates as determined by phystcal means
Dr. B Blumberg, Fellow of the Atthriis and Rheumausm Foundation,
1s working on this phase of the problem.

We are also working on a fractron which we call the hyaluronic aad-
hike fracton, ssolated from cornea Similar fractions probably are pre-
sent in other tissues. Thus fraction turned out to be chondroitin  This
was shown by rsolation of the aminosugat, which proved to be chon-
drosamune Chondrortin behaves 1n every respect like hyaluronate, it 15
hydrolysed by both testicular and bacterial hyaluronidases at a rate
rdentical with that of hyaluronate. ‘This 1s of some importance since,
histologically, fractions have been identified as hyaluronate on the
basss of thetr hydrolysis by streptococcal hyaluronidase. The presence
of chondroitn that the carbohyd skeleton is first poly-
mertzed, and afterward sulfated This problem 15 of great imporeance (o
the understanding of the results with radiosulfate, The experiments 1
wvartous laboratories have shown 2 rapid incorporation of sulfate, and 2
relatively rapid turnover of organic sulfate, So far as we know, this, 10
the absence of a sulfatase which 1s capable of hydrolyzing the carbo-
hydrate sulfate esters, speaks very strongly for the above hypothesis
Hawever, 1t would be futile, at this stage, to speculate on the problem.

Ragan. Dr Gyorgy®

Gyorgy At present, I am concerned with a problem which s related
to our topic only from the chemical pornt of view. I am wnterested, name-
1y, 1n the mucopolysacchanides Iam 2 pediatrician and L have been. inter-
ested 1 human milk which 1s the natural food for the human infant,
whereas cow's mulk is for the calf. T found a microbiological growth fac-
tor 1n human mulk which 1s practically absent from cow’s muik, which
contains, on an average, approximately 1/40th of the amount present i1
human milk This growth factor belongs in the group of muccpol)l';
saccharides, ranging from polysacchdrides down to relatively sma
oligosacchartdes.

ioxs quite a spectrum which goes down from the blood subsmn;:
to these oligosaccharides in breast milk. That Jed us, of course, to t
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study of their chemistry and their biological nutnitional role I probably
could not give you one per cent of the findings today, but I shovid like
to point out a very few salient facts

This microbiological growth factor 15 found 1o human mulk, and i o
much larger quantity in human colostrum It 1s found ¢ven 1n the
cow’s colostrum, yet st 1s practically absent 1 late cow’s mulk. In fact,
in many ammals 1t 15 usually present in much larger amounts i eatly
milk than in late milk, In human mik, 1t remains on a relanvely high
level, and ss also sull hygher in the colostrum  The growth factor 15 pre-
sent in gastric mucosa, duodenal mucosa, and n gastric muan. There
cannot be any doubt about the onginal assumpuon, perhaps completely
proven by Glass (10), and more recently by Latner (11), that the
murinsic facror 1s part of this group of mucopolysacchandes with high
mucrobiological acuvity

Furthermote, the same substance 1 nutnitional dietary studtes wil
promote the growth of animals, when given as a supplement to a diet
low 1n protein In addition, 1t has hipotropic activity, and will also pre-
vent dietary curthosis This 1s especially interesung in relaton to the
world-wide problem of malnutriion, which 1s perhaps the paramount
public health problem in the world at large

Low protein sntake 15 a major canse of protem maloutrimon 1n trop-
1cal countries Human mulk 1s very ow in protein; 1t contans about I 2
per cent. Therefore, 1t 15 difficult to understand why human mulk 1s one
of the best p: for protein mal Although 1t has the
lowest protein content of any mulk, nevertheless 1t will sull, without 2
doube, prevent protein malnutrition 1 am now working on the hypoth-
esis that these groups of mucopolysaccharides, and related sub
ate able to spare protein

Finally, the same group of polysacchanides, oligosacchandes, disac-
charides, ot carbohydrates, with a not quite well-determned structure,
are somehow apparently related to antuviral acuvity They have this
activity, (as we have also shown for fractions obtained from human
milk) by mnterfering with the growth and muluplication of the virus
within the cell. It seems obysous that this will open—perhaps optimus-
tucally speaking—quite a farge field of namral resistance, 1f we may call
1t that, or at least resistance imparted by nutrition

As I mentioned eaclser, this 15 related to the connecuve ussue freld
only because 1t opens up very wide, and hitherto neglected, field of
chemical compounds, with which modern medicine will have to deal,
T beheve, during the next decade

Meyer T think there 15 a closer relacion between the work of your
Broup and connective tissues, Dr Gyorgy [ should like to remind you
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of the N-acetyl glucosamine-galactoso-sulfate mucopolysacchanide re-
cently described by our laboratory. Then there are hexosamine.galac
tose complexes which, combined with lipids, are probably constituents
of all cell membranes. Further, some of the serum mucoid fractions
contain hexosamine, galactose, mannose and fucose. Recently, a paper
was published from Leblond’s (12) laboratory 1 which, by paper
chromatography, galactose, glucose and fucose were shown in digests
of reticular tissue Unfortunately, no quantstative data wete reported,
but 12 seems likely that galactose, posstbly combined with hexosamune,
and perhaps mannose, occurs as 2 mucoid 1n connective tissue, just a5
Masamune and his group (13) 1n Japan have long maintained,

It seems to me extremely interesting that the disaccharide umes you
described are growth factors Do you believe that these units start the
process of polymertzatton to polysaccharides in the tissue?

Gyorgy We are a little far away from an answer at the present time.
Unguestionably, the galactc N c Tomm e
charide appears to me very
systems under consideratior .
kind of prosthettc group, with cthe difference chat (¢ may polymerize,
which would be unusual for other prosthetic groups. But the disaccharide
that we found, and which can be synthesized enzymatically, is the most
active microbrological growth facror for the special strain we are work-
ng on, and therefore we call 1t the basic unit

What 1 the long run et will mean, I do not know I kaow it 1s not
produced 1n the liver, because the liver 1s very poor m this mucrobio-
logical growth factor It is pracucally free, I should say. Only goblet
cells produce 1t, we found that where goblet cells exust, this growth
factor 1s present The circulatng serum, mucoprotein, 1s not active as 2
microbtological growth tactor, perhaps because 1t lost 1t through poly-
merization, ot by complex formation The ptoper protein of this very
unusual disacchande, containing acetyl glucosamine and galactose in
the higher molecular compound, sull has to be elucidated Buc 1 think it
plays a very smportant brological role.

Meyer You do not know whether the dssaccharide occurs in phos-

phorylated form*

Gyorgy Weare working on 1t My onginal 1dea has been that since
1t 1 present 1 human mulk, which has the highest lactose content of any
mulk, 1t might have to do with the metabolism of galactose and lactosi
Therefore, 1 have been thinking of Caputto and Leloir (14, 15) 2n
their coenzymes But we do not fiad any urdine phosphate hewsn{nlﬂtf‘
1 mulk, and we not know whether they are interrelated We find it, o
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cular weight of 200,000 is utilized as such, I would make very sure
that such a substance s not hydrolyzed by the bactecia.

Gyorgy I just have not yet found the condition, although I have
tried many things.

Holbrook: Dr Gyorgy, you saud that thus substance was forty umes
as concentrated in human mulk as in cow’s mulk, did you not?

Gyorgy Yes, 1n late cow’s mulk, not in cow's colostrum. Colostrum
1s much richer, but human milk 1s sull four tmes as concentrated as
cow’s colostrum,

Fremont-Smith And how about human colostrum as compared
with ordmary human milk?

Gyorgy Three ttmes, on the average

Angevine It would be quite possible to examine a large series of
udders from carle, m varous stages of disease and milk production
One of our graduate students, who was working with Strepm;o:;zu
mastitas, did many biopsses, and then there was another group working
on the breast during varsous stages of pregnancy ’

Gyorgy. Meconum 15 an exceedingly rich source of this so-called
brfidus factor.

Fremons-Smth: In the newborn?

Gyorgy Yes, which of course 1s teleologically very exanng and at-
tractive, because of the physiological intestinal habuts of breast-fed in-
fants. Mecontum 1s the first medium, so to speak; it is the culture med-
wm whych acts as a lure In addition to the meconjum, the first bactena
which 1nvade the intestine are Clostridia, which appear during the first
few days. Clostrsdum contamns an enzyme which will break down
meconum 1nto an inactive state, but meconium contains an inhibitor
which restricts the action of this enzyme, Teleologically, thus mhibitor
1s exceedingly umportant, becanse with it the Clostridmum canfiot fdo
anything to the mecontum, and the growth-factor remains available for
Lactobacillus bifrdus, which invades the intestine ar a Jater date

Meyer The meconum contains not a disaccharide, bur 2 poly-
saccharde

Gyorgy Yes, that 1s right 5

Ragan Dr Sinex, would you care to continue the discussion .

Siex  As you know, collagen contains two unique ammno a,:fds,
hydroxylysine and hydroxyproline At the present tume, we axrae “;:;d :zg
on the synthesis of the hydroxylysine maiety of gollagen. yIed h‘?
rats C'tlabeled lysine, we have been able to 1sol'ate Iabel d Jc
droxylysine. Figure 7 shows some of the relatonships that we
thinking about 1 respect to hydroxylysie and hydroxyprofine. Lysine

Lysine, proline, and hydroxyproline are constituents of the dset. Lys
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has been recognized many times in chtomatograms of the free ammno
2cids of vartous tissues While less prominent, prolme and hydroxypro-
Iime (16) are also present We have found the recently described
method of Jepson and Smuth (17) useful for detecting hydroxyprolue
on papet chromatograms of ussue filtrates. Free hydtoxylysine has never
been observed Gordon (18) and Astrup (19) have found the O-phos-
phate ester of hydroxylysine m certain ussues of adult and embryonic
ox, but the sigaificance of these observations to the question of col-
lagen synthests 1s abscute Callagen contains no phosphate.

Mrs Sterten (20) has studsed the synthesis of hydroxyproline, using
N'-labeled ammo acids She first observed that prolme is formed
from ornithine She then made the rather surprising observation, that
while the hydroxyproline of collagen can be formed from dietary pro-
line, labeled hydroxyproline, when fed to rats, did not appear in col-
lagen Dr Stetten felt that her data could be incerpreted as indicating
that hydroxyproline was formed in the collagen molecule after the pep-
tide bonds were formed In respect to hydroxylysine, we have just com-
pleted the first phase of the experiments, and have found that hydroxy-
lysine may be derived from dietary lysine. ‘There 1s at least a superficial
resemblance berween hydroxylysine and hydroxyproline, as can be
shown by a somewhat distorted structural formula

Of what significance are hydroxylysine and hydroxyproline in con-
nective tissue? We do not know The fact thar these amno acids are
unique for collagen may mean that their synthesss 1s an integral part
of the synthesis of the collagen molecule, and that the rate of this
synthests may markedly mfluence that of collagen.

Ragan Dr Krog, will you tell us something about your work?

Krog For the last four years, I have been working m Alaska with
the United States Public Health Service, where we have been concerned
with the adjustment of man and animals to life in a cold chmate. 1
personally worked on problems relating to the control of body tem-
perature We found that Eskimos have warm feet and han.ds because
they know how to protect themselves by appropriate clothing Many
antmals, however, we have found have rather cold extremuties, some
parts of them are at times only 10° C above freezing Artic swim-
ming bieds sometimes have a temperatute in the webs pf theit feet wh£
approxumates that of the surtounding ce water. This raises the pr
lem of how so-called warm-blooded tissue responds to these lgw tem-
peratures, As far as I know, no biochemical or hlstf)loglcal studies have
been made, comparing these tssues with others which e know to have

been damaged by prolonged exposure to cold. ' .
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Travell. Wete these subc or surface temp , that were
10°C. above freezing?

Krog: We measured the temperature 1n the hoof gland of the car-
bow, 1t 15 2 fat gland that lies between the toes This was an attempt to
obtain 1 foot temperacure at the most distal pomnt that has some thick-
ness

Travell: How deep was the measurement made”

Krog: About 4 centimeters, so 1t would be at the central part of the
hoof

Fremont-Smuh: 1s it a lymph gland?

Krog. No; 1 do not know what the real function of 1t 1s Tt has been
suggested that 1t is a scent gland, whatever that means

Fremons-Smuth* Is 1t vascular> Wil it bleed?

Krog: No, not parucularly, I should say st 15 more comparable to
the tail fat glands of certain other animals Jt has a mtt of hair on the
surface, around sts orifice, and sts secreta are quite fatty

Travefl- 1s it sensinve to the needle?

Krog: No, not very. We used a very fine needle thermocouple which
I'made especrally for this study The thermosenstuve junction 15 lodged
within a 25-gauge needle, which sull s strong enough o withstand use
in the field, and at the same tme only causes a miumum amount of
tauma For subcutaneous measurements it is always inserted under
the skin for a certain distance, so as to reduce nfluence on the measure-
ments by condition along the needle

Ragan: Dr. Holbrook, will you make a few concluding remarks?

Holbrook T can only say a word about the work we afe continuing
10 do on the mechanism of the remission 1n theumauc disease, more spe-
atically, theumatord atthritts We have been intrigued for a long tme
with the relitionship of 1 y to the that occurs 10 a
very high petcentage of pregnancies in rheumatoid arthrins We began
to study the mechanism of the ammo acds in pregnancy, and that led
4 10 the study of the remissions in the disease after such substances
s cortisone, ACTH, and so forth, were avalable We found that the
atve theumatord arthrtic has a markedly decreased urmary excee-
tion of cereain amno acids, and a modesately lowered blood level, as
mpared with the normal person, also, that when remission occuts,
either by ACTH, cortisone, Compound F, jaundice, or pregnancy, there
B & very striking 1ncrease in the unnary excretion of several of the
amine acids, the most marked of which have been histidine, threonine,

irsine, and tyrosine We have been unable to produce this tremendous
increase in the urme without a remssion occurnng. We have tried
many nontemission substances, such as high protein diets, ammo acids
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feeding, testosterone, ascorbic acid, aspirin, epinephrine, and others,
without betng able to produce this pattern,

Smex Do you obtain plasma changes with those same amino acids?

Holbrook: Yes, we do The plasma changes are much less marked
than those 1n the urine The unnary output 1s 100 to 400 per cent in-
creased, whereas the plasma level shows a much smaller per cent nise

Mirsky How soon after the administration of the hormone does
the nise appear?

Holbrook It seems to occur about the time when the swelling be-
8ins to go away, as near as we can determine clinically, that is, at about
the fourth or fifth day This appears to be wholly independent of
whether the patient 1s 1 a positive or negative nitrogen balance.

Curiously enough, one substance, Compound B, will produce pro-
found metabolic changes without showing the slightest remission fac-
tor. The amino acd pattern is very curions m Compound B, 1n that
there 15 an ncrease m all the amino acids in the urine, without at all
the selecuve pattern which we see with remission We are now at-
tempting to study the metabolic pathway of these parucular amino
acds which have seem to be important mn the remission situation We
know some of their abnormal metabolites, and have methods now for
measuring some of them We do not know yet whether this has any-
thing at all to do with the remussion factor, except that so far we have
been unable to reproduce this patrern without the remisston

Simex ‘The concentrations of the plasma amino z2cids do not vary a
great deal in pathological conditions The regulation compares very
favorably with that of blood glucose. A lot can be done here, and 1t
supplies a very frurtful field for investigation.

1 am wondering whether you considered nephrosis at all

Holbrook Yes, we have done some treatment of nephrosss, of
course, as everybody has, with the steroid compounds and ACTH.

Stnex Do you notice anythmg unusual about the pattern of the
nephrotic plasma?

Holbrook 1 cannot recall that we did. Do you mean following
the treatment with cortisane or ACTH?

Sinex: Just to begin with — taking the nepbronc syndrome.

Holbrook They ate all low.

Smex Did you observe a cnisis, to see whether, in that case, they
dropped further?

Holbrook~ No

Simexs Were these done by paper chromatography”

Holbraok- No, all of our determinations were done by

Jogical methods.

microbio-
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Ragan: 1 have not called upon the people who ate to guve their talks
in desal Jater on 1 should ke to say also that T am sorry we shalt
not have ume to discuss the disorders of the connecuve tissue which
ate congemtally medicated, such as ostcogenesss umperfecta, van der
Hoeve's syndrome, and so forth, which might be 3 rather franful field
of study for one phase of connectve nssue growth I know of one ex-
penimenter who 1 approaching  from a geneuc and pathological point
of view, parucuiarly with Follis® (21) sdea thar m osteogenesis im-
petfecta, the derangement in osteord may be due to a defect 1n the
osteoblast We ate also working, as 15 Dr Angevine, on lathyrism,
but from a somewhar different point of view I agree with what be
has sud And I do not know whether Dt Holbrook agrees with this,
but we have finally become convinced that theumatoid arthrs s 2
vascular disease, 10 1ts primary lesion.

Holbrook. T would nor agree or disagree.

Ragan. Whether the primary lesion 15 10 the blood vessel, or i
the conaecuve nssue around the blood vessel, I am not sure We cer-
tainly have what 1 consider to be reasonably sound evidence, that at
feast the first lesion we see, 15 1 the blood vessel wall

Holbrook 1 dunk the chnical evidence for that ts also extremely
snkng We see young women with Ragnaud’s phenomenon, who
begin 10 have a hitle swelling of their proximal mterphalangeal jonts,
and therr hands turn white and blue Raynand's phenomenon and
rheumatoid arthritis are so closely related that I do not know how 10
tell them apart with certanry

Fremons-Smith  Ate you saying the Raynaud's discase is prmardy
a vascular condition?

Holbraok Not Raynaud's disease, but Ravnaud’s phenomenon
suspect 1t 15 a neurogenic disturbance mamifested 1 the vascular syszem

Eremont-Smaeh What would you say about theurnatoid arthnus? Do
you thiok it 35 ptimanly vascnlar, or 15 1t possibly neurogenic®

Ragan Suppose that 50 per cent of a gwven strain of snbred rars
will gotmally develop rheumatosd arthrits Then we frustrate those
rats and 100 pet cent develop sheumatord arthrins In that case 1
thiak that chere 15 some neurogenic basss for the conditon

Holbrook [ agree

Ragan But uani we abtan that result, we cannot expenment with
2 human besng, 3t 15 just impossible )

Airsky 1 beg to differ with that statement 1t 15 not scientfic 1o
bepn with and 1t s too dogmanc a statement to mahe about the aues-
tion posed What you can or cannot prove n the rat has nothine to
do with the question as it pertains to man  May [ ask you a question

P laad



34 Connective Tisses

that is more pertinent? What is the vascular lesion that you first ob-
served?

Ragan It is necross of the vessel walls, starting with the mntima.

AMursky. Is these any deposition of any of the polysaccharides?

Ragan: There 1s very ltle information on that,

Angevime Dr. Ragan, Is this a generalized phenomenon? Are those
changes also i the synovial membrane?

Ragan: It is the beginnung of the nodule.

Angevime, That 1s what I meant,

Ragan- That 15 about as far as we can go with the specific Jesion
1 theumatord arthritss.

Holbrook: Do you think it ts the same as that in lupus®

Ragan: No.

Fremont-Smsth: I suppose that one of our difficulties 1s the search
for a single canse Cur friends in the field of physics have taught us 2
httle bt abour muluple causality, Gestalt, or pattern, and this seems
to me a much more profiable approach When we are looking for
what we call a cause, can we find one of the several dimensions of
a problem which are essential to its manifestations? If we can tutn
off one of those dimensions, Dr Holbrook, we can stop the disease
For instance, 1t we roughly divide a discase into vatious predisposing
and precipreating factors, then if we remove these factors we do not
contract the disease. Take Raynand’s disease, for example: it must
have a predisposing factor which we perhaps do pot understand, but
precipirating factors mught be anxiety, exposure to cold, or the onset
of fever If we eliminate these precipitating causes, then we prevent
the manifestation of the disease.

Holbrook: I am mterested 1n that, of course, Dr Fremont-Smith, but
much less so than 1n a speaific mechanism at the site of the leston 1
have the conviction that when disease starts at this site, thete must be
a speatfic mechanusm which 15 the same regardless of many so-called
precipitating factors .

Fremont.Smuth, And that specific mechanism, according to my
frame of reference, will be an interaction between 2 speafic predispas-
ing and ptecipitating Cause or Causes.

Holbrook. It will be a simple chemical or enzymate action, prob
ably
Fremnnt-Smuth Dr. Holbrook, there 15 no reason why 1t has t0 be
simple, but, in any case 1t will be an interaction. Tt has to involve ali the
elements essential to the mamfestation, does it not

Holbrook: Yes, it will be the result of one or forty things.

Mirshy Perhaps Sy Thomas Lewis (22) put 1t well, when be
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talked about the etiology of disease and stated “When we inquire
snto the cause of a disease, we are often brought to consider a long
cham of relevant circumstances somewhere however, 1 the
chan there is a partcular evens, which s of cardinal importance to the
individual, since 1t may be said to have ser the chamn of events m
motion 10 hum ™ Jt 15 the “particular event” we usuafly refer to as
the cause, even though 1t 15 just one event m a sequence of events
‘The “evenr” becomes important because of what preceded 1t

Holbrook 1 am thinking of some enzymatc or chemical change,
at the cellular level, which produces, shall we say, tssue swellng, or
other symptom of rheumatord arthnns. 3f we could prevent the mech-
ansm from functioning at that point, then we would have no further
anxety about a sequence of events in that disease, because we would
have blocked 1t at the source

Fremont-Sputh  But of we block 1t at any point 10 the sequence, 1t 15
stopped

Holbrook We mught have o block twenty channels, perhaps

Fremont-Smuh, Yes, 1f there were twenty channels

Halbrook: Wheseas, tf we could block « az one pomne

Fremont-Stmth You mean the pathway where the disease 15 mam-
fested?

Holbraak Yes, that s the place to search

Fremont-Smsth 1 see 1t now

Alirsky: But even that, 1 question, Is there such a thing, even on the
molecular basis?

Holbrook. [ lke o think so, anyway

Mursky Is there a smgle factor that wil) cause 2 (linical syndrome
such as, let us say, edema?

Hotbraok Certainly

Marsky ¥ would disagrer with thar

Fremons-Smuth, One of the purposes of the free interchange we
have been having 15 to tap the resources of a group of people m a
way thar can never ke place 1 the asual scenufic meenng, where
people get up and make statements at one another 1 thunk thus has
heen a very nteresting discusston
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THE EXCHANGE OF MATERIALS BETWEEN
BLOOD VESSELS AND LYMPH COMPARTMENTS*

BENJAMIN W. ZWEIFACH
Department of Biology
New York Unirersty

INAsMUCH As the blood capillattes represent an intrinsic constituent
of the connective tissues, 1t 15 appropriate that consideration be given,
on a biological level, to the functional characteristics of the various
structural elements, the resultant activity of which makes up the hemato-
parenchymal barrier. The capillary wall, and its contiguous structures,
are nterdigitated into a versatile functional entity which enters mto &
wide spectrum of physiological and pathological processes. We are
dealing here with an extremely labile organic unit, the behavior of
which 15 so mtimately related to tts immediate environment that even
munor variations 1n expertmental conungencies have a profound effect
on 1ts operation This 1s a direct reflection of its design, since the ter-
minal vascular bed represents the sensory element of the circulatory
system responsible for the delivery to the tissues of nutritive materal,
mn accord with constantly shifting metabolic requirements. Subtle al-
terarons 1n the hematoparenchymal basrier develop 1 associarton with
particular fluctuations m metabolic activity, These range from pro-
cesses involved in its role as a semipermeable membrane in the ex-
change of fiurd and solutes berween the blood and tissue compartments,
1o those concerned with its participation 1n local defense mechaaisms,
such as blood clotting, and the snfileration of the nssues with lenkocytic

and bod, An adequat d ding of the fundz
mental processes mnvolved 1n these varsed facets of tssue homeostasis,
will depend 1n considerable part upon our ability to relate them 10
physicochemical changes 1n patticular structural components  The
bulk of our information 1n this regard is of necessity purely descriptive,
since our methods for the measurement of integrated functional pro-
cesses on a cellular level provide only relauvely crude estimares of
such delicate phystologrcal phenomena

pare by a grane from the Nattonal Heart

s were supported
$These St o S 1. Snd o mane from the Life lo-

Instrcute of the National Institutes
surance Medical Research Fun

38



Exchanges Betueen Blood and Lymph 39

Under notmal condations, the capillary wall acts as a sermpermeable

membrane, which permuts the free passage of water and solutes with 2
diarneter below approximately 100 angstroms, and with almost com-
plete ion of the formed el of the blood and the plasma
prore:ns (1), However, under abnormal condimons, and occasionally
with changes in functional bebavior, the perviousness of this barrser 15
increased to the pomnt where even the cellular constituents of the blood
penetrate 1nto the ussue Considerations of blood-tissue interchange
have fatled to place sufficent emphasis on the multple natase of the
barrier separating the blood stream from the parenchymal cefls Ac-
tually, the capillary wall proper, e, the endothelial cells and the
cement, represents only a framework onto which are supertmposed, on
erther side, struceural elements with a direct influence on the exchange
of matenals across this structure In passmg from the blood stream
to the ussue cells, five disunct strucrural elements are encountered
() a protemnaceous component, presamably from plasma and/or
platelets; (&) the endothelial cells proper, (¢) the intercellular cement
substance, (4) a condensed pericapillary sheath, and (e) the connec-
uve tissue proper, mcluding the ground substance and ts fibollar con-
sttuents (2).

The actual movement of materals across this barrier 1s governed
primanly by physicochermical forces, including osmotic and hydrostatc
pressures, with the net exchange being a function of such factors as the
size of the pores of the sepdrate structures, the relatuve thickness of
each structural component, the diffusion charactensstics of the different
molecules, and the lipid solubility of the materials myolved. The capil-
lary surface across which the exchange occurs, conssts of an extensive
cellular area with a smal} intercellular zone (less than one per cent)
There 15 some disagrecment as to whether the bulk of the exchange
occurs across the entire capillary surface (3), or s restricted to the
more pervious wmtercellular cement (4) The evidence 1s conclusive
that the penetration of large molecular aggregates and formed elements
ocenrs between the cells through the jatercellular cement

Pappenhemmer (5), in recent studies with labeled 1sotopes, suggests
that even molecules as small as water probably diffuse 10 and out of the
capillary through an extremely small portion of the total avaitable
surface The funcrional charactetsstics of the intercellular cement have
been found o be wfluenced by many factors of both Jocal and syseemc
onigin In essence, the basic structure involved 15 a porous cement sub-
stance, presumably a calcum protemnate. Superimposed on this, etther
by electrical, chemical, or surface tenson forces, s 2 large molecular
component which plugs most of the large pores tn the cement, con-
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siderably reducing the over-all perviousness of the structure It is sug-
gested that the pore size, the relative number of pores, and theur shape,
are determuned both by the nature of the cement, and its absorbed com-
ponent. Both of these constituents have a varable relationship 1n dif-
ferent tissues, and under ditferent environmental conditions.

Meyer: What evidence 1s there that this is a coated and fibrous
meshwork? N

Zwerfach 1 do not wish to give the impression that the cement 15
known to consist of an interlacing network of fibers onto which is
coated a protemnaceous element. There is no objectve evidence to
support this concept However, the experimental data cleatly indicate
that the barrier acts as 2 membranous structure 1 which the pore size,
shape, and so forth, are determuning factors. Inasmuch as permeabilicy
characteristics of the cellular constituents cannot be related to this type
of structural organization, one must assume that the remaining struc-
rural element, the endothelial cement, represents the major physical bar-
ner  Ewvidence 1n support of a plasma consutuent, 1n addition to the
cement, which tnfluences the perviousness of the barrer, will be pre-
sented later I must emphasize that most of the evidence s indrrect in
nature, and that the concept has arisen from microscopte observations
on the vascular bed of living animals.

Fremont-Smuth Are there any electron-microscope studes of capil-
lary walls?

Zwesfach Yes; they indicate the presence of a porous cement sub-
stance. However, in preparing such matertal for section, one invariably
removes an important constituent of the cement, the material which
lines the pores, and so to speak waterproofs the structure.

Fremont-Smsth Does the intercellulac space show any fibrous ma-
tertal, and 15 there histological evidence for it?

Zuwesfach 1 do not believe that a fibrous structure of sufficiently
small pore d. ons has been d d by electron mucroscopy

Meyer+ I am not sure whether the structure 1s based on observ?tion
or 15 postulated A layer, or layers, of protein absorbed to the capillary
wall, wonld probably explan your observations if the protein molecules
were not tightly packed, and without assuming 2 fibrous network of
a protetnaceous packing material .

Zwerfach We have no direct evidence concerning the submicro-
scoptc picture of the mterendothelial cement. Observations concemmig
1ts porosity and the changes 1 perviousness which dev;lop under d'l -
ferent conditrons, are deduced from particular changes in the behavior
of the vessel in the Irving animal. The extent to which the porosity
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of the structute can be influenced by absorption of selecuve pro-
temaceous material from the blood, represents an intriguing mechanism
for regulating the passage of materal Several investigators, including
Danellt (6), have postulated a mechanical factor, with the blood
platelets plugging the pores However, whether the secondary layer
represents a component of the blood-clottng system, as believed by
different investigators, or 1s 2 combination of the cement with blood
plateler elements, remamns speculative (7) The increased capillary
permeability which develops 1n condittons mvolving blood placelet de-
pletson or defects i the blood clotting system, 1s suggestve of a direct
relanonship between these two processes and the perviousness of the
capallary wall (8) The term “nert” may be applied to the cement sub-
stance to ndicate that 1t 15 not to be considered an ntrnstc portion of
the living endothelum, but rather as an extraneous material coating the
outer surface of the cells I do not mean to indicate that the cement
substance 1s chemically mnert, or that st has a fixed physicochemical struc-
rare The circumference of the capsllary wall consists of from two to
four endothelial cells, jomned together as an elastic tube. The cement
substance would appear to be contimuously secreted by the activity of
viable endothelmum, Factors which act on the cement substance cause the
endothelial cells to withdraw from one another In expertments where
the blood capillary 15 exposed to a weak solution of silver mtrare, 1n-
troduced with a micropipette, the cement matersal 15 precipitated, ap-
parently 1 the form of a silver proteinate When carefully done, this
staiming may be achieved without interrupting the blood flow through
the capitlary vessel The blackened cement 1s then gradually washed
away by the flow of blood through the vessel Since this occurs without
affecting the integury of the vessel wall, 1t 15 reasonable to assume that
the u‘uercellular material 15 being replaced In instances where the

ensues rapudly (9)

In actvely growing tissues, such as may be obsetved m transparent
chambers 1nserted 11t the rabbut ear, or 10 granulation tissue, the inter-
cellular cement appears soft and quite adhesive to particulate matter
In normal tissues, the capillaty wall 1s elastic, and can be stretched to a
considerable degtee berween two mucroneedles In contrast, stmitar
manipulation of the vessel wall i granulation ussue results 10 a ready
rupture and separation of the endothelial cells The capilary wall of
the newly formed vessels 1s highly permeable, even to plasma proteins
It is interesting to note that as the physical characteristics of the vessel
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siderably reducing the over-all perviousness of the structure. It is sug-
gested that the pore size, the relative number of pores, and their shape,
are determined both by the nature of the cement, and 1ts absorbed com-
ponent  Both of these consttuents have a vaiable relationship 10 dif-
ferent tissues, and under different environmental conditions.

Meyer. What evidence 1s there that this is a coated and fibrous
meshwork?

Zuwesfach 1 do not wish to give the impression that the cement is
known to consist of an interlacing network of fibers onto which is
coated a protemaceous element. There is no objective evidence to
support this concept However, the expermmental data clearly indicate
that the barrter acts as a membranous structure 11 which the pore size,
shape, and so forth, are determining factors. Inasmuch as permeabhity
characteristics of the cellular constituents cannot be related to this type
of structural organuzation, one must assume that the remaning struc-
tural elemeat, the endothehal cement, represents the major physical bar-
rier. Evidence mn support of a plasma constituent, in addition to the
cement, which influences the perviousness of the barrer, will be pre-
sented later I must emphasize that most of the evidence 15 indirect in
nature, and that the concept has anisen from mucroscopic observations
on the vascular bed of living ammals.

Fremont-Smuth. Are there any electron-microscope studies of capil-
lary walls?

Zuwesfach: Yes, they mdicate the presence of a porous cement sub-
stance. However, 1n prepating such matersal for section, one invariably
removes an important constituent of the cement, the material which
ines the potes, and so to speak waterproofs the structure

Fremont-Smuth. Does the intercellular space show any fibrous ma-
terral, and 1s there histological evidence for 1t?

Zuwesfach+ 1 do not believe that a fibrous strucrure of Sl.!.“lclen(]y
small pore dimenstons has been demonstrated by electron microscopy-

Meyer 1am not sure whether the structure 1s based on observaton
or 15 postulated A layer, or layers, of proten absorbed to the capillary
wall, would probably explawm your ohservanons if the protein molecule[s
were not tightly packed, and without assuming a fibrous network o
a protemaceous packing matertal

Zuwesfach: We have no direct evidence concerning the submlc.ro-
scoptc prcrure of the interendothelial cement Observations con;emcl,r‘lf
1ts porosity and the changes 1n perviousness which dev?lop under :
ferent condittons, are deduced from partcular ch:mges.m the behavio!
of the vessel 1 the living animal. The extent 10 which the perosity
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wall undergo change, e, the cement becomes less adhesive, the sur-
roundng ground substance becomes gelated, and the perivascular
sheath becomes more firm, the high permeability of the vessels to lazge
molecular aggregates disappears.

The nature of the cement has been found to be affected by changes
i electrolyte concentration The presence of calcrum is essential for
the maintenance of the normal charactenistics of this material, In ex-
perimental conditions where the calcium content of_the circulation 15
arufically reduced, the cement goes into solution and 15 washed anay
(9). In ussue culture prepatations, the growth of endothelmm i the
form of sheets or tubes 1s hikewsse dependent on the presence of ade-
quate amounts of calcrum. For example, if the calcrum content 1s fe-
duced, the eadothelial sheath begins to fall apare, cells tend to move
away from ope another and to round up Wach the reineroduction of
calcim, these cells agamn flatten out and join to form a contnuous
sheath or tube of endothelum (10). App ly a small amount of
calcium (about ten per cent of normal) s sufficient to maintain some

* adhestveness In expeniments with calcium-deficient media, the endo-
theltal cells can be readily separated from one another by micronneedles
This 15 1 contrast with expersments using normal concentrations of
calcum, where 1t is almost impossible to separate two contiguous
endothelial cells with mucroneedles without destroying the cells It 15
of intetest that the substiution of magnesium or stronttum is not an
adequate replacement for caleum with regard to this funcoon.

To the best of our knowledge, cells are kept 1n an organized contig-
uous relationship with therr nerghboring unts by virrue of the presence
of an extraneous coat. This was demonstrated many years ago by Hober
(11), and others, and shown to be related to the electrolyte make-up
of the surrounding environment, particulatly calcium No other known
forces exist which can maintain the structural form of unus such 25
the capillary Experiments by Chambers and Cameron (10), dealing
with mesonephros tubules in ussue culture of chick kidney, emphasize
the importance of calcrum and pH 1 maintaning the mtegriry of celle-
lar membranes of this type

Ragan Could we go back to the term “mert”?

Zwesfach 1 agree that 1t 1s a poor adjective to use to describe the ce-
ment Actually, the cement substance represents a Igbile struceure, witha
vanable physicochemical make-up, which may be in a conunuous state
of change. The ptesence of a relatve calcium deficiency is suiflclellllt
to change the characterisucs of the cement In calcum-free mgdm. the
absence of an adhesive cement substance does not necessanly _mdngafc
that the materal 1s not bemng produced, it is probable that it is being
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sttucture as the prumary barrier regulating the passage of matenal, con-
sideration must be given to the fact that this 1s not & uniform fearure
The pore population 1s a heterogeneous one, with pores ranging in
diameter from several angstrom units to a small percentage which are
as lacge as several hundred angstrom unuts. These differ not only in
size, but also 1n shape. Evidence exists that the relattve distrbution of
pores may vary in different capdlary beds, depending on the local
factors which influence the cement. An important hmitng conditon
1n this regard may be the narure of the material which is absorbed onto
the wner surface of the cement. This gives rise 1 different areas to
capillaties with a relatively Jarge number of pores of sufficient size 1o
permut the passage of protein.

As the capillary tree progresses towards 1ts venous end, the number
of large pores would appear to be progresstvely greater than exsts 0n
the arterial end. Here agan the gradient relanionship 1s not fixed, but
varies with the makup of the circulation. Thus, the extent of the out-
ward passage of protemns from the circulation will depend not only
upon size, shape, and charge of the molecule, but upon factors it
fluencing the porosty of the capillary barrser.

Gaudino Dr. Zwerfach, you suggest that the capullary membrane —
if we call both the cells and the intercellular substance the membrane
— has the propecty of changiag sts physical and chemical fbaramﬂ&
tics, depending on physiological circumstances However, this postulate
seems 10 modify the basic premuse of Starling’s (14) hypothesis, which
1s that the capillary membrane behaves as a semipermeable mert mem-
brane, and that the movement of fluids and solutes 1s exclusively de-
pendent on the magmitude of the forces acung on both sides of 1t anﬁ;
not on the membrane wself If, according to your view, the behavior od
the membrane 15 quite varable, then the basic classical picrure shoulk
be seriously reviewed My pont 1s this if one postulates the ex:szen;:
of a sempermeable membrane, one ss by defuccon assuming that 1l -
membrane per se will not change. If the membrane is susceptible ¢
change, then the postulated picture should be different. ;

Zuweifach The Stacling hypothesis implied the bulk movement ]0
flud and dissolved constituents through the capallary wall, wx{h cle-
ments retamned above a certamn molecular dimension The dnremor:l o
movement was postulated to depend upon Ehe interplay of thchh}’ d"‘;‘
static against osmotic forces More recently, it has Peen shown t ar’I’hc
fuston represents an important factor 1n blood-tissue exchange. :

1l 55 calculated to be berween 3
avetage pote suze of the capillary wall «s £ water
and 435 angstrom units (15) This permits the free d}ffusmndt_’ ¢ and
and most electrolytes, depending upon the concentration gra ien
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diffuston and filtration as well We can observe the varying effects of
hormones 1n different tissues of the body The baboon sex skin, for ex-
ample, 15 a pecultar tissue because of the medium it is in; the cell at
that particular place responds entirely differently from the way it does
at another site

Mzrsky. Or the reabsorption of water by a distal bule

Ragan Yes; 1 do not think one can say the capillaty in a cat’s hind
Limb will be the same all through the limb, It seems to me that thete
are a great number of varables in the cat’s hind Lmb thac will be
averagmg out

Meyer The difficulty, 1t seems to me, is in part caused by the fact
that the concepts about pore size, dalysis, and filtration, are based on
the structure of membranes composed of homogeneous material, while
the living membranes have an extremely complex organszation 1 won-
det how many layers are mterposed between the capillary and the
lymph vessel, and how thick this is 1n terms of angstrom units.

Zwesfach The distance between separate capillaties varies from 504
1n tissues such as skeletal muscle, to 100# or more in tissues such as the
skin, Considerable variability 15 encountered, both with tespect to the
total number of capillaries and the distance across which material must
diffuse 1 and out of these vessels. Structural differences 1n different
regions of the body 1mpose a complex set of considerations The relause
mmportance of factor A, the internal lining; factor B, the endothelial
cell, factor C, the pertvascular sheath, factor D, the cement, and factor
E, the connective tissue ground substance, must be evaluated for each
separate ussue Each of these may represent a limiting factor, nat only
with respect to its own properties, but also with reference to its effect
on the other constrtuents of the batrier.

Fremont-Smith. At one e, I made a study of anterior horn cells
1 the spinal cord, 1 thick sereal sections In every one of the forty of
fifty that I studied, at some place a capillary wall was adjacent to the
anterior horn cell, so that the pericellular and the pericapsular space
were confluent, and there was practically no distance at all_ beeween
them The capillary wall lay almost agaunst the antetior horn
cell There would not have been room there for more than onc ©
three red cells, which would pethaps provide an example of the sim-
plest relationship between a cell to be fed, and a capillary wnII: J

Zwerfach In certam areas, an epithelal membrane is superimpos
outside the caprllary proper. This is encounteted in the eye, the brait
and the glomeruli of the kidney In these situations 2 specialized type ©
permeability exists, usually involving some fmm.of secretory z.mvlf}’('

The establishment of the separate contnibution of the different
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Mrsky: Does that mean, therefore, that this represents a beginnng
disintegration of the cell?

