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JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

AS AN INTRODUCTION to these Transactions of the Second Confereace
on Connectwve ‘Tissues, I would like to outhne what 1t s that the
Foundation hopes to accamplish by uts Conterence Program  We are
sterested, first of all, i funthenng; knowledge about connective tissues
and 1o this end the paruaipants wete brought together to exchange
1deas, experiences, data, and methods la addition to this partiautar
goal, however, there 1s a further, and perhaps more fundamental, aun
which 15 shared by all our canference groups  the promotion of mean-
mgful commumication between scientific disuphines

The problem of commumeanon between disciplines we feel to be a
very real and a very urgent one, the most effectve advancement of the
whole of science being to a large extent dependent upon it Because of
the accelesating rate at which new knowledge 15 accumulating and be-
cause discovenes m one field so often result from anformation ganed
m quite another, chapnels musy be established for the mowt tehevant
dissemunation of this knowledge

The increasing realization that nature stself recognizes no bound-
anes makes 1t evident also that the continued 1sofation of the several
Branchos ~F cmmmmn o & one s« abaiaclsac oo s € -~
Yarly
discy .
well versed 1n nuclear physics because of the tracer technigues and the
smpuey which can result from radiation At the other extreme, medicine
15 certainly a socral saence and, thtough mental health, must be con-
cerned with economic and sotal gquestions  The answer, Yhen, 15 not
fartser £ nto 1ac; gly ssolated speciahinies, dusciplines,
and departments, but the mtegration of science and suentific knowledge
for the ennchment of all branches This integration, we feel, can be
encouraged by providing opp for 2 multprofe { approach
0 given tapis

Although the festility of the multidisaiphine approach is recognized,
adequate provisian 1s not made for 3t by our vniversities, screntific soct-
eties, and journals  And pethaps the presence of other hindenng fac-
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8 Connective Tissues

toss must be admutted. Partly semantic in nature, they may also to some
degree be psychological Admittedly, 1t is oftentimes difficult to accept
data denved from methods with which one is unfamiliar. By making
free and informal discussion the central core of our meetings, we hope
to achieve an atmosphere which minimizes as much as possible these
emottonal barriers

Thus, our meetings are i contrast to the usual scientsfic gatherings
They are not designed to present neat solutions to tidy problems but
to eliat provocative discusston of the difficulties which are being en-
countered 1 research and practice. For this reason, we ask that the
presentations be relatively brief and that emphasis be placed on discus-
sion as the heast of the meettng Our hope 1s that the participants will
come prepared not to defend a single pomt of view but to take advan-
tage of the meeting as an opportunity to speak with representatives of
other disciplines in much the same way that they would talk with their
own colleagues in thetr own laboratortes.

We have, now, thirteen groups functioning under the Conference
Program. The following topics are covered: adrenal cortex, aging.
blood clotting, cold imjury, connective tissues, consciousness, cybernetics,
infancy and childhood, ltver injury, metabolic interrelations, nerve im-
pulse, renal function, and shock and ctrculatory homeostass

When a new conference 1s organtzed, the Chairman, in consultation
with the Foundation, selects fifteen scientists to be the nucleus of the
group, and every effort 15 made to include representatives from alt
pertmnent disciphines  From time to time new members are added by
the group to fill gaps 1 viewpomnt or techmque. A limited number of
guests are mvited to attend each meeting, but, for the purpose of pro-
motng full participation by all bers and guests, dance at any
meeting 1s limuted to twenty-five. It is inevitable that in no topic can
we possibly nclude more than a small fraction of the key investigators
1n the field, and one of the difficultres m forming a group like this is
that 1t 15 necessary to leave out so many people whom we would Itke
to include. .

The transacttons of these meetings are secorded and published This
15 done because the Foundation wishes to make current thinking in 2
field available to all those working m it, and because 1t believes that
conveying to those i other fields who are concerned with science, for
example, gov offictals, ad rators, etc, the essential nature

of scientific research is also an important problem mn communscation.
- ' SN cenmttal e tha Inbyptive OF

Logicisa-
It4
creative as P‘::c':s
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creathiry which has its son
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SOME FUNCTIONAL CONSIDERATIONS OF
GROUND SUBSTANCE OF
CONNECTIVE TISSUES

ISIDORE GERSH
Department of Anatomy
Lmtersity uf Chiago Sihoof of Medicine

IN oroIR TO conform with the spint of the Conference, 1 have divided
the matensal imto eght sections, each of which 15 2 more or less self-
contared argument 1 hope that after I present each section discussion
st follow

1 would like to mntroduce the subject of ground substance by placing
it in refation to other components of the connective tissues A diagram
<an be drawn which shows cells 1n connective tissue, the reticular hbers,
2 branching elastic fiber, and a collagen bundle * In certain regions, as
uader the eprthelium, and around fat cells, around the blood vessels,
and around sheletal muscle cells, the reticular fibers are finer, and also
form a closer meshed net.

There 15 the question of the refationship of these structuses to hissue
flusd, which 15, one might say, one of the nonfibnllar components  As
<an be seen, 1t 15 more of less dy distubuted m o 1
intescellulac space The tessue flutd 1 related chuefly to hemodynamic
factors, to the composition of the plasma, and to capiilary permeability

e ground substance may be represented as 2 homogeneous com-
ponent, also extraceilular, also distubuted between the fibnls, so that
the fibnls and fibers are 1mmersed 10 this homogeneous matersal

In certan places, as under the epithelum and around blood vessels,
fat cells, smooth, cardtac, and skeletal muscle cells, the ground sub-
stance, as we see 1t, 15 different and forms pact of the basement raem-
brane Throughout, 1t 15 contmuous with and inseparable from the
hﬂmygcneous ground substance of what might be called the loose con-
nective tissue,

Fremont-Smh May I ask a question? Ts the ground substance dis-
solved 1 the tissue flurd, or 15 1t separate from 1t? 1am not quite clear
Gersh* It 1s as 1f you had a red dye 10 gelatin. The red dye, 1 sy,
pose, would be dissolved mn the aqueocus medium, and the gelatin would

- Lt
Figures dliusteating che maceral guven sn bl B v, ¢ foond s The Hiney Lee
1949-1950 Series XLV SpringSield, Mhinon, Chath - {211}, (I press §






SOME FUNCTIONAL CONSIDERATIONS OF
GROUND SUBSTANCE OF
CONNECTIVE TISSUES

ISIDORE GERSH
Department of Anatomy
Usnersity of Chuago Schaol of Medrcine

N ORDER TO conform with the spint of the Conference, I have divided
the material into eght sections, each of which 15 2 more or less self-
contained argument 1 hope that after I present each sectzon discussion
wlf follow.

1 would like 1o imtrodnce the subject of ground substance by placing
it 1n relation to other components of the connective tissues A diagram
can be drawn which shows cells m connective tissue, the reticnlar fibers,
a branchung elastic fiber, and a collagen bundle * In certan tegions, as
under the epithelium, and around fat cells, around the bleod vessels,
and around sheletal muscle cells, the reticular fibers ate finer, and also
form a closer meshed net

These 15 the question of the relationship of these structures to tissue
flurd, which 15, one might sag, one of the nonfibrllar components. As
can be seen, 1t is mote or less uniformly distributed 1n the aterfibrillar,
intercellular space The tissue flnd 1s related chuefly to hemodynamic
factors, to the composition of the plasma, and to capillaty permeability

The ground substance may be represented as 2 homogeneous com-
ponent, also extracellular, also distributed between the fibuls, so that
the fibrils and fibers are smmersed 1n this homogeneous matenial,

In certain places, as under the epithelum and around blood vessels,
fat cells, smooth, cardiac, and skeletal muscie cells, the ground sub-
stance, as we see 1t, 18 different and forms part of the basement mem-
brage Throughout, 1t 15 contiauous with and inseparable from the
homlogeneous ground substance of what mught be called the loose ¢on-
nective tissue

Fremont-Smuth May 1 ask 2 question?® Is the ground substance dis.
sotved 1n the tissue flutd, of 1s 1t separate from tt? 1 am not quite clear

Gersh: It 1s as 1f you had a red dye i gelatin The red dye, T sup-
pose, would be dissotved 13 the aqueous medium, and the ge]ztm’ would

*Fgures lugeeating the maseral given an this papesr may be found s The g, *
1993-1930 Seris KLV, Spanglield, Tihnom. Charles G Thomas (5 2101 (la borre? 47" 7



12 Connective Tissues

be 1n the gel state or the red dye could be combuned with the gelatin in
the gel state The tissue fluid and the ground substance are considered
to be coextensive and homogeneous, mterconnected throughout

Fremont-Smub. If you were to put a needle in and take out the
tissue fluid, would you not be taking out ground substance too”

Gersh: In many cases you would

Hill: What do you mean by reticular fibrls >

Gersh Fibrils which, by defimtion, are stanable by specific silver
stams, and have a structure different from that of collagen and from
that of fibrn

Ragan How do you mean different?

Gersh, Do they have the same perioducity and the same structure as
collagen? .

Porter. As nearly as one can tell.

Angerme In the young rat they are closely related to collagen and
show a gradual transition to collagen with aging (1).

Porter: The silver staimng distinguishes between them

Hill 1 speak as a histologist  You mentioned teticular I only
wanted to get that clear for myself; 1t 15 a small point.

Gersh, Some recent analyses of tissues tich 1n reticular fibers, have
been made — so far as 2muno acid goes they are very neasly like that
of collagen, but there are some differences, Whether these are due to
mmpunties to different degrees m both preparattons, I do not hnow
Retrculum fibers look duferent, for one thing, and behave differently
with cestan stains, morphologtcally then, the distinction may become
a very useful cntenion; and, as I said, chemically, 1t 1s not yet certam
that the two are dentical. The questton of spacing 1s perhaps a simpli-
ficatton, after all.

Ragan The precollagen described by Orekhovich (2) contamns fibers
with the spacing of typical collagen spacing, but there ate also fibers
with an axal spacing of 2200 A (3) .

Porter: ‘That “precollagen” you refer to 1s reprecipitated from citrate
buffer extracts of skin and has a spacng of about 2000 A. I do not
think 1t occurs naturally in the fibrous form I do not think anybody
has teported any fiber with characteristic collagen banding with 2
spacing different from 640 A .

Fremont-Smth. Does not this discussion bring out two or three
things right away? One, the value of having the dxsc}xssxon, and two,
the need, 1f these terms are going to be used, to specify both the dif-
ferences and the similanitres

Mirsky: The term “collagen” has been used several times Are there
not a number of collagens, rather than 2 single collagen?



Ground Substance 13

Gesshe “Collagen fibess” 15 how I meant to state st That 15, morpho-
logreal structures which may not corcespond exactly with what has been
separated chemically, or analyzed chemucally as collagen.

Mirsky: The term collagen has crept mto general use to such a de-
gree that a vauety of conditions ate now designated as collagen dis-
eases. It should make one wonder about the danger of mtroducing such
a term when there 1s much that 15 yet to be done 1 clanfying what we
are talking about when we talk about “collagen ”

Gersh These ase collagen fibets we have talked about

Ragan+ Collagen 1s surprisingly similar, shatever its source, chemt-
cally or on electzon mucroscopy

Gersh, Banga and Ius colteagues found differences i response of
cottagen from diffesent organs

AMlsssky: That 15 the point [ had reference to,

Gersh Coltagen, m the morphological use of the term, chasactertzed
as fibnilar 1 structure, occurnng n bundles, stamnable in certam ways,
and 50 on, may be demonstrable histologically

Mersky T do not mind what the substance 1 called, so long as we
are in accord as to what it 15 that we are tatking about At the very
outset we seem to have two pomts of view, ane, that coflagen ss a
single substance and, two, that there are a number of callagens The
question that arises concems the interpretation that will be given
the term collzgen by others who ate nat so witsmately mvolved i the
subject

F

Swnih; 1t belps diately when you say, Dr Gersh, col-
lagen marphologically speaking, and someone else speahs of it chem-
ically,

Gershe 1 think that conld be pomted up by the difference, 10 acute
Fotmm b eeso ) Te T N een - ko shows a decredse, whereas

¢ ardinary staning reaction
. Lo fibrullar?

Gersh~ It one talks of normat coliagen, yes, 1t one talks of abnormat
chemucally there 15 no great difference at 2ll

G)érgy: What would you call abnormal?
_ Gersh- Collagen not fibriitar, coltagen which shows different stain-
Ing reactions, that which shows pecultac digestibulities, or something
of that sost

Gyorgy: How do you recognuze it as collagen? I€ tt does not shase
any of the ° T N o

Gersh-

Gyargy
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Getsh. Morphologically, because 1t has a fibrillar structure which
stains with aniline blue in certain ways; swells with acetic acid 1 cer-
tam ways, responds to pepsin and trypsin m certain ways; will be
staned by other connective tissue stains, and will not be’stained by
other stamns Chemically, 1t was defined by Lowry, rather specifically,
i his analyses of connective tissue (4).

Fremont-Smah The question you are asking, Dr. Gyorgy, 1s whethet
abnormal collagen 15 collagen Whether the term s useful to you
depends very much on the purpose for which you are using it.

Gyorgy You mentioned in your defimtion of collagen the fibrllac
structure, but a munute ago you said pathological collagen has not
necessartly a fibnllar stracture—

Gersh: That 1s rught, but 1t would have some of the other properties

Aorrione The method of Lowry (4), which I think 1s probably the
best available technique of determuming collagen quantitatvely, I am
quite sure determmes reticutum as well This 1s 1n accord with the
Pprevious statements that they are probably the same substance, except
for variations m the caliber of the fiber

MacLeod. s not one on hazardous ground mn making quantitative
estimations of a soft tissue component based on exposure to strong
alkah and autoclaving?

Gyorgy The body basically, as far as I know, utilizes alkalme ex-
tracts of tissue first as a method of removing soluble protem The
collagen then remarns, together with elastin, and the selecttvity of the
collagen principle 15 the fact that 1t 1s hydrolyzable when autoclaved
with distilled water, whereas elastin 1s not, so that 1n the techmque,
the loss of weight of collagen 1s what we look for

Hartroft The problem of defining and dstingwishing reticulin fibers
from collagen has been most perplexing to me, and at the same time
of considerable import 1n tracing the pathogenests of expenmental
dietary currhosts as 1t develops i choline-deficrent rats  No matter what
stains are employed, mncluding sitver precipitation techniques, 1t is al-
ways possible to observe what appear to be transition forms between
the normal retsculin fibers supporting undamaged parenchyma and the
more “collagenous” matersal of the trabeculae The latter stain more
wtensely with amline blue than do the reticulin fibers, which are better
delineated by silver than are the coarser trabeculae But these differ-
ences are merely quantitatrve, for transitton forms are easily traced If
the trabeculae are derved from condensed reticulin fibers, then the
question arsses whether these trabeculae should be called collagenous or
even fibrous as they frequently are This questron assumes considerable
importance when comparisons are being drawn between the expen-
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mentat dictary currhosis and that encountered i man 1 would like to
ask Dr Gersh «f he would not agree that condensation of reticalin
fbers under pathological conditions can pive mise to collagen?

Gereh* | am sure that something of that sort goes on, but just when
such a change takes place 1s very difficult to say, pust as it 15 very
ddficult to say when a baby s not a baby as 1t gets older, or whea
adalescence begns and ends. or when a macrophage 1 transforming to
a fibsoblast and 1s not any tonger a macrophage or more clearly a flbro-
blast. It 15 something ke some m-between stage which, by definstion,
would be not aecessanly reticular fibers or collagen

Campbeli+ 1f you use the analogy of the baby, Dr Gersh, are you
supgeshng that the seticubin fiber 1§ necessanly baby collagen, or would
you allow that collogen may have a second clutdhood, and revert to
sreticuhin®

Gersh 1 do not know

Camphell Pathologreally, T think we caa see strong suggestions of
that

Holbrook May 1 snggest that you proceed with yous presentation
now, Dr Gersh?

Gersh The second pact of thus presentation concerns a defintion,
this ime a defimtton of ground substance The ground substance ap-
pears aptically homogeneous with the white hight miccoscope It vanes
i consistency from 2 gel like state to 3 mote watery stake It contans
carbohydrate, and this s probably responsible for the greates past of
the staimng, with the method of Hotchhiss, Mcbanus, and Lillie Un-
der certam canditions, 1t may be seamed metechromaticatly Normally.,
1t 15 only slightly stained by Lvans blue when this dye 15 mjected ttra-
venously as an sntravital dye  But under certain condstrons. the ground
substance may be deeply and almast selectively statned

Apart from the optical apyp ¢ four prop were 4
consistency, stamabtisty with Hotchkiss procedure, stamability with
Evans blue as an ntravstal dye, and metachromasia  We have tred to
telate these fous propestses i 3 general theory on the n2ture of gronnd
substance  This theory has been used to predict successfully certain
functional conditions sa whuch there 15 a transformation of some or all
of these properties

The theory holds that ground substance s polymertzed the term
polymer being used im its widest sense to nclude carbohydrate-prote
complexes which are aggregated to form submicroscopic structures 1
one segards ground substance as tuphly polymenzed, locking at things
i this penerad way, then it stams weakly with a Hotchkuss procedure
Tt as very pafely stamed with Ivaas blue, st will show bixtle or no meta-
chromas:a, and tends 1o be gel-like
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When the ground substance is considered to be parttally depolymer-
1zed, 1t stans mote strongly with the Hotchkass procedure~ It will have
a very marked affinity for Evans blue, and perhaps will be more meta-
chromatic

When the ground substance is markedly depolymentzed, it may stain
less strongly or more strongly with the Hotchkiss procedure. It will
have a very matked affintty for Evans blue It will probably be more
metachromatic, and 1t becomes, in the end, water soluble

At this point, 1t may become broken down into particles small encugh
to enter the blood, where they are detected as an increased plasma
mucoprotein Jevel

We have then several morphological criterra for detecting what we
think is the submicroscopic state of ground substance of connective
tissues

MacLeod* Ts Evans blue a basic dye?

Gersh: It 1s hughly colloidal and resembles closely toluidine biue,
another basic dye It 1s tied almost entrrely to albumuns and globulns
1 blood plasma, with very little free 1n the plasma as uncombined dye

Wier+ 1 would like to ask a somewhat unrelated question In this
type of expertment when you get increased stamning with Evans blue,
do you also get an mcrease 1n the rate of loss of dye from the blood
plasma?

Gersh: The loss 1s very slight, and moreover, you can replace this or
increase the dosage by giving additional injections in time DBut as st 1s
a ten-minute period, very little loss will take place.

Gyorgy: Did I hear you correctly when you said that the grouad sub-
stance escaping 1nto the blood can be detected there?

Gersh: When 1t 1s broken down mto small enough particles, then the
evidence indrcates that 1t goes mto the blood, where 1t is detected

Gyorgy Is that a difficult procedure?

Gresh No, not for large volumes, on a micro level, it is father
difficult

Fremons-Smath* It 1s detected as mucoprotein, dtd you say?

Gersh: As a mucoprotein.

Gyérgy: How do you detect 1t 1 blood plasma?

Gersh By Winzler's method

Mirsky: Are we not talking about nonspecific phenomena’ When
you say mucoprotetns entering the blood stream from ground substance,
are you not speaking about a rather heterageneous group of substances?
As far as T know, even the “spectfic” method for mucoproteins 1s far

from specific . .
Gersh+ As 1 remember 1t, Winzler separated out his matesial in 2
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rather pute state electrophotetically Is that not night?

Airsky. 1 believe so

Gersh: With regard to the question of the hind of mucoprotein  As
1 said, this whale thing 15 a very general theory, and I do not pretend
to be able to say what 1t 15 What one can do 15 produce situstons m
which two phenomena go on  a) an increase n water-soluble muco-
polysaccharides in the connective tissue of the region affected, and b)
an increased blood level of a water-soluble mucopolysacchande With
timing and different expenimental sitvations, 1t s possible to relate
them not 1n an sron fast way, but with a bigh probability.

Gydrgy If you inject hyaluromidase, would you get an increase?

Gersh 1 da not know

Gjérgy: 1t has been claimed by Dr Butt, of Pensacola, Flotda, (5)
that the colloidal actvity of the urine increases after subcutaneous
mjection of hyaluronidase

Gersh 1do not hnow of 1t

Ragan+ Was the enzyme njected locally or ntravenously

Gyorgy Subcutaneously He found a high excretion of some uniden-
tified colloid 1n the unne

Gersh: T will tell you some details 10 which this general thess has
been used, several examples 1n which blood analysss did enter As [
say, this 13 general, and 1 da not think 1t 15 possible to make it spectfic,

Mirsky' 1 am not disputing your statement, because thete 15 much
evidence that can be utilized i suppott of your general thesis, but with
cellular damape, and presumably the release of ground substance, there
13 an ncrease 1n mucoproteins as well as an mcrease of nhibttors

Ragan: Does an increase in capiflary permeability play any role 1
this general picture?

Gersh: 1 have that as a spectfic section later, but 1 am perfectly will-
ng to go mto 1t now

Bennett: What are some of the condttions which you have in mind
where this increase of mucoproteins occurs 1n the blood?

Gersh* Well, that was found, for example, where changes tooh place
m ground substance m mice which had rapidly growing subcutaneous
transplanted tumars

It took place when similar changes were mduced in connective fissue
in the symphysss pubss of gumes pigs treated with relaxin It took
place with patathyroid b when ad d m large doses It
taok place also 1 scurvy Those are the instances which T know of
where similar data exist, both for connective tissue of a selected or gen-
eralized region, and the blood

MacLeod 1 am not clear as to bow the ground substance 1s detected
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Gersh, It 1s not ground substance that 1s detected, 1t is a muco-
protemn

MacLeod' How has that been detected in these various pathological
conditions?

Gersh, The Winzler method was used

Gyorgy. How do you relate 1t to ground substance? It could have
been produced elsewhere

Gersh. 1 must tepeat that there 15 a correlation in time of the plasma
mucoproten level with a change 1n the connective tissue, the change
being 1n the direction of a production of a water-soluble matertal
the ground substance

Gyorgy. Did you not say that 1t 15 2 breakdown product of ground
substance?

Gersh+ What we called a depolymerization of ground substance, the
breaking up of a larger. interconnected aggregate into the smaller com-
ponents which go into its formation

Gyorgy: Would it not be possible that some cells which, in turn, may
produce ground substance produce also the substance detectable n
plasma which never did go through the ground substance?

Gersh- If the cells produce it, then it must go through ground sub-
stance

Ragan: 1t 15 a temporal relattonship If you wish to hypothesize that
1ts soutce 15 the ground substance, that is reasonable

MacLeod: But not proven

Gersh Tt 1s not only temporal; there are specific conditions  You
have to do something specifically and then 1t happens at 2 certain time

Ragan;: These two phenomena occut at the same time ‘That 1s what
1 meant by a temporal relationship

Portes+ Is there any possible way of detecting a change in viscosty
1n the tissue?

Gersh We have been talking about a change in consistency. In cer-
tain situations, as around tapidly growing tumors and the relaxed
symphysts pubis of gunea pigs, the connective tissue 1s very watery
and can be cut readdy with a probe This is quute different from the
normal connective tssue, which 1s sticky, tough, and rather difficult
to cut.

Ragan: If one may assume that joint fluid represents 2 type of
ground substance (and that assumption may not be valid in an mﬂ.amed
jotnt) jomnt fluid hyalusonate is depolymenrzed during inflammation

Fremont-South- Other things happen to joint fluid in inflammation
1n additon to those you have mentioned, for example, it s diluted

Ragan But polymenzation of jount flud hyaluronate can be meas-
ured 2nd quantitated (6)
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AMacLeod: Do you, at the same time, find an ncrease m glycoprotein
n the serum?

Ragan We have not done that

AMrrsky: One may make the generalization that 1 any nonspecific
disturbance of an organ, there may be an increase n serum glyco-
proteins,

1 believe it has been established that the trypsin inhibitors, for ex-
ample, are glycoproteins We hnow that they are increased 1n prac-
tically any disease condition in whach there 1s some tissue breakdown
Consequently, 1t 15 probable that there 1s an increase 1n glycoproteins 1n
any state associated with marked stress For example, even an emo-
tonal response to sotae disturbed interpersonal reaction can cause a
change in trypsin mbubitors, which, 10 turn, may effect a change
glycoprotemns

Holbrook 1 think 1t 15 farr to assume that Dr Gersh believes that
the nise m glycopratein m the blood may be due to depolymerzation
of the pround substance Would you not all agree to that?

MacLeod: Provided one says st may or may not be due to depolymer-
1zation of the ground substance.

Fremont-Smith We have a great tendency to accept definitions as
having some virtue other than the purpose for which they are made 1
think this whole discusston so far can be considered one of the most
interesting and valuable discussions we have had T think 1t will make
very interesting reading for other people, because these problems come
up agan and agam

A given definttion 1s not a definition for all time, or for all putposes
It was made within 2 parrow context It has relatively limited virtues,
uses, and 1t will need to be modified when one looks at the problem
from a different pomnt of view

Morrione May 1t not be, too, that the tissue flurd which we have
forgotten about might be related to some of these changes, suince st 1s
s intimately assoctated with geound substance® As 2 matter of fact, 1t
may ‘b‘: an aruficial separation which we are tatking about, and we

L

cutaneously with which we worked
When a group of cells hke this increases 1n number and occupies a

consistency of the ground substance of connective tissue surrounding a
growing part 15 altered, becoming more flurd, and “weaker” This was
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tested on transplantable tumors, some of which grew slowly, or re-
gressed, while others expanded rapdly.

We found that i the region of the rapidly growmng tumors, the
connectrve tissue was watery, very soft, and very fragile, so that 1t could
be cut with a blunt probe When Evans blue was injected mto the
amimal a few munutes before 1t was killed, the dye was almost selec-
twely deposited in that same region The Hotchkuss stain, at first, be-
came redder, more promnent . that 1s, at some earlser stage . . . and
m a later stage there was a large water-soluble component n the
ground substance

The material was collected from around the tumot, analyzed chem-
scally by Dr Catchpole, and found to have a much higher than norma!
level of soluble glycoprotemn of the type described by Winzler; st was
also found that sumilarly the plasma levels were greatly increased

MacLeod, What was the nature of the tumor?

Gersh. The Earle HGW tumor composed of sarcoma cells which first
appeared 1n tissue culture I think, and were then carnied 1n mice

We applied the same general approach to the growth of the Graafian
follicle 1n the ovary, where one could 1magtne that there could be two
sttuations; either the cells in the Graafian follicle had to exert pressure
to tear conuective tissue, ot the connective tissue on the outside becomes
softer, the cells simply occupying the space progressively as the ground
substance in the environment becomes more flud There we found
simalar changes i the density of Evans blue locally, as well as i the
amount of water-soluble glycoprotetns, as tested for by the Hotchkuss
procedure. .

This general thought on ground substance and its relationship to ex-
panding groups of cells 1s beginning to be applied to normal develop-
mental processes, for example, in the developing eye of the embryonic
chick At some pount early in development there 1s an enormous acce’l-
eration 1n the rate of growth of the eye You all remembef hqw, in
catly stages of chick embryos, the eye 15 the most prominent thing in the
head The embryos were mjected with Evans blue intravenously. Here
again, when the rate of growth 15 greatest, Evans blue s selecttvely de-
postted 1 the connective tissue around the eyeball, indicating thaf per-
haps some of the other changes I mentioned are also taking place in the
ground substance of the expanding eye .

Work has been done also on the pancreas and the metanephros o
young chicks after hatching, at abont seven to nine days for one m%:i‘
and about thirty days for the other organ, when there is 2 mar
acceleration n their rate of growth Both with Evans blue and sectmll;ls
stained with the Hotchkiss procedure, the familiar changes can be
made out
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1f this thesis were sound, one would expect that after partial hepat-
ectomy, 10 regeneration of the liver, one should also find changes m
b b of the ds, ot of the liver cell cords  Actual
experyments showed that changes appeated i the nature of the ground
substance, 2 kind of increased stanability, and a swelling, which corre-
sponded 1n time with the more active stages of regeneration It was
detectable three hours after hepatectomy, and was not detectable at
about seventy-two hours, when the liver regams most of its normal
weight and volume

Harsroft. What stains were employed?

Gersh* We used the Hotchkiss procedure on this, also Mallory, and
Hand E

‘We have not yet done metachromatsc studies on this materal, but 1t
appears from the literature that especially at the periphery of certan
neoplasms, and 1o certamn rapidly growing organs of embryos, the con-
nective tissue becomes more metachromatic

One mught reverse the situation and propose that an organ stops
growing at least m part because the connective tissue becomes denser,
or more rgrd, imposing a greater abstacle to the spread or multiplica-
tion of cells It 1s possible that this local factor ts mvoltved 1n regu-
lating the growth and perhaps the form of organs durtng normal
development

One could think of this mcreased polymerntzation of ground sub-
stance, as we think of 1t, s an agiag process I should like to menteon
now some observations on the agiag of ground substance

Evans blue ts distributed 1 the ovary m the following manner 1t 1s
deposited in the connective tissue, 1 the zowa pellucrda, and 1n the
lumen of the Graafian follicle, where some reactrve matersal 15 present
I think some can be detected i the plasma of the blood vessels It 1s
a very sharp reaction

In a diagram, showing some parts of Liver cell cords 1 a normal
sanumal, the vnstamned nucler are outlined The particles 1n the cyto-
plasm of the sinusordal cells are of different sizes, density and color
Six hours after regeneration, the morphology changes The basement
membrane, which n the normal s just barely noticeable, becomes more
prominent 10 spots, and frequently it 1s thicker A little later, 1t be
comes markedly colored by compartson with both the six-hour and the
twenty-four-hour stage For the most part, the matenial 1n the sinus-
owdal cells 1s distributed as granules which are of more uniform size,
and stain more or less suntlarly

In a normal liver, only in spots does one see a very thin line The
fucleus 15 unstained and mdicated as a clear region In an early stage
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of regeneration, 1t 1s possible to see a basement membrane 1n some
places It 1s a very thin, famtly stained line A few hours after regen-
eration, one can see a shatper basement membrane, and a thicker one
The cells linmng the sinusotds have many more granules of this reactive
matenal, and they are very nearly of the same size and frequently of
the same tint.

Bennets: When you speak of reactive material, are you referring to
Hotchkuss-posittve matersal ?

Gersh: Yes

Hartroft: May 1 ask 1f you feel that this change is sufficiently specific
that 1t might be used generally as an index of hepatic regeneration?

Gersh: Not for humans, where one does not know the previous con-
dition, or where one could not even assume the normal state of the
basement membrane exssting at any selected part which might be taken
for study as normal

Hartroft 1 am thinking more specifically of livers in experimental
cirrhosts.

Gersh I think 1t could be A much better indtcation, as it turns out,
1s the presence of these granules in the sinusotdal cells, which can be
seen with the low power of the microscope, in contrast with the base-
ment membranes where one must use Kohler llumination

In the skin of the tat just before birth, most of the starming in the
epithelium 15 due to glycogen The basement membrane around the
capillaries s barely perceptible It becomes prominent both under the
epithelum, and around the capillartes just two days later, and becomes
thicker i young animals, and markedly thicker around blood vessels
and under the epithelium 1n very old anumals.

In the thyroid, normally a very thin basement membrane is detectable
around the epitheltum of the acinus  The collord 1s stained deeply, but
the basement membrane m the normal 15 very thin It 1s mteresting
that m a number of young hypophysectomszed rats the thickened base-
ment membrane to all intents and purposes duplicated the appearance
of that n very old normal rats, normal in the sense that there was no
history of any abnormal events

Talbost: These were young, not mature sats?

Gersh* These were young but mature rats They were about the
same weight and about the same age, and the period after hypophys-
ectomy was only about two weeks

Shortly after the administration of an extract of the anterror lobe of
the piturtary gland containing thyrotrophic hormone, black droplets

appeat 1n the cytoplasm : . .
Hartroft. Are the changes in the hypophysectomized animal specific
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entirely to an increased prommence caused by a reaction with the
Hotchkiss-2< - - - Sown e N

Gersh 1
distuibuted
are changes 1 the sinusoidal cells, as you have noted and in the liver
cells  Other changes can be detected

Dempsey: This means that in your preparations the reticulum does
not stain?

Gersh: It 15 not recognizable as such We see a homogeneous ma- -
tertal which 1n 2 manner of speaking we correct for reticulum which
mught be in it

In only one sitnation, as prepared by freezing and drying, have I ever
seen a very fine staw of reticular fibers, and that was m the spleen of 2
patient with Gaucher's dtsease, where the reticular fibers were beau-
tifully and almost selectively stamned

Dempiey 1t 1s hard for me to differentiate what you showed in the
lver from reticulum  There were basement membranes which were
vistble as very fine lines, just about the dimenston of the reticulum fibers
which are known to be in that locatton  How to differentiate the visible
object that one sees—

Gersh You could sece reticular fibers by other procedures with the
application of silver stamns, and these were different. Where we could
not see, or could barely see, a basement membrane, reticular fibers were
quite numerous

That does not cover another situatron, where the matertal may be
water soluble, and much of the reticular fibriflar material would remaie
behind, with very little staiung The Hotchkiss method may be used
to statn many structures It can be used 1n a situation where it may be
profitable without becomung mvolved 1n comphicated sttuations which
are not analyzable

Dempsey: T am still interested mn this matter of the reticulum, and
how to diff 1te 1t from the h ous ground matetial, since
rettculum does stain intensely with the periodic acid-Schuff reaction, at
least 1n chemucally fixed material

Gersh Tt does not after freezing and deying.

Denmpiey Insofar as our chemical knowledge goes, the reticulum
should have groups which react with periodic acid, I do not understand
why 1t does not stam after freezing-dtying .

Gersh In many preparations, one sees holes,. as if they were com-
posed of some gas but which are artefacts Things were there before
Which had been removed, or had shifted from that spot and moved to
another spot I think that 1s why one sees reticular fiber staining in

matenal
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Dempsey You propose, then, that the reuculac fiber tn chemeally
fived materal stams bevause the ground substance has preciptated
upon it?

Gersh+ Has shifted toward 1, yes

Dempsey: So that after ordinary fixation, you believe that one actually
stans the same materz] which you are staning i fsozen dried matersal
However, after chemeal ficatves, you believe it has shifted its Jocation
and has been adsorbed upon the fibets?

