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JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

FRANK FREMONT-SMITH

Medical Director

T an delighted to welcome you to the first meeting of the Confer-
ence on Connective Tissues and to give you as briefly as possible an
outhine of what we hope to lish by these conft

With the accelerating rate at which new knowledge 1s accumu-
lating and with the increasing recogmtion that nature 1s of one
prece, 1t becomes evident that the continued solation of the sev-
eral branches of science from one another 1s a serious obstacle to
scientific progress.

Nowhere n science is the nced for “combined operations” more
evident than 1n medicine, Today, to be effective, medical research
and practice must embrace data from all of the disciplines includ-
g nuclear physics at one end of the spectrum and cultural
.}nthtojpology at the ot'hcr, ft:r ad\?nrccs 1n one field are frequently
domem h FR . .

. thus

s * not

yet made adequate provision for channels of nterdisciplinary
communication,

The Foundation is interested in furthering knowledge about
connective tissues and s also interested in the broad aspects of the
problems of communication and integration which are important
for the advancement of the whole of science. It 1s our belief that
scientific 10ns at fi gs and mn the jour-
nals have been forced into a narrow mold in which logical
sequence leading to mevitable conclusions is substituted for the
much more flexible and often unpredictable processes by which
scienufic inquiry and the advance of knowledge actually take
plice. All of the ereative, the really exciing and interesting,
factors which are the soul and heart of serence tend to be excluded
today. This unfortunately discourages individuals who have a
creative and artistic turn of mind from entening the scientfic field
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8 Connective Tissues

and creates in the minds of students and of the public a profound
misunderstanding of the nature and processes of science.

The Foundation’s experience with the many research projects
coming before 1t has led to the conviction that one of the greatest
needs today 15 the reintegration of science now artificially frag-
mented by the isolation of the several scientific disciphnes and
specialties. Our Conference Program hopes to encourage this re-
mtegration and to give in the published transactions of our con-
ferences a clearer reflection of what takes place in the laboratory
and what goes on n the munds of investigators than now appears
1 scientific literature.

Thurteen groups are now functioning under the Conference
Program and cover the following topics: Adrenal Cortex, Aging,
Biological Antioxidants, Blood Clotting, Blood Pressure, Connec-
tive Tissues, Consciousness, Cybernetics, Infancy and Childhood,
Liver Injury, Metabolic Interrelations, Nerve Impulse, and Renal
Function, The printed transactions are made available at cost.

Each group will hold annual two-day meetings for a period.of
five years, It 1s our belief that only through continued association
in an atmosphere of friendliness and mutual confidence can effec-
trve commumcation (exchange of ideas, data, methods, and plans)
across the barriers of the professions and specialties be promoted.
As a result of these meetings we have seen plans and ideas modified,
conclusions more clearly specified or placed in a broader perspec-
tive, and spontaneous collaboration take place between investi-
gators working 1n different departments or in different universities.

As a nucleus, fifteen scientists comprise the original group of
members for any conference. These are selected by the Chairman
of the Conference in consultation with the Foundation. Every
effort 1s made to include representatives from all pertinent disci-
plines. From time to time new members are added by the group
to il gaps in viewpoint or technique. A limited number of guests
are invited to attend each meeting, but, for the purpose of pro-
moting full participation of all members and guests, atrendance at
any meeting is limited to twenty-five, It is inevitable that in no
toptc can we possibly include even more than a smf;ll fracrion
of the key investigators 1n the field, and one of the difficulties in
forming a group ke this is that it is necessary to leave out 50
many people whom we would like to include. o

A point which I should like to stress before closing is {h”
between the disciplines there are real difficulties in commumca;
tion—partly emotional and partly semantic. Emotionalty some o
us accept only data coming from those methods or disciplines
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with which we are famihar. It is important that we do justice ro
the validity of datz and methods from other disciphines. On the
sernantic Jevel, the physical and biological sciences have lutle dif-
ficulty; the medical, psychiatne, and social sciences can under-
stand cach other fairly well; but to bndge the gap from the
physical and biological sciences 1o the psychological and social is
very difficulr. However, sn the study of man all of the sciences
must meet. In medicine, which must be equally concerned with
the psychological and social as with the biologieal and physical,
there 15 the greatest opportunity, s well a3 necessity, for mutuaf
understanding among representatives of atl the sciences. 1 belseve
that the hope far 2 unibication of science hes i the development
of 3 Sesence of Man in which medicine must play a central role.

in closing, I want to say that the Conference Program 1s an
experiment and that you are part of that expeiment. We hope
that at these conferences you will feel the freedom inherent n
che scientific method and will help us to improve our conference
procedure,






INTRODUCTORY REMARKS

W. PAUL HOLBROOK

Chamman

InAsmucs as thes is an informal conference, your Chairman has
no prepared remarks. The more T have thought of the title, “Con-
ference on Duscases of Connecorve Tussue,” the maore 1 have been
confused regarding 2 place to begin.* 1 would like, therefore, to
suggest thas we at the moment soncern ourselves fess wath dis-
cases of connccnve ussues, and more wiath connectrve tisue itsclf.
{ hope that we will feel as free to say and discuss what we da nox
know and what we ought to find out as we ase fo ralk about a
very few of the things that we do know in this field. One more
thought ~ & 15 much more umportant to this Conference that
we discuss what we are thinking eather than thoswe things which
may have already been proved. Idess, I am sure, will be fully as
valuable as facts. Y hope we can have complete informality, mnter-
ruptions, and discussions at any ame dursng the Conference. This
Conference offers us a rather umgque opportunty to sit down
leisurely and calmly and talk sptmawely with a group of people
representing widely diversified disciphaes. It 15 an occasion to
which I have looked forward with a great deal of pleasure. § be-
freve we are roady to start our first topac and the opemng dascussion
with Dr. Angevine telling us about the structure and function of
normal connective tissue

TNamg af Comderme 2 hpnced 33 the mecong tr Conferras v Lonmectirs Tomer™






STRUCTURE AND FUNCTION OF NORMAL
CONNECTIVE TISSUE*Y

D. MURRAY ANGLVINE

Depariment of Pathalogy
Uarrersity of B esemmsns Medical Schonl

1 stiourp lke to thank Dr. Fremont-Smuth for hus remarks, be-
cause they hate answered many questions that have ansen since
Dr. Holbrook snvited me to parucipate in this Conference.

Not being an anatomist and abso because there 15 one 1o this
group, I was rather hesitant to discuss this subjecr. ¥In medical
schools we always teach the normal and feel that famihanzy with
1t must be acquired before one can understand or recagmze the
abnormal, although 1 am not certaan that one can really know the
normal untt one knows something of the abnormal, For this
reason | have felr jusufied in undertaking this presentanion. To
further sthustrate this, perhaps no one would know what a beau-
uful woman was unless they were famibse wath the opposite.
Here, of course, 1t 15 difficult to say which 1s the normal and which
15 the abnormal.

In starting a discussion of connectsve tissue 1 feet very much
bike an explorer boing launched into the stratosphere on 2 rocket
Probably we know 2 hitle about the sopography of the sun and
moon and perhaps some of the major consteffavions The rest of
the untverse s sbout as unexplored a5, and may be compared withy,
connective tissue or at feast the mtracellufar connecuve tissue
What goes on there 15 almost anybody’s guess a1 the present time,
and anythig [ may say about « 15 wide open for discussion,

Most histologists are 1n essential agreement on the classification
and anatermical structure of the connecuive tissues, but they are
not n agreement as to embryogencsss, or development, or as to
function  For a good many years smentssts have been trying ta
wdicate that there 18 some sigmficant role in che physiglogy of
Gonncctive tissue but they have not made very much hesdway
D C B Al vas the pincipsl sremngarar i o of the wark t be rpeeted

Thew snveuigaiaons baee cecctred Gaamead serpm from the U S Pudle Meahih Servae
Nenpanun Alumnr Bpwsenh Soundation Thoess B Boctinghara and ehe Boss & Heath Fund
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14 Comnective Tissues

1 think that the initial recent interest n the subject began follow-
ing the demonstration of certain specific lesions of disease in con-
nective tissue, especially in rheumatic fever.

I hope anyone will interrupt as I go along.

Fremont-Smuth: Just to reemphasize what you said about
learning the normal from the abnormal, I am sure that we only
really can learn the normal from the abnormal, and that the
process of going at the normal first is an error. We should go at
1t in the reverse way, which we can do clinically. It is from the
deviations brought to our attention that we get at the non-
deviants. T just want to illustrate that we do interrupt here.

Angevine- That becomes more apparent to us as we teach
pathology to second year medical students. Although they have
completed 2 course 1n histology, they seem totally unaware of
certamn structures until they observe them in relation to the
abnormal.

Jones' Isn’t it more the usual or the average rather than the
actual normal? Anyway the variants are so wide, and function
within that range so variable, that I think we have been held back
in our medical knowledge on the basis of what is a normal ind:-
vidual in relation to any particular problem,

Meyer- Whether to go from the normal to the pathological o
vice versa depends on what we are studying. Ar the structural
level and the cellular level, we probably ought to, and we cer-
tainly can, start from the pathological and go to the nonpatho-
logical. But if we go to molecular level, including both chemistry
and part of physiology, we have to start from the normal since
beyond some primitive beginnings we know very little about the
pathological chemistry and physiology of most fields of medicine
and nothing at all about the physiology of either the pathological
or the normal connective tissue.

Fremont-Smith. You will have 2 chance, sir. You might s2¥
that the protein molecule, perhaps denaturization, has given us
approaches to the normal which we never would have obtained
if we had not seen coagulation—again it is the deviant. I wonder
whether the radioactive atoms, which are the unusual ones, have
not taught us more about the nonradioactive atoms than we ever
could have known otherwise.

Mirsky* I was fascinated to hear that “communication” was t0
be the topic of discussion and then to note that the first words
uttered by the speaker led us immediately to that problem because
he used the word “normal.” I was disturbed. I did not know
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whether he was about to discuss mathematics, some imaginary
distribution curve or some chermeal element. T was about to ask,
"What do you mean by ‘connective tissue,’ even before you tell
% b . 1y -z
us what you mean by ‘normal’ and ‘abnormal™™ Many people
think they are normal because they happen to have a certam con-
cept of pormality, some mean te which they believe they fie.
Only when they happen to go into some other community do
they find that they do not “fit” and therefore, are abnormal. |
belseve that even at the molecudar fevel we must talk only an ternns
of statsseal probabihities rather than m terms of the sll-defined
areas of “normakity and abnormality.” Let us be descriptave only
for the tume beng and not try to categorize.

Fremont-Smith: Let me break s agamn. In ediung the volume
on Problems of Aging, we had difficulty defimng the meaning of
“pormal,” 1 teying to distinguish normal aging from the inrcads
of pathological processes. For example, the normal kadney, a5 one
moves on from young hfe to muddle hife, has 2 series of glomerul:
which die, degenerate, and disappear. This process, so far as we
know, occurs in every normal kidney. Therefore, you reach the
point where 1t 15 necessary to talk about the pathology because 2
dead glomerulus 15 4 pathalogical glomerulus  That shows the dif-
ficulty i our termmology. I think if we try to be as precse s
we can, and where we are not precse try to make 1t as clear
a; possible, we can move forward. I am really the one who broke
thas up,

Ifolbrook: Dr Angevine, that puts quite a load an you for your
terminology.

Angevine Yes

Fresont-Smsth 1 would go on and say what you planned to.

Angerrre Much of she recent interest sn thus field has devels
aped largely because of newer techniques in science such as gssue
cubiure 2nd clectron microscopy. These two techmques and the
advances n hustochemutey have aroused our mtercst more than
anyching else  Funally, the greatest smpetus—and I suspecr the
mmpetus of this Conference—very well may have been snitiated
by the observations of the effects of cortsone and ACTEE on thus
parnicular system 1 believe that these techmques and these sub-
stances may open up many of the mystenes of the interstitial
tissues which have challenged snvestigators for years,

Tuae u not gowng to permit 1 detaded histofogical desenption
of these structures 1 will con er the essentiaf features cathier briefly.
You wilt find them described i any geod treanse on butology (1,
2. %) 1 was amazed, however, in companng wtandard rextbooks
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to find many differences of opinion on this particular subject.