Zuwesfach: The appearance of carbon particles along the cell borders
1s a slow phetomenon in normal vessels. Under abnormal conditions
the deposition of carbon 1s considerably enhanced. In addition, mpury
to the cell results 1 an over-all sticking of carbon to the endothelial
surface Under such conditions, the endothelial cell may be undergomg
degeneraton In calcinm-free perfusion experiments, with the washing
away of the cement matersal, the endothelial cells pull away from one
another and begmn to round up. However, this condition 1s reversible,
and a more normal appearance can be restored by the addwon of cal
cium to the perfusing solution This would appear to indicate that the
endothelial cells had not been irreversibly damaged.

To what extent can we carry the analogy between the extrancous
coat of unicellular organisms, and that of the endothelial cel]? Unicellw
lar forms secrete a cement material over their entire surface. What
then 1s the reason for the absence of a cement substance on the met
surface of the capillary? The possibility exists that the cement is rapid-
ly washed away as soon as 1t is formed, As previously mdicated, only
under abnormal condutions is evidence obtained for the development of
adhestve layer over the entre surface of the endothelial cell (Figure 9).

Yy

ot

f mucroncedle broken
GURE 9 Responses of blood capallary to mictotrauma (A) Tip o ke
:}[ and Jeft 1n plf?e o night of vessel Catbon tnjected m(ravenou;lyﬂ Bl:«;gwﬂ;‘m o
left to night (B) Five munutes later, pote carbon accumulation, chiefly be

1njury over surface of endothelial cells Rat mesentery (x 100).
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Changes 1 the distrbuton of adhesive matersal on the capillary
wall may also be introduced by mcromanipulative methods through
the njection of calcum salts or acd matersals Local changes in pH
bring about a breakdown of the cement matenial, and an increased
permeability of the vessel wall. In experiments where the 1ntercellular
matersal 15 dernarcated with carbon, perfusion with 2 calamefree med-
wm, ot an acidified mixture, considerably accelerates the dissipation
of the carbon.

It has been possible, by means of a microptpette, to wntroduce silver
nitrate locally, and to brng about a blackening of the intercellular
cement substance This can be done without disrupting the capillary
circulation With time, the cement 15 washed away. The replacement of
the stamned cement by new matenial occurs without distupting the flow
through the vessel

Freemont-Smuth  And that has not destroyed the endothelial cell
stself?

Zwesfach+ Bxcessive concentrations of silver nutrate will irreversibly
damage the endothelial cell Under these conditons, no regeneration of
the cement matenal 1s observed Hence the endothelial cells serve an
smportant function in the continuous seplacement of mtescellular ma-
teral The capacity of the endothehum to rec the 1l
substance has been found to be affected 1 conditions of inflammation
and other forms of mnjury (16)

The tone of elasticity of the caprllary wall 1s a reflection of the tone
of the endothelial cell proper. This property of the cell 1s to 2 consid-
etable extent a factor of the water content Under shifting condinions
of tonicity, the endothelial cells can become esther swollen, or shrink to
the point of retraction from one anothet. These changes may be demon-
strated by micromantpulative means Thus, the injection of hypotonsc
solutions nto the tissue adjacent to the capillary causes them to swell,
often to the point of obliterating the internal lumen of the vessel.
The micro-njection of hypertonic solutions actually causes the endo-
thelial cells 10 shrink away from one another (Figure 10} This wil]
result in the extravasation of red blood cells through the newly formed
spaces berween the cells

Travell How long does 1t take the endothelial cells to recover from
that kind of treatment?

Zuwerfach The changes in cell shape produced by tontaty phenom-
o with u TRdUpTpeTe, wie wansient 10 Cnaracter "The cells resume

their normal appearance within a few minutes

Travell: What toncity would that be?

Zwesfach Usually increasing the toniarty of the physiological saline
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by about 30 to 40 per cent suffices to produce irreversible changes in
endothelial tone It 1s probable that changes of this magnitude are
rarely encountered in physiological situations

e e St s Jutucin i}
. - Y ¥ C
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TIPS

Ficure 10 Applicaton of 15 per cent NaCl adjacent o upper surface of cpllagy
T i Tormation af ‘opening 1 which a red blood cell 15 trapped (sc piocbed et
side of cell) Rat mesentecy (x 400)

e et et e e 2 e e

Fremont-Smuth. Dr Zwerfach, 1s 1t possible to obtan enough tonfcity
to cause a cell to do what that cell scems to be dotng, that is, to open up
and let red cells out, and then for that same cell to recover within a few
minutes and behave perfectly normal agan®

Zwesfach. The transient character of the change in the pEIVIO:.ISnCSS
of the captllary wall 1s demonstrated in experiments where Evans Blue

(T-1824) 15 injected sntravenously The linkage of this dye with the
blood albumin permits one to evaluate the outward passage of such ma-
tertal. Under normal conditions the T-1824 1s confined 1o the capillasys
as visualized n the mesentery Wath the local jection of hypotonic
salte mto the ussue, a tinge of blue color develops in the immediat
area. The outward passage of colored albumin persists only for 2 pﬂw?
of from 15 to 20 seconds, following which the wall reconstitutes wself.
Thus, in addition o changes in the nature of the cement matetial bind-
g the endothelral cells, environmental conditions which affect cell
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out. One could see the stickiness, and the cells adhering and then coming
away agam as soon as normal plasma was returned Although this ms.
terial has been published, 1t 1s still quite new to most of us in terms
of our functional thinking about capillary processes. Is that a fair state
ment to make?

Zwesfach Previous studies have tended to emphasize the extreme
thmness of the endothelial cell as an important factor in the exchange
of material berween blood and tissues. However, this fact by itself can-
not account for the type of permeability exhibited by the vessel wall
Histochemical studies have indicated that the endothelial cell possesses
no unusual characteristics Our recent studies with tetrazolium salts
have indicated that the endothelial cells are metabolically active, the
relative order of their acuvity being comparable to that of vascular
smooth muscle The precise level of merabolic activity apparently is
related to the capillary blood flow. For example, frequently two adje-
cent capillary vessels are encountered 1n mesenteric tissues, where only
one contains an active arculation of blood The endothelium of the
capillary with an active blood flow becomes stained with tetrazolm,
whereas the other vessel remarns uncolored.

In order for the endothelial cell to participate directly 1n the ex
change of water and other electrolytes, highly specialized metsbolc
processes must be present, involving considerable expenditure of energy
No evidence for this type of metabolism exists. We were therefore
forced in our thinking to fall back upon the intercellular concept Thus
far, no objectve evidence has been presented to contradict this hy-
pothesis Actually,n [ -omoe £ -3 Lomo cocanead nhiective
support for the per ¢
cussion is designed . o
its broader implications, so as to shed light on the separate contribu-
tion of the different stractural elements involve

Fremont-Smath  Hemodynamic exchange between cells through
cement substance, and gas exchange and some lipid-soluble matenal
exchange through the cells; is that right”

Zwetfach® Yes.

Snex: How do you think lipoproteins leave the plasma®

Zwesfach We have no direct evidence in this regard, Molecuhﬁ‘
complexes of the size of lipoproteins probably cross t!’le vessel wal
to a very himited degree, with their permeation depending upon their
molecular size and configuration. i

Smex+ 1 think your point about abnormalities in protei
affecting the permeability of the capillary bed is very us
nephrotic syndrome, one finds low plasma proteins, and

n metabolism
eful In the
edema, and
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yet this edema s difficult 1o cotrelate with the absolute level of the
plasma proteuts, and explam on that basis. At the same time one has
thus edema, there 15 a tendency for the Ispoprotesns of the plasma to ac-
cumulate. Thss additional concept of a protenaceous coatng of the
exchange areas berween the capillary cells, may lead tw a better un-
desstanding of why the plasmz of neph acc Jates lipop

and the nature of nephrogic edema.

Gaudsno: Thus concept of a capsllary membrane with varsable per-
meability properties seems to contradics the bastc assumption of 20
essentatly mert membrane postulared 1 Pappenheimer’s (15) theo-
reucal treatment of this problem. However, 1t 15 surprising that
Pappenheimer ateives ot the same conclusion as Dr Zwerfach, that the
passage actoss the capillary wall for most Iipid-msoluble substances 1s
eftected through the spaces between the endothelial cetls

Mirsky. Hasn'c Dr, Zwesfach idicated that hus use of the word
“mert” 15 not the way it was just used

Gaxdino My poiat ss ths. if the basic assurnption of an meft captl
lary membrane 1s proven not to be so, then the whole theorecal treac
ment has co be fundementally modified,

AMirsky: The data presented thus far idicate that st ss far from mert.

Zuwesfach. The petfusion studies on the excised hind limb prepaca-
tions iavolve, for die most pary, the arculation through skeletal muscle,
Under the conditions of the expenment, the mtegrity of the capiilary
batrter 15 mamtamed by an arufical petfusate contaning defibninaced
blood and red blood cells The precise magnuude of the changes en-
countesed wn an in tutro system, under an arbutrary set of control conds
tions 1 relation to those operaung in the capillary bed 17 2110 remacns
1 be demonstrated. Since the perfused system is kept i a stauc state,
excepr tor experymentally induced physical varables, the physwological
lability of the vascular bed 15 completely ehminated

Aersky Would you postulate thar this applees to the so-called blood-
braw barrier?

Zwedach The blood-brain barrier requires special consideration,
since 1t conststs, 1 addition 1o the capsllary endothelum, of a fayer of
epithelial cells closely applied to the smali blood vessels Ttus 1 ceflect:
ed m the hughly specialized type of 5 bility which s d
w the bran vessels, especially 1 relacson 1o hipid-soluble materals

Qne aspect of capdlacy stracvase whish bas been almoss complesely
seglected, is the preseace on the inner surface of the endothelal wall
of 2 thin Jayer closely adherent to the endothehum and the cement.
This seeacture 1 $0 thea as to be mvisible through the microscope in all
bur excepuonal creumstances ‘The lining matetral would tovest ta
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represent some constiruent of the blood which is absorbed onto these
surfaces. The nature of the constituent mvolved has not been estab-
lished The intimate relation of the mner vessel surface 10 local throm-
bus formation, suggests that the blood protemns concerned with the clot-
ung mechanism may be related to this feature. Perfusion expertments,
i which the blood proteins were replaced by various synthetsc or nat-
urally occurring collowdal agents, indicate that the permeabulity of the
wall may be altered i1n this manner, irrespective of the precise osmotic
propertues of these marerials. A possible explanation is the substiution
of different collosdal substances as the matersal waterproofing the iter-
stices or pores of the capillary membranes, thereby affecting its perme-
ability characteristics Such effects have been demonstrated, not only
for proteins such as albumun, but also for substances such as gelann and
PVP (polyvinylpyrrolidone) In experiments where the capillary sys-
rem was perfused with colloid-free mixtures, the naturally occurning
hning of the vessel could be washed out, and the progressive edemz
which followed could then be studied (18) The additron of various
substances to the perfusion medium was then catried out 1n an attempt
to restore normal permeabtlity characteristies Crystalloidal solutions
were completely ineffective Small amounts of colloid produced a fes-
torative effect on permeabihty disproportionate to their osmotic pres-
sure values

The addition of blood platelets to the perfusion fluid Iikewise served
to reconstitute permeability of the capillary wall. The platelet factor
would appear to operae by virtue of a true plugging of capllary pores
The mechamsm, however, 1s not a simple one, since the platelet action
15 dependent on the presence of other serum protemns, and apparently
upon the precise physical charactersstics of the vessel surface This phe-
nomenon appears to be regulated, not so much by the towl number
of platelets, as by a criucal phystcochemical relationship between these
elements and the vessel wall.

Other vestigators have shown, that apparently it is possible t©
displace the normally present lining in the capilary wall by the admin-
istrarion of matersals with different surface-active properties Am?ﬂb'
the agents believed to exert ther effect by thus particular mechanism,
are basic proteins such as clupeme (19). The displacement of the pro-
tein, which normally lines the vessel by other agents, results in an alered
permeability of the capillary. Experiments with heparin, to be dtscuSSfd
later, also point to a comparable mode of action with reference to an in-
creased capillary permeability.

The mner capillary hining represe:

nts a labile entity which can be
altered n vasious funcuional disturbances, as well as in path

ological
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conditions It 15 probable that many aspects of altered permeabiity,
previously attributed to changes i collotd osmotc pressure with protein
depletion, may be ascribed to alterations 1 the protein layer absorbed
to the mner surface of the cement barrier

These are no visible accumulations of platelets on the capillary wall
under normal conditions However, with extremely fine microtrauma,
platelet adhesion to the tnner endothebal cement becomes apparent
This has also been demonstrated by Samuels and Webster (20), who
staned the intercellular materials and showed the platelets lined up
on the interendothehal borders The reaction then spread progressive-
ly onto the entite surface of the endothelial cell proper.

Fremont-Smuth But even 1n the most normal capillary bed thete are
some platelets at the pores at the mtercellular junctions, s thag right?

Zweifach Several i have d evidence to imdicate
that various states of mncreased capillary perviousness may be favorably
altered by the ntravenous mjection of platglet materials (6, 8) The
platelet suspension setves to counteract the altered permeability of the
wall The assumption therefore has been made that a certain percent-
age of the circulating platelets remain adherent to the vessel wall under
normal condiions However, visible accumulation of platelets appears
only concomitant with the development of an increased adhesiveness
of the vessel wall

Under normal condrtions of the circulation, the leukocytes roll along
the peripherty of the stream, propelled by the movement of the blood
These cells become adhesive only when 1n contact with an injured ves-
sel wall An increased adhesive state may also be induced by perfuston
with media contatming excess calcum The normal red cell represents
an extremely plastic structure which does not display adhestve proper-
ves sumilar to those of the white cells Erythrocytes are passively teap-
ped 10 endothelial openings, or become enmeshed 10 thrombz, and show
a tendency to' rouleau formatton under conditions of reduced blood
flow This type of cell adhesion represents a temporary physical at-
traction which 15 easily disrupted by mechanical forces

A prominest feature of the capillary wall 1s the presence of a sheath
of delicate fibrils tmbedded 1n a membranous structure closely applied
t0 the outer endothelial sutface The sheath vartes i consistency and
thickness 1 different regions of the vascular bed Being a condensatton
of the connective tissue ground substance, 1t presents a definue barrier
0 the passage of substances mes and from the capiifary fumen ft 1s
interesting to nrote that when leukocytes pass through the capillary
wall, they at first come to rest 10 the space berween the endothelum
and the pericapillary sheath Red blood cells also usually enter the
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tissue spaces under condinons which weaken this supporting structure
In Figute 11, 2 photograph of a small venule, the sheath surroundin
the vessel is cleatly visible. Its presence ahout the true capillaty is mort
difficult to demonstrate 1n the living state because of the extremely
thin nature of the membrane.

FIGURE 11  Extravasation of red blood cells and carbon parncles through pencapsdlary
sheath pricked with microneedle Frog mesentery (x 600)

Meyer: How 15 that made visible here? It is not stained, 15 1t?

Zweifach: In Figure 11, which shows the living capillary on the
venous side of the bed in the sat mesentery, no staming procedure was
used The supporung nature of the pericapillary sheath s demonstrated
by micromanipulation experuments. When the sheath 1s torn with r'hc
tp of a fine microneedle, the endothelum herniates out at that point
and frequently shows spontaneous rupture (Figure 12).

It 15 my impression that the more common forms of increfiscd capil-
lary fragility are a consequence of a disturbance or weakening of the
pericaptllary layer. The question arises whether such a membmncmﬁ
sheath presents a significant hindrance to the passage of water and sma
molecules. An interesting comparison with reference to the permeability
characteristics of such sheaths is found in the perinenrium of nerves,
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thar the cement and the ground substance ate two distinct chemics
entities Both the thickness of the sheath and jts precise perviousnes
would appear to represent important factors himitng the exchange o
bath cellular and dissolved elements from the blood stream 1ato th
connective tissue pKDPeL

Gandmo. Did you inject the hyaluronidase systematically’

Zwesfach: In the expetiments cited, the hyaluromdase extract wa
wntroduced directly into the tissues immeduately adjacent to the caprlian
wall 1n the mesentery of the anesthetized rat. The final strucrura
component ivolved 1n blood-tissue exchange is the connective tissu
proper. This structure presumably has no major influence on diffustor
processes The injecuion of diffusible dyes into the ground substanct
of the connective tissue results 1n a rapud, even diffusion, similar «©
that observed when such dyes are introduced into a block of gelatin
Attention should be given to a number of features which could limu
the free movement of water and dissolved substances in this medmum
The term “ussue fluid” actually 1s a misnomer, since the ground sub-
stance exsts as a gel When one introduces particulate matter, such 25
carbon, directly 1nto the ground substance with a micropipette, the car-
bon remains highly localized as a small bleb It does not spread ufxless
the pressure used to mtroduce the material is elevated to cxcegsml)’
high values The gelated ground substance can be transformed ino 2
flud by a number of environmental factors, including hyaluronidase
extract Furthermore, the avidity of the various fibrous elements, and
the ground substance for catons, may ltkewise change, and m
alter the avidity of these structures for water. Ascorbic acid deficiencies
appear to give nise to abnormalities m the ground substance, which 1
turn leads to ncreased capillary fragility and edema

An atiempt was made to provide informauon concerning the ]bm
chemistry of the capillary endothelium as a basis for studies dealing
with abaormal states, such as mflammation, by using different hls;:)'
chemical methods For the past several years we have _emP’IO'de the
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(22) The tetrazolum compound 1s unusual, exisung 0 b

state as a colorless, water-soluble salt Its oxidaton-reduction po! .
15 1n a range whech permits 1t to act in living systems as 2 hyd;oge:zin
ceptor, and be reduced to a colored end product The colored mein—
1s mnsoluble and becomes deposited within the cytoplasm The : jo
ing" obtained 1n this manner differs from ¢cnYentlonzI stamelélg, ‘k e
1t reflects an active metaboltc process. Cells which are damaged or d
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tetrazohum should penetrate equally to all of the vessels in the tissues
Hence the stamning, or lack of vascular staining, mast be referable ©o
some other factor Various connective tissue elements, ncluding macto-
phages, show an acttve reduction of tetrazolium, This becomes exagges-
ated 10 mflamed areas Studses of the inflammatory reaction with this
technuque would appear to provide a useful approach to this problem

In frozen sections of different parenchymal tissues, the walls of the
artenies and veins are well stained with tetrazolium. It 1s of interest that
the smooth muscle coat of the veins does not reduce the tetrazolivm 35
actively as that of the small arteries and arterioles Connective tissue
fibers or sheets appear as unstaned clear zones.

The lymphatic vessels 1 the mesorchium or mesovarium of the 12t
are well stained by tetrazolium In the living state, the lymphate
captllaries are ditficule to visualize (Figure 14). However, i most
tissues they form a rather extenstve network, and constitute an unpor
tant consutuent mvolved 1n tissue homeostasis The Iymphatig captl
laries are more permeable than the corresponding blood capullaries For
example, when particulate matter 15 nfected into the connectye t
sue, 1t will gradually appear in the lymphatics, but never in the b
capillaries When a suspension of carbon 1s 1njected 1nto the tissucs U
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FIGURE 14 Network of lymphatic capilanies 10 mesorchuum of rat. inds
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Zuwetfach The evidence presented in this dicussion emphasaes e
mportance of extracellular elements in the exchange of materials be
tween blood and ussues. In ptevious discussions, the importance of the
extreme thinness of the endothelial cell has been emphasized, and i
has been suggested that iz is the factor which permits the cell to a5
a highly permeable porous barrier. Howevet, this criterson 1s fallacios
There are mnnumerable examples of thin layers of protoplasm whih
mamtanr a highly selective type of permeability, Evidence concerning
the metabolism of the endothelial cell mdicates that it duplicates all
ot the metabolic phenomena of other living cells. Unu evidence 15 pro-
wvided 10 the contrary, we must assume that the permeabulsty character
sstics of the endothelial cell are identical with those of other cellulr
constituents This necessitates some explanation other than that of el
Iular permeability as the primary consideration in capillary permeabily.

The exchange of matertal between blood and tissues, especially under
abnormal conditions, has been found to be related to the local relesse
of chemical agents Two substances which have been implicated in these
reactions are heparin and histamme. Heparin has been showa to be
promigient in certain tissues, such as the lver and i the mast cells ad-
yointng the blood capillaries throughout the body, and 1s release would
appear to mvolve the discharge or dissolution of heparin-contamning
granules from cells of the mast cell variety This can occur with unsusl
rapidity under condittons of simple stress Histamine, on the other
hand, 15 believed to be released following the development of pro-
teolytic actrvity (28) ‘The separace effects of these substances o0 the
several constituents of the capillary wall have been studied under &f
ferent experimental condittons. .

Heparn has a considerable modifying effect on the reaction ?f d:”
capillary and the arculating blood cells to local trauma. As previousiy
described, the sucking of leukocytes to the vessel occuss almost c‘«é“-
sively 1n the venous capillaries. Following heparinszation, the feul :—
cytes 1n the circulation become rounded, and are carried along by the
blood without appreciable adhesion; they do not change their Shﬂi‘:
when 1n contact with the vessel wall, nor do they remain s{anonarby a
any pomnt ‘This 15 1 contrast to the control animal, where mild rub “ﬂ‘f
of the capillary wall with a microneedle is sufficient to introduce loc
1zed adheston of blood leukocytes to the affected area i

Heparin almost completely abolishes the Jeukocyric reactiof ::
mucrotrauma. A sticking of levkocytes could be induced only by :’:
usually severe trauma, sufficient to tear the tissue or 10 ch‘YGYh "
endothelial cells A tear in the vessel wall conunued to bleed Wl:h"&
evidence of the formation of a thrombus for periods up to o to L
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Zuwesfach The evidence presented in thus dicussion emphasues te
tmportance of extracellular elements in the exchange of materals be
tween blood and ussues, In previous discussions, the jmportance of the
extreme thinness of the endothelial cell has been emphasized, and ¥
has been suggested that 1t is the factor which permits the cell toact s
a highly permeable porous barrter, However, this criterion 15 fallxcious
There are innumerable examples of thin layers of protoplasm whih
maintam a highly selective type of permeability. Evidence concetang
the metabolism of the endathelial cell indicares that it duplicates all
of the metabolic phenomena of other living cells. Unul evidence 15 pro-
vided to the contrary, we must assume that the permeability chasacter
sstics of the endothelial cell are sdentical with those of other cellulir
constituents This necessitates some explanation other than that of
lular permeabulity as the primary consideration 1n capillary permeabiliy

The exchange ot material between blood and tissues, espectally under
abnormal conditions, has been found to be related to the local releast
of chermical agents. Two substances which have been smplicated in thest
reactions are heparin and histamine. Heparin has been shown 0
promunent 1n certain tssues, such as the liver and 1n the mast cells ad-
joining the blood captlfaties throughout the body, and its release would
appear to wvolve the discharge or dissolution of hepatin-contaning
granules from cells of the mast cell varsety This can occus with unusual
raprdity under conditions of sumple stess Histamine, on the othet
hand, 15 believed to be released following the development of i
teolytic activity (28) ‘The separate effects of these substances ot the
several constituents of the capillary wall have been studted under dif
ferent experimental conditions

Heparin has a considerable modifying effect on the reaction of the
capillary and the cisculating blood cells to local trauma As previously
described, the sticking of leukocytes to the vessel occurs atmost excle
sively 1a the venous capilanes Followmng heparinization, the kulr}xfk
cytes m the arculation become rounded, and are carrted along by the
blood without apprectable adhesion; they do not change their shepe
when 1 contace wich the vessel wall, mor do they remain srHonsy a
any pont This ss 1n contrast to the control animal, where mild rubbmiB:
of the capillary wall with a microneedle s sufficient mroduce loca
1zed adheston of blood Jeukocytes to the affected area

Heparin almost completely abolishes the leukocytic reaction “3
microtrauma. A sticking of leukocytes could be induced only by “l?e
usually severe trauma, sufficient to tear the tissue of €O destroy t :
endothelial cells A tear m the vessel wall continued 10 bleed withou
evidence of the formation of a thrombus for periods up to t%e @ three
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suffictent to produce vasodilation, 15 without visible effect esther on
the permeability of the capillary wall or on the behavior of the formed
elements of the blood However, with lugher concentrations of hista-
mine, a pronounced effect on the capillary wall per se can be observed.
The micro-njection of as little as 01 y of histamine, produces a pro-
nouticed vasodilation 1 the capillary bed The injection of concentra-
nons of 01 v, or hagher, tesults i capslary damage The total volume
mjected 15 a drop ranging from 2 to 4 # 1n drameter (Figute 17).

FIGURE 17  Production of capilary damage and swasis by histamine A drop of his-
amine (01 per cent) introduced with micropipette below capillaty where dark spot per-
sists Blood cells move toward injured area from both directions, indicating increased out
watd loss of fluid from vessel Rat mesentery (x 100)

The toxic effects of histamine are twofold Farst, the endothelial cells
begin to swell, and the endothelal nucleus protrudes into the lumen of
the vessel Comaident with thus, a weakenung of the intercellular cement
becomes obvious, and numerous red cells penetrate into the tissues
Changes i the adhesive propernes of the vessel wall, or of the leuko-
cytes, do not develop until the histarnine produces extensive cellular
damage 1n the atea adjacent to the vessels under observanon.

Stmex That 1s far too low a concentration to study the tetrazolum
sysiern with hastamine as a substrate, 15 1t nor?
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of the diffusion of chemical principles from the infured site to the
vessel.

Histamine has also been implicated in a variety of vascular reactions
Its physiological significance in terms of a specific action has not been
demonstrated. The local injection of concentrations of histamine, just
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vironmental condetions. Following the adhesion of leukocytes to the
1njured vessel wall, certain of these elements begsn to emigtate through

(,,.«r;jzmum‘
s b
-

T e

FIGURE 18 Gradual washing away of carbon adherent to mjured capillary 1n upper
part of field Blood flow from nght to left Catbon deposited temporanly distal to in-
jured site Adjacent capillary unaffected Feeding aneriole (dark vessel) at lower ight.
Rat mesentery (x 400)

nto the perrvascular space This would appear to represent an active
movement on the pare of the leukocytes

Fremont-Smuth. Is the active movement encouraged by pressure from
withun?

Zwetfach The application of pressute with a mucroneedle outside
the capillary, and against the outward movement of the leukocyte, stops
the progression of this process However, 1t does not actually reverse 1t

Fremont-Smath  But 1t 1s really ameboid?

Zuwerfach The outward migranon of leukocytes can occur 1o vessels
1 which the flow has been interrupted by temporary occlusion with
a mucroneedle Frequently as many as three 1o four leukocytes will find
their way through the vessel at the same point 1n the wall

Figure 19 demonstrates that an m(egml part of the leukocytic re-
acuon 15 the devell of surface adh It shows a leukocyte
1 the blood stream into which carbon has been stroduced, and the
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Zwesfach: Studies on the effect of histamine on terrazolium reactions
of endothelium are contemplated, but have not as yet been carnied ot

The extravasatton of red blood cells through the capillary wall 54
passive phenomenon, mvolving the passage of the cell through the
cement substance by virtue of the pressure exerted by the blood flow
The red cell does not appear to adhere to the vessel wall prior to usex
trusion Micromantpulation studies have brought to lighe several ot
esung fentutes concerming the structural make-up of the red blood eell
It 15 2 hughly plastic unie which appears to represent a loose envelope.
surrounding a flud nterior When the red blood cell in the capillay
15 pricked with the up of a needle, it disappears, leaving almost 20
ghost or remnant behind However, with trauma or excessive handling
the cell becomes gelated It can now be stretched between tmo ma®
needles and cut 1n two. In this state the cell acquires adhesive charac:
tersstics, and will stick to the vessel wall, or to blood leukocytes.

Fremont-Smuth. Can a jellied red cell recover? .

Zuwesfach* The evidence 1n this regard indicates that 2 gelation pe-
nomena 1s an irreversible teaction. However, whether varyiog degrees
of these reactions can develop and still be reversible remams 0 be
demonstrated o

The micromatupulanve technique permits the introduction of grad
degrees of trauma, and thereby enables us to scparate the various ASf'
quelze of tissue damage which develop with unusual rapidity uncet
normal circumstances. Studies mndicate thae an jncrease in the pervmnit
ness of the captllary wall 1s accompanied by changes in the cemel:“
substance prior to the accumulation of blood cells, of platelets o for
thromb: Likewse, extravasation of red blood cells and Ieuknfyte,sd TD";Z
be induced, and the sequence of these reactions studied The evi ‘l““
clearly indicates that cellular migration, as well as that of parnc l“
matter, occurs between the cells and not through the endothelral e
as has been postulated £ e

Some consideration should be given here to the_q“s”o“ o o
phagocytic properties of vascular endothelium As prewously'mfﬂ;‘i‘gu H
some degree of selective accumulation of particulate marter is € aht
by the capillacy wall as a consequence of changes 1n the mter;imhe_
cement. In addrtion, with ussue injury the inner surface of the e e
il cell beomes adhesive (Figure 18). However, there is no ev1 :rrel
that this represents true phagocytic activity, since the par “C“hf f:;g n
does not appear outside the vessel, except where 2 defrite we enmxm-
the wall 1s demonstrable The carbon particles, wh@h have “e o
ulated along the inner surface of the damaged endothelial cell, are P!

- mal en
gressively lost into the blood stream with a restoration of nor!
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1 d Following the adh of lenhocytes to the
nyured vessel wall, certain of these elements begin to emigrate through
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FIGURE 18 Gradual washing away of carbon adherent to inwred capilfary 10 upper
pare of fiedd Blood flow tram auche ta lefe Carban deponted temporanily dista} 10 tn
uted ste Adjavent capiflary unaffected  Feeding artenole (dark vessel) at fower nighe
Rat mesentery (x 400)
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Zuefach The apphcanon of pressure wath a mucroneedle ourside
the capsllary, and against the ourward movement of the lenkocyee, stops
the progression of this process However, it does not actually reverse 1c

Fremont-Smuh  But it 15 really amebod?

Zwetfach Thc oum ard mugranon of leuhacytes can occur 1 vessels
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surface of the cell is seen to be studded with fine particles of carbon
The progressive increase in lenkocyte adhesiveness on the vemous side

i -y

KR iz
I

. [P T WU
FIGURE 19 Leukocyte adherng to wall of venous capillary Dark area across photo
indicates blood flaw contmning <arbon suspension  Surface of Jenkocyte smdded with
carbon parucles  Rat mesentery (x 800)

of the capillary bed would appezr o indicate that some factor associated
with the venous character of the blood has an influence on thus proper:
ty. The mechanical reversal of blood flow n the capillary bed, forcng
venous blood into notmally atterial channels brings about an increased
sticking of carbon and leukocytes in these vessels

An interesting effect of heparin 15 the augmented permeability of the
capillaries in anumals which have recetved sufficient quantities of this
agent to render the blood incoagulable. The capillaties become un-
usually susceptible to even mmor changes 1 temperature, or handling
with microneedles Evidently heparin in some way interferes with 2
factor instrumental in mamtamning the normal state of the capillary
wall My wmpression 1s that this indicates some constitutent of the blood
clotting mechaqssm 1s aormally associated with the capillasy wall, and
that heparin alters this relationship.

The adminstration of from 1 to 5 mg of corusone to rats b
definite influence on the termnal vascular bed, within as short 2 pert

as &
od
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as from 30 to 45 munutes, The circulating leukocytes become rounded
spheres, and do not adhere on the venous side of the bed, as i control
preparations The response to local trauma 15 modified, since leukocyte
accumul and diapedes:s are almost completely absent The reactive
hyperemua followsng local tranme or the local ntroduction of hista-
mine, 15 also considerably blunted and rapidly reversed by both topreal
and systeric cortisone,

There 1s 2 good deal of evidence 1n the literature relating cortisone
to vascular reactivity (30). Hence many of the changes in blood flow,
subsequent to the adminustration of cortisone, may be ascribed 1o s
effect on the vasoconstrictor tone of the affected blood vessels,

Gaudino. Did corusone produce any changes 1 the case of local
trauma?

Zweifach, The reaction of endotheltum to ditect injury, mvolving

i f

the acc of masses of gel materral at the site
of inyury, was not affected by cortisone pretreatment The toxic effects
of histamine, with reference to endothelial cell damage, were likewise
not altered by cornsone There was no enhancement of the repaur process
i locally traumatized vessels, The injection of corusone systemically
or locally did not prevent the development of an increased outward loss
of T-1824 from the blood capillaty, followmng local microtrauma,

Meyer Dd you do any exp with ethylened et
aad?

Zuwerfach No, we have not carried out expersments of this type.

Meyer 1 wonder whether or not the cement substance stself has the
properties of a complex acid, so that 1f we change the pH we suppress
the dissocsauon, and 1t 1s 1 competition for example, with heparm

Zwerfach- Qur own experiments, 1n a very general way, indicate that
hepann, both locally and systernically, can change the permeability
charactersstics of the capillary wall Jts speafic mode of acuon remains
of course speculative. Whether 1t acts by producing a clumping of
platelets, or by affecting the vessel wall directly, has not been demon-
strated

Gandino Have you studsed the effect of the water-soluble com-
pound, desoxycorticosterone glucoside, on leukocytes, as you have cort-
sone?

Zuwerfach We have not carned out studies with DCA comparable
0 those with corusone, or corcal extracts Cortisone was applied
toptcally 1 known concentrations by dissolving the crystallme matersal
1n blood serum, and then dituting the sample accordingly

Angerme I should like 1o make one comment 1n relaton to the
role of capillaries 1n these processes i vanous sues n the body in

fay
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tumors, and so forth. I think that Dr. Zweifach's hypotheses explan
many things we have observed experimentally. However, it is difficul
for me to concewve of the platelets filling these openings all the time,
perhaps because I usually assocrate platelet thrombi with injury. When
we look at capillarses, we can observe platelets quite readuly, but we do
not see them rounnely, Your answer might be, “Well, we do not lock
for them,” but 1t 1s one thing that bothers me.

Zwesfach Experiments implicating a platelet factor in the increased
capillary permeability following total body x-iradiation, have been pre-
sented by Cronkite and associates (8) They observed a considerable
mcrease 1 the red blood content of the thoracic lymph after radi-
ation. This could be circumvented by pretreatment with platelet supen-
stons

Fremont-Smth: Does thus occur rapidly?

Zwesfach In perfusion experiments, the addition of platelets causes
a decrease 1n capillary permeability back to normal within a period of
several mmutes

Ragan. In thrombocytopentc purpura, there 15 an increased perme-
ability of the capillary wall for red cells. When these patients are given
ACTH or cortrsone, the permeability decreases, but the platelet count
does not, uniformly

Zawesfach* Are you referring to the formation of capillary petechize”

Ragan Yes, but 1t may also occur with suction, if a Dalldotf pump
is used. 5

Zuweifach: We have encountered an increased capillary fragulity,
chiefly as a consequence of changes m the perivascular sheath. How-
ever, 1t 15 obvious that alterations in the blood-clotting mechanism, 10-
volving the blood platelets, may also be present

The phenomenon does not nvolve a reduction per se in the total
number of arculatng platelets This can be demonstrated by mjectng

hich rapidly depletes the actve circulation of blood plate-
gum acacra, which rapidly dep! b
lets without evidence of a change n capillary permeability. Th‘
platelet-capllary wall relationship may involve some changes in ‘.i
normal mechanism assocated with the combination of platelet materid

and cement. . e
Stmex. I should like to comment on the action of tetrazolium on

endathelial cell, I do not know much about tetrazolum Ho‘f'e‘hu, 1
do know that when oxygen ¢ ption is followed trica ol ::

s

1ng some particular characteristic of endothelsal cells.
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Zwesfach. The fact that glucose or mannose serve to bring about a
reduction of 1 by capillary endothel and smooth muscle,
does not of course indicate that the glucose enters directly into the
reacuon Some general of cell bolism may have
been altered, making 1t possible for the cell 1o use tetrazolum as a
hydrogen acceptor.

AMirsky. Of course, 1t 15 not necessanly correlated with oxygen con-
sumption

Zwerfach  Although 1n general the over-all tetrazolium reductase
capacity shows a trend comparable to the relauve oxygen consumption
of the cell, changes in either process can occur dependently of one
another,

Mirsky What does mnsulin do in this case?

Zwesfach We have not studied the effects of insulin

Airsky Due to the fact that thete 1s more and more evidence that
msulin influences the transpore of glucose and other hexoses acrass the
membrane 1nto the cell, I wonder what tnsulin would do 1n combin-
ation with the tetrazolivm.

Zwesfach The use of tetrazolum as an ndicator of speafic facets
of cell bols should be T d with extreme caution, since
the compound can act a5 a hydrogen acceptor at many levels of cell
metabolism
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to diffuse 1nto the totality of its space of distrsbution, provides a meas-
ure of the water volume sought The calculation 1s the sumple division
of the total amount introduced by the concentration, measured after
complete and uniform distibution  ‘The main critenon of exclusive
distiibution 1nto the compartment mvestigated 15 extremely important
for the accuracy of the determination Thus 15 partcularly pertinent in
the case of substances used for the estimation of extracellular volume,
since many have been found to enter some part of the celiular compart-
ment, rendering such measurements invalid

Other important requirements for substances used as dicators are
the following: They should be evenly distributed throughout the com-
partment, 1f this uniformuty of dstribution does not occur, such a sub-
stance would not serve its purpose even if the first condition were
fulfilled They should not be formed or destroyed 1n the body, except
if these processes can be accurately quanutated, and they should rot
cause a redistrsbution of body water, erther by their specific prorerues
or by the amounts introduced They should be slowly eliminated, noa-
toxic, and of easy chemical determtnation

The general technique for the use of such substances snvolves a
single itravenous tnjection of a measured amount. and after sufficrent
ume has elapsed for umform distribution, a blood sample s taken
for the determnation of the concentration of the indicator at equilb-
tum  The mamn assumption inphcrt 10 this procedure ss that the
concentration n the plasma or blood 1s a fair sample of equilibrium
concs i hout the space I diately after injecuion, plasma

" i 3
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concenteation 1s rapidly achieved and plasma level becomes constant
By dwiding the amount injected by plasma concentration at thus mo-
ment, the volume of distribution may be determined, and will be equal
to the volume of the compartment being measured 1f 1deal conditions
have been mer Ideal conditions required for an ndicator of total body
water volume are almost completely sausfied by two of the substances
currently used for that purpose heavy water (D:O) and tritum ovide
However, no such complete fulfillment of requirements 15 met by any
of the substances so far used for extracellular volume measurements
Returning now to body water subdivisions, extracellular water has
been subdivided 1nto two ather compartmenes mtravascular and ster-
stial The 1ntravascular c water d 1nside
the vessels, and the intersuual compartment contatns the water located
between the vascular system and the cells By water contained , '




INTERSTITIAL WATER AND CONNECTIVE TISSUES

MARIO GAUDINO

Department of Surgery
New York Unsverssty College of Mediome

THE WORK I shall present was done on the ‘macroscopic level, i con-
trast to the microscopic level on which Dr Zweifach’s work was based
It deals with the total water of the body, and 1ts subdivisions sa different
compartments We have studied the changes observed in these com
partments, both in volume and 1n chemical composition.

Furst, T shall review the methods we used, because this will gne us2
clearer understanding of the problem and the difficulties mnvohed,
both mn the measurements and in the mterpretations.

Water 1s the main chemical component of the body, comprising
about 70 per cent of 1ts lean mass. It is generally subdivided mto 0
main portions* water contaned 1nside the cells, and that which is out
side the cells The mmporrance of these two main subdivisions of body
warer les 1n the fact that although these water spaces have very dif-
ferent chemical and physwological charactersstics, they are able to coexist
and interchange materials, seemingly because they are sepmtcd PF
membranes which appear to have the role of mamtaning thert mi
drviduality The study of changes in the volume and composttion
these two fluds, both 1n physiological and pathological conditions, o
stitutes at present one of the matn problems 1n understanding the basic
functions and dysfunctions of the body.