Gershe 1 wontd not say “the same,” but T would say something of the
sagmie saet

1 shoutd like to discuss the role of ground substance 1a cestasn organs
haying normal cychic endocrne processes

t wifl abbreviate the factual matenal by summarzing buefly the
work done by Mass Perl and Dr. Catchpole on the s3mpbyss pubns of
gumnea pigs {7), where there 1s extenswe softenung and resorptian of
both bone and connecttve tissue over a short pertod of ime

The early stages of this process can be produced by the admmistra-
tion of 2 plasma fraction contatning refaxin after the antmal had been
primed with estradiof  In the ool gmmal treated with Evans biue
there 5 very litie blue present n the connective tisswe around the
symphysis  n the ammal treated with estradiol, some Frare &4 5
depossted  In the ammal treated wub ~+
able concentration of Leans blue s
symphysial copnecttve tssue In ot
symphysss, much Ivang blue 15 present

This was caerelated with 2 change m the solubility and stamabdity
af the ground substince and tecently, others have found that the con-
nective tssue from this ragron has an increased concentration of water-
sofuble protein

1 have already tatked about ovanan changes (8), with emphass on
the growth of the Grazfisa follicte Those changes were fine enough
to be seen s the nosmal estrous cycle, and hecame greatly evaggerated
with the administcation of gonadotrophin

Augetene Is thus Ligament composed of dense connective tissue?

Gersh The parts that are stamed by Evaos blue are not pnmanly
the figament, but zathes the pre- and postsymphysial connective hissue

Angerme  What type of matermal is it?

Gersh "The matersal w the spmphyas pudes 1s ticroscopic 1 size,
one puliic bone cannat be budged from the other readdy It 15 very
dense On the other hand, the adrunistration of refaxin results 1 some
degree of movement. However, the grentest change was found s the
connectiie tissue on each side of or asound the symphysts pubis stself

_ .« watldt, with 2 wide
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Gyorgy: What kind of change? Is that new connective tissue, or
old transformed?

Gersh: If one considers connective tissue not as static, but as being
continually removed, renewed, and replaced in a normal indrvidual,
the question of new or old connective tissue does not arise,

It 15 possible that normally the ground substance 15 also changing,
but that the rate of change is altered under certam condittons.

It 15 clear from endocrne studies that the connecttve tissue of endo-
crine glands, particulacly the ground substance, undergoes changes
concomitantly with those of parenchymatous structures. It 1s possible
that alterations m the physical state of organtzation of the ground sub-
stance may be 2 necessary activity without which the well-known cellu-
lar changes in endocrine organs may not be possible Hormone action
on a target organ may then be on two sites, the connective tissue cells,
whose response affects connective tissue components, 'and the paren-
chymatous cells

At any rate, our findings indicate that hormones which act on con-
nective tissue cells have a high degree of selectivity, or speaificity, 1 e,
relaxin and the Grazafian follicle. It 15 as «f connective tissue cells which
are indistinguishable morphologically 1 different sites belong to differ-
ent familses, each of which differs from its neighbors m sensitivaty to
speaific stunuls  This 15 not 2 new concept — it has been invoked to
explain certain mstances of ectoptc bone formation and the mechanism
of action of growth hormone

There may be other instances of specialization of connective tissue
cells, and 1t has been proposed that certain phenomena of menstrua-
tion, placentation, growth of the mammary gland, exophthalmos, and
the rapudly proliferating uterus, represent extenstons of this general
concept that connective tissue cells show a certain kind of specificity
different sites, though morphologically they might be alike

We move next to a consideration of the preference which metastases
of certan mahignant tumors show for enlargment, sucvival, and growth
If one should regard as similar the offshoots from malignant growths
sto the vascular or lymphatic system and gas or fat embolt, then one
should expect that the cellular embolt should be distebuted throughout
the body, depending on the rate and volume of blood flow, the nature
and dimensions of the vascular pattern, and sumilar factors. Yet off-
shoots of certain carcinomas give mise to metastases which fodge 11
preferential sites, which on the surface, appear hizarre Quc explana-
tion of this phenomenon runs as follows. Let us suppose that the tumor-

embolt have a vascular distribution essentrally stmifar to that of embolt
of other carcinomas, ot of fat or gas emboli They lodge in numeraus
sites and die or remamn quiescent 1 most sites with an unfavorable
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extracellular environment But m the one or few buzarre sites, the
embole cause the local connective tissue cells to alter the ground sub-
stance, so that the environment becomes more favorable for survival,
growth, and spread of the metastases

Tihus suggested mechapssm depends then on a fundamental difference
1 sensitsvity of cestatn connective tassue cells differing 10 degree from
those of all other connectrve tissug cells

We turned our attestron from thete to what I think 1 the most
spectfic change we found  The expertments were done with Dr Rap-
papost at the Unwversity of Hliinoss an guinen pigs and rabbts sensitized
to horse serum, and then mjected wath Evans blue  We used the site of
deposition of excess Evans blue as an indication of the stte m which a
change 1n consstency of ground substance might have taken place

In the lungs of anaphylactic gunea pigs, the deposition of dye was
particufarly marked 1n the connective tissue surrounding the large
broncht and some of thess branches, while the ground substance n
adjacent regions was bately stasned with Evans blue (9)

Now, by contcast, w zabbits similasly treated there Wwas 2 marked
excess of dye 10 the tanica muscularis of the large pultnonary vessels

Gyorgy \What happens s the animals after you elicit the anaphyl-
actic shock?

Gerib. The gumea pigs alf deed

Gyorgy What happened with the stains® Would they stam the same
after the shock?

Gersfr The ammals were mjected with Evans biue five to ten munvtes
before they were challenged, so that they were already prestained
Presumably 1f the ammals had not been shacked, as we found m ouc
contsols, there would be very hitle stan mn these specific sites  There
was enough 1o see a selective deposition 1 ope SEgIOR 10 one ammal,
and in another region m another ammal It 15 mresesting that the
people working m anaphylaxis have, by wdrect procedures, come to
the conclusion that the very same regrons are affected 1n these dsfferent
ammals .

Ragan These same segions show an mcrease i capdlary perme-
abitety durtng anaphylaxss

Gerstr 1 do not know evactly what you mean by an mrrease 1o
capuilary permeability

Ragan  Substances feave the capilasy bed which under ordmary
ctrcumstances do not

Gersh Just perceptible, very hirtle  But in the anunals i shock there
was cnough dye to see that #t had been selectevely depostted m one
regson in ane speaies, and 1 another region in another spectes
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Wier. Were your changes i scurvy localized in a similar fashion, or
were they more general ?

Gersh The findings i scurvy were somewhat diffecent There was,
you mught say, a return to a fetal state in that the ground substance
was readdy watersol ' T- ¢t e-toom e ot iLe T
also as n the fetal s
nective tissue quite .
creased number of these granules that we call secretory granul}s, these
glycoprotein-reacting granules Dr. Pecront and Dr, Catchpole have
found that the blood mucopolysaccharide level ss high It has been
reported 1n the literature that the collagen chemically determined tn
scurvy does not differ greatly from the normal. In such a situation
ground substance 1s being formed continually by connectrve tissue cells,
and 15 passing mto the arculation Given suitable condttions, that
matenal, and probably all the newly-formed materal, would revert
toward 2 more highly polymerrzed state

Gyorgy How ts the mucoprotein content of blood during anaphyl-
actic shock?

Gersh 1do not kriow.

Campbell What effect has local administration of histamine, Dr
Gersh?

Gersh We did only a small number of rabbits with histamirie, The
changes were similar to those treated with protein when these antmals
showed simular symptoms

Ragan Have you done anything with leukotaxine?

Gersh No

Ragan There 15 a question about whether or not there is a turnover
of any speed, in connective tissue protein Sprinson and Rettenberg ( 10)
have done some work on carcass protein, and mn the rat its tuenover is
very slow, compared to the water-soluble protems ir liver and m arau-
lating serum protetns

Gersh 1 do not know exactly how the expeniments were done, but I
could present 4 posshility 1 which such a condition might be so If
one constders an aggregate at one stte, and one part of 1t 1s chopped off
and becomes smaller, it may be captured at another site, or it may go
mnto the blood, and become tncorporated locally at another stte  Then
some part there would break up and shove off somewhere else. In that
situatton, you do not have to have very much of 2 metabolic sheft.

Ragan The work was done with N15 in the rat, and the half-life of
the carcass protein was twenty-one days The half-life of serum pro-
tesns 1n the rat 1s much less than that. By analogy in man, most of the
protemn turnover could be accounted for by serum protems However,
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I suppose you can say that the protesns are 2 dynamic state and are
zowag m and ont of the tissues and into the serum all the time

Gersh: Now, as rate has come nto the picture, I should like to pomt
out that some of the expenmental findings take place wath surpnsing
rapicity In anaphylaxis the changes wete noted «n munates Marked
changes 1 bone took place, o5 were found 1n six hours, and mght have
occusred earlier  Changes i the ground substance of the liver took
place in three hours after partial hepatectomy Changes t she symphy-
st5 puckes weee found m stx houss, and could have occureed much eatlter

Holbrook. Is it your concept, Dr Gersh, that with Evans blue you
are measuring the depolymerszation of ground substance, and thereby
focating the particular area of connective tissue that may be affected
a given condition?

Gersh That 15 nght

Hill In anaphylactic shock with Tvans blue, was the middie coat of
the large attestes of the lung affected?

Gersfr In the nabbit

Hill 3 Ymay ndulge n dle specalation, 1 wonder it that 1s because
it 15 the site of the tase casorum m that mnscle We know that the
reactton m the different media may differ

Apropos of that, wt also strikes me that ta syphihs thes 15 the site m
the targer vessels of the location of spirocketes 1 wonder of there 15
any reiatton between the change of the connective tissue and the
lodging of the spirochete

Gersh 1t did nat tahe place in the guinea pig where the change was
1w a different place—around the bronchioles

Ragan Were there any changes in the rabbus’ fidneys, Dr Gersh?

Gersh 1did not laok at them

Mirsky $f ) understand you correctly, you ace proposing that diffes-
ent areas n the orgamsm with ssmilar cellular structure respond dif-
ferently to 2 humoraf agent How have you ehmuaated the possibiity
that the different parenchymal cells are responding to the hormone, and
mn turn affecting the ground substance?

Gersh 1 did not sag ¥ elimunated that, you hnow, ¥ was merely pro-
pasiag 20 alternative which seems more promising and sinpler In the
symphyss pubss these Is no pasenchyms, 30 to spesk  But it 55 smpos-
sible to deny, fram our work, that the effect mught be primardy on the
parenchymatous cells, and that the local connective tssue cells have
nothing to do with

Fremant-Smeh But they respond to the change

Gersh That 1s right 1t scemed sumpler. largely because of the re-
faxw expenyment, where pathologicat changes take place 1n connective
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tissue unrelated to epithelral structures and also because of the work on
the developing eye

Fremont-Smith* There 1s something that perhaps ties in here. I can
remember that the reactton of the stroma has been emphasized agam
and agamn m trymg to make the dragnosis of carcinoma, or of malig-
nancy In metastases, you have a connective tissue stroma espornse
which supports the blood vessels, thereby making st possible for matig-
nant cells to grow.

Gersh' We had thought of that as probably being the basis for
attention to connective tissue in the dagnosts of sections for malig-
nancy One would expect that there would be a softening of the con-
necttve tissue, and 2 breakdown and posstbly solution of the ground
substance Then after the usual fixation, little ground substance would
be detectable

Fremont-Sputh Is the change in the stroma of the metastasis spectf-
ically positioned there, as well as around the persphery of the meta-
stasts, which 15 appasently being prepared for the metastasts?

Gersh* The same change takes place but in the connective tissue
stroma, contiuous with the unorganized capsule of the transplanted
tumot.

Mrrsky Since we are permitted to fantasy all we wish here, how
would you explain your concept of specificity of responses 1 different
areas of the body to humoral agents, when, so far as your description
has gone, we are dealing with similar structares and strular com-
ponents® There has to be a difference to begin with

Gersh When one looks through the microscope at secttons of glands,
it 1s difficult for one to know whether that gland has been secreting
actively just before 1t was removed and fixed, or whether it was just
“resttng” without putting out much matersal, This 1s particularly true
of mucous secreting glands Something excessive 1s needed to show up
differences mn actrvity, Stmilarly 1n connective tissues, though the ceI!s
may look altke tt s posstble that their composition, thetr cytogenic
disposition, or sensitivity may be different

Mursky* Then the nference would be that actually we may be deal-
sng with structures in the connective tissue in dufferent areas sufficiently
different so that agent “A” will produce an effect in only one area of
the connective hissue and not in another, and sufficrently different so
that the reactivity, or the responstveness, is not the same

Gersh. Yes

Mirsky This concept may be important That idea could be put to
test in time, and if such an inference is established, 1t opensup 2 large
field which may lead to the understanding of the different responses to

nonspecific agents



Ground Subitance 31

Gyorgy 1 do not thunk 1t 15 necessary to assume different chemical
structures  Would 1t not be possible to asssme you have first 2 hor-
mone, Ihe selaxin? Relawa has. m the target organ, Some sobstance
with which 1t wall sntesact Through the mtetaction at this locaf place,
the connective tissue, hich has the same chemucal composition sn the
body, will react,

Mirsky You woutd have to have somethmng defferent w the symphy-
515 than you have i the lver

Gysrgy The connective tssue is the same

Fremont-Snuth You have gone back to the alternative proposal of
the hormone acting primatily on the parenchymatous celi, which 15 not
the proposal of Dr Gersh

Mirsky There are two possibshities  Inther o acts on the parenchy-
matous tissues which change, producng something that alters the
medm for the connective tissue, or the action 1s directly on the con-
nective tissues

Trarell What svould you regard as the parenchymatous cells in the
sympbysis pubis?

Gerth They are connective tissue cells

Tratell Then there ate no patenchymatous cells of the type that Dr
Mirsky 15 talkng about

Mirsky. Growth hormone affects the eptphyseal end of bone to a
greater degree than st does other structures

Gersh That was cited, also the ectopic formation of bone  Huggins
(11) was unable to snduce bone growth anywhere, except along the
mudline of the antersor abdomunal wall

Alersky The studses of Trotter, concesning the question. of why meta-
stases cannot occur 1 the central nervous system bear a direct refation-
stup to what you have proposed (12)

Angerme What do you mean "cannot ocour >

Atersky He made quite an 1ssue about certaim types of metastases not
occurting w1 the centeal nervous system

Hil What 1 your uﬁmmn about the tole of the fibroblast? Does st
produce this ground substance we ate tatking about, or does it secrete
an enzyme which acts upon i, or does 1t act as a2 reinforcement”

Gersh Beng sumple minded and not having access to sousces of
knowledge which are not available to anyone else, T nould say that the
connective tissue cells, not necessanly the fibroblasts, may produce the
grouad substance and are also mvalved in controlling s state af poly-
messzabion  Thus the same cell mught make, by remote control, 2
highly polymertzed matenal and rught also break i down

These are iastances w hustalogy of cells whuch, let us say, at one
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know Ground substance 1s probably secreted by the fibroblast.

Porzer. Does 1t have to change to a macrophage to do that?

Gersh: Not so far as I can see

Hal): May I discuss a few figures which I think are pertinent to the
discusston? In the West Indies, we have observed a lwver disease in
which the peak mcidence takes place mn children up to four years old
Our youngest case 15 four months, and the only etiological agent we
can find 15 2 low protein dret, .

In 25 per cent of our cases, there 15 a serous exudation between the
sinusords and the liver cell columns, also around the central lobular
vein Frgure 1 shows what we call a serous exudation

Figure 2 also shows serous exudation 1n another case, that of a
child about two years old, there 1s a deposition of eosinophulic coag-
ulum In Figure 3 can agamn be seen 2 setous exudation with a dep-
osttion of coagulum  ‘This 1s the third epssode showing the most recent

Hagen
FIGURE 3 Luver of child aged 1 year 3 moaths showing (a) collag:
cuffing of centrifobular vew from previous attack, and (b) serous

exudation from current attach Modified Mallory connective tissue
stain X 150
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Fiourk 4 Shows waxy hihe eossnophulic coagulum in the perisipwor-
dal space The coagalum gives all the tinctorsal reactions of collagen
H&EX &

frshurh hul 4

around the vew whese
an acellular fibrillar, coagulum

Figore 4 staned with H & E shows the siusoud, the flattened hver
<eft columns, aad 1a the p dal space an 1
which looks hke wax, and 1s not metachtomatic

Figure 5 15 2 section taken near Figure 4 The endothelial Itnung of
the stnusord 15 well shown  The coagulum stains as bliee blobs The
coagulum s not dissalved by trypsin, contans o cells or hemoglobm,
is not fibua, tinctorsally, but s an eosmophilic coagubum gving the
tnctorsaf reactions of collagen

Figure 6 ts anothes section tahen near Figure 4 and 15 stamed for
reticulin The reticuln fibers are broken and swollen aad stain black,
stuck to them are blobs of yellow-brown substance which 1 the coag-
ulum  Perhaps collagen was formed by the addition of new amno
acids, 1n the form of blobs, to these retwculin fibers already present
With Malloty's phosphotungstic aad stan the coagubum ¢ reddish-
brown, the same as collagen, aot bive Al of the pensinusowdal Abers
throughout the lobule have lttle reddish globules on them We
thoughe thes was an astefact but so Jeess From Tagland shep weore nat
present, 5o 1t may be somethung new

We have not yet solved whether thece ts a proliferztion of seticulin
fibers, ot whether there 15 a swelhing of reticulsn fibers an the pround

appeass as

(3
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FiGure 5 Sersal section of Figure 4, 16u deeper and stawned with
Malloty’s connecttve trssue stun  Note the blue staming coagulum i
the perisinusordal space  the sinusoid 1s clearly seen X 600
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FIGURE 6 Senal section of Fagure 5, 8u deepes and staimed with a
modificd Foot-Wijdes retsculin stun  the seticubin fibers are swolfen
and stamn black but the “blobs® of coagulum are golden yellow
color X 600
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FIGURE 7. Shows wide-spread deposition of eosmophilic coagulum
throughout the lobule 1n 2 lner of a child aged 3 years 3 months
H&E X 150

substance, to which protemn from the serous exudation becomes ad-
herent

When I went out to the West Indres erghteen months ago, I com-
plained to my technician, an excellent craftsman, that the shides were
badly stamed, and that there was something wrong with the collagen
stamng He said, “The collagen m Jamaica stains differently from that
1n England .

These children with liver disease are on a low protemn diet, and
develop “collagenosts” 1n their livers. After that, the fibroblast appears
with subsequent fibrosis It was as 1f concrete or collagen proten weee
poured i, and later resforced by iron bars—the fibroblasts This 15,
of course, theory

Figure 7 shows the typical lobe showing “collagenosts.” There are @
few cells, I will admut, since this has been going on for some time It
does not give the statns or teactions of hyalinosss, or scar tissue.
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Tioure 8 Liver of a child aged o yeass showang fbedlaey collagen
fsom prevsaus attach, and serous exudate from cugsent attack * Modihed
Mstlosy conective tssue X600

Fagure B shows a case with tepeated attacks There i5 an eosimophilic
cozgulum around g vessel This stained with Mallory s stan, has o
fibtillar structute, but as yet no fibroblasts have appeased It 15 possible
that the fibesllar arrangement 15 Jue to stress, we do not know

Figare 9 15 2 secuion of Liver from a child foue months old, glycogen
i3 heavily staned 1n the cells with the Hotchbuss stan  There 15 2
famntly stasning band of wavy fibals in the space of Dissé, —the pers-
stusodat space~with no cells This band of wavy collagen extends
from the portal ttiad smto the lobule

Subsequently fibroblasts will wvade and fbrosis will develop

Halbrook ¥ wouid ke to ask Dr Hill two questions on the matenat
he has presented His ampression was that these liver lesions were
related to 2 patticolar type of low protem intake, but not seen 1n other
wstances of protemn defierency  Fusst, I wonder whether he has found
this unusual collagen in the bvers of the population at latge, who do
not appear fo have this particular liver disease  Second, why may ths
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Ficure 9. Shaws & fibrdlacy band of eossnophilic coagulv:lm extendiag
from a portal trisd (lower left haod corner) into the [o_bul: du'g-

condtion not be due to the result of infectton, or some other extraneous
factor, 1nstead of low protein intake?

Hill We now examine the liver 1 all cases Fos instance, a case of
eclampsta showed this “collagenoss”™ i the lver A boy who was il
from some other cause—t was not Lver enlargement—showed the
samie sort of thing.

The economuc circumstances in Jamatca ate very poor, and we think
thes Liver condition comes from one economic class, where, for example,
a woman with four chsldren lives on 2 dollar a week, There is 2 very
low protemn ntake throughout the whole of Jamaica.

Fremont-Smith: What is the staple diet?

Hilf: Tor these childten, the pattern 15 white bread, com meal, green
bananas The actual protein intake of a child who is well fed in Jamaic2
contains 35 gm of protemn a day; our liver case will have 10 gm. 0{
protetn which 1s much below the standard—there is also Little anima
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proten  In ten cases 1 can think of, seven bad condensed mulk as the
only souzee of ammal protem

Holbrack: You think it does occur i the general population to sorme
extent?

Hill: 1 thisk so Wath regard to infection, out mvestigation 13, at this
moment, somewhat incomplete  However, regard to parasites, out
of 120 cases surveyed only four or five had parasites Kahns were pos-
stive only in three cases, sickle cells m one or two e cannot find
anything in the way of mfection ot z)arasxtes to explam this It does
run in families and we have hept intective hepatitis in mind, but hrs-
tologically thus is not the picture of infective hepatitis

Holbrook: Have you been able to produce any simifar type of “col-
{agenosis” expenmentally 1a ammals with any giees depree of protemn
starvation?

Hill: No, we have not done that. Ths has been descibed, more ot
tess, before, by Rossle (13} as serous hepatstis

MacLeod The disease descrsbed by the Gillmans was ascrrbed mam-
Iy to a low protesn diet too, was it not?

Hil Yes. When 1 first saw liver disease in Jamasca, of course, 1
immediately thought of “mfantle peitage,” the type of thing de-
scubed by Cealy Willtams {14) os the Gillman brothers (15) and
Altmann {16}, as Kwashworkot, i which fatty metamacphosts s pres-
ent in the Irver En one hundred and twenty czses, we have had only
fve cases with fally metamorphosts, and desprte thus, “collagenoasts™
was present

Angesines What 15 the statuy of curhosss in Jamaica® Is it any &+
ferent than anywhere else?

Hull There are seally no worth-while vital statsstics. Watedow (17)
i hus survey five years ago estimated that 10 per cent of the chuldren
he examined had enlarged hivers

Camphell Thers 15 one pornt T would bike to pursue a hittle further
You suggested, o1 you quoted your technician as daimung, that collagen
did not stasn as collagen i the West Indies Does that apply only to
the fiver lesion® Do you find any evidence, s these chdren, or i the
population 1a general, of atypical collagenoss i ather organs?

Tor mstance, what about the pancreas n these children, aptopos af
the Uganda work, whete pancreatic fibrosis was part of the pictuse,
z;ccr;img to Davies {18)? Did you find any evidence of collagenosis
there

Hdl The Jot burg work had hemoch
did st not?

Campbell Yes

m that senes,
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Hill. Regarding my technician’s statement, it was an ovet-all state-
ment referring to the whole body made a year and a half ago. 1am
only directing my attention to it now. .

Campbell. You do not see anything clear cut, though, i the formof
collagen disturbance in other organs?

Hill: Of course, we have postmortems, which unfortunately at this
time we have not worked up. 1 have had 2 look at the pancreas; and
only 1n one was there 2 fibrosis

T would like to have the opinion of the group as to whether or not
what { showed you 15 callagen, because 1 think it is, tinctorally, at least

Angerme: It seems that the first matertal you showed i fibrinoid
The smallec surrounding fibrils certanly have the appearance of col-

lagen

Hill: With regard to fibrinoid, this matersal does not give the tinc
tormal reactions of fibroid at all; it gives the yinctonial reactions O
collagen

Angerme 1 mean m the very earliest lesion, when 1t just showed
around the vascular spaces Later, it looked a luttle like collagen.

H:] When do you call st collagen? That was why I was questioning
Dr Gersh this morning Is the material in Figure 6 actually collagen
at that stage, or precollagen, or collagen protein, or what have you
“The fact that 1t was not fibrillar, which it does become eventually, does
ot rule out that it was not collagen protein

Fremont-Smuth Have you tried the Fbrinord stain on the earliest
leston?

Hll: No With regard to the reticulin fibers, we have not yet_dcflded
whether there 1s a proliferation of these, or whether there s just 2
swelling .

Angervime: Several people have mentioned silver staining Thl's pmb—
ably 15 pot a true stam at all, merely a precipitation of metallic fons &
a fiber The other stains we are talking about really become incor-
porated chemucally with the substance stamed When stiver 13 precip-
ttated on the surface of 2 material, 1t 1s difficult to say whether there 15
chemtcal afftnaty or not

Hill. There are two points that
swelling of the ground substance, Of is it poured out from
stream?

Porter You said it was acell
it There may have been some there before you

Hill- But 2 fibroblast does oot usually come an
a5 a hustologst, there are 00 fibroblasts. .

Porter+ The fibers are there before fibroblasts come ift.

Hill: What fibers?

occur. Ts this material Jerived from
the blood-

fular and that you saw 00 fibroblasts in
Jooked at it .
d go Inmy opinion
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Porserr What you ate calting collagen fibers

Hji This 15 2 coagulum  Sometumes you can see acellolar fibers, but

1 thuk that 1s a fater stage

Morrione About fifty years ago, there was talk of serous hepatitss,
and I believe 1t was Eppinges who theught that thus transudate was
transformed durectly mto collapen  We have snickered at that since,

4nd now we ate back to 1t agan

Ragan You are back about thity-five yeass, too, when Battsell (19)
was tatktag about collagen being laid down without fbroblasts bemng
present, and then Stearns (20) demonsteated that the fibroblast had to

be present before coliagen was 1aid dowss
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CHEMICAL MORPHOLOGY OF
ELASTIC FIBERS

ALBERT I LANSING
Department of Anstonry
7 athmgton Unirersity Schoal af Medweme

¥tk My discussion will tend to amplify the trend that developed
earbier, to the effect that elements appeanng similar m some respects
withun the body may actually vary esther mosphologrally or chemicatly

In segard to elastic tissue, the data that 1 will present will smdicate
that elastic fibers throughout the body are not the same motpholog-
wally nor the same chencally They do not stam the same way, ab-
though there may be a few common denomsnators throughout these
varous classes of elastic fbers

May 1 add, at thus tune, that the ouginal data that 1 will describe are
a product of my efforts and those of Dr Rosenthal, Br Dempsey, and
Dr Alex of our labotatory  If I make any sage comments, any sound
remarks, they are a product of this group, if I say anything foolish, it
15 Lansing only

1 should lske, 1€ § may, to turn the clock back to sumple morphotogy,
1o review the anatomy of some of the elastic components sliustrated by
the followmng figures.

Figure 10 shows a section of ligamentum nuchae from a hose This
section 13 2t 380 duameters and has been stamed by the Veshoeff tech-
mque T use this stam becavse it lends stself well to photography Itss
an rron-chlonde-hematoxyhin procedute, with todine differentiation giv-
ing a blue black efastic fiber One obtains the same resalt with orcein
and zesorain, but this 15 good for photography

A dense mat of uniform elastic fibers whuch make up Ugamensam
nuchae can be seen These 15 one that 1s faurly well ssojated These
fibees anastomose very freely Here and there, one can get the sug-
gestion of a branch  These fibers, of course, fave uo specific length:
they branch on and on, as do cardizc muscle fibers However, the
duamneter of the ligumentum aychae elastc fiber 15 quite constant, and
without attempting precision, these are between 4 and 5 mucra 1 di-
ameter They ate charactenstically thick heavy fibers

Tigure 11 15 a Veshoe!f stan of loose connectne tissue of a rat, and
here agam the elastic fibers are very dark and branch freely The di
ameters aze somewhat vatable, but nate now the difference in the char-
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HGURE 11, Loose consectine bissue spread of rat Verhoeff stam,
X 380

47
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acter of the fibers They are roughly 1 mucron 1n dumeter, whereas the
previous were 4 to 5 mucra As 2 matter of fact, some are even less than
1 sueron n diameter Morphologically, they are not comparable to the
previous fibers that we saw

Frgure 12 15 taken from the foot sole of an eldery indevidual. Ths
shows the distribution of elastic fibers deep m the dermus There ap-
pear to be two classes of elastic fibers present; some which are rather
coasse and branching, somewhat ke the elastic fibers that we saw
the loose connective tissue spread, and also a dense network of exceed-
mgly fine fibnls, which range down to the himit of visthilsty, probably
i the neighborhood of 02 micron 1 diameter. These are very shott,
branch freely, tend to form clumps, and sometimes are even pranular
n character

As mentioned a lnttle eatlser, the heavier fibers are n some respects
similar to the elastic fibers of the loose connective tissue spread. The
fine fibess represent anothes mosphologic vartant of the elastic fiber
pattesn.

con statm, X 200
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In Figate 13 1s dlusteated 2 hungted freld of the media of an aocte
This 15 a human acrta, which, s you can see, ss damaged through freez-
ing of the tissue  There are 2 number of artefacts throughout thus sec-
tion but the elastic tissue 15 welf presesved  The elastic elements exsst
25 dense plates clearly recogmzable i 2 longutudinal section which we
ordwardy thutk of as discrete elastic fibers

Actually, as you wall see m Figure 14, which is a frontal section—a
section cut paraflel to the Jumen of the vessel—we are deahng with
a dense mat of elastic fibess of different dlmcnsmns. wzr)m;: fram 7 oy
3 micra down to the fims of visibility 1t
holes and fenestrations that +
Tigure 15 will give a farely & it OF the acchitectuce
of the elastic fameliae that ordinarily ate mcossectly referred to as
elasne fibers.

This 15 taken from Dees’ paper in 1923; sHustrating at {east fwo and
possibly three elements n the clasuc lamellae  Fusst, there s a coarse

Tioure 13 Media of human aorta Verhoofl stan, X 386
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TIGURE 14 Frontal section of same block of aota as in Figure 13
Vechoeff stan, X 380
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TruRs 13 Archuteture of elastic limeflac F, fenestra, P, coarser
plexus of elasttc fibees spread and adherent upon M, the Fenesteated
membrane proper  Reprinted by permusstan from Does, M B Anar
Rec 26, 168 {1923}

netwoth of elastic fibess sumilar to that dlusteated n the preceding
section of human aorta It 15 a very coasse nietworh of hranchung elastic
fibers, not unlike those of skin, or even Jigawentsm wuibae of 2 te-
duced diameter.