Connective tissue comprises a number of tissues that arise from
mesoderm and are principally concerned with the formation and
maintenance of bodily structure, namely, bone cartilage and con-
nective tissue proper. My remarks will be confined to the latter,
namely, connective tissue proper. This is usually divided into four
types: loose connective tissue; dense connective tissue; regular
connective tissue; and connectuve tissues with specialized function,
such as fat, mucin, and so forth,

All of these tissues are composed of a homogeneous matrix or
ground substance in which are incorporated certain fibers and
cells, and it is only the relative preponderance of either one of
these elements that determines the classification of the tissue. This
is, of course, a very general statement, and since the same funda-
mental problems pertain to all types, I will concern myself with
loose connective tissue only. This binds part of the body together
and also permuts of considerable movement in certain areas. It is
widely distributed, principally in the subcutaneous tissues, 1n the
submucosa of the gastromntestnal tract and subserous surfaces
beneath the pericardium, the pleura and the petitoneum, also
between and around vessels and nerves as well as throughout
nternal organs.

Embryonic connective tissue, or mesenchyme, is the tissue from
which this loose connective tissue derives This is composed of
very small cells with slender continuous branching processes that
form an exceedingly fine network from which the various ele-
ments of mature connective tissue differentiate. Many scientists
consider that loose connective tissue is an undifferentiated form o
embryonic connectrve tissue. It certainly has many potentialities
and can develop into almost any tissue. 1f one distends connective
isste with air or fluid, it immediately becomes evident that there
are large numbers of spaces between the various fibers, and it is in
this area that the ground substance exists. In additionlto the
ground substance there is probably tissue fluid, which may in some
areas be incorporated with the ground substance and in others
may be separate. The tissue fluid represents materal that comes
from the plasma, the water soluble proteins, metabolites, crystal-
loids, gases, and so forth. It may be likened somewhat to absorbent
cotton with the ground substance representing the interstices
between the cotton fibers. It is composed of cellular and inter-
cellular elements, the latter containing collagenous or white fibers
and elastic or yellow fibers between which there is an amorphous
ground substance,
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1 would like to say fung about the colf fibers, and
after thar discuss some of the other clements, There has been 2
great deal of interest in collagen diseases and colfagen fibers, but
I am gosng to point out as I go along that most of the changes in
collagen are probably secondary, althaugh not by any means of
lesser importance. The cart may, therefore, have been placed be-
fore the horse in our understanding of these diseases, Collagenqus
fibers arc formed of bundles of small fibnls. They run 2 wavy
course and are very fleuble and resistant to force. They are com-
posed of 2n i-defined materiaf called colfagen albumunosd. This
material can be converted to gelatn by borting, and that is whae
the term means, “production of ghue”

When these fibers are exposed to weak acids or alkalies, they
will swell. If placed in strong atids or atkalies they will dusappear
or be destroyed. X-ray diffractson studies have indicated that as
near as they have been able to define them collagen fibrils are
composed of long chan polypeptides. Llectron microscopy has
clearly demonstrated the detaded structure of these collagen fibrils
of which we were not aware, There are definite cross striztions
not dissumalar to those seen in muscle. There 15 abso 2 definute
periodicity to these cross striations,

Eremont-Smsth  Pertodicty 1n what sense?

Aungevine That the stnations are regularly spaced. In this con-
nection Gross (4) hos recently reported—and this s sometiung
that we have suspected for years but had always hoped someone
might prove—ahas rencular and coll fibers are of iy
simalar ongin. He has shown by clectron microscopy and x-ray
diffraction chat reucular fibers arc probably just young collagen
fibrids and, although they stain somewhar differently, thys u anly
due o the fact that they are younger, and as these retientar fibrifs
develop they meresse i size to foem collagen. Ths is 3 sigmficant
observation.

The elastic connective tissue fibers are much less numerous, are
smgle, branch and anastomose freely, are highly refracule and
clastic, and are yellow m color  If there are a sufficient number of
them 1n any tssue they will give 2 yellow color to 1t 35 an certain
tendons and higaments 1 which they evast. They are also supposed
to consist of an alburmnod called clastan, which m contraditine.
tian ta collagen v hoghly ressstant to steong aauds and atkabes, and
1t will abso resnt boshing, 1o 1t 15 3 much miose revistant structure,

MarLeal {t docs not swell under thow arcumstances? -

Angerme It docs mot swell 1o the same extent as collzgen,

Meyer 1t does not gointo seluu_ nder the ssme conditior”
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Angevme: No. It will withstand very strong acids and alkalies.
I am not certain of the exact strength. There are certain specific
stains for these fibers. Collagen stains red with van Gieson’s stain
and elastic fibers are colored red brown with orcein.

Much important work 1s now being done to define the physical
and chemical characteristics of collagen. I think it also highly
important that we have more accurate information on the process
of fibrillogenesis; that 15, how these fibrils form. The usual con-
cept 15 that the collagen fibnils form directly from the processes
of the fibroblasts. However, on the basis of experimental evidence,
others consider the action to be more indirect, and that the fibro-
blasts elaborate some material into the ground substance with
whuch 1t will be combined to initiate fibril formation.

There are several observations in this connection that, in my
opinon, are significant, Stearns (5) at the University of Penn-
sylvansa studied fibrillogenesis 1n the transparent chamber in the
rabbit’s ear. During this process she saw small granules accumulate
in the cells that escaped into the ground substance, and these small
particles rapidly formed small fibrils in the ground substance, The
process was rapid; they formed within two to four hours, and
sometimes after forty-eight hours they were so numerous that
they would obscure the original cell These observations made
about ten years ago seem to correspond with the recent observa
uions of Gersh (6) that there is a material in the fibroblast calle.d
a glyco-proten which has a catbohydrate radical attached to it
and 1s the precursor of the ground substance. This material is Rrst
observed 1n the cell and 15 then seen in the ground substance.
Gersh believes that the fibroblasts secrete this material which forms
the ground substance. He does not, however, discuss the forma-
tion of the fibrils.

Tissue culture studies (7) have supported the observations that
have been noted 1 the rabbit’s ear, and they indicate that the
fibrils originate outside of the cells, probably from the substance
secreted by them Tissue cultures have also shown no essential
morphologic difference between reticular and collagen fibers.

Some of the earlier workers considered tha fibrin had some-
thing to do with the formation of fibnls, but this is not so because
fibril formation has been demonstrated in tissue cultures free from
plasma; in other words, there 15 no possibility of fibrin being
present.

" Another nteresting observation that has been made both on
tissue culture and on the rabbit’s ear is that if one exerts stress
or tension on the culture or the ear by pressing on the tissue
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culture or by pulling the car, there is 2 mechamcal sumulation to
the formation of fibroblasts, They will form in greater abund-
ance, and also the direction of the stress will determine the
direction in which the fibroblasts are laid down,

Elastic fibnls have been grown in tissue culture from the heart
and aorta by Bloom. They grow very sparsely and take about
twelve days to appear. They also develop outside of the cells but
in elose connection or proximity with them.

Ragan: Are they continuous with the cell?

Angevine: No, they are not. Jordan (2) says they are, but as
near as T can deternmune they are not. There 15 a great difference
of opinion between standard texts, as I indicated previously.

The recent reports of Plotz and his co-workers (8), as well as
the reports of Spain (9), that cortisone and hyperadrenalism
interfere with the formation of granulation tissue and also with
the normal callus formation or repair of bone are of the greatest
interest. They suggest that the mechanism of fibnllogenesis may
very well be under the control of the endocrine system. I will not
say any more than that on this subject at present.

It is also well known that vitamin C is necessary for the forma-
tion of collagen fibnls (10). Elster (11) has recently reported
that once the collagen fibrls form, vitamin C 1s not necessary to
maintain them, Due to the relationship of vitanin C or possible
control of it by the adrenals, the inference 1s again that the
adrenals may be more sigmficant i this connection than previ-
ously suspected,

We behieve—and when I say “we” 1 mean Aleshuler, who has
done maost of this work—that the ground substance is the area to
which most attention should be devoted. In fact, most of the
slterations in collagenous tissue may well be secondary to altera-
tions in the ground substance. Whether or not this wall eventually
prove to be true 1s, of course, yet to be established.

T will now turn to the physiology of connective tissue and
discuss this ground substance somewhat mare 1w detad  Wieh the
light microscope this tissue 1s structureless and cannat be secn
I:law:vc:', it b::comcs very apparent when stained with certain
R R X o A

. o . . .

el woiot, By pctaLitomatically 1 mean they stain a differcent
color with toluidine blue  If they stain blue with tolumdine blue,
they are not metachromatie, but if they stan red they are meta-
chromatic. This altered staining 1s spohen of as mefachromata,
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Angevme: No. It will withstand very strong acids and atkabies.
1 am not certain of the exact strength. There are certain specific
stains for these fibers. Collagen stains red with van Gieson's stam
and elastic fibers are colored red brown with orcein.

Much important work 1s now being done to define the physical
and chemucal characteristics of collagen. I think it also highly
important that we have more accurate information on the process
of fibrillogenesis; that 15, how these fibrils form. The usual con-
cept 1s that the collagen fibrils form directly from the processes
of the fibroblasts. However, on the basis of experimental evidence,
others consider the action to be more indirect, and that the fibro-
blasts elaborate some material 1nto the ground substance with
which 1t will be combined to imtiate fibril formation.

There are several observauons in this connection that, in my
opinion, are sigmficant, Stearns (5) at the University of Penn-
sylvanua studied fibnll 1 the transg chamber in the
rabbit’s ear. During this process she saw small granules accumulate
sn the cells that escaped into the ground substance, and these small
particles rapidly formed small fibrils in the ground substance. The
process was rapid; they formed within two to four hours, and
sometimes after forty-eight hours they were so numerous that
they would obscure the original cell. These observations made
about ten years ago seem to correspond with the recent observa-
nons of Gersh (6) that there 15 2 material in the fibroblast called
a glyco-protein which has a carbohydrate radical atrached to it
and is the precursor of the ground substance. This material s first
observed in the cell and 1s then scen in the ground substance.
Gersh believes that the fibroblasts secrete this material which forms
the ground substance. He does not, however, discuss the forma-
tion of the fibrils.

Tissue culture studies (7) have supported the observations that
have been noted n the rabbit’s ear, and they indicate that the
fibrils originate outside of the cells, probably from the substance
secreted by them. Tissue cultures have also shown no essential
morphologic difference between reticular and collagen fibers.

Some of the eatlier workers considered that fibrin had some-
thing to do with the formation of fibrils, but this is not so because
fibril formation has been demonstrated in tissue cultures free from
plasma; n other words, there is no possibility of fibrin being
present,

* Another interesting observation that has been made both on
tissue culture and on the rabbit’s ear is that if one exerts stress
or tension on the culture or the ear by pressing on the tissue
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culture or by pulling the car, there js 3 mechancal sumulation to
the formation of fibroblasts, They will form in greater abund-
ance, and also the diection of the stress wall determmne the
direction in which the fibroblasts aze lad down

Elastic fibrils have been grown m tissve culture from the heart
and ao0rta by Bloom. They grow very sparsely and rake about
twelve days to appear. They also develop autside of the cells bur
1 close connection or proximity with them.

Ragar: Are they continuous with the cell?

Angevare; Ne, they are not. Jordan (2} says they are, bur as
near 25 I can determine they are not. There 15 2 great difference
of opimon between standard texts, as I indicated previously

The recent reports of Plotz and hus co-warkers (8), as wel as
the reports of Spain (9), that cortisone and hyperadrenalism
mtecfere with the formation of granulation ussue and also wath
the notmal callus formation or repair of bone are of the greatest
snterest. They suggest that the mechanism of fibnllogenests may
very well be under the control of the endocrine system I will not
say any more than that on this subject at present.