Until recently, procedures avarlable for the measurement of :heslt
different water spaces have not permitted simple and quantitarive and
yses of their alterations However, new and improved methods hf;;
been devised which have simplified these determinations .and 1ncres: A
their accuracy ‘The usual technique has been to measure, sxmulmniiousﬂl).'
and independently, total body water and extracellular watet, and ¢
cuiate 1ntraceliular water by simple difference i bod

In general, the measurement of any water compartment in the : «{
1s commonly accomplished by using an indicator, usually extmnw}lmm
the orgamism, which has to satisfy the essential condtion of :ijnv
and exclustve distrsbution throughout the space to be measur lowed
substance with this property, when introduced into the body and allow

78
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as occurs in gastric and mtestinal mucosa, salwary glands, red blood
cells, connective tissue and testes (4, 5). It is also known that animals
deprived for a long time of potassum 1n their growing period, or in
their duets, replace their tissue potassiam with sodwm (6). However,
mn spite of these shortcomings, total body chlonde or sodmm, com-
bined with their concentration mn the serum, was the only method
available for the measurement of the so-called extracellular space and
1ts changes (4)

Since this procedure demanded the sacrifice of the animal and was
inapplicable to man, another approach was employed for the deter-
mination of changes of extracellular volume Assuming a cerran initsal
value for extracellular space, chlorde and sodium balances were per-
formed, and the data obtained uttlized to calculate these varations (7)

At present, total exchangeable chloride or sodium mass 1a the body
can be measured by means of radioactive chloride or radioactive sodum.
Under the assumption that such total exchangeable 1on 15 1n solution,
and that plasma concentration s a fasr representative of that solutron,
both chloride and sodm spaces have been determined by means of
these radioactive idscators (8, 9, 10, 11, 12, 13)  Spaces thus meas-
uted have the same shortcomings as those dertved from data on stable
sodtum or chlortde

Chloride space 1s smaller than sodium space, and therefore has been
considered as a more valid approximation of extracellular space, espe-
caally since sodram has been found to exist 1n muscle, and 1n the whole
body, 1n a higher propottion than chlotide (4) From this last observa-
tion 1¢ was concluded that a certain proportion of sodum 1n muscle was
intracelular

Bromude, both radivactive and stable, has been described as 2 good
indicator of extracellular flmd (12, 13,14, 15) The basic claim for nts
use as such has been that s distnibution 1n the body 1s exacily the
same as chlorde The ratto of chloride/bromide 10 tissues 15 almost
exactly one, and consequently both seem to have rdentical distriburion
(14, 15) Obviously the use of bromide has the same objections as
the use of chloride

One of the most widely used sub for Hul
volume has been sodium thtocyanate. It had the great advantages of
rapid equilibration, extremely slow excretton, and of being very easily
measured chemically However, since the fisst descriprion of s use
by Crandall and Anderson (16), 1t was known thac thiocyanate en-
tered certain cells (erythrocytes, those of the gastric mucosa, and so
forth) Therefore, the volume of distribution of this indicaror includes
a cerrain vanable portion of the cellular space It was therefore sug-
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the vascular tree we refer, of course, to plasma water Water cor
wnside the red blood cells is intracellular water

Plasma comprises about 4.5 per cent of the total weight of ¢
(2) This iatravascular water compartment has also been .
by the dilution method described previously. The indicator most
used for this purpose has been Evans’ Blue (T-1824) which .
itself specifically to the albumin molecules of the plasma and 1
fore a specific indicator of alburnin volume of distribution Ot
stances utilized have been albumin tagged with radioactn:
(I'®1), hemoglobin, or antigens. The values for plasma ol
tained by utiltzing all these substances simultaneously, agree wr°
error of the methods. If correction 15 made for the water cor
plasma, the measurement of the volume of distrbution of any ¢
ndicators will permut the calculation of plasma water volum.
volume of both extracellular and intravascular water are keo
terstitial water mass may be easily calculated by difference
determunations, coupled with total body water measurement
a relatvely sumple method for the study of changes occutnng
ferent body water compartments. The crucial requirement for «
determinations 1s to obtain an accurate esumation of extracellul
volume
Extracellular space has been measured by different procedurc
first attempt was made histologically in muscle, by visual exam
of frozen preparations in which the proportion of spaces betnt
cells was compared to that of the total mass of tssue From 1
17 5 per cent of the total muscle mass was thus found to be
or intercellular space The fact that the total amount of c.hlonds t
ured chemcally in muscle, if assumed to be dissolved in issue \‘Cl’
the same concentration as that of a plasma ultrafilerate, y(eldf avo
of solution identical to the interfibrillar volume estimated visually
to the conclusion that chloride was of exclusive extracellular distt
tion, and therefore a good indicator for extracellular volume m.tl“’
ments (3). Sodwm, coupled with chloride, and on the basis 0;
sumilar distribution, was considered under the same assumption as
good approximation for extracellular volume estimations 4. "
However, there are many indications that these two ions alr:z i
exclusively extracellular, and are accumulated in certain tissues in }iux
amounts than extracellular distribution would warrant. In many “50 ‘“ﬂ
the sodium/chloride ratio is higher than the .corrcsPondmgb;“e‘ -
an ultrafiltrate of plasma Such tissues are striated muscle, . ‘rclh e
cartilage. On the other hand, there ate other tissues 10 W" llasmﬂ
sodum/chloride ratio is lower than the one of an ultrafiltrate of p
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its molecular weight, and parely to the fact that inutin undergoes hydrol-
ysis when heated (27). Our present concept 1s that each sample of
nulin 15 composed of a number of variably sized molecules which give
an average molecular weight This weight will vary with the soutce
of the carbohydrate, and the procedure utilized for its extraction

Inuhin does not enter the red blood cell, 1s not concentrated by the
lrver, and 1s considered not to traverse the renal tubule This latter
property 15 the basis for 1ts use ay 2 measure of glomerulat filtration
tate Tt has the further of betng phy gically inere and
of execting negligible osmotic effect, 2 ctrcumstance which will reduce
the possibility of drawing water from the cells No enzyme of ammal
otigin 1s known to hydrolyze this carbohydrate, and when given 1n-
travenously 1t 1s completely recovered 1n the utine

However, mulin, like sucrose and mannitol, has the disadvantage of
being rapidly excreted by glomernlar filtrauon  After a single mtra-
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gested for use only as an index of changes, and not for estimation of
the absolute value of extracellular space. In pathological conditions, and
n februle states, it has been observed that thiocyanate space increases o
markedly as to become almost equal to total body water (17). Under
these conditions, therefore, 1t must either enter the cells, accumulate
somewhere in the body, or both. circumstances which would mvalidae
s use as a measure of extracellular space, or as an mdzcator of it
changes. It has also been shown that thiocyanate becomes bound ©
protemn o a varmble degree, and that this binding, of not rechoned
with, will introduce an important error 1n the determination (18)

The order of magmitude of the spaces of dustribution measured with
all these substances may be judged by simultaneous determiations of
thiocyanate, Na®™, CI*® spaces in the dog Reported data of such
an experiment have given spaces of distubution of 356, 276
and 247 per cent of the body weight respecuvely (11) Spaces
of distrsbution of CI, Br™, and Na®* in dogs, give a range of
25 to 26 per cent of the body weight for chlorde, 27 per cent
for bromtde, and 29 per cent for sodium (12) Under the main assump-
tion of extracellular Iocation of these ions, chloride seems to be z
better measure of extracellular fluid volume, sunply because of s
smaller space of distrsbution In the search for a better indicator of
extracellular space, and to avord the possible entrance of electrolytes
into cells, several carbohydrates to which the cell membrane was known
to be impermeable have been studied. These were mannitol (19, 20),
sucrose (21, 22), and nulmn (23, 24),

They present the problem of a very tapid renal excretion by glomer-
ular filtration, and 1n the case of mannitol, of being metabolzed It
has been reported that sucrose 1n dogs is incompletely recovered m the
urine, however, 1n man complete urinary recoverses are obtamed It
has also been determined that inulin s not metabolized, because €om:
plete urinary recovertes have been obtained n all species studied (25)

Inulin has many advantages over any of the other substances used ©
measure extracellular space. As it is not an electrolyte, and 1s lipowd-
nsoluble, this reduces the posstbtlities of its traversing cell membran}:S
esther by 1on exchange or by lipoid solubility Its large molecular welg.t;
renders less likely is passage through membrane pores Homever, dlc-
actual molecular weight 15 sull not agreed upon. Chemical tables, -
pending on the number of fructose molecules believed to comP%$§ :’ "
molecule (etther 3 or 6) Lt its molecular weight as esther 5 O of
9909 Other data 1n the hiterature sndicate an order of magnitude o
5,000, or equivalent, to 30 fructose molecules (26)- This dxscrep:m;}'
1s due partly to the different methods utihzed in the determination
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venous mjection 1n animals with intact kidneys, its excretion is so
rapid that uniform distribution throughout extracellular space does not
occur Uniform equilibration after a single injection only occurs 1
nephrectomized antmals.

Angevine: You say “rapudly excreted”; exactly how long does it
take?

Gandimo. After a single injection, about 90 per cent of the amount
admunistered 1s recovered 1n the urine; this occurs within theee to four
hours 11 man, and 1 about two hours i the dog

Figure 20 shows a simultaneous compartson of the volumes of dis
tribution of 1nulin and thiocyanate in a nephrectomized dog As you
can sce, after two houts there 15 complete equilibration of inulm, and
tts volume of distribution 15 about a third smaller than that of thic
cyanate, )

In order to compensate for renal excretion of snulin m animals with
intact kidneys, or 1 man, and to permit complete equilibration of this
substance throughout tts space of distribution, we devised a method by
which a constant intravenous mfusion of inulin is given for a long
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Mirsky: Do you have to plot the infusion rate 1n order to obtun
that platean?

Gaudmno: No, the infusion s exther given constantly from the be-
ginning, or 2 pruming njectton s admentstered prior to 1t The blood
level will subsequently attain constancy, which will occur more rapily
1f a priming mjection 15 given.

Mirsky: 1 see, you compensate for it. Is there no lumit to the amount
of mulin that can be excreted?

Gandino. As I mentioned before, there is a certain time required to
achieve equilibration, that 1s, for inulin to diffuse 1nto the whole of the
extracellular space. We found that tn the dog this time was about tR0
hours, and 1n man about five hours. In more tecent experiments of
ours (28), the equilibration ume in man was between three and four
hours. Thus shorter tme may be attributed to a probably lower molec:
ular weight of the mulin utrized.

In man, sucrose can be used 1n the same fashion as inulin, and 1
physiological behavior 1s exactly the same, being completely recovered
1n the urine. It has the advantage of 2 more rapid equilibration, which
1s obtamed 1n sbout one hour as compated to the three to four hours
required for 1nulin (22).

Inulin space measured with this equilibrating infusion method aver-
ages 19 per cent of body weight i the dog, and between 15 and 19
per cent tn man These values may be compared to 21 to 26 per cent
for thiocyanate space, and 23 or 35 per cent for chloride space in man
(10, 16) Sucrose, when used with this method, gives exactly the same
space of distribution as 1nulin, e 17 to 18 5 per cent of body werg'hl
mman (22).*% The ! ¢+ “=hifwhe o i et o T
wenght, and sucrose,* ' 1 i s )
measure an dentscal = v L, o D
ing erther toral extracellnlar space, or an extracellular pool of wate
of great physiological importance. This claim is furcher s(rengt!lenfd
by the fact that simultaneous dererminations of ferrocyanide and inulin
spaces in 1nfants are the same 1n volume (29).

It 1s known that mulin, thiocyanate, and sucrose, do not diffuse 1nto
the cerebrospinal flurd m appreciable degree. This specialized space
should not be considered as part of the rapidly exchangeable extrd-
cellular space.

Angevine. What 15 the explanation for the fact that sucros
“cells so readily? It must get mto the cell

Gaundino It has been teported in the hte
admunistration of sucrose may produce hydropic degeneraty

e damages

rature that the intravenous
on of the

* Gandino, M Unpublished observations
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tribution were identical whether the smfusion was long or short, once
the mmimum time required for uniform distribution had elapsed Out
criterion for uniform distribution was that any further prolongation of
the infusion did not increase inulin volume of distribution That con-
plete diffusion had taken place for inulin, 15 futther strengthened by
the fact that s space of distribuuon is identical with those of sucrose
and ferrocyanide when measured sunultancously, sceming to argue
favor of the concept that they are all measuring a space of physiological
importance.

Ragan: Is there any difference in the space between the mulin which
takes six hours to equiltbrate, and the one which takes four hours?

Gandino: We have not utilized these different inulins 1n the same
patient However, the average spaces obtained in the two senes of
patients given different types of inulins are the same.

Mirsky. ‘That 1s exclustve of the cerebrospinal finid?

Gaudmo: Yes Of course, chloride exists in cesebrospinal fluid, and
therefore must enter o it However, I do not think that s rate of
enttance is known, and I do nor believe thar these are any studses re-
ported about the entrance of radioactive chloride into cerebrospinal flud
either.

Ragan: Does inulin enter the sypovial flud?

Gandino: 1 do not know, and I doubt if there are any such inves-
ugatons reported 1n the Irterature. Of course, these studies co.u)d b;
done esther by ntroducing mulin directly into the synavie}l cavity ane
finding 1t appearance in the systemic cieculation, or vice vers2 by
introducing 1t 10 the systemuc curculation and then determinmg 1ts rat¢
of appearance in the synovial flusd.

Mirsky: But when you talk about space and water distribution, you
are dealing with a latger volume, relatively speaking, than that of the
cerebrospinal fluid. .

Gaudino: Yes, that is true. The fact that inulin does not entef ml!:
cerebrospinal flud should not be very impottant. However, this o
fection was raised so many times thar we had to answer the point.

Mirsky: These is @ large volume of cerebrospinal flud

Gandino: How much?

Fremont-Smuh: Not more than 150 ml.

Gandino: Extracellular space in man ranges from 10 to 15 liers
I think that this answers your question,

Mirsky: Yes, I see i 3 "

Gandino- As a matter of fact, when inulin space is meas oy
infants it gives a much larger space of distribution per cent Of
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Meyer Yes, but you assume that sodium is also 1n some kind of
equitibrrum,

Gandsmo. 1 have no specific assumptions about it In some recent
work on po ), 1t was d rated that this 10n 1s not contained 1m
a umform concentration inside the cell; it accumulates in the mro-
chondria (36) 1t may be, therefore, that the portion of sodwm and
chlonide contatned nside the cells may not be i complete equilibrum
with the outsde, and may be accumulated in different portions of the
cell In that case, they may be either bound or unbound. This is 2
problem that should be studied further.

Fremont-Smuth: 1 have been brought up to beleve that bound
water 1s water got available as a solvent, aad therefore not to be con-
sidered 1n measuring ictivity concentrations of OSMOLIC CONCERtations.
Is that still a useful definition?

Meyer. It seems to me we have to postulate fibrous structures which
are hydrated. The forces binding this water must be very sunilar ©
those binding water of crystallization

Fremont-Smith* And therefore not available as a solvent.

Aleyer If we admut tha the structures are collods, the warer‘pbm
will bind certain 1ons without serving as water of solvatton for inubin
or sucrose

Fremont-Smath. Or of free jons. .

Meyer: Yes. It will bind cerrain 1ons, sodum and chloride, for
example, will be bound and exchanged. d

Gandmo Therefore, this structure will permue the sodumj ant
chloride to go through On the other hand, you do not think that ipuln
or sucrose would not be able to distribute through it?

Meyer No This bound water does not form a nigid layer,
be thought of as a field of dimimishing strengeh with the strongest
ing forces close to the center, that 1s, the fibrous structures .

Gandino This 1s a good pomnt and I think we have 0 consider l;}
On the other hand, there are many tissues which contain $0 muc
chloride and sodium that one 1s forced o assuame that @ large amount
of these 1ons exists inside the cells

Meyer. s that sodmm i bone and carulage? 3

Gandino. Yes. But what about liver? Chloride space in t
ranges from 25 to 35 per cent of weight, and sodium space
to 38 per cent.

Meyer: I do not know about that. < ologesl

Gawdino: In many ussues there does not seem 10 be great hnmfo%‘em
evidence for the existence of a large extracellular space, mosfho lot s
seem to be composed of capillaries and cells. Perhaps the patholog
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of throcyanate, which has in certamn conditions rather stable spaces of
distribution, and chloride or inuln simultaneously, one could separate
drfferent spaces and try to find what that difference between the txo
spaces 1s measuning. It would perhaps measure binding and lack of
binding, or the existence of a certain amount of water, which although
bound and not avarlable as a sotvent for inulin or sucrose, would sull
be available for chloride or other simular ions

Fremont-Smuth. Could one say that thus is the concept of intercellular
spaces, or 1s that an overstmplification?

Gandino: No, 1t could be.

Fremont-Smuth. The particular purpose s to show wheresn the over-
sunplification lies; these are temporary expedients in order to come
to grips with the problem and find out where we ate wrong If ve
approach 1t from that pomnt of view, then the latent heat scems ©
disappear from it.

Gaudmo  Of course, 1 this problem we have been dealing with
spaces 1n quite 2 broad manner We seem to have thought of the body
as a big water bag, with one or two smaller water bags mside; ¥¢
measured the changes that occur i all the bags, mostly determmning
just mncreases or decreases We do not know if there are any organs
or ussues which may act as reservours of water for the organssm, 0f
thar water accumulates 1n some tissues with preference to others when
increases occur  Most studies which have deale with ussues have beed
done 1 muscle, but muscle 1s not the whole body and much sull 1e-
mains to be done

Holbrook But 1t appears that due to the sumtarty of your results,
you are at least measuring some water space, whatever that 1

Gandmo  We call 1t inulin space. Someone sad that mulin space
measures 1nulin space!

Holbrook That 1s farr enough.

Gandmno. Assaming that what we have measured is what we
we have, then with an accurate determination of extracellular fu
volume we can do several things. First, by simultaneously mens_un!:f
roral body water with deuterum or trtmum, we can estmate m:;l .
cellular water By also measuring plasma volume we can gszm}ate :
volume of interstitial water Utilizing any of the radioactive isotope!
of chloride, sodum, or potassium, and assumung complete CX;}Ilﬂzgg'
ability with the nonradioactive form, we can calculate n;t:;]l d le‘:ncﬂ;
sodium, or potassium mass 1n the body. If t.he total mass of (h : :olumtf
15 assumed 1n solution, and at equilibrm with plasma, then t - ation O
of distesbution may be estunated. Coupled with the determil

thunk
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Ragan: What levels of serum potassium were reached?

Gaudino* In these animals, plasma potassium fell to appovimate)
half of its control value, that is, from 4 to about 2 mEq per hter, i
about three weeks.
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Ragan Was the sodmum going 1mato the cell?
Gandimo: 1am pot certain, However, plasma so

change appteciably. i
Ragaﬂ.PFerrebcé (39), in 1941, showed thac there was 2n increased

intracellular sodwum 10 skeletal muscle after DCA treatment

dium levels did not
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Gandmo: Thae might very well have happened.

Ragan: Did your dogs develop any dubetes msipidus or paralysts
with 30 mg, a day?

Gaudsno: We did not observe any devel of dbetes di

although we did not look carefully for ws mandlestations  But [ am
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sure that they did not show any paralysis. They were perfectly normal-
looking animals.

Ragan: Dud you feed them meat?

Gaudno. They were recerving the usual dog food, but fio meat In
one of these ammals we estimated total body sodmm with Na®
We found an increase 1n total sodium mass 1n measurements made o1
the 16th and 23rd days of therapy. This increase disappeared and
values reverted to normal 30 days after discontinuing the injections
Intracellular sodium 1ncreased from control values of 170 mEq, to 284
and 304 mEq. on the 16th and 23rd days of treatment respectively. It
teverted to 210 mEq 30 days after stopping therapy. In one dog
measurement of total body potassium with K ¥ showed both a decrease
1n total and in intracellular potassum at the 11th day of therapy.

The effect of the administration of 15 ml of adrenocortical extract
(from the Upjohn Laboratoties) per day is shown in Figure 23 Jt
may be observed that while there was Inttle or no change m wmulin
space, total body water increased, resulting in an increment in watef
up to about 40 per cent of 1s original level Both glomerular filtration
rate and renal plasma flow were not significantly modified. Tmeas
varied 1n an irregular fashion No significant changes were obseryed in
plasma sodium, potassium or nonprotein mitrogen In this case, it was
also observed that with prolongation of treatment, modifications ob-
served tended to revert to normal

Figure 24 gives the results of experiments on a completely adrenal
ectomized anumal, which was maintained with 15 mg per day of D -
until 16 days after the operation. It is interesting to note that while
under treatment no signs of adrenal insufficiency developed, and when
measurements were performed during this period, the animal showed
stmular changes 1n spaces and renal function as those observed 1t norm_al
dogs recerving DCA, ie., mcrease in inulin space, a slight decrease i
total body water, and marked decrease 1n intracellular space After
DCA injections were intertupted, measutements were done on the 4th
and 7th days of insufficency. Inulin space progressively def:reased,
white total ‘poliy warer i nor Change, Tesdmg m nrsliad, ipceease
in intracellular water Changes observed n this animal became more
conspicuous as the degree of adrenal insufficiency increased, altemno]x"ls
in body water compartments being the most prominent features Tnulin
space declined 39 to 61 per cent, while total body water dd not ch:mgtl
Intracellular water mcreased up to 30 per cent of preoperative control
levels It therefore appeats that as a consequence of adrenal msufﬁfleng’
-~ is a prominent increase etther in the intracellular space of in d
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space not avatable to mulin In this particular antmal, after the 7th day
of msufficiency and after the second group of measurements, DCA
reatment was resumed at a dosage of 10 mg per day In spite of thes,
modifications 1 water compartments, although less sntense, did not
revere 0 normal The anmal died after the Jast measurement,
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Figure 25 15 another example of the effect of total adrenalectomy 1
the dog  During treatment, changes observed were not as marked 2
in the one previously shown, although still similar to normal dogs
receiving DCA  After interruption of treatment, disturbances 1 body
water distribution became quite marked, and were analogous to those
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shown m Frgure 24 After the 8th day of wsufficency, the animal died
at the conclusion of the second expenimeat As may be chseeved o
both Figutes 24 and 25, renal function showed mathed chmgvs
glomeralar flration, PAH c}r:nrnnte and Trhpan were adt me? M
progressively reduced Thns - -

wsufliciency wete presec - .
sodsum decreased moder: L swan thizagen tose, while che
specific gravity and the hematocrt increased. Blood pressure was re-
dured, partrcularly w the rerminal stages These alteranons were more
conspicuous wieh increased severrty of insufficrency It 1s mreresting o
note that wn these adrenalectomized acumals plasma \olumc runnmed
at control vatues during mild degrees of msulficons -4 t
the other water comenes-

33 per centin the {
more markedly 1 . v i absolute
decrease, correspoa . wouul otie-hait © lhrecqunm‘rs of the nulin

space It appeaced as +f n adrenal wisulliciency, plasma volume dad
ntracellular volome were maimtained 2t the expense of wersural
space

Sundar studies sere done in man by Levie and Bader (4Q)
after the admmstration of corusone or ACTH These hormones werc
goven dady for periods from 10 1o 20 days, cortisone at 2 dosage of
100 © 156 mg, and ACTH ar a dosage of 100 mg  The subjects were
kept on a low sale (rice) drer Admnistracion of borh cortsone and
ACTH markedly sncreased mulin space, while plasma volume did not
seem w0 change Consequently, uwerstitial space. ot space nadahle for
tglin dstribution, was conspievously enlasged  Plasma sodwm and
chloride concertrations did not vary from contsol safues, indicating an
s0smotic expansion of anterstipml space

Or Crawford and [ (28) have done some studies in humans on
the effect of imravenous saline solunon admumistration. and of shorr
periods of antsthesta, on wouha space and renal function Inulin space
was measured wuh both the posunfusion secosery method described
previously aod the caloulavon by difference After several conrof
muhin spaces were obtaned, sotonie sthine solutton was infused ineea-
senously ae che rapud sate af 10 o G0 ml a ousute, w amounes of 2 to
3 leers Space mcasurements were fepeated one and 1o hours after
saline admunistravon was compiered In the magorsy of the panenes
studied. the resubes of the 20 rests showed an crease i wuhin space
Thus increase was 1w 4 hirers bargee than the volusc of sakine solutroa
adminrstered 10 35 ot cent of the subjects La 26 per cent it wac equal,
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and 1n 30 per cent, less than the volume infused. In only 15 per cent
of the cases, mnulin did not vary from control levels.

Mirsky: Suppose, by that mechanism, that you increased the te-
absorptton of water, would thar affect it?

Gandino: Do you mean that there would be an increased reabsorption
of water by the kidney?

Mirsky: Yes.

Gandino* 1do not think this mechanism would influence the measure-
ments very much We have measured water excretion and water re-
absorption in these subjects, and did not find any significant modifica
tons  After the adminsstration of saline solution, urine flow always in-
creased, but markedly in only very few cases In those pauents who
recewved 2 liters of saline, the average recovery of water in the first two
hours following the infusion was about 13 per cent, while sodium re-
covery averaged 22 per cent In patients receiving a 3-liter infuson,
water recovery after two hours average 18 per cent, and sodum, 23
per cent Therefore, there 1s still no explanation of why 2 liters of saline
solution admtmustered led to an expansion of up to 6 liters 1 1nuln
space In 50 per cent of the subjects who received short periods of
anesthesia alone, and no saline solution intravenously, sulin space
ncreased from 1 to 7 lrters, which corresponded to a 6 to 83 per cent
increase from control ulin spaces

Ragan. If there was a 1 to 7 liters increase, would one obtan 2 7
kalo increase 1n weight?

Gandino: These patients did not receive any fluids; therefore, these
values correspond to internal shifts of water

Ragan: This 1s a shift, but from the intercellular space, do you obtain
7 liters?

Gandino: Yes, that is right. .

Meger: Have you attempted to explain that®

Gandino- 'The value of 7 liters is actually an extreme figure. The

~ t
average change was berween 20 and 3 5 liters ‘These patients did not
a e t aor 1.t *a e en anacthesiz,

200 t0 300 ml This amount of water introduced in such a long period
of time does not seem to alter inulin space in a detectable mannef
Anesthesia was mantained from 30 minutes to 3 5 hours, and no fuids
were given inteavenously during this period Measutements of the ?3;1(;3'
cellular space were started immediately after anesthesa was finis! h'
and 11 no case later than 30 minutes after. Therefore, 1n spit¢ OfEf :_
lack of flurds, inulin space expanded in about half of the cases BV
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dently, there must have been a shift of water from the cells snto the
snuhn space, or according to the dhunking of Dr. Meyer, an unbinding
of water which then became avadable as a salvear for inuhin

Fremont-Smuth, Was there sneaung, or any other loss?

Gawdino, Yes, in some subjects there was a certan amount of sweat-
ing, which would have debydeated them However, 1 do nor think chat
the amount of sweating was sufficient to modify water distibution.
Sueatng would have tended to decrease the water content of the body,
rather than increase st

Meyer: How much change did you have 1 the tonicsry of the extea
ceflular space?

Gagdimo, Plasma concentratens of sodsum, chioride and patassusm
did not change sigmficantly in these pacents, therefote, no great change
1 tonucity seems to have occurred.

Fremont-Smurh  You do not quite hnow whar comes out of the
cells, do you?

Gaudino  No, 1 do not, and 1 do not know erther whether electrolytes
come out from a specia) organ of a special area an the organism  We are
dealing here with the big water bottle, and in this case we see large
changes only There may be compensatory alterations which pass un-
detected, and chere maght be locabized modifications appeacing as
changes in the whote body.

Fremont-Smarh  Have you 1gnored the furd in the gastromtestinal
trace/

Gandino  Yes,we have.

Fremant-Smsthb  How large an amount s thas?

Gaudma. 1 do vot know  But even waking o consideration gastro-
seestinal tract content sn panients who have not been green anythiag
by mouth, or inrrarenously, for eighe hours, one could not explam che
thanges  Furthermore, the amount of water contamned i the wtesuna!
tract probably does not vary significamely with anesthesia

Holbrook  There certamly 15 no wcreased absorprion 1n che gastro-
miestinal grace with anesthesss, 1t would tend to be the other way.

FremontSmueh  But there may be conunwmng absorprion, there s
water avatlable there For instante, has bite or pancreanic juce been

roured info the gastsomntesunal tract’ Water 15 berng sbsotbed from
the Jower bow el continuously, 15 1t not*

Gaudena U dush that some Qud aughe be absathed thae way, but
1 do not hnow the quantuey

Tremout-Smth. 1 eas wondering whegher you onght to mention
s as 2n unknow n comparement which has aoe yet been measured.

Gusdme it 1s actually separated trom exeraceliular space by a von-
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tinuous layer of cells, and therefore should be considered more 25 2
type of spinal flmd.

Holbrook: But the same water is in the bowel when these expete
ments are performed, and you do not obtamn a 3-liter increase

Gaudmo: That is right. Our main pomnt was to study what happensd
to the mulin space, and we observed that 1t increased.

Holbrook. 1 should think 1 mught be increased even more than
your figures show. If anything, the ercor is on the other side.

Gaudimo: Yes. And I may mention here that 1 a somewhat sumilar
type of experiment, Levitt and collaborators (41) observed an icrease
of 1.5 to 20 liters in the 1nulin space of subjects 1n whom tournquets
were applied to both legs for from one to three hours This expansion
of extracellular space corresponds to about 16 per cent of control values

Fremont-Smuth: In the legs?

Gaudino: No, i the whole body.

Ragan  Afrer the tourniquets were removed?

Gandimo. No, during the application of the tourniquets

Mursky, It 1s mteresting that all the procedures ycu have described
so far result m a tremendous release of vasopresstn

Gaudino Do you tnply by your statement that there is a vascular
component to these changes®

Mirsky. 1 am just mentioning a fact; and am trying to see how it
fits 1n with this change

Gandino. Does DCA ncrease the release of vasopressin?

Mirsky 1 know of no better way to increase vasopressin in t.he ar
culation than by the njectton of salme in that volume, anesthesia, and
the application of tonrniquets

Holbrook: Not DCA, though

AMursky. 1 would not be surprised if DCA were equally effecuve Of
course, adrenal msufficiency, and also matked loss of fluid, will have
the same effect. .

Gaudna- But n adrenal msufficiency there is a decrease n inulia
space.

Mirsky: I'm not sure that DCA does not do it

Gandino: In Levitt's expertments, after the increase of smulin volume
of distribution deterrined by the apphcation of tourniquers; plasma
levels of sodium and chloride did not change. Therefore, there was a‘r:
1sosmotic expansion of inulin space, indicating a mavement of bot!
water and electrolytes

The rapid changes observed
' - = tual spaces bring up ¢

tn the water, sodiam, and chloride of
he following question: where does 3ll
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this water, sedum, and chloride, come from? It may be assumed that
water comes from the cells, and pethaps from the gastroimtestunal tract;
sodium may be supplied by connective tissue, bone and the cells, and
chloride, probably from bath the cells and connective nssue  However,
alt this 15 speculation, and the problem of finding these sources 1s sull
an open one.

Smex. What about potassium 1a connective tissue? Can we assume
that all the extracellular cation, associated with the extracellular phase
of connective tissue, 15 pretty much all sodum?

Gandino- ‘The general assumption is this. intersutial flud 15 1
osmotic equlibrium with plasma  Plasma, on the other hand, contains
only very small amounts of potassium, therefore, interstitial fluid also
contains a small quantity of potassium, and at a concentratson pracucally
equal to that of plasma water We may now take muscle as an example
of whole tissue It 15 known that about 16 per cent of nts mass would
contain ail chloride found by chemical analysis, 1n the same concentra-
ton found sn plasma water Chioride presumably bemng extracellufar
0 muscle, 1t follows that about 84 per cent of muscle volume corre-
sponds to cells If potassium 1n that 16 per cent extracellular space 15
constdered to be at a concentration Similar o a plasma ultrafilerate, then
the amount of potasstum contained 1n that volume 15 only a small per-
centage of the total potasstum conrained in muscle  Applymng the same
considerations to sodium, the opposite result 1s found, from whuch 1t 15
concluded that sodiem 1s the principal extracellular cation

Meyer Do you know whether wonized calaum s higher in the
connective tissues?

Gardino. 1 do not know much about calcrum in tissues, and I thenk
not very much 13 known ahout magnesium, either From all these
considerations 1t appears that one of the most tmportant, and less known
functions of the interstitsal spaces, 15 that of being a buffer compare-
ment, a depot, and an avenue of exchange for water, electrolytes, and
other substances necessary for the metabolism of the cell, or resulting
from thss bol 1f 1 spae 1s considered to be composed
mostly of connective trssue, this would then appear o be one of the
mam fl.\nc(lOnS Of connective tissue

There are now a few questions I should ke to ash  Which part of
connective tissue is concerned with the funcuon of storage, and the
exchange of electrolytes and water? [s it the fibers, or the ground sub-
stance> How do the known morphological components of connectise
tissue (fibers and pround substance) and the chemcal components
(mucopolysacchandes, collagen, and so forth) entet nto the picture?
What function may some of the enzymes concerned with composition
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and normal condition of connective tissne have 1n fluid and electrolyte
balance?

Funally, there 15 the question of how the histological picture of ussues
and organs agrees with this function of connective tissue I there a
histologreal counterpart for the spaces between vessels and cells in the
amount that we are measuring? Is it true that between 13 to 16 per cent
of body wetght corresponds to that histologscal interstitial space? This
15 a problem which 1s interesting, not only to physiologists and clmcrans,
but also to pathologists. We are here measuring a space which 15 con-
sidered to be of physwlogical importance for the exchange of waw
and electrolytes, and are assuming that 1t has an anatormical counterpart
Bur this counterpart has not been very thoroughly studied. I do not
know how accurate the estumation of interstitial space berween cells 5
in frozen sectons of muscle, or whether similar srudies have been done
1n other tissues and organs of the body. Perhaps Dr Angevine will gne
us an answer.

Angevne. 1 think one would have to do some plammetry, or one cat
weigh muscle fibers, and the interstitial tissue, by historadiography

Gandino: How 1s that done?

Angevine: They can be weighed by using a historadsograph, and
making densitometer readimgs 0 determine the densiaes of the ineer-
stitsal tissue and the muscle 1n relation to a standard reference system.

Gandino, Isti't that a somewhat uncertain method? I should thiak it
rmight be difficult to differentiate between what is extracellular, and what
is intracellular.

Angevine: Yes, but whatever answer one would obtamn histologrcally,
it would be just a general trend rather than a very accurate deter-
munation.

Meyer. Some very interesting work on the waterbinding of a con-
nective tissue has been done with the cornea, which probably 1s one of
the best tissues for the study of such problems. It swells i vr0 zm%
n vitro under a varety of conditions. Apparently it does not shrink
unless exposed to heat It will swell 1 hypestonic and hypotonic sola-
tions, on changes of pH, anoxybosss, and under the influence of cerz:nln
potsons which nerfere with the energy metabolism, as shown recently
by a Brrtssh author, Dr M. Langham (42). The water uptake 15 par-
wcularly Limuted to the substantsa propria, which is made up of collagen
fibrils and cerran mucopolysaccharides, among which sulfated polysac-

charides predormnate. .
I have ponted out previously that there seems to be 2 bxoloﬁcﬂ
1 between hyal and the sulfated mucopolysaccharides

Where hyaluronate predominates, or 1s the only polysaccharide present
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and normal condition of connective tissue have 10 flud and electrolyre
balance?

Finally, there 1s the question of how the hustological prcrure of tissues
and organs agrees with this function of connectrve tissue. Is there a
histological counterpart for the spaces between vessels and cells 1n the
amount that we are measuring? Is i¢ true that between 13 t0 16 per cent
of body weight corresponds to that histological interstitial space? This
1s.a problem which 1s interesting, not only 1o physiologists and cleuctans,
but also to pathologists We are here measuring a space which 1s con-
sidered to be of physiological importance for the exchange of water
and electrolytes, and are assuming that 1t has an anatomucal counterpart
But this counterpart has not been very thoroughly studied. I do not
know how accurate the estimation of interstitral space between cells 15
1n frozen sections of muscle, ot whether sittlar studies have been done
1n other tssues and organs of the body. Perhaps Dr. Angevine will give
us an answer,

Angevine. I think one would have to do some planimetry, or one can
weigh muscle fibers, and the interstiral tissue, by historadiography.

Gaudeno: How s that done”

Angevine They can be weighed by using a historadiograph, and
making densitometer readings to determine the densities of the inrer-
stiial tissue and the muscle tn relation to a standard reference system

Gandmo Isn't that a somewhat uncertain method? I should think 1t
might be difficult to differentiate between what 1s extracellular, and what
1s intraceltulae

Angevine. Yes, but whatever answer one would obtain histologically,
it would be just a general trend rather than a very accurate deter-
mination

Meyer: Some very interesting work on the waterbinding of a con-
nective tissue has been done with the cotnea, which probably 1s one of
the best tissues for the study of such problems It swells s 110 and
n vitro under a varety of condittons Apparently 1t does not.shnnk
unless exposed to heat It will swell in hypertonic and hypotonic solu-
tions, on changes of pH, anoxybiosis, and under the mfluence of cerean
potsons which interfere with the energy metabolism, as shown recently
by a Britssh author, Dr. M. Langham (42). Th'e water uptake 15 par-
sexdasly Jmved 10 the subvantia probria, which is made up of collagen
fibesls and cerrain mucopolysaccharides, among which sulfated polysac-

charides predommate.

T have nointed out previously that there seems to be a bl?loglﬁ]
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one finds edema, as in myxedema, in the sex skin of the monkey, and
7 bly 1 the bulbar tissue in exophthal The tissues con-
tamng predominantly or exclusively sulfated polysacchandes have a
low water content  Thus, the question atises shether and how we can
relate changes in water content, or hydration of connective tissue, to
changes 10 their structure, I believe that we have to assume that when
connecuve tissue swells, the water content of the ground substances
uses primanly, and the collagen fibers become hydrated secondanly
These shifts i water binding may be imuated by interference with the
energy metabolism.

Gandmo. In these cornea studies you just mentioned, how can you
explain the metabolism, the source of energy, it you say thar there are
s very few cells?

Meyer. Nucler may not be necessary for metabolism  Furthermore,
a few cells may regulate the functions of quite a large area, as in muscle

Gaudino Do you mean to say that the ground substance per se 1s
alive 1n the same way that a cell 1s alive?

Meyer 1 think 1t 15 erroneous to assume chat all the encrgy meta-
bolism has to be bound to cell structure

Gandmo  Therefore, another way of considening the problem would
be (0 assume that the ground substance, intercellular substance per se,
would have a metabolism of its own,

Meyer  Yes Just as 1n muscle, these few cells reguiate the funcnion
of quite a large atea Where the ground substances are formed, we do
not know We have to conclude from the work with §° sulfate of
Baostrom ( 13), Dziewiathowsht (41), and others, that at least some of
the polysacchanide fractions are < ly reformed We as-
sume now that the suifated mucopolysaccharides are finked by weah
forces to the fibrous elements This lmkage 1s rather labile and may
fequire energy to mameam, peshaps i a fashion sumlar to that re-
quiced to maintun potassim inside the cell

Siex One of the things we are considering now 1s whether collagen
should he thought of as a more or less nert material, or whether 1t
may have some of the proprties of an organic catalyst bordering on an
wnzyme

Meyer This may be so [ dunk, however, that the colfagen fibnt
dues not furnish the energy, it provides some locus, or loci, to which
the ground substances are bound T would assume that this bond 15
coutomb bond, or anvther weak bond  In the 1onzed medium 1n which
these structures are bathed, 1t presumably requites exteancous energy
o mantamn the strucrures ntace

Gandtno. Thus 15 4 rather wnterestng concept | think [ mennoned
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something before about the work of Mudge (36, 45, 46), in the Unite
States, and Robtason (47, 48), i England. They found thar by
changing the metabolism of the cells, that 1s by passing from oxybjost
to anoxybuosts, there is a change in the rate of entrance of both wates
and electrolytes, espectally potasstum. This concepr, therefore, could
also be applied as you have just mentioned, to the ground substance an
tatersewral tissues.

Meyer* It can restore the water.