Next there 15 2 very fine netwaork of fine fibrils, which take the elastic
star  These fibrils at feast 1o there dimenstons are very different from
those 1n the coarse network  According to Dees, the coarse network 5
apparently on one stde of the elastic lamellae, that proxmmal to the
mntima  In all the preparatsons I have seen thus far, that has beea the
case

So we have the coarse elastic fibers, the fine elastic Abers, and we
alsp have a peculiar matersal that I think is best charactenzed as @
matrx matersat upon which these fibess rest The elastic lamellae may
actually contain three elements, rather than one, cestamly at feast two,
if one combines the thick and thin fibers into one

These morphologic vanants of elastic matenial do not stan sntlarly
There are & number of sigmficant tnctossal vassatons which I will
summanze beefly (Table 1) The horse figamensum nuchae, the arte-
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TABLE I

Summary of Some Staining Charactersstics of Elastic Tissues

Dermal
Efastic
Tissue

Atteraal Loose
Stan ngzz\i}mentum Elastic Connective
uchae Tissue Tissue (Fluman
skin)
Vethoeft + ++ 4 ++
Resorain-fuchsin + ++ + +
Orcern + ++ + bue varuble
Nile blue sulphate ++ + * +
d, ixed red and
Congo red red i wyeiow | red | eow fbes
Schuff reagent — — —
Periodic acrd and . 1n peripheey
Schuff reageat + weak of che + wek +
tamellze
Mineral content
after micro- — — young * + vanable
ncneration ++ old
Osmec aad + wezk + weak * + weak
PRIl DI it e
young 1s dense
Victoesa blue blue, old 15 * +
famt blue
Sudan black 4 weak + wesk * +
ittt UV PR i SR PRl —_
Sudan IV — — P T
+ = postve reaction

trong positive reaction
ot tested
— = negative reaction

real elastic lamellae, the rat connective tissue spread, and t..he elas.nc
fibers of human skin, give the same general staining characteristics with

the Verhoeff procedure

Ustng tesorcun-fuchsin, we find that ligamentun nuchae stuns much
more lightly than connective tissue spreads or horse skin under compa-

rable conditions.
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Astersal elastic bissue has a mashed affnty for tesorom-fuchsin It
gaves & dense, two-plus teaction Symttardy, oxcem wall stan gamentum
nuchae, but sather weakly Elastic fibers of connectne tssue or skin
take #t, but agams, 1n shin, some fibers take the dye deeply, others take
st iphtly  In the elastic efements of artenies, elashic or muscular, there
generatly 15 & provounced afhmty for orcemn

If one tuens to the mineral content of elastic tissue, using micro-
maneration to characterize the presence or absence of mineral, we find
that, by and lasge, there s no mweral i Jigamentum: nzchae eltastic
fibers

1 have nat examimed mcmerated conaecteve tissue Horse skin does
contas vareble amounts of white ash that we assocate wath calavm
and/or magnesium  Attenal elastin may contan huge amounts of
calcum

1f one applies a leucotuchsin reagent, the so-called Schusf reagent, to
elastic fibers, there s unsform lack of stumng of elastic fibers when the
matertal ts formahn fived

Now, 1 da not wish to smply at thes tiune that that s 4 general phe-
nomenon  There may be cases sn which formalin fixed elastic tissue
may give a posttve coloration with Jeucofuchsin reagent  In the senes
1 have studsed, formaln fixed material i5 negatsve when the Schuff
reagent 55 applied

1f the elastic fibers ase oxdized, aither with penodic acd o other
oxudants, one then gets postuve coloration, a ted cofor 1n the elastic
fibers, but even then, after pesodic zard oxrdation, there 15 marked
vanabifity m the coloration of the vanous efasti tissues

For example, Ligamentum tuchae, after the perodic Schiff reagent
procedure, gives 3 weak reaction, by no means iatense  The artenal
clastin gives a positive coloration, but almost savanably around the
cortex, around the periphery of the elastic lamellae It 1s not a vaiform
coloration and suggests that the medulla 15 fairly negative and the
ostex posttive

The conpectrse tisswe spreads show a modenately strong coloration
with the pertodic acid Schiff reagent white shin elashic fibers yield re-
actions of varable intensity

With “osmucation  of efastic tissue, the lgamentun 2uchae gives a
fauly strang osmic reaction, the fibers tend to blacken  Artersal elastic
lametlae give a positive to weah coloration with ostmic acd Connective
tissue has not been done  The human shin, and horse shan, yields a
definste blackening of s elastic fibers with osmic aad  The same seies
of retations apply to Sudan blach and Sudan IV stamed eastre fibers

We have fiere 2 serses of tinctonal properties of elastic elements some
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of which show simtlanities and some of which show differences

If my pomnt 15 correct that elastic tissue varies throughout the body,
one should be mundful of the partrcular source of elastic tissue. Having
done that, I belteve one must also focus upon the age of the elastic
tissue un that particular site, because age influences the character of
elastic tissue I will develop this pont after a few moments

Twould like to support this view with chemtcal data and to introduce
these data I would like to shuft to discussian of the character of elastin

What do we mean by efastin® What 1s elastin? I think this 1s as
good 2 question as, what 15 elastic tissue? Usually, when we refer to
elastic tissue, we actually mean something that js quite sefractory to
most staning procedures but has an affinty for resoran-fuchsin, or
otcemn

Elastin 15 generally referred to as that which 15 left over when every-
thing else 1s hydrolyzed by dilute acid or alkalt Elastin is a remarkably
soluble matertal  Most of the methods for procusing elastn svolve
taking advantage of this profonnd tsolubibty; and one of the best
methods 1s the Lowry method, which, as you all know, involves hydro}
ysts of collagen and muscle, and the various proteins of the tissue, i
01 N sodmm hydroxide at slightly below boiling temperature (93° to
98° C ) for twenty minutes

Following this procedure we find that even at twenty minutes, we 40
not arrtve at a constant dry weight (Figure 16). We have plotted
the per cent of the initial dry weight against trme 1 munutes of hydmfi
ysts and find that a constant residual dry weight 15 not obtained untt
after thirty minutes of hydrolysis It appears that we may possibly have
contammnating materials present m the fraction that Lowry refers to 25
elastin  That this 1s the case can be determined by two drmensional
paper chromatography, taking advantage of the fact that elastin hﬂi 2
pecultar amino acid composition and contains essentially no m}; Z;
phane Tryptophane 15 present, I believe, 1n a concentration of a fe
hundredths of one per cent Collagen and many of the other t;:suc
protens are quite rich 10 tryptophane, so the presence of tryptopl 3::
at any pount would indicate contammnation of elastin, and inde e
twenty munutes one finds large amounts of tryptophane and many o}
amino acids not associated with elastin "

However, after hydrolysts for thirty or forty minutes, the amno a!cl:e
composttron of the restdual matenal or elastin s quite constant 1
humnan aorta The total amount of elastin m the media of the homan
20tta hovers between 42 and 43 per cent of the initial dry wmgdht )

‘The sigmsficant pont 1s that 1f we compare the amino aci t:or:l!}:y
sitions of samples of clasttn from young and old human aortas,
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Ficurt 16 Hydrolysis of media af human a0its sa 01N N2OH to
prepare elastin Note that plateau sn hydrolysis @3 not reached uatt
after 30-35 minutes heating at 939 C

are sigmficantly different Tables and HI amplify the pomt that 1
want to make

Here we have analytical data (by biosssay) of the amuno acids that
tmake up the bulk of elasti from young and senile zottas Agan, this
1s all human matenal  The ghane, the valine, proling, leucine and
nolevcine, are quite constant, but there s & strthang change m the
aspactic and glatamic acid contents of these two maternals  Aspattic
acsd 55 present 1n the young tn such smatl amounts, so that st ts not event
tecognizable by chromatography, whereas the sensle, st s present 35
a sery definste and postne spot  Other amuno acds, st may be noted,
also change with age

The esseatial point 15 that elastin from an old indmvadual 15 not the
same as elastin from a young one
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TABLE it

Table of Amino Aad Compositions of Various Llastns

Young * light' t Old “heasy'

Amwe Aad & Noper 100 g N £ N per 100 g N
Aspattic 038 11y
Glutame 183 301
Glyane 2630 2t 30
Prolne 1010 220
Lencine 452 £76
Isolevemne 210 233
Valine 1300 L se
Alamne 2318 21 58
Lysine 04y 17
Arginsne 178 131
Hustidine [2%) 075
Cystine 006 o1
Metheonne 006 035
Phenglalanine 173 197
Tyrosme T4 76
Teyptaphan 006 e
Serine o429 oo
Threomne ads { 113
Amide N 290 286
Torad 90 83 i 9017

*Seprineed by perssion from Lavsog, A 1,2 4t Prac Sor Exper Biol ~ Mid 78, “14
on

Thus preparation comamed 1 14 per ceat aluumn and 169 pir vent miteogen
$This frcparation comisiied 4 39 pee cent calum 3nd 42 § per cent fuceagea

Misky Do you hydsolyze the praduct by some other procedure of
your alhaltne hydeofysts?

Lansing Yes

Marsky You do an acid hydrolysss after that?

Lansing: 1t 1s about the only way we could get at it

Tremont-Smuth Do you use comparable sepments of zorta in the
joung and old”

Lansing Yes

Fremont-Spuath In the old, were you able to use relatnely normal
looking parts of the aorta, or did you use sostic blacks #

Lausing The fiest samples we ran by chromatogeaphy weee without
regard to the condition of the mtema, so that partculerly wak paper
chromatography one may bring up the matter of artenosclerotic lesions
which do vary with age However, m the later snalysis, partcatadly m
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the broassays, we were careful to select the materal to avod ather-
omata

Incidentally, the age changes sn elastic tissue occur independently of
the condition of the mtima There 15 progressive calafication of the
elastic tissue with age, whether or not there is atheromatos:s

Talbots: Any sigmificant difterence between the site at the asch m
contrast to the descending aorta?

Lansing: We have not done that (as regards amino acid composi-
tion) However, 1f we can use the appearance of and the degree of
calcification of the elastic tissue as a measure of the amino acid pattem
the answer would be yes The abdominal aorta shows a more profound
degree of age alteration of elastic tissue; there is more fraymg and
fragmentation of the elastic lamellae and more calcification than
the thoracic aorta

Talbott Go out into any of the peripheral vessels?

Lansing. Yes

Talbon: Is that still different?

Lansing: Yes, indeed

1 had not iatended to talk about arteriosclerotic lesions but wil
breefly review some of our observations on elasttc tissue changes and
their relation to arteriosclerosis,

In a typrcally youthful aosta, the endothelmum 1s fairly well plastered
down on the internal elastica, which s clearly recognizable There ate
a vanable number of elastic lamellae, up to eighty, quite mtact, flat
plates which stam very densely Thete are no extenswons at all from
these elastic lamellae, and an external elastica 15 not recognizable

With the passage of time, there 15 progressive breakdown of these
plates of elastic tissue, so that one recognizes, let us say, 1o the theety-
year-old aorta, small tabs of elastic tissue extending from the elastic
lamellae n varons directions  As thes age dependent fraymg and frag-
mentation of the elastic lamellae progresses, there 15 also granulatmn,
so one finds 1 the aorta of the forty or fifty-year-old indrvidual, gran-
ules 11 broken up portions of elastic tissue, This altered elastic tssue
differs from the elasttc matenal i young lamellae, in that it has 2
profound affinity for calcum . il

Old elastic tissue s microsncneration and ppon direct chfmlCﬂ
analysis, shows massive deposition of calcum  This will occur in the
abdominal aorta before 1t occurs i the thoracic aorta The pHJH}OHafY
artery will rarely show this mineralization, and when it does, 1t is usﬁ'
ally assoctated with mutral stenosis, or other pulmonary hypeffms‘ol

The same sttuation, ot 2 similar one, obtamns 1n the muscular vessel 5:
such as the coronary The young coronary, to descnbe. the murphci"c%)
briefly, has an endothelmm plastered down on the internal elastica.
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There 1s no elashic tissue present w the media of the mfantte coronary
astesy  There 15 2550 present an external elastica which, 1 some cases.
will be multipe That varies quite a bt There 15 a total lack of elastic
clements in ¥his medsa ‘The wner elastica 55 mntact

Ir the twenty-year-old sndrvidual, and with the passape of tume there-
after, thete 1s progressive fragmentation of the elastic tissue mn the
elastica mrerna Seaall tags will extend down nto the media, and the
older the vessel, the preater the accumulation of thes type of elastic tis-
sue, which mimeralszes, and later aggregates | think the fragmented,
calafied elastic tssue may gne se to the calerfic bodies that are re-
fessed to as Monckeberg's sclerosss in the arteries of the extremities

Bat the pant 15 that the sende type of elastic tissue, that which 15
composed of fine fibnis that are frayed and fragmented, that appear
granular—that bave an affnty for calowm—are different from the
elastic fibers that we find 11 the elastic lamellae of edther the muscular
or the elastic arteries of youth

Thus old type of elastic fiber has a more profound afiauty for resorusn
or orcen It has, of course, lasge amounts of calcium m it 1 think §
can best summassze the differences between young and old elastic tissue
1£1 go to the next Figure

MacLeod. May ¥ snquire how the other 33 per ceat of the amno
ands behaved ?

Lansng* We can accovnt for 91 per cent of the mtrogen threontne,
senne, tryptophane 15 006 per cent, tyrostne, @25 per cent, pheny b
alanme, ¥ 7 per cent, methiomine, 0 06 per cent, cystine, € 06 per cent~—
do you want me to go and give you the whole fist?

MarLeod 1would hike to hear st

Lansmg  Hstubine, 015 per cent, argimne, 178 per cent, feuctne,
049 per cent, ssoleucine—1 thunk that does it

The amids rutrogen 15 29 per cent  Hydrovyprolise was agt s
chuded 1 the tabie as published here It cuns almost 2 per cent

Ragan How about prolmne?

Lansmg Yt 1s a majar compovent It runs 10 per cent It vanes be-
tneen 8 5 to 10 per cent

Mirsky - Only two amuno acids vary with age?

Lansing: 1 was ‘fudging 2 futle bit on that figure  Acteally, there
ace some vanatsons—theeonme, for example, goes from 665 per cent
to 11 per cont

Aersky Is that signsficant i your 2cid analysis

Lansing  Yes, that 1s sigruficant  But the iteresting aspect of the 1o-
<rease of the aspartic and glutamic acid is that st might account for the
affindty of cataum that 15 recogntzable 1o aging elastic tissue

Angersme What s the relative ponition of collagen m these artenes?
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Lansing: The elastic tissue makes up 43 to 45 per cent of the diy
weight of the media of the vessel I say media, because we stup and
discard both the sntima and adventitia I dare say that the collagen on
a rough guess—would be about 15 or 20 per cent of the dry weight
That 1s generous, 1f we allow for the muscle, which 1s a major com-
ponent of the media

Bennett> What 1s the configuration of the elastic fibrils n these ves-
sels? Are these fibrls cylindrical? Are they round in cross-sectionat
view, or are they flat plates?

Lansing: The plates or the fibers?

Bennett, The fibers 1n the muscular vessels that you have talked
about

Lansing: You mean withun the elastic lamellae, or outside of 1t?

Bennetr Outside of the elastic lamellae.

Lansing. You mean the frayed—

Bennett: The branching

Lansing: They ate exceedingly fine—almost entirely of the order of
magnitude of one-half micron 1n diameter. They are cylinducal, but
are so small that it 1s difficult to get an accurate impression of the cross
section I will come back to the architecture of the fibers later.

Dempsey They are definttely not plates, though They are not
lamellae 5

Bennets You are coming back to the morphology of the elastic fiber

Lansing Yes, indeed I was trying to get over some of the general-
ittes that elasttc tissue vartes throughout the body, that within 2 gw;n
place it varies as a function of age Table IV gives a summary of the
variattons with age n arterial elastin

This Table outlines some of the propertses of young and old human

arternal (aorta) elastin  In the young the elastic ﬁl:ers 'con““t:rf

1ave
Sers

in'the yo;mg individual are yellow They are, however, yellowdm Ihf
old indtvidual, and are also Frayed, fragmented, thin strands and gran
ules of elastic staintng matersal; they tend to form clumps fer 1o
Mirsky: T must mterrupt you. By “senile,” what age do you refer o,
because I am very sensstive on that subject?
Lansing The sende type of elastic fiber can
over the age of twenty However, 1t 1s present #
cousse, mgvery smalltyquanmles The tl;lder the dividual, the
the concentratton of this aberrant type of elastic tissue. eve 1t 5
Mirsky Since we ate all concerned with semantics, I believe n
1ncorrect to use the term “sentle” when referning to this phenomena.

exist int any indrvidual
n such an individual, ©
greater
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TABLL IV
Resume’ of Some Properties of Humaa Artesial Efastin
Youag Senife
Straight, anastomosng Teayed, fragmented, thin
Physieaj thready or rbbons steands 2ad graaules.
appeasance | Glisteing, refractle, Tend to cump, yelfow,
watet-clear dutl
1 Not stasned by hema- 1 Take up hemutoxylm
toxyln
2 Red color with Congo 2 Yellow orange with
Tiactarnat Red Congo Red
3 Resoram fuchsin, orcemn, | 3 Stany more densely mith
“Van Guesen* positine resorcn, ete
1 Muneral free 1 Severely mineralized
Contains as much as
o 14% claum
2 Phasphorus-free 2 Large amounts of
Chermcal phosphorus
3 Amino Auds 3 Aminc Acds
a) trsce of aspastic aad a) appreciable amaunts
b) 16 ghutumic acd of aspattic acid
b) 4% glutarmic acd
Dy ssolated elastin, has Dry ssolated elastar, has
speuic gravity less than spectfic gravity geeater
Physical 130 than 1 30

Lansing 1 2m quite willing to delete the wonl

Mirsky
about senubity

Besides, you must remember my emotional myvolvement

Lansmg, 1 feel very strongly that senylity begns mruch earhier than is
generally accepted
Mirsky ¥will agree as Jong as you are willing to say it stasts at busth

Laniong. § do not go back that far, I'm sorry T do not want to get
o the problem of aging

In regard to the tinctoral dharaciensties of young and ofd efastin,
the young fibers are aot stamed by hematoxyhin, whesess the oid tpe
of elastic fiber does take up hematoxy b or other basic statns 1 vanable
4mounts  This observation may clardy some of the vanable statements
that one finds in the hterature concerning basophtisa of elastic frbers

Young elastic fibers stawn red with Congo Red, whereas the old type
of elastic fiber, the frayed and fragmented type, stams a yedlow, or a
yeltow-orange cotor
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With resorcin-fuchsin o orcetn, there is an mncreased density of stain-
ng with advancing age.

The young elastic fiber 1s muneral free, whereas the old type 1s severe-
ly muneralized and contamns as much as 14 per cent calcium on a dry
weight basts  This 15 a very marked calcification but does not constitute
a concretion, that 1s, the tissue 1s stdl pliable and not readily fractured

The young is phosphorous free, whereas the old contains large
amounts of phosphorous, presumably tn a proportion that mught yield
a calctum phosphate crystal of the apatite vanety

Gersh' How did you get the 14 per cent figure?

Lansing. By durect analysss and on a dry weight basss

Gersh  Did yon get any ash 10 the elastic residue of young vessels?

Lansing None at all. The data indicate that the young fibets are
miuneral free Ths 1s direct chemtcal analysss.

Hill: You think that calaum 15 within the fiber, or 15 1t a preapita:
ton or absorption on the outsede?

Lansmg: 1 believe 1t 15 both. We cestainly cannot account for all of
the calerum present 10 old elastic fibers on the basis of the small -
crease n aspartic and glutanuc acds  That simply will not do T sus-
pect that what probably happens 15 a primary linkage of calau to
aspartic and glutamic acids  ‘The bound calcrum then may combine
with 2 phosphate group which, in turn, combines with a calcwm ion,
etc, thus setting up a long apatite charn  Most of the calcium 1s an m-
crustation on the elastic fiber .

Gersh. Ts it possible that i the preparation some of the matesial
might be washed out from the young elastin, but not 1n the older spect-
mens?

Lanstng: Having checked thts i micro-incineration, using 2 great
vanety of fixing procedures, including freezing-drying, and having
watched the chemical procedures rather carefully, 1 would say alﬂ}“f‘
categorically that 1t 1s absent i the young It just is not there This is
not an onginal observation and 1s faurly well documented in the [itera-
ture Normal, young elastic fibers do not contan muneral

dAngevie: Do not these differences in tinctona! qualities bet\v§fﬂ
the old and young fibers help us to clatify our discusion of this mumlr;g
relattve to the differences 1n collagen fibnls? We are now t.alkmg Oﬂ?’
of one type of tissue, yet find 2 great difference 1 the staming quaht)!:
whereas that 15 exactly what was poited out in relatton to the fine co!
lagen fibrls and the large fibers of different ages ¢

T think that would be supportive evidence, m view of .that stat'tmf"‘7€

Hartrofs: Could not some of the dufferences in tinctorial reactions
based on the absence of calcium depostts on the fibers? pis pat

Lapsmg 1 thought of that as soon as we began to uncavel this p:
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teen, and so we studred decalcified sections of aostas and other vessels
Cunously enough, the differences i tinctoriat reactions persist after de-
<alafication. The increased basophitia is not a function of the presence
of calcrum,

Lastly, thece 15 a difference mn spectfic gravsty, which probably ss 2
fanction of the calcum  When ane ssolates young elastin and grinds
1t up to 2 very fine powder and suspends 1t in sucrose of specific gravaty,
1.30, that efastin will float, v.hereas similarly prepared elastin from an
olfde: indwidual will settle rather rapidly m sugar ot a specific gravity
of 130,

This may well be 2 tunction of the presence of caleram, but at Jeast
one can wsolate these two types of elastic tissue, and, m 1solating the
young type of elastic fiber trom the old, refine the age differences m
amino acid composition

But, agam, 1 would like to comment very briefly upon our definstion
of elastin I think we will agree that all procedures for prepanng
elasty assume that elastsn (s what 15 left over when evenything clse 1s
digested This fractionation may be pleshed by using difute alkah
araad Let us, for example, examne the publications of Gross, from
MIT on alngtvan m memg aeme o <t © £l 25w b org 1 dee pethn 12

i a

IR PP S T
then assumes 15 elastin Yon will recall that 1 the matenial he studeed
1 the electron mucroscope betote and after trypsin digestion

We have attempted to repeat at least some tacets ot hus work, not so
much the electron miccoscopy, but the preparation of elastin and the
acton of enzymes on elastin We toak elastic hssue from the medu
of the gorta, and checked the dry wetghts and composition of the ma-
termal before and after 1 per cent acetic acd hydrofysis for one hour
After that one-hour hydsolysis, we wound up with 93 7 pec cent of the
starting matersal  In other words, erther there 1s almost 94 per cent
elastin in the sorts, or else there 15 sncomplete hydreolysis of the tssue

1 one then applies 2 sodum hydroxide hydrohysis to that same ma-
terul, the sesidual dry weight drops to 42 3 per cent This figore 15 a
reproducible value as 15 also ats ammo sad composstion

What 1 am daving at s gbvious; I do not believe Gross had elastic
tissue when he was domg bis electron mucroscopy two years ago

Porter He kuows that aow, too.

AMacLeod. After jou extract the aorta, for example, with alkal and
heat, does the elastin marntam sts tinctotial qualities”

Lansing. Amazngly so The sedwum hydroxide extraction in no way
intetferes with the affnuty for the Verhaell. resorcn-fuchsin or oscemn
reagents
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Figure 17 15 a plate from Gross’ paper 1n the Journal of Gerontology
(1), the ortgmal one a year and a half ago, showmg the cotling of
elastic fibers 1n the electton microscope. I want to call your attention
here to the Gross prepatations of elastic tissue that are in the upper
figures, to which Gross does not call attention. '

Note the suggestion of a twisting of these two major bundfes of
elastic elements 1n both of these preparations, just a suggestion of twist-
mg there

The essentral pomt that Gross made was that after exposure of erude
preparattons of elastin to Armour’s trypsin, he was able to chatacterize
i the electron microscope a cotled fibnl which was trypsin reststant
He postulated that the elastic fiber 1s composed of a trypsu-digestible
matrix, and a trypsin-reststant fibnl

Thus, of course, has been under attack recently, most recently, by
Franchi and de Robertss whose tllustration I have reproduced in Figure
18 (2) Gross’ work, was essentually repeated with and without trypsin
digestion, and with sterilized trypsin and unstenlized trypsin Ap
parently 1 the unfiltered trypsin, the unstenlized, one gets the foe
fibrdls that Gross described  (See Figure 18).

In sterile trypsin, shown mn Figure 19, there ate no fibals, and, Lastly,
trypsin alone, which 1s bacterrally contaminated, shows the fibrls Fran-
cht and de Robertss concluded that Gross was mustaken in hs otigias!
observatton

The picture, however, may be even mare complex than already m-
dicated  In Figure 20 can be seen helically-corled fibnls of the cofrect
dimensions which were made 2 v2¢ro from calctum soaps It ss entirely
possible that i the bactenally contammnated specimens, calcum s03ps
existed, both for Francht and de Robertts, and also for Gross

T noticed a few 1ssues back in the Jowsnal of Bacterrology, that after
bacteria are exposed to phage, helwcally-coiled fibrls are recognizable
m the electron microscope, and they are, as 2 matter of fact, almost
1dentrcal with the helically-corled fibnls of elastic tissue

Porter- 1 seem to recall that some hacterta have flagellae which coll
1 this fashton when they are isolated from the cells  Possibly, that 3
what they were looking at

Lansing: I bung this up only to indicate that
what one calls elastin, and also that the concept ¢!
elastic fiber 1s 2 bit shaken at the present time It
that elastic tissue 15 digested by trypsin, We are using
trypsin from Armour and find literally nio hydrolysis, no action upon
pure elastin  Trypstn does not act upon the elastic fiber.

Ragan Is that generally accepted?

Lansng 1 do not know whether 1t 1s accepted, but us

one has to be catfsd
£ a dual system m the
does not seem likely
recryskalhzcd

ing every £YpE
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TiGURE 17 Helical cailing in elastic fibers  Reprinted by permission
from Gross, ] | Gerontal 5, 343 {1930)




66

Connectire Ttssnes

Ticure 18 Electron mucrograph of elastic fibers indicating }:ffeétsh(;f
bactenial contamination Repriated by permission from Fmr}; 1.19”),
and De Robertis, E Proc Sec Exper Brol & Med 76,5 {
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Figure 19 Electron micrograph of elastic fibers mdicating effects of

bacterual Reprunted by p feom I'rancht, C M,
and De Robertis, E Proc Soc Exper Brol & Med 76, 515 (1951)
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Alirsky What about pepsin?

Lansing  No reaction whatsoever

The difficulty now 1s to rationalize our observations, which I stated
rather categorically, with the generally accepted view that elastic fibers

are slowly digested by trypsin [ belreve it 1s a function of the punty of
the enzyme
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Last year, 1n the Brochemizal Journal, Balé and Banga (6), two
Hunganaas, described an enzyme that they called elastase. It was pro-
cured from crude pancreatin by a very stmple saltmg-out procedure
Elastase 1s quite separable from trypsin by salting out, as a matter of
fact, in ammonmm sulphate

This enzyme has the pecultar property of directly and zppn:ently
specifically attacking elastic fibers ~Balé and Banga report that it 15 not
an hydrolysts, because this enzyme, in caustag the dissolution of elastic
fibers, did not cause the release of peptides or amino acids. They con-
cluded that elastase converted a fibrous protein 1to 2 globular and
soluble protetn

We, of course, tmmedsately went after this enzyme, 2 "
found that 1t did quite what the authors claimed it did  Both histologi-
cally, and histochemically, and also analytically, we were able to con-
fitm their observations . B

Thes enzyme, as 1 said, 1s a product of crude paricreatin, which also is
very rich m trypsin If one takes commercial trypsin, or the usual rez-
gent grade trypstn that 1s generally available to most Iaboratories, ot

prepaced it, and
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finds that upon salfing-out of that matenal, one can get a measure of
“elastolytic’” actsvsty from that trypun specunen

My guess 15 that 1n most previous work with trypsin, the trypsin was
contammnated with 2 measure of tlastase  This ys reatly 2 fabulous
enzyme It 1s quite 2 bit of fun to play with

WWe have begun to probe the chemustey of the solubstized elastic

fibers Upon exposure to the enzyme for thicty muutes at room tempes-
atute of artersal elastin, or elastin from many soueces, the elastin disap-
pears entirely, and one gets a relatively clear sofution that 15 somew hat
opalescent  We have examuned this clear fraction by electron mucros-
copy with mconclusive resuls The latter may well be a function of
ous mexpertence with electron microscopy  We are not able to recog-
nize definate fibuts

An interesting chemical feature of thus “solubdized” material s that
as the elastic fibers ate digested by elastase, theee 55 the appearance of a
csreamy Fractton which nses m the tubes spontaneously, or which can be
accelerated ¢ petatty by ¢ fug; Thes material reacts 1n many
nays bike 2 Bipid, it takes up Mile blue sulfate and Sudan black, and
under the microscope Jooks like little fat droplets Upon recent chem-
1wcal analysis—bwe days ago, as a matter of fact—-Dr Robbens was able
to recognize sphingo lipsds and other lipuds m smatl amounts

Thes, ¥ thunk, ss partaculacly interesting, because 1 the prepasation
of elastin, the tissue 15 at feast partally defatted  The defatting pro-
cedure imotves refluxing for one hour 1 acctone followed by refluxing
sn methyl alcohol, for one hour  After ths defatting procedure, vhxh
totals two hours, the tissue then stands for forty-fve minutes n O 1
nognal sodiwm hydroxsde at 98 C, which would certaly give some
measuse of sapomfication

After these thsee procedures, 2 {atty component of the elastic iber
wan stdl be determined T cannot concerve of this as a contamnant
The lipd fraction witl probably total somewhat less than 0 1 per cent
of the total dry weight of the elastic fiber

The presence of a small amauat of fatty materal may account for
the {act that the elastee fiber has an affuty for osmuc aad 1 do not
know 1t may account for the affinsty for Sudan black  That 1s enough
suppostion But it 58 sather mntetesting that & now appears that there
15 2 fatty component to the elastic fiber

Grorg) Have you tned petrol ethes for extrzctuon ?

Lanung We are now using much more ngorous fat extractian to see
whether we wan temos e the fat entirely But more interestng than that,
1 would Bke to do clastin preparation without any fat extraction |
wonder how much of a naturally ocournng ipid s bewg remosed by
our procedure, so ¥ would Iihe 1o zo after fresh elastic fibers digested
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with this new enzyme It 15 a crude enzyme, but still used in very small
quantities There 15 no reason to believe that the fat 15 being added
with the enzyme

Hill: Have you tried it on collagen?

Lansmg- No We are now begtnamng to study the reaction of elastase
on tissues other than elastic, but that 1s 1 tts early stages yet; there s
surprisingly hittle action—

MacLeod" Ts the dissolutton, let us say, of the elastic fibril caused by
proteolysts?

Lansing. We do not know anything about the enzyme, except that it
puts the elastic fiber 1n solution, and m domng so does not telease amino
acids or peptides -

MacLeod Or an increase 1n free amino mtrogen?

Mzrsky: In other words, sometimes 1t 1s an intact protein

Lansing* Yes Curiously enough, a similar result can be obtamed
using quarter normal oxalic aad over a pertod of four to five hours

Gyorgy. With heat, boding?

Lansmg' Yes, with boing It 15 a prolonged procedure, but gradu-
ally the elasttc fibers give way and go 1nto solution

Dempsey The oxalic acid procedure has also a much more damaging
effect on other protemns than this enzyme does, We do not like 1t be-
cause 1t 15 not good on secttons, whereas the elastolytic enzyme will
digest away the elastic fibers 1 tissue sections and leave the other tis-
sues ap| arently untouched N 5

AMirsky And leave 2 relatively pure preparation of elastin thereby?

Gyorgy. Any difference between the juvenile and senile?”

Lansing We have not yet had time to study that

Gyorgy Do you use old or young? dold

Lansing: 1 have taken secttons of elastic fibers from young an fohv
and there 15 2 suggestion of 2 difference i rate of dlSSOl}lthﬂ of the
elasttc fibers [ do not have enough data to be certan of this R

Maegraith Does the hydrolysis of the elastin give the same results )

Lansing: You mean the quarter normal oxalic acrd® We have r:s
peated that only once to make sure that st did wotk, The pwff“{; :E
described by Adair (7) 1n the last sssue of Natare does wor s
elastic fibers go mto solution, and the resulting solution resembies
a crude way the materal that 1s obtamned with elastase. .

Holbrook However, you do not know whether it behaves the sn:n s
through your various attempts to hydrolyze 1t or otherwise changf n:cn!

Lansimg We cannot say  However, after thg oxalic acd "matc zﬂ
which 1s really a weak hydrolysts of the elas.tm. one can sepn:n o
apparently fatty layer from the dissolved elastin by an increase e
perature over 25° C Below 25° C, the matertal 15 homogenous,
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35 you go above 25°, a creamy fraction separates and sises to the top
In a sough way this resembles the fraction that we obtan with the
enzyme.

Gersh Is 1t viscous?

Lansung Not apparently Adair sefesred to a matersal of moleqular
wesght in the neighborhood of 80,000 They describe vexy hittle differ-
ence between the two fractions that are obtawmed upon heat separation
1t 15 curious that the rate of migration 1 the electrophoretic field 1s the
same for both fractsons—this 15 something which I do not understand
1t may be that the ebectrophoretsc rate 1s the function of a protern, and
the hpid 1s nert But that s rathes confusing 1 do not know what to
make of st

Hudl: Dud you say tius acted on the elastin that had the high calaum
content, 100, the older?

Lansmg: The enzyme does, yes  The oxalic aad proceduse, I do not

0w

Gyorgy Dot the enzyme acts on the young one oo

Lansmg Young and old It draws no distnction, except perhaps
rate ‘There 1s some suggestion of a difference i rate

Mersky Draes the amuna zad compostion teman the same, terespec
tive of whether you use the elastinase or oxalic hydrolysis?

Lansing: We have not cheched that

Alirsky You ase at least dealing with a purer component

Lausmg We will bave to punfy the enzyme 3 bit further and char-
acterize the enzyme so that we know what we are putting nto the
xture

Alarsky 1am worrymng about atkalme hydrolysis playing a role some-
haw w your subsequent hydcolysts of the proten £rom which you derve
yaur amng acd

Lansing One would thinh that the 0 AN sodwum hydrossde extrac-
tion for forty-five munutes at 98 C would markedly damage the elastic
fibees, but when dned elastin prepared in this manaer 15 soaked m
water for a long time, or in concentrated actic acd for a short time,
these appear under the mucroscope beautiful efastic fibers that are

morphologially sdentical with what we are accustomed to sceng 1
fresh tissue sectons

Gersh What if they were pulled or stretched?

Lanstg They are elastsc

Dempsey  As they stretch, they become breefringent, just as the
natve clastic hbers do

Ragan Did Aser er af . (3) isolate their elastin i this manner be
fore it was treated wath formic acd? They treated the materead witt
85 per cont formic aud and showed that i the clectson muroscape they
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could see lengthened and stretched elastic fibers which on neutral-
1zatton 2gawn became amorphous

Dempsey, That was the elastin procedure

Mirsky Of course, 1t would be important to determine whether the
soluble materral s identtcal with what you have been getting as elastin,
mn terms of ammno acid composition

Lansing: It cettanly will be done  That really is all I can say about
the chemstry of the elastic fiber after exposure to elastase [ would
like to spend just a few mnutes outlining the internal morphology of
elastic fibers after exposure to the enzyme

For purposes of orientation T will outline the action of elastase to
facilitate intetpretation of the illustrations to follow.

As one watches the action of elastase under the microscope (elastc
fibers from vatious sources have been used but for purposes of llus-
tration Jigamentam nuchae will be described), there 13 progressive
pitting, eroswon of the surface of the fiber, which progresses very
rapidly This 15 apparent in five munutes at room temperature. In
about ten to fifteen munutes, one sees a dimpling of the entire surface
and finally, after twenty minutes, it appears as 1f the elastic fiber is
made up of a pair of corled fibrils, which still have an affinty for elastic
stams
As the enzymatic action progresses, these two coled fibnls tend to
move apart rather jerkily, as if under tension. Finally, one winds ug
with two separate fibers of reduced dinenstons which then procee
agamn to undergo localized digestion, and each of these again appw;
to be made up of a pair of heltcally codled fibrils, The pestodicity of
the helix 1s difficult to photograph, because 1t mvolves three dxmeni
stons When these finally come apart, there 1s agam an unravelling ol
a pair of heltcally-cosled fibrils, this continues until one can no longer
see the fibers in the light microscope

The Figures that Igwdl show wJ:ﬂ not do too good a job ?f d"”;}‘:l”n'
strating the helices They will illustrate longitudinal orientation w1 "
elastic fibers, Whether they are from the Jigamentum nuchae, me:)hc
nective tissue spreads  There will be a suggestion here and there o e
helix Better photomicrographs will be needed to demonstrlaze e
morphology more clearly. In any event, there is longrtudina dor
tation withi the elastic fibers which appear to be belscally-coile: "

Two sections of human skin stamed by the Verhoeff P“’“dure.é:e
shown 1n Figure 21, A 1s a control and B shows elastase digested e
control section shows the distribution of the elastic fibers, khehcoe :
fibers ate deep in the dermys, the fine ones are just benea’th ‘l;:ostpz
dermes  After thurty munutes’ exposure to elastase, th{:re is az atter
complete dissolution of the elastic elements 1n the dermis. As
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A

Fousr 21 A Human foot sole wcubated in carbonate bufler  Ver-
hoeff stass, X 100 B Same a5 21A but digested with elastase Nate
abseace of elastic tissue

of fact, one can see the negative smages here and there of the elastic
fibers

The epid 15 delib ;
elements that mught be preseat

Thus, agasm, shows how lattle action there 13 by elastase upon tissue
components other than elastic fibers One can recognaze mucler, the
epidermal cells here and there can be seen sather clearly

Tagure 22A sthusteates lagamentum nuvhae that has been exposed to
the enzyme These 15 2 shost fragment of the fiber which s faurly intact
It tahes up the stan very heavily There 15 a small fragment, about half
the diameter of an intact fiber, and 1 another part of the field we see
that the fiber 15 reduced m damerer It 15 unravelling at one posnt into
two, and at another nto four, with one arm that 1s out of focus

There 15 just a suggestion of periodscity that unfortunately ss dif-
heult to see  Figure 22B shows a fow mosphologsc vanations This was
a targe mass of elastic fibers of ligamentam nuchae and hete agam we
have a sugpestion of the corled structure sefl prosest i chis fiber, wiich -
has already dvaded 10 two Unravelling at one end of ghe clastic fiber < »
is appazmt L B

Hastroft At what magnification wese these photomscrogsaphs takend

1 to preserve any elastc
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FIGURE 22 Elistic fibers of ligamentum nuchae digested by elastase
X 280, resotcin-fuchsin stain
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Lanung. Two hundred and eighty dameters In Iigure 22C ths
digested fiber 1 the ougnal photomucrograph looks lake a perfect
helix. Another t Tigure 221 also seems to show a hefix These ss an
obvious fongitudinal onientation s almost ail of these fibers—another
15 gust begmmng to spitt

Gersh: What are the dinenstons of these as compared to those which
Gross showed?