It is also well known that vitamin C 15 necessary for the forma-
tion of collagen fibrsfs (18). Elster {11} has recently reported
that once the coflagen fibrds form, vitamun C is not necessary to
mamntan them  Due to the relationshup of vitzmun C or posnible
control of it by the adremals, the wiference s agam that the
adrenals may be more sigmficant n this connection than previ-
ously suspected

We beleve—and when I say “we” I mean Alushuler, who has
done most of this work—that the ground substance is the area to
which most attention should be devoted In fact, most of the
alterations 1n collagenous tissue may well be secondary to altera-
nons in the ground substance. Whether or not this will eventually
prove to be true s, of course, yet to be established,

T will now turn ro che physiology of connective mssue and
discuss this ground substance somewhat more 10 detarl. Wich the

ight microscope this tissue s structureless and cannot be seen.
However, st becomes very apparent when staned with certain
dyes such as tolwidine blue. Because w contamns mucopolysacchae-
ides, of which hyaluronic acid, chondrottin and mucoitin sutfurse
aad are examples, 1t stans mecachromaticafly, namely a purple
red colar. By “metacheomatieally” I mean they stain a different
color with toludine blue If they stamn blue with toluidine blue,
shey are not metachromatic, but if they stain red they are meta~
chromave, This altered staineng is spoken of as e
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In connective tissue the polysaccharide stains a purple red in color.
Dr. Meyer has shown that any large molecular substance with a
free acid radical may induce metachromasia. This property 1s not
confined entirely to mucopolysaccharides, however, so that these
stains are not entirely specific.

To go a bit further, and this is more our postulation—Dr.
Fremont-Smith said that you are interested in what we are think-
ing about rather than what we bave been thinking of in the past.
I would like to refer briefly to the hematoparenchymal barrier; in
other words, when any material passes from the blood stream to a
cell 1t must go through several structures. It must go through the
capillary membrane. It must also go through interstitial tissue or
fibrous connective tissue composed of ground substance, and must
pass through the cell membrane. To re-enter the circulation 1t
must traverse the same structures n reverse order. These struc-
tures collectively are spoken of as the hematoparenchymal barrier.
When there is an accumulation of any cell-free fluid in this area
it 15 spoken of by same as “'serous inflammation” (12). This is not
a parucularly good term It was first descnibed by Rdssle (13)
and elaborated by Eppinger (14), and various people from ume
to time have attempted to explain the mechanism. Some have
devoted all of their attention to the capillary membrane; others
have devoted all of their attention to the ground substance; and
others to the cell wall. It has been shown that a variety of injuri-
ous agents at such 2 site will produce many alterations. Some o
the agents that have been used to damage this area have been allyl
formate, thyroxin, chronic fatigue, or anoxia. If one damages
tissue with any of these agents—and a good many more nught be
listed—the injury 1s always associated with an excessive accumula-
tion of mucopolysaccharides in the interstitial tissue This protein-
rich fluid separates the capillaries from the parenchyme and im-
pairs the nutrition and excretory ability of the parenchymal cells.
This, 1n turn, leads to depressed cellular respiration and relativ.cly
increased glycolysis. It has been our experience that in many in-
stances Where such conditions obtain and are maintained for some
time, there 15 an accumulation of materials which yield a meta-
chromatic reaction to toluidine blue.

So much for the ground substance. This brings us to a word
about the various cellular elements of which the most important,
1 believe, are the fibroblasts and the macrophages. The fibroblast
in connective tissue, as I have indicated, plays a role in the forma-
tion of fibrils. It also contains large bodies in the cytoplasm that
some have called mutochondria; others speak of them as fibro-
chondria. They have not been extensively studied. If they are
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rattochondria, st may wncheate that they have some relationshup 1o
enzyme activity Harman has shown in ksdney and hver that
enzyme activity and intactness of mitochondeia are closely re-
fated (11).

The fibroblast, mn addition, plays an important role 1 water
retention 1n tissues. It has been noted that these cells show wide
fluctuation n size under different conditions of hydration, and
this property of taking up water from surrounding media will
cccasionally lead to local edema,

‘The cells of the macrophage system deserve a paper by them-
selves, but I will merely wndicate that they form a protective and
scavenging system, and that they occupy most of the tissues tn the
body, in addiuen to these there are lymphod cells, mast cells,
cosinophuls, plasma cells, fat and mgment cells, all of whach have
therr own functions. These brsef remarks should indicate that
connectave uissue, rather than beng an mert structure with a
passive function, 15 @ very active tissue and probably has many
sigmficant funcuions. In addition 1o support and packing prop-
erties, 1t may be considered as a generalized tissue capable of grving
mse to more specsalized elements under certmn circumstances Ic
may form a panmculus adiposus, whick alfows for storage of fats
and provides 2 covering which helps conserve body heat Tv plays
2 sigmificant role i tissue repar by the deposition of collagenous
fibers to form scar sthen connective tissue contatning tissue fnd
which 15 an essential medum through winch cellular elements may
funcuon in relation o blood and lymph.

In conclusion, I would like to sndicate some of the areas of
exploraton that I feel thes brief survey leads us to: 1) Further
cytachemucal studies on the fibroblast are indicated, with speeial
reference to the function of fibroblasts. 2) There should be an
exploration of the enzyme systems in relation to connective tissue.
Most of the studies of enzymes, as you know, arc done on paren-
chymal cells, especially on the hver, kidney, and secretory cells.
3} Further studies are indicated to define more precsely the
process of fibrillogenesis. 4) Define more accurately the function
of the ground substance. 5) We also are concerned in the mechan-
13m whereby these various processes are controlled &) Studses of
normal physiological processes, especrally repawe and wound heal-
g, will provide further valuable information in this field

Holbrook- Thank you very much, Dr Angevine, far bearing
with our interrupuons.

Dr. Dempsey, have you anything you would ke to add to this
dhscussion at the moment?
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Denpsey: 1 haven’t anything in an organized form. There are,
however, two or threc comments I might make. It might be
worth while to belabor this point of normal versus abnormal a
httle more. I am not sure We are ever going to agree on just
what these words do mean, because as ideas become crystallized
more and more sharply we will have to invent new words to get
away from the unwanted connotations of the old ones. Never-
theless, it is easy to demonstrate that a normal indwvidual may have
abnormal tissues, cells or other structures within his body; and
conversely that an abnormal individual may have certain normal
structures, Thus, for normal or abnormal, we must define the
level of organization. Shall we consider the whole individual as
normal or abnormal, or shall we restrict our attention to the
component parts of the individual as normal or abnormal? This
dsstinction 15 perhaps not too farferched because one of the only
ways we really have of establishing what is normal or abnormal is
to take the tissues of a sick indwidual, who is by definition ab-
normal. Therefore, we define his tissues as abnormal, whereas
they may or may not be. Then the issue becomes even more
complicated when we try to understand the different appearances
of what must be perfectly normal tissues. Growing tissue, for
example, 1s healthy, yet its appearance is very different from the
appearance of the same tissue after growth has been atrained.
Yet both are “healthy” and presumably “normal.” Likewise, the
cells that Dr. Angevine mentioned, the mesenchymal cells, are
detectably different from the fibroblasts to which they give rise.
They are also the progenitors of fat cells, macrophages and other
cell types of connective tissue. Now all of these are normal; they
seem to represent different appearances at a time when the cells
are domng different things. So normal has to be defined zgainst’the
basis of what the cell is doing, What its present physiological situ-
ation is, what its physiological purpose 1s—if you will permit the
use of thar word.

Thus we come down to the question of whether anv of the
alterations ordinarly recognized as pathological really represent
inherently pathological processes, or only the normal response to
an altered physiological situation.

Fremont-Smuth: 1f one adds the phrase “with respect to” each
time one uses the word “normal” or “‘pathological” or any of
these generahizations it helps enormously.

Denpsey: 1f he makes his description precise.

Holbrook: T would like to ask you, Dr. Angevine, if there is any
variant in connective tissue structures which varies with age, a5
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might give us a lead toward certain abnormal states influenced
by age?

Angevene. Yes, it has been shown that there 15 2 defimte altera-
tion of these particular fibers of collagen during growth. As age
progeesses, there 1s less ground substance present. That seems to
be confirmed by several workers 1 believe Gersh agrees with this.
The collagen fibers become more compact and are ks loosely
arranged. I know of no definite alteration 1 the collagen fibrils
themselves, I know there are certainly no alterations o the
amount of collagen Harman (16), 1n our deparument, has been
working on aging m the human heart. He took forty hearts pre-
sumed to be normal. At least they had no demonstrable coronary
vascular disease, and the curculation was considered adequate, and
there was nothing to indicate disease of the myocardum during
hfe. He took portians from each chamber of the heart and de-
termmned the amount of elastin and the amount of coliagen in all
chambers, We expected an alteration a5 age mcreased, but to our
amazement there was no difference 1n the quanoty of collagen
or elastin i hearts from young or ofd adults I am not saying
anything about the myocardm, but the structural supporting
framework of that heart was not altered quantitatively “That was
surprising to us.

Fremont-Smutly May 1 add that in Cowdry’s book on aging,
where every organ system was referred to, the same conclunion
was reached~—that each organ was not the site of sertous disease
process itself. If the patent had died from cerebral accident, or
from an acaident i some other organ system, that system beng
surveyed, whether eye, ear, bramn, or muscle, showed no evidence
whatsoever of not bemng able to go on indefinutely to perform 1its
function, The only conclusion 1 could draw from reading that
book was that people did not die and that did nos seern to be 2
logreal conclusion! There 1s a problert befare us which we can-
not solve at the moment. What do we mean by "aging™ One
sometimes attempts to ask whether 1t s the interrelating factors,
the homeostatic functions themselves, which break down; thae
you reach the point perhaps that normal aging would lead o, the
“one horse shay” sitwation where suddenly everything goes to
pieces at once. Whether anybody has ever seen normal senescence
of any organ system 1s 2 question,

Mersky- You mean morphologically or in terms of functional
capacity?

Fremont-Smuth- No parucular organ system; for example, an
ndevsdual of ninety-four with an organ system winch was not the :,\
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cause of death, but could have carried on for forty or fifty years.
I did not say “no evidence of aging” but “no evidence that the end
of functional capacity had even been approached,”

Meyer: I would like to come back to the work about the rela-
tion of collagen and elastin to development and aging. The ground
substances may have a lot more to do with these processes than
the fibrous elements. That brings up the question of the main
function of connective tissue which Dr. Angevine mentioned in
the beginning, namely, that its main function is the maintenance
of form and the architectural relationship in the body. Is the
main function of the connective tissue a purely passive one, or
are we dealing there with a highly integrated system in a func-
tional sense, between the connective tissue and the structures it
“supports,” the epidermal structures, the glandular tissues and
so on? It should be assumed that there are such interrelating
functions which are disturbed in aging as well as in some patho-
logical processes. By the way, the only experimental work on
such an integrated physiological process between an epithelil
structure and connective tissue that I know of is that of Frieden-
wald on the secretion of ocular fluid by the ciliary body. Accord-
ing to Friedenwald there 1s a potential difference between stroma
and ciliary epithelum, This potential generates a current while
carrying water from stroma to epithelium and out as ocular fluid.
While some of the details of the interpretations may be ques-
tionable, the mam idea of active chemical cooperation between
epithelium and stroma seems to me highly probable for all
epithelial as well as endothelial structures.

Mirsky Would you say the recent work on the refation of fat
metabolism to glycogen synthesis in the fat cell is also indicative
of a specific function of connective tissue?

Meyer: 1 don’t know enough about the synthesis of fat, where
it takes place, and so forth There is apparently a big gap tl}ff&

Holbrook: Is it agreed that the structure of connective tissue
is not sigmficantly altered by age alone to be indicative of a disease
process that might be present at such an age? .