Holbrook: Dir. Meyer asked whether hydration of fibrous tissue
might be the answer o this mcrease in space.

Gaudmo: That was part of the questton [ put to Dr Angevine, on
the proportion of chese ussues m the whole organism. There seems to
be very little data as to what percentage of the total body mass each
tissue, or system of ussues, corresponds. It would be intetesting to have
such wnformation for fibrous ussues, for the muscular system devoid of
fibrous structures, and for cutaneous and subcutaneous tissue

The problem of wterstieal hydration could be approached as long
as we could measure inulin space iz sitn in the tissue, or any substance
that would be exclusively extracellular in distribution. This would be
particularly important 1 the case of a fibrous type of ussue, like tendon,
Inulin determinatons in tissues have been done, but they have the
drawback of very high and somewhat varable tissue blanks, requiring
very high blood levels (49) There are many uissue carbohydrates that
give the same chemical reaction as 1nulin,

Sinex: C'.abeled tubers have been grown at Brookhaven by Dr.
Martin Gibbs for the synthesis of labeled inulin. This was in collabora-
tion with Dr. Fabian Lionett1 of Boston University

Fremont-Smath In a patent with chronic edema, such as a cardiac
or a nephritic. if we were to use a given edema level as the base
line, and then make shifts 10 the compatemientalization of fluid, com-
paring 1t with shufts in an organism that is nonedematous, would 1t give
us a clue as to what 1s gomng on? It would seem faiely clear ¢hat xh;
gross edema of the fluid, or sather the edema fluid of gross edema, s
not hydration; that fiuid 15 not hydrated Therefore, if we were o make
the assumption on the one hand that the fluid in the snterstitial spaces
1s largely hydrated, as opposed to the other assumption that 1t is
largely nonhydrated, and then make a comparison of the shift at that
fevel with the Shift when we knew ¢ was largely nonhydrated, would
we obtain deviations which would be significant?

Gaudmo This might very well be an approach  However, 1 40 not
think | menttoned before that one of the shortcomings of the inulin
method 15 the fact that 1t cannot be used m patients with edema
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Complete equilibration 1n this case requires such a long time that even
i 1t could be achieved, the crror mvolved 1 the calculavon from the
lacge figures of amounts infused and excreted, and from the small
figures of amounts contaimed in the body, would be so grear thac 1t
would be almost tmpossible to obtain an even approximate measure-
ment Several invesugators have tried to utilize this method 1n panienss
with edema and have faled

Fremons-Smub  You could use chloride, though, could you not?

Gaudino Yes, one could use chlonde in cases with edema  Reports
1n the hterature mdicate that there 15 a definite increase in radioacuve
chlonde space in patients wich edema (10)

Holbrook Would you find the inulin space reduced 1n a panent
wisth generalued edema®

Gandino  No, 1 1s usually increased Bot sometimes in cases of
large edemas, complete equlibration s not achieved, and therefore
one 15 not able to measure accurately that enfarged space. In pauents
with moderate edema in whom complete equilibration has been
achueved, there 15 an enlargement of nulin space (19)

Holbrook* But never to the degree thar the edema exists, unless
one waits fong enough?

Gandino  Yes, but 1t would take pethaps several days to achieve
cquihbraton

Tremont-Smuth Do you mean that the inulin space <an be increased
almost as much as the gan 1 weight?

Gaudino  Yes, 1 do not know whether actual measurements have
teen made, but § do not believe that there should be any difference
between inulin space and inctease 10 weight, as long as that ncrense 10
weght 15 due to an enfarged extraceftular space

Meyer  In cardiac or nephrotic edema, 1 believe there s o different
problem It appears that normal skin contains no intersunal flusd,
while in cardiac and nephrouc edema there 1s interstitial fluid in skin
and loose connectise hissue

Gandimoy With regard to normal shin not having interstinal flud,
do vou mean in flud form?

Merer, Yes, in flwd form, T behieve all experts in the field arc 1
agreement on this Recently there was an article on this subjeer by
Persson (30)

Gundimo  With reference to skin, if one considers the woral chlonde
ar sodium found per unit weight of shan as extraceliular, and calcolates
the spices of distbution on the assumption that these elements ate at
a con equal to an ultrafil of plasma, one tinds that these
spaces are erther equal to or larger than the total water (ontent ot the
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uissue Chlorde space 1 skin can be berween 60 and 70 per cent of

sts weight, while its total water content may be between 38 to 67 pet

ce{:;. How m:) this facth be correfated with what you have juse said?
ngersme: One can have warer in a gel which i

of holdhig sodsum, gel which is perfectly capable

Gandino: Yes, that may be so.

Stnex. 1 think you would find Loeb's book (51) on the swelling of
gelation a very mformative thing It was publshed m 1922, bur &
still has a Jot of useful informanon m s,

Gandmo, Yes, I have read st

Asboe-Hansen. 1 tunk myxedema would be another subject for
research, but we seldom see untreared cases because the practitoners
weas them before they come to the hospitals Conld one find untreated
cases 11y New York?

Fremont-Smsth, Ope would find them here only occosionatly, 1
think, when treatment was deliberately wathdrawn for a while, or ln
the case of some pavent who has had very ineffective medical core.

Travell It rmght be found in a patent who has had a thymoid-
ectomy, perhaps.

Fremonr-Smsth. Yes. I thunk 1t is very interesting that the same
argument abour bound and vobound water, gel and free-floating water
in the skin, was taking place with considerable acrimony w 1924 and
1925 when I was first working wath the cerebrospmal fluid, and 1t is
stith an pnsertded problem.

Gaudsna There ate many more measutements and exchange studes
that shoald be done at the ussue level. If those changes were known,
probably many things could be clarfied As Dr, Meyer just suggested,
if there 15 an increase 10 the amount of water contained 1n the skin,
one does a0t know whether s s an tncrease of water of hydration of
a gel, or yust fluid water, and whether this increase occurs at the same
tume as a commensutate increase in the sodism and chionde content
Were thete any chemical analyses done on those skins that you
mentioned, Dr Meyer?

Aeyer. 1 do not know. .
Fremont-Sruth, Tt seems o me thac that is 3 vesy duficult point

10 maintamn unless we say thae the skin of the feet, when we are in
a0 upnght positon, 1s always abnormal We know very well that 3
considerable quantity of fluid from the blood scream goes
subcutancous tissues, which I assume would include the skin,
I may be wrong. .
Ragan: But is it fluid as water, or fluid as 5“‘.’
FremomSmuh: 1f it 1s fluid as gel, bow cigidly

into the
although

Jo we mean gel?
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Do we mean gel which behaves osmotically and otherwise like wates,
or do we mean gel that seems to be removed from the system alto-
gether and set aside?

Ragan: Dr. Meyer says there atc many gradations.

Gandino® 1 may add that we are only speaking of nterstitial ussue
spaces If we go back to what was discussed eather, and mclude the
condstion of vessels, capillaries, arterioles, lymphatics, and 1n addition
to that, the state of the cells, all varying according to the part of the
organism being considered, I think that the whole problem becomes
almost insoluble,

Sinex~ Some intetesting information may come out of our work on
the amino acid content of skin juice, because here we have a number
of molecules of varying charge and size occupying a tissue which has
a large extravascular component The free amino acids of the skin
juice are definstely quite different from those of plasma

Gaudino Do they differ from those of tendon’

'Smer T do not know, I have nat looked at tendon or muscle, but
L PN .

That means you have

Smex: 1 have tried, but I do not know how thorough a job I have
done

Gandino: What do you do?

Smex 1 heparintze the rats, take off the skin, pluck out the fur,
and try, very grossly, to clean up the subcutaneous tissue Then 1 put
1t 1n 2 hydraul press and rack 1t up o about 10,000 pounds. From
the shin of 2 150 gm rat I can sometimes obtaun 2 m! or morc of
Jusce

Gandino' T wonder whether you are certamn that you have removed
the cutancous muscle which s so adherent to the skin of the rac

Fremont-Smith: How much of 1t comes from the cells® Yon cer-
tatmly destroy cells, do you not>

Stnex. That 1s nghe, it brings up the question of whar 1s the onic
composition of such yuice  The rato of sodum to potassium 15 ap-
proximately 19

Gandno  You are obtaining extracellular fluid 00, are you not®

Simex Yes, 1 am sure about that

Fremont-Smuth  And all the gel flud, bound, unbound, or partly
bound

Sinexs That 15 night, 1t 15 a very complicated marerial thar J have

Gurdino- Skin studies, especually in ammals, should be done very
carcfully In the rat, and also n the rabbit, the dermis and the epr-



108

tssue Chlorde Space

58 o 67
an ] ith Ve just saigs
Anger,, ' One cap haye Water jn 5 &el whycp, I per; ectly Capab]
of ho ding sody

Gamlma > that may

Senex: 1y ik yor ould §, boog ¢ 1) on the Swelling of
Selaton very formagye thing S publisheq bur ;
Stdl has Jor o, useful nf, IMation

Gadry, S, 1 haye o, d 1t

fboe»Hm.rm thin) edemy be Other subject fo,

fesearc) but we seldom €€ Untregy, use the Practitioners
treat the, before ¢ Y com 3

Oze they ¢o, € t0 th hosprralg Could g find Untreated
CASES 1 New Yorp>

Tem0nt-Somy, woul, d them here only OCasionalyy, 1
hink, When teatmen, was dehberately wirhdmwn for while, or m
the case of oM paveny who hy hag very ineffectiye medical cape.
Traveyy, It mgh, ound i , Patient sop, has hag 5 thyrod.
€ctomy, Pethapg

an &el and Iree-ﬂo.zring Water
i the skyp, Was afing Place vy, Consideraja Ctimony iy 1924 anq
Wi W

0
54 Working With the cerebrospma! fluid, and i js
lem,

Measuremenys and exchange Studies

thoge changes were knowp,

s Dr, Meyer Just Suggested,
in

€ does pop knoy, whether it 15 an Ncrease of water of hydracion of
ji whe] is incr

©25¢ Occurs ¢ the same
1¢ as ES commensumte mcrf-‘ase in s lde contenr

MM and chtgy,
re there 207 chemycyy Analyses done o those skine that yoy
loned, Dy, Meyer>
leyer, Tdo noe know
remon;J»zz//J: It seems 0 me thy, thar j5 o very difficul, Ppoine

ANt upless We say thar the skin of the feer, When we ara n

righe Posttion, 45 alwagg nbnonnal. We know very “e!l that a

lerab e uanty 1d from the blooq Stream goeg into the

aneoys fssues, wh.ch T assume Would inclyda the skip, although
Wrong,

2 But g5 1 flusd g5 water, or Buid a5 gel? »
ont-Smuth; 15 s fluid a5 gel, how tigdly do We mean gej



Interstitial Water and Connective Tisines 109

Do we mean gel which behaves osmotically and otherwise like water,
ot do we mean gel that seems to be removed from the system alto-
gether and set aside?

Ragan Dt Meyer says there are many gradations.

Gandino 1 may add that we are only speaking of intersutial tissue
spaces If we go back to what was discussed earfier, and include the
condition of vessels, capillarues, arterioles, lymphatics, and 1n addition
to that, the state of the cells, all varying according to the pact of the
organism being considered, 1 think that the whole problem becomes
almost insoluble.

Sinex Some interesting 1formation may come out of our work on
the amino actd content of skin juice, because here we have 2 number
of molecules of varying charge and size occupymng a ussue which has
a large extravascular component The free amino acids of the skin
Juice are definitely quute different from those of plasma

Gandimo Do they differ from those of tendon?

Stnex 1 do not know, 1 have not looked at tendon or muscle, but

v e

PUCTGR S

‘That means you have

thorough a job I have
done

Gaudino~ What do you do?

Stnex. 1 heparintee the rtats, take off the skun, pluck ouc the fur,
and try, very grossly, to clean up the subcutaneous tissue “Then I put
1t sn a hydraulic press and rack 1t up to about 10,000 pounds From
the skin of 2 150 gm rat T can sometimes obram 2 mi or more of
Juice

Gandino 1 wonder whether you are certain that you have removed
the cutaneous muscle which 1s so adherent to the skin of the rac

Fremont-Smuzh: How much of 1t comes from the cells? You cer-
tainly destroy cells, do you not?

Simex. That s right, 1t brings up the question of what 1s the 1anic
composition of such juice ‘The ratwo of sodum to potassum is ap-
proximately 19

Ganudno  You are obtasning extracellulac fluid too, are you not?

Smex  Yes, 1 am sure about thar

Frflmorzt-:mrtl: And alf the gel dud, bound, unbound, or partly

I

Stnex: ‘That is right, it is a very complicated matertal that 1 have

Gandino: Skin studies, especaally 1n anmmals, should be done very
carefully Tn the rat, and also in the rabbit, the dermss and the epr
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tissue Chloride space 10 skin can be between 60 and 70 per cent of
1ts weight, while 1ts total water content may be berween 58 to 67 per
cent How can thes fact be corselated with what you have Just sard?

Angevine: One can have water in a gel which is perfectly capable
of holding sodium

Gaudino: Yes, that may be so.

Smex I thank you would find Loeb’s book (SI) on the swelling of
gelaton a very nformative thing, It was published in 1922, but it
stidl has a lot of useful wformation in it

Gandino- Yes, I have read 1t

dAsboe-Hansen 1 think myxedema would be another subject for
research, but we seldom see untreated cases because the practitioners
treat them before they come to the hosputals. Could one find untreated
cases 1n New York?

Fremont-Smisth. Ove would find them here only occasionafly, |
think, when treatment was deliberately withdrawn for 2 while, or in
the case of some patient who has had very neffective medical care.

Travell: It might be found in a patient who has had a thyrod-
ectomy, perhaps.

Fremons-Smsth: Yes. 1 think 1t 1s very interesting that the same
argument about bound and unbound water, gel and free-floating water
1n the skin, was taking place with considerable acrimony 1 1924 and
1925 when I was first working with the cerebrospinal fluid, and 1t 35
still an unsettled problem

Gandinio: There are many marte measurements and exchange studees
that should be done at the tssue level. If those changes were knows,
probably many things could be clartfied As Dr. Meyer just suggested:
if there 15 an increase 1 the amount of water contamed m the skia,
one does not know whether it 15 an ncrease of water of hydration of
a gel, or just fluid water, and whether this increase occurs at the same
time as a commensurate wncrease 1 the sodwm and chloride content
Were there any chemucal analyses done on those skins that you
menuoned, Dr. Meyer?

Meyer: 1 do not know
Frefnom-&mltb It seems to me that that 15 a very difficule point

to mamtain unless we say that the skin of the feet, when wlel n}:ir“;
an ppright position, 1s always abnormal. We know very we.m; e
consderable quantity of fluid from the blood stream goes lIr.hou .
subcutaneous tissues, which I assume would nclude the skin, al 4
I may be wrong
Ragan- But 1s 1t flud as water,
Fremont-Smath. 1f 1t 1s flud as gel,

or fluid as gel? »
how nigidly do we mean g&
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Gandino. Ase you gowng to sefer your results to wet wetght of skin,
1o sobid weight, of to nitragen content?

Stnest Basst, 1 should really like to solve the hydroxylysine problem

Fremont-Smith Yor wish to know whether or not 1t 1s there?

Smex  Yes, I think that 1s my first problem: m fact, I am not too
sure how far I would go with the second question I think the firsc
problem 13 of considerable value to anyone who wishes to study the
interaction of small charged molecules With the extracellular phase
that exssts 1 collagenous tssue, tendon ot a thuck layer of the skin
may be unlized The juice can be pressed out and studied, and due
to the fact that there are so many amino acds of varymng molecular
weight, something more may be learned about the actual eavironment
n which these amino acids are found

Gandino  One of the smportant problems sull unsettled 15 the
existence, or nonexsstence, of bound water 1n tssues This would be
a froitful subject of study for chemusts, biochemusts, or biophysicists
However, they do not seem to be interested 1n the problem Do you
agtee, Dr Meyer?

Meyer ‘Thus 1s a field 1 which the angels fear to tread, and I per-
sonally would not venture to work 10 1t My purpose 1n discussing these
very complex problems is to state my opinion that not all the
questions have been solved Pechaps our concepts n this field ate not
on very firm foundations

Angevine In this connection, I think the studies of Dr Opie (52,
53, 54),  relavon to osmosis, are of interest Tt was known, pre-
viously, that certamn changes had to 1ake place in the cell But m the
techmique he describes, water passes teadily back and forth through
cells and nuclear membranes

Gandmo® There are many sndications that the cells are not 1n osmotic
equilibrium, but what sort of equilibtium 1t 15, we do not know

Fremont-Smith  One has to make a distinction between water en-
tering a cell, and entering 2 tissue There 15 2 greater amount of water
m the tissue afterwards; water enters a cell and leaves 1t m a back-
and-forth movement which does not necessanly change the volume
at all I think perhaps what Dr, Opse was referring to was the move-
ment back and forth across the membrane

¥ had a difficult tme trying to understand hydrostanc and osmotc
pressure, and all of a sudden part of it seemed to come clear For
snstance, 1f there 15 a siuarion where there is water and a vacuum or
gas phase, the water will gradually come nto equibbriom with the
water vapor In the beginming, more water molecules will escape nto
the vapor phase than will be coming bach i, and when 1t reaches
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dermis are closely adherent to the cutaneous muscle, which is qute
developed 1 these animals. Therefore, if a careful dissection 1s not
made, 1t 15 probable that the skin sample wil have 2 large amount of
cutaneous muscle mixed with it, introducing a large soutce of error
A good dissection of the dermis and epidermis from the cutaneous
muscle in these animals 1s not a sumple procedure.

Angevine: Onpe might squeeze out 2 ml, of juice from the bleod
vessels and lymphatics alone

Sinex. Yes, that's right, one could However, this juice 1s very rich
m amino acds The concentration is five tumes that of plasma If we
assume that the concentration of amino acids 1n the extracellular fluid
1s the same as m plasma, we mght calculate from the sodrum/potassum
ratio that the true tntracellular concentration mighe be as high as
70 #M per L, three tumes that of liver, Perhaps it is

Angevine A chemist uses all the precise methods of chemistry
when working with tssues, but never seems to worry about what he
starts with

Gaudino: Dr Angevine, it has been reported that in the muscle,
the amount of blood contaimed in a sample of tissue tan be measuced
by soaking 1t mn szline solution, counting the red blood cells found
1 that solution, and comparing it to the red cell content of peripheral
blood With this method, the amount of blood per snit muscle weight
15 about one per cent (49).

Semex I have a lot to learn about dissecting layers of skin It might
be better to use a Jarger ammal than the rat. :

Gaudmo ‘The sk of the rabbut 1s also rather dufficult to dissect

Travell 1 should think there would be no shortage of human skin,
1f you are interested 1n that

Smex: No, there 15 no shortage of human skin, but we cannot set
up all our techniques at once I had very definitely m(endgd to talk
to somebody about preparations, I think the best suggestion is tendon

Gandino: Do you make your analysis by paper chromatography?

Sinex: Yes.

Gandino  Ate yon parucularly mterested in content in muscle?

Swmex+ 1 got mto this by leoking for free hydroxylysine phosphate
and hydroxylysine For this purpose, I think one does not nee to have
pure dermal juice 1 should just like 1o know whether they age present
mn a tissue which contains 2 Iot of collagen

When we approach the other problem of w
composttion of a patscular layer of the skin, and
by its 1mmediate extracellular environment, we need a v
dissected layet, as you point out

hat is the amino acid
how this is infuenced
ery carefolly
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Fremont-Smuth That would increase the molecutar concentration
imstde the tissues

Gaundimo These tissues were soaked in saline for ten munuces I
may mention here that people who do nssue culture work usually
soak the tssues for half an hour to an hour 1o Tytode’s solution before
putting them in the mssue culrure medium, and that does not seem
t0 alter their vitality to any extent

Fremont-Smuh  But tt does mot prove that many more small
molecules have not been produced out of large molecules 1n the
interval.

Ragan* Withm ten minutes. the pH of the tissue 15 certanly much
lower

Gandino: Yes, the pH can change defimtely Dr Opte has not
analyzed erther the ussues or the medium

Fremont-Smuth  The change would mevirably be one of increasing
the osmotic pressure of the nssues that have been removed from the
body 1 think what nterested Dt Opie was this change

Gandino  Thete is a recent paper published by Deycup (55), fol-
lowing the work of Drs Mudge and Opie, m which studtes were done
on the water uptake of kidney slices 1o the presence and absence of
oxygen Incubanon of these shices m the presence of oxygen deter-
muned the foss of the excess water taken in anoxybiosis Kidney slices
mcubated m 1sosmotic mediums, gained water if they were then in-
cubated without oxygen, while they lost that excess water when mcu-
bated m oxygen In ussues stored from four to eight hours at room
temperature, and then incubated, mncrease 1 weight was much larger
than tn the ones that had not been stored, however, 1n the presence of
oxygen, they lost water as rapudly as the control tissues From these
experiments, 1t appears that there is some relationship between metab-
olism, oxygen consumption, and water uptake 1n ussues I do not
know whether these experiments may answer the pomat that the
mcrease 10 metabolites of small molecular weight may produce an
mncrease 1n osmotic pressure The fact of a loss of excess water after
ncubation in oxygen may be explamed by an eliminanion of metab.
olites, or by their inclusion n larger malecules when normal me-
tabolism 15 resumed

I recently searted several experiments on this particular problem,
and observed that after only two minutes of immersing tigsues in their
own plasma, significant gam 1n weight took place, 2 gam due entirely
o water uptake by the tissues At the same time, potassium decreased
0 almost one-half its control values, while sodwum and chlonde n-
creased quite markedly.
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equihibrium, there will be an equal movement in both directions,
provided the temperatute 15 not changed. The degree of this move-
ment 15 very great, even though there are no changes taking place

We shall assume that there is a membrane, and we shall create
2n osmotic situation by putting water in at one side, taking off this
gas phase for the moment, and putting water there also, so that now
we have water on the two sides, and a membrane which 15 permeable
to water Obviously, in that case, water will be moving in both diec-
tions So far as I know, there has never been a theoretical calculation
of how much water passes through, but the magnitude must be vety
great indeed

Now, if glucose 15 mtroduced into any molecule, there will be a
movement of water It will rise up, which is the ordinary osmotic
situation  So far as I can understand it, the glucose has merely de-
creased the movement of water out; 1t has interfered with the escap-
ing tendency of water across the membrane in one direction, and
therefore has shown what movement of water occurred there in the
first place The glucose will reduce the vapor tension, and so prevent
the escaping tendency of the water into either a vapor phase, or across
the membrane The movement which balances its going across a
membrane, or across the vapor phase, must be of enormously large
magnirude, and what we measure in osmotic pressure is merely the
reduction of 1, or the movement of water from the phase in which the
solute 1s.

1 assume that there is free movement of water across all membranes
mn organusms 1 which there is any water on both sides, but that the
restriction lies in the changes of volume. Was this what Dr Opie’s
work was on?

Gandino No, Dr Opre’s work (53) was this* he took pieces of
tissue, muscle, liver, skin, and so forth, put them 1n so-called isosmotsS
solutons, and measured therr increase in weight during' the course o
time In other experiments, he took similar preces of tissue, and put
them in mcreasingly concentrated aolutions‘ until that mcne;.s; in
weight was prevented He observed that in tissues hk? Liver, ki r{e\/;;
muscle, and others, the osmotic concentration of the liquid in whicl
no change 1n weight occurred was far above that of the plasma; rh:x;
15, instead of being 300 milhosmols, it was apout‘ 40[?, 500, or e';]cl
600 From the results of this work, the question is raised as to wha
sort of osmotic equilibriem exusts in such tissues

Fremont-Smuth Did be take care of postmortem enz]
down?

Gaudimo No, he did not.

ymanc breaks
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ability and permeability, so the fact that a membrane 1 alive does not
mean that the membrane has to do work with respect to the move-
ment of flmd across st It may mean that sts life process 1s maintaning
the characteristics that 1t has, which could concervably be reproduced
with cellophane, although no one has done 1t

Holbrook Isn't it all a question of oxygen tension?

Gandino 1 do not think that anybody has measured otygen tension
nside the cells

Ragan 1 wonder whether anyone has done this type of thing on
tissue cultute materal> We do not know whether the matersal, after
it 15 placed in tissue culture, will chen have a gradient, as 1t should
have?

Gandmo ‘That 13 what I am planning to study in the futare

Fremons-Smath 1 believe that tissue cultures do not swell up, when
they are bathed in ssotonic solution

Gandmo On the assumption that proteins of the plasma may have
some action agamnst the gan 10 weight of nssues immersed in so-
called wsoton solutions, 1 used plasma as the medumn for immersion
1 found that even plasma of the same ammal from whom the tissues
are obtained does not seem to have an effect 1n prevenung this gan
1n wesght, not 1n preventing the interchange of electrolytes

Fremont Smith We can say that the tissues, when taken our and
bathed erther 1n Tyrode's, or another solution, are perfectly normal,
which T think ts what you are trymng to say, and yet they swell Or
else we have to say that these nssues, which do not swell during life
when we know they are normal, become at least 1o some extent,
abnormal when they are put into plasma

Holbrook Dr Gaundino, did you find that i condutions of hypoxia
swelling occurs®

Gandino 1 do not know whether these ussues are hypoxic Prob-
ably they are, because there 1s no circulation through those preces of
nssues. although we shake them constantly with a rather primitwve
method At present, we are trying to improve this

Holbrook Why wouldn’t there be hypowa® How could it be
avouded”

Zwerlach  Why must you assume 1t 15 hypoxa® After all, you
have subjected this tissue to a traumatc experience, 1t has been excised
What proof do you have that these tissues do nor restore theit equilib-
tium once they are put o this nssue culture medium? You are
assumung that they conunue to be abnormal

Gaudino: ¥ am not assuring that hypoxia 1s the cause of any of the
changes In these expeniments, I only wish to hnow why a ussue,
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lfFremon/Jm:lb. Curiously enough, this does not happen during
ife.

Gaudino: According to the current way of thinking, plasma 55 10 a0
acuve osmouc equilibrom’ with nssues. In raro cultures have been
done 1n these tissues, and I have found that they are alive, even after
one or two hours of plasma immersion.

Alsve does not mean thar they are in equilibrium, but on the other
hand, there 1s the fact that in two minutes there 15 scarcely time 0
change the whole of the osmouc properties of the cells, especially if
the cell membrane 15 considered to be an inerr membrane. Theoreti-
cally, plasma should be n osmotic equilibrium with the cells.

Angevine: Your objection 1s a valid one, and Dr. Opie would be
the first to agree with 1t, but on the other hand, that objection could
be applied to all work with homogenates, suspensions, and other
things R

Fremont-Smsth. You mean, as far as osmotic pressure work goes’

Angevine: Yes, or permeability

Fremont-Smuth  Does this suggest that the interstitial materials
are grossly hypertonic to the fluid that bathes them? In that case,
by some active process of the membranes the cells are prevented from
swelling, and then, when they are bathed in the plasma uoder the
circumstances of your experiment, this active process of the membrane
15 removed, and osmotic equiltbrum is allowed to take place. Is that
the mplication®

Gandino. 1 do not know, although 1c might be so  Actually, I do
not think there exssts an osmonc equlibrum as usually considered
Sodium does pot enter i amounts equivalent to the loss of potas:
smm, One mEq of sodum 1s not exchanged for one mEq of potassium
There s a different rate of exchange for each of the jons  potassum
leaves the tissues 1n amounts differing from those of sodum entering,
while chloride entrance s mdependent of sodium. Tt seems that each
of these three 1ons 1s handled by the tissues differently The imporant
fact 1s that they are exchanged, and very rapidly The concentration
gradients of potassum inside, and of sodium outside, disappear very
rapidly

Fremont-Smith All we have to do to cotrelate this 15 © assum§
that 1n a very short ume the cell has been deprived of oxygen l;:n
perhaps of glucose, and the character of the membrane ha&brane
changed It seems to me that there are two elements to 2 mer:a[ ans.
1t can be very much alive, and in no sense inest in t.he sense d e
alwve, and yet sts Living propesty may be whzxf mammmsfu_ wi vy
particular characterisies  These include a certain degree of impe!
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the ussue culture results are abnormal® We are arguing frumlessly

nOW.

Meyer. All I wished to bring out was that we cannot argue from
this equivalent

Gandmo. 1 wish to add to what I mentioned before, that 1 the
case of skin, changes are almost ml In general, there 15 only a small
increase 10 sodum and chlonde, and a small decrease 1n potassium,
but sull the sigmificant increase i water 1s there.

Travell Dr Zwefach showed us a beautiful illustration of what
happens 1o a cell when 1t 15 taken out of its environment In this case
1t was a red blood cell that just moved our of the plasma intw the
intersutial spaces, 1t looked the same, but st was of a totally different
compostuon,

Fremont-Smuth  Irreversibly different

Travell. Yes, and we may assume no hypoxia, or change mn tonicity
It simply moved into a different environment, without trauma

Angevine ‘The fact that we have started banks for the aorta and
for the eye suggests that we can do a great many things with con-
nectwve tissue  They are 1n an abnormal environment, but they cer-
tainly have not been altered as much as we think

Fremont-Smsth They live and recover It does not mean that they
have not been altered.

Rugan: Dbes the aorta recover? It 15 mert, 100

Angevine 1 do not know what you mean by “recover ” It 15 grafted
and goes on working, for all practical purposes

Gandmo 1 thunk the consensus of opinion among those who have
worked with the aorta graft 1s that st 15 just a matnx for the endothe-
lum, connecuve tssue, and persvascular tissue to grow out on gradually
and completely replace the grafted piece of aotta

Krog: Yes, that 1s raght

Holbrook It does not mamtain viability as such

Krog. No, 1t 15 not comparable to a skin graft

Angevine Uf one puts the aorta 1n the icebox, the elasucity remains
almost unchanged after several days However, although they leok just
the same, I am sure that there 1s something altered

Zuwerfach, It 1s amazing that in perfused lymph preparations, oxygen
content may be cut down to almost 2eto without destroying the per-
meablity charactessstics The endothelial cell will wichstand very low
OEygen ension, $o that OXygen tension per se 1s not the enncal factor
there,

Ragan: Does glycerm keep the water from crystalhizing, when red
cells are frozen?
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which supposedly 15 1n equilibrium with a certain fluid of the body,
does not retamn that equilibrium once it 1s removed from the organism,
even though ¢ 15 sell kept 1 contact with the same fluid It may be
that there exists some factor which is removed when tissues are taken
out of their normal environment.

Fremont-Smsth: I think it is an unjustified assumption to say that
because these tissues swell up, when bathed as you or Dr. Opie have
bathed them, this means that they were not i equilibrium with the
fluid that bathed them m the body. It seems to me that is a ather
far-fetched assumption which mught be true, but has not been proved
by any means

I think that what Dr. Zwetfachk says is much mare to the pomt
that these ussues, when bathed, have been badly traumatized If they
are mn small preces, then they have an enormous surface in the total
muxtute there of injured cells, and if they are in large pieces, they
will not reach equilibrium  But you say that they are in small pieces

Gandino- We have studied large pieces, as well as small pieces
In the case of Jarge pieces, for instance in one single piece of muscle
which was cut lengthwise with reference to the fibres, and only cut 1
two transversely mn the ends, we observed the same changes as with
the small pieces of tissue  As a matter of fact, the results are very
consistent with the same tissue, be it 1n large or small pieces, the
percentage of gan wmn water per unit weight in function of time 1
generally identical in different experiments, the same as the percentage
of entrance of sodmm and chloride and exit of potassium These
changes, of course, increase with the passage of time

Fremont-Smath My guess would be that this 15 a reaction of njury

Mirsky This brings to mind Greig's work (36) on the red blood
corpuscles  She showed that cholipesterase activity of the cell deter-
mines the passage of potassum, as well as water, in and out of the
cell. Her evidence with erythrocytes is rather convincng it support
of the concept that the entry of water into the cell s dependent .0!'1
glycolysss, which m turn determunes the rate of cholinesterase activity-

Gandmo: There has been a great deal of work done on the red
blood cell

AMeyer Was the plasma heparinized?

Ganding: Yes

Meger: Heparin in the con
1s certatnly not a normal com,
in a physicochemical sense

Ragan: Don’t you thiak 1t woi

centration used to keep the blood fluid
ponent, and is a very acnive substance

uld be better 1o wai and see whethes
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Marsky: Parkes (57) has done a good deal of work with the spetm
1n that respect  Freezing apparently prevents the crystals from formng
The glycerin does appear to get in. Then it is quite viable The best
index of permeabrlity that I know of is that the sperm will fertilize ova

Fremont-Smuth It 15 a faitly good index, although ova can be
fertrlized without 1t Even viability has relativity.

Krog. Can skin be compared with muscle tssue? I was thinking
that hypoxia of skin 15 known to be very difficult to produce, because
mn the way 1t obtains oxygen, skin 1s apparently different from other
tissues.

Gandmo  You mean that skin is a ussue that normally could be
more hypoxic than others?

Krog. Yes, because 1t seems to be able to take up some oxygen
directly from the air

Gandimo 1 have done the sume experiment with skin as with muscle
Skin does not seem to change much, as I have mentioned before.
Actually, there 1s pracucally no change as compared with muscle, hver,
or any of the other tissues which show such marked electrolyte changes
However, skm also gains water. In all ussues studied, the location of
this gamn 1 water 18 not known, I do not know if 1t remains localized 1n
the mterstitaal spaces, or «f water also increases inside the cells

Fremont-Smnh: You would Iike to know, particularly when you
cur 1t 1nto small preces, that the water swelling does not go primariy
1mneo the myured cells?

Gaudimo ‘That 1s partly 1t Actually, most of our work has b.eeﬂ
done with large single pieces, about a centimeter long The total weight
1s about one gram. In general, we have only a small surface as con'fl]-
pated to the mass, but 1 spite of that we obtain the same results as wit
small preces
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GUSTAV ASBOE-HANSEN
Laboratory for Connectsve Tassue Research
Unnersity Inststnse of Mednal Anatomy
Umverty of Copenbagen

AN IMPORTANT component of the mucinous ground substance of the
connective tissue 15 found 1n the acdd mucopolysacchanides, which are
combined 1n some way with proteins In the skin, hyafuronic 2aid and
chondroitia sulfuric acid have been demonstrated Both substances
stan metachromatscally with tolurdine blue  According to Meyer and
Rapport (1), however, only the hyaluronic acd 15 suspectible to
hyaluronidase.

A conspicuous change observed 1n connective tissue under the influ
ence of cortisone, 1s the subsidence of the hyals § meta-
chromatic substarke (2) Thus change has been observed even m sk,
and may be due to an alteration 1n the amount and chemstry of
hyaturonuc aqd

Since hyal acd 15 a physiol Ify active substance, these
changes must be essenuial factors 1n the effect of cortisone on a large
number of disorders in which a patholl I increase 1n h

acd 15 a predominant feature, and of pathogeneuc significance The
action upon the ground substance, I have tried to elucidate by more
indirect methods

Spreading experiments during cortisone treatment showed an -
hibition of the action of hyaluronidase in the dermis, and an increase 1n
the direct spread of a dyed or radioactive indicator in the tissue without
hyaluronidase My interpretation of these findings 1s thar during cor-
usone treatment, the injected enzyme finds fess and altered substrate
€0 act upon, and thus the spreading power 15 reduced (3)

The effect of cortisone upon the connective tissue ground substance,
and upon hyaluronic acid, cannot be considered without also studying
the cells which form 1t Some previous investigations (4, 5) have
mdicated that the mast cells, under hormonal nfluence, evidently
secreee mesenchymal mucopolysaccharde hyaluromic acid, perhaps re-
S This Sork wss supported by Ely Lilly and Company Indianapols, Indinz, The

Nauonal Danish Associsuon sganst Rheumauc Diseases, aod The Nassonal Dansh
Ants Cancer League
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AN IMPORTANT component of the mucincus ground substance of the
connective tissue 1s found 1n the acid mucopolysaccharides, which ate
combined 1n some way with protewns In the skin, hyaluronic acd and
chondroitn sulfurse acid have been demonstrated Both substances
stain metachromatically with toludine blue According to Meyer and
Rapport (1), however, only the hyaluronic acd 1s suspectible to
hyaluromdase

A conspicuous change observed m connectsve tssue under the nflu-
ence of cortisone, 15 the subsidence of the hyal d tve meta-
chromatic substance (2) This change has been observed even 1n skin,
and may be due to an alteration n the amount and chemstry of
hyaluconuc aced,

Since hyal aad s a physiologically active substance, these
changes must be essential factors 1n the effect of cortisone on a large
number of disorders 1 which a pathological increase mn hyaluronsc
acid s a predominant feature, and of pathogenetic significance The
action upon the ground substance, 1 have tried to elucidate by more
wndirect methods

Spreading expensments during cortisone treatment showed an -
hibwion of the action of hyaluronidase 1n the dermis, and an increase 10
the ditect spread of a dyed or radiwacnve indicator 1n the tissue sathout
hyaluronidase My snterpretation of these findings 15 that duning cor-
nsone treatment, the mjected enzyme finds less and altered substrace
o act upon, and thus the spreading power 1s reduced (3)

The effect of cortisone upon the connective tssue ground substance,
and upon hyafuronic acid, cannot be considered without also studying
the cells which form 1t Some previous mvestigations (4, 5) have
dicated thar the mase cells, under hormonal influence, evidently
secrete mesenchymal mucopolysaccharide hyaluronsc acid, perhaps re-
7This work was supparted by Eh Lilly and Company Indianapolis, Indians, The

Natonal Danssh Asscianion agamnst Rheumatc Diseases, and The National Danssh
Abu Cancer League
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AN IMPORTANT component of the muctnous ground substance of the
connective tissue s found m the acid mmcopolysaccharides, which are
combined 1n some way with protems In the skin, hyalurontc acid and
chondromtin sulfuric acid have been demonstrated Both substances
stasn merachromatically with toluidine blue  According 10 Meyer and
Rapport (1), however, only the hyaluronic acd s suspectible to
hyatutonidase

A conspicuous change observed 1n connective ussue under the flu-
ence of cortisone, 1s the sub e of the hyalurorud 1ve meta-
chromatic substance (2) This change has been obsetved even 1n skin,
and may be due to an alteration m the amount and chemustry of
hyaluronic aad

Since hyaluronic acid 18 a physiologically active substance, these
changes must be essental factors 1n the effect of cortisone on a large
number of disorders 1n which a pathological increase (0 hyaluromie
acid 15 a predomnant feature, and of pathogenetic significance The
action upon the ground substance, I have tried to elucidate by more
indirect methods

Spreading experiments during cortisone treatment showed an in-
tubitton of the action of hyaluronidase n the dermus, and an increase
the direce spread of a dyed or radioactive 1ndicator 1n the tissue without
hyaluronidase My interpreration of these findings 15 that during cor-
tisone treatment, the myected enzyme finds less and altered substrate
10 act wpon, and thus the spreading power 15 reduced (3)

The effect of cortisone upon the connective tissue ground substance,
and upon hyaluronic acid, cannot be considered without also studying
the cells which form 1t Some previous investigations (4, 5) have
indicated that the mast cells, under hormonal nfluence, evidently
secrete mesenchymal mucopolysaccharsde hyaluronic acid, perhaps re-
2 This work was supported by Ei Lilly and Company, Indianapolss, Indiana, The

Nauonal Danish Association against Rheumauc Diseases, and The Natonal Damsh
Ant Cancer League
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HORMONAL EFFECTS ON CONNECTIVE TISSUES *

GUSTAV ASBOE-HANSEN
Laboratory for Connective 'l nisue Revearch
Unsversuty Instinte of Medscal Anatomy
Unsverssty of Copenhagen

AN IMPORTANT component of the mucinous ground substance of the
connective tissue 15 found 1n the aod mucopolysacchandes, which ate
combined 1n some way with protemns In the skin, hyaluronic acd and
chondrotin sulfunic acid have been demonstrated  Both substances
stain metachromatically wieh tolwidine blue  According to Mcyer and
Rapport (1), however, only the hyaluronic acd 18 suspeenble to
hyaluron,dase

A conspicuous change observed 1n conncetive tissue under the nflu
ence of cortisone, 1s the sul e of the hyal ! meta-
chromauc substance (2) Thss change has been observed cven in skin,
and may be due to an altcration 1 the amount and chemistry of
hyaluronic acid.