Lansng His electson microscapy 13 at a very different order of mag-
nitude  He 1s working at a few hundredths of 2 mucron, whereas here
we are working at 2 10 S mucra

Gersh Could 3t be that he has the fifth generation of this, or the
teath?

Lansieg. Y 15 quite possble That 8 why 1 ancluded references 1o
electron mucroscopy of calewm soaps  We know that there is calcwm
present in many elastic fbers There aze also ndications that hipids ace
present Just &s a sugpestion, it may be that the procedure that be used
gave nse to & helcally-cosled fbstl as 2 result of the presence of the
calem and the fatry matenals It s 2 possibiliy It certamly would
be a remarkable comncidente to have 2 helical colling here i the fight
microseope and enturely untelated helices 1 the efectron mucrascope

Gersh Not tf you say they just keep nght on

Lanseng Yes 1 thioh that the Gross story needs further smvestigation
T do ot thinh we have seen the end of it 3 Gross 1s wrang, this wonld
be an amazing comasdence

Poster- Txcept that 1 think the concept of elastin as bemng coded
thus fashion is not absofutely new, 1 1t?

Lansuug Na

Porter Was it not expected that it would be this way®

Lanymg Yes, indeed  However, | was sutprised to see t 1 think 1
Birst saw it 10 & dissecting mecrascoy

Gersh. Was that clectromscsogeaph of the soap a direct phato of an
smpression, of a shadow?

Porrer Yt 35 ap smage of shadowed matenal, but a direct prcture

Gersh But st was a shadow 1 just wondeted sf the soap would stand
up to the beam, or whether st would disappear

Lanssng 1 recall that speamen as beng a shadow-cast preparation
Tigure 22C 15 an dustration of another digested fiber which, on ane
end, s showang an untarelhing nto tw o, and at the other end o mem-
bers that are each unravelling w tamn I one 2rm, one Bets a sagpes.
tion ggam of the coing,

Tigure 22B 5 2 cather good preparatin which show  vanous stages
of the digestion  There are large fibers splrtung 1t two, and one that
s underzong progressne digestion, agdin, the wiling s strongly sug-
gested at vanous posts
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FioURE 23 Elastic fibers of Ioose connective tissue spread digested by
elastase  Resorain stain, X 400
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In Figure 23A the pattewn of splitting and losgitudinal onentation 15
also apparent in unfixed loase connective tissue spreads One can see
the longitudinal onentation readily

The fresh specimen of foose connective tissue show s fongitudinal
arentation of the elastic elements; as does the next speamen which
was fixed {Figute 23B) The fiber 15 unsavelled, there 15 transverse
perodicsty, and 2 suggestion of an outer, wellstamed perphery, The
fatter seems to be the case after fixation  The genesal conclusion that
we have been sachned to reach s that the loagrtudinal onentztion 15
best demonstrated in fresh matenal. The enzyme seems to break up the
elastse fibers ty rather than | dinally after formalin fix-
aton

Abso 1n Frgure 23B we have what appears 1o be a ressstant costex of
moatenal in an elastsc fiber  This 1s 2 true resoran-positive cortex at any
depth of focus

Here agan in Figure 23D 15 the transverse penodicaty as the fiber
disides nto tho

Trguee 23C shows a stll more clearcut demonstration of that pen-
odicaty at 400 diametets

Hill Have you done a pH on thus?

Lansing: Yes Tt does not scem to have too much mfluence on this
pattern over a range of pH 6 to pH 9 Do 1 recall that corsectly 2

Dz»mfu)" Tthink so Stronger actd does not wotk so well

AMursky What 1s the optimum pH for the efastolytic enzyme?

Lansing- The enzyme curonsly has an optimur that1s 10 20110 4

Dempsey It is a broad maxamum

Lanstng: The plateau ranges from pH 7 20 10, with 2 secondany peak
3t 104

Figuse 24 15 1ncluded to show that the corhing of elasuc fibers occuss
in matesta) that has not been expased to the enzyme or other chemucat
procedures  This fibes was found i 2 section of ligamentum nuchae
from an old horse Here ase a bundie of the large fibers, and betwecn
the large fibers 15 2 rather tight helix of two fibers that ate mtetlinked
We have since found comparable material 1n the elastsc Jameliae of 2
nombet of blood vessels  Apparently, the corling of elastic fibers does
octur naturally 1 thank that about summaczes what [ have

Trazell Dt Lansing, have you any observations on differences o
tensile strenpth of the old and young elaste fibers>

Lansmg No.1donot We have made no such measurements One
£ets the opression in looking at them that the tensile steengeh of the
young would be much greater, but that 15 a morpholagist s smpression

1 hope some day yoon actually to measure the tensile strength of inds
vidual fibees
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FIGURE 24 Horse lrgamentum nuchae, Verhoeff stain, X 1,000,

Travell: How about the distubution of elastic fibers in other lig-
aments and muscle tendons? Have you made a study of them? We
have problems in calctfication at special sites in tendons, such as the
supraspinatus, and I wonder whether that would bear any relation to
this aging process of the elastic fiber and to the accumiation of cal-
cum
Lansing: 1 think perhaps there might be a connection  We have n(?t
looked at other ligaments The changes that one finds in dermal elastic
tissue are remarkably like those that we have observed 1n the artenal
wall, the so-called elacin of the dermatologists is essentially identicsl.
as near as we can make out, with the senile type of elastin of the ar-
teral wall Both show an affinity for calcium, increased basophilia,

and so on down the line
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In the fiterstuse there have heen oo~

. aer n0dE 41625
. «v 10 o precedent m the puncles of the heart,
whuch are nch 1n elastic bssue, and underge changes and calufication
with age

1 suspect st 1s 2 fanly genecal phenomenon that elastic fibers when
put to stress over long penods of tme yadergo changes which nvohe
caletficatan

Trarefl. Have you any observattoos os to what sccelerates this
process?

Lansmyge 1 am a morphologist  We have been malng, or have just
begun to mahe chservations on expermentally freated ammals It ss
much too seon 1o draw conclusions There 15 qust 2 teace of a sugges
tion—and ptease take 1t at no more than that—that thowsvbs-e~s ¢

young dogs do show these eloev > - s
-

5t
buopsy aad - waioe ot the cofonan

artery by asseywp we dermal elastic tissue

Rl T would bhe to arention provocattvely that w hepatic fhcosts,
you get 2 manufacture, as it were, of elastic tissue, and 1n o £
you find a {ot of elastic tresuan = -

T wonder sf
osies why you s .
elastie tigsne

Lansmg Thau s rather an unusual event  Usoally, scanfiation n
volves, of course, the collagenons fiber, and very seldom do we see the
elastic element  The sepair of elastic tssue, on the whole, 15 rather
oot This has been callad 1o my attenteon before, trir ¥ do not know
Tionv to nterpret Do jon have amy ideas Dt Dempsey ?

Dempiey No There 15 another aspect of the elast ibers m whuh
we are greatly mmerested  That s thesr fibrogenests How are they
formed? Where do they come from? We have been searchung For 2
focaton 1 which we could expenmentally induce the laviag down of
new clashc tissue, so that we could study the process of formaton of 1t
w0 a favorable place However, except for the abveous, the layag dona
of elastic fibers 1 voung individuals, we hase not been able o thead.
of any good expermental sittation 1 which new elastic fibers would
be produced 1€ amone hias anv aotioas oa ths topr. we would be e
grateful

Ruagan Pulsating heart muscle,
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Gersh: Tissue cultures.

Dempsey: Tissue cultures are difficult technically, and there are some
limitations to the techniques which have detersed us from teying to set
up a tssue culture laboratory.

Ragan' Mote elastic fibers are laid down when the muscle 15 pul-
sattng

Bennett In a paper given 1n Washigton recently, Dr. Edith Potter
of Chicago described certamn developmental stages of the lung in the
human embryo I was impressed with her demonstration of elastic
fibrils 1n the bulbous tips of the mvagiating septa of future alveolar
walls These structures might serve as source matenal for newly formed
elasttc tissue

Holbraok, 1 am mterested 1n your solution following the use of
elastase  Can you recover elastin from this solution?

Lansmg: We do not know We have not done an amino acid analy-
s1s of the solution The solution, when it drres down, has an affinity for
the usual elastic stains, such as resorcin-fuchsin and orcein, the implr
cation bewng that perhaps a major pait, or a signtficant part, of the
elastin remains ‘That 15 really all I can say.

Dempsey We are m definttion trouble hese, because elastm, by
defimition s what 1s left, what remains insoluble If it 1s placed 1
solution 1t 1s no longer elastin, by definition, and we do not know what
s
Portes Does 1t reconstitute after actd hydrolysis? Acd hydrolysis 15
possible of elastin, 1s 1t not?

Lansing You mean the quarter normal oxalic acid I referred to?

Porter Yes .

Lansmg That is the Brtish work that I cted  1do not know Adair
reports a protein of a molecular size of about 80,000, and that is about
all There was very little sard about it in hus prelsminary report

Dempsey. The ordmary acd hydrolysss, ‘as 1t is used here, which
destroys elastin and takes it all the way down to ammo acids—that 15
completely destructive, and irreversible

Porzer The enzyme solution, the elastase solution, does not fecon:
stitute 1n anything that you have done with 1t?

Alirsky Is 1t a reversible reaction? ;

Porier: 1 am only thinking that it 15 possble to reconstil
fibers from acid solutions

Lansing These s a suggestion of that w]
there 15 an appearance of fibers or fibrous 3
well be artefact We have not made a concerted effort yet to charac
terize the soluble elastn  We do not know much more about 1t There
1s an imtense Schiff reaction n that material. When leucofuchsin I8

tute collagen

hen the solutton dries down;
ike matesial which could
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added, the solution becomes bright red, but that again does not tell us
ton much.

Hill, When this stuff 15 dred down, jou say it tahes up the elastin
stain, you mean the Verhoeff stam

Lansing: We mean resorein-fuchsin and orcein

Huil Not the Verhoeff?

Dempsey: § do not believe we did & Verhoeff stain on this dued
matensal It was “sofubilized” material that was placed on a microscope
shide and watched as st drsed down  As st drses, 1t leaves waves of pre-
apitated matersat behind it This dned residue, of stamed with the
resorcin-fuchsin stan, or with the orcein stam, stams just like clastn,
but we did not try the Verhoeff procedure,

Hall; It 15 not a chemical reaction, and a fot depends on the differ-
entiation Gaylord and Aschoff (4) did bung thns pumnt out of the
tncease of elastic tissue in hepatic fibrosis

Some people have contested that by saping that there 15 so much
fibrous tissue and round cell mfiltration that if you pour the stuff on,
you are bound to get a black color, and if they differentrated more—

Lansing One has to be very careful with the Verhoeff procedure to
differentiate adequately, or else one will get matersal other than elastic
tssue showing black, which can be interpreted as elastic material The
Verhoeff 15 2 good nuclear stamn

As a matter of fact, just the other day, 1 an expenment in our
laboratory, we deltberately overoxidized & section of skin by exposing
it to fpmmhc acid for a half hour and then apphed the elastic stuns
and tound many, many fibers staned which ordinardy do not The
mmediate assumption would be that we had now uncovered a class of
elastic fibers that do not take the usual stamn

However, after exposure to elastase, those fibers were untouched,

' ’ o ' o *sdsoly zed

(s) By
this method, one wan take a photograph of tissue unstaned and obtan
vasious degrees of density  Digure 25 15 3 photogsaph of a small astery
with endastesstis  The vessel 15 i a section of kidney The tissue 55
unstamed and has been Xerayed, the elastta mserna 15 demonstrated
very beautifully and shons it to contan something that absorbs or 15
opague to X rays

This &5 presumably aot alafiuaton, because ¢hiee 5 o esidence of
it an routtncly staned sections The purpose of our mterest m such an
nstrument s that one can take an X ray of sudy a tissue and, after
removing the lipid, take another photograph and then determine the
mass before and after with a d A similar &
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could be made 1n relatron to the calcium content.

Holbrook: How old 1s the artery?

Angeiine It was from a young adult

Lansing: My guess s that there probably is quite a bit of calcum
the elastic materral that does not show up by ordinary procedures, but
with micro-nceration could be brought out.

Angetne: Of course, we know that nerve fibers, which also contawn
Itpid, will show a similar opacity without very much calaum

Lansing: 1 appreciate your pomt entirely.

Maegrash- May 1 ask 1s there any form of bacterial or other kind of
necrosts which will dissolve elastic tissue?

Lansing Thete ate a number of bactertal preparattons that will non-
spectfically dissolve elastic fibers I forget the names of the species
1 played with one last year. In any event, there are 2 number that have
been studied, and they will completely digest elastic fibers, but the
enzymes therein have not been characterized

Gyérgy You celated the high calcrum content of seatle elastin maifi-
ly to the higher glutamic acid and aspartic aad  Would 1t not be
posstble or more probable to relate it to a higher Iipid content, which
would brng it more 1n line with arteriosclerosis with this type of calar-
ficatton? ¢

Lansng 1 have no objections to the second possibulity, except ﬂ;l
we have a precedent, an analytical precedent for the first, and none for
the second
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Gyérgy. You have for the second too, the fatty acds

Lameng, We have no indication that they change with age m the
mediz of vessels o 1 the elastic tissue, whereas we do have en inde-
cation of the change 1n the anune aads

Gydrgy tam asking +f you are sure, whether there 15 2 difference or
no difference with age, as far as the lipsd content 1s concerned

Lansing: We have no evidence whatsoever for a change with age o
the biptd content of clastic fibees  There simply aze no data there By
the way, { bave not concluded at all that the dicarboxyhc amuno acds
are the cause of the calefeation 1 (s an wteresting and suggestive
pasatiel, bot 1t may not be the significant factor i eslesfication of the
elastic fiber

Gydrgy: Lapids and chotesterol fit much more n what we hnow
about sentlity

Lansing | must tahe excepston there  The cholesterol changes with
age, of with atteerosclerosts or atheromatosss, are classically confined to
the atima, whereas the elastic tissue 15 equally confined 1o the media,
and unless we can demonstrate a significant change with age w the
cholestero} content of the medi or s elastic tissue your hypothests
does not fiold The himted studies we have done on chofestetof w the
medsz do not adicate significant age change

1 think you are transposing what happesns i the intima to the medha
1 have no objection to s, but st docs not quite add up It 15 equally
possble that the change m the hpid metabolism of the elastic fibers
may constitute a source of fat for the tma

Gydegy There 1s no teason ta discuss arteroscleosis here These, of
conrse, the sousce from the blood wrculation has to be considered, as
far as artenoscleross 15 concerned

Lansmg Which may come up from the tass tasorzm and be re-
flected sp the efastic tssue

Gyargy 1 would be mterested i the <hanges of hiprd content

Lansing You may be suse that those measusements wilf be made

Mersky In view of the fact that with the etastolytic enzyme you can
now demonstiate a dissolution of a rather complex structure nto 2
welatively simpler one. 18 1 not possible that vour analysis of what was
regarded a8 @ purfied matesial may now tern aut to be eroneous @
that these may be 2 prosthetsc group of which you did not take 1og-
fszance

Lansmg Yes Tt means that much of the chemustry that we have
done hetetofore has to be repeated with the enzyme

Ragarr Would 1t be fate to sy that the ddference a clastic tssae
throughaut the body 15 atso probably & difference in the number of hel
sattycorled strands that ase present, rather than the duferene n the
actuat composition of that tissue#
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Lawmg Posslbly Itisa very interesting suggestion

Marsky. The time factor would be against that, You said the only
thing you find different n these senile and presenile elastins s i their
reaction to the enzyme That would suggest that perhaps you are deal-
ing with more cording 1n the aged elastin than you deal with mn the
young elastin

Lansmg. Well, the old 1s presumably broken down further, so that
one might expect 1t to go into solutton more rapsdly, whereas, actoally
1t tends to go into solution more slowly There may be seconday fac-
tors operating

Mirsky, You also have calcium there, and you want to know whether
1t 15 calcum that 15 affecting the velocity reaction of the enzyme

Lansimg: That was entirely a pilot observation

Campbell. Is there any obvious difference with age in the degree of
coiling? Can you see that the old fibers tend to straighten out?

Lansing. They are quite hinear when the separation 1s completed, so
I really cannot answer your question

AMirsky: Is there any elastin from various sources in the body which
does not react with thts enzyme?

Lansing. We have not found 1t yet, if there 15

Dempsey There 15 one possibility. Now, again, this 1s 2 matter of
definttion ~ As a histologtst, the only way 1 know how to definc an
elastic fiber 1s that 1t 15 a fiber which stains with resorcin-fuchsn, o
orcen, or the classical elastic fiber stains

In the inner ear, there 15 m the basilar membrane some matersal
which stains with resorcin-fuchsin, and so far we have been unable to
digest 1t with the elastolytic enzyme Whether that 15 an elastic mem-
brane, or whether we are just m definition trouble here, I cannot 1+
terpret ) I

Lansing. Tts solubility 1n ddute acid or alkali is different from usud
elastic tissues

Mursky: If there 15 anything in the concept of the speCIﬁC}tY of en-
zymes, you would anticipate that by the use of this elastolytic enzymli
you could distinguish various types of elastic tissue  But smce they ﬂm
except the basilar membrane react with the enzyme, you would have
conclude that they are probably similar

MacLeod No more than you could say that because trypsit digests
a vanety of proteins therefore they are all the same.
Mirsky Trypsin acts on spectfic groups Cutiously

Lansing: They may have certain groups in comimon 4
enough, Mr Opdyke, from our laboratoty, has demonstrated the gleé‘!::
tibality, with elastase, of keratohyali granules Now we have :;elastlc
tine what relatron there 1s between keratohyaline geanules an

fibers



[® /rw//m/ Aoy,

tioy Carlier
s 4y the
o, e, the pul,
72 ha

tery, the,
The Piilmen, Ater,
the 2oty nd shoyg Pracy,
Cam/)be//: Is Slagty A0lipene s
Lansy, I 0 not Anoy,
Cuwpﬁr// Whae

de

ijm & 1,

c O, and 5y Roamn\. Trag nmro\,op( ol
N5 o Clasgpe fibcrs o P Bt C Moy 75,

515 1195,

oS b, qu G At

Xopy, Study o gy tass

) 7 Preo I,

e Lrencopy,, o Py,
o, Jyny

P A, A - ang An'cnmr, Do A,

Oy hnlandto.cuplur PParaeg, ang o PPhatio, Teder

% Pry, 26, 34, 1193,

3 By, a3 Iiw:,m H The :-la«m/)m Wbt gy of Iv.mlrulu
Brti ey, / a5, RN 193q,

7 4 %G l)un, ang Puhmm S A 4 Soluhye
m lasyyy .\:,mr 163, 7, //951/

o
]



PAIN MECHANISMS IN
CONNECTIVE TISSUES*}

JANET TRAVELL

Department of Pharmacology
Cornell Untversity Medical College

RECENTLY T HAVE been to a number of symposia on pain, tn which 2
large part of the time was consumed 1n semantics and a discussion of
the nature of the pam experence Tonight I would Iike, at least at the
outset, to take for granted that we all know what pam 1s, and also to
take for granted that pam 1s felt when an adequate sttmulus 15 apphed
to the appropnate nerve structures and the propagated impulse artives
at the cerebral cortex in the conscious pattent That implees a strmulus,
an appropriate transmitter, and perception by the subject

We may also assume that patn thresholds exist normally, whether or
not they can be measured quantitatively, because with the all-or-none
conduction of nerve fibers, 1f we did not have thresholds, we would be
m pamn all the time

Another thing that has been shown, and I think we may accept, 5
that the intensity of pamn may vary independent of the pain threshold
Hardy, Wolff and Goodell (1) have shown that m the case of njury
to the skin, at the site of myury, or area of prumary hyperalgesia, there
15 a lowenng of the pan threshold, whereas in the area of secondary
hyperalgesia, around the stte of injury, there 15 no lowenng of the
threshold The same mrumal stinulus evokes pam in the secondzary
hyperalgesic area as mn the normal skin  Nevertheless, mn the area o
secondary hyperalgesia, this threshold stimulus produces a more 1atense
pain than 1t does on the notmal skin, and that 1s 1n harmony with what
we all know from expetience, that lightly stroking such an area of
secondary hyperalgesta 15 parnful

Although measurements of pamn ntensity in relatton to the pun
threshold have not been made for the deeper copnecttve tissue Stnic:
tutes as they have for the skin, 1t seems quite likely that they will
exhibit the same kind of behavior ,

Fremont-Smuh- 1 would like to ask whether the hyperesthetic area
around the injured area may not even have an clevated threshold You

*This wnvestagation was supporced (sn part) by a rescarch grant feom the National Heart Insu-
tute, of the Nauonal Institures of Health, Public Health Service T
tAcknowledgment 15 gratefully made to Miss Barbara B Hursch for assistance i this
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said st did not have a lowered threshold  Does it have a normal thresh-
old?

Traell. Approxumately the same, I believe

Danng the past ten or twelve years we have made many observations
an pam i human subgects  These subjects are of two sosts a) normat
people in whom pain was produced expenmentally by vanous proced-
ures, and b} patients who complatned of vanous htads of patn and who
exhibited the entgmatic phenomenon of trggec aseas i the myofascual
structures.

Some of these patients had rheumatard acthritis, some ostecasthrstis
af single jomts (the hip or shoulder) and some had jount sprains or
muscle smysnes, some had cardac pan, some had newrologic changes
atttibuted to intervertebral disc syndromes, or to metastatic caranoma,
same of them had apparently primary psychogenic pam syndsomes.
including hystersa But alf these people had, as 2 cormon denom-
wmator, these abnormal foct of pain hoown as trigger areas

At the present trme we hnow a great deal more about what a tngger
area does than what it 4, so I thark we wll stact with our findings and
draw nferences tater

Telbont- Do you think that the tesm “trigger area ' ss really justified
as we discuss it 50 ghibly ?

Tratell: You ate svolving me m 2 definstion sow The term * trigger
area” 1s stmply densved from the fact that if you do something at one
place, winch we call the tngger, then something else happens w an
other place, which we call the reference zone or target R imphies that
some eelatwoaghp exssts between two different topographical areas

Why do you object to the term?

Talbots~ Does it not afse wnply—f am thuohng purely from the
standpat of some of the things we tath about i physiology—a low-
cred theeshold, or at least hypersusceptibihity in a lovalied area

Tratell, Yes, 1 think these tngger areas are analogaus to the sites of
injury 1 the skia, that s, that they rcpresent aceas of primary hyper-
algesia, and that they do gine sise to a barsage of noxious smpulsts of
some sort whuch affects remote stroctures But that 15 not necessandy
mplied in the term “tngger area

Ragan Does your definrttan mclude visceeal paen which bas a dis-
tributian away from the pawn stimutus

Tratell You mean, do the sisesa contain fssgges arcas ?

Ragan You say you stimulate 3t one pomt and have pan at anothe
That s your debattiae of @ tegeer area Now 1f vou dikate the duo
enum and have parm i the lower part of your abdomen s that a togg
area?
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Trasell. Do you mean, 15 there a trigger area in the lower part of the
abdomen, or one 1n the duodepum?

Ragan. The pamn 1s referred to the lower part of the abdomen

Trarell According to the simple defintion I gave you, the source of
pamn, the duodenum, might be called a trigger area, and the target
would be the lower part of the abdomen, the reference zone. The du-
odenum would setve as 2 source of pam impulses, but probably these
would not result 1n a sustamed pain cycle.

In clinical states, we find that noxious impulses from viscera often
lead to the development of trigger areas located within the somatic
reference zone of visceral pain These trigger areas then serve as new
soutces of noxtous unpulses, and may take over and caeey on the pan
pattern of the visceral lesion (2).

When one distends the duodenum experimentally, the situation
would be different from that which exists when there 1s some patho-
logical or pathophysiologtcal process gomng on spontaneously i the
viscera We should probably restsict the term “tagger area” to apply
to abnormal, persistent states of hyperexcitabulity. .

The only way we can study these trigger mechanisms satisfactordly is
i the pattent who presents this phenomenon In this case, we cannot
learn much about the abnormal from the normal

And so most of our observations have to be gleaned, for the present,
from the people who develop these states spontaneously So far, ne
know no way of producing experimentally 2 complete trigger arez }ﬂd
a continung pain cycle It 15 a pathological response, or at least it 1;
manifest under pathological conditions, rather than 2 physiologica
response which is reproducible

Fremont Smuth And 1s reproducible in the patho-phystological con-
dition

Talbott Is it a general phenomenon?

Travell Tt 15 2 very general phenomenon in people who have pain
and there are very few people who do not have pan at some time of
other o J on the

Of cousse, nearly all of our observations, in the enfi,.are based on he
subjecttve evaluation of the patient, or of the 1ndividual Afte; e
satisfying discussions we have just heard on the morphology an i
chemustry of connective tissue, with objective findings, our dﬂ.l; mc}l’
seem intangtble and hard to get hold of But Dr. Fremont-Smxkl s "
this morntng that “scence is anything which lends pr:d}clabl ny o
data,” and these trigger areas and their behavior sho“./ a high otder
predictability  One sees the same things. again and again ctable pattera

In the first place, each trigger area gives rise toa predlctﬂ e p
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extended down over the biceps. Dimumishing proportions of the pa-
tients complained of pamn farther down, i the forearm, back of the
hand, or thumb and first two fingers. A small propoction of them also
complamned of pamn high 1n the back of the neck Agam, this dist-
butson of pain was described by the patient when the trgger area was
stimulated mechamically Usually the induced pan appeared momen-
tanly and disappeared withn a few seconds to 2 minute afterward

If the patient had pain at the time, constant rest pain, then the exist-
ing pain was markedly accentuated, and the increment often did not
substde quickly

Fremont-Smsth No complaint of pain at pomt X?

Travell. No complamt of pain at the pont X.

In such 2 patient with shoulder patn and trigger areas 1n the nght
fraspiatus, if there 1s 0o complamt of pam m the other shoulder,
you would probably not find any such areas of deep hyperalgesia in
the opposite, the left, infraspimatus muscle

In Figure 26, the black shading shows what we may tesm the “essen-
tial” reference zone of the tngger area at X, since referred patn was
felt here by 100 per cent of the subjects, and the fusther extension of
referred pamn may be called the “spill-over” (4) The extent of the
radration 1s appasently related to the sensitivity of the trigger area I
the patient has constant rest pan and a great deal of pam, can hardy
bear the weight of a sheet on this area and cannot lie on that side, then
we observe 2 wide radiation of pain when the trigger area 15 stimulated
Whereas 1f he has patn only on motton and not at rest, and we conclude
that the threshold 15 not lowered to the same degree, we see only the
pain reference in the essentral zone

Fremont-Smuth; When you say “lie on that side,” you mean on the
right side, whete the black area 1s ¢

Travell- No He cannot lre on the right side because the weight 0
the body presses the trigger area against the tight scapula et

The tragger mechanism 15 mechanically stimulated not only by dir :
pressure, but whenever the muscle 1s passively stretched The trgge!
area can be shown to gve mse to referred pam also dunmng acng
contraction of the muscle, if the contraction s sufficiently forcible.

Fremont-Smth: That 1s the muscle in which the trigger area hes

Travell. Yes, the one contasnng the trgger area. It is castet to SIC:
off the referred pain by motion which passively stretches the musc
than by that which mvolves active contraction .

Tngyger areas afe also intensely stimulated b): heat, in the {""gcnf
hot soluttons; diathermy often aggravates the pain They are also very
sensitive to prolonged cooling, as by draughts
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When I satd predictability, 1 meant that a given region of the myo-
fascial structures gnes nise to essentally the same pattern of seferred
pamn i one ndidual 2s m another This constancy of pattern imples
fived anatamical pathways which hink the tngger area to 1ty reference
zone, even thaugh we do not know what the pathways may be

Just as sn the case of visceral pam, 1f you nate wherte the patent has
pain and you ase famubiar with the pattesn, you can then use the pat-
tem to find the source of pasm

Having just shown that the patters of referred pun 5 relanely
constant for a gven site from person to person, 1 would e to quahify
this and say that 2 totally shnormal pattera of referred paen 15 observed
at tumes 1 have seen it only twice 1n the case of the infeaspunatus, out
of many bundred patsents with trgger areas m this muscle One patieat
who bad hystena, complained of pam deep within the chest, and when
 tagger area at the powt X m the mfraspinatus (Figure 26} was m-
filtsated with procatng, the pamn set off by the needle was all referred
imto the chest A few days later the pan had shufted and the patient
complatned of paim, not 1n the chest, but n the shoulder At this ume
wfiftrating the same area 1 the nfraspmatus set off the usuat reference
to the shoulder and arm  In the other patent, the complamnt was of
pam 10 the mterscaputar region. and the first tme a trigger area m the

frasg muscle was nfif d, the teferred pam matched this
oomplamt The second tme #t was mbiteated, ten dass fater, the
fessed pain was reported to be entirely in the shoulder, the paticnt had
had no spontancous pasn anywhere since the proceding treatment
Abnotmal reference of pain has also been noted by Jones (5)

If 3 tgger arca 15 snjected with, et us say for the moment, procate,
and the reference of pain 15 set wp by the contact of the needle with
this abnormal site, there follows a blacking of thes trigges mechamsm,
which may be permanent, or which may tast for fonger or for shoster
peniods of tame Tt aften happens that she next tume you see the patient
the arc of referred pan bas been shortened  For wstance, if you ob-
served 2 full radiation to the hand from a tnpger area i the infra
spisatus the first teme it was mittrated, the second time the msertion
of the needie mught set off pain only in the front of the shoulder, and
the third time you san the patient, the region of the tngper atea might
f0r even be tender, and if you msented 3 needle w0 @ no referred
pasn would be sct off at all from that site So that we see a change in
the state of the tggec area m welation to the dintat relief of pun

If the sensitnaey of a trigger area 1s reduced onfy 10 a certam pomns
by procame infiltration. ar perhaps this happens spontancously wathout
such treatment, the pattent may be Jeft with a JJorcalfy faent tngger
mechanism at this site
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If you examine patients carefully who have had in the past an
acutely panful shoulder with limited motion, even though they have
00 pam or disability when you examine them, you may still be able to
demonstrate the persistence of a latent trigger mechanism You will
find one or more tender spots and elicst the predicted pan seference
pattern when a needle 1s inserted mto such a spot Needling a normal,
nontender muscle does not set off referred pamn.

These people are symptom-free for the most part, and yet you find
that there 1s 2 cropping out 1n them of the same pain pattern from time
to ttme—after unusual exercise, or minor strain of the muscles  that
region, or during extreme fatigue and nervous tenston Most people,
as they get older—I would not say at what age—exhibut clmically latent
trigger mechanssms which can be easily found 1n relation to stores of
old pains and njuries, and these abnormal foci can be shown to lie
dormant for years, ready to be activated under conditions of stress.

We have done a few biopstes of trigger areas We did one from the
wnfraspinatus muscle 1n a man with constant shoulder pain, using only
a little procaine n the sk, for local anesthesia When the fascia was
exposed, the lightest touch on the fasca, or pinching the fascia, set off
the reference of pamn to the front of the shoulder and the biceps. The
reference was then repeatedly induced with each snip of the scssors, as
the prece of muscle was cut ont

Gersh What kind of fascia are you talking about?

Travell ‘The sutface covenng of the muscle. Beyond that, I think
we have no evidence as to what particular structure in the musc.le 5
imvolved or where the nerve endings actually lie  Possibly they lie in
the blood vessels

Ragan Are there mflammatory cells in this trigger area?

Travell: Not any ‘Trigger areas also appear tn jont capst
ligaments, as well as in muscle. . .

Figure 27 shows the area of ecchymosis and swelling 1 an e.xtcm?
sprain of the ankle The edematous region in a spran 15 not uniformly
tender, there 15 some soreness throughout, but at certain precise SP"‘;"
exquisite tenderness can be elicited  When 2 needle' 1s put into eﬂvfu
one of these spots, a radiation of pain occurs In thfs patient, asdyof
can see, four trigger areas were found, each with 2 diffecent spre; “‘:e
pan. From one, (No 4) pam was referred through and througl
ankle

1 did not mention it when I descubed the p: e
spmatus muscle, but the reference of pain from a trgger area ‘sb!ac?;
often deep into a jount This is not shown 1n Figure 26, smi’t alwanf
glob on a prece of paper does not give you any sense of dept

les and

ain pattern of the infra-
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AREA OF EDEMA AND ECCHYMOSIS
1,2,3,4 SPOTS OF EXQUISITE TENDERNESS

/

el
e

At

2w

TN PAIN MOMENTARLY INOUGED BY INFILTRATION OF ABOVE
TENDER SPOTS {X), FOLLOWED BY RELIEF OF PAIN

Ticure 27 Lociien and pawn patterns of tnigger areas within zone
of trauma n acute ankle sprain, as noted 41 hours after 1ojury 1 a
13 year old woman

to emphastze that these trgger areas sct up referred pain which 1s apt
to center 1n joints or to gave the feeling of being mside the bone

In the case of trigger areas located 1n fibrous structures about a jot,
pan usually 15 not ceferred to any great distance from the tngger arca
nquestion  Trigger areas in the muscles are more likely to refer pamn
to a considerable distance, though not always, sometimes the reference
zone surrounds the trgger area Such difterences n pattern have also
been teported by Kellgren (6) He mjected hypertonsc salt solution
Into various tissues, and found that for igamentous structures about
Jonnts, at least the distal joints of the extremities, the patn reference so
tnduced had a short radiateon
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Angerane, Have all of these patients been X rayed prror to this ime
to exclude fractures?