Angevime: 1 would say yes, so far as the indwvidual fibrils are
concerned. Gersh (6) confused me a bit by speaking of loose
connective ussue and b membrane, ing by “b nt
membrane” a certain condensation of this tissue in some areas
especially around the kidney tubules, and so on. I believe he has
indicated that initially there is loose connective tissue and 2s one
becomes older the fibers that are widely dispersed come together in
a more compact manner. I infer that this occurs because there is
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less ground substance between them. If one looks at 2 sectron of
aorta from a child, the fibers are definstely looser in arrangement
than in older individuals.

Demprey: 1 recently heard Gross read a paper on the size of
collagen Bbers m raes of different ages, What he did was 1o shake
the connective tissues apart and examine them wych the electron
microscope. He then measured the width of the fibers and made a
distesbution plot of the size of the fibess. He showed, 25 you night
suspect, that early 1n hfe the fibers were all small, and thae they
seem to coalesce, or at Jeast 1o ncrease m diameter 23 the age of
the rat mcreases.

1t seems to me that this observation fits i with the szatement
you fust made to the effect that the aged mdividual seems to have
4 denser and more sobid collagenous tissue framework than does
the younger one. However, 1 am not so sure that 2 removal of
ground substance berween the fibers 18 the cause of thes sohdifica-
tion. Jt could be that the fibers themselves may enlarge by co-
alescence.

Bennett: The elastic qualittes of this type of ussue seem to
dimnish somewhat proportionately 10 1ts condensation. In young
subjects, the dermal structures ate elastic and when mechanically
pulled up and released, they quekly snap back into these oryganal
posstion  Hiscologically these tissues are joosely textured. In older
subjects when the sarme dermal areas are pinched together and
released, they slawly retura to ther normal position. O — - -

scapie examunation such tissues ace = ’

We eam »t- * -
exarapt - wanicey which
seemmns ¢ wsppuige appearances that mmply con-

densanion of nissue components. Whether or rot this alteranon mn
appearance 1 related to duninution in ground substance s not
nowsn 1o me, 1 would be interested i hearing what Dt Angevine
has to say on this poine
Angevspe: 1 don't know either, Dr, Bennett One of the best
tiustracions—it 1s not tune—of how tissue may age 1s the example
of the agar plate. One makes two fresh agar plates and remaves
the cover from one; it drses and loses 1ts gel properties, whereas
the other one mamtains them. 1smagine i agung there could be
much mterference with passage of substances across this ground
b feading to an {acion of these 1. Whether
1t is an alteration or loss of ground substance would be difficule o
determune 1 don't know how it could be Do you, Dr., Meyer?
Meyer: Theee ss nothing known about qualitative changes m
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the ground substance with age. In embryonal ussue, that is, um-
bilical cord, we find not only very much larger quantities of
mucopolysacchandes than in adult connective tissue, but we find
the complete absence of one component, the chondroitin sulface B,
which we find in every other connective tissue we have examined.

Fremont-Smith: You know about its presence in other embry-
onic tissue?

Meyer. We have not examined other embryonic tissues.

Fremont-Snesth: You have not had a chance to investigate yet?

Meyer: The absence of this mucopolysaccharide seems signifi-
cant to us in view of the absence of the basement membrane
reported m Gersh’s paper and the increase in thickness of this
membrane on aging, not only in skin but also in blood vessels.
Gersh’s finding 1s based on the periodic acid-Schiff’s reagent stain-
ing. I wonder, Dr. Angevine, whether the thickening of the
basement membrane can be explamed by the collapse of the
fibers or by the disappearance of ground substance? I thought the
fibers are not stamned by the periodic actd-Schiff stain, whlcl} is
supposed to indicate glycol groups or similar structures, which
form aldehyde on periodic acid oxidation. I guess this may cause
quite some discussion here.

Dempsey: One of the things the periodic acid-Schiff method
demonstrates beautifully 1s reticulum. There is, 1 believe, a con-
siderable quantity of alpha-hydroxyamino acid in collagen hy-
drolysates, and thss, rather than neighboring glycol groups, might
account for the Schiff reaction.

Meyer: Alpha ammo-beta hydroxy acids, you mean. This wguld
imply that the amino groups were free and not present in 2
peptide bond. This would happen only in end groups, of whicl
there could not be many in a protein. The histologists have not
paid much attention to the quantitative aspects of this stainmg
method, namely, how much protein or carbohydrate has to be
present 1n a given volume to be visible with the Hotchkiss stain.

Holbrook: 1 would like to raise one question about the barrier
Dr. Angevine talked about. In the barrier, other than the con-
nective tissue cells which you discussed, are there any ﬁndl{lgs
structurally which can be seen with variations in age? Iam trymg
to find out whether structurally you can see at this site of con-
nective tissue disease, anything that might change. Function I am
not talking about; we know there are changes in function.

Angevine: Not that I know of, Dr. Holbrook.

Zuwerfach: Volterra has described specific changes in the so-
called pericapillary sheath which develop with age and under
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{37). Several Russan papers
have also stressed the tmportance of changes in the argentophilic
properties of the hematoparenchymatous barrier in aging and
especially 1n the development of hypertension (18).

Angevine: 1 have talked to Dr Meyer of thus. Aleshuler 2nd 1
have approached tius subject more or less system by system; hav-
g worked first wich fibninaid we are now following the altera-
tions that take place following myury to the hematoparenchymal
barrier. Such a study has been made 1n the lungs. We have also
made such a study wn relation to the bleod vessels and nerves. We
have observed simdar afterations occurnng tn these areas, in the
interstienal nissues of the lungs, the vaseular tissue throughout the
body, and also 1n the nerves. The subject 1s so diffuse thay we feft
by keeping our observations for a time in separate compartments
it might mean more to those terested m speciaf fields such as
diseases of the fungs, the cardiovascular system, and so forth We
have made no observations 1 refation to age.

Ragan. May I ask what s the distinction between capalfary
membrane and basernent membrane?

Zuesfach: 1 do not beheve that we are jusufied 1 comparing
the capiffary membrane directly with 2 structure such as the
basement membrane. The capilary wall 1s a complex struciure
made up tn part of endothelial cells cemented together by an mnter-
cellular substance. Surrounding the endothelial membrane 15 an-
other membrane, the so-called perscapilary sheath. These two
seructures should be considered separately smee the evidence indr-
cates that the interendothehal cell cement and the pencapliary
ground substances do not bave sinmlar chemscal properues. For
example, extracts with hyalutonidase actvaty affect the percapil-
lary sheath, causing 1t to soften, whereas the cement substance
binding the cndothelial cells together 1s not affected by such
enzymes. Calewm salts bkewsse affect the two structures differ-
ently. We therefore cannot assume that the cement substances
which bind cefls together and thase which form basement mem-
branes will be smalarly aftected under comparable pachological
conditsons,

Angeviue 1 think chat is true. I have felt that basement mem-
brane being applied to thus subject has been 3 bit confusing

cause my conception—and some will disagree with me on this—
of a basement membrane was 2 hmuing membrane thar hrited
epathehal cefls or occurred i certam structures s sn the
Descemer’s membrane of the eye. Gersh has assumed & to be
areas s which there 1 a condencation of fibers, m which there
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is a condensation of membrane, and I would not consider that the
surrounding tissue about a small blood vessel would be considered
as basement membrane. I would call that perivascular adventitial
tissue, just to keep our terminology straight. I have no quarrel
with his observations, since I introduced the subject by intimating
that connective tissue can be divided into several types, loose and
dense. Dense connective tissue 1s what I believe Gersh is talking
about when he speaks of membranes beneath the skin. If one
keeps that conception 1t may make discussion a little easier.

The same thing applies to the kidney tubules. There may very
well be different materuals in cementing substances than in non-
cement tissues.

Mirsky: There has been a stupendous amount of work on the
hematoparenchymal barrier as 1t applies to the central nervous
system. Have there been any studies to indicate what particular
changes occur with age, because we do know that during the early
age of the organism certain substances and not others can pass
through the barrier? .

Angevine: Not that T know of. There 15 some investigation
gong on n this field, but I have seen no reports on it. The only
area in which this connective tissue would occur in relation to
the hematoparenchymal system in the brain is in the meninges,
around the vessels 1n the Virchow-robin space and posuibly in the
choroid plexus, but there is no ground substance 1n the central
nervous system as far as I am aware, In my opinion there may be
a cement substance between the fibrils, but it has never been
demonstrated to my knowledge.

Meyer: Gersh distinguishes a substance present in embryonal
tissue which is soluble 1n water and which later on becomes 1n-
soluble Tt becomes soluble in certain pathological conditions.

Zweifach: Solubility alone would be a poor criterion for dis-
tinguishing between different constituents of the ground sub-
stance. Some of the intercellular cement substances are msolub.le
in a given pH range and become increasingly soluble at an ;.|c1d
pH. This may be interpreted as representing an ncreased joniza-
tion of these substances 1n the different pH ranges. Szmxlafl)’y the
possibility remains that these may be either sodium, calcium ot
potasstum salts of the same protein complex. The calcium com-
plex may be insoluble while the sodium or potassium salt will
soluble 1n water. - .

Meyer: The material that Gersh stains has different properties
I do not know whether that in the histological sense means a bar-
rier or 2 basement membrane, as Gersh calls it, but this area has
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physical properties different v certam age groups or in certun
times and 1 cersam conditions.

Zwesfach: From the physiological point of view, differences m
the functioming of 2 given type of membrane or barrier are readily
evident sn comparng adult with embryomic structures. Thus,
newly formed blood vessels in granufation tissue are more porous
or permeable than are the same vessels several weeks or months
tater. As the vessel ages, 1t becomes less permeable to certain com-
ponents of the blood, especially the blood proteins. The posubiliy
exists thar this process continues as the indsvidual ages.

MacLeod: The vessel, or what is around 1t?

Zwerfach: These changes would presumably occur chiefly in the
perscapdiary membrane,

Demprey: May I belabor the adaptive business a httle more?
As Dr. Holbrook has meationed, we are attempung to see whether
there is any structural change sn the connective tissue of the blood
vessels which can be correlated with age. Age s only one physio-
logical situation to which a tissue may be compelled to adapt.
Neormal development s another such suuation, wound healing 2
third, and 2 hormonal stumulus still 2 fourth.

e first point concerns normal development. I phosphatase
reactionsy are studied in the walls of blood vessels, htle or no
detectable activity occurs in embryonic nssues whereas mn adufts
large amounts of enzyme are present in the walls of small blood
vessels. The enzyme 15 located both in the endothehal haings and
1 the adventitial walls of the vessels,

In wound healing there 15 also 2 change m phosphatase. In
normal, resting subcutaneous tissue there 15 hutle or no enzyme.
During hesling of 2 wound, phosphatase puts s an app
and 1s present 1n high activiry as scar fibers are formmg, only to
disappear again as the scar becomes organized.

Then finally, changes i phosphatase occur duning different
hormonal states. About a year ago we reported that the phos-
phatase located m the blood vesschs of certamn target otgans dis-
appears after hypophysectomy and seappears after replacement
therapy (19).

Several years aga Burack, Wolfe and Wright (20) studied the
collagen fibers of the uterus during the reproductive cyele.
shawed that there 15 @ grear difference n the amount of fibnlto-
genesss occurring st different stages of the reproductive cycle.
They demo: d, by using ova d anumals snpecred
with estropen and progesterone, that the fibers demonstrable n
the subepithehial portions of the uterus undergo a eyche sncrease
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and decrease even 1n an animal which does not menstruate. ‘Thus,
there are a number of situations in which a changed physiological
state is associated with an altered morphology of the vessel wall.

Mirsky: Did you also not observe a diminution of phosphatase
mn tissues which were not under anterior pituitary regulation?