Since hyalurorue acid s a physwologically active substance, these
changes must be essenual factors 1n the cffect of cortisone on a large
numbcr of disorders 1n which a pathological increase i hyal
acd 15 2 predominant feature, and of pathogenetic sigmificance The
action upon the ground substance, I have tried o cluadate by more
wndirect methods.

Spreading expensments during cortisone treatment showed an in
Tubition of the action of hyalurondase n the derms, and an ncrease 1n
the dircet spread of a dyed or radioactive mdtcator 1 the tissue without
hyalurenidase. My interpretation of these findings s thae during cor-
tisone treagment, the injected enzyme finds fess and aleesed substrace
to act upon, and thus the spreadmg power ss reduced (3)

The effect of cortisone upon the connccuve tssut ground substance,
and upon hyaluronic acid, cannot be considered without also studying
the cells which form 1t Some previous mvestigatons (4, 5) have
indicated that the mast cells, under hormonal influence, evidemtly
seerete mesenchymal mucopolysacchande hyaluronic acid, perhaps re-

*Thi wark wis supporied by L Lily and Company, Indunapolis, Tndiana, The
Nauonai Danish Asyocranon sgasnst Rbeumatic Discases and The Natonat Danish
Ant Cancer League
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sembling hepaun i the preluninary stage. 1 wished to determine
whether cortisone acted upon the ground substance, or whether its point
of attack was the actual site of its formation.

Following admunistration of ACTH or cortisone in high doses,
human beings, rabbits, gunea pigs, and mice, show a considerably
reduced pumber of mast cells 1n the connective tissue, and those whick
are visible exhibit marked morphological changes (2, 6, 7). There ate
mvariably some cells which do not appear to differ from notmal, and
they ate nearly always i a perivascular sitwation. While the granules
are normally of almost uniform size, and are evenly and uniformly
distributed 1n the cyroplasm, the mast cells in nssue subjected to the
action of cortisone are more or less degranulated. The granules ate
accumnlated in conglomerates of varying size. A number of them
show cytoplasmic vacuoles, too The pattiztons which separate these
vacuoles appear to consist of 2 homogeneous or partly granular sub-
stance, staimng partly orthochromatically, and partly metachroma-
tically, with toluidme blue The contours and shape of the cells are
irregular and even bizarre, they vary in size, but are mostly small

Figure 26 (opposite p. 146) shows a preparanon of skin connective
ussue, staned with roluidine blue. We observe two mast cells which
are saturated with granules and metachromatically stained, and some
fibtoblasts. In Figure 27 (opposite p. 146) we see two mast cells of
connective tissue under cortisone influence; also the vacuoles m the
cyoplasm  With some difficulty a shighe metachromasia, left here and
there, may be observed

Porter. The other cells i the preparation seem to have changed
also, 1s that right?

Asboe-Hansen. I do not think that these very small fields can show
that

Porser. But they are fewer 1n number?

Asboe-Hansen* 1doubt that they are fewer sn numbser, if we examing
the whole preparation.

Figure 28 presents a normal mase cell by high magnification ' We
see the central nucleus with a Iistle notch, and the granules evenly
distributed over the cytoplasm. Figure 29, shows a mast cell from
connectve tissue under cortisone nfluence, showing vacuofation and
conglomeration of the granules. In Figure 30 we sce another mast
cell from a preparation of human skin subjected to an equal amount of
cortisone. The granules are conglomerated 1n smaller and greatet

tes. )
ag%:%;aaé: Dr. Asboe-Hansen, is the cortisone applied locally t©
the uissue, or given systemucally?
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Asboe-Hansen* It 1s given systemically. Figure 31 shows a third
variation of mast cells with vacuoles, conglomerated granules, and some
normal granules, We may find all these variations of cells tn one prep-

et e e em -

- w

i
L“u‘_.,m * '

FiGURE 30 FIGUFE 31

FIGURE 28 Normal mast cell Granules evenly distibuted throughout the cytoplasm
Magnitication approximately 3,000 x

FIGURE 29 Mast cell from human shun influenced by cortisone Vacuolation and con

of granules 3.000 x Reprinted, by permussion
from Asboe Hanten, G The mast cell Corusone action on connecuve tssue Proc Soc
Exper Biol & Med 80, 677 (1952}

L
77 (1952) "

FIGURE 31 Mast cell from human skin nfluenced by cornsone Granules irtegulasly
dusibuted partly 1n the perphery, partly an lumps around the central aucleus, and also
around the vacuples Magmification approximately 3,000 x Reprinted, by permusiion, from

Hausen, G The mast cell Cortisone action on connecuve ussue Proc So¢ Exber
Biol & Med '80, 677 (1952)
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sembling heparin in the preliminary stage I wished to desermine
whether cortisone acted upon the ground substance, or whether its pomt
of attack was the actual site of 1ts formation.

Following adminstration of ACTH or cortisone in high doses,
human betmgs, rabbits, guinea pigs, and mue, show a considerably
reduced numtber of mast cells 1n the connective tissue, and those which
are visible exhibit marked morphological changes (2, 6, 7). There are
mvarjably some cells which do not appear to differ from normal, and
they are neatly always m a perivascular situation. While the granules
are pormally of almost untorm size, and ate evenly and uniformly
distrsbuted 1 the cytoplasm, the mast cells 1n tssue subjected to the
action of corisone are more or less degranulated. The granules ate
accamulated 1 congle of varying size. A number of them
show cytoplasmic vacuoles, too The partitions which separate these
vacuoles appear to consist of a homogeneous or partly granular sub-
stance, stamnng partly orthochromatically, and partly metachroma-
ucally, with tolwdine blue. The contours and shape of the cells are
wregular and even brzarre; they vary in size, but are mostly small.

Figure 26 (oppostte p. 146) shows a prepararion of skin connective
tissue, stained with toludine blue. We observe two mast cells which
are saturated with granules and merachromatically stained, and some
Fibroblasts In Figure 27 (opposite p 146) we see rwo mast cells of
connective tissue under cortisone influence, also the vacuoles in the
cytoplasm. Wath some difficulty a slight metachromasia, left here and
there, may be observed.

Porter: The other cells n the preparation seem to have changed
also, 1s that right?

Asboe-Flansen, [ do not think that these very small fields can show
thar

Porter But they are fewer in number?

Asboe-Hansen: 1 doubt that they are fewer in number, +f we examune
the whole preparation .

Figure 28 presents a normal mast cell by high magnification We
see the central nuclens with a little notch, and the granules evenly
distributed over the cytoplasm  Figure 29, shows a mast cell from
connective tissue under cortisone influence, showing vacuolation and
¢ fon of the g les In Figure 30 we see another mast
cell from a preparation of human skin subjected to an equal amount of
corasone. The granules are conglomerated 1n smaller and greater

ates
ag%i?bm/a. Dr Asboe-Hansen, is the cortisone apphed locally ©©
the tissue, or given systemically?




Hormong) Effects on Comnectyy, Tassyer 1

Asboe-Hangey. It 5 given Systemically  Frpen 24 o
Vatiation of mage cells ek .
normal granyjes, We n

- . ‘M ‘

Frouxe 39 FIGURg 31

Ficupg 55 Notmal g el Granufes cvenly distbureq thoughour the ¥toplasm
Mapmlmnon 2PProXimarely 3,000 x

Fours 59 Mase cell fron human skun 1nfluenceq by cortisone Vacwolation ang
Homerangn of Aanules Masnificarion “BProximarely 39ng Reprinced, by FeiMussion
from Ay Hansen 5 TSt <l Cortisone aepon OF Onneve ey Fpomt >
Exper Brgr & Med 80, 677 11055

oc

Fioure 39 Mast cell frop, human sk irfluenced 1, fortisone Grapype disterbugeq

MaP210F a0d meper chusters and jump, oing ofthochromuncane oF Betichzomay, i

Mﬂl:mlnlvmn 2PProximatety 3 gpg * Reprinred, by PetmMssion frog, Asboe §; lansen, G

575 Tt <ell Cormpeme #6108 00 connecuve neal Proc Soc Exper ooy & Med gy
(19525

ISURE 3 Mast cell from Buman skip tnfluenced b, fortisane Geapypey irtegutarty
R, 7 18 the periphery. Pactly in tumps oo € the centra] nocleus, ang gt
uound' the vacyofey Magnuficanon ZEptoximacely 3 000°% Reprin,

Hansen,

‘ © BUsE cell Cortrsape #4198 80, conncctive g Pea
& Med gy, oo (1952, <.



126 Connectsve Tisues

aration under cortsone therapy. All the preparations were prepared
with 5 per cent lead subacetate solution.

If one has studsed mast cells, and found ali transitions between com-
plete granulation and an almost entire absence of any granulation, one
1s convinced that the explanation of why tissue subjected to the acuon
of cornsone exhibits fewer mast cells is primarily that many of them
have lost all therr granules, and thereby their histological character-
stics I eried to investigate these problems by electron microscopy, 1n
collaboration with Dr F Carlsen, of the Laboratory of Biophysics,
Unuversity ot Copenthagen These examinarions reveal marked changes
11 the mast cells, and ndicate that all the mast cells are changed m
corusone-influenced tissue
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FIGURE 32 Electron micrograph of a notmal mast cell. Marmficanion approximate
14,000 x
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To study these phenomena 1n the electron microscope, I chose fixa-
non with basic lead acetate I selected this method for histochemical
purposes, well knowing that 1t 1s not a good fixatton method for electron
microscopy I also used one per cent osmuc acid by the method of
Palade, and freeze-drying After fixauon, the specimens were embedded
n plastic and cut into ultrathin sections Mase cells from normal,
untreated connective tissue appeated with or without cell membrane
The nucleus was of marked and uniform density. at least 1a some
preparations easdy d hable from the fibroblast nucleus, the

chromatin density of which was distinctly less marked and Jess untform
The granules, sphenical or slightly oval, and very dense, were distraibuted
diffusely mn the cytoplasm All seemed to be of practically the same
size, that 15,0 3 muicra Any varations 1o the granule size were minimal

- Eien

L AL, P . v

FIGURE 33 Electron mucrograph of normal mast cell granules Magnificaion &
prove
marely 56,000 x i
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mucopolysaccharsdes, or polyestersulfates, incorporate radoacuve sul-
fur, which 15 admsnistered as labeled sulfate. Wherever 1t 15 present 1n
a hustological sectson, 1t causes the blackening of a sensitive emulsion,
when placed 1n direct contact with the Ppreparation

For the autoradiographic studies of mast cells, 2nd the effiect of cor-
tisone upon these cells, I selected connective tissue containmg great
quantities of large mast cells, which had recently appeated in the tissee
owing to experimental provocation There were various possibilities,
but I chose mouse skin, pamted once with the carcinogenic hydrocarbon
9, 10-dimethyl- 1, 2-benzanthracene, At a certain stage, the connective
tissue of experimental skin tumors, induced by painting with carcino-
genic hydrocatbon, contans myriads of large and amply granulated
mast cells

After papillomas had been induced in a seties of muce, half of them
were treated with cortisone 1 a dosage of 2 5 mg., admunistered dadly
for 13 days The untreated tumor-bearing mice, as well as the cortisone-
treated ones, were injected ntraperstoneally with S®. On the eleventh
day we gave them 8 microcurie per gram of body weight, with 01 mg
of sodmm sulfate as cartier in 02 ml of sterile water. Forty-cight
hours after the njection, the mice were killed

Specimens of the tumors, as well as of narmal skia, were fived in
70 per cent alcohol, 10 per cent formalin, 2nd 4 per cent lead subacetate
solution, or freeze-dried The tissue was then embedded in paraffin,
and cut mto sectrons about 7 mucra thick The sections were de}?amfﬁn-
1zed and dried, and autoradiographs were made by the smppmg-ﬁlm
technuque of Pelc. We also used the floating method of Evans to some
extent

The films were exposed for 17 days The unstaned pmparanon-i
were studied and photogaphed by light-field, phase-contrast, and darlk-
field microscopy, the microscope being focused partly on the film a:d
partly on the tissue section  Thereafter, the tissue section was staifl s
through the film with 2 05 per cent solution of tolaidine blue for 1
munutes The results, after 17 days' exposure, were as follows:

In preparations from unereated muce, the film showed marked black-
eming over the muast cells 1n the connective tissue. Moreover, theuf was
a diffuse, less intense blackening over the surrounding connective tissue
Aurtoradiographs of unpanted skin showed practically no b]nck'cm:;-‘g.
Some mast cells, particularly in the deepec Flayers, for instance in the
muscles, did not appear to take up any 5%, even though they were
granulated and mecachromatically stained.
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In the rumor congective tissue from a cortisone-treated mouse, the
difference in the intensity of blackening was considerably equaltzed;
that 15, there was considerably less blackening over the mast cells. This
means that they i derably less e sulfur than
rmast cells in uatreated connective tissue In the ground substance, the
content was unchanged or slightly reduced, Monttoring with a Gesger
counter showed marked accemulation of tadwoactve soifur over the
tumors of untreated as well as cottisone-teeated mice, and somewhat
Tess over the arter.

1f we focus the microscope on the gssue section, we may see the
metachromatic mast celle haer and ehaea 16w s foms om ot - 1 ‘
for example the Eva
we see tracks causec
are pot very distinct.

Gandino: What was the thuckeess of the emaulsion?

Asboe-Hansen 1t was around 25 mucra, which s cather thuck, the
stipping film was only a few mucra

Ia Figure 36 fopposite p 1463, the microscope 15 focused on the
film, we see a very marked accumulation of radioactive sulfus, the
blackening bemng produced by the one mast cell, and to a shighter de-
Bree by the other

Figure 37 shows a hustologucal of 2 papilloma of a2 mouse,
painted with the carciangense hydrocarbon, we see the huge amounts
of mast cells in the connective tissue of these tumors

Figure 38 15 an diograph of a mouse papill The micro-
Scope was focused on che film, and the photograph was taken by hght-
field microscopy  As we see, the epidermss grves no blackeamng Over
the connecnive tissue, o the othes hand, we find blackemng of the
ﬁ}m, intensely over the mast cells, and more slightly over the connective
tissue ground substance There s a raches great difference between the
uptake of sulfur 10 the mast cells and m the ground substance

In normal, unpasnted skin we may see hasws at the top In parted
ski 10 hairs can be seen because the pantng causes depslation There
» practically no blackening of the connective tissue. We may see a
ast cell here and there, but there 15 pracucatly no radoacuve sulfur
n these tissues.

Figure 39 15 a high magnification by light-field, showng the mast
cells, and giveag us an 1dea of the resolution

Figuse 40 shows a stamed prepacation, e obsesve a pervascular
afea, some fibroblasts around the vessel, and two mast cells whick give
swong Blackening of che strippiag film
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FIGURE 37 Mouseskin, 20 days after painting with 9, 10-dimethyl 1, 2-benzao
thracene  Enotmous quatities of mast cells 1n the connecuve ussue
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Porter: This is control material?

Asboe-Hansen: Yes.

Figure 41 15 an autoradiograph of a tumor. I should like to point
out the difference between the strong blackening produced by the mast
cells, and the slight blackening over the ground substance. Figure 42
shows a tumor after cortisone therapy. We see that the difference i
very much equalized. The mast cells can sull be discerned, but the
uptake of sulfur in these cells 15 much slighter than before cortisone
therapy

Meyer: Isn't there a greater diffusion? .

Asboe-Hansen: It « '"~ mso, !’ is not. The
antoradiographs were va W }.Je?n x
in formalin, alcohol, ! h o B}

toring with a Geiger « -
Figure 41 there is ' ! .
ration.
Meyer: But how . .
Asboe-Hansen: Not
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| - 1

FICURE 40 SY autonadiogtaph  Secton suined with folunding blut  Twe pesvas
<ulat s cells give orense blackeming of the filim_ Maznvication apptormarely 2,300 x
Keprinted, by pecmosion, trom AsboeHansen, G Autoradiogtaphy of mast celis 1
expermental shin tomoss of mee inwxted with fadoactive saltos (S%) Cancer Res
13587 11953

the fiest preparation may play a role, There is not a very great difference
s the connecuive ussue 1s taken as a whole The relative difference
between che mast cetls and the ground substance ss equatized tn all these
prepasatons,

Gaudmo: Do you have a hightfield autaradiograph of the corusone-
treated mice®

HAsboe-Hunsen. Yes, but { show these dark-fields because the visual
coateast ts heghee waeh photography by dark-field, there 1s 2 quantianve
difference which cannor be obtaned with the hight-field micsoscopy

Meyer: This 5 not setsttive to hyaluromdase?

Asboe-Hansen 1 have not tried 1 in these tamors, but 1 should
SUPPOSE It Was not.

Holbrook, Will the mast cells i the atea of the tumor concentrate
the sutfur mate than. mast. cells that, are somewhere etse?

Asboe-Hansen. Yes, I think so. But in unpanted skin, one may fincd
mast cells giving racher wtense blackenmng, too 1 think the difference

15 not very marked, but I have qust chosen these tumors as my study
matersal
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GURE 42 $% autoradigraph  Cortisone-treated mouse  Dark field microscope fo-
sed on the film 600 x Rad sulfur content of the
ast cells lower; that of the surroundng connective tissue felauvely bigh The dufference
nsudersbly equahzed Reprinted, by pecmussion from Asboe Hansen, G Autoradio-
;";‘f ?;;i;;.e of corusone action on mast cells 1n experimentat skun tumors Cancer Rex
A ),
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Holbrook: Because there were so many mast cells?

Asboe-Hansen: Yes.

Meyer: Do you know the total sulfate and radioactivity, after isola-
tion of both organic and morganic sulfate from a given weight of tissue?

Asboe-Hansen: No, we have not measured it chemically.

Meyer: That mght be mnteresting, especially 1n view of the diffuse
stasning  The possibility 1s that we measure not only carbohydrate sul-
fate, but also other organic sulfates, such as phenolic sulfates

Gandno. Presumably all types of sulfate ate being measured, de-
pending on the rate of exchangeability. The time (48 hours) ts about
the same m all cases, therefore S*° probably had been able to diffuse
completely

Meger: I believe i 24 to 48 hours the maximum of the injected
sulfate 1s fixed, as shown by Dziewiatkowski (10), and by Bostrom
(1n.

In normal skin, or in tumor, can one influence the total sulfate
uptake, as measured 1n the degree by blackening, by the quantity of
sulfate mjected’> From the work of Bray and Thorpe (12), there
appears to be a deficiency of suifate for detoxification purposes These
authors showed that the normal conjugation of phenolic compounds,
such as B-glucuronides, 15 displaced by conjugation with sulfate if the
available concentration of sulfate s raised by snjection I wonder
whether one could push the synthesis or the exchange of sulfare in the
mast cells, for example, by injection of radioactive sulfate in increasing
total sulfate concentration.

Asboe-Hansen No, 1 know of no such experiment.

Gaudino: How much carrser sulfate did you use?

Asboe-Hansen Weused 01 mg

Meyer: Itis a very low concentration,

Stnex. What would be the daly sulfut intake, 10 amno aad, 10 an
anumal like that?

Meyer: The amount of sulfur avalable from amino acid must be
extremely small

Atsboe-Hansen: During the same experiment, we studied the content
of radicactve sulfur in the har papillae and follicles The papillae
and the connective tissue surrounding the hair follicles contain rather
ample quannties of a metachromatic substance. Autoradiography also
shows an accumulation of radioactive sulfur in these sites, and even 10
the keratogenous layer of the hair follicle The epithelia of this prekera-
ainous zone are known to contain sulfur in SH and 88 compounds.
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FIGURE 43 % autoradiograph Light field microscopy Four hair follicles Distinct
Blsckening of the film over the keratogenovs zones

Figure 43 shows light-field autoradiographs of hair follicles We
note the rngs of dots over the keratogenous zones Figure 44 shows
one hair bulb with a transversely cur papilla 1n the center, giving strong
blackening of the film This 15 dark-field microscopy

Gandino I suppose this 1s steapping film?

Asboe-Hanren: Yes, that s iight

Meger, Ts 1t possible that this mighe be inorganic 1onizable sulfate,
fet us say bound as protein sulfate?

Asboe-Hansen+ But could 1t be present in such large quantities as
shown here?

Meyer, It would have to show up histologreally, T suppose. The
amount 15 relatrvely rather small here I do not know anything about
the charactersstics of the proten 1n this area, or the matenal, whatever
s ~

Asboe-Hansen. One can obtatn strong metachromatic stasmng of
the tissues surrounding the hair follicles Bur I have no explanation of
the blackening aver the prekeratunous zones of the follicles after mjec-
tion of labeled sulfate

Sinex: We cannot go backwards from sulfate to sulfhydryl, can we?



140 Connectrve Torsues

Asboe-Hansen: Thar is the problem; if cystne is isolated, after njec-
tion of fabeled sulfare, there 15 no radioactive sulfor wichin the cystine.
The greater part of the sulfur within these zones is thought to be in
cystne, or organic SH, 15 it nat?

FiGuar 44 §*. t Dack bield lmemebbh(kmlﬂs over the

s
haet papilla proteuding trom the conaecuve tissue anta the har bal

Ssnex. Yes Have you ssolased the cystine, Professor Asboe-Haasen?
I beheve Dzewiatkowshe (13) 15 domng somettuag Iike that

Arbae-Hansen: No, but Tarver and Schmede (14) have, While t{;c
hair follicles from untreated mice showed snmistakable Jocal accum:o z:
tions at the sice ot the papille and in the keratogenous zones, :b;; o
nsane prepacauans showed some blackening over the pa;;lﬂla:’;mmm
ever, we never saw s(rong aCcumulauons, of riags e
preparations.
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TABLE IiI

Namber of papillomas after one parating with 5,10-Dimetk: i

1104 31.1,2-Benzantheacene o

St/Eh mice. The expersmental apimals recerved 2 datly dote of 02 mg. Cornsont
throughout the experiment, startiog on the day before the patsting

Cortisnne-treated Controls
] Males ] Females L Males Females
Inadence of Papillomas 3/28 13727 9/26 20/24
1071 48159 346205 8333%
Average Latent Period 1n
Days * Sundard Error  (443) 3777335 4192511 3115217

Reprineed by permisstou, from Engelbreth Holm, J, and Asbor-Hansen, G Effect of corisone o1
skin carciogenesis 1 mice  Acts past et mscrobiol scandimar 32, 560 (1933)

Quute recently, § contmued the cortisone experiment in collaboration
with Dr. Zachariae (17) of my laboratory. We injected 1 mg. of
hydrocortisone into the connective tissue of fully developed tumors of
the same type as those just described. Control muce were injected with
physiological saline solution In the course of seven weeks, the tumoss
subsided n 83.1 per cent of the mice treated with hydrocorusone, and
i 362 per cent of those mjected with saline solution At the e
of another seven weeks, the number of tumors was the same (Table
).

TABLE IV

When Number of mice with tumots Tomors
trearment duapperred
2 { aeodol
weeks | 8 weeks

was 1 z 3 4 ls § ! 7
stred | week 1 week;] kas| weeks ' weeks wrek;) weeks
Control 58 ] 58 I 56 | 53 ! 46 } 44 ‘ 38 l 37 l 37 ! 3627%

Hydrocor-| g5 [cz‘sx ‘ 27122J15‘12|u[n‘831%

tisone.

Table V gives the sex differences In the female control group, 6
per cent of the tumors disappeared, 65 per cent disappeared after hy-
drocortsone In the male group, 48 per cent of the wmors disap-
peared 1n the control group, and 95 per cent i the hydrocortisone-
treated group

Travell” How does the frequency of subsidence of the tumor wichout
any procedute compate with that observed after isotonic saline solution
1s injected 1nto 16

Ashoe-Hansen® It 1s just the same.

Travell: Is that the natural course?



Hormonal Effects on Connectne Tsrsues 143

TABLE Vv

When | Numbez of mice with rumors
eseatment

s 1
sarred | week

dsappesred
2 3 4 bl s 7 L] avend of
weeks | weeks l weeks I weeks | weeks | weeks | weeks | 8 weeks
16 15015 )15 415 )15} 15 | 15 [ 15 655
42 43 04t 138 | 311 2 231 22| 2] 4%
23 22 )21 p 15 1312y 9] 91 9 65%
42 40 30 ]12{ 9] 4| 3 2) 2| 95%

Reprimed by pesmussion from Zacharae L, and AsboeHanstn G Regression of experumenssl skia
fmons n mice following local miections of 17 bydroxycomicosterone 21-Accate  Camcor Rer 14,
488 (1959)

Asboe-Hansen. Yes, 1t 1s known to be just the same
Travell: So the saline itself had no mfluence?

Ashoe-Hansen None at all 1 think the effect of the adrenocortical
steroids on the connective tissue mucinous system must be an important
factor 1 these conditions we have been discussing The wnfluence of
cortical steroids on infection, on the process of bacterial or allergic
inflammation, 1s no doubt to some extent due to the alteration of the
conaectrve-tissue ground substance, the very soil of the inflammatory
process It affects the course and the power of the bactera and
toxtns, The spread of bacter:a and toxins 1n the tissue 15 influenced,
but so 15 the hyaluromidase effece of the bacterra It 1s difficult to elu-
cdate what will promote, and what will in the end nhibit, an inflam-
matory process

Wound healing 1s affected by corttsone, as demonstrated by Ragan,
Howes, Plotz, Meyer, and Blunt, m 1949 (18) Notrmal wound heal-
ing, that 15, the new formation of connective tissue, presupposes the
presence of a ground substance 1 rmagme that the pernivascular cells
of 2 wound produce the mucopolysaccharides of the ground substance.
Protemns are supplied by the blood plasma and exuded fluds This
gives the conduions for a formation of a normal mucinous ground
substance. Other cells move from the vessels and blood stream, fibrils
are laid down, new vessels arise, and so on A strong action of cor-
tisone, however, will inhibit the production of mucopolysaccharide,
because corusone infiuences the mast cells, the supposed site of its
formation  Exudation 1s also inhibsted Mucopolysacchanides appar-
ently play an essential role in collagen fibrillogenests, The fibroblases,
which ate concerned with the formation of collagenous fibrils, are also
inhibited Consequently, the entire process of the formation of new
connective tissue 1s 1nhubired
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Drs. Lis Zachariae and Erik Moltke (19) have shown thar local
application of hydrocortsone entails considerable morphological alter-
ation of the numerous mast cells present in wounds of fabbir skin.
In additron Dr. Zachariae (20) has found the formation of experi-
mental peritoneal adhestons to be inhibited by a depot of hydrocortisone
1n the peritoneal cavity.

I studied the local effect of hydrocortisone on kelowds. The keloids
were weakened and flattened, the metachromasia subsided, and the
mast cells were found to be degranulated and vacuolated.

Figure 45 (opposite p 146) shows a keloid in human skin. We sce
the strong metachromasia i the deeper layers; in fresher kelowds this is
very mtense  We see the numerous mast cells within these areas, but
not 10 the superficial layers This 15 a “normal” keloid .

In Figure 46 (opposite p 146) we see that ten days after one mjec-
uon of hydrocortisone, we have a preparation from which practically all
of the metachromasta has disappeared. We sull find some mast cells
scattered over the preparation, but they are fewer, and are mospholog-
ically altered

By high magnification of one mast cell one may see large vacuoles
Some of the granules are orthochromattc and some are metachromatic
The ground substance 1s faintly merachcomatic. These are changes
sumilat to those found in the rabbit and 1n humans who are tr.eared
systemcally with cortisone, and are observed after local hydrocortisone
therapy .

All our findings ndicate that cortsone and hydracortisone exert
an nhibrtory effect on the new formation of connective tissue The
mfluence of the adrenal steroids on the mast cells 1n the connective
ussue may be a factor of essential importance for ths effec, anc! ghu;
also for the effect on connective tisste disorders Joints consist O
mesenchymal wussue, and 1n theumatord arthrutis, for example, ther;
1s an accumulation of mast cells 10 the synovial connective fissue, a0
there are preat quanuties of mast cells even mn normal synovial mem-
brane, which are more or less granulated. In the eyes, we 'ﬁpd rather
numerous mast cells mn the 1ns and cillary body, and in iridocycluis
and glaucoma their number 1s enormously increased. In several dermﬂ:
tologrcal diseases, such as pemphigus, acute disseminated lupus ery
thematosus, fresh cases of scleroderma, urttcarsa, and many othets, there
may be parallel findings ' .

In preparations of normal synovial membrane, s .
dine b};uel:’ we find rather largeyaccumuladons along the Ining of the
Joint cavity (Figure 47, opposie p 146). ’

In the deeper layers, there ate heavily granulated mast cells.

ined with tolui-

Among
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the lining cells the mast cells are fantly stained This preparation 15
differentiated with aceuc acid. If we do not differentiate, we shall find
rather strong metachromasia of the ground substance i the superficial
layers, but fainter in the deeper layers. ‘These mast cells are not visible
because they are slightly metachromatic, and with httle or no gran-
ulation.

We find mast cells within and along the lining of the synovial
cavity, This has been densed by several workers, but there 1s no doubt
that quantities of them may be there. However, many of these super-
ficual cells are degranulated, and therefore may be demonstrated only
of ideal methods are used, primanily fixing with basic lead-acetate, or
freezedrying.

Angevine. Are these found m every synovial membrane?

Asboe-Hansen: Yes, but n some areas they are more numerous
than i others. In 2 normal eye there are a large number of mast cells
in the 115, and 1 the alary body

Meyer: Did you mvestigate the mast cells after an $*'O+ njection?

Asboe-Hansen: No, 1 did noc do that, but 1 think studies of that
are going on now

Meyer: Have yon examuned synovial linings?

Asboe-Hansen: No, we have not, but I think such investigations
ate in preparation Now for years, it has been known that thyroud in-
sufficiency produces a condition called myxedema, meaning mucinous

lema, and named after the accumulations of mucm 1n the dermal
connective nssue of such patients ‘The mucmous substance consses
predominancly of mucopolysaccharides combined with protein, and
these mucopolysaccharides ate hyaluronic acd and chondroitin sulfaric
2ad - According to Watson and Pearce (21), this also applies to
localized myxedema, which has been observed in patients with hyper-
lhy.midism, usually after parual thyrodectomy, and which 1s almost in-
variably acco ied by hthal In both cond there 1s
a0 enormous accumulation of mast cells, m addison of mucapoly-
saccharides

Figute 48 (oppostte p 146) shows a skin preparation of a pauent
with focalized myxedema m which there was no ncrease of the meta-
bolic rate, and with extreme exophthalmos This preparation s stained
by toluidine blue, and we see an dinanily strong merac
n the dermss, because of the high content of mucopolysaccharides
There are sery numerous mast cells in these areas We can just discern
the sttongly metachromatic cytoplasm, but it may be difficult because
of the intense metachromasta of the ground substance.
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i{pparently these connective tissue changes ate nof due 1o degen:
eration, but to celtular acuvity. The state is reversible, regulated by
internal secrevon  The myxedema yields to teatment with thyroxin
During such treacment, the mast cells also change from being farge
and well-granulated, to small and degranulated cells. In dermal con-
nective tissue from thyrotoxic subjects, the ground substance stams very
faintly with toluidine blue The only place where stight metachtomasia
may occur is in the papillary layer. Oaly a few mast cells are demon-
strable, and practically all of them of a perivascular habitat.

Myxedema 15 nearly always accompanied by some, and often by
marked, accumulation of water in the tissues, perhaps because of the
water-binding property of hyaluronic acid (22). The bundles of
collagen fibrils are often, particularly in severe cases, basophiic; they
swell and burst apart in an extremely itregular ang loose fashion. Even
deep in the submucosa, the mucin makes up a prominent part of the
tissue, and thete is often a considerable loss of adipose tissue. Some
keratosss 1 nearly always seen in the epithelium. These changes are
present 1 varying degrees in cases of hypothyrowdism, and also whete

FiGURE 26 Connecuve fissus from human skin, rwo meachromatc paulated @t
cells Seatmng tolndine blue, one-half per cent aqueaus solution

ne Two

FIGURE 27 Dermal connecuve tsswe of man under the fuence of cordsa e

mast_eefls wich vacvolated cytoplasm  Shight metschromasia s left, granafes not
cerble

Fisure 36 Aumndz?‘uph, microscope fornsed  on she film  Blarkemng ovet
two mast cells, Wentfied by thesr metachromatic granvles

Ficure 45 Kelow s human shin Staiung- tolurdine Bloe Tnrense metschromasn of
the ground substance, sumetons mast cefls

jon af hedrocoruiant

FIGURE 46 Kelowd m human skin ten days after one local m;e«th‘ ivpiamitate]

Mosr of the metachromasia fias subsided, the mast rells ate degranu!

FIGuRE 47. Synovial membrane Stwung, tludine blue, differennaied wth c‘«;j
said, twa per cent Intensely granulated rasst cells an the deeper layess, fanly grand! 'M\
or nongtaaulsted mast cells 10 the lining of the synovial caviey Reprinted, by permusion.
frors AsbooHaasea, G On the Mucimoss Substonces of Connertree Tuive Copenbagem
Roseakide & Pagger, 1951

prenbil mysedema. Staoing

GuRe 48 Dermal nectve tosue from locatized
o Lo Numerous metarhromanc aei

tofusdine blue Ground substance strongly métachroraatc
cells

from » patient wih
FigURE 49 Transvetsely cut skelersd muscle (quadriceps femorss)
malignant exophchalmas Stacomg tofudioe blue. Imeasareolemamc accumulations of 8
metachromauc substance ¢ half mooas’ )
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the myxedema 1s inwisible In the synovial fluid, the amount of
hyaluronic acid may be constderably ncreased (22)

There is much to ndrcate that myxedema, induced by thyroid dis-
order, 15 due to a preponderance of thyrotroptc hormone 1n relation to
the hormone of the thyroid gland A complete or partial loss of thy-
tod function will give rise to a distusbance resulting 10 a prepon-
derance of the prtaitary hormone In myxedema, several workers have
found an increased content of thyrotropin i the blood plasma, and
others have found an increased excreton m the urime. Panents with
thyrotoxicosis may also exhibie an excretion of thyrotropin, but 1 an
macuvated form. Even 1 v#fr0 sections of the thyroid gland are capable
of nactivating the thyrotropic hormone, 2s shown by Rawson and his
associates (23). Generally speaking, the thyrotropic pitwitary hor-
mone 15 considered to be an essential pathogenetic factor i localized

and 1 mal p exophthalmos In these con-
ditions, increased quantities of thyrotropin have been found m the
serum

The changes present 1n the connective tissue 1n cases of myxedema,
primarily the accumulation of mucopolysaccharides, correspond rather
closely to the changes demonstrable 1n the connective ussue of guinea
bigs treated with thyrotropic hormone

In collaboration with Dr Kurt Iversen (24, 25), 1 performed a
number of animal expermments on the effect of thyrotropin on con-
nective tissue  These expensments again led to mvestigations of human
subjects with piuitary-thyrord disorders Guinea pigs, intact as well
2s thyroidectomized, and mjected with thyrotropic anterior prewttary
extract, as early as three to twenty-four hours after the injection, show
a mobilization of fat from the normal depots, and a transport, by way
of the blood stream, to the skeletal and heart muscles, Iwer, and
kidneys Duning this period, there will be quite marked Iipermua,

We studied the adipose tissue tn the retrobulbar, axillary, perirenal,
and peritesticular depots Duning the days immedtately following the

st 1njection, we saw the mtracellular droplets of fat becoming smaller
and dividing, while the septa berween the cells, and berween groups of
cells, became broader, and the tissue exhibited nfileration by mast cells,
IYmPhOCths. and histiocytes  Gradually, the adipose tissue was re-
pla ¥ 2 mucinous, metachromatic, substance, susceptible to the
acuon of hyaluronidase, and behaving hike a mucopolysacchande of
the hyaluconic acid ty) phthall ppeared three to chirteen
days after the firse tnjection. Knowing thar hyaluronsc acid has a
marked capacity to bind water, we imagmned that the tissue change
which had taken place, that 15, the accumulation of a water-binding
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polysaccharide instead of fat, was the real cause of the bulbar protrusion.

At the same time, Ludwig, Boas, and Soffer (26) petformed prac-
tically the same experument, even on the same theoretical basis They
found 1ncreased quantities of hexosamine after hydrolysis of retrobulbar
tssue  Hexosamine 15 an essential component of mucopolysaccharides
The far-mobilizing, and exophthalmogenic effect, therefore appear to
go hand in hand, one being 2 consequence of the other.

The fat-mobilizing factor is inhibited by thyroxin, In an exper-
ment, we mnduced thyrotoxicosis in guinea pigs with thyroxn, mcreas-
g the basal metabolic rate (BMR) by about 30 per cent, and
thereafter the animals were treated with thyrotropin  Afterward we
found no accumulation of fat in the liver, kidneys, or muscles On the
other hand, the fat moblization caused by a thyrotropic pituitary ex-
tract was unmnhibited 1 animals whose BMR was raised 30 per cent
by mtramuscular njections of sulfuric oil.

In addition to 1ts fat-mobuli and exophthal ic effect, the
pituttary extract possesses a thyrod-stimulating effect It 1s capable
of ncreasing the cell volume, the parenchyma of the thyroud gland

It had previously been shown by Smelser (27) and others that
experimental thyrotropic exophthalmos, as well as thyroid stimulation
by an antertor piturary extract, was inhibited by thyroxin .

Our preparation (Th 10) of thyrotropin was made by Patke, Davis
and Company, the Armour Laborartories, and by the National Insutute
of Medical Research 1n London

Sinex It 1s mteresting that thyrotropin js reported to be 2.3 pef
cent hexosamine, It that correct?

Asboe-Hansen: Yes, 1t 1s 25 per cent glucosamne, All these prep-
arations have proved to possess a fat-mobilizing, an exophthalmog!
and a thyrod-sumulating effect The hormone was produced with 2
view to ob as pure a thy in preparation as possible (Five
mg of the preparation, Th 10, contain 0.05 iu of ACTH, _b“f no
demonstrable growth factor The dose given to the guinea pigs was
1 mg) Tam not prepared to say whether we are dealing with three
hormones, or with three parrial effects of the same hormone Bur
apparently, all these factors are specifically inhibited by thyroxi.

Jeffertes (28), and Dobyns and Steelman (29), CDI"‘ltend that by
chemical action they can separate the thyroid-stimulating from the
exophthalmogenic effect  These are important contributions 0 .zhe
discussion, but a consideration of two separate partial effects by c.hemxcal
action should not blind us to the fact that we are dealing with only

one hormone. On the other band, the exophthalmoghenifc pﬂ'n;:ﬁf
- . 1211, t-mo. -
seems to pred in mal p in the Ial
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Porser: Yes, but 15 «¢ 1 the ¢ell? The nucleus is @ chae matesal,
0 the material 15 really pace of the sarcoplasm, 1s 1t not®

Asboe-Hanren: The nucleus 15 m the muscular substance. In every
case, it is placed ioside the mucinous substance. This observation s
apparently not dependent on, the basal mesabolic rate; we may find the
BMR decreased, or 1t may be incre

Meyer. Whar muscle 15 this? The extraocular?

Asboe-Hanren. The quadnceps, and we have preparations from the
biceps, 100 [ have even seen it m extraocular muscles, thete 15 a con-
suderable amount of dus matenal sn muscle. I think it may nterfere
with muscular strengeh, Stammed by Hale's method, these steuctuses
ate blue, indscating acid polysaccharide  Aad stamed, tor only two
minutes, by the McManus-Hotchkiss method, the balf-moons become 1n-
tensely red

In Figure SO we see o guinea pigs, one normal, aad one with

hihal after th Figure 51 shows the half-

moon phenamenan F‘:gure 52 shows an eleceron mucrageaph of such
a muscle fiber. The muscle 1s fixed wich basic lead scetare We see

N .
il S o o
I e N

Famn 3t Trmsvenseh cur mavle Stamng  roludipe blue Metachromarc  tutf
Moum berneea sercolcmma apd Koats genpheral nucler are houted st the. inside of
the il mouey  Repmned, by peomonan fom A tamen, G veen K an)
whmanin, R Mt £1ophhalaat, musculas chanees 41 hjroccaphin, conn
weun Ao endocrnol 1L, 374 (10521 A 405 ymstophin conent i
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FIGURE 52 Electton mucrograph of half-moon,’ transversely cut The structureless
substance 3 accumulated between the sarcolemma and the muscular substance - Magaifica-
tion approximately 14,000 x Reprinted, by permussion, from Iversen, K, Asboe-Haasen,
G, and Carlsen, F  Electron microscopy of certain muscle lessons i patients with pitu-
saary-thyrod disorders  Acta endocrmol 14, 177 (1953).

the sarcolemma hete, and we may note the fibrl structure Between
these s the mucinous substance

Figure 53 shows a longitudinal section. It is not very well fixed,
but that 15 because we had to use the basic lead acetate fixation. We
observe the cross striations of the muscle, and the sarcolemma to
the left

Porter. Is 1t within the muscle cell, that is, within the sarcolemma?