Travell Yes So far, I have used mamly the “standard” infraspinatus
pattern as a basts for discussion Thss happens to be one of the com-
monest sttes i the body at which tugger areas develop, and 1t 15 acces-
sible and convenient to study Now I want to show you some other
interesting pamn patterns which demonstrate that referred pain from
these myofascial trigger areas does not necessanly follow a simple seg-
mental distrrbution (7)

The concept of the segmental character of referred somatic pan
seems not to have been generally questioned, although Sinclair, Wed-
dell and Femndel (8) have pomted out some of the discrepancies
Mattin (9) states “While referred pam produced by a moderate stm-
ulus 1s more or less segmental, 1t may, with a more exciting cause, affect
several segments, or on the other hand, only 2 portion of one segment, '
or adjacent portions of adjoimng segments It 1s consequently spnal,

Fioure 28 Mode of approach for demonstrating and wfiltrating trig:
ger areas i the trapezius muscle (aatenor suprascapular portion).
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but not strsctly scpmental.” This agrees closely with what we have
obsery

Tigure 28 shows the location of a tugger area frequently found 1n
the suprascapular poction of the trapezius muscle  With the muscle on
the stack, the trgger area can be held between the fingers, and the pain
reference set off by squeenng the muscle, or by nserting a needie into
the muscle mass at that site  This tragger area 1s most easily approached
from the front in the manner shown, with the needle pointing away
from the apex of the Jung

The pan pattern of this trigger area in the trapezws 15 pictured n
[igure 29, as obsenved m a irge series of panents You can see that
pamn 1s referred up into the neck, centering just back of the mastowd
process, this 15 the essential reference zone. When intense, pan extends

Reference from tpiggep area (x)

R 100 per cent of subjects
K% v o .

PIGURL 29 Pun reference pattern of trigger area X in trapezius
muscle (antenor suprascapulat poruon), 3¢ mapped m 60 patients
with nech pan Reprinted by permisson from Teasell, ] f Aw At
Woamme 4 4, 90 (1949}
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to the side of the head, centering in the temple and back of the eyeball
This 15 a reference to the disteibution of the fifth crantal nerve, fromz
muscle innervated by the upper cervical segments Possibly the con
nection 1s by way of the f1actus spualis of the fifth cranial netve, which
reaches down into the high cervical region.

Kellgren (6) belteved that he had mapped the deep pam segments
for the trunk and extremities, by injecting hypertonic saline into each
mterspmous ligament 1 successton and charting the distribution of
referred pain at each level This was done n three subjects, and the
pan areas described by these subjects agreed closely. This 1s a beautifut
demonstration of the constancy of referred pain patterns But I have
never been convinced that the pattern of each interspinous higament
represents what 1t 15 concluded to represent, namely, a deep pam seg-
ment, 2nd the recent work of Sinclair, Weddell and Femdel (8) has
cast constderable doubt on this

However, let us compare some of the patterns we sce clinically with
these so-called deep pamn segments, which I believe are generally ac-
cepted as such  Figure 30 pictures the pam pattern of a trigger 2rea,

X infraspsmatus
e drstribution of
rm, and 15 to be
shown on the

FIGURE 30 Pain refetence pattern of trgger area
muscle (lower portion), 2s mapped tn 7 patients. Th
referred pun 1s shown 1 black on the patient’s right ai
conmst:g with Kellgren's “segmental pan areas
patient’s left arm
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wfrequently observed, 1a the lower portion of the infraspimatus muscle
Incidentally, it calls attention to the fuct that different portions of a
muscle do not necessarily hase dentical patterns  As you can see, pam
induced from the trgger area radiates to the front of the shoulder,
down the uinar aspect of the arm, and into the founth finger if we
compare that with Kellgren s charts, shown at the nght, you will sec
that pam cuts through the fifth cervical segment, possibly takes sn a
portion of the sixth, and then runs down a biank area, skips the sev-
enth except for a small area on the volar surface of the wnst, and
reappears 1n the eiphth cervical segment  The patn pattern does not fit
the segments

Dgure 31 shaws two trgger areas in the fongissimus dors: muscle
and their respective reference cones One 15 1n the lower dorsal region,
on stumulation 1t sets off a referred pain in the buttoch A tngger area
a bit lower down mn the Jongrsstmus usually refers pam only as far as
the sacroihiac yomt  You can see that these patterns cut through por-
tions of many segments, without miolving any segment completely,
the one at the higher level has the longest reference

A
!

RY,
|

x

a1

Froure 31 (A) Pan reterence parterns of two tripger areas X, Xin
the Limgrummun dorg muwle at different levels 2y mapped n 63
Patients (left) and 12 panents (nght)  (B) Kellgren s sexmenta)
pain areas
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Figurk 32 Right leg Pain reference pattern of trigger et X
tibralss antrens muscle (uppermost portion), 15 mapped 1 18 patients
Left leg Kellgren's “segmental pain areas "

Figure 32 shows the pan pattern of an exceedingly common tigget
area in the srbialts anticus muscle, which sets off refersed pain in the
ankle, top of the foot, and 1n the big toe In comparing this pattert
with the deep patn segments, we find that the big toe is not included 11
any segment, and their description 15 therefore incomplete

Figure 33 shows another type of pattern in which the tugges 31
and 1ts pattern ke within 2 single segment. Two neighboring tngger
areas 1n the forearm muscles have very distinctive pamn patterns, each
one quite different. The one i the long extensor muscle of the middle
finger sets off pain centernng 1n the proximal joints of this finget, PO
ducing stiffness of these jomnts The one ia the extensor carp: radtalis
muscle gives fise to pain mannly around the external epxcond)!e of the
elbow and 1n the dorsum of the wnst Both patterns lie within the Cr
deep pain segment

We read a great deal about the lack of preaston in the Jocalization
of deep pain, But as one studies these patterns, o€ 15 impresscd with
first, the very precise way in which patients can locate thexs pai, 30
secondly how well it matches the predicted pattern for the muscles
affected.

The patient may not always be able to describe 1t at first. He caft
dehineate 1t with great precision by touching 1t, whereas he may h;“t
difficulty 1n translating 1t 1nto words. When one sees repeatcdly ¢ “n
the pattent’s delineation of his pamn matches the predn:.t.nble pattern 1(
every detail, one 1 not so Ampressed with the term faulty or po°
Jocaltzation of deep pain ”

The pattern, of l|>tsPelf, 15 faulty, in that it does not tell you \\he:C ;}:‘f‘
source of pamn 1S, but the patient can tell you prccxsely where that P
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B
\
*
[
£
7
Fioure 33 Pan recfrence paltern of trgger ares X (A} extensor
carpr radralis puscle, as mapped n 13 patients, and i (B) extensor

communs digioram muscle (middle finger section), as mapped in 38
patients {C) Kellgren's C,  segmental patn arca

15 located of he puts his finger on 1t This has also been noted by
Theobald (10) w an excellent expenmental study oa referred pain
Figure 31 shows another type of pam pattern which 15 totally non-
segmental Thig tugger area 1s located in the subocapital region and
was described 1o our study on tugger areas i hystera (11) When
stmulated, it gaes nise to a prickling sensation with a glove-and stock-
wng distobution wiich 15 usually homol but may be A )
or passibly bitateral
in this subject, the puckling i the palms and in the soles, was
repeatedly set off by pressure On wnfilteation the needie st off a bryef
discharge of prickling pamm tn the soles of both feet This was 2 subject
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Reference elicited by:

Pressure on teigger area (x)
E= Infiltration of trigger area (x)

TIGURE 34. Pamn reference from a tngger area X 1n the right sub-
ocaipital musculature as observed 1 one patent Re}mnml b)’f‘"
mussion from Travell, ], and Bigelow, N H - Psychosori Mes 9,
361 (1947}
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Reference elicited by pressure
on trigger area )

fiire 3% Pan reference from g trgger atea X in the noh sob
ocapital museulature, 45 observed 10 one patient Reprinted by fu
mission from Travell, J, and Bigelow, N H  Prychasers Med 9,
361 (1947)
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Reference elicited by:
Pressure on tr.»iggep area (x)

Infilteation of teigger area (x)

[IGURE 34 Pain refercnce from a trigger area X in the nght sub-
ocaipital musculature as observed tn one patient Reprinted by J*ﬂ-
mission from Travell, §, and Bugelown, N H. Prycbosom Aled. 9,
361 (1947).



Pain Meehanssis 101

Reference elicited by pressure
on trigger area (x) .

LiGLRE 35 Pam gpefetence from a tngper area X in the nght sub.
ocapital musculatuze, as obsenved in one patient  Repnnted by)vc(v
mission from Travell, ), and Bigelow, N H  Psychosom Aled 9,
361 (1947}
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with mugrane. Following the block of thus trigger area, this pattern
could never again be induced, and clinically it disappeared completely,
\\h(lereas before the mjection, 1t had reappeared off and on spontane-
ously.

Figure 35 shows another patient with a similar pain reference,
elictted from the same trigger area by pressure Here the pattern in-
cluded most of the lower and upper extremities, and a portion of the
trunk on the homolateral side. It was judged to be an hystercal man-
1festation.

Bennert. Will you have any possible explanation, now or later, for
the mterruption through 2 temporary novocaine or procaine block, of 2
trgger mechantsm of this sort which has operated for a long period
of time?

Travel]* 1 wanted to talk about that later but we cannot stay away
from the question We have not all the answers by any means.

Mirsky: Just to get something clanfied, do these patients all come to
you or to the clinic with pamn in those particular areas?

Travell- That 1s nght

Mirsky Which you then test and find specific trigger areas?

Travell. Which reproduce their spontaneous pain

Alirsky- The pomt to be clear about 1s that they do come with spon-
taneous pain which 15 then reproduced by the testing

Fremont-Smsth- There 15 another point, and that is that in some of
them you find a trigger area which reproduces a pain which they have
not compamed of, another trigger area

Travell. In checking them over, and in making 2 map of all the
locations where they not only have pain now, but where they have had
attacks of pan 1n the past, you come on these latent trigger areas which
match the previous attacks of pain Is that your question?

Fremont-Smuth: Yes, and match what other pattents have shown

Mursky. They have always had that pain In other words, you have
not induced a new pam 2rea

Travell: Correct )

Mursky. It has always been an area that has been painful at some
time in the past of the—

Travell. Practically always
dragging a hustory of 1t out of therr consciousness  Th
1t, but if you do not press them on the first occasion,
on some subsequent visit that they do semember th‘at they us e
a lot of pamn there and then recall some special incident years ago Bu
you cannot always get a complete pain history that matches what you

find

Occasionally yon have great difficulty i
ey have forgotten
they may tell you
ed to have
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Bemnerr- 1 would Iike 1o be sure 1 understand onc pomt  When
patients come to you comphunag of spontancous pun, they complain
of thew symptom of pam m the area m which you ehat pain from some
other tngper area Is that night?

Travell: Xes

Bennent Da they, themselves, come to you complamng of pamn
which they can eliat from some tagger atea”

Tratell: No

Mersky They enly come from the reference, not the trgger area?

Trarell Tt s very unusual to have a patient hnow that he has a tng-
ger area, unless ke happens to be a doctor, or someane has atready
examned him and demonstrated the gssoctation

Talboit How frequently can you el 2 tugger mechansm w &
person who complams of no pamn?

Travell: Tt 15 almost impossible to find people without some trepger
areas and wathout some pan expenence One of my confreres was of
that 1ype, and afrer years of workiag with these things, he finally devel-
oped an arote poin syndrome from cotehang hus chdd who fell off the
piano The next da2y he came in with one angey spot 1o the lumbar
muscles, which had a wide radiation of paux and which hept tum from
domg mverything He could not Lt hus medical bag  He could not
drine hus car. There arc a few people who apparently have very few of
\ht;e pun syndromes and ~ery {ew ingger areas, but they are hard
to find

Talborr: $o your madence of 100 per cent applies to those persons
who have symptoms, probably refesable 1o that area

Travell That 1s nght

Tatbost 1t you wahe 10D persons who 80 net have pain, you maght
find {ess than 9 pet cent reactors?

Tratel! Yes.af you could find 100 people without pam

Fremont-Smuth: When you say 100 per cent there, you mean 100 per
cent of peaple complmnung of pain i the reference area ~ you can
nduce 1t by pressing on the appropnate tngger arca

Trarefl Yes, with almost 100 per cent certamty  If you possess
familtacity wth these pam patterns and have the patient sketeh exactly
where he feels patn, you can usually idennify the tngger area from the
sketch plus 4 kittle wformation as to what mottons cause pain. You can
0 and put your finger on that one spot, never touch any other one, and
set off the pam with what looks to the patient like black magc

Let us go on to what else these tngger areas do They set off referred
pan when they are sumulated They also set off deep hyperalgesia,
deep tenderness 1 the reference zone, which appeats duning the -
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duced pain and which persusts longer than the referred pain Cutaneous
hyperesthesia sometimes appears too  Deep tenderness in the refecence
zone also accompanies the injection of hypertome salt soluton mto
normal structures  Hypertonic saline 1s 2 chemucal reritant which repro-
duces, for the moment, the trgger area; but I have never seea it et up
a pessistent pamn cycle That 1s something different. The injection of
hypertonic salt solution mto normal tissues produces a pain pattern, 2
bref distributton of referred pain, which can be used to check these
spontanecusly occurting patterns, 1f you desire

Fremont-Smuth' When you mject 1t nto the normal tissue, are you
myjecting 1t mto what would have been a trigger area, if the patient
was having pam, or what would have been a reference zone, if the
patient were having pain?

Travell Tor the moment the hypertonic salt solution acts as a chem-
scal werttant aad sets up a bartage of noxious tmpulses which behaves
like the discharge from a trigger area But 1t fades out quickly.

Frenmont-Smath’ I still do not understand.

Travell The tugger area is a patho-phystologic process of some hind
which persists

Fremont-Smuth 1 do not understand where you are mjecting the
hypertonic salt

Travell You snject it anywhere you [tke and the referced pam fol-
lows the same pattern as a trigger area at the site of anjection would
produce

If we look back at Figure 26, on the left we have a normal 1nfra-
spinatus muscle, not tender The patient has no pan on the left If
you inject 0 25 ml of a 6 per cent salt solution at a point in the norma
infraspmatus, contralateral to the trigger pomnt X—

Gyorgy. How deep?

Travell. Into the muscle mass—you would set off the same pattern
to the front of the shoulder and extending probably down over the
biceps—the same pattern as was produced from the trigger area n
the rght infraspinatus

Fre Smuth: It 15 exp 1ly reproducible with saline. o

Traell. Yes, temporanly the pattern of referred patn 1s reproduc

Bennett+ 1n 100 per cent of persons having no pan?® &

Fremont-Snuth 1f you were to take people as they came along, SU
as 1n thes room, how often could you produce referred pamn by putting
salt into that muscle”

Trarell: One hundred per cent There 1s a dtﬁe:
time of pain nduced from a trigger area and that indu
tisues by hypestonic saline

ence m the onset
ced from normal
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When you tasert the needle mto the muscle mass :mx! it (uuchvt‘s»:\
U pan f¢ Starts WIth 101 Pam, and then Jriduasty develops, 1s re-
fersed deep 1to bone and jont and 15 as disagreeable 2 sensation
almast as can be produced

1f you happen to nject by pertoruc salt solutian wto a frrgger area,
of, let us say, 10 per cent Vitamun By, ot peniciilin or some locally
sertant matersal, you have two pans  Thete i first a pan when the
ncedle touches the tagger area  If vou delay the njection so that you
can distingussh these tvo pams, the ijection of the solution will then
set up 4 second intense radating pan You may ocasionally activate a
fatent tagger mechamsm by that process and produce a pam syndrome
which tasts for months It 15 an explanation, [ am sure of some of
these puzzhing postinyection pain phenomena, and 1t v & good thing
ta make st a rule never to mject 3 sotution at a site where the needie
uself sets off tefereed pain

1 dud nat mean to mflk about that, but st bangs out agsia the impor-
(SR S NN w

action potentuals 1 the area of pam veference, dunng stimulation of
trgger areas in the mfraspraatus, and also dunng mjection of hyper-
tonte saline o the normial nfraspinatus to set off the same pattern
Duning the induced pan, restiag scton potennials appeared in the ref-
erence zone, tn the deltord and the biceps, while at the same time they
wete absent 1n adjacent muscles, :n the tnceps  Similar electromyo-
praphic actvity 1 the reference zone has been observed by Kellgren
(13) and by Stmons and Wolff (14). using hypertonu sahine to induce
pan

Vasomotor and ather autonomic «ffects appear dunng the pam refer
ence which are funited o the reference zone  For example, occasion-
ally, m dealing with tapger areas of marked hypersensinvity, pressure
will sct off & wave of fiesh due to pit J of you
may see gross sweating, beads of sweat that break out only 16 the refer.
ence zone The shin temperature may be continuously fowesed by one
or two degrees in seference cones of the patient has contiauous pain, as
compared with the contralatesal areq, and transient cooling of the

skan an the teference sone may accompany pan mduced from a tugger
area
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Fremont-Smuath: That could be sweating, could it not?

Travell" It could be, yes On the other hand, the blockig of z
tngger area may be followed by gross vasodlatation in the reference
zone when one 15 dealing with high mntensity discharges from a trigger
area {(11)

For example, Figure 36 shows the spread of pain set off 10 a patent
who had a very hypessensitive trigger area in the trapezius muscle, 20d
sevese headache On filtration of this trigger area with procame,
there was an mtense discharge of pam to the neck, the occiput, the
temple and the ear on the same side, and almost mmediately after-
ward, an intense prickling pamn the opposite ear. Such 1 crosied refer
ence of pun from an exceedingly hypersensttive trigger area 1s not
uncommon The pathways for the mutror-image reference of pan have
been studied by Ray and Wolff (15).

The most mteresting thing about this patient was that almest imme-
cuately after the jecton, she complained that the nght ear, on the
opposite side, was burming  The entire extemnal ear was lobster ted
and hot to the touch The vasodiatation in that ear persisted for four
hours This 15 a rather extreme effect, ta that any visible vasoddatabion
usually 15 much more transtent, 2 matter of a minute of so, and £ B0t
observed n connectton with trsgger zones of low intensity.

Dr Nolton H Bigelow and I (12) attempted to study vasomotor

X

FIGURE 36 Pamn refercnce (black) from tugger area X in trapesius
muscle as obsersed in oue patient Repunted by permission from
Trasell, §, and Bigelow, N H Prycborom Med. 9, 358 (1947}
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changes in the reference zone by placng a tambour on the temparal
artery and stimulating tragger arcas which set off referred pain to the
temple and forchead A typical expeniment 15 dlusteated in Figure 37.
We used subjects who had headache from time to time, and we studied
them in the stage when the tagger mechamsm was of latent chnical
actsity That is, they had no spontaneous headache at the time of the
expenment, but pressure on the togger area, usually in the trapezius
muscle, as shown 1n INgure 28, induced pain with the charactenstic
pattern that you should recogmize now (Figures 29, 37). Changes in
artenal pulsation were registered by a beam of light reflected from 2
tny murror on the tambour

To undesstand these results, 1 should tell you that sustaned pressure
on a trgger area first sets off the referred pamn, but then «f the pressure
15 canttnued Jonger, it will often black the tngger mechanism  Thes
effect may depend on the production of 1schemma i nerve fibers, which
conduction block  We do not know what the mechantsm ss

"
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TRIGGER AREA (X)
INDUCES REFERINCE OF o]
WEET 2
TAWBOUR (T) RECORDS i-xn
TEMPORAL ARTERY PASATON £
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g e

[1) REFERENCE AREA
[2} NON-REFERENCE AREA

TicURF 37 Typical expennment showing sasomotor changes in the
reference zone in relation to simulation and partul blocking of 3
latent togger area by pressure  Actual records oF pulsation for homo
lateral (1) and contralatersl (2) temporal arteries are reproduced
above, and a graph of the percentage changes in terms of their control
amphitude ts shown below
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In these expersments, which were pever published 1 detaal, pressure
was sustaiped uatil the referred pamn dtsappe;\red At that instant, the
subyect signalled with bis hand and the pressure was released Co-
inaident with the end of pam, the tecording from the refesence zone
showed an sncrease i the amplunde of pul which
sometimes {6 15 or 20 per cent of the control amplitude Remember
that these were latent, rather insensitive trgger mechanisms Wheathe
expenment was repeated and pulsation was tecorded from the contre-
lateral temporal artery, it can be seen that ae mcrease in amplivde
OCCUTT

Figure 38 shows, m the upper left quadrant, 2 composite cutve ob
tamed by averaging the results of seven such expeniments with record-
g from the reference zone In every instance, with the subsidence of
pam, this tsansient screase m pulsation appeated in the reference zons
whereas 1n five expenmants none occorred wm the congralateral side 3
nonrefesence zone (Figure 38, lower Jeft quadraat).

BLOCK BY PRESBURE BLOCK BY INFILTRATION
PUSATION TN REFERENCE TONE
TRCCER AREA BLOCKED 87
FROGRME WFILTRATION
{2 EXPERINENTS )

3
T
T

FULSATION i1t REFERENCE 20NE
{7 i exeemmentss

P

B

~piasarion o SAME STE 85
NG

SITION 1% AREA GONTRA-
CRbERaL 70 WEFLAEACE TONE

{§ EXPERIMENTS)

MEHACE AWPLTSDE O PULSATION OF TEWPORAL ARSERT
o FERCENT OF CONTROL
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12 EAPERNENTS
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PAIN INDUCED BY HECOUNG. PAI

FED FAIN INDUCED BY PRES- Y ook, PFERRLy
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SURE ON_TRIGOER AREA PRESSURE
SORTANED AL PN DISAPPEARED
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j0 i z 3
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Fiure 36 Effect of blocking a lateat topper ases on artenaf pulsa-
tion measused wahin the reference zone and i the cenmh(cu::mn-
trol segion  Note that dissppeatance of seferred pan (black)
followed by sasodilstation humted to the reference zone
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In two expeniments, when a needle was inserted into the triggee arca,
as shown by the immeduate reference of pamn, and procaine was nfil-
trated, a more sustained increase in the amphitude of pulsation in the
reference zone was obtained, extending over at least five minutes The
results are shown 1n the upper nght quadrant of Figure 38

In the lower npht quadrant of the chart, a control 1s shown The

phitude of pul of the homolateral temporal artery was meas-
ueed 1 the same individual prior to the above procame mfiltration
When the needle was mnserted into the trapezius muscle, 1t did not hut
the trigger area, as shown by the fact that no reference of pain was
induced, and the procaine was wfiltrated outside of the tngger area
This procedure caused no vasodilatation m what would hasve been the
reference zone, 1f the tngger area had been hat

‘The older theortes of the mechanism of referred pain are based on a
direct spread of exutatian 1n the neuraxis, but Roberts (16) has re-
cently formulated the concept that 1schemua of nerves 1n the refetence
zone of visceral pan may result from reflex constrction of the tase
nertoram and that this may explain some of the phenomena of referred
pain  His diagram (Figure 39) 15 very imteresting to us as it super-
imposes a vascular component on the neural mechanisms of referred
pan In this dizgram he indicates that noxious impulses from a myo-
cardual infarct, traveling over the visceral afferents to the lateral horn
of the cord and to the reference zone via the sympathetics, may con
strict the 1asq nertarum that supply the nerve fibers in this zone  Tlis
would result 10 a dimimished blood supply to the nerves, and some
degree of 1scherma  Bronk (17), Kugelberg (18) and others have
shown that certain conditions of ischemua may cause spontaneous firing
of nerve fibers which in turn, could gne nse to motor effects in the
reference zone, as well as sensory patterns, bizacre patterns of pan
reference

Thus does not nule out the old theories of the mechanism of referred
pain—musinterpretation by the cortex, development of a centeal exctta-
tory state, and so on, but 1t adds another possibslity as to the ongin of
pan mpulses derived from a reference area It 15 a very interesting
concept which our work would tend to show might apply

This concept 15 of further iterest to us since there 15 some evidence

(11,19) that the viscera, including specific areas of the brain and
spinal cord, may behave lihe reference zones for myofascual tngger
areas and may be subject to their vasomotor infiuence [For example,
the glove-and-stochtng reference pattern that 1 showed you {Figures 34
and 35) could be praduced by a specific vasoconstriction of the pos-
tenor spinal artertes and 1schemta of the dorsal columns of the spinal
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SCHEME SHOWING CIRCUIT FOR REFERRED CARDIAC PASN ON BASIS OF
SPASTIC VASO-NEUROPATHY
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Ficurs 39 Robert’s schematic dugram of pathw
palses from the heatt 1o the pasa nervorum with
of visceral pun  Reprnted by permission from Robests,
Heart | 35, 369 (1948)

cord, the sensory teacts of Goll and Burdach, which these arteries SUF
ply (11)

T should say something sbout other
intensity discharpes from tnigger ateas,
and Parsons (20) have termed “the concomy
~way of iustration § will describe to you the st i

As 1 the case of the trapezius muscle, the sternomastoid muscle Cﬂg
be put on the stack, lifred off the underlying stractures © the nfck_ﬂgl
held between the fingers so that it can be readsly compn:sscd or infl-

effects which accompany high
other changes which Carfpr(’l
tants” of referred pain By
ernomastoid syadrome
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trated (Figure 40). In o senes of patients, the pam pattemn of the
sternomastord muscle was mapped, the compasite pattern from alf s
regions (Figute 41} You caa see that the pattern has certan accents
of more intense pain—a spot of pawn on the forehead at about the haur-
hne, parn tn the ear, 1n the postenor mastord process, panin the thraat
and chin with a sade distubation through the face Trigger aress i
this muscle are probably responstbie fac quite a number of the so-called
“atyprcal” facial aeucalgras

When these trgger ateas arc of high nteosity, they produce certan
concamutant effects, often without much or any pain - The patient veers
to one side. If the tngger methansm s an the nght sternomastosd
musile, he staggers to the aght I it 15 in the left, he veers to the
{eft The patent 13 surpnised to find that he cannot gauge distances
and bumps e things  He starts to go through a doorway and un-
expectedly walks into one side of it He also complains of vague visual
disturbances, a “mist before the eyes * or some blurnng of vison

3 thus tgger mechanism becomes mote sensitive, the patsent de-
velops spisning sensations, vertigo, intermsttent double wision and even

Ticuse 46 Mode of approach for demonstrating and wofiltreung tng.
Ber areas in the sternomastond muscle
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Figure 41 Composite pun reference pattern of tugger atess X sn
botls sections of the sternomastord muscle, as mapped in 28 patients
Black shows predomsnating areas of pan  Reprinted by peranssion
from Travell, |, and Bigelow, N H P}:}'(lzo.mm Med 9,360 (1947)

nystagmus  And I have seen the nystagmus and the enture syndrome,
which would ordumardy be Jed as a cerebellar, or possibly a ves-
tibutar disturbance, abolsshed immed:ately by mfltration of the tesgger
ateas 1 the stemomastord muscle This may be permanent or the
d may recur, depending on what the etwology 15, what ss the
source of umpulses activating this abnormal trigger mechanism.

A number of patients with a sternomastoid syndrome developed chest
pam, manly substernal, resembling the pam of cosonary mnsufficiency
The substemal chest pam m these patients was termnated by blackiag
trsgger areas on the face of the sternum, st apparently onguated in the
rudsmentary sternalis muscle (Figure 42)  The composite pain pattem
of this muscle 1s shown i Figure 43 Tmbryologically, the sternalis 18
thought to have an orgn, at feast m part, from the stcmomzsmgd
muscle One wonders whether the reverse may not be true, that in
cardsac pamn, 19 which trigger areas usually develop in the sternalts
muscle, within the somatic reference 2one of carduc pun (21,22)
whether the pam referred from the heart to the throat, jsw and face,
may not be mediated through this connection. e

1 don't want to taik about therapy, the therpeutic application Qf
procamne mfiltration (23}, except as it helps us understand the pain
mechanisms that we have under consideration.
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Sternatis musts (rar)” W o

FIGURE 42 Stermabis muscle Toldt, € Ax Atlas of Human Ana
omy, 2nd o, Pant 1l New York, The Macoullan Co, 1928 {p
92}

Fioure 43 Pan refereace pattern of tngget area X an the stetnalis
muscle, as mapped 1 10 patients with substernaf pasn



114 Connectve Tissues

The dramatic clintcal tesult conststs of two pasts: a) subjective re-
lief of pam, and b) objective improvement in the range of motion

Figure 44 shows these typreal effects following local block of trigger
areas 1 the masseter muscle in a patient with acute trismus, This was 3
medtcal student, and we were making some measurements of the nor
mal maxunum aperture of the mouth, so we had a previous record He
went home for his Christmas vacation and had 2 wisdom tooth ex-
tracted on the first day of hus vacation That night he developed mtense
untlateral facial neuralgta, and was unable to open his mouth; the aper-
tare between the 1ncisor teeth was onty about 1.5 cm. The restriction
persisted untif he was seen a week later, at which time the trigger arcas
i the masseter muscle on the pamful stde were infiltrated  There was
immediately 2 small improvement 1n motion, and practically total relief
of pam At intervals of several days, the infiltration of trigger aress
was repeated Each time there was an immediate tncrease 1a the 2per-
ture The aperture changed very little between treatments.

Procaine treatments
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1GURE 44 Response of
oo e trigger areas, w3 case of acute trsmus

to procaine nfiltration ol
following tooth exteaction.
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That 15 the customary respanse to the bloching of myofascial tngger
areass immeduate relief of referred pain, and a steplite retease of the
restticted motion. Thus 15 a typrcal response

An interesting observation came out of this Thrs patient could not
tell how wide open hus mouth was unless he put his fingers in to meas-
ure it. He did not feel the testrction. At the maximum stretch 1t al-
ways felt wide open to him  The proprioceptive impulses that gave him
that nformation appatently derved from the antagonusts of the mas-
seter muscle, and the resistance to stretch would inform him that his
mouth was wide open when 1t might be open only 2 em

Angerme. How wide do you suppose 1t would have opened 1 thirty
days without procamne?

Trarell: A good many of such cases gradually become symptom free
without treatment The most strihing thing about the case 1 described
1s the smmediate relief of pamn

1 have, on the other hand, seen a number of patients who had had an
acute tnsmus followmg tooth extraction, and years later, maybe three
years or thitty years later, they still showed a restricted opening of the
mouth to 3 or 4 cm  But such people do not know that 1t 15 restrcted
unless there 15 some desability that directs thetr attention to the limita-
tion of motion such as trying to eat a three decker sandwich and finding
they cannot bite 1t

Bennert. What degree of improvement do you get in these patients
with long-term involvement follow ing ijection?

Tratell. 1 would say that 1t 1s not entirely predictable I have seen
linited mation of the neck or the shoulder present for ten or fifteen
yeats, completely restored to normal with one treatment However, the
chances are that 1t will take a good deal of treatment, that there are
many trigger arcas, 1n many muscles m the region  Other shortened
parallel lines will be uncovered as you release the one that s the
tightest

Bemnerr Do you get atrophy of a muscle that 1s not used because of
spasticity

Travell You do not get any atrophy at all, and that 15 a very inter-
esting pont  These muscles that have been telatively mactive for pers-
ods of years show no atrophy on physical examination, and on blocking
the tugger mechanusm, they will start at once to function perfectly

The lack of atrophy 1s surpnisimg since the muscle that contams a
togger area will not take a load well, it exhibits a pseudo-weakness
It 15 partly shostened all the time Perhaps 1t needs a longer rmutial
Yength for a strong contraction  Anyway. the weakness 15 often mir
taken for atrophy
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A trigger area in the vastus nedralss, which 1s the mamn muscular sup-
port of the knee, will often produce a situation 1n which the hnee
buckles without pain, when the person steps up a step or places an un-
expected load on this muscle The contraction of the muscle is in some
way whibited in advance of pan.

T want to tell you now about the blocking of trgger areas by phys:
ologic saline, without procaine, which brings us back to Dr. Bennett's
question as to how a temporary local thesta can p iy mter-
rupt a tugger mechanssm

Figure 45 shows an acute knee sprain m a boy who felf down a fight
of subway staics Thucty hours after the injury, the range of motion
was very lunted The knee could not be straightened. The boy could
not walk up stairs  The knee was swollen and any motion was panful.
X rays were negative. Two tender spats over the mner aspect of the
knee jomnt were mfiltrated with a little physiologic saline solution, and
immeduately afterward the range of motion had increased markedly, as
shown by the broken-line ciccumference between the arrows It was
not 100 per cent, i that normally knee flexion should bring the heel
down disectly against the buttock The boy was kept on limtted activity

When he was seen two days later, the range of moton, as shown by
the stippled area, (Figure 38), was a little better than 1t had been dr-

1 ST _TREATMENT 2ND TREATMENT
30 HOURS AFTER INJURY 80 HOURS AFTER INJURY
_-=-3180

170

—

RANGE OF MOTION JUST BEFORE INFILTRaTION £
RANGE IMMEDIATELY AFTER (NFILTRATION (...

TiGURE 45 Effect of mfiltrating trigger areas with physiologic saline
on limited motion 1n acute knee sprain, in a 14 year-old boy
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rectly after the first treatment  Immeduately after the njection of an
additional trigger area, the range of motion was perfect

In ths case, for exp 1 veasons, physiol sahine was used
mstead of procaine, and an excellent therapeutic result was obtatned
Trgger areas may be blacked not anly by physiclogic saline, but even
by dry needling, 1f the trigger area 1s thoroughly peppered with the
needle (24)

1 thunk that 1 chinical experience, the order of efficiency would be
procame first, sabine net, and needling fast  Theobald (10) reached
a similar conclusion on the basis of observations an referred pain 1n-
duced from the uterus by direct electrical stimulation  He found that
at a muild ntensity of stimulation, needling the reference zone m the
lower part of the abdomen would suffice to abolish the refersed pain
When the 1ntensity of the current was increased somewhat, needling
would not abolish the pain, but physiologic saline would 1€ stall higher
intensities were used, relief of pain was obtained only with procame

Alirsky The njection bemng at the reference pont®

Tratell, In the reference zone of uterine pain

Mersky: When you talk about treatment bere, 13 1t always in the
reference zone or in the tngger zone”

Tratell- In the tugger zone The confusing thing is that within the
somatic reference zone of visceral pam, trgger areas may become sec-
ondanly estabhished When this 15 the case 1t may be possible to abol-
ssh cardiac pawm, for instance, by afiltrating the trgger areas located on
the face of the sternum or i the precordium, within the reference zone
of cardiac pan

Aersky  As 1f they were secondary trigger areas

Travell Yes WWhenever there 1s a barrage of novious impuises for
a long period of time—for instance, from tngger areas in the m-
fraspmatus—secondary trigger zones are apt to appear in the reference
zone—in this case in the antertor deltoid and forearm supsmator muscles,
and these may have to be handled separately

Tremont-Smuth  In that connection, 15 st not your practice in treat
ment to deal first with the secondary focs, and then come only last to
the—

Travell You will usually uncover the trgger areas mn the reverse
order of therr development The more recent secondaty fou will, at
the time you see the patient, often be the major source of pam, so you
pick them off and work backward The more recent trigger areas seem
to be easter to find

If you could identrfy the intial one first, perhaps that would be the
best way to get at 1t
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We have another techmque for blocking these trigger areas, in addr-
tron to the local infiltration procedure.