Dempsey: A dminution but not a change in pattern, 1n organs
such as the salivary glands or kidneys. I was not sure how to inter-
pret this observation A hypophysectomized animal does not eat
as much as does a normal one. If an ammal is starved, there is a
general decrease of phosphatase.

Jones. Dr. Dempsey’s remarks bring me back to earlier discus-
sions about the interrelationship of stucture and function, a ques-
tion also pertinent to the problem of aging. It seems to me virally
important to keep in mind the fact that structure and function
are measured by different methods. If the interpretation of the
results of these different methods varies, then we must look for
better methods which permit us to correlate functional with
structural data. I presume that in the next few years the new
hormone work will greatly increase our knowledge of the func-
tion of connective tissue. That does not necessarily mean we will
have any new ideas about structure. Up to the present time our
methods of visualizing structure by the use of various stains have
both added and set a limit to our knowledge. It is extremely
important to keep this in mind. Pathology today is almost com-
pletely dependent upon the evaluation of structural changes by
methods now current in pathology. I am sure the pathologist
would be the first to adnut that this does not always work out
You may even find a connective tissue disease with fatal outcome
where the pathologist by our present method would be har
pressed to find essentral changes in structure. I have in mind dis-
seminated lupus where at autopsy, as a rule, enormous connective
tissue alterations are found, which make the continuation of func-
tion of the organs mmpossible. The next case, however, may have
died with much the same chinical symptoms but with very bttle
histologically detectable changes. 1 thunk that progress as related
to structure has been blocked largely by long-established methods
of inquiry, while 1n relation to function, there is just a sm3
beginning due to better chemical understanding, better histo-
chemical methods and others. We may hope that methods f‘”
the study of structure can be correlated with methods studying
function Then we could explain what changes take place
aging in connective tissue, N .

Holbrook- 1 would like to ask this question. If we are talhing
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about meshodology, do we know all the salient facts about the
structure of substance that can be Jearned by our newer tech-
nuques such as ultra-microscopy and x-ray diffraction? Is it the
opinion of the group that that may lead to much more knowl-
edge structurafly or s it simply additional knowledge that is not
pong to add to our knowledge of function?

Angepme: In the fisse place, 1 agree with whar Dr. Jones has
said. That 1s why pathology departments are now concerned with
function and chermstry, and are using the same methods that
pathologists have been enticzed for not using,

To answer Dr. Holbraok, one of the important thmgs 15 firse
1o reconcile some of the observations made with diffecene tech-
mques. 1f all invesugarors working on smmlar problems utidized
sdentical techniques, their results would be readily comparable
When two such mvesugators discuss 3 problem on which thesr
results differ, st usually becomes apparent that they have used 2
different species of ansmal, diff; diets or diffe H
that their results may not be at alf comparable. This feature 15 one
of the greswest difficulties with all scientific mvestigation, but
especially 5o in the realm of the biokogical sciences. ¥t is also of
the greatess importance to our evaluatwons here on this particular
subject.

¥ also behieve that mvestigation of disease can occaswonally be
restricted by the use of a particular techmique One can stare o
use 2 specrahized puece of apparatus and become a virtual slave
o0 it. The imvestigator 15 frequently so busy keeping st 1 work-
ing order and developing 1t that he has no nme for other 1nves-
tigations.  More scientists are bound to a smgle techtuque or
gadget than i generally realized.

We have consttucted a new apparatus which I think may be
of some value i this connection. ¥ 1s 2 mucroradiographic appa-
ratus, and we are just starung to wse 11 One can measure the
mass of any substance with an atomic weight of over 16 and can
determine exactly in what part of the cell the chemical element
located. 1 believe that st may be apphicable g0 a study of the inter-
stitial mssues, and we may very well be able to localize many
elements that are passing through the ground substance-—espe.
cially those which have been well defined, such 23 calerum, phos-
phorus, also won and todme. I beleve i may have 1 wide field
of usefulness in this connection,

Meyers May ¥ bring up a problem which has been mentioned
now 2 few umes by Dr. Dempsey—the fibnflogeness? 1 do not
know whether thi problem oughs to be discussed here or with
other problems,
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Holbrook: Go right ahead.

Meyer We proposed a theory of fibrillogenesis for which there
is 1o expertmental proof, namely, that the fibroblasts secrete large
amounts of acid mucopolysaccharides together with a globular
native ptotein, the precollagen. This natve protein is precip-
tated and denatured onto the polysaccharide fibrils by local acid
production by the cells, presumably by glycolysis, thus forming
the fibrous proteins of the reticulum. The regularly spaced acidic
group of the polysaccharide chan would form the template, so to
speak, on which the fibrous proteins are built up. The muco-
polysaccharides which first form a sheath on the fibrils would then
be removed by enzymatic digestion.

Holbrook. Would you like to say a word about that?

Szent-Gyorgys: 1 wanted to keep quiet because I disagree with
most of what was said this morning, and I did not want to spoil
the feast, I disagree even with the underlying idea of this Con-
ference—it all depends upon what we call “medicine.” On ‘the
one hand, medicine may be looked upon as an empirical subject
dedicated to the rehief of patients; an idea which I am willing to
accept. However, on that basis we are just as far removed from
science as the Deruvians were five centuries ago when they dis-
covered quinine, and used 1t because it helped. On the other har.nd,
medicine may also be looked upon as a science because 1 addition
to wmterest 1 the end result of therapy we also want to under-
stand why something 1s good for a patient. This is my way of
looking at it. But if we want to understand, then we must go to
the bottom of things. I am a bit frightened to hear structure
deprecated at this Conference as something which does not tell us
anything about function. There is no real difference between
structure and function; they are the two sides of the same coin
If structure does not tell us anything about function 1t means we
have not looked at it correctly.

Structure can be studied 1n a wide range of dime:
dimension of a centimeter, a heart valve 1s about 10? i}ngstrumﬁ
The human eye can see down to one-tenth of a millimeter, 10
Angstroms. The progress of medicine in the last century has been
due in part to the discovery of the microscape, which takes us
down to 10° Angstroms. But all of these structures which we see
1n these dimenstons tell us little about function. The reason 1s that
there are three more dimensions becween this and the atomic level,
between 1,000 Angstroms and 1 Angstrom, and it 1s In :b.esc
d that the lecules, the wheels of the lving
machine, lie. The secret of Iife is in this dimension. Chemistry

asions. In the
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and anatomy aze the same thing; chemistry it just molecular
anatomy. Very important progress has been made 1n these last
ten years through the stroduction of the efectren nucroscope
which takes us down to about 30 Angstroms or so, into the macro~
molecutar dimensions. We can actually see molecules now under
the electron muicroscope. The structure which we see in the hght
mcroscope tells us very hetde. As we heard before, it does not
even tell us the difference between an embryo and an old man
of one hundred yeass,

Angevire: May I interrupe? I assume I am the one who has
been referred to and beheve that 1 have been musquoted. I have
sod that structure 15 important, but 1t 5 our opmion that the
solution of the problem would be more adequately arnived at
by devoting more of our attention to what lies between the
fibers, Nobody has inferred that structure is of no mportance,
bue we feel that the changes that take place in the structure m
this instance are probably more or less secondary. 1 think a good
slfustration may be what occurs in coronary heart disease, 1f the
blood supply to the myocardium s interfered with by a sudden
occlusion of a vessel certain things happen to the muscle thar cause
death. However, such alteravons are actually secondary o what
has occurred in the blood vessel. The muscles are perfectly
adequate, but the changes that rake place in heart disease of this
nature are secondary, nevertheless,

Fremont-Snuth: Dr. Szent-Gyorgys has overstated to make a

int.

Angevine; Peshaps he did. T wanted 1o make this pomnr before
we got too far,

Fremont-Smuth; Dr. Szent-Gyorgyi, we want you to go on.

Szent-Gyorgyi. One of the basic problems of morphology 1s the
question of what is a fiber. You quoted Astbuty as saying that 2
fiber 15 a dong polypeptide chan, He 1s gaving up that 1dea now.
The electron muscroscopte work of Hall, Jakus and Schmstr (21)
shows definitely that cross-striated muscle is composed of fibers;
but those fibers are nothing but a row of almost round, slightly
elongated paruicles held together probably by dipole moments m
a fong row. The striated muscle ts 1n a way 3 crystal of pargicles
about 300 Angstroms long and 100 Angstroms wide and the
whole function must depend upon the ficld of forces surroundng
these particles.

To my mind the nexs imporsant question 1 how these particle:
are built and what decides the ficlds of forces around them. We
have some information about this pons smce we know thar
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these particles are built of smaller globular units of 70,000 gm.
molecular weight (Rozsa and Wyckoff). It seems that particles
of this size are the only particles the system can elaborate. If it
wants to build a fiber 1t makes one out of little round units of
70,000 gm. molecular weight, If the cell needs a larger particle
of 300 Angstroms it puts them together from a dozen smaller
particles. Probably the small round particle of 70,000 gm. molec-
ular weight cannot develop the dipole moments necessary to with-
stand the strain to which the tissue is exposed. But if these units
are put together 1n a definite way with atomic precision, then
those dipole moments add up. If I put small magnets together in
the right way the magnet moments will add up and I will get 2
strong magnet. So purting together those smaller globules may
produce a larger particle with a strong dipole moment which wil
withstand the strain that muscle must withstand. In my opinion,
tendon, connective tissue, and muscle tissue are all the same n this
respect; the outer forces of the larger particles beng decided by
the way in which the smaller ones are put together. To make
them jom correctly certan substances such as ATP or perhaps
cortisone must be present in small quantities.

For instance, just to give an example of the inaccuracy of the
present microscopic method: Rozsa and Wyckoff have found m
muscle around the fibers an exceedingly rich net of fibrils dif-
ferent from collagenous fibers but apparently related to them.
Ths 15 of great importance in regard to the physics of mU§Cl€
These fibers have a diameter of 200 Angstroms which is five times
smaller than the Limit of visibility under the microscope. There
15 a whole world in these dimensions which are beyond the limits
of the common microscope. Structure and function are the same
thing, only we must go to the correct dimension and not expect
to find explanations where there are none. I wish the next Con-
ference would put less emphasis on disease of connective tissue
There has been at this Conference, some deprecation of normal
structure and function and we have been told that it is necessary
to start with the pathological T am entirely in disagreement Wit
that. It 1s Iike the old joke of the man who when asked to repait
2 failing machine had to confess that he did not know how the
machine worked. So 1f you don’t know how it runs, how can
you possibly know what 1s wrong with it?

I hope the next Conference will synthesize the two outlookss
the sceentific and the empirical. Dr. Fremont-Smith emphasizes
the synthetic idea. In my opinion this Conference started 100
much ar the disease end. T would not make it entirely scientific
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but I would start in the middle and develop the two views which
would better represent the principles so very much i the fore-
front of scientific investigation — the dimensions below 1,000
Angstroms where the real morphological changes are revealed by
electron microscopy, the ultravioler microscope, and x-ray dif-
fraction

Fremont-Sptth What you have said is not 1n opposition to any
preconceptions; it is just what we wanted to hear for 1t 1s only in
this way I think that we can make progress. The one thing we
don’t want to do in these groups 1s to have, for example, only a
fundamental group of people who are concerned at the electron
mucroscope and x-ray difiraction levels or those who are working
primanly on the chemistry of proten structure, and so forth
What we do want to do 15 to bring together the people whose
primary thinking has been chnical with those whose ptimary
thunking has been at the other level to show that each must under-
stand some of the dimensions of the other’s thoughts This 1s
necessary 1f we are going to have teamwork and joint progress

So T am delighted with what has been said because I think 1t
- - © ' ' """ “weneed Please goon from there

' one remark However imperfect
my words have been they were said 1n a friendly spirit. If I con-
tradict it 15 to provoke discussion and to contribute to the subject
1 very often take the extreme wiew for that reason If we try
only to smooth out contradictions there 15 no point 1n our getting
together.