Asboe-Hansen. It is within the sarcolemma,

Porter. And the sarcolemma runs across the upper left-hand corner
of the micrograph, does it not?

Asboe-Hansen. Yes That 1s right. Even in the electron micrograph
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;?;1;;75. muscular changes and thyrotrophin conteat n seram  Aeta endocripol 11, 376

ten patients with progressive exophthalmos. The thyrotrapin levels
were significantly elevated in nine out of ten patients One was not
particularly elevated These structures cannot be found when formalin-
fixed preparations are used, this may be why they have never been
noted before

As I said before, we found these changes m the skeletal muscles, in
the quadriceps femorss and the biceps brachu I[n malignant exophthal-
mos, the retrobulbar ussues have 2 rather high content of water The
neurosurgeons find an extraordinary edema, and report that 1n extra-
ocular muscles, the normal volume 1s increased by six or seven umes.

The muscular changes were found in ten out of ten examned cases
of malignane exophthalmos, 1t 16 our of 45 cases of thyrotoxicosis,
1n one out of seven cases of myxedema, and m all five cases of ac-
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comegaly. Howeves, there were none n the 25 patents who did not
have prewary-thyrod disorders We celated the findings to the mns-
cular weakness which s often a predominant symprom of these discases

By cottaboration with Dr Wichmane (30, of the State Serum In-
stenie 1n Copenhagen, the thyrotropin tontent of these patents’ sera
was determined. It was done by a biologwal mzthed using as an .
dicator the heghe of the thyrod ce"< Rl
laeror ~ommet .
(31 C e pbICIS with
mals 5, LIE pin fevel was ly -
creased DAugc!o and tus assoctates found thewe bughest thyrotcopm
values o acromegalic subjects In myxedema, several sorkers found
an mereased excreton of thyrotropia sn the wrme. In thyrotoxicosis
the thysotropin may be mactivated

Sincx. Whae do you mean by “wactivated” thyrotropia? How do
you know st 15 there?

Aboetlansen ' has no thyroid- sumulaning effect The thyrod
gland s able 1o wactvate the thyrotropin hormone

Sinev: Haw s 1t derermuned?®

Arboe-dlansen: The thyrotropin may be reactvated by reducing
agents, but | do not hnow of any results with thyrotoxic pacenss, it




156 Connectsve Tissues

has been done after inactivation 1 rstro by thyroud tissue. We found an
increased content of acid mucopolysaccharide in the connective tissue,
and a mobilization of fat. These are the essential changes which evi-
dently produce exophthalmos, the cutaneous mucinous edema, and
the muscular alterations, perhaps the lipemua in myxedema, too

The effect of thyrotropin on the mucinous system of the connective
ussue seems to be m every respect the opposite of the effect of cor-
usone We performed a few spreading expertments to study the changes
1 the ground substance These were carried out in exactly the same
way as the cortisone experiments, and the results were directly contrary
Just as n human myxedema, which 1s perhaps of fundamentally the
same genests, the direct spreading is very shght, as the diffusion is
prevented by the ample content of mucin. On the other hand, the
spread of hyaluronidase 1s highly increased, probably because of the
increased quantiy of highly polymerized hyaluronic acid (Figure 55).

These effects of the adrenocortical steroids, cortisone and hydro-
cortisone, as well as the thyrord hormone and the adrenocorticotropsc

FIGURE 55 Sprndmz reactions 1n & whut rabbut Indzcator ]"dxi'... " soluuon
. ‘onsdas
2 rected vurh
3
4 Spresding dunag thyrowOPID SdmmSUALUN s N - Jected with
hyaluronidase
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studies were done before there was so much interest in them, thar s
why I asked the question about the synovial membrane

Asboe-Hansen: 1 agree with you that the number of mast cells
does not conform to the amount of metachromatic ground substance,
but 1t does conform to the hyaluromdase-sensitive metachromatic sub-
stance, and 1 skin this 1s hyaluronic acid,

Meyer The polysaccharide which has been shown to be produced
by the mast cells is heparin, This 1s a polysulfated polysaccharide, while
hyaluronic acid 15 sulfate-free. As you know, heparin 15 completely
resistant to hyaluronidase digestion. While in most tissues, we find
sumultaneously sulfated and nonsulfated mucopolysaccharides, we have
no demonstrable sulfated compounds in synovial fluid or vitreous
humot. I believe, also, that the sttucture of heparin 1s such that it
cangot be telated to hyalurontc acid; that is, if the body could desul-
fate heparin, we would still not obtain hyaluronsc acid.

Asboe-Hansen: In skin there 1s hyaluronic acid, sulfated mucopoly-
saccaride, and a good many mast cells, bur no hepann. In myxedema
the amount of mucopolysacchanide 1s increased, and so 1s the number
of mast cells, bur there 1s sull no heparin. In synovial fuid and the
vitreous humor, these 1s no sulfated mucopolysaccharsde, and especially
no heparin, but plenty of hyaluronic acid and a good many mast cells
1n the surrounding connectve tissue. Heparin and hyalurontc acid are
members of the same famuly- they are both polymeric acid muco-
polysaccharides buitt ap by glucuronic acid and glucosamine. The
substance within the mast cells has not the same histochemical stining
propetties as hepari has

Meyer: What do you mean by thar?

Asboe-Hansen For example, the McManus-Hotchkiss method re-
veals this difference.

Meyer. 1do not think we ought to get into another discussion of the
McManus-Hotchkess method, but what staining differences do you
have m mind?

Asboe-Hansen: Mast cells are staned with the Hotchksss method.
but the method would not stain isolated hepatin .

Meyer- 1 would answer by saying that isolated hyaturonuc acid is not
oxidized by pertodic acid.

Asboe-Hansen: Not at all? .

Meyer Apparently not. Three different laboratories have agreed
on that

Swnex+ That has to do with free groups and the degree of poly-
merszation. If we had small residues of hyaluronic acid in the making,
would they be expected to be sensttive 10 it?
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mast cells after expertmental provocation, has ao heparin properties.
It has never been proved. For example, the ground substance of
myxedema In experimental myxedema 1n an anumal, or in a human
subject with myxedema, we find enormous amounts of mast cells in the
connective tissue and large quantities of metachromatic ground sub-
stance. Bur the connecrive tissue has no heparin properties.

Meyer: For isolation, we need quite a large amount of tssue, or of
mast cells. One would have to attempt a quantitative correlation be-
tween numbers of mast cells and heparin activity of the extracts The
ssolated chondrotn sulfate B fraction of pigskin does have some slight
anticoagulant actwvity, on the order of five to ten per cent of that 1 the
crystalline barum salt of heparin.

Asboe-Hanser~ Your opuon s that if there are many cells m
tissue, we may chemically extrace heparin from that tissue? I agree,
because I 1magine that the mast cell cytoplasm contains building stones
for hyalvropic acid, as well as for heparm

Meyer. And for chondrontin sulfate, too.

Asboe-Hansen. 1 do not know, 1 cannot say anything about that,
because I could not observe any conformity between the occurrence
of chandrowtn sulfuerc acd and the number of mase cells. For exam-
ple, in cartilage and n the sclera there are not many mast cells

Meyer- In sclera, the concentration of chondroitin sulfate 15 small,
compared, for example, to carulage In skim it is much higher.

Asboe-Hansen- Yes, but what about the McManus-Horchkiss
method”

Meyer: 1 do not know.

Asboe-Hansen. It will not stain chondroitin sulfuric acid, either,
Jorpes and hss collaborators (32) stated that the mast cells do not
contatn heparin 1n the polysulfated form; however, perhaps there is
a precursor, as a monosulfated heparin, because the McManpus-Hotch-
kiss method will stain 1t They contended that a monosulfated heparin
would stain, hyaluronic acid will stain tco.

Meyer. That will depend on the structure of the compounds.

Atboe-Hansen Tt was stated thar hyaluronic acid would take the
stain, and pethaps monosulfuric heparin also, but not chondroirin sul-
fate or heparn . .

Aeyer: What I said about pertodate refets o chemf'cal reactiops, not
to staming Maybe the histologist using this reaction should stain
smears of the compounds in various concentrations,
same procedures as he uses with the fissues. . .

Asboe-Hansen 1 agree Another thing, if we inject hyaluronidase
ar histamine, we obtamn a concourse of mast cells from the vessels

with exactly the
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does the sdentification of mast cells depend on a concentration of those
granules?

Asboe-Hansen: Yes

Porter: The mere presence of the cells, of course, does not mean that
they are secreting. If we find mast cells with a small number of gran-
ules in them, and mucopolysaccharide-staimng marerial around the cell,
1would go along with you 1n the assumption that it came from the cell

Asboe-Hansen: We see that in synovial membrane, skin, and in afl
connective tissue

Porrer: But the pownt 15 that the mast cell is heavily loaded with
granules, and so might sumply be considered as a cell that is ready to
secrete, tather than as a cell that is secreting, just as a pancreas cell
loaded with granules 1s able to secrete.

Asboe-Hansen® We find all stages of granulation The cell which
1s loaded with granules 1s the cell which 15 able to secrete, and pethaps
ready for secreuon. There 1s some evidence that this mucapolysaccha-
ride substance, which 1s within the cell limits, is not 1 the granufes
but between the granules. and that is why I performed these radio-
sulfur experments 1 should like to know whether the sulfur is within
the granules I should also like to study cells that are granulated, and
those which are not, and perhaps d late the cells experi; il
to see whether they take up the sulfur, I found granulated metachro-
maunc mase cells in the assue, which did not take up radioactive sutfur.
But most of them, especally those within the papilloma proper, took
up radicacuve sulfur very readily The resolution 15 not high enough
to judge the locaton within the cell

Porter. The suggeston from the radioactive work would be that
cortisone interferes with sulfur metabolism

Asboe-Hansen+ Yes, and nothing else.

Porter: If that 1s the case, does one find some alteration 1n hair
formation under cortisone?

Asboe-Hansen: Yes, one does

Porter Is the hawr dusteacely different in character?

Holbrook: Yes

Porter: Does 1 grow as fast? . .
Asboe-Hansen: It ss vety puzzling. We can depilate rats by giving

ACTH., but if we have patients who have alopecia, they can be treated

successfully with ACTH and cortisone, and the hair will grow.
Holbrook- Most women who have been on corusone for three, four,

ot five years, will tell you that thei hair has never been as lovely 'befme.
Meyer: 1 wish to point out that we may be discussing two different
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cial cell type in the connective tissue which can be granulated and de-
granulated, showing different functional phases.

Holbrook: Has that been done in tissue culmre? Can the tissue cul-
ture be altered s0 25 to greatly increase or decrease the toral number
of mast cells in 2 tissue?

Asboe-Hansen: Paff and Stewart (34) have done some cottisone
experiments on tissue cultures of embryonic skin, and find that mast
cells ate wnhibited. Their movements are restricted 1n cultutes where
the fibroblastic activity ss uninhibited.

Meger: As mentioned 1 the Introductory Remarks, we have just
finished the first expetiments on tissue culture material in collaboration
with Drs H Grossfeld, | Decker, 20d G Godman They grew human
skin, and 1t was astonushing to see the quantity of polysaccharide, pre-
sumably hyaluronic acid, elaborated o the culture fud.

Porter. How about the mast cells?

Meyer: 1do not koow about mast cells in these tissue cultures

Ashoe-Hansen: But they are taken from fetal skin, is that right?

Aleyer Yes. N

Asboe-Hansen: ‘The mast cell is quite 2 dominating cell in the skin
connective tissue of embryos Paff used fetal skin, too.

Meyer. May I ask the question the other way around. Where does
one find the largest number of mast cells’ Apparently they ate in the
lung and i the liver capsule of some domestic animals, such as the
calf, according to Sylvén. I did one experiment on ox lung, and one
on the liver capsule of calf or sheep liver. We did not observe any
d ble quantity of hyal acid from either source We have
to assume not only different types of mast cells, but also different func-
tions of mast cells The distinction betweea fibroblases and mast cells
does not seem to me quire clear.

Asboe-Hansen. In certain ammals®

Meyer Ia slaughterhouse animals, particularly the calf.

Asboe-Hansen: Mast cells are presumed to have other funcrions than
hyalurontc acd production. If we take growing copnective tissue, such
as wound tissue 1n the rabby's ear, we find myriads of mast cetls, but
few fibroblasts, In the rat, for example, there are not very many gfanw-
lated mast cells in the wound tissue, but n the surrounding ared tht;it
may be plenty of them Within the growing tissue, we ﬁnfi many tehs
which are metachromatic but not granulated. In the rabbit and in l“e
rat, these cells may be identical, even if they appear as different cells
by our preparation methods.

Krog® What 1s your definition of a mast cell? rains

Asboe-Hansen: A mesenchymal cell which, in its cytoplasm, contains
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surrounding ground substance are different materials. Nobody denies
that within the cytoplasm there is 2 heparin-like substance, but the
substance outside, the metachromatic substance which seems to come
from the mast cells, has no heparin properties. In histophyssological
experiments, after intradermal injection of hyaluronidase, I took biop-
stes day after day and found a crowding of mast cells, and in these
regions signs of the new formation of a mucopolysacchatide of the
hyaluronuc acid type.

Meyer- You think, then that the synovial cells do not produce
hyaluronic acd?

Asboe-Hansen: Yes But among the mesothelal cells in the lining
there ate numerous mast cells.

Meyer- We examimed a mahgnant synovioma, both the original
tmor site and hiver metastases  From both, we obtained Jarge quantties
of hyaluronic acd From normal liver, we cannot isolate hyaluronic
acid. Ido not know the histology of these tumors, but we had no doubt
that the tumor cells themselves produced the mucopolysaccharide, just
as 1n the case of human mesotheltoma of the pleura and peritoneum,
of fowl sarcoma Do you investgate those, by the way?

Asboe-Hansen No These cells are connective tissue cells

Meyer. But they have no sumilarity to mast cells,

Ashoe-Hansen: ‘There may be no essential difference. They may be
the same type of cell.

Meyer- 1 do npot think so I do not know what the similarity
would be.

Asboe-Hansen' 1 have not seen them myself, but they are reported
to contamn mucia droplets stamnmng red with mucicarmine (39). You
do not think that these cells could be related to mast cells? They are
neoplastic cells.

Meyer: 1could not answer that,

Holbrook:; Wll they produce heparin®

Meyer: No.

Asboe-Hansen: Bensley's expeniment (33), in which eranu}es.oo
) T ‘ o€ - =fatjon-

st cells
. e cell
PR , o o . u
numbers, morphology, and variability in the tegions where 'thcre i
physwological or pathological acc lation of hyal acid. We
pay 8
found a correlation and support for the view that the mast cells produce
hyaluronic acd. .
¥ of course, that the mast cells synthesize

Meyer: The possibility exists,

mucopolysaccharides other than hepazin. Bur I do not believe there
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eosin and van Gieson methods only, and fix them in formalin. These
faintly granulated cells will not show up in that case. Isn't that righs,
Dr. Angevine?

Angevine: Yes.

Ashoe-Hensen: These routine methods will not reveal the mast
cells. 1 know pathologists who would not understand that the experi-
mental tumors 1 mice contain millions of mast cells, because they
have always seen round cells and thought they were lymphocytes.
I thunk it 15 quite possible that some of these cells, on or in the sarco-
lemma, secrete this substance And in these dseases, only, you will
find an increased number of nuclei around the muscle fibers,

Meger. Is that also produced 1n the experimental guinea pig?

Asboe-Hansen: No, we did not produce 1t experimentally. But in
one serses, Dr. Francs Zachariae, of our group at the Laboratory for
Connective Tissue Research, University Institute of Medical Anatomy,
examuned pregnant gumea pigs and found these metachromatic half-
moon structutes, Otherwise, i guinea pigs, we did not produce these
phenomena with our hormone preparations.

Travell: Are they seen mn ammals deficient in viamun E?

Asboe-Hansen: 1 don't know; I have not examined them,

Travell- In the guinea pig, are there many nuclei around the sarco-
lemma? I ask because we have reported multiplication of nuclei in
guinea pigs during deficiency of antistiffness factors (42, 43), and
this s also seen in vitamun E deficiency.

Asboe-Hansen: 1 have never examuned them, I have examined
only the patent groups I mentioned, and the controls, which were
25 patients without pitwtary-thyroid discases.

Meyer: You sad thar the highest incidence was in acromegaly’

Asboe-Hansen: Not the absolutely highest incidence, becanse we
had only five acromegaly patients, and all of them had it. The ten
malignant exophthalmos patients we examined all had i, too. But
only 16 out of 45 pauents with thyrotoxicosss had it, and now we
wonder whether we could give any credit to the mechanism. You
know, there may be pimitary thyrotoxicosis and thyroigenous thyro-
toxicosis.

Travell. You said that one of the seven patienes with myxedems
showed muscle changes. Did that correlate with the serum thyro-
tropic levels? 3

Asboe-Hansen: Only one person had a significantly increased level
of serum thyroteopin.
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Smex. Is there anything known about the composition of the lipid
which 1s mobilized?

Ashoe-Hansen. Yes, it is mainly neutral fat.

Holbrook: Is this process of exophthalmos and fat mobilization
reversible when one stops administering the thyrotropin?

Asboe-Hansen, Yes. Even if we continue, the exophthalmos will
regress, perhaps because of anuhormones, but we do not know ex-
acely why.

Holbraok. They develop a resistance of some type 1o the thyro-
troptn?

Asboe-Hansen: Yes, they do, the fat disappears, and the liver cells
degenerate, 10 a certain degree, 1f we continue these experiments

Travel]. Did you make any observations on the influence of corti-
sone on the muan deposits within the muscle? Do cortisone and
thyrotropn have opposite effects?

Asboe-Hansen: Some cases of malignant exophthalmos have been
treated with cortisone I observed one case of malignant exophthal-
mos combined wich localized myxedema The exophthalmos im-
proved, some regression occutred, and the protrusion decreased. The
mucinous substance mn the pretbial connective tissue subsided almost
torally.

Travel] It was in the skin®

Asboe-Hansen: Yes.

Travell How about the muscle?

Asboe-Hansen: We did not examme 1, because we could not
obtamn repeated muscle biopsies from the patient

Holbrook: 1 did not understand why this subsided.

Asboe-Hansen: The cortisone therapy caused the subsidence of
the pathologwcally cteased ground substance.

Simex. Is there any evidence as to the effect of cortisone and thyro-
rropin on lipemia, if given together?

Asboe-Hansen: 1 do not know about that.

Holbrook. If cortisone degranulates the mast cell, does thyrotropin
have any effect on the granulations? Does it regranulate the mast cell?

Asboe-Hansen: Thyrotropin eauses an accumulation of mast cells
in the conpective tissue. This phenomenon may be interpreted as
a regranulation of degranulated mast cells . ’

Porter- 1 found the development of mucoproteins in association
with the muscle cells ineeresting, and it scemed to me, from the fig-
ures, that the accumulation was mostly mtraceltutar, or should.l say,
within the cells as well as the sarcolemma. As I understand i, the
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muscle fibers in the area we are discussing  There is no other place
for it, and 1t localizes there. It is quite common to see 1t around the
muscle fibrils, so I am inclined to agree with Dr. Porter.

Porter: It would be very intecestng to find our what it 15 and
why it accumulates in these cells. Buc I think I would hesirate 1o
relate it to 2 mast cell outside the muscle fiber itself. It 1s quite pos-
stble that a variety of cells have the capacity to produce mucoprotetns,
and among these even muscle cells In Figure 49 (opposite p. 146), as1
mentioned earlier, 1t 15 so deeply embedded that it would seem to be
a nucleus within the muscle cells. The sarcolemma is disunctly
separate,

Zwesfach Why must it be necessary to visualize a distinee boundary
between the hving cell and the surrounding tissue® This matersal
may be deposted berween the cell surface and what corresponds to
1ts extraneous coat.

Porter: The fibrous sheath of the muscle cell is an extraneous coat
which 1s probably pur down by the muscle cell itself.

Aiboe-Hansen: Dr. Robb-Smuth (44) once published a paper on
the sarcolemma and described two layers of it. He could scparate
them by hyaluronidase. '

Porter. That 1s perfectly reasonable. From the electron micro-
graph, however, I had the wmpression thar there was no membrane
between this deposit of material and the sarcoplasm.

Holbrook: If 1t 1s intracelfular, ssn't 1t a Diele difficule to explain
why 1t 15 always at the pole of the cell, rather than being in the middle
of 1t, or somewhere else?

Porter: 1 agree.

Asboe-Hansen: You mean that it does not matter whether the cell
15 mside this area ot outside?

Porter. Yes.
Travell: 1f 1t were secreted by the sarcolemma sheath, wouldn’t

you expect 10 find 1t all the way around the circumference? If it were
secreted mside the sheath, 1t should move around more freely and
be able to coalesce

Porter: It would seem odd to me that it would stay in there at 2li,
if 1t were enclosed only by the fibrous components of the sarcolemma,
because that sheath is obviously porous, whereas the plasma mem-
brane s a thing of another nature.

Gandino: Wouldn't that be contained within two sheaths of the
same membrane?

Porter: 1 would not expect 1t to be, but I don’t know.

Krog: Duting sectoning, one very often finds that fragments of
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Angetsme: Did you say that there were any mast cells under these
conditions?

Asboe-Hansen: 1 said that in thyrotoxic conditions, and in malig-
nant exophthalmos, too, there are many nucles.

Angevine: But po more mast cells?

Asboe-Hansen- Granular mast cells, no. But, you sce, we have
only these preparations to work with,

Gandino: You mentioned eatlier that many of these tissues had
an mcreased amount of water Do you have any measurements on
that?

Asboe-Hansen: No, we have not, but Drs. Ludwig, Boas and Soffer
(26) at Mount Sitar Hospieal i New York have measured the water
content 1n the retrobulbar tissues and found increased amounts.
Hyaluronic acid has a marked water-binding capacity

Gandino- Do you mean a large amount of water per unit of dry
weight?

Ashoe-Hansen: Yes,

Holbrook: Are there marked electrolyte changes in concentration
to account for those changes 1 water?

Arboe-Hansen: Whete do you mean®

Holbrook: Take the retrobulbar muscles: you siy they become
five ot stx times thetr volume. Is that due to changes in electrolyte
concentration®

Asboe-Hansen- 1 think nobody knows All the people who have
worked on this problem have taken all the weak parts of the retro-
bulbar tissue—muscle and glands and loose connective ussue—and
just measured water on the whole.

Holbrook Does 1t seem to be a simple hydration, or is there some
other factor?

Asboe-Hansen. There seems to be hydration, yes, Two neufo-
surgeons with great experience have told me that the muscles ate
weak and gelatinous, and the coanectrve tissue and the glandular tissue
are very edematous .

Meyer- I think Ludwig, Boas and Soffer published regression cu":!
wnn which they plorted hexosamine against water content This indi-
cates that water content parallels the hexosamine, I think this should
hold true only 10 the early stages of exophthalmos, since in the lace;
stages, at least in exophthalmos in man, the tissue becomes x‘noresn‘
more fibrotic It 15 probable that in the first stage hyaluronic aci ;j
the mucopolysaccharide produced Then hexosarnine and \yate;‘ v‘o‘\:ﬁ
parallel each other, while this would no longer be true in the 12

stages.
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Gandino: Many years ago, in the course of some experiments I was
doing on hypertension in rats, I frequently observed the appearance
of.exophthalmos when hypettension developed. I began to quantitate
this, but did not pursue the investigation any further. I wonder what
the explanation might be.

Travell: How was the hypertension produced?

Gaudino: By wrapping one or both kidneys with ganze impreg-
nated with collodion

Holbrook: One method of trying to determine whether we were
dealing with thyrotropin, only, or with two or three different hormones,
mught be to find out whether adrenalectomy interfered with the
exovhthalmos as well as with the fat changes

Travell- Yes, and try to obtamn a divergence.

Holbrook- 1f it did one thing, and not the other, we would be
probably dealing with two rather than oge.

Sinex: Whatever condition you choose, the mobilization of fat
seems to require the presence of the adrenals,

Asboe-Hansen- We cottelated this extraordinary mobilization from
depots, and the replacement of this substance with mucin, they seemed
to go hand 1n hand  Just when the fat begins to be mobilized, that is,
the fat droplets become smaller and the connective tissue septa broader,
we observe the mast cells, the lymphocytes, and the metachromatic
substance 1 its place These reactions begin pracucally instanta-
neously as 2 response to the hormone.

Mast cells ate very frequently met with in far tissue, and are just
lying around and embracing the fat cells as metachromatic crescents
on them It seems possible that the hormonal effect may change the
conditions in the tissue, that s, remove the fat and sumulate the pro-
duction of mucinous metachromatic ground substance, as though an
equilibrum were betng mamtatned there.

Krog® What about the definition of the mast cell> A cell is not
only defined by its appearance, but also by its morphological struc-
ture, its point of origin, how it stains, and so on. Do we have any
evidence that can help to explain where the mast cell comes from?

Asboe-Hansen: No. There 1s much evidence, but nobody knows
exactly whete it comes from I think most people believe that the
fibroblasts and the mast cells have a common histogenous origin I
think that ss all that can be sad about it. .

Krog. At what pomnt can it be recognized as a mast cell> When is
a fibroblast called a mast cell?

Asboe-Hansen: I do not know exactly whether the fibroblast can

turn into a mast cell.
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Asboe-Hansen: Yes. .

Krog: It seems possible that if certain cells are transferred into
mast cells, thereby increasing the number of the mast cells m the
tissue, certain other cells would have to show a decrease in number
Is there any evidence for that?

Asboe-Hansen: I think it is rather poindless to try to count these
cells One has to take into consideration the number of vessels, and
other factors, but especially the number of vessels

Krog: Is any sudden increase in mutosis observed previous to the
increase of the number of mast cells in a defined area’

Asboe-Hansen: No, there is practically no increase in mitosis One
may see this process in feral organisms

Krog: Is there an increase in mitosis in other parts of the body
prior to local increases i mast cells, suggesting a possible site of their
ongin?

Askoe-Hansen- No, One may see signs of mitosis, but very seldom
Therefore, the theory of heterogencous regeneration has considerable
support; most people believe 1n that But I think i is astonishing to
see, within this very shore time, such a lot of mast cells around the
vessels. There are not many other cells in these regions. Ir might be
that some cells are passing the vessels from the blood stream On
the other hand, it 1s not probable that the basophilic leukocytes are
dentical cells The nuclei ate different, and their number is too
small N
Meyer+ Is there any relationship between the macrophage and the
mast cell; may mast cells ever be mustaken for macrophages?®

Asboe-Hansen Yes, there are cases where thar has occurred

Meyer Do you think that what some people mighe call macro-
phages you wouid call mast cells?

Asboe-Hansen T would call it a mast cell only if it has the chas-
acterisics which I outlined But I think the completely degranu-
Iated mast cell may be misjudged A macrophage could not 'hn':'e
the appearance of a mast cell +f it had phagocytized mateesal in it
But I think a study of nuclei may be of some importance in the differ-
entiation of connecnve tissne cells It seems to me that the fibroblast
nuclens exhibits 2 structure quite different from that of the mast cell
nucleus  However, I do not know whether this is constaat. On the
orher hand, in the rat fetus, Holmgren (49) has described two types
of mast cells: one has a fibroblast-like nucleus, and r}xe other lqoks
more like 2 lymphocyte. But these ate histological studies by the light
microscope. I do not know how they would look 1 the electron mi-
croscope; 1 should like to see them
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Krog: Are there any nuclealt inside the nucler?
Atboe-Hansen: No, nucleols are practically neser seen. Occasion-
ally, we may see something which looks lihe 2 nucleolus, bue I think
i is jusz an irregular chromatn dustebution of incidental occurrence

-

]
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Arterstrs, due to horse serum, and serum
dusease, 1952+ 143

Artery
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staiung of, 1951. 53
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Connectize Tisswes

Autocardrogeaphy
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of hair papilla, before and after corti
sone, 1954. 138-140
of mast cells, 1954. 129-139
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and salicytate 1952 143
and cyphoud vacaine, 1952 143

Aschoff noduls, myocardial, 1950 52

Ascorbic aad
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Arcerstis, due to horse serum, and serum
disease, 1952 143

Artery
elastin in
and age of subject, 1951 60
stamning of, 1951 53
with endartents, radiography of, 1951,
8182
stainng of, with tetrazolum, 1954 62
temporal, pulsation of, and pressure on
trigger area, 1951; 107-109

Artheitss, thetmatord

ACTH for, and wound healing, 1950
139

blood vessel wall of, 1954 33

as chrome histamine poisoning, 1950
120

compound B 1n, 1954 32

connective ussue duting hyperadrenalism
1n, 1950 156
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tisudine excrenon s, 1950 115, 127-
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144

Aspartic aaud, in elastin, 1951 56, 57, 39
Asthma, corusone 1, 1952 152

Connectsve Trisues

Autocardiography
of hair follicle, befare and after cort-
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of mast cells, 1954° 129-139
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wnd sty wall pecmestitiy, 1959
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and eadathelial scuvaty, 1954 52
and patency, 19354 64
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mast celt n, 1954 144, 143
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explanted, and vitamin A, 1953 144136
Beated, and vimun A, 1953 135
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Breast, poblet cells 10, 1954 27

Bromude, as indscator of extracellulat Aund,

Born
of cornea, 1250° 150 151
ethyl chlonde speay for, 1951 120 121
Bursa, rraumanzed, fibnnod chanee in,
1950 46

Calafication
o, 1951 38
of elasuc fiber, and age of subject 1951
6263

of elastc nissur, 1951 7879
wn pulmonary attery, 1951 58
Calaum

1 & disk of myofibril, 1953, 102 103

1a artetial clasun, 1951 33

and basophilia, 1951 63

and carbon sccumulation by intercellular
cement, 1954 47

and endothelwm, 1954 42 43

and wcercellutar cement, 1953 42, 47

and magnesium s soluble myosin sys-
tems, 1953, 124-127

and myofibuls, 1953 124-127

soap, elecron micrograph of, 1951 64,
8

Callus
fibrinowd 1n, 1950 81-82
removal of, v fracture reparr, 1951 180

Capittary
blood flow 1n
and endothelial scuvity, 1954 52
and tetrazolm stioing, 1954 61
collapse o, dus to pressure, 1954 64
epithehial membrane outude, 1954 46,
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fragility, 1954 56,58
Iymphavc
collapse of, 1954 G4
stanung of, with tetrazolium, 1954 62
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1950 27
sfter mucrotrauma, 1954 48
penicapdlary sheah, 1954 55-58, 63-64
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Capillary—Cont'd
permeabiluy of, 1954 38.46, 52-57

and blood clotnng, 1954 41

10 blood constitnents, 1954 70

after body x-ttradiation, 1954 74

after bepann, 1954, 72, 74

after histamune, 1954 68.70, 73

to leukocyte, 1954 64 65,67

after perfusion with various mustures,
1954 54

and plateler, 1954 41, 49, 51, 74

$0 proteins, 1954 43 41

e ;hmmboLympemc purpura, 1954-
7

wall of
1n ascorbic acxd deficiency, 1954 51
cement substance tn, 1954+ 39-44, 47-
31

diapedesis of leukocyte through, 1954
6465,67

diffuston chrough, 1954 4445

elastany of, 1954 49

erychrocyce adbesion to, 1954 55

o exchanges between blood and
lymph, 1954 3875
ground  substance vs  sntexcellula

cement of, 1954 5758

after hepana, 1954 66-67

as inert barrier, 1954 44.45,53

inner lining of, 1954 5355

leukocyte adhesion 1o, 1954 55

leukocyte passage through, 1954 64
65,67, 70-71

Iinung on inger wall of, 1954 53-55

metabolic acuvity of endothelial cell i,
1954 52

after mucrotrauma, 1954 66-67

pericapullary sheath of, 1954 55-58,
6364

phagocyric propestics of, 1954 70

plarclers on, 1954 51-52,54,55

poe swre of, 1954 44
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Capillaty—Comd
wall of—Cone'd

tong of, 1954 49-51 -
10 viramn C deficiency, 1954, 51

Casbohydrate, periodic acd speaticuy for,
1950 64

Carbon tetrachloride, regression of scar
tissue 1o arrhotic Liver afrer, 1951
159-165, 170-189

Cagenogen, mast cell afrer application of,
1954 177 B
Carcinogenesis, sith 9, 10 dumethyl-1, 2-
benzanthracene, 1954 130138,
141142
Caribou, temperatuce 1 hoot gland of,
1954 31
Cartilage
chondrowin sulfste im, 1953: 191
elactron muccoscopy of, 1933 191
explanted, and vitamun A, 1953 144156
byaliag, 1953 191
chondroutin sulfate of 1950 88, 91
matrix, and hypervitaminosis A, 1953
181

metachsomasia of, and vitamin A, 1953

metachromastz of matrrx of, zad viamin
A,1953 149
staming of, with hematoxyhn, 1953« 149
Cathepstn, tmhibion of, b antgen-anti-
body reaction, 1952. 148

Causality, 1953 39-40
n disease, 1954 34.35

Cavity, syvovaal, mast cell n, 1954 144
143

cell

abnormal, vs normal, 1950 22

after saribody-aptigen change 1952 143

arrangement of, sn mustle, 1953; 94, 96

ciliated, and mucus secrerion, 1953 177

dedifferentiation of, 1953 172

ufferentiation of, 1953 172

functional change of, 1953. 165-166,
169,171

growth of, and ground substance, 1951
1822

mucons, and cilia, 1953 177

of musdle, myofibnls from, 1952. 43141
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Cell—Cont'd

normal, vs. sbnormal, 1950 22
nucleus, staung of, 1952 136 157
sesponsveness of, 1950 163
sucrose damnage to, 1955, RG-87
wersaley of, 1953, 165-166, 169, 171

Cement.sntercellular
abnormal changes 1a, 1954 51
wnd cafenum, 1954 42
w eapillasy wall, 1954- 3941, 47.51
1n granulation tsue, 1994 41
v ground substance, 19542 57 58
sfrer hustamane, 1954 69
mlymphane, 1954 63
wrushrauon of, 195§ 47

Centrat nersous 1ystera
ground substance 1n, 1950 28,1951 12
and hematoparenchymal batrier, 1950
28

Cerebrospinal Buid
mulin diffusion 1neo, 1954 86, 8%
sucrose difusion 1o, 1954 86
thiocyanate diffusion snto, 1954 86

Cervix, mucus of, 1983 176177

Chest pam, substernal, 1n sternomastoid
syadrome, 1951 112
Chick embryo
collagen formation in eulrure of skin of
1951 126157
newly-formed connecnive pssue 1n chono-
allantoic membrane after 1nfluenza
wirvs inoculaon, 1952 41 46
skinexplant from, grown 1 medwm
wuth vicamun A, 1953 159-175
Chiorde
35 indicator of extacellular volume,
1954. 8081, 82
inteacellular, 1954 90
10 plasmsa
after ACTH, 1954 99
atter cornsone, 1954 99
afier leg tourniquet, 1954 102
M ussue smmersed n plasma, 1954
1314
total  exchangeable,
1954 &1

measurement  of,
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Chlorsde—Cont'd

volume of disttibution of 1954 81,86
n dag, 1954 82
n edema, 1954 107
1o lver, 1934 90
an skin, 1954 107108

Cholesterol, in media, and age of subjeut,

Cholinesterase, snd entty of water into
erythrocytes 1954 116

Chondroblast, colfagen from, 1953 25-27

Chondtaitin
from cornea 1954 4
vs hyslosonate 1954 24

Chondroiun sulfate, 1952 35 36

A in connecnive tissuc, 1950 RS

D 1950 9203
and basement membrane, 1950 92
n connective tissuc, 1950 26, AR
1 embryo, 1950 26

€.1950 9293
1n connective tissue 1950 88

in carulage, 1953 191
byaline, 1950 88, 91
hyaturonidase distsuon of, 1950 91,

9
and mast cells, 1954 160
and metschromassa, 1950 9391
in umbilical cord, 1950 92

Chondrorn sulfunic aad
1m connective ussue, 1950 88
in mucin 1n myzedema, 1954 343

Chondromucinase, 1952 30
Chondrosamine, 1954 24
Chondrosin, 1954 23

Chonoaliantorc membrane, of snfluenza-
diseased chuck embryo, newdy formed
connective tissue 1n 1952 4446

Cicatrization, and fibtsnoud change, 1950
50

Cilia, and viamun A, 1953 168, 170, 173
Citiary body

mast cell in, 1954 144, 143

secreon of oculat flmd by, 1950, 24
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Cizrhodd, fibrnodd 1n, 1950- 81

Crrrhosis of hiver
basement membrane stain 1n, 1952 29
due to carbon tetrachlortde, 1951 159-
166

fibtoblast in, 1951 176.177

necrosss n, 1951- 181-184

regression of scar tissue 10, 1951+ 159-
190

tachrome stain for collagen 1n, 1951-
185, 189

Clostdiam, and meconium, 1n wnlyzation
of microbiological growth factor,
1954 28

Clot, fibsm, fiber formation 1n, 1951. 130
Clupeine, 1954, 54

Coagulum, cosinophulic, 1951 34, 186-
188

Cold, acclimatization to, 1954 30-31

Collagen, 1950 17
abnormal, 1951 13-14
and age of subject, 1950 23-24
amino ads 1n, 1954. 28-30
atgyrophilia of, 1952 2325
1n arternal elasuc ussue, 1951: 60
from chondroblase, 1953 25-27
in aicrbotic iver
due to carhon teteachlorde whalation,
1951 159165, 170-190
o b

Connectrve Tissues

Collagen—Cons'd

staning of, with perwodic acid-Schuft
reaction, 1952: 100
swelling of, 1n myxederas, 1954 175
of uterus duping reproductve cycle,
1950 29
fbrl
formation of, 1950, 18, 1952 7284,
1954, 143
and mucopolysaccharide, 1954: 143
and mucoprotein, 1952 39-40, 8990
10 myxedema, 1954 146
onentation of, 1953- 31
from plasmagel layer, 1951: 143-147
vitamsa C 1 formation of, 1950 19
and fibroblast, 1951+ 33-34, 43, 1952
44, 1953- 25
fine structure of, 1952 38-90
fish, 1952- 16
formation of, 1953. 24
10 myxedema, 1954 175
problems 1z study of, 19537 192
10 heart, 1950. 23
hydroxylysine 1n, 1954 28-30
hydrotyproline m, 1954 2830
1n kidney, 1952 93-94
in ver
after expenmental cirrhosts,
159-190
after portal vern figation, 1951 178
Iysine 1n, 1954 2830
molecule of, 1952, 86-89

1951

due to g 1951 12-14
1951 165 and mucoprotein, fibul of, 1952. 39 40,
definition of, 1952 12, 13, 14-17, 1953 89-90
28 organization of, 1953 31
degeneration of, 1953 39 precpitaced, electron - microscopy  of,
fibrinoid 1n, 1950 67 1952 72-84,89
reconstituzed

1n drsease, 1953 38-39

and elastin, 1953 34

end group of, 1954 175

and enzymes, 1952 114

fiber, 1950 17
and age of subject, 1950 23, 25
after cortisone, 1953 194
electron microscopy of, 1952 155
formation of, 1n culture of chick em-

bryo skin, 1951 126-157

vs osteogenic fiber, 1953 29
size of, 1952 154

and age of subject, 1952 90
electron microscopy of, 1952 7284
80
from teadon, 1952 72-84
tesotption of, 1952 85
vs setculin, 1952 92-116
and renculum, 1952. 2225, 1953. 32
vs tenculum fiber, 1951 14-15
silvering of, 1952 23-25
solubuliey of, 1952- 90
1n spleen, 1952. 97-98
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Collagen—Conr'd