Mirsky Y- --foemTe- ‘
then you tol
1 believe we wouiu an attlpiel you o mean tat you actually blocked
the passage of impulses along the nerve.

Travel{" That would be a justifiable assumption.

Mirsky. 1 know of no phystologic mechanism whereby the blocking
of impulses along a nerve can result from the injection of saline

Travel] That would apply to needling also

Mirsky. So although there may not be a perception of pain, that 15,
the reference zone may no longer respond, 1s it proper to talk about the
end result as 1f you were talking about a process? When you speak of
"blocking,” you refer to the process whereby impulses ate mhibrted

Travell That has bothered me too, The fact 1s that 1f you thorough-
ly needle a trigger area, of deep hyperalgesra, you not only abolish the
pam and hyperalgesta 1 the reference zone, but you also abolish the
local sensitwvity at the site of the trigger area, nsually within a matter
of half a mmute, or 2 mmute, just as in the case of procaine solution

Wieer Can you block the trigger mechanism with external pressuze?

Travell If you sustan the pressure long enough and hard enough,
for a matter of about two or three mnutes, — provided always the
patient will tolerate 1t, —jou can often block the trigger area by
pressure alone.

Mirsky May I get something clear? In every instance where you are
goting to stop a response to a trigger area, you get intense pamn dunng
the process that 1s gomng to result in the cessation of pam, swce it is
a trigger area

Travell That 1s correct, and we may be dealing with a postimulatory
depression phase X

Mirsky' In other words, the patient does get intense pain.

Travell. Yes, a very intense momentary pain

There 15 another procedure mn addition to local infiltration that we
have been interested 1n, and that 1s ethyl chloride spray. When apph:‘d
to the skin over tugger areas, this 1s often effective blocking them,
without itself producing pain (3, 4, 19). L

Ethyl chloride spray probably falls mto the category of countc;xmt
tants ‘The nteresting thing 1s that i using this spray, we zpplyll
very lightly, and mn a rhythmic manner which produces relatwvely little

coolin; . )
Theguse of this spray for the seltef of painful motion s not NEW

(25, 26) It has been in vogue for nearly twenty years 1n various parts
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of the world, but 1t has usually been applied up to the point of frosting
the shun, with the 1dea that profound lfocal anesthesia 15 necessary  But
actually, no such effect, that 15 freezing, need be produced any more
than local anesthesia in the ordinary sense 1s cssential to the action of
procawne 1n blocking trgger areas by durect snfiltration

Tor lack of a better term, T will continue to say “blocking ™

Weers Can you do that with water?

countenertants occurs both with the application and the withdrawal of
the strmulus, Intermittent cold has been found by Gammon and Stare
(27}, in experiments on counterirntants and deep and superficial pam,
to be more effective than continuous cold  We found that the intermit-
tent application of a cold seltzer-water spray may refieve deep rschemic
pamn (28), but the effect 15 not as precise, in that I think there is a
damping of the rate of change of the temperature of the skin

Another factor in the effect of ethy! chlonde spray may be adaptation
b A PN e Tlaatond £AAN e S A e Laele et oot

interruption of the flow of a certamn kind of’lmpulses from the skin  So
we have two features 1n the mechamism of action of ethyl chlonde
sp1ay, in the manner that we have apphied 1t One 1s termuttent cold
and the other is intermittent touch

An analysts of the results obtained by ethyl chlonide spray n forty
cases of so-called “sttff neck” 1s shown in Figute 46 The pain and
stiffness had been present for from one to three days prior to treat-
ment We called this 100 per cent pain and stiffness, whatever it was
at the time treatment was mstituted ‘The spray was applied over the
trigger areas mn the neck muscles, the major one usually being m the
trapezius - A large proportion of these patsents (curve 1) showed com-
plete and immediate relsef of pain, and restoration of motion to normal
during the spraymg A certain proportion of them (cutve 2) showed
marked, immediate improvement but an hour or two later there was
some recurrence of the stiffness and pam, but not so bad as 1t was 1
the beginaing, and 1 a few hours the neck motion was perfectly
formal

These two groups represent about two-thirds of the cases Then
thete was anath=- ~w~ v ~f et mie fwm 2N o ST e o oE
motion improve ‘ b
of motion was
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FIGURE 46 Types of clinical sesponses to ethyl chloride spray 1n 40
cases of acute “stiff neck " Pan and limited motion are tzken as

100 per cent at time of first application

duning two or three days, a step-like release was obtained very sumlar
to what we saw with the use of procamne infiltratron (Figure 44

Thete were a few patients (curve 4) in whom the spray was ap-
parently meffective  Such cases can often be effectively managed by di-
rect nfiltration of the trigger areas

We tnied to obtan an objective index, some painful lesion that we
could see; to measure effects of the spray, and 50 we decided fo study
its effect on burns We (30) produced about one hundred thermal
burns 1n human subjects The burns were made in pairs, at comparable
sttes on opposite extremities, one extremity being treated with ethyl
chlonide spray i the manner that I have described, and the other serv-

ing as control We used the Hardy-Wolff-Goodell pain-threshold ap-
you would

paratus to produce these burns, and we found that pain, as
expect—
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Fremont-Snth- How large was the ared burned?

Travell: Tach burn was about half a centimeter 10 diameter, slightly
smaller than the aperture through which the shin was exposed to the
heat (Light) source

Pam and secondary hyperalgesia were rehieved to a very marhed
degree by spraying with ethyl chlonde These results, like those ob-
taned 1n acute joint sprains, mdwate that pam m traumatized tissue
1s not proportional to and 1s not dependent on the extent of the tissue
damage, because pain can be abolished at once, while the tissue
damage, which we can sce. persists

The size and intensity of the burns was also reduced by ethyl chlonde
spray  The spray was apphied about one minute after burming and
twenty mmutes later there was a mathed diference n the zone of ery-
thema around the site of mjun  Sevetal haurs later the burns were
obvious on the control arm, but were scarcely visible on the sprayed

m

Mirsky The spray was on the site of imjury?

Tratell The spray covered the whole volar aspect of the forearm,
and covered a line of byrns, usually three, which were made m rapid
succession,

When the spray was applied as long as ten munutes after burning the
shin the stze of most of the burns was matenally reduced

1 have not really answered your question, Dr Bennett, sbout the
mechanism of action of procane mhltration n bloching trigger aceas,
but at least I have told you what we observe and what the results are

Bennett Do you hnow the answer?

Tratell No Possibly the interruption of the pam cycle depends on
a temporary state of p latory dep follawing strong stimu-
fatton of the trigger area by the needle or of shin receptors by the spray
Or perhaps the afferent discharges disrupt an abnormal electrical
rhythm, a hypersynchronous beating of locked neurons that maintams
the pamn cycle, as supgested by Gerard (31) to explain the phenomena
of causalgia

At any rate, central effects, at some level not necessanly spinal—it
may even be cortial—must play a very important role 1t 1 do not
see what explanation there can be for the lasting effects of ethyl chlor-
1de spray on deep pain other than central effects

Fremont-Smith Does not the word * blocking’ or “nterruptmg” sug-
gest that the pain 15 a reverberatory process n which the trigger zone,
the reference area, and perhaps in connection with viscera, deeper areas,
are involved  a self-perpetuating arcutt 1o which the pain 1s main-
tained, and that what happens here, by the therapeutic apphication, by
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a mechanism not understood—thss circust is broken, and the patn stops

It would seem that, 1n connection with the burn, this would be fairly
clear That 15, a burn 1s not just one pain; 1t continues and there must
be something that keeps it gomng; then, a sudden spray with ethyl
chlonde and 1 stops which suggests that some kind of circuit has been
nterrupted

Thravell: That ss the inference one arrives at Leriche (32) advanced
that concept when he gave the impetus to the clinical use of local pro-
caine mfilteation for relief of pain, and Livingston (33) crystallized it

Fremont-Smunh' This 1s not my 1dea

MMirsky- 1 could not accept that to mean a block.

Fremont-Smuth, 1t 15 not block in the sense—

Marsky- 1t 1s an 1nterruption of the patient’s response, the patient's
response being that of pam, Until we have methodology which can
establish without question what we are talking about, I belseve 1t wisest
to be precise about our language and what we are doing. Here we are
talking about a response which can be shibited or stumulated The
very stimult which induce this response can also inhibit the response at
other times It would be suggestive of magical thinking and induce
much criticism of good observation to use language which mduces crti-
asm To say “block” as a result of myection of salme would give the
so-called organicists who use a saline injectton as a placebo to say,
“Why, you have proven that you are wrong.”

Fremont-Snuth: Is not the questton of suggestion important to try to
evaluate here? .

Mrrsky Twish Dr, Hasrower would speak from her expertence with
testing 1 would Iike to know, for example, something about the S‘Ubi
Jects who demonstrate the responses in these areas; are they hystericd

personalities? One gets the impression, for instance, 1n the hand-
glove —
Travel That 1s a spectal situatton. o

Mirsky: Are we dealing there with a marked hysterical chasacter w °
1s very suggestible? I would like to know what happens when spray
are used and the patient 15 asteep

Fremont-Smuth You wake him u

Mersky The spray 1s not being used so that it woul

Fremont-Sputh The mtensity of the cold feeling, even thoug]
skin may not be— - heral, of

Mirsky. If the patent perceived the cold feeling—is 1t peripherdl,

15 1t central? That would answer that question

Travell 1 am sure the spray would wake a person.
to set up proper controls for a physical agent.

d wake him vp
h the

It 15 very defficult
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Holbrook I think this 1s closely assoctated with the problem which
we faced 2 great many years ago 1n the description of fibrosttts 1 am
sure Dr Campbell will remember that many times we have tred to find
out what the pathology of the so-called fibrositic nodule is, and every
time we cut it out 1t 15 not there That 15 the amazing thing about this
description of tigger mechanisms in which there are no evidences of
inflammation nor of anything that can be determuned as an abnormal

normal muscle, it does not Is that right?

Tratell- Tt 15 cartect that there 1s almost always 2 localzed motor
response on inserting the needle nto 2 trigger ares, but [ 2m not sure
tt1s a spasm A localized twitch 1s also often seen when the trgger
area 15 palpatated.

Mirsky 1 would like to ash two questions  When one trugger area s
being elimnated, if one simultaneously injures another pact, does one
set up a new trigger area?

Travell You mean that 1f during the course of treatment of one
regton the patient sustains another injury, does this set up another pain
syndrome somewhere else? It can and docs happen at times It 15 not
aunnersal phenomenon

Holbrook Dr Travell smd that you cannot produce 1 permanent
tngger area expenmentally, you can only produce & transient one

Trarell We have no technique for consistently producing a trigger
area with a lasting pain cycle The only way I know 1s to activate a
latent tuigger area by myecting a local wntant, which may sometimes
start a persistent pain cycle—but there 1s something wrong to start with

I would like to come back to the question of suggestton

OF course, 1t plays a role i any form of therapy and we are well
aware of the importance of placebo effects (34) But suggestion 15 not
the whale stoty here

In treating these trigger aseas by local mfiftration, you only get nid
of the one that you mject Now if the effect 15 due to suggestion, you
ought to get nd of a whole lot of trigger areas You ought really to
Clgar up the syndrome, but you do not Furthermore, you ¢an make
Injeet ~ PR P .

3[‘1.

to

better or that he wll be better tomorrow, but 1f youl have not hit the
trigger area and set off the pattern of pain, he will not be any bettee
You have just failed to mfluence it, and I would say that that 15 the
best evidence we have aganst suggestion as a primary factor
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a mechanism not understood—thts circust 1s broken, and the pain stops
It would seem that, in connection with the burn, this would be fauly
clear That 13, a burn 15 not just one pasa; 1t continues and there must
be somethung that keeps 1t gomng, then, a sudden spray with ethyl
chlonde and it stops which suggests that some kind of curcut has been
nterrupted
Travell: That 1s the mfetence one arnves at. Leriche (32) advanced
that concept when he gave the smpetus to the clmical use of local pro-
caue infiltration for reltef of pain, and Livingston (33) crystallized it
Fremont-Smirh This 1s not my tdea
Mirsky: 1 could not accept that to mean a block.
Fremont-Smuth: 1t is not block 1n the sense— L
AMursky 1t 1s an interruption of the patient’s response, the patient’s
response being that of pam. Until we have methodology which can
establish without question what we are talking about, T belteve 1t wisest
to be precise about our language and what we are domg Here we ate
talking about a response which can be mhtbited or stimulated The
very stimuli which induce this response can also mhubit the response at
other tumes It would be suggesttve of magical thinking and mduce
much cticism of good observation to use language which induces crti-
asm  To say “block” as a result of 1nyection of salme would give the
so-called organicists who use a saline snjection as a Placebo to say,
“Why, you have proven that you are wrong.”
Fremont-Smsth: Is not the question of suggestion important o try o
evaluate here? Ath
Mirsky 1wish Dr, Harrower would speak from her expertence “Ib-
testing I would like to know, for example, somethung about the S.un‘
jects who demonstrate the responses 1 these areas; are they hyS\;“‘ :
personalities? One gets the impression, for mstance, n the han
love —
Travel- That 1s a special situation
Mirsky Are we dealeg there with a marked hystencal charactet ‘::1:
1s very suggestible? I would like to know what happens when spray
are used and the patient 15 asleep
Fremont-Smth- You wake him up.
Mirsky. The spray 15 not bemng used so that 1t wo
Fremont-Smub The ntensity of the cold feelng,
skin may not be— .
Mzr.fk);': If the patient percewved the cold feelng-—s it peﬂPhcml’ or
15 1t central> That would answer that questton ecy dufficult
Travell 1 amn sure the spray would wake 2 person It 1s very
to set up proper controls for a physical agent.

uldl wake B
eve [hough the
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Holbrook: T think this s closely assocrated with the problem which
we faced a great many years ago in the description of fibrositis 1 am
sure De Campbell will remember that many times we have trred to find
out what the pathology of the so-called fibrositic nodule ts, and every
time we cut it out 1t 15 not there That 1s the amazing thing about this
description of trigger mechanisms m which there are no evidences of
inflammation nor of anything that can be determuned as an abnormal
relationship, ¥ o N

Tresmont-Sm
muscle, the ms " .
normal muscle, 1t does not  TIs that nght?

Trarell 1t 1s correct that there 1s almost always a localized motar
tesponse on inserting the needie mnto a trgger area, but I am not sure
1t1s a spasm A localized twitch 1s also often seen when the tagger
area 15 palpatated

Alrrsky: 1 would like to ask two questions  When onc trigger area 1s
being eliminated, 1f one simultaneously 1njures 2nother part, does one
set up a pew trigper area?

Tratell. You mean that if dunng the course of treatment of ane
region the patient sustains another injury, does this set up another pam
syndrome somewhere else? It can and does happen at times It 15 not
a unwversal phenomenon

Holbrook Dr Travell said that you cannot produce a permanent
trigger area expenmentally, you can only produce a transient one

Travell. We have no technique for consistently producing a tugger
area with 2 lasting pam cycle The only way I know 15 to activate a
latent tngger atea by mjecting a lacal sentant, which may sometimes
start a persistent pain cycle—but there 1s something wrong to start with

1 would like to come back to the question of suggestion

Of course, 1t plays a role in any form of therapy 2nd we are well
aware of the impostance of placebo effects (34) But suggestion 1s not
the whole story here

In treating these trigger areas by local mifltration, you only get nd
of the one that you mject Now if the effect 15 due to suggestion, you
Aught to get 11d of a whole lot of tngger areas Yo ought really to
cleat up the syndrome, but you do not Fusthermore, you can make
Inyections and go through alf the mations and not hit the trigger area,
and then, 1n sptte of the greatest power of suggestion that you can bring
to bear, you achieve no benefit You can assure the patient that he 1s
better or that he will be better tomorrow, but 1f you have not hit the
ttigger area and set off the pattern of pain, he will not be any better
You have just failed to influence 1t, and 1 would say that that 15 the
best evidence we have agamnst suggestion as 4 prumary factor
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Mag X 325

I 15 3 Plessure to acknowledge the collsboration of Dr Parker Vanamee in che freluminacy
studies which provided the mucrophotograph shown an Figures 47, 43, 49, and 62
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H,0 and dried for microscopy The reference line represents 1 micton
o this and the following figures Mag X 16,000

untt fibers because they have no apparent subdivisions, and because they
persist as unus 1n the parallel organication of the large steands  {t1s
also possible, T think, to see—although the magntfication 15 not really
adequate—z penodiaty or a stnation in these fibers (at C) which, ac-
cordiog to 1ts dimensions— 640 A —describes the strands as cotlagen
Thus charactenstic peniodicaty s perhaps better shown in the next mcro-
graph (Tigure 49) whach pictures a shadowed preparation of a similar
sort of materral,

The relation of these fibers to the cells, 1n the culture was difficult t
see 1 these prey and the was published (15) tha
there was no evidence to indicate that the fibers were denved from the
<ells or spun off theyr surfaces i

Demp.my You spoke of the small fibnls as the umit fibol, as of y
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L . L D

had never seen anything smaller than that Is that correct?

Porter 1 sunply meant that within these mats of well-formed fibers,
which represent the fiber arrays 1n cultures about erght days old, there
1s ths type of fibril which predominates and is uniform 1n size, and lj
stself not compounded of other fibrls 1 have seen smaller fibrals, an:
1ntend to show you some of them,

Ragan* How wide are they?

Porter- Four to 600 A Much finer fibls can be seen in the back-
ground “A” of Figure 49.

At the time we made these 1nitial observations, )
ing the mode of fiber formation in fibrin clots (17), and had noted it
that situation that the polymerization takes place i a seres of stef;s
Farst, very small fibuls (protofibrils) appear which then coalesce t0

we were also study-
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form larger ones, these 1 turn do the same to form finally the fibtin
strand of the clot. It scemed to us inttially that the collagen fibers de-
veloped m much the same way, and that actually the fine fibuls i the
background (“A™ in Figure 49) represented the earliest form of the
fiber, and that these came together to form the unit fibnls, and so on,
to produce finally compound strands

When, however, we examined the matenal 2 little more carefully, it
was noted that umit and compound fibers 1 mats are not disposed at
random, or woven lile the fibers 1n cloth, but are put down i a lami-
nated fashion, [See also (14).] If you examme the course of any of
the strands 1n Figure 50, you will notice that they do not weave m and
out of the mat “A” in Figure 50, for example, does not go over one,
under the next, and over the following one, and so on  In other words,
i the dimension normal to the supporting surface, the fibets are ar-
ranged in planes above or below one another This suggested that fiber
formation had #o# proceeded freely n all directions as 1n the formation
of fibnn strands n clot development or as might be expected f the

FIGuRE 50 Mat of collagen fibers sn 8-day-old culture of chick em-
bryoshin Mag X 21,000
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collagen fibers polymertzed out of an intercellular matrix. It seemed
rather that the fiber mat had been organized by cells, which, 1 migra-
tron, had deposited new fiber arrays above or below those already
formed We were thus led to conclude that our easlier notions on the
ongin and development of collagen fibers wete probably erroneous and
that we had better examune the problem further

In domng this we chose a simpler culture medium and followed very
closely the procedures Margaret Lewss had used in her much earher
studtes of this problem (5). Her findings that the fibrils which appear
m culture develop 1n the “exoplasm of the cell” have since been vari-
ously treated but generally not accepted because she provided no evi-
dence that the fibers observed were reticulin or collagen They have
been interpreted as fibroglial fibers [See (11).]

In our more recent experiments we have uséd cultures of skin, of
eight- or mine-day-old chtck embiyos set up in a medwm containng 10
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FIGURE 51 Low power photomicrograph of the margin of cell
grow and mxgms from an explant of chick shin 1n Locke-bom.llor:
medium duning 24 hours of incubation A portion of the explant is
the lower lefthand cornes Mag X 115
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fibsin ot serum components, nor embryo extract but only balanced salt
sofutton (Locke’s with 0 25 per cent dextrose) and beef bowtilon (10
pet cent).

In such cultures, the cells grow out 1n a thin shect on the surface of
the cover glass, as shown m Figure 51 They are thin and excellent for
electron microscopy. In preparation for this they are simply freed of
any tissue debrss and the boulion by nnsing 1n a fresh quantity of bal-
anced salt solution and placed in the presence of osmum tetroxide
vapors for fixation Ten to twenty muinutes suffice for this, and the
fixed cells are thereafter transferred to the electron microscope grid
and dried

Figure 51 represents the growth which takes place 1n twenty-four
hours During the next twenty-four to forty-eight houss, the margin of
cells increases as much agamn i terms of the width of the margin
migrating cells Then under these conditions of cultunng, the growth
generally stops  Presumably, the media and the condutions of culturing
will not support any further expansion

FIGUPE 52 Higher power photomicrograph of chick shin cultuse after
6 days rowth and differentiation m Locke-bowllon medum  Fixed in
00y vapors and stamed with hematoxyhin and eosth Mag X 450
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From thus time on, for three or four days (longer 1f the medum 15
changed), the cells survive and 1n terms of fiber production, they differ-
entiate  That such preparations produce fibers ts indicated in the next
photomicrograph (Figure 52) of a portion of such a cell colony This
1s 2 hematoxylin statn preparation

The electron mucroscope naturally provides a more detailed picture
of such fibers and shows that they are 1n fact collagen or have the struc-
tural charactenstics of collagen fibers (See Figure 53.) These were
1n six-day-old cultures .

You will notice that the strtation ts much finer actually than that of
collagen I will come back to this later But there is 2 major peno.d
forming (at “A” 1 Figure 53) where each group of three fine stri-
ations 15 set off as a major group by an enlargement of one o two of

Fioure 53 Electron micrograph of compound strands and umlr ﬁEe‘:;
of collagen which developed during 6 days n 1410 from cxplan of
chick embryo skin l\fegmm plasma - free, contained only Lof!
bowllon muxture of Lews (5). Mag X 30,000.
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the three  The powat to be stressed here o that these, as pear as we
Lnov. anything about them, represent collagen, and thesefote fibon and
serum components of which none was in the medim are not essential
to collagen formation The ibers or the matesnial to form them must
have come from the cells ot the culture

Now what 15 the ongta of these fibers with respect to the cells? Itss
impossible to examne hving cells with the electron mucroscope and
watch fiber formation  We wese obliged, mstead. to preserve represen-
tative cultuces at twenty- four-hour intervals 2nd reconstruct events
from lacge collections of micragraphs and observations  In dang thes,
we were ing the seq m the & ation of embrionic
cells which produce collagen The same sequences probably take place
In ussue fepatr, ot wound healing, whese a prumitive type of celt pre-
sumably becomes the active fibroblast

Truee 54 Electron nucrograph of parts of tao adjacent fizoblasts
from chuck conbryo sha explant Cuftate 24 boussofd Celfs fived 1n
vapars of Qv0, 30 minutes A machs easly fiber forms, B, muto
chondna, C centrosome, D, nudew Mag X 4,500
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Fiber production increases with the age of the culture as would be
expected  After twenty-four hours, they show very little in the way of
fibers  There are a few strands at “A” in Figure 54 and thrs is what
15 commonly found in these young, tweaty-four-hour-old cultures Aftec
seventy-two hours, the number of fibers associated with the cell has -
creased considerably (Figure 55). The kind of density along the cell
margin (“A” 1 Figure 55) and sometimes occurring at numerous othet
pounts 1n the cytoplasm, 15 referred to as stress fibers or tonofibrls
They are common 1n these cells.

d cells 1n 72-hour old cul-
fibri] or fibrogha fibers,

FiGURE 55 Electron micrograph of fibers an
ture of chick embryo skin “A” refers to tono
“B,” collagen fibers. Mag X 4,500,
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After six days, or 144 hours 1o culture, the fiber collection 15 very
tich {Figute 56). Actually, most of the ectoplasmic portion of the cell
appears to be i olved 1n hber formation

Laaring: May 1 ask you 2 question® Perhaps I am oot readmg 1t
cleadly, but it seems to me there are Jifferences between the surfaces
of the cells shown. The earlier specimens seemed to show welt-differ-
entiated celf borders, almost 2 cell membrane of measurable thikness
Lihink 1t was @ the sixc-hour preparation Here st 15 almost entuely
unrecognezable to me

Portes: That 1s right

Lansing: hd you attach sigeuhcance tu that transformation #

Porver: Yes, it 1s doubtless celated to the obsersaton € wil mzhe
- R 3 p PR T T

Fiouse 56 Electron mucropraph of pacts of 2 cells and fbers from
6day oid colture Mag X 4,500
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Lansing: The implication almost 1s that the cell membrane is con-

trbuting to the formation of the fibers, to be consumed 1 so doing
Porter: T doubt that, but, nonetheless, it could be. One thing that s
fanly striking here, and 1s common 1 these cefls of older culture, ts this
o - eat “A" in

“B” in [ig-
ure 562

Porser: Yes, but this micrograph does not show the internal structure
of the cell to good advantage.

Dempsey: May I ask 2 question for clarification? The fibers one can
certainly see outstde of the cell or near the cell, and n some cases 1
the same regton as the cell. I do not believe you stated clearly whether
they were actually withm the cell, or lying superimposed upon the
surface of the cell.

Porter. As I proceed your question will be answered

In early stages of fiber formation, or fiber production, it 15 possible
1 many cases to trace the fibers back to a cell, and usually to some
region of its surface It is common to find them either developng in
bundles, in long densities in the cell body—with the form and dispost-
tion of stress fibers (18) or fibroghal fibers (19)—or pulling off the
surface as umit fibers and frequently as bundles of fibuls from unorgan-
1zed fibrous looktng material. o

Figure 57 shows a portion of a cell margin “A” 1s the nucleus, B
are mitocondria and “C” 1s the margin D" would be referred toas
stress fiber or fibroglal fiber They are definutely a part of the cell
body. At “E,” which s the pseudopodium, you will notice that some-
thing is being pulled off the surface.

AMacLeod. What do you mean, “being pulled off the surface”?

Porter. Tt 15 as though you have a mucinous materal which pulls
from a broad base out into a slender strand

Fremont-Smuth- Similar to molasses

occuf-

ecus—
you can see 1t, whereas the outside space is made up of many holes, a5
it were It is a space
Porter You mean at “F” in Figure 577

Hill: Yes L
Porter No, "F" represents the substrate on which the cell is sup

ported
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TiouRe 57 Micrograph of cell margin shawing fibess and fibrous
arrags appareatly deseloping from surface of cell Tahen from 72-
hour-old culture Mag X 3,000

Hdl" 15 that the space sn which thece ase frheds?

Porsert These 1s a film of plasuc represented by "I, 2 supporting
membrane It s not space  These cells hase to be supporred on some
thing for mucroscopy

Hdl What does gelatin loak Ihe

Porter' Tt would look bike the background—not hke Sbrls—as you
see st at "I, These whach cross the open spaces at "F” are extracellu-
fas, already formed

1€ these cedd susfaces ae { under higher fi
formations of that type (at I’ ) are exammed under hugh magmﬁsa-
tan, we begn to see detals as showe i Figure 58 Yau can see thit,
very fine fibees are forming at the sucface and bundtngz up, rullne
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FIGURE 58 ﬂPomon of sutface of cell from 6-day-old culture Shows
d 1

100 of poly of fibrils at or just within
cell surface Mag X 30,000

mto the strands, which finally find therr way out of or off the cell Tam
not sure that 1t 15 detached yet, but 1t is certainly on the upper surface
of the cell

Ragan* Where 1s the nucleus n Figure 582

Porter. 1 suspect 1t 1s toward the lower left corer

Bennert  The fibroghal fiber—does 1t have periodicity?

Porter- Yes, 1t appears to, but we will discuss that in 2 moment You
sce the same sort of parallel array is shown at “A” and at "B .Af
“C” can be seen one of these circular arrangements mentioned ealier.
(See Figure 56 )

It can be seeh that some of the fine fibals lose themselves in the
matenal of the cell Presumably, they represent the earliest ﬁbnl}of
collagen Such, at any rate, 1s the present interpretation. I do not think
there 1s much possibdlity of these fibnls having existed in the fluid ovef
the cell and then being deposited extracellularly by drying, becavse they
blend too convincingly with the material of the ceil sucface and further-
more, 1f loose they would have been washed away at the time of fixa-

tion






140 Connective Tissues

S
s
x 7"‘*': g e o6
0 S 3
S e T
BN iR ES
FiGure 58, Portion of susface of cell from 6-day-old culture Shows

extensrve differentration of polymenzation of fibnls at or just within
cell surface Mag X 30,000

1nto the strands, which finally find their way out of or off the cell. am
not sure that it 15 detached yet, but 1t 15 certainly on the upper surface
of the cell

Ragan* Whete s the nucleus m Figure 58?

Porter' 1 suspect 1t 15 toward the lower left corner

Bennett The fibroglal fiber—does it have pertodiaty?

Porter. Yes, 1t appeats to, but we will discuss that in a moment You
see the same sort of parallel array 1s shown at "A” and at “B” At
“C” can be seen one of these crcular arrangements mentsoned earlier
{See Figure 56 )

It can be seen that some of the fine fibrls lose themselves in the
matertal of the cell Presumably, they represent the earliest ﬁbnl'of
collagen Such, at any rate, 1s the present nterpretation. Ido not think
there 1s much possibility of these fibnils having existed in the fluid over
the cell and then being deposited extracellularly by drying, because they
blend too convinangly with the matersal of the cell surface and further-
more, 1f loose they would have been washed away at the tume of fixa-

tion.
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FicurE 59 Another micrograph of cell surface to show iotunate rela-
tion between cell fiber development Dernved from 6-day-old culrure
Mag X 30,000

Frgure 59 provides further evsdence of this mtimate retauon 1n cell-
fiber Formation  This micrograph perhaps has better resolution, you
can see that the small fibrils are strated and have the micro pertodictty
(ca 210 A) found in collagen One can note that 2 number of fine
fibrls are twisting tato thus larger group at A" Presumably, if an-
other cell should Eass over this one sn any direction, or make contact
with i, this aould catch and be pulled off 1f this happens the fibers
mught be said to be spun off the sueface

Gersh This 1s on the sucface?

Portes Yes

MacLeod Are the granules cytoplasmic?
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Porter: No, they are probably the macromolecular unts which con-
tribute to the fiber formation It 15 difficult to decide at these levels of
munateness

A parallel otgantzation of the fibroglal type is developing at "B "

Fremont-Smith, Do you see any of these apparently deep within the
cell, or are you suggesting that you see them primanly on the surface?

Porter: Wherever you obtam resolution of this fine periodicity (at
“C"), the fibuls are doubtless on the surface If they were under the
membrane or under any sort of layer matertal, that would probably not
show

Zwerfach In the microphotographs which you show, 1s there any
appreciable depth of focus? Are we scetng surface of a cell or looking
1nto 1ts mterior as well?

Porter. Actually, 1 this particular smage, you have only a picture of
the surface matertal because the shadowing enhances the contrast of all
the surface structures The depth of focus in electron microscopy is 1
to 2 mucra

Holbrook What you are really showing s 2 relief map

Porter. Yes

Gersh. Have you tried other fixatives?

Porter, Yes Formaldehyde, 1f properly used, gives a simular image.

Gersh. Are the granules of the same size?

Porter. Yes

AMarsky. What would you see of the fibers were covered?

Porter. You would see a little elevation 1n the surface of the cell.
more or less smooth

Lansmg. Is st your thought that the function of the fibroglial fiber 15
more or less—

Porter My current feeling is that a_group of fine unit fibers may
form 1n or come to constitute a fibroglial strand, but this requires much
more study. X

Lansig. It does not contribute to the formation

Porser: 1t 1s the stte of fiber formation

Ragan Where 1s the fibroglial fiber i Figure 597

Porter; There 15 none very evident but “B” is probably the root o
end of one Sty

Ragan. That has no penodicty? .

Pofier 1 think you ‘Slll see some 1f you look at it closely. This is
deeper mn the cell matersal than the fibul at “C” and not so completely

1 e tearsad
agha?
+ of parallel fibers and their

intracellular 1ocation
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Gydrgy+ Why this distinction? Js st artificial?

Poster. 'The only evcuse for applying these terms s to relate the
observations to thase made earlier with the light mrcroscope *

Gyirgy: They are collagen fibers?

Porter: Yes, they apparently give nise to callagen fibers

Fremont-Smnk- Are you suggesting, ot 1s ¢t posstble or reasonable
to suggest, that the fiber formation then 1s an interphase phenomenon?

Porier® 1 suppose i a sense it 1s; yes

Campbell- Do the fibroglal fibers seem to be lammar in relation to
the surface of the ¢eli?

Porter 1have not noticed

Marrione  Ace all thase fibers cotlagen?

Porter Some that pull off do not organize very well 1t 15 difficult to
dectde zbout them

Gyérgy The fibrogha never leaves the cell?