May T use a few more minutes to remark on the development of
protemn chemistry? Biochemusts sad: “We want to study protens
How can we get a protem? If we take a tussue, extract it with
water, the protein will come out 1n great abundance and we will
then study 1t.” They did not notice that what they did was to
separate two groups of protein which are different n pninciple,
the soluble protewns, which have only secondary functions i the
tife forces, and the basic living structures, which ate small globular
particles such as the molecules of serum albumin which have to
have a great mobility, to circulate and keep up certain physical
constants in the blood. The great mass of living matter, to which
fife and mndivsduahity are linked, 15 tn the sohid phase; this struc-
ture, which was called “residuc” was sent down the sink The
molecules in these structures are intetlaced m an ntimate fashion,
building farge units, and cannot be separated without brutal
methods which destroy the basic properties
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these particles are built of smaller globular units of 70,000 gm.
molecular weight (Rozsa and Wyckoff). It seems that particles
of this size are the only particles the system can elaborate. If 1t
wants to build a fiber it makes one out of lirtle round umts of
70,000 gm, molecular weight. If the cell needs a larger particle
of 300 Angstroms it puts them together from a dozen smaller
particles. Probably the small round particle of 70,000 gm. molec-
ular weight cannot develop the dipole moments necessary to with-
stand the strain to which the tissue is exposed. But if these units
are put together in a definite way with atomic precision, then
those dipole moments add up. If I put small magnets together in
the right way the magnet moments will add up and I will get 2
strong magnet. So putting together those smaller globules may
produce a larger parucle with a strong dipole moment which will
withstand the strain that muscle must withstand. In my opinion,
tendon, connective tissue, and muscle tissue are all the same 1n this
respect; the outer forces of the larger particles being decided by
the way m which the smaller ones are put together. To make
them join correctly certan substances such as ATP or pethaps
cortisone must be present 1n small quantities.

For instance, just to give an example of the inaccuracy of the
present microscopic method: Rozsa and Wyckoff have fqund m
muscle around the fibers an exceedingly nich met of fibrils dif-
ferent from collagenous fibers but apparently related to them
This 1s of grear importance n regard to the physics of muscle.
These fibers have a diameter of 200 Angstroms which 1s five times
smaller than the limit of visibility under the microscope. There
15 a whole world in these dimensions which are beyond the hmits
of the common microscope. Structure and function are the same
thing, only we must go to the correct dimension and not expect
to find explanations where there are none. I wish the next Con-
ference would put less emphasis on disease of connective tissue
There has been at this Conference, some deprecation of normat
structure and function and we have been told that it is necessary
to start wich the pathological 1 am entirely in disagreement with
that. It 1s like the old joke of the man who when asked to repaic
a failing machme had to confess that he did not know how the
machine worked. So if you don’t know how it runs, how can
you possibly know what 15 wrong with it?

1 hope the next Conference will synthesize the two oudoqks,
the scientific and the emprical. Dr. Fremont-Smith emphasizes
the synthetic idea. In my opinion this Conference started 00
much at the disease end. 1 would not make it entirely scientific
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of function and structure, anatomy and chemistry as two differ-
ence principles. .

1 hope this Conference and this sort of conference will lead to
an understanding of these principles.

Mote: There 1s some good in putting coins in 2 music box, Here
you can see function alter rapidly such as the inflammatory re-
action and connective tissue, As far as I know, no one has any
idea what really happens to connective tissue or to other tissues
when one of the hormones is suddenly given, but at least this can
now be done and the next problem is to stimulate ideas at the
fundamental level as to how far one may go along what systems
of what disciplines to get at the basic mechanisms concerned in
these tissue alterations.

Jones: 1 cannot understand why Dr. Szent-Gyorgyi feels that
what he says 15 10 any way different from the general tenor of
what has been sard here before. He has talked about the frontier
where the new knowledge 15 going to come from. [ said the same
thing 2 few munutes ago when I ralked about structure and func-
tion, and pointed out the limitations of the methods which have
been in use for a long ume and which are still being used. 1 did
not mention the new and coming methods which have their lim-
1tations, too, nor do we know what we are going to learn from
them 1 really believe that the combining of structure and func-
uon will naturally result as our methods improve n the various
disciplines.

Szent-Gyorgye: Yes,

Jones We cannot exactly see where the knowledge 15 gong to
come from and I don’t think we have been talking here really
from a clinical level.

Meyer: 1 am afrad that Dr. Szent-Gyorgyr’s pracuical sugges-
tions—the application of the electron microscope and of x-ray
diffraction and the relation of structure to chenucal composition
—will not be too helpful at the present, exther for the understand-
ing of function of the connective tissue or for that of the brain
cell, 'We have not reached the level yet even to speculate about
such problems Let us take, for example, the action of cortisone on
connective tissue, At present we do not know whether 1t acts on
the cells, the ground substance or the fibrls of the connective tis-
sue, of indarectly by ts acuon on some other organ. Muscle is a
comparatively simple system The muscle fiber contracts We
can form hypotheses about this function by a few smple concepts
of structure and change of such structure. In the connective tis-

sue we are dealing with a system whose function we do not know.
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1 started muscle research many years ago, not because I think
that muscle is especially interesting, but because I think it 1 one
living matter of great importance and that different forms of hfe
are but its slight adaptations: whether it is kidney or muscle is
not interesting. The rapid motion in muscle makes it necessaty
that the structure have a simple geometry: 1t must be built of
small particles linked together in one axis (the cross-aus) by
forces only and arranged with great regularity. This provides the
opportuntty to disintegrate the whole system step by step into the
smaller and smaller units, In chis respect muscle is quite umque
for this cannot be done with other tissues. It is possible to take
the whole muscle down to fibers, the fibers to the fibrils, the fibrds
to molecular filaments consisting of 100 to 300 Angstroms, the
forces around which decide the behavior of the whole system:
Then 1t is possible to go further and take these particles down to
70,000 gm, units which is probably the last unit. The next step
would probably lead to amino acids Even more, we can reverst
the process putting the smallest parts together agam to form
larger units; the larger units to fibnls; the fibrils to complex
fibers which, 1n the end, jump as muscle does. So we can go dowtt
the scale, down to 30 Angstroms, the macromolecular level, ?“d
g0 back agam and see where the real problems of life are bl{nfd
These real problems, the explanation of the function of cortisone
and hormones, are to be found here in these dimensions of 10 t0
100 or 300 Angstroms. How these structures are put together
will depend upon substances which must be present in munute
traces and which supply the directing forces which fir them to-
gether. derfl

Medicine 15 3 queer science producing the most wonder i
effect. For example, cortisone is amazing, but if you ask_ the doc-
tor what cortisone really does, what the mechanis.m of its chll_;:
really is, the doctor will have to confess his utter ignorance. °/
injection of hormones is similar to putting a coin into a(f;?s‘ly
box; for a nickel I can get wonderful music and then say: "53¢
clever am 1?” The whole of medicine is in this stage. We 3’:
putting coins in the music boxes and out comes the music, but W
have no idea of what we are doing. The reason is that we al:.;ﬂ
the wrong dimension, We missed the most important one w! ‘:s
connects anatomy and chemistry. There is just one na.tuffxn
Dr. Fremont-Smith has ponted out. There is no function :a ‘
structure; they are the same. There Is no anatomy and Chfimut ;Z 3
chenustry is anatomy at the atomic level. We will not undess
all of these lex biological pt if we continue to spes
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not out yet. The whole first chapter deals with this problem of
organization, which is a most vital problem. What we mean by
organization is that if we put two things together they get new
quakies, and the whele is more than the sum of the rwo unjts. If
¥ would start, for instance, making a watch from some iron salt, I
would start by putting 1ron atoms together to a piece of meral.
This piece of metal has enurely new quabtics. These new qual-
sties | can no more express in quahties of atoms ac all, only 11
qualitses of pieces of meeal. Now from the piece of metal I make
wheels and levers and what not. I per structures, which again
can be described only in terms of wheels and no more i terms of
metal, Then I put them topether to make a watch which can be
described now enly in terms of a warch. Entirely new vistas and
new properties come ins at every new level. There are entirely
new concepts; my watch already begins to show properties of
living systems, The hving have many more steps 1n organization.

So I agree with De. Mursky, that science does not start nor stop
with the atoms, nor does 1t start and stop with the human sociery.
We may go still lower down to electrons, mesons, pretens, and
neutrons, or go hugher up 1f we ltke. However, ths “orgamzation”
1s one of the bauc 1deas which has not been fully recogmeed i
science, the philosophical aspect of organization, thar any level
and study of any level is equally justified. If Tsay we must extend
our consideration to levels below 1,000 Angstroms, I don't say
that that is everything, What 15 important is to know at which
level we are, about which level we speak.

Mursky: I am in accord with that,

Holbrook: That I think is an amazing discussion 1o arise out of
the smple questions which I asked abour the ultra mscroscope and
x-ray diffraction, and whether we had exhausted our methods for
studying structure. [ presume, Dr. Szent-Gyorgyi, that you feel
thar the clectron microscope and x-ray diffraction, and other
methods to be developed may offer some hope of bringing to-
gﬂhe}r the two things where structure and funcrion become the
same

Szent-Gyorgys 1 should hke to add one more remark just ta
clear my poution Connective tissue 15 one level of arganization.
It 15 2 very smportanr umit, as such, whaeh has 10 be deale wath 2s
such. Tt 15 fine that we have symposia on connective fissue, al-
though { don’t like to have them just on the “diseases of connec-
tive tssue.” Tf we take out of this tssue 2 fiber, this 1s again a
new umt which is part of the larger whole, and which can be
studied 35 an entirely pew shing. You can messure sts elasnc
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I am not arguing that we should not attempt to undersuand
function from structure, but we may start at the wrong end.

Fremont-Smith: Perhaps, one thing that Dr. Szent-Gyorgyi s
saying is that the basic function of muscle is the basic functionof
fiving cells. Tt is one example. It happens to be accentuated in2
particular way, which gives it advantages for studying, but whe
we learn more about the function of the living muscle cell, we
will already have some building blocks for the function of all iv-
ing matter. Isn’t that part of what you are saying?

Szent-Gyorgyr: Yes.

Fremont-Smath: 1 think Lawrence K. Frank, who hay contrb-
uted so much to many things, said one time that function wat
structure changing through time. 1 think that is 2 pretty g
phrase and perhaps helps to bring these things together.

Mirsky: T am disturbed. Two philosophic problems were ra_wcd
by Dr. Szent-Gyorgyi. One refers to the concept of reduction.
that the scientific method consists only in ultimate reduction.
Where do we go from there? There 1s still going to be a reduction
which man 1s not going to attain, He is always going to be able©o
conceptualize even about that which he cannot obscrve, and chat
brings us to another problem, which, according to Dr. Szent-
Gyorgyi, would be unscientific for it is concerned wid} the indi-
vidual who does the conceptualizing. T cannot conceive of Hé
pressing in dimensions of Angstrom units the mechanisms involve
n the development of ideas which follow when people get 0
gether and talk about some subject. Understanding in terms ©
reduced “units™ gives no clue to the mechanisms, 1 ook issue 3¢
was unhappy with the statement that that is scientific Whlc};l"
seen in certam dimensions and not at other dimensions. Ie hst
been inferred that we have not gone down far enough in the
range between 30 Angstrom units and 1, and that until we Fﬁ‘“
get to that particular leve] of visibility we cannot be scieatih®
That 15 a2 question of methodology. The scientific approach nee
not deal with dimensions. ;

Fremont-Smith: 1 think the record will show an examp W
mishearing because 1 don’t believe that Dr. Szent-Gyorgyi sat .
and I am going to ask him 1f he did—that there never was2 q{um
uon of scientific approach but rather the area or the d:mtr;:l‘;w
in which certain very vital phenomena which we had to n.s_
about, and which would give us understanding of connective t
sue function. Iy agree

zent-Gyorgyi: May 1 answer this question? I ce.mplete’y gl Pt
with Dr. Mirsky, and T am sorry that my book, just written:

e of
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levels of organization. The question of normal and abnormal is
a difficult one. Does the measurement of something at 100 Ang-
strom units or less provide a better measurement of what 15 normal
or abnormal? These terms are introduced as values and I don’t
believe we need to introduce such pts. When you admini:
cortisone or ACTH, you produce a change which is not neces-
sarily a normal phenomenon. It 15 called normal only because of
the value aspect, i.e., because the patient gets better and can now
walk, has a more mobile joint, and so forth. He 15 now *“normal”
with respect to certain standards.