Ry of
wich Hotehkuss proceduse, 1952, 26,
32,33
wih periodic acdSchiff
1952- 26,3234
tachrome, 0 airrhosis of liner, 1951
189,189
sttavony 1m, 1952, 38 90
tryprophane 1n, 1951+ 34
wmover of, 1952, 30,85, 1953 31
vanieues of, 1951 1215
X ray difraction of, 1952 38

reaction,

Collagenase
argrophul positive, ovanan fiber tesistant
10,1952 103
and penodic scid Schuff resction, 1952
102

Collagenoid, 1953 28.30

Collagenows, 1951 185-189
 fiver of West Indian children after
fow protein dier, 1951 3842
Callodion, permeabilicy of, to enzymes,
1953 190
Colostrum, microbological growth factor
m 1954 23,28
Compound B, n theumnatoud  seehrits,
195¢ 32
Compound F
10 tulwwre of chick embryo skn, 1951
151452, 135
Pepsinogen 10 blood and unne sftet,
1954 22
dlceration of gastro-ntestinal tract due o,
1954 22
Coogo red
as efastic fber staun, 1951 69
a5 clastic yssue sran 1951 32
Conpunctivios sices, 1953 179
Connective issue
after ACTH, 1550 137 141, 149-164,
1954 156-157
0 adrensl gland, 1952 113
and adrevocortical sterond, 1954 143,

1561
04 age of subsece, 1950 2323

191

Connective tssue—Cont'd

duting anaphylaxis, 1951+ 27,29

and antibody, 1952 144 145

snd annicen, 1952 144 145

arcas of agreement, 1953; 16 43

ureolar, 1953 2628

and basement membrane 1952 11

10 blood tissue exchange, 1054+ S8

and cell metsbolism, 1954 103

cellular elements of, 1953 19 21

chemstry of, 1950 88 100

chondroutin sulfate 1n, 1950 88

chondsomn sulfutic acid 1n 1950 84

condensation wn, (950 7625, 28

sfeer cormsone, 1950 141 164 1953
191, 1954 124, 156-137

discussion outhne. 1933 16

d\snsge of, due to sweet pea seed 1954

12

dlastiacy of, 1930 25
electon microscopy o, 1952 3890
1953 186187, 190 1954 126129
s adrenal gland 1952 112
embeyonic, 1950 16
mast cell in 1954 164
of endocrine glands, 1951 26
and estradio]l 1951 25
Evans blue 1, dunng cychs endoctine
processes, 1951 23
fiber of
elasuc, 1950 17
froren, dnied, 1952 34
steerched, 1952 48-19
fibl of
and age of subjeet, 1952 4%
fine structuse of, 1952 38-90
fibrincud degeneration of, 1950° 44.86
and fibroblast, 1950 20, 1952 46
fine structuze of, 1952 38 90
formarion of
afrer cornsone, 1954 144
aftee hydrocorasone, 1954 144
funcuon of, 1950 21,24
and palaceose, 1955 26
#nd Eround substance, 1950 11.43,
1951 31
hepann from, 1954 160
and hezosamne, 1934 26
hormonal effects on, 1954 123179
byaluconic acid 1n, 1950 8891
hydraton of, 1954 104-105
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Conaective ussue—Conr'd

and hydrocortisone, 1934 156157
inhibition of, due to cornsone, 1950,
147-148
and interstitial water, 1954 78-118
lathyrism, 1954, 9-12
loose, 1950 16
elastase digestion of, 1951 77
1 [upus erythematosus, dusseminated,
1950 30
and lymphanc barrier, 1954 63
macrophage, 1953 19.20
and mannose, 1954 26
and metachromasiz, 1950 96.97
mucin 10, 1n myvedema, 1954 145, 146
mucinous syscem of
and corusone, 1954 156
and cortsone, 1954, 136, 170
mucoids in, 1953 37
mucopolysaccharides 1, 1950 88, 1953
35-37, 1954 26
of embryo, 1950 26
muluplicuty of, 1953 27-30
in myxedema, 1954 175
newly-formed, in choroallantoic mem-
brane of mfluenza-diseased chick
embryo, 1952 44-46
patn mechanisms in, 1951, 86-123
pathology of, 1950 44-86, 1952 103
penodicity 1a, 1952 38-90
physiology of, 1950 19
probiems tn chemustey of, 1953 187
problems tn study of, 1953 185-197
protemn, rurnaver of, 1951 28
regression of, after expenimental cr-
thosts of liver, 1951 159-190
and relaxin, 1951 25
repait processes tn, 1951 126.157
a scurvy, 1951 28
of skia, mucn 10, tn myxedema, 1954
145, 146
specralization of, 1951 26-31
staning of, 1952 11-35
with acid fuchsin, 1952. 95
with acad fuchsin and picrc aad,
1952 12-13,19-20
with anilia blue, 1952 13
with anilin blue and phosphomolybdic
aad, 1952 17
with anilin blue and phosphorungstic
aad, 1952 17

Connectrve Tissues

Connective tissue—Com'd
staiming of—Cont'd

with azan techarque, 1952 17

with azocarrune, 1952 17

with azodyes, 1952. 13, 20

with dinitro compounds, 1952 12

with Heidenhain method, 1952 17

with Hotchhiss procedure, 1952, 26,
32,33

with Lillie method, 1952- 19 *

with Mallory techmique, 1952: 17, 95

with Masson method, 1952 18-19

with methyl blue, 1952. 13

with methyl blue and picnc sad,
1952 26

with nigrosin, 1952 12

with periodic acid, 1952 26, 32-34

with  persodic  acid Schoff  seactson,
1952. 95, 100

with phosphomolybdic aad, 1952
17,18

with phosphotungstic aced, 1952, 17,
18,72

with piene sad and acd fuchsin,
1952- 12-13, 1920
with picsc aad and amilin blue,
1952.13
with piene aed and methyl blue,
1952.26
wath picrorndigocarmune, 1952 12
reactions, 1950 49, 52, 58, 63.73
with Schiff procedure, 1952 26, 32-34
with silver, 1952 96-106
with trchrome method, 1952 18
sth trutro compounds, 1952 1213
with Verhoeff starn, 1951. 45-52
striations 1n, 1952 38-90
structure of, 1950 16
and thyroid hormove, 1954 156-157
and thyrotropin, 1954 147, 157
after trauma, 1953 39, 43
and tumor, 1951- 26, 30
duc to carcinogentc hydrocarbon,
1954 130-138, 141142
water in, 1954. 101-105
x-ay spectroscopy of, 1953 189
Cord, spinal, anterior hotn cells in, 1954
46

Cornea
burn of, due to afkaft, 1950 150-251

chondroun from, 1954 24
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Cotnea—Cont'd

ground subsaance in, 1953 189
keratinization of, 1953 179
merchromasia of, after alkal burn,
1950 151
mucopolysacchande of, 1950 151,152
Nacerylglacosamune, galactose, and sl
fate 1 polysaccharide of, (953 I8
poivsacchande of, 1953 187
vasculanzation of, sfter cortisone, 1950

satee in, 1954 10103
Coronary artery
elatric tssue 1n, and age of subrect, 1951
5

rrgonavine test for insufficiency of, 1954
16

Cortisone

action of, 1950 36,37

lergic encephalomyelios suppressed by,
1952 14§

amino scidunz aftex, 1952 136

0d anaphylanss, 1952 137152

and antigen-antibody reaction, 1952 151

and Arthus phenomenon, 1952 142:143

wn asthma, 1952 152

in Blocking of toxic agents, 1950 131

n'md;n;g snugen-anubody after, 1952

152 -

colfagenous fiber after, 1953 194

tonnecove wssue afeer, 1950 141164
1953 194,1954 123,144, 156157

mucioous, 1954 136
and exophehalmos, 1954 170,175
ﬁbmk;l;st akeer, 1n wound healing, 1950

fracture healing after, 1950° 144 146

ground substance sfrer, 195§ 123

and hart, 1954 162

wn bay fever, 1952 152

30d histamine, 1952 149, 152

bisndune excretion after, 1950 117

byaturomc aeid afrer, 1954 123

byaluromdase sfter, 1954 123

for hypenension, tyrosine sn unine after,
1950 132

1ouln space after, 1954 99

for luves Sibrosis, 1950 157 158

mast cells ateer, 1954 121138, 163, 164

for mucinous substance 1n connective
ussue, 1954 170

193

Corusone~—Cont'd

mucopolysacchande production after
1954 143

pepnogen in blood sad unne afeer,
1954 22

plasma volume sfter, 1954 99

radiosultur wa skin Tumor mast cells be-
fore and after treament wich 1954
130-138

skin umor before and after treatment
with, 1954 129 139, 141-143

and sulfus metabolism 1954 162-163

terminal vascutar bed after, 1954 72-73

and tuberculin reacuion, 1952 144

ulceration of gastro-intestinal teact due to,

1954 22

and vascularzauon of rabbit commea,
1950 150

wound heahng after, 1950 141150,

1953 195, 1954 143
Cramp, muscular, 1954 16
Creaune phosphate, 1n muscular actviry
134
Cushing s disease, wound healiag in. 1950
132134
Cyclophorase-hexokinase  system,  with
smituchondrial actty, 1953 136-
137
Cystewne, destruction of, by lnfuum pery
odate, 1950 102
Cystne
destraction of, by hthwm  perodate,
1950 102
sn clastn, 1951 57
and sulfate, 1954 167
10 unne, in cystnuria, 1950 128
Cystinunia, with cysune lysine and srginine
0 unne, 1950 128
Cytoplasm, of mast ¢ell, hepatinike sob
stance in, 1954 166

D

Defimuan, 1952 15
of basement membrane, 1952 14
of collagen, 1952 12, 13.17, 1953 28
of ground substance, 1951 13, 1952 14
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Definstion—Cont'd

of mast cell, 1954 164-165
of reuculin, 1952 92

Degeneration of collagen, 1953 39

Dephosphorylauon
of ovalbumn, 1950 106-110
of phospboprotemn, 1950 111
of plakalbumia, 1950 106-110

Depolymerization, of ground substance,
1951 1621, 1953 196-197

Dermatomyosits
ACTH for, wound healing after, 1950
137

fibrtnord change wn, 1950 46
Dermus, elastic fibers i, 1951. 48
Desmoud, fascal, 1950, 158

Desoxycorticosterone acetate
and body water discribution, 1954 93,
and destestum oxide space, 1054 93
glomerular filtration after, 1954 93, 96-

99

and snulin space, 1954 93, 96-99
kadney funcuon after, 1954 93.94, 9699
and para-aminohsppurate dlearance, 1954-
93,97-99
plasma porassium after, 1954. 94,99
plasma sodsum afeer, 1954 94, 99
potassium sfter, 1954 94,99
1nteacellular, 1954 96
toral body, 1954 96
sodum after, 1954 94, 99
wntracellula, 1954- 96
total bodr, 1954 96
Deuterum omde, volume of distsibution
of, after desoxycorucosterone acetate,
1954 93
Diapedests, of leukocyte theough capillary
wall, 1954 64-65, 67

Diffracteon, x-ray
of collagen, 1952 38
of keratin, 1952 87
Dimethylaminoazobenzene, 2-
csrrhosss of Liver dus to, 1951. 165.170
regression of scar tissue 10 cirrhotic hiver
saduced by, 1951 165-170

Connectrve Tssues

Dinitzo compound, as conascuve nssue
stain, 1952 12

Disaccharide, produced by bactersal byalur-
onidase from hyaluronic acid, 1954
2223

Dysease, collagen 1n, 1953z 38-39

Dog
chlortde space tn, 1954° 82
sodrum space 1n, 1954- 82
thiocynate space 1n, 1954 82

Dysentery, in rabbut, after hyperadrenatise,
1950 154

Ectoderm
explanted, and vitamun A, 1953 157-166
mouse, and vitamun A, 1953 167-168
seven-day, gtown 1n watch glass culeure,
1953: 159
and viramsn A, of mouse, 1953 167-168
Ectoplas, as plasmagel, 1951- 146
Edema
after ascorbic acid deficeency, 1954 58
chloride space 1n, 1954 107
chronic, water space 1n, 1954 106 107
interstieraf flud 18 skun s, 1954° 107
mulin space 1n, 1954+ 106-107
in myxedema, 1954, 146
tn nephrotic syadrome, plasma proteins
10, 1954. 5253
Egg, albumin of, enzymatically modified,
1950 101-115
Elacn, 1951. 78
Elastase, 1951. 68-77, 83-84, 1953 192
keratohyalin granute digesuon by, 1951
84
ligamentum nuchae digestion by, 1951,
72.77

Elastica mnterna
elastic tissue 1n, 19512 59
tadiographic demoastration of, 1951: 81-
82

Elasticity, of connective tissue, 1950 25



Elasun, 1950- 17

and age of subject, 1950 23.24, 1951
5464

alanne fn, 1951 57
amiden
ammonsa, 1951 36,57
nutrogen, 1951 57
amino acd 1n, 1951. 34.57
and age of subject, 1953- 192
a0
and age of subject, 1951- 3463
prepatation of, 1951 $4
arginine in, 19513 37
arectial
and 3ge of subject, 1951 60
calcium in, 1951 33
nparcsad i, 1951 36,57, 59
s2d collagen, 1953, 34
cystne in, 1951, 57
formic au1d treaument of, 1951 71
Fuamic aad in, 1951 S6, 37,59
gyanen, 1951 56,57
m beart, 1950 23
hstdine m, 1951 57
bydroxyproline n, 1951 39
woleucrae sn, 1951 36,57
Jevane ca, 1951 36, 57
Iysne 0, 1951 37
lmmg :\ﬂhod fot prepaation of, 1951

in media, of 10rta, 1951 54
methionine 1n, 1951. 57
phemlataniae s, 1951 37
prepszation of, 1951 54, 63
proline 1, 1951 36, 37, 59
senoe 1, 1951: 57

stuiog charactertstcs of, 1951 61
theeomne m, 1951 57, 39
trypun digesnion of, 1951 64.69
teypophane i, 1951, 54, 57
fyrosine in, 1951 57

valive 1n, 1951 56,57

Elastoss, collagen 1n, 1953 34

Index 195

Electron micrascopy—Cont'd

of collagen fiber Sormanon, 1 Qulrute of
chick embrya skin, 1951 127136
of connecave nssue 1952 38.90, 1953
1R6-187 190 1954 126 129
w0 adrenal gland, 1952 112
1 histology, 1953 186.187, 190
of mast cell, 1954 126-129
of musde, to show metchtomanc sub
sunce, 1954 151153
of myofibals, 1953 69 89
of avrve, 1952 6768
of retscubin, 1953 33
wn kidney cortex, 1952 108 i1t
Embryo
chick
collagen formation 1n culture of skin
of 1951.126-157
newly-formed connective  tisue
chonoallantosc membrane after in
fuenza virus wnoculanion, 1952 44-
45
skin explant from, grown 18 medium
with viamim A, 1953 159 175
conectrve tissue sa
<choadrawn sulfate B 12, 1950 26
muropolysacchaside 1a, 1950 26
ussue 10, 1950 26, 28:29
Encephalomyelits, allergic, corusone yup-
pression of, 1952 (44
FEndarteritis, radiography of artery with,
1951 8182
End group, of callagen, 1954 175
Endoctine gland
copnecve tissue of, 1951 26
rround substance of, 19511 26
Tnd organ, responsiveness of, 1950 163
Endothelial cell
after hustamine 1954 69,73
and meercellular substance, 1954 49
metbolie acuvity of, m capillary wall,

Electrocardiogram, in ergonovine angina, 1954 52

1954, 16 20
Electron micrascopy
of cartilage, 1953+ 191
of callagen
Precipited, 1952 72.84, 89
teconstyrured, 1952 72 84, 89

and oxpgen tension s pecfused fymph
preparsuons, 1954 117

petmeabisty charactecisucs of, 1954 66

a0d tetrazobium, 1954 59,7475

thicknest of, in exchange between blood
and ussuss, 1954 52,66
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Conrective Tisruer

Endathehiat membrane, 1950 27 Tvans blue
Endothelram in connectve tissue around symp
10 z0fta, and age of subject, 1951 58 pubis, 1951123 .
srowth of, and calerum, 1954 42.43 ““;"’55 ‘g"*f endoctine  proc
951, 2!

vascular
Pphagocytic properties of, 1954 70
reductase activaty of, 1954 64

in ground substance staning, 1951, 1
as anducator of ratravascular warer, 1
80

selective deposition of, 11 anaphyl
shock, 1951: 27, 29

N

Environment, and heredity, 1953+ 41

Enzyme
actuusty of, and Ina, 1950 21 B
trom Bacilus subnlis, 1950. 104-114
bactenal, and plakslbumin, 1950 102.

115

and adrenalectomy, 1954 175
after cortisone, 1954 175
and fat mabylization, 1954, 147-148

and collagen, 1952. 114 hexosamine 1n nssue 19, 1954. 174

diffusion of, through collodion mem.
brane, 1953 190

elastolytic, 1951 6877

and reticulin, 1952. 102-106, 114

Epithelum
ctliary, and stroma, 1950 24
explanted, and vttamin A, 1953 157-166
ketaunizanian of, 1953 178-181
membrane, cutde the capilary, 1954
46,53
mucous, from basal cells, 1953 175
and stroma, 1953+ 188
and viamin A, 1953 157-166
deficiency, 1953 157

Etgonasine test, for cotonary msufficiency,
1954 16
Erythiroryee
adhesion of, to capillary wall, 1934 55
entty of water wto, 1954 116
extravasation of, through capulary wall,
1954 70
gelated, 1954 70
structure of, 1954 70
Esteadiol, and connecuve ussue, 1951, 23

Estrous cycle, vaginal mucosa duriag, 1
guinca pig, 1953 172

Ethyi chloride spray
for angina due to ergonovine, 1954
1622
for bugos, 1951 120421
for suff neck, 1951 119-120
trigger atea block by, 1951: 118122

and byaluronic zcid, 1954 147
and hypertension, 1954. 176
malgnant
cortisone for, 1954 170
‘metachsomatic substance 10, 1954, 1
134,169
muscle m, 1954: 149-155
nucler around sarcolemma 1n, 19
168

thyrotropen 1n, 1954 147148, 155, 1

tsue 2, 1954 174
water Jn tissue tn, 1954, 174

Experimentation, standardizapon of, 195

Explant
bone, and vitamin A, 1953 144156
cartlage, and vitamun A, 19531 144156
ectoderm, and witamun A, 1953 157-16
epsthelm, and vigmin A, 1953 15

166

feather germ, and vitamn A, 1953 16
168
femur
ractachromasia of cartilage Mmatnx ¥
and vitamin A, 1953. 149
and vitamsn A, 1953 146
humerug
metachromasia of cartilage matux 0
and vitamun A, 1953 149
and vicaun A, 1953. 147
skin, and viramia A, 1953: 157-166
tibta, metachromasta of carnlage marrit
0, and vitamant A, 1953 149
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Explant—Conr'd

ulna
menchromasia of <atulage matnx in,
and vitmsn A, 1933 149
and vinmia A, 1953, 148.149
Extemor carpl_radislis muscle, trgger
arean, 19310 98
Extensor communss digitorum  muscle,
WRger atea i,
Tye
embryone, and ground substance, 1951
»

masteellan, 1954 144,143
r

Face, neuraliua of
stypuaal, 1951 111
sal rnggec aren, 1951, 111,114
Tat
10 elastic fiber, 1951- 69-71, 8283
mobilization of
strex sdrenalectomy, 1954, 175.176
sdrenat gland 1n, 1954 175
and exophthatmos, 1954- 148
shter thyrotropin, 1934 147119, 169
176,178

akeer thyromin, 1954 148
Far cell, and mast ceft, 1954 176
Frather germ, explanted and viamin 4,
1953 167168
Femue, explanted
meachromasta of carulage matrix 10, and
wamn 4, 1953 149
and wamun A, 1953: 146
Fenn effect, 1953 128129
Fiber
colligen, 1950 17
and age of subject, 1950 23,25
after cortisone, 1953 194
elecron mucroscopy of, 1952 153
farmanion of, i cultute of chick em
bryo skin, 1951 126157
Vs osteogenic Sber, 1953 29
size of, 1952 154
Staning of, sarh pensodic aad ~ Schff
teaction, 1952 100
swelliog of, in myxedema, 1954 173

Fibet—Cons'd

of utems dunng reprodustive cycle,
1950 29
connectve tssue
efaste, 1930 17
frozen, dned, 1952 51
sretched, 1952 4819
elasuc
baceerrat digestion of, 1951 82
ealgheanon of, 1951 79
chemucat marphology of, 1951 43 85
and Congo red sam, 1951 61
of connactive u\sue 1950 17
10 desmus 1951 4
and clasase, 1951 68 77,83 84
fatin 1951 69 71,8283
heheal confing of, 1951 64 7277
and hematoxylin stain, 1951 61
of higamentum nuchae, (951 43
of media of soma, 1951 4958
munerals 10, and age of subjecy, 1951
6263

morpholory of, 1951 6

oxalic acd digestion of, 1951 70, %0
phosphorus i, 1931 62
ornduchuin wmnng of, 1951 32

53
Schiff reagent, 1951 52 33
semle, 1951
stamng of, 1951 45-33
typain, digession of, 1951 64-69
vaneces of, 1951, 85
Vethoeff suning of 1952, 45 32
fibroghal, 1951, 138, 140, 142 143
of matophage, 1951 (36
formanon of, 1n hbun clot, 1951 130-
1

osteogenic, ¥5 collagen fiber, 1953 29
10 ovary, asgyrophil-povitive, collagensse
resistant, 1952° 103 106
revcutar, 1950 17,18
fine structure of, 1952, 38.60
i fiver distase w West Jadien chul-
dren, 195t 35
narure o1, 1952 92-116
reticutura
s, cotlagen, 1958 1415
stvered 1952 47
sramog of, 1951 24 25,33
stress, 1951 136, 138
structate of, 1950 35-34, 36
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Fibril
abnormal, vs normal, 1950 48
collagen
formauon of, 1950 18, 1952 72-84,
1954 143
and mucopolysacchatide, 1954. 143
and mucoprotetn, 1952: 39-40, 89-90
1n myxedema, 1954 146
onentation of, 1953. 31
from plasmagel layer, 1951, 143147
vitamin € 1n formation of, 1950 19
of connectve tissue
and age of subject, 1952 43
fine structure of, 1952: 38-90
elastic
configuration of, 1951: 60
helical cotling of, 1951 64
ussue culrure of, 1950 19
of mucoprotern-collagen complev, 1952
39-40, 89-90
normal, vs abnormal, 1950 48
reacular, 1951+ 12
1 basement membrane, 1952. 23

Eibrillogenesss, 1950. 18, 32
collagea, and mucopolysaccharide, 1954
143

in culture of chick embryo skin, 1951
126157
m, and acd 3
charsdes, 1950. 32

Fibrin
s Sbrinord, 1950. 63, 68
tn formation of collagen ibnl, 1950 18
in fractuze, during healig, 1950 52
statning reactions of, 1950 65, 63, 70 72
tn wounds, during healing, 1950 81 82

Fibrinoid
1n callus, 1950. 81-82
change 1n, 1950 44-86
and Aschoff nadule, 1950. 52
and cicatsization, 1950. 50
1 dermatomyositis, 1950- 46
fibroblasts 1n, 1950 49, 79
afcer 1njuey, 1950 75-76
10 Jung, 1950 46
in lupus erythematosus, 1950 46, 54,
58
and metachromasia, 1950 9697
motphologic stages 1, 1950 48
10 myocardum, 1950 52

Connectsre Tassues

Fibrsnotd~Cont'd

palsading in, 1950: 79
pathogenesss of, 1950 47
n pepuc ulcer, 1950. 46
1n penarteritis sodosa, 1950 46, 58
10 placenta, 1950 46, 63, 67
plasma protein in, 1950 47-48
10 theumatic fever, 1950 46, 52, 54
10 theumatord artheins, 1950 46
1n sclerodema, 1950+ 46
1 thromboanguus, 1950 46, 62
and thrombosis, 1950 58
11 traumatized bursa, 1950. 46
0 cierhoud, 1950, 81
as degenerated collagen, 1950 67
degeneranon of, 1950 4486
vs fibrin, 1950 65,68
formation  of mucopolysaccharde 10,
1950 73
1n fracture, during healing, 1950 82
granular charactersstic of, 1950 84
1n kidney, 1950 81
1n liver, 1950 81
and metachromasia, 1950. 72-85
and mucopolysaccharide, 1950 98
necrosts, 1950. 54
stanng reacuon of, 1950 ,49, 52, 55,
63-73
and tissue pathology, 1950 98
10 wounds, duning healing, 1950 81 82

Fibroblast
and antibody, 1952 145, 147
and antigen, 1952+ 145
1n crrhosis of Jiver, 1951. 176
and collagen, 1951: 33-34, 43, 1952 44,
1953 25
and connectve tissue, 1950 20-21, 1952

46
1n Fbrinord chaoge, 1950 49, 79
and fibrogenesss 1n culture of chuck em-
bryo skin, 1951- 126-157
formation of, 1950 19
1n formation of collagea fibri, 1950 18
and ground substance, 1951 31
vs macrophage, 1951. 156-157. 1953 19
and mase cell, 1954 176.177,178
merachromasi sa, 1950. 78, 94
phosphatase 1n, 1950 113
undes siress, 1953- 31
ander renston, 1953 31
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Glycopsorein
spectficy of Howhkuss procedure for,
195123
1n serum
1 stress, 1951 19

Goblet cell
1n brease, 1954 27
microbrological growth  factor

1954 26

Gold, toxscuty of, blocked by ACTH, 1950,
131

from,

Graafian follicle, growth of, and ground
substance, 1951. 20

Graft, aoma as, 1954: 117

Granulation
of fibnnosd, 1950 84
of mast cell, 1954 159, 161-165

Granule
Altmann s and myofibril, 1953 96-101
Keratohyaline, elastase digestion of, 1951z

85

Ground substance, 1950- 16, 1951- 1143
and adrenocortical stetoud, 1954. 143
and age of subject, 1950 23,2526
aging of, 1951: 21
and ascorbic acid deficiency, 1954 58
1 blood, 1951 16-18
1n blood-nssue exchange, 1954 58
and cell growth, 1951. 18-22
m central nervous system, 1950 28,
1954 12

and connecuve ussue, 1950. 11-43, 1951
31

1n cornes, 1953 189

after corusone, 1954 123

definttion of, 1951. 15, 1952 14

depolymerization of, 1951 16-21, 1953
196-197

and embryo, 1951. 20

of endocrine gland, 1951 26

Evans blue 1n statoieg of, 1951 15

2nd eye of embryo, 1951 20

and fibroblast, 1951 31

duning growth, 1951 1923

and Graafian follicle growth, 1951. 20

s intercellular cement of capillary wall,
1954 57-58

10 bvee during regeneranon, 1951+ 21

Connectsve Tossues

Ground substance—Cont'd

metabolism of, 1954. 105

metschromasia 1n, 1950 19, 78, 1954
149-162

as mucoprotern, 1951; 16-18, 1953 35-
36

muluplicty of, 1953. 35
organ specifiary of, 1950: 99
polymerization of, 1951+ 15.21, 149
1a scurvy, 1951, 28
swimng of, 195¢ 19, 1951 1516,
1952:29-30

with Evans blue, 1951- 15

wath Hotchksss procedure, 1951 13
and tumor, 1951 18, 19-20

Growth, ground substaoce during, 195k

Growth Factor, miceobiologicat
1n colostrum, 1954. 25, 28
and Lactobacrllus bifidus, 1954+ 27-28
in milk, 1954 24-28

Guinea pig
anaphylactic, connectve tssue in, 1951
27
vaginal mucosa of, duriog estrous cycle,
1953: 172

24

Hair
after corusone, 1954 162
follicle, radiosulfur 1n, before and after
corusone, 1954: 138-140
growth of, after adsenaleccomy and heavy
metal poisomng, 1950 133
papills, radiosulfur . before and afes
cotusone, 1954 138-14D
Hay fever
antbody o, 1952 152
cortisane 11, 1952. 152
H baad, of myofibril, 1953 61-63,67
Healing, of wound
after ACTH, 1950. 137-141
sfter corusone, 1950 141-150, 1933
195, 1954 143
ta Cushing’s disease, 1950 152-134
fibroblast 10, after cornsone, 1950 151
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flistamine

eatt
g in, 1950- 23
alligenn, 1950 23
dasun 10, 1950 23
o s 10, 1953. 3738
e of
ccll arrangement 1%
‘nyoibefs from, 1953

1953.9% 2
4749,50,69

tiedenhain method, for smning OBREC

nve ussue, 1952: 17

{iempcopacenchymal buntr
1nd age of subiect 1950
4nd central RETVOUS ys(em.
10 hypertensions \950, 27
and gy, 1950° 17

|950 28

Hematoxy
M umhge stan,
a5 lastic Sber 3caish

1953 149
1951 61

Memaroxyhin-phosphorunBsi sad s
fbria seaction 10, 1950 68T
b reacuon 1o, 1950 49,58

Hemoporcsss, and vimn A 1953 161

ma uyl\hry permesbatiet, 19 4 72,73
and capillary reacu cuon 1O ocl raumd,
1954 66-67
0d arulatng
capillary traumd,
from connecuve TISSUEs
20d baluromic scids 19
mmon

blood cell geaction ©
1954 66-67

1954 160
95

66-67
and mast cell, \95‘ 158-161. 16% 166
nskin, 1954 158 139

Hereduty, and th|rnnmem. 1953 41

“txn\unneqclopho system, ¥

ochondrial achv\q. o3 136
m

Hexosamioe

2ok eonnecave ussue; 1954 26
shter hydeolysis of etrobulbar e

1954 148

1n thyrotecpin. \95(

s water, an TS
1954 174

n 8 ophitaimo

ellulat souTCe of, 1952 49150

and (oruson 52 149, 15

endothehal cell afres, 1953 69, 73

hy senitivity 1952 148149

interceltutat cement afteTs 1954 69

mast celh after, 19! 41

n rhtumnmd arthnts. 1950 120
Ihsndme

elasun. L 1951 57
(xneuon

frer ACTH 0 117
md amino .:\J \950 ns119
ateee coreisont 1950 117

of diseast:

rht\lm:loxd acthritis, 1950

127

labeiling o( 19 50 129-130

. dung emsion 18 neamatord
aethrtss 1954 31

Hisudin® deﬂr\wxyhsk, 1952 150

tectron mictascoRY 1> 1953

187,190

HscologT

Ihstoudlogu;\hy

1951
w mtersnunl swe, 1954

Hoof gland. of b 1954 31
Horm
ldmm(amul p(p&lnogcn 1a blood and
frer, 1951
Y mpedems, 1954 147148

1a spinal chords 1954

|hyxolmpxc,
tlorn cell, antenot
46

Horses uneral it skin ofy 1951 53

Hotchkiss pmudur

55 collagen st 26,32.3%

as connecuve. 1155€ ium. 1952 26, 32.
3
losin reacion \m 65466
brinoid 18O 950 65 66
3 pround subs o e stam, 1951 13
pecibty ofs fof glycopm(em. 1951 23



LURRECIIVE Lrsues

Humerus, explant
metachromasta of carnlage matrix 10, and
vitanun 4, 1953. 149
and vitamun A, 1953 147

Hyal, 1950. 76
staming of, with trichcome stin afrer
collagenase, 1952 156

Hyahine membrane theory, 1952. 22-
23

Hyaluronate
s chondroiun, 1954 24
in joune flud, m nflammanon, 1951+
1

v mucopolysacchands, sulfated, 1954z
104-105

Hyaluronic acid
antigenicity of, and anuhyaluronidase 1n
rheumatic fever, 1950 99
n 20rta, 1953 37
1 connective tissue, 1950 88
after corusone, 1954 123
disaccharide produced from, by hyaluroni-
dases, 1954 2223
and exophthalmos, 1954 147
from fetal ssue, 1954 164
from group A streptococeus, 1950 99
10 heart, 1953, 37-38
and heparin, 1954 158-159
hyaluronidase digestion of, 1950 88-90
from liver, 1954 166
from mast cells, 1954 123, 157-158,
161, 164, 166167
and metachromasia, 1950 94
10 mucin 1n myxedema, 1954 145
tn theumatod arthrtss, 1950 99
sulfate free, and metachromasis, 1950. 95
from synowial cell, 1954- 166
1 synovial flutd, 10 myxedema, 1954 147
from synoviorag, 1954 166
in tendon, 1953 37
1 umbslical cord, 1950 92
n vitreous humor, 1930 94-95
Hyaluronic acd-ike fracuon, 1954 24
Hyaluronidase
bacterial, disacchaide produced by, 1954
.23
after corusone, 1954 123
metachromasia of mast cell after, 1954
161

Hyalutonidase—Cont'd

and pericapllary sheath, 1950 27

and periodic aard Schuff-reaccion, 1952
102

preumococcal, hyalurome acid digeston
by, 1950 88.90

proteclytc acuviy of preparauons of,
1953 186

purity of 1953. 186

1n skun, after cortisone, 1954- 123

specificaty of, 1953 186

and stning charactersstics of ground
substance, 1952 30

testicular, 1950 65

chondroitin sulfate digestion by, 1950

91

and erosion of perscapillary sheath,
1954 57-58

hyalurnic acd digesaon by, 1950
8890

Hydration
of connective uissue, 1954 104-105
of retrobulbar tissue, 1954 174

Hydrocarbon, caranogenic
mast cell after paintng with, 1954 177
skin tumor due to, 1954 130 138, 141-
142

Hydrocorsone
and connective ussue, 1954. 144, 156

157

kelouds after, 1954 144

mast cell afeer, 1954 144

perstoneal adhesion after, 1954 144

skin tumor before and after treatment
with, 1954 142-143

Hydrogenase, succrnuc, 1954 61

Hydroxylysine, 1954 2830
10 collagen, 1954 28-30

Hydroxyproline, 1954- 28-30
n collagen, 1954 28-30
o elastin, 1951, 59

Myperadrenal state
and allergy, 1952- 117162
antigen 1, 1952+ 121-152
crculating antibody after smmunization
1m, 1952 121-152
and hypersensiuvary, 1952; 117-162



Index

fiypersensiteviry
hstamine, 1952 148149
asd hyperadrenal state, 1952 117-162

Hypertension
and exophihalmos, 1954 176
hemaroparenchyomal batniee s, 1950 27
ryzonioe 1n urine after cormsone for, 1950
132

Hyperviaminosss A
seuficial vs macoral, 1953 156-157
snd cartlage matnix, 1953 181
aaturel vs arubel, 1953 156-157%
n old rats, 1953 181
and sulfor megsbohsm, 1953 181

Hypopbysectomy, snd phosphatase 10
blood vesscd mall, 1950 29 30

Hypothermia, 1954 30
Hypoxia, of skin, 1954 118

1

1band, of mvofibnl, 1953. 72, 78-79

1 dusk, of myofibul, 1953 3233, 6163,
69, 75,80-82
buefriogency, 1953, 102
sfeer teypsio, 1953 86
Tmmunizauon
vs allesgy, 1952 131432
arculating satibody after, in hyperadrenal
soate, 1952 1214152
with pneumococcs, Girculating antbody
sfter, 10 hyperadrenal seate, 1952
121131
spleen after, 1952 129
Tndicator
of extracellular watet, 1954 8084
of intravascular water, 1954 80
of toral body water, 1954 7879
Inhammanon
youot iuud fyaloconate in, 1951 18
werous, 1950 20
Infraspinaus muscle, tngger area i
1951 89 90,52, 97,103

Injury, and fibrinord change, 1950 75
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Tnosime zad
adeaylic acd conversion o, 1953 108
chemucal formala, 1953 107
Insufficiency, coropary,
for, 1954 16
lntescellular subscance, and endathelial
celt, 1954 49
Intrinsic factoe, and mictobrological gronth
factor, 1954 25

ergonovine  test

Insha
1 cerebrospinal flurd, 1954 86, BB
23 indicator of extracellylar space 1954
82 89

&
molecutar aeighe of, 1934, 82 83
1 synovial fluid, 1954 88
votume of disttibunon of
after ACTH, 1954 99
aftet sdrenocornical exteact, 1954 96
aftee anesthesia, 1954 100
changes 10, 1954 93
sftet cortusone, 1954
after desonmmmsumne scewate, [954
93, 9699
in edema, 1954 106- \m
2 fanction of tume, 1954
after intravenous saline so(uuan, 1954
99:100
after leg tovrmauets, 1954 102
fon exchange fesin, and water phases,
1954 91
Indocychits, mast cell an, 1954 143
feis, mast cell 1n, 1954 144,143

fschemia, of nerves, and referred pan
1951 165

Ksoleucine, 1951 59
in etasun, 1951 36,57

Tsotropic disk, of myofibeit, 1953 61-63

7

J band, of myofibril. 1953 6163
Jornt, and mgset aress, 1951 92:93

Jovoe fiasd, byauronate . fammanon,
1951 18

Juce, of skin, amibo aud of, 1954 109
m
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K

Kelowd, before and after hydrocornsone,
1954 144
Keratn
periodicizy 1n, 1952 87
x-ray diffraction of, 1952 87

Kerstunzanon
of cornez, 1953 179
of eputhelsum, 1953 178.181
of trachea, after tracheotomy, 1953 178
and vitanun A, 1953 157-165, 172,174
175
Keratohy alin gracule, elastase digestion of,
1951. 84
Kidney
basement membrane in, 1952 29, 94
collagen 1n, 1952 93-04
cortex of, 1952 106-111
fibrinoid 1n, 1950 81
Fancrion of
after adrenocortical exeract, 1954 96

Connectsve Tassuer

Leukocyte
adhesion of, 10 capillary wall, 1954 55
after heparin, 1954+ 66
berween capllary endothelum and pers-
vascular sheath, 1954 64
arculaung, 1 vascular bed after cornsone,
1954 73
diapedesss of, through capillucy wall,
1954 64-65,67
passage of through capilfary wall, 1954
64-65,67,70-71
surface adhesiveness of, 1954 71-72
Ligamentum nuchae
amuno actd 1n, and age of subject 1951
; .

after elastase digescion, 1951 7277
muneral am, 1951 53
scasing of, 1951 45, 52.53
Lillle method, for swimng connective
ussue, 1952 19
and age of subject, 1951+ 83
Lipid, 1n elasuc fiber, 1951 69-71, 82.83
L in, n plasma, 10 nephrotc syn

after acerate, 1954
93-94, 96-99

d. al ex

drome, 1954 53
Littiam jodate, ammo acxd destruction

plasma flow m, afcer
tract, 1954 96
seticulin 1n, 1952 93.94, 106-111
sucrose damage to, 1954 87
tubule, stining of, 1952 27
water uptake by shee of, 1954 113

p e

Lactobacillus bifidus, and mcrob

grawth faccor, 1954, 27-28
Lamella, elastic, 1951 49
and age of subject, 1951 58
Lathyrism, 1954 9-12

Lead acetate, basic, 1n fixation of conoec-
uve nssue for electron miczoscopy,
1954 127
inuln space  atter
1954 102

Leuctae, i elastn, 1951 56, 57

Leg, ourmquet on,

Leukemia, antubody production n, 1952
131-132

by, 1950- 102
Liver
basement membrane 1, 1952 29, 9495
chloride space tn, 1954 90
arrhotie
basement membrane stain m, 1952 29
due to catbon tetrachlorde, 1951
159-166
fibroblast in, 1951 176-177
necrosis 10, 1951 181184
regression of scar nssae i, 1951 159
190

collagenosis ta, 10 West Indun children
afeer low protern duer, 1951 3842
disease of, 10 West Indian chaldren on
tow procein diet, 1951 3443
enlarged, 10 West Indhes, [951. 41
cosinophilic cosgulum 17, tn hiver disease
1n West Indian children, 1951 34-