Porfer ‘The collagen diffecentiates out of the surface, theough the
cell, and then will pull off of the cell as 2 bundle of collagea fibeds,
umt fibers Whether they ase referred to as fibrogla fibees while stult
in the cell 1 not mmportant [ think the masn pomt that I can mahe
convinaangly 1s that the coltagen fibnils do form at the surface of cells
Our stadres have not been extensive enough to define definutely the
fibroglial fiber and 1ts relation to the ultimate collagen fiber

As mentioned earhier, 1t 15 difficult to detide on the telation of the
celt membrane to afl this, but 1t 1s reasonable to propose that the cito-
plasmic matersal-—that 1s a plasmagel layert just beneath the mem-
brane, may organize into collagen fibnls while stll beneath the cell
tuembeane, or that thus materral may pass through the membrane as an
exudate, and then, on the cell surface, polymertze mto defintte Aibrds

Fibroglia fbers were named and deserbed by atlory 1 1902 (19) a1 3 ulass of inteasebiolar
bole which appeac ced afcer the sed fuchnn-amiline blue calligen method They comuide in
distribution and fuerm with Sbribs desenbed by Masmow 31 sbout the same e and called by
him, tonotbals (20) Mallory notes thar “these fibeils follow cluscly the fate of the connec.
Gvelywe celfs <hey are numerous aad peomnent when the celly are shundans sctive and
prolifecating they are hard to Snd when the celly are few i number and in an smachvs srate "
Thus cher sce cammon 1 celle 1 granulstion tiusue and at oeher uites where collagen 15 beang
depomtcd He dricnbes them 3 sunming through the outet surfice of che protoplism  They
may, moreater, paws from celt to cel}

FThe dicaton whak fallows wauld have been impraved of the term * plimagel had not buen
introduced  The cctoplasm i the cytoplosmc layer s bepesth the cef! membrane whah 3
regularly Eree of cytoplamsc partcolsies and s wsuslly 1 the gelled state Other portions of
whe cytoplaemic ground subitacce at Well ar the ectaplaem vndergo ol gel tesasfacmaceons and,
¢ appropnate umes, are plasmagel or plammol  Ectoptwm 1 then the more reuncnive term
3nd seems the more bkely see for Bber formarion
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Presumably the motion of cell over cell, and over substrate, and the
consequent stresses play a role i organizing fibers into broad buadles
or arrays essential to the tissue to which they belong.
After leaving the cell as * c v
of the order of 200 to 300 ;
appear to wncrease (n diamet
may be of the stze shown as “A” 1n Figure 60, but after they leave the
cell, they grow to the dimenstons shown in Figure 61, from 200 & to
something like 500 A or 600 A.
Lansmg You referred to the plasmagel. Is that demonstrable in any

Ituce

FIGURE 60 Small area of surface of cell from 72-hout-old cul fuse

grown 1 Locke-bouillon medm Only fibnls ate developig oul
cell surface Mag. X 30,000
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Tigege 61 Portion ot fbec mar put dowa i embryo skin wutture
after G days Loche bowstion medium  Mag ¥ 30,000

of the electron muccographis? s thete a differentiated zooe secogasz
able?

Porter No, not shasply differennated 3t 15 a hyalin Jayer continu-
ous, te, diffusely continuous, with the endoplasmic sntenor of the cell
I have no materal swvith me to demonstrate it as st appears 1 these
efectron microscope mages

Lawsmg 1 am very sympathetic to plasmagel Honever, I would
bhe to see 1t

Porter 1t 15 demonstrable
Fremont-Smsth It s removed 1 the fving cell by micro—
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ﬁxig,clsl’l: ét cannot be removed in the h\.lmg cell. We remove it in the

y prolonged fixatton with osmium tetroxide Apparently this
fixation over several hours decomposes the material of the ectoplasm
and 1t diffuses out

Fremont-Smath: If you suck out this matersal with a needle, does that
leave membrane behind, a dried-out cell?

Poster. That has not been done to my knowledge It is probably not
detachable from the under side of the membrane.

Lansig: The pomt 1s that we are differenttating cell membrane from
plasmagel

Porters There 15 a formed structure which 1s 2 cell membrane, and
just beneath that there 15 2 region, very thin, which 1s referred to as
ectoplasm It 1s usually 1a the gel state and 1 such a state may be re-
ferred to as plasmagel

Dempsey: And those two components continue out tn the pseudopod,
as well as occurring—

Porter. The ectoplasm 1s everywhere under the surface and is not
excluded from the pseudopodia In cell migration it exhubits sol-gel
transformattons

Fremont-Smsth  In the flow that one sees, that is the plasmagel.

Gyorgy. You mentioned that plasmagel may be extruded.

Porter. In the case of fibroblasts or fiber-forming cells, it is conceiv-
able to me that 1t could come through As a matter of fact, from our
expetsence with these fibroblasts, I have come to wonder whether they
have 2 membrane as well defined as that on eputhelial or endothelial
cells
Lansing Do 1 have the nght 1dea, that 1t 1s your thought that the
plasmagel contributes to the chemical make-up of the fiber?*

Porter T think that the collagen elements, the molecular elements
which go into collagen formation, are probably in the plasmagel (e’mr
plasm) before they form fibers, and may actually be polymenzed into
fibers at that site of the cell structure

Lansing Would 1t follow that the chemustry of the fiber then would
reflect the chemustry of the plasmagel?

Porter: Yes, it would.

Lansmg: Let us say that the ammno acid analysis of collagen would
be the amimno acsd analysts of plasmagel Is that going too far?

Porter. Not necessarily.
Angevme: s there any relation between the number of pseudopods,

and the age of the fibroblasts, or to the number of collagen fibails that
are formed?

*$ce Footnote on Page 143
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Porter. The only selation T bnow of 1 one to the age of the cell
wiro. What we 2re actally domg, of of 15 a sux-day-obd cufture, 15 ab-
serving the collagen production of a bbroblast 1 2 fourteen-day-old
embryo which, m the skin of the fourteen-day-old embrjo, 15 sur-
rounded by plenty of collagen

Lansing One more question on the plasmagel s the plasmagel that
you refer t0 o bie to the pl { used by Hetb and hus
stadents

Porter Yes

Lansing It 1s the same plasmagel

Parter 1belteve so All of the expensmental cytologists—

Lansmg 1 want to make sure of my termunology It 15 a classical
plasmagel that we ase tathuag about hete

Porter Now, the mode of mcrease in diameter of these hbers has
not been evideat, but I think 1t 15 reasonable to assume that a coltagen-
ous component, of 4 companent of the fiber, 15 deposited from the
media on the fiber, after 1t 15 detached from the cell surface

In ather words, theee 15 an accretton of coflagen, or a condeasation
of collagen after the fiber leaves the cel, and the fiber thereby mcreases
or grows n size  Growing suggests that the fiber has much to do
with it

Hill Where does the collagen come from?

Portest 1f there 15 collagen on the surface of the cell that can form
fibrils at the surface, 1t 15 reasonable that some of it would go into
solution without polymerzing, and then from the medwm—

Hidl Which medum?

Porter Arund the fibers {the culture mediom), outside the cell,
extracellular—at might condense out on the previously formed fibnls,
se, the fine ones, the protofibnis

Dewmpiey 1In other words, the fiber could grow by apposition  The

& or fund 4 of the fiber mav be laid down
by the cell, from that powt it 15 2 matter of plastenng on more umts

Porter The wtetesting thing to note 1n this 15 that collagen fibnls of
this type—unt fibers of different tissues—are of different diameter, but
ameng themselves aze almost vatform e o qust a5 though the skeletal
fiber which 15 put down by the cell 15 capable of takung on only 3 cer-
tamn thickness of all this material on the outside and holding it

MacLead You would say an adding on, 23 opposed to swellmg of
the fiber

Parter 1 frankly had not conswlered the possibiaty of swetling 1f 1t
swells, 1t has 10 do so by taking up nonvolanle matenal because these
fibess use alt dosed and even so have dimensions which vagy with age
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A number of mteresting phenomena come to light at these levels of
resolution  In menttoning them I should point out that they need more
study for proper defimtion  For example, along with this ncrease n
fiber diameter, there appears to be a change in the striation pattern
The fibers, shown in Figure 62, are recognized as more or less mature,
1n that they have the form found in adult tissue {at “A”). That is, two
striae somewhat fused are separated by 2 depression .

loped in explant of
62 Collagen fibess of the adult type develope:
fl:?:l;‘f; lz-day(?cldgeembryo after 8 days 1n medum contanng plama

and embryonic extract Mag X 33,000
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In the young fibni, as marked by 1ts diameter aad cell sefabonsheps
thus same dustance o space, 640 A, 1s occupted by three stae of unt-
form, or neady uniform, size. You can see {Not itestrated, but the
structure 1s the same as tn fibers shown in Figures $3, 60, or 61) that
the striations are nearly all of uniform size It takes theee of thase to
make a 640 A peniod ' In other words, these are abour 210 to 220 A
1t 15 wteresting and perhaps of some significance that fibnin has about
the same penodicty

Gyorgy “What ss the difference between the two?

Parter The stnations are umiform

Gydrgy What 15 the difference i age?

Poster The collagen fibnt wath the umform stuse i younger by
several days

Another observation 1s that in Loche-bowstlon medum, we have not
found mature, completely-formed coliagen: of the type shown i Digure
62 This was grown tn the presence of plasma, whereas the fibers
Tigures 53 and 61 were formed mn Locke-boustion alone There 15
enough evidence to this latter matenal to show thak occastonally {as at
VA" in Tigure 53) every third of these striae will expand in size to give
the 640 A penodicaty When this ddferentation goes further every
second and third stration adds on matenal and the thied one disappears
mnto the depression between the majar bundlings {Frgure 62)

Gydrgy You do not find the same difference 1n what you call retic-
ulum fibets and coltagen

Porster 1 seally cannot make any distinction

Gyorgs. They ace alwags the mature type?

Porter Yes Another thing frequently noticed in these cultures 1s the
presence of an mterfiber matenal not generally fibrous, but put down m
a metameric pattern, as shown at “A" i Frgure 63 The penodity of
that, 15 nat 640 A but 1100 A, nearly twice that of collagen

Dempsey 1s st fsee”

Parier It 1s in between the cotlagen fibers

Dempsey Tatraceliulac?

Porrer Yes 1t fills 1 between them

Travefl Where daes that come from?

Porrer 1t must come from the celis in the skin colture

In the absence of collagen fibers, & may form spidie shaped unsts
shawing precise penodiaty * Tentatively, we interpret this as repre-
senting the ground substance that Dr Gessh descrsbes  In other wosds,
possibly @ muco-pratese When Dr Gersh speaks of polymerntzation of
ground substance, he may be referring to the deposition of this materzal
m Hus pattern of organszation

* st abiervatany made n calfsborarion wirh Dr Parker Vanamee wil be publihed e detad
e €7
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FIGURE 63 Portion of culture of chick embryo skin showing large-
period, nterhbnllar material  Medium, Locke-bousllon  Age of cul-
ture 6 days Mag X 18,000

Actually, 1f you look carefully at Figure 63, you will see that in this
patticular portion of the fiber array, the collagen strand at “A” has
developed the adult type of penodicity, whereas most of the collagen
shown here s not that well formed There is then a suggestion that this
larger pentod matenal 1s continuous with the collagen fiber and that 1t
may have contrhuted to the development of the adult type periodicity.

Now, the partscular technique we are employing, i e, culturing in 2
well-defined medum, provides fair possibilities for the investigation of
these and other problems, since a variety of environmental conditions
may be controlled and changed to swit the purposes of the study.

For example, effects of varying the culture media may be readily
noted Leaving out the bowllon from the culture makes no essential
difference in the production of fibers. The cells do not grow quite as
well but cotlagen fibers of the same type are produced

Adding a portion of whole serum, to the medium, on the other hand,
leads to a pronounced increase tn fiber formation It 1s probably a nutri-

" tronal effect.
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Figure 64 for example, shows a portion of a culture grown m Locke-
boudlon without protemn added Figure 65, on the other hand, 15 of
parts of cells grown 1n a medm contaiming serum (25 per cent by
volume) You will notice that the fibers are more abundant 1 the
latter.

Mirrsky- 1f you had a different type-of medm, would you get the
same thing?

Porter: 1 have not varied the medtum, except for one expeniment

1 antiapated that someone tn this group would ask what corttsone-
like compounds mught do So we set up a sertes of cultures, onc-half of
which received 5 gamma per ml of compound F acetate The colony
size and the cell migration were essentially the same 1n both cultures,
but the fiber production was quite different In the cultures without

FIGURE 64 Parts of 2 cells with surrounding collagen fibts grown 1n
Lache bouttlon tiedmum  Mag X 6,000
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FiGURE 63 Portion of culture of chick embryo skin showing large-
period, nterfibnllar matental Medium, Locke-bouillon  Age of cul-
ture 6 days Mag X 18,000

Actually, 1f you look carefully at Figure 63, you will see that in this
particular portion of the fiber array, the collagen strand at “"A” has
developed the adult type of periodicity, whereas most of the collagen
shown here 15 not that well formed There is then a suggestion that this
larger period matertal 15 conttnuous with the collagen fiber and that 1t
may have contributed to the development of the adult type penoducity.

Now, the particular technique we ate employing, ie, culturing 1 2
well-defined medium, provides fair possibdities for the investigation of
these and other problems, since a vanety of environmental conditions
may be controlled and changed to sutt the purposes of the study

For example, effects of varymg the culture media may be readily
noted Leaving out the bouillon from the culture makes no essential
difference 1n the production of fibers The cells do not grow quite as
well but collagen fibers of the same type are produced.

Adding a portion of whole serum, to the medium, on the other ham!,
leads to a pronounced increase 1 fiber formatton It 1s probably a nutri-
tional effect.
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TFrgure 64 for example, shows 2 portion of a culture grown in Locke-
bousllon without protein added. Figure 65, on the other hand, 15 of
parts of cells grown 1n 2 medum contaming serum (25 per cent by
volume). You will notice that the fibers are more abundant in the
latter

Mursky: 1f you had a different type-of medium, would you get the
same thing?

Parter: 1 have not varied the medium, except for one expenment

T anticipated that someone 1n this group would ask what cortisone-
like compounds might do  So we set up a serses of cultures, one-half of
which recerved 5 gamma per mi of compound F acetate The colony
size and the cell migration were essentially the same 1n both cultures,
but the fiber production was quite different In the cultures without

oot
E{l:..é’{;.:‘t.

FIGURE 64 Parts of 2 cells with surrounding collagen Abrils grown n
Locke bowllon medum Mag X 6,000 & cotege Frown s
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FiGURE 63 Portion of culture of chick embrjo skin showing large-
pertod, nterfibnllsr matenial  Medivm, Locke-bowtlon. Age of cul-
ture 6 days Mag X 18,000.

Actually, 1f you look carefully at Figure 63, you will see that in this
particular portion of the fiber array, the collagen strand at “A™ has
developed the adult type of perodicity, whereas most of the collagen
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Now, the particular technique we are employing, i e., culturing in 2
well-defined medium, provides fair possibilities for the i igation of

these and other problems, since a variety of environmental conditions
may be controlled and changed to suit the purposes of the study.

For example, effects of varying the culture media may be readily
noted. Leaving out the bouillon from the culture makes no essential
difference in the production of fibers. The cells do not grow quite as
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latter. ”

Mirsky* 1f you had a different type-of medium, would you get the
same thing?

Porter: 1 have not vanied the medm, except for one expertment

1 antipated that someone tn this group would askh what cortisone-
like compounds might do  So we set up a seres of cultures, one-half of
which recerved 5 gamma per mi of compound F acetate The colony
stze and the cell migration were essentially the same 1n both cultures,
but the fiber production was quite different In the cultures without
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TIGURE 6% Parts of 2 cells with surrounding collagen fibris grown tn
Locke bousllon medium Mag X 6,000
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TIGURE 63 Portion of culture of chick embryo skin showing large-
period, nterfibotlae matepal  Mediwm, Loche-bowllon  Age of cul-
ture 6 days Mag X 18,000

Actually, 1f you look carefully at Figure 63, you will see that in this
particular portion of the fiber array, the collagen strand at “A” has
developed the adult type of periodicity, whereas most of the collagen
shown here 1s not that well formed There 15 then a suggestion that this
larger period matertal 1s continuous with the collagen fiber and that 1t
may have contributed to the development of the adult type periodicity

Now, the particular technique we are employng, i e, culturing 1 2
well-defined medum, provides farr possibilities for the tnvestigation of
these and other problems, since a vanety of environmental conditions
may be controlled and changed to suit the purposes of the study.

For example, effects of varying the culture media may be readily
noted Leaving out the bowllon from the culture makes no essential
dufference 1 the production of fibers The cells do not grow quite as

) " “ [N E

2d,
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Figure G4 for example, shows a portion of a culture grown in Loche-
boutlion without protein added Figure 65, on the other hand, 15 of
parts of cells grown in a medmum contamnmng serum (25 per cent by
volume) You will notice that the fibers are more abundant mn the
fatter

Mirsky: If you had a different type-of medum, would you get the
same thing?

Porter. Thave not varied the medwm, except for one expeniment

1 anticipated that someone in this group would ask what cortisone-
like compounds might do. So we set up a series of cultures, one half of
which recetved 5 gamma per ml of compound F acetate The colony
size and the cell migratton were essentially the same 1n both cultures,
but the fiber production was quite different In the cultures without

¢ 1[
R 51 ‘5
A3 s ¢
TIGURE 64 Parts of 2 cells with surrounding coliagen fibuls grown 1
Loche bowllon medium Mag X 6,000
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T L am e
FIGURE 65 Parts of cells which were cultured stmultancously with
those shown m Figure 64 m medium containing 255 chick serum 1n
Locke-bowllon Mag X 6,000

compound F, collagen was present at the end of seventy-two hours as
normally, but 1n cultures with compound F, there was less collagen In N
fact, in some colones, we could find no evidence of collagen produc-
tion whatsoever  Where fibers were present, I suspect they might have
been drawn from the explant by the cells as they migrated.* This ob-
servation 1s, T belteve, 1n agreement with other observations i animals,
made on 2 r1vo development of collagen as e g 1n the suppression of
granulation tissue formation (21).

Zwerfach In tissue culture, 1s fibril formation seen only in associ-
ation tith fibroblasts? Do any of the other cellulat elements show fiber
formation on their surfaces® It 1s not clear to me whether the deposi-
tion of this matertal 15 exclustve with the fibroblasts or whether it

Subsequent repeticions of this expernment have not given consustently striking differences pos-
Gibly because compound P has not gone anto solution o the same exceat in each case,



Reparr Processes 153

occurs indscrimmately with all of the cellular elements undergoing
active growth

Porter: It is difficult to say that such and such a cell 1s a fibroblast in
culture, T speak of these as fibroblasts because they are derved from
the dernus and subcutaneous pottions of the skin of the embryo, where
the population of fibsoblasts 1s relatively high.

Zwerfach: Many of the cells in tissue culture preparation show active
amebord type movement, with psendopod-like structures As these cells
extrude and withdeaw thetr pseudopodua, do they leave behind a fibnl-
lar matrix or structure?

Hdi* 1 am trying to correlate these results with our work, because, et
me 1epeat again, we have an eosmophilic coagulum which so far gives
all the tinctorial reactions of collagen The only correlation T can see
1s a statement that once the fibers are outside the cell, they perhaps
enlarge by creation of a protein substance, possibly collagen protern,
which literally floats about from the cell to the fiber, the core of which
1s already there ‘The questton 1s, 1s that what we have

Porter You smd yesterday that your coagulum was acellular 1n your
experience and it occurred to me, of course, that there may have been
cells in there at one tune, 1t would not take them very long to disappear,
would 1t?

1 do not exclude the possibility that collagen polymenzes outside of
the cell In fact, if st can polymerize from the material on the surface
of the cell, I do not see why, provided the concentration of that same
matertal were high enough elsewhete, 1t should not polymenze into
fibrds  The smportant thing, I think, 15 that the cell can appacently
function m this manaer, that the fibers do polymerize at or on the sur-
face, and that gives the cell the opportunuty to organize collagen fibers
as they need to be organized for the particular tissue

Hill. This periedicity that you show in your fibers——do you think that
1s a vibratory effect?

Porter That ts an intetesting question It bungs to mind what we
have seen 1n these srall fusiform fibers with the large periodicity, this
supposed component of the ground substance Sometimes at the ends
of them, where they taper off, there will be a stration, a tiny pile of
matersal, and then a space, and no connectson visible between this and

successive striae  In other words, 1t almost seems as though there 15 2
field effect, which 15 onenting the terminal striae beyond the limts of
the fibers Long-range forces are 1n doubtful favor these days, but
possibly these results ace medtated through some vibrator means Thete
ts also something cunous in the collagen fiber atself which m the
growth of the fiber causes matenal to be added at only two of every
strize 1nstead of all three
w
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Hill: Would it have an effect if you had 2 supersonic device?

Porter To see 1f you could interfere with the organization of forces,
tv‘v)lntxdn \tve are supposing exist around the fibers? It might be interesting

1y o

Hartroft, Could your concept of addittonal extracellular growth of
the fibers be applied to the question of the transformation of reticulin
fibers to collagen fibers? In pathologtcal conditions 15 it possible that
such a transformation represents an abnormal extension of what you
have just Mustrated? Or on the other hand are collagen fibers formed
by ordinary reticulin fibers of average size which have mcreased in
number and finally coalesced nto lacger bundles?

Poster. The latter has been my concept There may even be 2 matrix
m such large bundles which changes the staining properties 1 mean
that something fills 1 between the reticulum fibers, pethaps the same
matertal that conttibutes to the development of the adult type of fibrl.

Hartroft: Does this represent a relatwvely adult fiber?

Poster' Yes, from an older culture

Ragan: If you fix with formalin instead of osmum, do you notice
any difference m interfibrillar matersal ?

Porter 1 have not done enough with formalin to answer that

Hariroft. Have you ever tried to correlate the appearance that you
have shown with the standard stamning procedures as observed with the
standard mucroscope? Would the matenal m Figure 65 give the com-
monly-accepted staming reactions of collagen?

Porter. The silver technique could be applied to these materials and
it would be nteresting to see by electron microscopy the relation of the
sitver particle to the unt fiber of collagen and the bundle. Unfortu-
nately I have niot done 1t The other stains for collagen would probably
not show at all 1n the electron microscope

Hartroft- I realize the other stains would not be apparent with the
electron mecroscope. But could you not stain a similar explant of the
same age with the classical cotlagen stains {2niline blue, etc.) and ex-
amune 1t with the standard microscope?

Porter. The spaces would not be big enough to be resolved

Morrione You have not observed the effect of collagenase on col-
lagen with electton mucroscopy? I was thinking of enzymatic experi-
ments similar to those which Dr Lansing showed.

Porter No It 15 cetainly an sdeal thing todo. .

Lansmg: Would you cate to comment on the origin of elastic fibers?

Porter: 1 would rather not, because I really do not know anything

about 1t .
Holbrook Some of us got the impression from some of those illus-
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tations, Dr Porter, that there appeared ta be a tendency to cod. Is
that so, or are these fibrls parallel?

Porter. Well, there may be a shight cothing  Sometimes when these
collagen fibers, especially 1n colfagen derved from rat-tas! tendon, are
placed 1n ddute acetic acid, they swell, and the electron microscope
image of the expanded or swollen fibes will show a vety oblique corting
1 1ts stoactuee whes it breaks down But I do not thunk there 1s moch
evidence of a smilar coiling sa thes shan collagen

Ragan® In reprecipstating sat-taid tendon, haie you ever seen aay
fibuils with a penodicity of 210 A2

Poster Yes, the small fibedds of sepreaipitated matenal show at as do
also the large ones (20)

Ragan At the proper pH?

Parter Yes, and under condstions of sodum chlonde precipitation

Alersky Would you comment on your mmpressions a5 to the mecha-
nsstn of the steroid effect?

Porter It was il advised even for me to meation it Having done so,
T wili telf you { read 2 review by Ingle (22}, where the comment was
made that 1t smterfered with protern syathess

Alersky Did sou find, when you used serum, or used the protew tich
autrient—that you obtamed a simular picture?

Porter The & ! s proten-free and prot b mediom 1s
one of abundance of fibers The fibers are there m the protem-free
medmum, but ta lesser numbers  The whole cptoplasm of the cell 1s less
dense presumably tess rich m protemn But i cells treated wath com-
pound F, 1 did not notice any duminution i the denstty of the cells
They simply had not formed callagen

Alersky That ss the reason I brng this powt up  If & were 2 queston
of an inhibition or distortion of protew synthesis, you would expect
that the cell itself would show st But here you show aimost a speaific
eftect on fbul formation, rather thas on the total protewn structure of
the cell

Parter Compound F does peculsar things to the cells T was amused
ta see s effect on the mode of migraton  The cells appear to have 2
lower viscosity  They rugrate, but the nucleus may pull way out behind
a5 a fong trader

Ragan You mean they tugrate fess

Porres T wouldnt say so, but 1 have thought that the general intra-
cetlular fiber arganization and production aught be affected

1 should mention that Dr. David Karnofsky gave me the compound
¥ some months ago and urged me to try st at a time when he was study-
mg growth-mbibiting effects of cottisone and compound T on chick
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embryos (23). As you may know the effects he observed were mot
inttrated untif the eighth day of incubation, which curiously is just
about the time that collagen stasts to form (5).

Dempsey: Kamofsky obtamed a considerable amount of growth, up
to the eighth day, without any influence
. Hz/)l In your photographs, where does the extracellular matrix come
rom

Porter- Well, the pictute is this* I zaro, the culture medmum sur-
rounds the cells, but 1s added by us, 2nd not by the cells. Anything
else in the nature of 2 matrix 15 produced by the cells

Hull* You show these extracellular fibers—you remember I asked
about the holes There 15 a matrix.

Porter The spaces sepresent the substrate, not the matrix That 15
the surface on which the matenal 15 growing

Hill. The nutrent mediem?

Porter' No; this matenal 1s just supporting the cells You see, we
take a cover glass, coat st with a resin film (Formvar), and then coat
that with a monomolecular layer of albumin for the reason that the
cells seem to mugrate better on a protein-coated susface After the cells
have grown out, we peel off that membrane with the cells on 1t and put
1t on the electron microscope gnd What you see between the cells 1s
the Formvar membrane and the absorbed protein It 1s not thick, only
a matter of about 20 mullimicrons

Campbell Is your culture forming ground substance too>

Porter Probably, yes

Ragan Is 1t washed out?

Porter. It 1s esther washed out, or 1t goes into solution in the balanced
salt solutton or nutrient It 15 probably also washed out when we fnse
the preparations before fixation

Ragan One possible explanation for your effect of compound F was
that the cells did not mature to the pomt where they would form col-
lagen, since you are dealing with mesenchymal cells

Porter: We have not reached the place where we are making such
distincttons I can distingussh between a macrophage and 2 fibroblast.

AMsrsky How?

Porter: By the round shape of the mactophage versus the spindle
shape of the fibroblast. Macrophages also frequently show a prominent
centrosome and ruffled pseudopodia

Ragan® Does a macrophage ever have fibroglial fibers? .

Porter 1would say so A macrophage, if migrating, may show intra-
cellular fiber arrays, cond: ions within the cytopl. but they are
transitory. They form and disappear, polymerize and depolymerize all
the tume, as the cell moves
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Ragan- ¥ would ke to ask ane question, and that s, does this group
behieve that at lesst one of the stem cells of the Rbroblast 1s the ma-
crophage? Dr Gersh evidently maplied yesterday that macsophages
develop sata fibroblasts You have unplied 1t now There ss still a great
deal of d among ustol How about you, Dr
Dempsey?

Dempsey. ¥ have 0 thess to defend on that Twould sy that em-
bryologically they all come from the mesenchymal celt 1 try not to get
1nto arguments about the possible transformatans of the adalt forms

Porter 1t 15 quite certain that fibroblasts or fibroblast-hke cetls will
teansform nto macrophages

Rager Many people will say no

Porser They have not done much tissue culture wodk, we see ot all
the time
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IN THE COURSE of studses on curehosis of the hiver, we have been struck
with the fact that, at least m the peculiar instance of expenimental cur-
rhosis, we have evidence which leads us to believe that connective
tissue can regress From my observations this regression 1s an elusive
change and the tissue actually disappears

Deposition of fibrous tissue which occurs m curthoss as a result of
the adminstration of carbon tetrachloride to rats 15 shown mn Frgure
66 This was admumstered to 2 group of 109 rats by mhalation, with
exposure for three and three-quarter months, q ve di
tions of collagen upon samples of the lver were made, and the data
were tabulated

In ths treated group the average value for collagen was 101 per
cent as compared to a group of normals which was 023 per cent
(Table V) According to the chemical data, about a fourfold merease
1 connective tissue occurred 1n the group of twenty-five animals

We selected these ammals at random from a larger pool, stopped the
admnustration of the hepatoxic agent to the remander for a period of
one month, and then observed the reversal

I have calculated what we shall call total hepatic collagen, 2 figure
arnved at by a multiplication of the per cent of collagen by the liver
weight 1 thought that figure mught be mteresting to follow with the
percentage changes, because as you will see, there 15 considerable vari-

seen that with reticulum stains, one can judge the amount of material
which 1s determined by the Lowry method quite accurately (1)

Figure 67 shows an accumulation of matenal producing thes pseudo-
lobulatton My impresston 1s that in these expermental cirthoses there
1s far more retrcculum than collagen Certamly, 10 this Figure st can be
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IN THE COURSE of studies on cirrhosts of the liver, we have been struck
with the fact that, at least in the peculiar sstance of experimental cie-
thosss, we have evidence which leads us to believe that connective
tissue can regress From my observations this regression 1s an elustve
change and the tissue actually disappears

Deposition of fibrous tissue which occurs 1n arthosis as a result of
the admumustration of carbon tetrachlonde to rats 1s shown in Figure
66 This was adminsstesed to a group of 109 rats by mhalation, with
exposure for three and three quarter months, quantitative determina-
tions of collagen upon samples of the liver were made, and the data
were tabulated

In this treated group the average value for collagen was 101 per
cent as compared to a group of normals which was 023 per cent
{Table V) According to the chemical data, about 2 fourfold increase
1 connective tissue occurred in the group of twenty-five animals

We selected these ammals at random from a larger pool, stopped the
admnistration of the hepatoxic agent to the remainder for 2 period of
one month, and then observed the reversal

1 have calculated what we shall calt total hepatic collagen, a figure
arnved at by a multiplication of the per cent of collagen by the liver
weight 1 thought that figure might be interesting to follow wath the
percentage changes, because as you will see, there 15 considerable varn-
ation 10 the weight of the livets in these animals

We also have tabulated the mucroscopic evaluation of collagen based
upon reticulum stan sections, as 1n my opinton collagen and teticulum
age the same substance The plus system 1s used, 2ad later 1t wiil be
seen that with reticutum stains, one can judge the amount of materral
which 15 determtned by the Lowry method quite accurately (1)

Figure 67 shows an accumulation of matertal producing this pseudo-
fobulation My rmpression 1s that in these experimental curthoses there
1s far more reticulum than collagen Certainly, mn this Figure it can be
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FiGURE 66 Cirshosis 1n 2 rat following 334 months of exposuce to
carbon tetrachlonde vapors Wide fibrous septae separate pseudo-
tobules of hepatic cells  Collagen content 1.10 per cent Hustologreal
grading of arrhosts ++++ X 300 Reprinted by permussion from
Morrione, T G | Exper Med 85,217 (1947).
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TABLE V*
Cirrhosis Due to Carbon Tetrachloride
\ Total Nn]ctmcnplc(
Rat Lever Collagen | hepatic e Baon o
Rat No | weght | weight |wetweght| collagen | S bued
staned sections
sm am per cent
1 114
2 127
3 136
4 089
5 120 26 110 284 +t++
6 1398 52 132 692 +4+4++
7 1546 50 109 545 ++++
8 1581 91 183 166 5 +ht ot
9 16t 2 79 073 577 ++
10 1617 85 097 823 +H+
1 1635 84 182 1529 ++4
12 1675 78 064 499 +H++
13 1726 89 077 691 ++++
14 1766 89 099 881 T+
15 1827 102 073 745 +++
16 183 3 88 099 871 +-+
17 187 4 s 059 679 ++
18 197 5 96 148 11l ++ 44
19 2001 o8 123 1205 +
20 2009 91 144 1310 +t
21 2082 78 057 443 +4
22 2098 100 079 789 +++
23 2100 101 115 1162 ++++
24 2274 96 089 854 44
25 2378 10 044 48 4 +
mege T1816 | s6 Toif | 864

Standard dewiavion, 0 14

*Repninted by pormsssion trom Mornone, T G

T Etr Med 85, 217 (1947)
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FIGURE 67 Pseudolobul 11 exposure to car-

H o e . M nounts of

.o te Gomorn

. [ P . ! grading

++++ X 300 Rep d by p from M; T.G:
] Exper Med 85,217 (1947).

seen 2 good deal 15 formed Thus animal, for example, had a value of
approximately 132 per cent, considerably higher, as you can see, from
the 0 23 per cent, which would be normal.

In 2n ordinary black and white photograph of an H and E prepara-
tion, when we state that a curhosts 1s present, we may actually be read-
ing something 1nto 1t which we do not observe. In such a section some
matersal 1s present which we assume is connective tissue, but one cannot
see 1t
In a colored photograph we do see the color view of it, and therefore
assume thete 1s some connective tissue present. This 1s about the level
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at which most pathologusts work  The increase in connective fissue
which has occusred in such a hiver would not be well shown, but a
stlver stan would show many reticular fibers—connective tissue fibers—
which are not seen in the nsual connective tissue stains,

The blussh starned materal seen 1n a truchrome stan 1s mentioned as
a0 example only to say that it 15 far overrated as a connectve tissue
stan In other words, the first thing which we took for m our studies
15 @ cosrelation betneen the mucroscopic observation of cirshosts and
out chemacal data When we taed to do that with the stam recom-
mended for collagen, we were unable to do so

“Table V1 represeats 3 group of ammals left alive from that ongwal
first pool without carbon tetrachlonde  We notsce that after a month
the value falls to 069 per cent as compared to 101 per cent, which
represents & signsficant decrease m the connectve tissue content of these
Iivers, Mycsoscopscally, there shil 1s a great deal of currhosis

FremoneSmri The weights have mcreased, have they not?

Motrzone. These anumals did better, at least nutntionally, after the

TABLE Vi*

Reversal Group A
Catbon Tetrachlonde Discontinued for One Month

‘ Micronopre
Rat Iner Cotlagen Total tn\u:nu; of
Rat No | weght | waght wet hepatie | coiee bued
' weght | collager | aned secvoms
&m o percent
2 1817 87 067 583 P
22 1927 86 062 593 ++
28 2065 78 Q64 499 o+t
22 2129 101 0386 869 4+
30 23160 BB Q61 937 ot
31 2239 109 Q86 237 4+
32 2463 106 457 6i2 +¥
33 2805 109 049 s34 s
34 2807 141 099 1396 S+t
35 2962 135 038 783 +++
Arerage 2345 104 0691 ki x4

I5csndard devssuion, Q17
“Reptunced by peewmcian foam Macewae, T G | Exper Mol 85, 27 (1947)
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catbon tetcachloride was discontinued They ate better and they did
gain weight

Fremont-Snuth: Is not your figure for total much more significant
than your percentage, because your percentage 1s partly compensaked
for by the increase 1n werght? )

Morrione Yes, that s true, although both values parallel one an-
other very closely

Table VI shows that after two months, the decrease 1n the group of
twelve antmals, which were sacrificed, was 0 61 per cent. This 1s not
statistically significant from the one month figure of 0 69 per cent,

In Table VIII the three-month group, however, does show a drop to
051 per cent, which 1s statistically different from the 069 per cent,
showing that during the period between one and three months, there
was 2 progresstve decrease n collagen

It can be seen that we are beginning to get one and two pluses in
our mlCl’DSCOPlC evaluation .