Fremont-Snuth: “With respect to0,” 1 think that solves the
problem.

Mirsky* At any particular dimension.

Holbrook: Y think Dr. Mote’s point 1s well taken, that it 1s of
some importance both in stimulating curiosity and demanding
work to determine the mechanism by which the watch 1s reparred,
and you cannot help but get excited about the mechanism by
which the thing happens.

Jones: There 15 one other aspect. It seems to me we have to
work both ways, We cannot start today from an atom or a group
of atoms and make 2 man, so we have to use man, and literally use
hum and his component parts in order to learn more about it. I
dor’. P ELINE TN DU S S Y 1 1, W Al

to
kne
than from another.

Meyer: Perhaps we can bring the discusston back from where
it started. T asked the question whether there is any informauon
about the mechamism of the transformation of a soluble protemn,
the precollagen, into the nsoluble connective tissue fibers.

. Szent-Gyorgys. That question 1s smple to answer We have no
information as yet. T want to add a last word. I sense a note of
misgiving n Dr. Mote’s words; he feels I depreciated disease To
my mund disease 15 the most wonderful experiment that nature
makes which we can not make oursclves, and it gives us new clues.
I agree with Dr. Fremont-Smuth that we have to use all ap-
proaches. Cortisone and ACTH are wonderful, and Dr. Mote
played an important part 1n thar development. I have all the
appreciation and admiranion for that work, and the human side
of thus discovery. However, we cannot stop at the connective us-
sue level; if we want to understand we must go to lower, and also
to higher levels. As to my watch, which Dr. Angevine does not
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properties, put it under the electron microscope and x-ray and
see the periodicity; you can pull it down to let us say 70,000 gm.
umts. That, again, is a new unit, For 70,000 gm. one must apply
entitely new methods, as 15 necessary at any level, but in the end,
when I have done all that, and have gone down to atoms, then
only will I have an idea what the connective tissue is, whereas if
I just study “connective tissue,” as such, I can never understand
1t. That 15 just one level. We have to have all fevels and not ex-
clude that dimension below 1,000 as we have done here.

Fremont-Smith: All levels, with the integration at all fevels.

Szent-Gyorgyr: Evidently.

Fremont-Smith: All levels must be pulled together.

Szent-Gyorgye: If we don't go down to ators, and come back,
we will not understand the higher level,

Angevine: In that d about the building of the watch
you had to know how 1o construct that watch, which was no
mean feat. You had a model of a watch that you started to build.

Fremont-Smsth; We have 2 model of a man or a madel of 2
frog.

Angevine, You must have something visualized before you start
down; in other words, there must be direction.

Fremont-Smith: And 1t is usually when the watch goes wrong
or when the nickel dropped in music machines brings out jangles,
and machines won’t run, that people begin to study with grest
ntensity. That 1s the point, that we may go back to the begin-
nang again, not that the abnormal is more important to study than
the normal, but the approaches to the normal are frequently made
through observations from the deviations from the normal, an
the student can Jearn more of the normal from the study of dewr-
ations than he can by a frank approach to the normal, which i
the most difficult of all studies.

Szent-Gyorgyr: Yes, ) )

Mote. 1'think one of the most exciting things about this present
era is that the connective tissue watch breaks down all of a sudden.
You can 1n 2 sense and to a degree repair it with 2 formone now.
That certamly gives rise 10 a double approach, not only che nor-
mal and the abnormal, but shifting back and forth between zh_e
two more or Jess at will, I think that is a great ad_vantfxﬂ in this
particular peried. Tt will allow ane to have more imagination ;"
what attacks to take, than if you had to study cither one or T
other alone. o 4

Mirsky- 1 see we are now really in accord as to dimensions a0
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quite like, T will readily admit that there is one difference in meth-
odology'; we can bld a watch, but we cannot make 2 man (not
synthetically, the hard way, at least), The only way left is to
break him down, but T am glad to say we can build up a little way,

too.

Angevine: 1 like the watch, but T think we should know what

Connective Tissues

we are building.
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examples of this change.

The third question: Does the occurrence of fibrinoid change
imply that the diseases in which it occurs are related etiologically
or pathogenetically? The mere listing of the disorders in which 1t
15 seen would seem to answer this question in the negative, at Jeast
as far as enology 15 concerned. Certainly the change appears in
diseases that are unrelated, With respect to the pathogenes:s of
fibrinoid, we need to exercise caution, for untidl much more has
been learned, we have only a vague 1dea as to what the change 15
or how 1t 15 developed.

Does the alteration in tissue imply a specific change in the
chemical sense? This was my fourth question. My purpose in
raising this question is to mitiate discusston from members of this
Conferer ! N e ! v

Now . .
methods . :
only cru . .
at the present tme. It would be highly important if we knew
how to define this change, about which there 15 so much interest,
1 terms of chemical alteration. Let me say again that we do not
know the answer; at least, I don’t. It would seem that, 1n con-
sidening pathogenesis of fibrinoid, there are 2 number of factors
that should be taken into account, and the thoughts that T am
going to express may have a bearing on this morming’s discussion
25 to what constitutes connective tissue.

In considersng the pathogenesis of fibrinoid change, we have to
consider the special properties of the tissues in the sites 1n which
fibrinowd occurs. One example of what T have in mund 1s the
degree of vasculanity of a part  Connective tissues n some areas
are highly vascular. Here the vascular-parenchymal barrier is
brought into play much more frequently than in other structures
where the connective tissues are dense and far removed from
vascular structures ‘There are many relationships of this sort that
enter 1nto the capacity of a tissue to react. In the pathogenesis of
fibrinoid change, such factors are doubtless of great importance
and must be taken into account. In highly vascular structures,
such as the lungs, there 15 an opportunity for 2 more rapid ex-
change of substances between blood and tissue fluids than exists,
let us say, in the skin. Does the extravasation of plasma into nissues
mfluence fibrinoid change? There have been some observers who
hevc assumed that fibrinoid change is nothing other than the imbi-
bition of plasma protein n the connective tissue fibnllse. Others
have concluded that 1t represents an exudation of fibrin in the
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I think that the credit for the term goes to E. Neumann (2) who
described what is now called fibrinoid degeneration or fibrinoid
change in a variety of inflammatory processes, including serous,
synovial, and mucous, that occurred principally on surfaces. Ap-
parently what he had in mind embodied almost all we know today
—there are a few exceptions which we will point to later—it was
something that was acidophilic or eosinophilic 1n its staining
propertes, 1t was acellular, 1t was homogeneous and refractile, 2nd
it had a fibrin-like quality to 1t as one viewed it through the
microscope. Probably through the influence of F. Klinge the
change took on importance, because in Klinge’s monograph on
rheumatic disease (3) he stressed this change as being the essential
lesion 1n rheumatism. Following his description of the fibrinoid
changg, there have been numerous papers which have referred to
1t in relation to other disease syndromes and entities, including
rheumatoid arthritss, disseminated lupus, periarteritis nodosa, and
a wide variety of other condrtions. From more recent observations
we can add to what Neumann had in mind by saying that this
material has a property of metachromasia, as Dr. Angevine dns-
closed this morning. It also has a property of staining intensely by
methods employed for the demonstration of mucopolysaccharides.

My second question was: In what clinical and pathologic states
does the change occur? I have already named a few. We see this
change occurring conspicuously and consistently in rheumatic
fever. We see it well displayed in most examples of disseminated
lupus erythematosus. We see 1t 1n certain examples of rheumatoid
arthritis, in penarteritis nodosa, in scleroderma and dermatomyo-
sitis, and we see 1t 1n the vascular lesions of thromboangiitis
obliterans. These are the principal disorders in which the change
occurs in some parts of the body. However, we see what morpho-
logically appears to be a similar alteration in 2 number of jsolated
lesions that seemingly are not assocrated with a generalized disorder
of connective tissue. For example, we see it very well demonstrated
in isolated bursae that have been traumatized or injured, We see
it—and this was known very soon after the process was first
described—in the bases of peptic ulcers. We sce something that
looks very much like it in placental tissue. It has been alleged to
be the same type of change that is seen in glomerular and arzeriolar
structures, in arteriolonecrosis or arteriolosclerosis. Then we see
it in the lung in a number of conditions in which there seems to
have been prolonged extravasation of protein-rich fluids. Here we
see the material plastered against the alveolar walls, and it under-
goes organization. Those are the common sites in which we see



Pathology 47

examples of this change.

The third question: Does the occurrence of fibrinoid change
imply that the diseases in which 1t occurs are related etiofogically
or pathogenetically? The mere hsting of the disorders in which st
15 seen would seem to answer this question 1n the negative, at feast
as far as etiology 15 concerned, Certainly the change appears i
diseases that are unrelated. Wich respect to the pathogenens of
fibrinoid, we need to exercise caunon, for until much maore has
been learned, we have only a vague 1dea as to what the change 55
or how 1t 1s developed.

Docs the alteration in tissue wmply a specific change in the
chermical sense? This was my fourth question My purpose i
rainng this guestion 1s to mitate discussion from members of this
Confi who may be qualified to guide our thmking

Now let us consider the pathogenests of fibrinod  The starming
methods that have been avalable to morphologists thus far are
only crude taols, and I do ot belreve we can answer the quescson
at the present time It would be highly mporrant 1f we knew
how to define this change, about which there 15 so much mrerest,
i terms of chemical alteration. Let me say agam that we do not
know the answer, at least, T don’t, Tt would seem that, in con-
udering pathogenesis of fibrinoid, there are a number of factors
that should be taken mnto account, and the thoughts that [ am
£0sng to express may have a bearing on this mormng’s discussion
as to what conststutes connective tissue.

In considering the pathogenens of fibrmowd change, we have to
consider the spectal properties of the tissues mn the sies an which
fibrinoid occurs One cxample of what I have in muind s the
degree of vascularty of a part  Connective tissues in some arcas
are tughly vascular. Here the vascular-parenchymal barrier 15
brought into play much more frequently than i other steuctures
where the conncetsve tissues are dense and far removed from
vaseular structures. There are many relationships of thus sort that
enter into the capacity of 2 tissue to react. In the pathogenesis of

fibrinord change, such factors are doubtless of greac wrportance
and must be taken snto account, In hughly vascular structures,
such as the lungs, there 1s an opportumity for a more rapid ex-
change of substances between blood and tissue fluids than exusts,
let us say, in the skin  Dacs the extravasation of phisma inta tissues
influence fibrmard change? There have been some observers who
have assumed that ibninoid change 15 nothing other than the imbi-
bition of plasma protesn in the connective tssue fbriflae, Others
have concluded that 1t represents an exudation of fibrn in the
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connective tissue with precipitation around the collagen fibrils,
adding to them qualities of acidophilia and refractility. The view
has also been expressed that fibrinoid actually represents a retro-
grade change, a process of degradation of connective tissue itself,
of collagen and ground substance. Then there has been the idea—
perhaps this is the one that Dr. Angevine adheres to—that fibri-
noid change represents the precipitation of acid mucopolysacchar-
ides in the ground substance of connective tissue, changing the
structure and perhaps the molecular composition of the ground
substance of mesenchymal tissues.