39
fatty, in Jamarca, 1951- 41
fibnnord 1n, 1950 81
fibrosis of

cortisone for, 1950 157158
elasuc ussue in, 1951. 79
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Lvet—Cont'd

byaluronic scud from, 1954 166

osmotic equilibrum 1, 1954. 112

tpeneranon of ground substance m,
1951 2t

teticulin in, 1952 9195

serous exudaton wn, 1 hver ducuse wn
West Indian children, 1951. 36

sodum space 10, 1954 90

Laver cell, basemeat membrane of, during
hepauc receneration, 1951 21

Longisumus daesi muscle, tigeet areas 10,
51 97

Lowsy method, for preparation of elastn,
1951 54

Lung, fbrinoid change in, 1950 46

Lupus erythermatoss
ACTH for wound healing after, 1950
137

dissemnated
connective ussue in, 1950 30
fibrinosd change in, 1950 46, 54 5§
mast cell an, 1954 144
Lymphatc vesset
interceltular cement 1m, 1954 63
pesvaseular sheath of, 1934 63
staining of, wuth tetrazolium, 1954 62

Lymph compartment, aod blood vesss! in
terchange, 1954- 38.75
Lymphocyte
weedlatng, sfter ACTH, 1952 133
around muscle fiber, 1954 167-168
Lysine, 1954 2830
1 callagen, 1954 26.30
i elasun, 19513 37
urinary
incpstinuna, 1950 128
dorng remission 10 rheumatond ar-
thirts, 1954 31

M

Macrophage
#nd connective tissac, 1953 19 20
and fibrablast, 1951 156157, 1953 19
Gbroglial fbess of, 1951 136
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Mucrophare—Cont’d

and mast cell, 1954- 178
rmetaschromatia in, 1950 76

Magnenum

and  adenoninetnphosphatase  actvation,
1953 127

n A dusk of myofibril, 1953 102 103

and calaurn, 3n soluble myosin systers,
1953 124127

sn myofibal, betore and after coneraction,
1953 t13-126

and myohbnl contracility due 10 ATP,
1953 105

Mallory connective uissue stam, 1950 64,
1952 17,95

Mannitol, &5 sndwcator of extracellufar
space, 1954 82,86

Mannose, and connective ussue, 1954 26
Marrow, and witamun A, 1953 161
Masseter muscle, tgeer area1n 1951 114

Masson method, for stammg connective
sue, 1952 1819
Mase ceft
after ACTH, 1954 124 138
afeet adrenal sterond, 1954 134
w0 aora, 1954 177
sutoradioptaghy of, 1954- 129-139
and chondrontin sulfate, 1954 160
after cortisone, 1954 124138, 163, 164
n connectve tusue of embeyo, 1954
1

definuion of, 1954 161163

electron microscopy of, 1954 126129

10y, 1956 144,145

and fac eells, 1954 176

an fat nssue 1954 176

and fibroblase, 1954 176.177,178

in glaucoma, 1954 144

granulauon of, 1954, 159, 161165
sfter thysottopsn, 1954, 170

and hepanin, 1954 138161, 165 166

sfeer hastamine, 1954 163

and hyaluronie acid, 1954 123, 157-138,

161,164, 166.167

aftes hydrocortsone, 1954 144

mcrease in number of, 1954 178

1n undocyelsess, 1954, 144
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Mast cell—Cont'd

in lupus erythematosus, acute dissemin-
ated, 1954 144
and macrophage, 1954 178
metachromasa 1n, 1950 78
after hyaluronsdase, 1954 161
localization of, 1954. 165
mucopolysacchanide from, 1954 157-158
10 myxedema, 1954. 145, 160
dunng thyrotsopin treatment, 1954,
146
aucleolus 1n nucleus of, 1954 179
orgm of, 1954 176
after pamnting with carcnogen, 1954°
T

7
1n pemphigus, 1954 144
polysacchanide from, 1954. 158
precursor of, 1954* 176-177
radiosulfur 1n, 1954 162.163
1n scleroderma, 1954 144
sn skin
of mouse, 1954 159
of pig, 1954 159
of rat, 1954. 159
1n skin tumor due to catcsnogensc hydro-
carbon, before and after coruisone,
1954 130-138, 141.143
1n synovial membrane, 1954 144-145
tumos, heparin from, 1954 165-166
types of, 1954 178
1n umbilical cord, 1954. 159
1n urncarsa, 1954 144
10 wonnd tissue, 1954 164

M band, of myofibrl, 1953 6163, 69, 75,
77-78, 80-82

Meconum, and microbiological growth
factor, 1954 28

Media
of aorta
elasuic fibers of, 1951 49-51
elastin 1n, 1951 54
cholesterol 1, and age of subject, 1951,
83

Membrane
basement, 1950 24, 26, 1952 22
vs capillary, 1950 27
and chondroutin sulfate B, 1950 92
and connecuve ussue, 1952 14

Connectsve Tusnes

Membrane—Cons'd

definstions of, 1950 24, 27-28, 1952,
14,94
of glomerulus, 1952 115
as hyzline structure, 1952: 22.23
after hypophysecromy, 1951, 22
1n kidney, 1952, 29, 94
1n liver, 1952, 29, 9495
of hver cell, duning hepauc segeners
tion, 1951: 21
stataing of, 1952 2729
1 thyroud, 1951, 22
charactetssties of, 1954 114-115
epithelial, outside the capillary, 1954:

synovial, mast cell 1n, 1954° 144-145

Mercurochrome, 25 connecuve tissue stin
for electron microscopy, 1952 72

Mesenchymal cell, 1952, 19-22
Mesenchyme, 1950 16
Mesentery, statung of, with tetrazolum,

Mesosalpiax, of rat, after incubation wath
neoretrazolum, 1954 59, 60

Mesothelal cell, 1954 167
Mesothetium, syoovial, 1954 167
Merabolic disease, research in, 1953 193

Metachromasia, 1950 19-20
abolition of, 1952- 2931
and amylosd, 1950 80
of carulsge mawx, and vitamin A,
1953 149
and chondroin sulfare, 1950, 9394
and connectve assue, 1950 96-97
of cornes, afcer atkalt burn, 1950. 151
and fibnnod, 1950+ 72.85, 96
and fibroblast, 1950 78, 94
1n fracture heahing, 1950 146
after cortsone, 1950: 146
in ground substance, 1950 78, 1954
149-162
and hyaluronsc aad, 1950. 94
sulfate-free, 1950 95
1n ketord, before and aftec hydrocortisone,
1954 144
1n macrophage, 1950 78
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Meuchromasia—Cont'd

n mast cell, 1950 78
sfees hysluronidase, 1954 161
and metaphosphate, 1950 96
snd mucopalysaccharide, 1950 78
of mucus
of gastrointestinal wract, 1953 176
of vagina, 1953 177
and polysacchande, sulfated, 1950 98
of sarcolemma, i malipnant exophthal-
mos, 1954 149-153,169-174
of skin, 10 myxedema, 1954. 143
and safface ester, 1950 93 94,95
1n umbilical cord, 1952. 2931
#nd vitreous humor, 1950. 95
tn wounds, during healing, 1950. 81-82

Metapbosphate, and metachromasia, 1950
Meraplasia, mucous, and viammn A, 1953
165

Metastasts, preferential swtes of, 1951. 26
Methionine, 1n elastin, 1951+ 37
Methyl blue

as connectve tissue stam, 1952 13

and picrie acud, as connective tissue stain,
1952 26

Micobiological growth factor
i colostrum, 1954 25,28
from gobfet ceft, 1954 26
and Lactobacillus bifidus 1954 27-28
1 ik, 1954 2428
Microscopy
electron
of caruilage, 1953 191
of collagen, 1952 72.84,89
of collagen fiber, 1951. 135, 1952 155
of connecuve nssue, 1952 3890,
1953 186187, 190, 1954, 126129
1 histology, 1953 186-187, 190
of mast cell, 1954 126 129
of musdle, to show

Microscopy—Cont'd
of reticulin 1n Jadney cortex 1952
106-111
polarizing, of myofibnls, 1953 61-64
Mtk
breast, olizosacchandes 1n, 1954 24
human, and low protein intake, 1954 25
microbrological growth favtor 1 1954
2428
mucapolysaccharides 1m, 1954 24-28
Mineral
1n Lizamencuns nuchac, 1951- 53
1n skie of horse, 1951 53
Muochondria, 1950 20
acuvity of, 1963 136137
adenosiaediphosphate 1, 1953 98
adenosinetrsphosphatase, magneswum acts
vation of, 1953 127
adenostretniphosphate im, 1953 98
and eazyme activity, 1950 21
and myofibril, 1953 96-161
phosphorylanon 1, oxidative, 1953 98
Mutosis and tncrease i aumber of mast
cells, 1954 178
Monckeberg’s selerosis, 1951 59
Mouse
ectoderm, and vitamm A 1953 167-168

skin curpor of, due to carcinogenic hydro-
catbon, 1954 130-138

Mucia
In connectuve tissue 1n myxedema, 1954
145,116
microbologicsl growth factor 1n, 1954
23

sulfate in, 1953 176-178
and vitamin A, 1953 162,168,175
Macinosis, 1953 169
Mucord. 1a conpective nssue, 1953 37
Mucoun sulfate, 1933 176
d

sub-
stance, 1954 131-153

of myofibnls, 1953 69-89

of aerve, 1952 67.68

ot reconstuuted collagen, 1952 72-

89
of reaculin, 1953 33

s0d
and fbrinoid formauon, 1950 73
and precollagen in fbrillogenesss,
1950. 32
with annviral actvity, 1f 1954 2
2nd collagen fbrillogencss, 1954 143

207
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N

N band, of myofibrl, 1953 69

Neck, sufl, ethyl chionde spray for, 1951°
119.120

Necrosis
1n archogts of fiver, 1951 181-184
fibtinod, 1950 54

Needling
of muscle, 1954 1416
tnigger area block by, 1951° 117, 118

Neotetrazolinm, 1954 59, 60

Nephrius
pephrotowsc, 1952 143
and serum dusease, 1952 143

Nephrotic syndrome

accumulation of Lipoprotein 1 plasma s,
1954 53

plasma proteins in edema 1n, 1954 5253

Netve
electron microscopy of 1952 67-68
sscheia of, and referred pain, 1951, 109

Nervous system, central
ground substance 1, 1950 28, 1954 12
and hematoparenchymal barnier, 1950 28

Neuralgra, fagial
atypical, 1951 151
and tngger arez, 1951 111,114

Nigrosin, as connective tissue stata, 1952
12

Nile blue sulphate, 1951. 52

Nitro compound, as connecuve tissue stain,
1952 12-13

Nitrogen
in myofibr, before and after contrace
tion, 1953 113
1n plasma after
cal exteact, 1954, 96

Nitroglycerin, for ergonovine  zogina,

1954 1721

Nodule, rheumatedd, 1950 54
after ACTH, 1950 1358

Connective Trssues

Nucleolus
in nucleus of mast cell, 1954 179

Nucleotde, added to supernaunt fuid
from myofbrd preparations, 193
109-111

Nucleus

around sarcolemma, 1954. 167.168
staining of, 1952; 136.157

(o}
Ocular fluid, secrenon of, by ciliary body,
1950 24

Oligosacchanide, 1n breast milk, 1954: 24

Organ specificity, .of ground  subscance,
1950 99

Orauthine, 1954 29, 30

Osmic acid, a8 elastic ussue sean, 1950
52,53,69

Ossesn, 1952 13

Osteogenesis impetfecta, 1954: 33

Osteord, formarian of, in fracture healirg
afrer corusone, 1950 146

Osteoporosss, due to sweet pea seed, 195£
91
Ovalbumin
dephosphotylated, 1950 110
enzpmancally modified, 1950 101-115
peptide chains sn, 1950 114
plakalbumin from, 1950. 102-115

Ovary, fiber 1, argyrophul-posiave ol
tagenase-resiseant, 1952: 103

Oxalic acid, elastic fiber digesuon by, 1951

0,80

Oxysen
consumprion of
by skin, after heavy metal porsonins.
1950 133
in smooth ruscle, 1954 39, 7473
effect of, on water uptake by kidney stice,
1954 113
tension snd endothelial eell 1a perfused
Iymph prepatauons, 1954 117
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Pan
anginal, due to ergonovine, 1954 1622
mechanism of
1n connecuse tissue, 19512 86-123
ta myofascial ussue, 1954, 1222
posuniection, 1951 105
referted
and ischernia of nerves, 1951 109
nonsegmental, 1951+ 94-102
segmental, 1951 94
from tngger area, 1951 87-123
due to salt solvtion, hypertonic, 1951
104 105
threshold of, 1951 86

Palisading, in fibrinoid change, 1950 79

Papilloma, due to carcinogemic hydrocar-
bon, 1954 130138, 141
Para amunchuppurate, clearance of, afeer
desoxycotticosterone acctate, 1954
93,9799
Pemphagus, mast cell in, 1954 144
Pepsinogen, in blood and urine after
ACTH, cotusone, ot compound F,
1954 22
Pepuude
1 ovalbumn, 1950 114
Pernarteesus nodosa
fibrinoud change 1n, 1950 46,58
wound healing after ACTH for, 1950
139

Pericapiliary sheath, 1950 27, 1954 55-
58, 63-64

aod age of subject, 1950 26

and byalurondase, 1950 27

1a scurvy, 1954 37
Pecicarduum, Gbrnod change 1n, 1950 52
Penodate, and srino aud, 1950 64, 101-

02

1
Pertodic acid
a5 connective tissue stain, 1952 26
fibrinowd reaction 10, 1950 63-64, 68
and Schuff reacuon, 1950 26
and argyrophilia, 1952 101
bascment membrane staimng  wich,
195295
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Pertodic acid—Cons'd

collagen staining wich, 1952 26, 32-
34,100

and collagenase, 1952 102

a5 connectve ussue stam, 1932 95,

as elasuc nssue stan, 1951 52,53
speaficity of, for catbobydrates, 1950 64
Pertodiy
ia conniective tissue, 1952 38 90
in keraun, 1952 87
1n reticulum, 1953 32-33

Penstonel cavity, adhestons wn, after bydro
corusone, 1953 144

Perivasculat sheath, of lymphatics, 1954
63

Permeabilicy

of capillacy, 1954 3846, 52 57
o blood constueuents, 1954 70
afeer tustamine, 1954 68 70,73
after perfusion With various mextures,

1054 54
of collodion, 10 epzymes, 1953 190
of endothelsal cell, 1954 66

Phagocytosts, 1953 20-2
by vnscu!.\rendmhehum. 1954 70

Phenergan, and Arthus phenomenon, 1952

Phenylalantoe, in elastin, 1951 57
Phosphatase, 1950 110-112
10 blood vesset wall
and age of subject, 1950 29
after hypophysectomy, 1950 29-30
1a Fbroblast, 1950 113
smtestiral, 1950 112
ovalbumin dephosphorylation after,
1950 110-112
phosphoproten, 1950 111
plakalbumin dephosphorylauon after,
1950
proscatic, \950 110,112
and scar formation, 1950 29
and wound healing, 1950 29

Phosphate, creatne, 1n muscular acuviy,
1953 13

Phosphomolybdic acd, a5 connecuve is-
sue stam, 1952 17, 1
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Phosphopsotesn,
1950 111

Phosphorus
1n elasuc fiber, and age of subject, 19511
62

dephosphorylation o,

n myofib~l, before and after contraction,
1953+ 113-126

Phosphoryfation, oxidative, 1 mitochon.
dria, 1953 98

Phosphotungstic actd
s connective tussue stan, 1952 17,72
and hematoxylin, as fibrn stain, 1950
49, 58,68, 71

Picric acid as connectyve tissue stain, 1952
1213, 19-20

Picroindigocarmine, as connecuve tissue
stain, 1952 12

Pitustary gland, extract of
exophthalmogenic effect of, 1954 147-
149

fat mobilization effec of, 1954 148-149
thyrosd-smulating cffect of, 1954 147
149

Placenta, fibrinoid change 1n, 1950 63, 67

Plakalbumin, 1950 102-115
dephosphorylated, 1950 110

Plasma
amuao aculs mn, dumg zemussion
cheumatosd arthaitss, 1954 32
changes 10 wssue immersed . 1954,

113-116
chloride 1n
after ACTH, 1954 99
after cornsone, 1954° 99
after leg rourniquers, 1954. 102
lIipoprotern 1, 1n pephrotc syndrome,
1954 33
osmotic equiibrium of, 1954 114
winh interstual water, 1954 103
potassium 1n
after adrenocortical extract, 1954 96
after desoxycorticosterone acetate, 1954
94,99
proteras 1
1n fibrinoid change, 1950 47-48
1n nephrotic syndrome, 1954 52:53

Connective Tssues

Plasma—Cont'd
sodiem 1
after adrenocortical exeract, 1954 96
after  desovycorticosterone  acetate,
1954 94,99

after leg tourntquers, 1954 102
volume of, afeer ACTH, 1954- 99

aftet cotusone, 1954 99
volume of water 1n, 1954; 80

Plasmagel, ectoplasm as, 1951: 146

Plasmagel layer, collsgen fibnl from,
1951 143.147

Platelet
adhesion of, to capillary wall, 1954 51-
52, 54,55
after heparin, 1954 67
factor from and capillary permeabilicy,
1954, 74
suspension of, and capillary permeability,
1954. 55
Pneumococcus, circulzting antibody after
immunization with, 1n hyperadrenal
state, 1952 121-131

Poisontng. due to heavy meral, and hair
growth after adrenalectomy, 1950
133

Polarizing microscopy, of myofibril, 1953
64

Polymetization, of ground substance, 1951.
15.21,149
Polysaccharide
composed of N acetylglucosamiae, galac-
tose, and sulfate, 10 cornes, 1953+ 187
from mast cell, 1954 158
sulfated, and merachromasia, 1950 98
Polyvinylpyerolidone, and permeebiliry of
capillary wall, 1954 54
Portal vein, ligation of
collagen 1n Liver afer, 1951- 173
seticulum 1n liver after, 1951 178
Porassium
10 A disk of myofibnl, 1953 102
as extracellular caior, 1954 103
intracellular, after desoxycortcosterone
acetare, 1954 96
10 musde, 1954 103
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Poussium-—Cons'd
1n plasma
after adrenocorucal extract, 1954: 96
sfer desorpcortcosterone acetate,
1954 94,99
10 ussue, 1954103
in plasma, 1954 113-114
total body after desoxycorticosterone ace-
ure, 1954 96
Potennal, action, of musdle, 1954: 14.16

Potencial difference, between stroma and
aliary epitheliom, 1950 24
Precotlagen, 1951 12,32

Pregnancy
Isudioe excrenon w0, 1950 115117,
124125
and renussion 1 rheumatod arthrins,
1954 31

Pressuce, hydrostatic, 1954 111
Procasne, in blocking of trigser area mecha-
msm, 1951.91, 117,118
Proline, 1954 28,30
melastn, 1951 36, 57,59
Protein
«annecuve tssue rrnovee of, 1951 28
eystallization of, in plate form, 1950
102113
exchange of, actoss caprllary wall, 1954
3-44

fibrous, of renculum, 1950 32
low ke of, 2nd human mitk, 1954 25
oxdauon of, by periodate, 1950: 64
ot plasma

10 fibrinosd change, 1950 47-48

90 nephronc syndrome, 1954 52-53
suning of, (n ducleus, 1952 157

Proteclysss, by hyaluronsdase preparations,
3 186

Pulmonary artery
|mm; acid 10, and age of subjece, 1951
5
alaficatan in, 1951 58
glycine 10,1951 85

Pycibenzanune, and Arthus phenomenon,
1952 143

Pycophosphatase, 1953 107
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R

Rabbst
anaphylactic, connective tissue 1, 1951
27,2

dysentery 1n, after hyperadrenatism, 1950
54

Raduation, cotal body, capillary permeabil
1ty after, 1954 74

Radiosulfur
in hawr follucles, before snd afcer <orn-
sone, 1954 138
n mast cell, 1954 162163
before and after corusone treatment,
1954 129-138
Raynauds phenomenon, and theumatoid
arthrios, 1954 33
Red blood cell
adheston of, 1o capillary wall, 1953 55
enuy of water nto, 1954 116
extravasauion of, through capullary wall
1954 70

gelated, 1954 70
structure of, 1954 "0

Reductase, 1954 61
Regeneration, of liver, 1951 21

Relaxin
and connecnive tissue, 1951 25
Evans blue 1 connective ussue around
symphysis pubis after 1951 25

Resorain-fuchsin stain, 1951 52-53
Response, and stimulus, 1953 39 40

Reuculin

vs collagen, 1952 92 116

dehmuon of 1952 92

electron mucrascopy of, 1953 33

10 kidney corex, 1952 106 111

and enzyme 1952 102 106, 114

fher, tn lLver disease n West Indian
chldren, 1951 35

1n kudney, 1952 93-94

sn kidney cortex, 1952 106 111

10 hiver, 1952 9495

1n muscle, 1952 98, 103-106

nature of, 1952 92116

sodtom hydroxude treatment of, 1952
106107
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Reticulin—Cons'd

10 spleen, 1952 97.98
staming of, 1951 2425, 1952 92116
with silver, 1952, 92.93

Retculum
argyrophulua of, 1952 2225
Buelchowsky silver method for idenufi-

cation of, 1952 22
1 aurrhotic liver
due 10 carbon tetrachlonde mhalation,
1951 159-165, 170-190
dve to  p-dumethylamimoazobenzene,
1951. 165
and collagen, 1952 22.25, 1953 32
endoplasmic, 1953 97-101
fiber, 1951 12
fine structure of, 1952 38-90
silvered, 1952 47
stainiog of, 1951 24.25
fibeil, natute of, 1952 92-116
fibrous protemns of, 1950 32
1n hver
after experimental cirrhosis, 1951 159-
190

after portal vesn Ligauon, 1951 178
persodiciy 1, 1953+ 3233
sarcoplasmuc, 1953 99101
silvering of, 1952 22-25
Retrobulbar tissue
hexosamune after hydrolysss of, 1954
148

water 1n, 1954 174
Rheumatic disease

mucopolysacchanides 1n, 1950 93

research 1o, 1953 193

anuhyaluronidase 1, and antigen of
Rheumatic fever

hyaluronic acd, 1950 99
fibunoid change 19, 1950 46,52, 54

s

Salicylate, and Arthus phenomenan, 1952.
143

Salt solucion
hypertonc trigger area pan nduced by,
1951 104105
inulin space afrer 1ntravenous tnfusion of,
1954 99-100

Connectrre Tissyes

Salt solutron—Cont'd

phystologic, blocking of iigger areas by,
1951 116-117

urine flow after imtravenous nfusion of,
1954 100

Sarcolemma
metachromatic substance 1n, 1n malignant
exophthalmos, 1954- [49-153, 169-
174
nuclet around, 1954 167-168
stainung of, 1952 27
10 thyrotovicosss, 1934 167

Sarcoplasm, 1953 74
stamng of, 1952 27
Scar tissue
formation of, and phosphatass, 1950 29
regression of, after expenmental cirthosis
of liver, 1951 159-190

Schuff reaction, 1950 26
25 connecave tissue stain, 1952 26, 3234
elasuc tissue stamnimg with, 1951 52,33
fibrinosd reacuon to, 1950 63 64,68
2ad pertodic zatd
and argyrophilia, 1952, 101
basement membrane staining with,
1952 95
collagen saing with, 1952 26, 32-
34,100
and collagenase, 1952 102
as connective tissue stan, 1952 95,
100
as elastic ussue stain, 1951. 52, 53
and hyaluronidase, 1952 102
Schultz-Dale reaction, 1952. 151
Schwartzman phenomenon, vs Arthus
phenomenon, 1952 119-120
Sciatic nerve, electron microscopy of, 1952
67-08
Scleroderma
fibunaid change in, 1950 46
mast cell i, 195§ 144
Scletosis, Monckeberg's, 1951, 59
Scurvy
capillary wall n, 1954 51
connecuve ussue am, 1951: 28
ground substance mn, 1951 28
pencapillaty sheath 1n, 1954 57
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Serine, 1n elastin, 1951 57
Sermephosphate, 1950 112
Serum
abumin 16, after labwm  pertodate,
1950 102
elycoproterns tn, in stress, 1951 19

Serum disease, 1952, 143
Sheath
peticapillary, 1950 27, 1954 55-58, 63+
64

and age of subject, 1950 26
2nd hyaluromdase, 1950 27
10 scarvy, 1954 57
penvascular, of lymphatcs, 1954 63
Shock, anaphylacuic
snd ACTH, 1952 137
and cortisone, 1952, 137
Sitver
25 collagen stain, 1952. 23 23
s connective tistue stain, 1952 96 106
55 glomerulus stun, 1952 28
autrate, as stasn for capillary wall cement
substance, 1954 41,49, 51
58 retsculin stain, 1952 9293
25 renculum stain, 1952 2225
stuming with, 1951 42
Sinus, splenic, sining of, 1952 27
SiBgren’s syndrome, 1953 179
Skeletan, tssue of, and vitamun A, 1953
144156
Skon
amino acd 10 yuice of, 1954 109 111
chuck embryo, collagen in culture of,
1951 126157
chlonde space 1, 1954 107
exglant of, grown s medim with Vita-
min A, 1953 157-175
feul, hyaluronc acud from, 1954 164
heparin 10, 1954 158,159
of horse, mneral 1n, 1951 53
byaluromdase 10 after cortsone 1954
2

1
bypoxia of, 1954 118
snterstitial fluid 1n, 1n edema, 1954 107
awice of, 1954 109-111
mast cell 1n, 1954 159
osmotic equilibrium 1n, 1954 112

215

Skin-—Cont'd

oxyeen consumption of, after heavy metal
poisomng, 1950 133
sodiun space in, 1954 107 108
scatning of, 1951 53
cumor of, due to caranogeme hydocats
bon, 1954 130-138
Soap, calcwm, electron micrograph of
1951 64,68

Sodum
as extracellulac cation, 1954 103
a5 indicator of extracellular volume, 1954
80 81,82
antracellular, 1954 90
after desoxycottcosterone acetate, 1954

1n plasma
ahter ACTH, 1954 99
after adrenocorucal extract, 1954 96
after cortsone, 1954 99
after desoxycorncosterone acetate,
1954 94,99
after leg tourmquet, 1954 102
1n tissue immersed 1n plasma, 1954 113
114
ol body, after desoxycorticosterone
scerate 1934 96
exchangrable,
1954 81
volume of distnbution of, 1954 81
in dog, 1954 &2
1n laver, 1954 90
1 skin, 1954 107-108

ol measurement  of,

Sodum hydroxide, reuculin teated with,
1952 106 107

Sodium thiocyanate, as sndicator of extra
cellulac volume, 1954 81 82

Solubility, of myofibsl, 1953 59-69

Space
chlonde, 1954 80, 81,86
1n dog, 1934 82
1n edema, 1954 107
1n liver, 1954 90
1o skin, 1954 107 108
extracellulac
after leg tourniquets, 1954, 102
measurement of, 1954 80
Intercellular, measurement of, 1954 80
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Space—~Conr'd

nterstial
after ACTH, 1954. 99
after cortisone, 1954+ 99
measurement of, 1954 80
muln
after ACTH, 1954. 99
after adrenocortical eeract, 1954 96
after anesthesia, 1954 100
changes 1o, 1954 93
after cartisone, 1954 99
after desoxycorticosterone acetate,
1954+ 93, 9699
1 edema, 1954 106-107
as funcuion of ume, 1954 84
after leg tousniquers, 1954, 102
after saline infusion, 1954 99
penivascular, 1954, 64-65
soduun, 1954. 80, 81
1n dog, 1954: 82
tn liver, 1954 90
nskig, 1954 107-108
sucrose, 1954. 86
thiocyanate, 1954 86
1n dog, 1954. 82
as function of time, 1954 84
water, 1a edema, 1954: 106-107

Spasm, muscular, and acton porenual,
1954 1416

Spectrophotometey
ultravioler
ta deterpupation of adenylic acrd,
1953. 108
sn detesmining effect of myofibuls of
nucleoudes added 1o supernacant
flued, 1953. 109-111
x-ray, of connective tissue, 1953: 189

Spleen
and anabody production, 1952 129
collagen 1n, 1952 9798
cortisone 1mplaated 12, in hver fibrosis,

1950 157-158
after immunszation, 1952 129
retculia m, 1952. 97-98
ssaws, statnng of, 1952: 27

Sproal cord, antenor hotn cells 1n, 1954
46

Sprain, of ankle, tnigger areas 1a, 1951 92

Spray, ethylchloride
for burns, 1951 120-121
for suff peck, 1951, 119-120
trigger arez block by, 1951 118.122

Staining
of adrenal correx, with tetrazolium, 1954
61

of arteriole, with terrazolium, 1954 62
of artery, with tetrazolium, 1954 62
of basement membeane, 1952 27-29
of capillary, Iymphatic, with tetrazolium,
1954: 6263
of capillary wall cement substance, 1954
41,47, 51
of cartilage, with hematoxylin, 1953 149
of collagen
with Hotchkiss proceduse, 1952 26,
32,33
with periodic  zcid-Schiff  reaction,
1952. 26,3234
trichrome fof, 1n arrhosis of lver,
1951. 185, 189
Congo red, 1n elastic ssue, 1951 52
of connective ussue, 1952. 11:35
with acid fuchsta, 1952: 95
with acd fuchsin and pictic aad,
1952 12.13, 1920
with anilin blue, 1952. 13
wath anidm blue and phosphomolybdic
acd, 1952: 17
with anthin blue and phosphotungstic
aad, 1952 17
with azan technique, 1952 17
with azocarmine, 1952, 17
with azodyes, 1952. 13, 20
with dinitro compounds, 1952- 12
with Hedenhain method, 1952 17
sath Hotchkiss procedure, 19523 26,
32,33
with Lillie method, 1952 19
with Mallosy technique, 1952 17,95
with Masson method, 1952 18-19
with methy! blue, 1952- 13
with methyl blue and picnic 3cid, 1952
26

with nigrosio, 1952 12

with periodic aad, 1952, 26, 32-34

with  periodic  acd-Schiff  reacuon,
1952 95,100

with phosphomolybdic acid, 1952 17,
18



Index

Susng—Cont'd
wih phosphorungstic #ad, 1952 17,
18,72

wth puene aed and acd fuchan,
W52 1213, 1920

b pec and and anihin blue,
1952 13

"d:;me scid and methy} blue, 1952
2

with pocaiadigocarmane, 1952 12
Reactons, 1950 49, 52,38, 63.73
with Schuft procedure, 1952 26, 3234
withsitver, 1952 96.106
wuh richrome method, 1952 18
»ith truto compounds, 1952, 12 13
with Verhoeff stam, 1951, 45.52
of elasuc iber, 1951 52, 33
wuh Congo red, 195§ 61
with tesorcra fochsin, 1951 $2-53
wich Verhoof stasm, 1951 45.52
of elastic tssue, with Congo red, 1951 52
of elastin, charscrersues of, 1951 61
of fbrun, 1950 68, 70.72
of fbraad, 1950 49,52, 58,6373
of glomenytus, 1952 27,28
of grosnd subsnance, 1950 19, 1951 13-
16,1952 29.39
Evans bloe in, 1951+ 15
Hotchuss procedare, 1951 15
metachromanc, 1950 19
of kudaey rubule, 1952 77
of bgamentum suchse, 1951 45, 52.53
of Iymphae vessel, with tetrazohiom,
195¢ 62
of mesentery, wirh tetrazolium, 1934 60
of nucleus, 1951 136 137
of protecn, in oucteas, 1952 157
Teactions m, 1952 156
of retculin, 1951 2425, 1952 92.116
withsilver, 1932 9293
of setcutum ber, 1051 24 25
of urcolemms, o show metachromatic
substance i malignant exophihal-
mos, 1954 149
of sarcoplasm, 1957 27
of sinus, splencc, 1957 27
of skin, 195}« 33
with tolurdine bive, 1954 124
speafic teacuons i, 1982 156
of splenic snus, 1952 27
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Stasnsng—Conrd

of tubute, 1952 27
See slso snder name of pans

Stacling hypathesss, 1954 134
Stetnalts muscle, tngges arean 195§ 112

Sternomastond  muscle, trgger area o,
1951 120 412
Sternomastord syndsome, 1951 110-412
Sterord
adrenal, mast cell atter, 1954 141
adrenocortical
and copnective ussue 1954 156
and connective tssue ground substance
1954 143
Sufl nech, echyl chlorde spray for 1951
U9 120
Sumutus, and response, 1953 39 10

Streptococeus, group A strai of
fyatoromc acid from, 1950 9
hyaluromdase from, 1950 99

Saress
1n formation of fibroblasts, 1950 19
20d serunt glycoororesns 1951 19

Stress fiber, 1951 136, 138

Saroma, and epuhelim, 1953 158
iy, 1950 24

Structure, vs funcuon, 1950 30 40

S’T scgment, 1n ezgonovine angina, 1954

Sucanic hydrogenase, 1954 61
Sucrose
cell damage due to, 1954 86
10 cerebrospinal flusd, 1954 86
a3 indecator
of everacellutar furd and cell damage,
1934 3687
of extraccllulir space, 1954 82, &6
Jodney damage due 1, 1954 87
volume of dwtbunon of, 1954 86
Sudan black, #s elistic ussue stata, 1951
32,353, 69
Sudan IV, 25 elasuc ussue stam, 1951
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Sulfate
and cystune, 1954 167
ester, and metachromasia, 1950, 93-95
excreted, onigm of, 1953 178
metabolistm of, after viamin A, 1953:
150
0 muaa, 1953- 176-178
n mucus, 1953+ 177
1n polysacchande from cornea, 1953 187
Sulfur
metabolism of
and cortisone, 1952 162-163
1 hypervitamioosis A, 1953 181
radioacave
1 hair follicles, before and afcer cor-
tisone, 1954 138
tn hair papillac, before and after cor-
usone, 1954 138-140
10 masc cell, 1954 129-138, 162-163
Sweet pea, disease due to, 1954 9-12
Symphysis pubss, Evans blue 1n connective
assue around, 1951 25
Synovial cavsty, mast cell 1, 1954 144-
145
Synovial cell, hyaluronic acd from, 1954
166

Syaoval flud
hysluronic aced 1n, m myxedema, 1954
147
snulin difusion into, 1954 88
Synovial membrane, mast cefl n, 1954,
144

Synovioma, malignant, hyaluconic acid

from, 1954 166

T

T-1824, as indscator of intravascular warer,
1954 80
Tadpole, after thyroxin, 1952 159

Temporal artery, pulssuon of, and pres-
sure on trigger area, 19515 107-109

Tendon
collagen from, reconsututed, 1952 72-84

hyaluronic aad 1, 1953 37

Connectsve Trssues

Testicle
hyaluronsdase from, 1950, 65
hyaluronidase-actrve extract of, and ero-

sion of pencapilary sheath, 1954

57-58
Testosterone,  regression  of  estrogen-

induced fibromata afeer, 1952, 85
Tetrazolum

and endothelsal cell, 1954 59, 7475

seduction of, by capillary endothelium,
1954- 59,75

staintng wich, 1954 5864

Thiocyanate
1n cercbrospnal ﬂuxd 1954 86
as ndicator of exeracellular volume,
1954, 81-82
volume of distrrbution of, 1954 86
n dog, 1954 82
as function of tume, 1954 84

Threonine
in elastin, 1951 57,59

utinary, during remussion 1n thevmatoid
arthritrs, 1954 31

Thromboanguns  oblierans, fibtinoid
change m, 1950 46,62

Thrombocytopensc purpura, capillary per-
meability 1, 1954+ 74

Thrombosis, due o fibrinod change, 1950,
58

Thyroid gland
basement membrane 1, 1951, 22
hypofuncuon of, 1954 145-147

Thyrord hormone, and connecuve ssue,
1954 136.157
Thyrotoxcosis
nucler around sarcolemma in, 1954
168
sarcolemima 10, 1954. 167
thyrotropin 1, 1954 147, 155

Thyrotropin
1n acromegaly, 1954 155
1a blood serum mucopolysacchande con-
taming substance i sarcolemms,
1954- 149-153
and connective ussue, 1954+ 147-148, 137
muainous, 1954 156
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Thrt00pn— 09 Tisse—Congy
" XPhthalmoy g¢ 0 7143, 155, myofaseial, a0 echanises 1o g5,
169-170 2.22
£t mobulizgrygn after, 1954, 147149, oormal, % aboormy, 195 22
169.170 IMOUE €qUilbeim 1954 112
et adrenaiecrony, 1954 175 1950 46

Blucosamge 148
ERONIEtOn 10 gy gery Meer, 1954 170

I yxedemy, Tg5 47148, 153, 169
10 serum, gng Muscle changes 4 Myxed
€12, 1954, 169
1 hy00xscoss, 1954 147, 155
Thyroxy
fat mobliyyg,g aes 1956 145
L Cel] 1 o Xedema duyy teatmene
»uh, 1954 )
Hdpole sfre,, 1952, 159
Fibua, €xplanted
mﬂkbromzxm of Cartilage Ax 10, gng
min 4, 1953 149
0 vicamig 4, 1953 153,153

Tisswe
|bnormal, V5 Notmal, 1950 22
OBES a0, gfeer 'Mmesion 4y DPlasma,
116

2d age of gupece 1951 5464

Hetficaron o 1951, 79

i Clastca sncepn,, 1951 59

belially coteg fbrilsof, 151 ¢,
515, 1951 79

Perrod,c Aad-Sep,5
o, 1957 53 SME ceageny Statmung
Sch, Teageny Statning of, 1951 52,33

ractersseey of, 195} 45.53
6, 28.

[
feray, hyllummc acud from, 1954 164
ﬁm‘ﬁ 900[_ for electron Microscopy, 1953

13tz g0,
195¢ &4
hexcx;,n;me m, g exunh!h.lrno:, 1954

Interceltufy, Cemene ,,

Placentat, fibrinoig change 1
63,67

Potssium un, 1954 1,
radiogtaphy of, 1o, g, 82
retrobulba,
bexosamine 40 drolyns of 195,
148

B2t n, 1954 )0y
scar
formation of, 4ng Phosphatas, 1950,

29

TERISI00 of uye, SXPermenca)

*hosis of hiver jog 1] 9 190

skeletal, and vytgpmyy A 1953 14456
Stanipg of, wigh rttnmlmm. 1954 sy 64
Wateran, 1951 4

n exophrhalmvs, 1954 174

and Oxygen mmumpuon. 1954 13

2 Bround substance 1950 19
5 sarcolemm, SN, 0 shoy, metachro
mauc substance, 1954 148
5 skin connecqye flssue st 1954 15
Tonoﬁbul. 1951 136, 143
Tooth, Wismys following
195; 114115
Tourmquer. o0 leg, inulpy space afrer,
1954 102

Xttaction of,

Toxiary
ACTH block of, 195, 131
€ortisone block of, 1950 13,
Trachea, ketatouzanon o after trache
otomy, 1953 175
Tracheotomy, keratnizaon of trachea
after, 1953 175
Fravestus mugcy, Sigger area 1n, 195,
9196, 106, 107
Trauma

Capiliary
arculating blood cegy feaction ro, 1954
66.67

levkocyre feaction 1o, 1954 66-67
connective pyssye after, 1953 39,43
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W

Water
bound, 1954 §9-91
1n connective tissue, 1954 104105
1n cornea, 1954 104-105
extracellular
bromade as indicator of, 1954 g1
chioride 25 ndicator of, 1954, 80.81,
82
after desoxycorticosterone acterare,
1954 93-94, 56.99
1nulin as indicator of, 1954 §2.89
measurement of, 1954 79
sodium as indrcator of, 1954 B0.81, 82
sodium thiocyanste as indicator of,
1954 §1-82
fibroblast 1n tissue tetention of, 1950 21
1 gastromtesunal tract during anesthesia,
1954 101
vs hexosamine, In tissue 10 exophthal-
mos, 1954 174
intercellular
after anesthesta, 1954 100-10)
after desoxycorticasterone acetase,
1954 93-94,96.99
anterstitial
and connective tissues, 1954 78.118
osmotic equilibrium of, with plasma,
1954 103
mtravascular, 1954 79-80
Evans blue as mdicator of, 1954, 80
T-1824 as 1nducator of, 1954 80
passage of, through membrane, 1954
111-112
‘phases of, 1 108 exchange tesin, 1954 91
1 plasma, 1954 80
mn retrobulbar ussue, 1954 174
total body
after adrenocortical exeract, 1954 96
after desoxycorticosterone acttare,
1954 93.94,96 99
neasurement of, 1954 7878

Connective Tistues

Water—Cons'd
uptake of
by kadney shices, 1954+ 113
by ussue, 1954. 113
votume of distribution of
1n edema, 1954, 106.107

Wound
fibrin 10, during healing, 1950 5182
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