TABLE VII*

Reversal Group B
Carbon Tetrachloride Discontinued for Two Months

Microscopic
Rat Liver | Collagen | ‘Total | evalostion of
Rat No wesght weght wef hepatic | o e
werght collagen | stamed secoions
sm &m per cent
36 1535 65 061 397 ++
37 1557 79 084 664 +oF++
38 1863 94 057 536 +++
39 2013 86 068 585 ++t
40 2100 83 054 448 +++
41 2270 100 068 680 +++
42 2273 11 033 366 ++
43 2275 101 .| 030 303 +
44 2405 108 086 929 +++
45 2632 110 056 616 +++
46 2936 15 067 771 +++
47 2998 135 064 864 +++
Average | 2238 99 061t | 396
Tandsed devanon, 0 13 T G. ] Esper Med 83,217 (1947)

*Reprinted by permussion from Morrione,



Regreiseon of Scar Trssue 165

TABLE VHI*

Reversal Group C
Carban Tetrachloride Discontinued for Theee Moaths

Mx‘umwm:(
Rat Lover Collagen “Totat eraluation of
Rat No | weght | wesght wet hepatic ..‘,fli“:,",'m‘;x‘;‘;‘.‘
woght | ocollagen | sained secuam
™ ™ peccent
4 223t 26 (3] 528 s
4 2314 126 042 529 JEo Y
50 2444 114 01319 415 +
51 2579 134 050 670 +
52 2738 s 049 56 4 ++
53 2857 133 049 652 ++
54 3014 143 039 814 4+
53 3031 129 052 671 .
36 3095 128 960 768 bt
Average 2707 124 0514 630

Standard_devanon 008 -
$Reprmted by permison frone Moreiase, T G, 1 G Exper Med 83, 207 226 11547}

Hartroft Wete all these ansmals on a normal stock duet at this trme?

Morrione In this gronp

Tigure 68 shows ane of these animals at the end of the expenment,
that 15, follawing a three-manth pmcd of reversal of csrrhosss, showing
that there stll 15 considerable rencutum between iver cefls

Cirehosts was produced 1 2 group of thirty-eight rats with p-dimethyl-
amunoazobenzene  Twenty-three of these were sacrificed at the end of
five and one-half months, and 2 nse m collagen wet weight roughly
double that of the normal, with 2 total nceease 1n colfagen of about
twice pes average liver was observed (Table IX)

This agent, as you know, produces various types of tumor, and
although ammals with large bulky primany hepatic carczomas were
seen, the samples were sefected from sites s the hivers removed fram
the tumors  In ths type of cirshosss the septs ase much more ceffular,
as a sule, than 1n carbon tetrachlorsde currhosis There s refatively less
connective tissue which s reflected tn the lower chemical values which
were obtamed
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FIGURE 68 Scant residual argyrophilic reticulum following partial
reversal of cirehosis due to carbon tetrachloride Gomori reticalum
stam  Collagen content 0 39 per cent Histological grading + X 300

Reprinted by permussion from Morrione, T G : J. Exper Med. 85,
217 (1947)




Regsession of Scar Yirsue 167

TAHLE IX§

Cieshosis Due to p-Dumethylamioazobenzene

4 M-uwcorlc‘
Rat Luec | Collagen | Total | #yflunena
Rat Na | waoght | weight wet ot | S bl
| weight | collagen | wained e
P 1 - WO !
5 i 033 | )
2 : 033 1 |
3 87 31 049 151, e
4 w7 g 53 06t 320 4
5| 184 19 875 | A1 1 ddit
¢ i
4 271 § 73 o ome | 4
7 1393 | 79 030 399 + 4+t
8 1496 ! 85 st | a5y ( i
9 116 | @S 046 | 43S +
10 1594 1 130 03 @ 729 P
1 3
11 & 1610 ] 83 018 f 234 ! ++
[T W B T N T 522 +
13| s wo | 049 o1 e
| w18 336% 048 1613 o+
15 Uo3933 o4 043 | 453 ' ++
t
16 & 5081 13 o3t | 30 | 44
17 2045 94 047 ' 440 ! +++
18 § 2174 97 039 330 }
19 1 218¢ 501 68y« 835 ++++
n | age 106 0ds 1 465 | 4+
1 H i
a L o8 | u 041 1 466 § g
22 | 2a40 79 031 | 20 {4+
3| wid | 132 04y | Gti 44+
Aversge | 1801 101 ' o048 ! 475

Reversal of asthosis gronp  On normalf dset for 134 months follawing
cessation of p-dimettrylaminoazobenzene nce diet

240 23O 1 106 ) 024 1 B4 | +
2% L A58, 90 | 013 {1 17 1 9
61 265 89 1 028 249 +
27 ) 2186 106 014, 148 \ [
3 1 290 ; 109 | 824 ; 240 | +

“Largs bulky prmary hepatic sanmoms

tandard devatian equile 8 21 (aeureht 2 v 23)

4Dag chaw pelle

SReprnted by permisnon from Morsone, T G, J G J Ecper Vied 8%, 207 226 {9945
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FIGURE 69 Abundant collagen and reticutum ia @ fibrous septum 195
ciethosss due to p-dimethylamunoszabenzene  Gomon seticulu st
Collagen content 0 47 per cent Histologscal grading +-++. X 300
R d by from M T.G ] Exper, Med 85,

217 (19;7)’

Figure 69 sHlustrates reticutum staming of a rat showing an snceease
1n retsculum s ciechosts due ta p-dimethylaminoazobenzene, which is
quite marked

Anmmals from the group treated for five and one-half months with
frdumethylaminozzobenzene were then put on a nosmal diet for one
and one-half months and the values for colfagen felf to a normal Jevel.
It scems as though almost all of the connective tissue which had beent
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Fioure 70 Sparse argyrephdi reticulum i recovery from corrhosts
due to pdimethylammonzobene  Gomon rencalum stan Collagen
tontent 024 per cent  Hutologkal gradng + X 300 Reprinted
by perrnion from Morsieae, T G ] Exper Med 85,217 {1947}

fasd down during the five months on p-dimethylaminoscobenzent dis-
appeated quite rapidly and drastically wathin one 3nd one-hatf months
Miczoscopically, we saw no evidence of wncreased sebsulum in some,
and only slight in others

In Figure 70 can be scen a reptesentative mucroscopic section from
the Wver of a rat from the ongmna} group which was put on 2 normal
diet Thes shows pust & sparse fiber hete and there which would be 2
normat value chemically
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TABLE X*
Correlation between Chenucal I ination and M pic Eval
of Collagen Cantent by the Reticnlum Stainf
T4+ bt |+ g + [}
Curthosts due to
butter yellow 067 047 840 l 029 025

Ciethosts due to !
carban teteachlande [T 068 058 059

tNumerical valuer expressed per cens collagen wet waigh
*Repsinted by permscuon from Macewone, T G ] Frper Med 8%, 217 ¢1og7)

Figuee 71 graphucally represents what we have shown so far

Table X gves the companson between chemucal findiags and reticu-
fum stasn  We took a series of about five hundred slides, some without
currhosts and some with varying degrees of airrthosss, and put them into
five sepacate piles, accarding to the degrees of pluses We then looked
up the chemical vatue on each shide. and surprssingly enough, wath the
seticulum stam, we were able to arsange the groups i a decreasmg
order of magnitude One cannat predict, on the basis of examemation
of cirshotie Ivers wath tichrome staumns, what the chemucal value 15 go-
ing tobe But one can do quite well, I believe, with the reticulum staim
We therefore assume that thrs method determines retwcatum as well as
collagen

Tigure 72 8 graphscally 3 mose acute exp 1 which
we produced crrrhosis by ads carbon tetrachlonde for theety-
five days We suspected that the ongmnal imcomplete reversal observed
was due to the fact that the cirthosts was of prolonged duration
Cameron {2) has shown that the duration of the arrhonce state influ-
ences the reverstbility and, presumably, the shorter the duratwon, the
greater the ikelihood of reversibility  As you recall, we had a three
and three-quarter month periad of exposure to carbon tetrachlonde o
the fisst group of expenments In this group we produced a more rapid
type of arthosis @ only thity-five days’ duration by exposing the
apumals to the vapors T 2 group of 234 ammals, v which we pro-
duced cirrhosss by tus thurty-five day period of exposuce, we sacuficed »
animals at five-day peniods, so that each pomt shown in Figure 72,
tepresents a group of at least five animals -

T am 0o expert at 2nalyzing curves, but it seemed to me that the st
between tweaty-five to thirty days of carbon tetrachlonde 15 more acr




172 Connective Trssues
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FIGURE 72  Alterations 1n collagen content 1o crrshosts due to carbon

tetrachloride  The drug was discontinued on the 35th day Reprinted
by permusston from Morrione, T G Am | Path 25, 273 (1949)

This would correlate with a theoretical geometnic progression 1 the
number of fibroblasts developing In other words, it takes time for
them to start multiplyng, and once there are enough of them, the
amount of connectve tissue which can be formed by them 1s much
greater

In this group we started with a different normal level —0 16 per
cent — arrived at with six animals  This lower figure was obtamed
with a technique which was modified from that orginally proposed by
Lowry, which we first used and m which an alkaline extraction 1s the
first step  Tenth normal sodmum hydroxide is added to the Liver sample,
and the specimen 1s ground, resulting in viscous solution, at tunes ld:e
a tenactous mucoid jell One has trouble workmng with it since protein
extraction may not be as complete subsequently, even though 1t is re-
peatedly submutted to alkaline extraction We have mod:fied the pro-

-



Regression of Srar Tissne 173

cedure and nse watert as the first extraction, followed by a short alkaline
extraction, and then a subsequent longer extraction

In other words, st may be that the fisst “nosmal figure” of 023 per
cent included some extraneous protetn  Perhaps this one does, too, but
1n this serjes we seem to be approachung closer to 2 puces, of you will,
collagen

Anumals from the orgmal pool were sacuificed at intervals to deter-
mne the rate of decsease, some were placed on speciat duets to see how
this fall was affected by special drets, 1n others, portal vein higation was
pesformed

The sharp dip betw cen twenty-five and thicty days followng cessa-
twon of the catbon tetrachlonde may pot be accurate, because 1t repre-

-
D AN % iy
DIOACT L JANIE <N TR

Ficure 73 Cirrhoss due to exposare to catbon tetrachlorde for 30
days Fibollar cotlagen and reficulum form broad septa Lasdlaw s
rehiculum and van Greson s stamns X 200 Reprinted by permission
from Mornone, T G Am | Path 25, 273 (1949)
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sents only the anthmetic mean of three animals. Keep in mind the
final value of 032 per cent, which indicates that thé reversal was not
complete thirty-five days after exposure to carbon tetrachloride had
been stopped

In Figure 73 we have an ordwnary seticulum stain of an animal ex-
posed to carbon tetrachlonde for thirty days

Figure 74 shows what we observe in a typical instance of reversal of
cuethosis Referring agam to Figure 73 it may be seen that there is 2
typtcal broad trabecula of reticular material, representing many layers
In thes anumal, cirthosis was present at thirty-five days, and the chemical
value was elevated
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Fiure 74 Reversal of arrhosis 30 days after discontinuing carbon
tetrachlonide  There 15 considerable disappearance of collagen and
retscalum, with marked narrowing of the connective tissue septa as
compared to Figure 73, Laidlaw's reticulum and van Gieson's stains.
X 200 Reprinted by permission from Mornione, T. G, Am [. Path,

25, 273 (1949)
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As we tried to follow the removal of this retscular matersal, all that
we observed under the mucroscope was a progresseve thinnng; and dis-
solution of the substance The pseudolobules cveased 1n size, as these
trabecutae narrowed, end the first wmp 1s that ths ing
nodule of liver tissue exerted mechanical pressure

Figuze 74 shows that 1t ss easy to believe that that matersal was con-
densed, and yet we hnow that the chenucal values show a signtficant
decrease sn the amount of matenal present

Hartroft: In the preceding Figure are there any small, atrophic but
pethaps viable, parenchymal cells m the spaces between the deeply
staining retiouln fibers?

Marrane: 1 think rot You may find a few here and there, but most
spaces do not contam them

Hartrofs. T wonder af 1t ss possible that any atrophuc cells which were
present mught have reverted to normal when the noxious stimulus had
been discontinued

Morrione: Yes, I think that does occur to some extent But most of
lhé teplacement of the parenchyrna ts from this aspect of the pseudo-
fobule,

Harsroft: D1d you see any evidence of mitote proliferation i these
regions®

AMosrione: There 1s some, | have not scen 2ay 1n these cefls It would
seem that the functional state of the liver cells may be related to
mechanical compression from these depostts of connective tissue, and as
well to the elabosation of the substance connected with the regression
of the connective tissne  With the ordinasy mucroscope 10 the orchosis
which 15 progressing {at about twenty days). the fibroblastic nucler are
telatively active m appearance  Figure 75 shows an atumal m which
the drug had been discontinued for a month, and here T thunk there 1s
significant sheinkage. Ido not thank this 1s artefact due to overstaning
the nucter of other cells are well staned

We tried to influence this reversat of circhasts, or disappearance of
connective tissue, with various factors One of the things we tred was
diet Withun the ouginal group of ammals, one hundred were placed
on special diets  Five different diets were used, twenty animals m each
group  One of the diets that gave 3 results was 2 | e,
high-fat diet The protem content was only 4 per cent (casen) The
fat content was 38 per cent (cnisco)  {See Frgure 76 )

) That dset, ta stself, 15 capable of damagtng the lvez and mducing
<irrhosis, but it was given to the group of twenty anumals for only the
thisty five day reversal period, withwm this group, the aerhasss persisted
ina Tepresentative section from an ammal in this gronp, perssting
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TIGURE 75. Active profiferation of fibroblasts and bife duct epithelrum
1 hepatic cierhosts due to exposure to carbon tetrachlonde for 20
days “The larger cells of a bile duct at the lower left corner are dis-
tingurshable from the plump, irregular, ovord, fibroblastic nuclei else-
where Hematoxyln and eosin starn. X 1,000 Reprinted by permis-
ston from Morrione, T G Am [ Path 25,273 (1949)
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Fiure 76 Ciethoss due to cachon tetrachlonde E4 days after stop-
Emg the deug The fibrablastic nucler, v companson to ‘those seen 1

tgure 79, are shruaken 2ad pyhaouc  Hematoxyhn and egsin stam
X1,000 Reprinted by permission from Mormone, T G A |
Pah 25, 273 {1939)
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arrhosts can be seen at the end of thirty-five days, and the chemical

value averages 048 per cent Swce all the groups on special diets pre-

Sl‘lmably ‘started wntl'a a ].eYel of 0.52 per cent (1f we accept our sam-

" value at the end of thirty-five days

t, the difference 15 not significant

Ui uvliar i, 48 we saw pelore, the value for collagen may fall to
0 32 per cent.

To test further the idea that the functional state of the liver cells 15
important in the removal of this substance, we ligated the portal vein
1n another group of twenty cirthotic animals. Adhesions forming be-
tween the liver and the surrounding structures served as a complicating
factor, and we developed a Talma-Morrison effect (See Figure 77).

The chemical values within this group were not significantly drffer-
ent, except for one animal that had a successful operation with no
adhestons The final chemical value, after thirty-five days of reversal,
was 052 per cent, which 15 2 demonstration of significant ymparrment
m one animal only of reversal of cirrhosis by hepatic vein ligation.

The rattonale behind thts was primanly the demonstration by Mantt
that regeneration of lver cells followiag partial hepatectomy 15 in-
hibited by Eck fistula, so that presumably we had inhibtted regeneration
of liver cells

In order to control the effect of portal vein ligation alone, we tied off
the portal vein 1n a group of twelve animals and studied the collagen
and reticulum within thetr livers, and found that the values did rise
There was a rise i the per cent which 15 not surprising, since these
livers do atrophy, and a condensation phenomenon is no doubt occur-
ring A given sample of ltver, let us say 1 gm , will contain much more
of the original stroma of the organ since atrophy has occurred. How-
ever, T do think that portal vein ligation in stself will cause an absolute
increase 1 connective tissue within the Iiver. I am not absolutely cer-
tain that we have done enough on thus to establish 1t, but on the basis
of twelve normal animals, with a decrease in liver weight which was
not very striking, the collagen content did rise—was actually cf[oublcd
Except for the normal value in this seres of 0 16 per cent, this group
showed an average of 035 per cent, which 1s better than double the
crease; and yet the hver did not shrmnk to half the size; it shrunk
constderably less ‘That 1s, the total hepatic collagen then would seem
to be increased

Ficure 77. Increased retcufum 42 days following ligation of the
portal vemn 1n 2 normal rat. Collagen’ content was 035 per cent
Lacdlaw's reticulum and van Greson's stains, X 500 Reprinted by
permussion from Morrione, T G Am. [ Path. 25, 273 (1949).
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This 1s, of course, an mstance of expertmental cirrhosis, and only one
stance of newly-formed connective tissue. One other mstance i
which resorption of connective tissue may occur was mentioned yester-
day, the pregnant uterus  Peshaps, too, 1n the healing of fractures there
1s deposition of fibrous tissue wn the eatly phases, and that is removed
and replaced by bone, although there we may be getting into an argu-
ment of transformation I do not know how Dr Bennett feels about
that, whether the connective tissue 15 transformed into bone, or would
you say that 1t has to be removed figst?

Benpert 1 have not grven much thought to callus in celation to this
problem However, on the spur of the moment, I would think that in
the case of fracture repair, the callus 1s probably actively removed
through a process of dissolution of matrix of bone, and simultaneous
removal of the tnorganic salts—a process of actual breakdown and
removal

Dr Angevine has studied this problem more partcularly. Would
you agree, Dr Angevine, that this 1s a different process from the one
under discusston?

Angevme, Of course, you are getting at the nature of what osteoid
ts and I do not think I am qualified to say exactly what 1t 1s Such a
discussion would open up another subject I have never felt that bone
and subsequently muneral salts are deposited durectly in connective tis-
sue Some spectal transiton must occur first in the connective tissue

Benpett+ In the removal of the excess callus, do you feel that there is

actual resorption of the matrix with simultaneous removal of bone
salts?
Angevime, Membranous bone forms right m the catlus, and then 1
suspect that the callus disappears, as you have mdlcated But what ﬂ'xe
degree of ncorporation 1s, and what the degree of disappearance is,
would be an entirely new problem and would have to be attacked in
much the same manner as it has been worked out in the lever.

Morstone: There 1s one pomnt we thought of. Inasmuch as we were
observing movement of this protemn, we mught radically regasd the col-
lagenous protemn within the liver as a storage protemn In other Wo;dsv
being quite liberal about our concepts, we thought that possibly 2 EW
protetn diet, for example, might make increased demands upon this
collagenous protemn within the ltver . ¢

I have analyzed the data we have, which includes one group 0f
anunals on a low-protein duet, and interestingly enough, the amount ©
reversal of cirshosts seems to be a little better on a low-protein dret
supplemented with methianine, choline, and cystine, than on 20y other
diet



Regression of Scar Tissue 181

Qur values ate 0 28 per cent as compared to 0 32 per cent [ da not
think that 15 very striking, and the sections do not show too much dif-
ference I certainly do not think we have begun to prove or disprove,
that this can be utilized as a storage protemn, I have brought 1t 1n as a
thought inasmuch as I do think 1t 15 a labile protem, a foresgn one at
that, with a rich complex source of amino aad

Bennett: Some of your earhier pt phs gave me the imp
that the architectural design of the liver was a bit changed, that the
lobular pattern was cut up a bit as we see 1t at imes an human cr-
rhosis Is this true?

Morrione Yes, it 1s

Bennett> What 1s your mmpression concerning reversal taward the
normal lobular pattern with dimimishing amounts of connective tissue?
Is that pretty well restored eventually?

Morrione: Remarhably weil, Dr Bennett I do not know how 1t
occurs I have not followed 1t through those stages, but you do end
with a liver remarkably similac to the normal state The lobular pat-
tern is very well repraduced, although there 15 some distortion, prob-
al[v\v because we have observed a mote incomplete reversal than com-
plete
; Porter: What does this heavy deposition of colfagen achteve for the

ver?

Morrsone In what respect?

Porter 1 notice that the lobes retain their shape 1 the heavily ar
thotic tiver with carbon tetrachionde

At “The lobes are mai d, but the fobufar pattern 1s not
Tam nat even certain, Dr Porter, that we have repairative fibrosis In
other words, i the pathogenests of this leston, the classical explanation
15 that there 1s necross, 2nd that the necross 1s the stimulus for fibro-
blastic prolsf and that 1s the seq of events

Trom what I have been able to observe personaily on the patho-
genesis of cicrhasts, necrosts 15 conspicuous by its absence as a stimulus

Hull: 1s this expenmental or human?

Morrsorre 1 think it 15 in all cirrhosts, expenimental and human

Ragun: In these anumals, do you see any mvaston of wandenng cells
befare the appearance of fibtoblasts?

Aorrione. There are many macrophages present

Angetne: In the liver, prior to the formation of the tumor following
admunstration of butter yellow, there 15 demonstrable necrosis of liver
cells prior to regeneratron That 1s before the collagen appears I would
suspect that 1n carbon tetrachloride poisoning, there must be consider-
able destruction as well, prior to the regeneration




182 Connective Tissues

Bennett: With an approprate single dose of carbon tetrachlonde,
one can destroy liver cells 1n the central portion of the lobules, and if
one uses a retrculum stamn at that tume, one can stain the framework
which seems to be the framework of the lrver lobule minus the paren-
chymal cells which have become necrotic and removed In similarly
treated ammals, killed twenty-four to seventy-two hours later, one can
see almost complete regeneration of liver cells without any demon-
strable—speaking of microscopic appearances now-—increase in con-
nective tissue Is that not your finding?

Morrione: Yes.

Bennett. Presumably then you are showing us livers that are changed
by a more perststent type of njury, and presumably at a slower rate of
cell destruction and cell regeneration.

Morrsone And we do have fibroblastic proliferation together with
it That 1s true

Campbell: In general, it 15 often difficult to catch the Lver in the
necrottc state. In a disease like Weil’s disease, where the liver may be
full of mitoses when the patient dies, you may find it difficult to find 2
cell you can regard as a necrotic cell One presumes that some have
undergone necrosts, because there are mitotic figures, also from the fact
that the liver cells generally are swollen, and that correlating the total
weight of the hiver with the average assessed size of the lver cells
mucroscopically, there appear to be fewer cells i that liver than in the
normal liver

1t 15 difficult to find the actual necrotic cells. It seems to me that once
they have decided to die, - T emed

Bennett, 1 think they but occa-
sionally it 1s possible to you see
necrotic cells, or cell fragments thar are munratea or mvduea by Jeuko-
cytes showing that they are necrotic. .

Campbell But the fact that you do not see necrotic cells in your
experiments, Dr Morrione, 1s not a guarantee that there has not been
a lot of necrosss 5

Maegrarth: What 1s the distribution of this fibrous tissue in relation
to the lobular pattern? .

Morrione: Tn the eatly stages, it 1s central-lobular and peripheral
Later 1t assumes a haphazard form with pseudolobule production As
you saw, there were these varted sized nodules i .

Maegraith. But they were not necessarily the onginal lobules just
regenerating ‘They were bits.

Morrione- Yes, pseudo i . s

Maegraith 1 thought mn carbon tetrachloride pmsomng,blhe cel
affected first were in the mud-zonal region where 2 hydropic change
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develops. I that 15 the case here, where you are dealing with mintmal
degeneration, T wonld expect your leston to develop there, rather than
in the central regton of the lobule where the masstve necrosis develops

o L . .
served,

Maegraith 1 thiok 1f you look at your ammals early, you will find
that the cells which are cheefly affected, the cells which are affected first,
are thase in the mid-zonal region, and that the swelling of these, as
Himsworth bas shown, tauses obstruction to the blood flow, and fol-
lowing that, you get your central necrosts 1 think that st proceeds m
that order

Hartroft: In expenments conducted 1 our laboratories the results
were not strictly in agreement with those just described by Dr Mae-
graith, Small doses of carbon tetrachlonde 1n oil were adminstered
by subcutaneous injection to Wistar rats weighing 100 to 125 gm  The
antmals were mamtamed on a normal, stock diet and killed at darly
mtervals  Ordinary paraffin sections of the livers were prepared and
stained by the usual methods for demonstrating connective tissue, etc
In additson, thick (100 micra) slices of lwvers, which had been mjected
with India ik, were cleared with benzyl benzoate The sutial [estons
were always restricted to the region of the liver fobule immediately
surrounding the central veins. The fitst change consisted of severe
hydropic swefling of the parenchymal celis 1 these areas, foflowed
Tater by theit coalescence, rupture and lysts

Maegrasth- This 1s one of the pounts that these confetences bring up
59 cleatly, because T have no doubt whatever in our expenments that
the lesion does start in that mid-zonal group of cells *

Angerine: Many tmes one 15 gtven a hiver section, espectally from
an ammal, and is asked to determine whether a lesion s mid-zonal,
and the answer 15 very difficut to give

*Since the tume of the Conference, Professor Macgratth and hus assocsate, De W H H Andrews
have duscussed these apparent discrepancies with Dr Hartroft 10 more detml Dr Maggeasch

by womach tube Tt 14 quite potssble that absorption by the lutcer route might not be nearly av
camplete 25 by subcutansous iyection The Liverpool and Toronto groups agees that the most
ressonsble explanauon a¢ hand for the apparent differences s chere resolts may be connscted

wuth the dscepancies v the amounts wed and mechod of sdmiatscration of the acure .t
stance—Editor
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Bennett: A number of years ago, with Dr Ceal Drinker, we per-
formed some expeniments 1n which the object of the study was to test
the toxtaty of certain chlounated hydrocarbons (3) These compounds
were adminsstered to rats 1n a varrety of ways and in varying doses It
was observed that although animals on certain dosages seemed to
remain 1 good health, their livers became swollen and mottled On
histologic examination, the parenchymal cells were tremendously swol-
fen and contamned erther hyaline masses within the cytoplasm, or vacu-
oles When such anmmals were given orally small doses of carbon
tetrachlonde, they were exceedingly susceptible to the drug Doses of
carbon tetrachlortde which were sublethal 1n the normal antmal, would
kall most, 1f not all, of the expersmental animals that had been exposed
to the chlorinated hydrocarbons

Although the pre-existing changes 1n the liver seemed to be distri-
buted simiarly n all cells throughout the lobules, it was the central
portion of the lobules that became necrotic following admunistration of
carbon tetrachlonde. -

From these observattons on the comparative effects of carbon tetra-
chloride on previously damaged and normal bvers, it would seem that
the central portions of the liver lobule are more vulnerable to a hepato-
toxtc agent. This may have to do with the vascular supply of the lobule

Macgranh 1 agree about the central Jobular necrosis What 1 said
was that in rats the early hydropic changes appeared fisst in the mid-
zonal cells We teel that m carbon tetrachloride poisoning the swelling
of these cells produces stagnant anoxia in the center of the lobule,
which gives r1se to necrosis

Harroft, Dr Morrtone suggested the possibility that the ar.r}.wsxs
produced by carbon tetrachloride admnsstration receded more quickly
1f the animals were fed a diet low 1n protein than if they were given3a
diet containng a high percentage of protemn, providing the carbon tet-
rachlonide was withdrawn n both instances. In agreement with Dr.
Morrione’s other findings are those of Sellers, Lucas and Best (4) at
the Unwersity of Toronto Therr experiments demonstrated that re-
cesston of the fibrous tissue in cisthosts produced by carbon tetrachlo-
ride admmnastration varied with the lipotropic content of fhe diet when
2ll other factors were kept as constant as possible. Their results con-
firm those of Dr Morrtone’s which showed that the cirrhosis fcgffssed
poorly when the anumals were fed a high-fat, low-protein diet for 1;:
such a food-mixture the lipotropic content would be Jow, Althoug!
biochemical determinations of liver-collagen were not perfofmfd n ’h;
expenments of Sellers, Lucas and Best, the quznm?tive estimattons ©
fibrous tissue made from examination of histological material, agree
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very welt with those reported by Dr Mornione

Il 1 my expenience i ordinary cirrhoss, if you do a sdver stun,
you have thin fibers, but 1€ you statn with the ordmary connective tissue
stains, the fibers appear broader and much more extensive 1 found
with good sublimate fixation, that one obtains good results.

Morrione: But you do not see reticulum at all The retzculum 1s
completely missing from your vision We have to be careful here,
because we are talking about two substances The 1deal stan would be
a silver stain, counter-stained with trichrome We have done that, but
those preparations, unfortunately, come out too dense, at least tn our
hands Dr Wolbach utilized that 1n some of his ongnal studies on
scurvy, and he has some nice thlustrations of a trichrome supertmposed
upon a reticulum stain (5)

Campbell* You have been worhing on paraffin sections ?

Morrione; Excluswely

Campbell: In my expenence, on the liver and elsewhere, a silver
unpregnated frazen section gives you not only a much more estheticalty
pleasing effect, but you have a three-dimensional picture of things be-
cause of the thicker section  If you leave it untoned, yon get black
rettculin fiber staning, and golden yellow-brown collagen staming
You can see a much mote complete picture of connective tissue hibers 1n
general T wonder 1f that might not help m demonstrating the 2mount
of collagen in your sections

AMorrione Dunng this reversal phase, we were looking for alter-
ations 1n fibers with our crude techniques, and I will say this tinctorial
changes can be observed i these fibers 1 am not at all convinced, how-
ever, that they are significant, but fibers are seen during this reversa
phase that show varation n statming, and one has the impression—
Ezmly an impression—that some change 15 taking place within the

RIS

1 think Dr Porter has the only answer for 1t If we could see this
breakdown actually occurring, and, could establish the appearance of
the breskdown for instance under the influence of an enzyme, we would
really be making progress

Hill 1 think, actually, 1 probably misundesstood you 1 would like
10 shaw thee sllustrations of our viewpoint Figute 78 shows a con
dition which we call “collagenosts * In the next section which 1s stained
for reticuln the lestons are quite clearly shown  (See Figure 79) You
€an see 1n Tigure 80, a modificatop of the Mallory stasm, that the lesion
appears to be much more extenstve, and the blue statns quite heavely,
fmore than would be seen 1n the actual reticulin stam

Morrtone, T think the trichrome stan for collagen has very hmuted
value If yon attempt to judge the extent of airchosts, based solely on
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FiGure 78 Eosmophilic coagulum deposited n_several ateas of
Iobules from liver of child aged 215 years H & E X 60
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FiGURE 79 Next section to Figute 78 stuned for retwcalin with
modified Foot-Wilder stan Note the reticulinosss 1n areas showing
eosmophilic coagulum 10 Frgare 78 X 60
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Fioure 80 Next section to Engum 79 smmed with mod\ﬁed M:llo:y
connective tissue stun N~ .

philic coagulum m F1r «
graph does not show .
connectrve tissue stan are much coarser and broader than the ﬁne
staining fibers of the reticolin stain
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2 tuchrome stain, you are handicappmg yourself dousty 1do

fot say that 1t does not demonstrate culalagen, but 1t certamly does not
show seticulum, and 1 my opion the changes in retsculum are fre-
quently much more strking than in collagen

Hali- But, when the collagen is aging—of cousse we ace on debatable
ground here—some of the fibnls may lose their properties, but they are
stamed by the trichrome much more extensively

Morrione: You should utidize both

Harvofs. Did you find, Dr Morrions, that duning the recovery stages
of catban tetrachlonde-airthosss 1t was difficult to obtasn mtense blue-
stammng of the trabeculae? This was our expernieace, despite repeated
attempts to obtain deeper stams far the pucpose of color photagraphy

Morrrone: Dr Hartroft's pomnt rasses an mteresting side issue—that
hutman ciechatee lovers appear beautifully stamned with trichrome  That
15, the demonstratin of blue-stazmng matenal m human cicchosts 15
consderably better than in this expersmental materral

Whether we are Jooking at later stages with mote trichtome-stamable
matecial in the human cases, as compared to the fresher cirthosis and
mare retwcalum-nch material here, 1 reatly caonot say However, t s 2
fact that 1 have not been able to see the beautiful trchrame prep-
asations—by that 1 mean the bsoad, blue septi~in expenmental tit-
thosis that are seen i human curhosis

Ragay Does the cat have any pecultanty m respect to collagen for-
mation?

Mosrione, Not as far as T hnow

Hartroft, Could the explanation be 2 matter of degree and age? In
most human matersal, the collagen has probably been present n the
Iver for a long time before death

Ragan If you section & wound in a rabbit or a buman, trchrome
stanable matersal 1s seen m five days

Hil. Thete 15 one other thmg Remember, the patholopist never
thinks that what he sees through 2 mucroscope mught be lthe some of
the rats 1 which reversibility ss taking place

If reticubm fibers with very hittle biue-staming collagen ate present,
You wif say st 55 an early stage progressing, not that 1t 15 regressing

Lansng Does not the condition of the tissue determune to some
extent the tinctartal propecties nat only of collagen but other materals
The usual autopsy matenal that you deal with 1s obtamed at least six,
eight, 2ad often tweny-four hours after death Quite a few postmortem
changes ate gotag on not only m collagen, but elsew here

When you take tissue from an expenmental ammal, st 5 usually
munutes after death, 1f the ammal 15 dead at all It may well be, for
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example, that there are many oxidative changes going on in collagen,
and as I pomnted out yesterday, oxidation will greatly enhance the
tinctortal properties of many materals, and especially collagen.

Ragan- We can see beautiful tunctorial qualittes of biopsy wound
taken from a hving anmal.

Lansmg: 1 do not think one can compare collagen in a twenty-four-
hour postmostem tissue with freshly obtained tissue,

Ragan' 1t looks the same tinctonally

Hartroft: In our antmal matenial we have found that tinctorial re-
actions are very much pooter f appreciable postmortem change has
developed

Lansing: It 1s a matter of degree, I am sure

As T commented yesterday, if one oxidizes a piece of tissue con-
taining collagen as well as elastin, one sees beautiful staining with the
usual elastic stains of fibers that are definstely collagenous, ordinanly
refractory to the Verhoeff, resorcin-fuchsin or orcein stains They are
beautitul, but definstely collagenous Pathological materal 1s difficult
to intetpret
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