In thinking about the pathogenesis of fibrinoid change, we
should try to define more clearly what we mean by the term. Iam
going to show some lantern slides a little later on in which 2 great
variety of changes or, at least a great number of stages of change,
have occurred. All of these are commonly spoken of as fibrinoid
change, and 1t is a lictle difficulr to believe—if we accept all of the
changes under this one term—that we are ever going to define the
composition of fibrinoid or explain its pathogenesis. Perhaps we
should comment on the stages of development of the process.

What are the morphologic stages in the development and regres-
sion of fibrinoid change? This was my sixth question Again, this
is a very difficult question to answer for the same reasons that have
been enumerated. It would seem to me that the first alteration is
represented by an increase in the volume of the material that lies
between the fibrillar structures of connective tissue. With '!hat
1ncrease, there occurs a dispersion of the connective tissue ﬁbr_lna&
At this time there appears to be an increase in metachromasia of
the tissue and this can be demonstrated with toluidine blue, The
fibrils themselves appear abnormal. To me, they appear 'SWOH““

Angevine. May I interrupt?

Bennett: Yes.

Angevime. In most collagen fibril preparatio ed
usually accepted, but last week in Madison, Gale (4) describe
collagen fibrils with the electron microscope from a great variety
of diseases—most of the diseases you have enunciated. He came 10
the conclusion there was no essential difference in the structure ©
the fibril from diseased and normal tissues. .

Bennett: Would you agree that when you Jook at a lesio
the light microscope the altered fibrils appear granular? hich

Angeymre: 1 think I would, 1 was citing his observation, W i

ns I think that is

n with
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1 was not previously aware of.

Meyer: Maybe we should remember here that hydration as seen
under the light microscope might not show up under the efectron
microscope. The collagen of che rat tal tendon brought into
solution by dilute acid and then reprecipitated by salt or neutral-
1zation shows no dufference from native collagen fibers under the
electron microscope, according to F O, Schmatt (5).

Bennett: We mught mention that the electron microscope 15
demonstrating much smaller unsts, What you see usnder the hight
microscope 15 an arrangement of these small unus bur not the
mdividsal units.

At least that 15 the sequence of fibrnoud development as we
see it n tissues that have been harshly treated by fixauves and
then sectianed and stamed. It acquires that appearance—at least
1 think 1t does—of being swollen, hyahine and granular, and often
{fragmented. When we apply an approprate stan we sce mixed
with the fibrillar structures that were there before, a fibnllar sub-
stance that stains 1n a manner sdeatical with that of fibrin ieself
Phosphotungstic acid-hernatoxylin stam, let us say, on such lesions
will oftentimes show 4 blue-stasning fibrillar materiaf that 15 inter-
digitated with or supersmpased upon the matenal that we believe,
because of stamng properties, to be the ongmal connective tissue
substance. Then, from this stage on, the lenons become racher
moze grossly changed, There is impatted to them a homogenscity
and sefracyility and very strong acsdophihic staining property,
apparently this can continue on to complete disintegration In
this final stage you have only amorphous granular debrs lefe B
we include some of the farger lesions which are shown i Figures
1-17, this process may not even stop there but may go on ulti-
mately ta hquefacuon of the matesial.

There are other things that happen in conjunction with this
pracess which may or may not be a part of st. The fibroblasts
which happen ta be located i an area i which this change occurs
take on abnormal forms and configuratians. They become swollen
Their nucle become enlarged. The nucleolus becomes markedly
swollen and eentrally placed, giving the nuclet a sort of bird's-cyc
appearanee, and the tissues around the margms of the lesions
undergo varying degrees of change. These vary from shght to
very marked edema. There 1s an mfiltration with nugratung cells,
both polymorphonuctear feukocytes and macrophages. In tme,
if our concept of sequences 1s correct, the cefls at the peraphery of
these Jesions become oriented 1n 2 regular direction, pomting to-
ward the centraf necrotic focus. This we designate as palisading.
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connective tissue with precipitation around the collagen fibnls,
adding to them qualtties of acidophilia and refractility. The view
has also been expressed that fibrinoid actually represents a retro-
grade change, 2 process of degradation of connective tissue itself,
of collagen and ground substance. Then there has been the idea—
perhaps this 15 the one that Dr. Angevine adheres to—that fibri-
noid change represents the precipitation of acid mucopolysacchar-
ides in the ground substance of connective tissue, changing the
structure and perhaps the molecular composition of the ground
substance of mesenchymal tissues.

In thinking about the pathogenesis of fibrinoid change, we
should try to define more clearly what we mean by the term. Iam
going to show some lantern slides a little later on in which a great
variety of changes or, at least 2 great number of stages of change,
have occurred, All of these are commonly spoken of as fibrinoid
change, and 1t is a little difficult to believe—if we accept all of the
changes under this one term—that we are ever gomg to define the
composition of fibrinoid or explain its pathogenesis. Perhaps we
should comment on the stages of development of the process.

What are the morphologic stages in the development and regres-
ston of fibrinoid change? This was my sixth question, Agam, this
is a very difficult question to answer for the same reasons that have
been enumerated. It would seem to me that the first alteration 1s
represented by an increase in the volume of the material thac lies
between the fibrillar structures of connective tissue. With }h“
increase, there occurs a dispersion of the connective tissue ﬁbrvlﬂa&
At this time there appears to be an increase in metachromasiz of
the tissue and this can be demonstrated with toluidine blue. The
fibeils themselves appear abnormal. To me, they appear ‘swollen-
They appear refractile. Very often they are granular, and in many
instances they appear fragmented or partially disintegrated. 1f we
apply a phosphotungstic acid hematoxyln stain, —

Angevine: May I interrupt?

Bennett: Yes,

Angevine: In most collagen fibril preparatiol ted
usually accepted, but last week in Madison, Gale (4) descn.bf
collagen fibrils with the electron microscope from a great varicty
of diseases—most of the diseases you have enunciated. He came “f)
the conclusion there was no essential difference 1n the structure ©
the fibril from diseased and normal ussues.

Bennett: Would you agree that when you look at 2
the light microscope the altered fibrils appear granular? <k

Angevine: 1 think I would. 1 was citing his observation, whic

ns I think that is

Jesion with
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The lesion shown n Figure 1 is the well-known myocardit
Aschoff nodule. It occurs, as most of you know, in connective
tissue septa within the myocardium. The Aschoff nodule consists
of more than fibrinoid change. There are two essential compo-
nents to it. One 15 change in connective tissue, the so-called fibri-
noid change, and the other s the cellular response. We see in the
center of the lesion the fibrinoid change which has led to consider-
able spacing, and around that we see an arrangement of swollen
hyperactive cells. Sometimes we see these cells undergoing mitotic
diviston,

The Aschoff nodule varies markedly wath its stage of develop-
ment and perhaps with its age. Also it may vary according to the
degree of activity of the di vt e e
2 1t 15 easier to see what has
vessel on the left-hand side
the connective tissue fibrils have been dispersed. They have become
swollen, and they have become overlaid with material that does
not show too well in this photograph, but under the micrascope
you would note that it is acidophilic and granular. In between
these fibrillar structures we see very active-appearing mesenchy-
mal cells. These have large swollen nuclei and prominent nucleols.
I wish to emphasize this point because the Aschoff nodule is made
up of both a fibrinoid change and a cellular response. T woul
like to pomnt out here that we are dealing with lesions that tend to
occur close to the walls of blood vessels and that they tend to
occur in rather vascular structures.

The rheumatic subject presents other cardiac lesions, We se¢
not only the nodules within the myocardium that we have just
sllustrated but, 1n addition, we see the changes in the pericardium.
If you look closely at these sections, you will see that on the
surface there is fibrin. (See Figure 3.) This fibrinous exudate 15
engrafted upon connective tissue in which fibrinoid change has
occurred. . it

The reproduction shown 1n Figure 4 is from the posterior W3
of the left auricle, where the histologic changes are apt to be V“S’
striking. We see marked thickening of the entire endocardial an
subendocardial layers. The connective tissues have acquired an
acidophilic staining qualicy. There is a certain amount of latticng
of the connective tissue substance and a certain amount uf layer-
g of cells between the latticed connective tissue. If this wer
stained 1n the manner that Dr. Angevine referred to this morning
we would find an increase in metachromasia in the ground sub-
stance.
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In other parts of the body—we leave the heart for a mmute—
1 the rheumatic fever subject, we see changes in connective ts-
sues. These changes involve both the intercellular and cellular
elements. Along with numerous observers, we (6) have described
these changes in detail.

Next I would like to illustrate a few of the lesions that are seen
in rheumatoid arthritis

Figure 5 shows a section of a subcutaneous nodule showing
multiple foct of fibrinoid necrosis. It is because of the pronounced
differences between these lesions and those we have just demon-
strated in rheumatic fever that I have referred to this change as
fibrinoid degeneration or fibrinoid necrosis.

Figure 6 shows an example of an early nodule. In the upper
part of the field is fibrinord change. In the lower half of the
slide we see connective tissue which has become more cellular.
Also we see interstitial substance which is more distinct than
formerly. The collagen fibrils are dispersed and swollen. In the
muddle zone, running slightly diagonally across the field we se¢
what 1s commonly called fibrinoid change. .

1f we apply a stain to demonstrate glycoproteins we see in Fig-
ure 7 an mntensification of the stain at the margins of the necrotic
zones. This alteration in staning property may be due to a pro-
nounced change in the ground substance. :

Angevine Is the highly refractile body elastic tissue?

Bennett: Yes, I think those are elastic fibrils.

The reproduction in Figure 8 shows a fully developed cheuma-
toid nodule. The entire central area has become necrotic and dis-
orgamzed, Cells have disappeared from the neerotic part of the
lesion. The marginal cells are now oriented in a palisade fashion.
The debris in the center of these lesions undergoes further re-
gressive changes and eventually may liquefy. .

Now I would like to illustrate a few examples of fibrimoid
change as it is seen in disseminated lupus. .

Figure 9 is a lesion 1n the skeletal muscle tissues of a patient
with lupus. Adjacent to the small blood vessel coursing diagon-
ally across the field 1s a lesion that looks somewhat like an Aschoff
nodule. Thus is 2 form of fibrinoid change.

In the joints of patients with disseminated lupus we fr?qu:ntly
see changes in the synovial and subsynovial tissues, In Figure 10
there 1s shown hyperemia and mild cellular infiltration. The
connective tissue beneath the synovial lining shows coarsening ©
the fibnillar structures, and there is increased spacing between
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collagen bundles which may be a result of changes in the ground
substance.

I have been impressed by the fact that in several cases of
disseminated lupus there have been rather striking synovial mem-
brane lesions of “fibrinoid” character. The next four slides were
made from the tissues of an affected joint.

In this hematoxylin-cosin stained section (Figure 11), there 1s
engrafted upon the synovial surface an acidophilic material that
looks like fibrin. It actually extends down into the tissues and 15
noted between the synovial cells. This material is in part hyaln
in quality, but it is partly granular.

en a phosphotungstic acid-h ylin stain is applied we
note that the matersal is not uniform in staining properties. (See
Figure 12.) Some parts stain orange or yellowish while other
fibrillar parts stain intensely blue.

If we apply another stain we get different colors, but again the
material seems to intermingle with the synovial cells. Then we
notice that beneath the synovial intima the ground substance h?s
seemingly increased 1n amount, or perhaps has become more fluid
in character—at least there is increased spacing between the con-
nective tissue fibrils. .

With the aniline blue stain, we find that the material on the
surface is stained an intense red. This material surrounds and/or
is interlaid between the blue-staining collagen fibrils. (See Fig-
ure 13.)

The section shown in Figure 14 has been stained for glyco-
protein. In the zone showing fibrin deposit and fibrinoid change,
there is a pronounced red coloring. )

Lastly, I would like to present three figures illustratin
common lesions of penarteritis nodosa. 1

Figure 15 shows a segment of 2 coronary artery. The s_’:ssel wal
shows inflammatory and degenerative changes. The media, adven-
utia and surrounding connective tissues all show the type ©
change that is usually designated fibrinoid degeneration.

Also in the smaller vessels within the myocardium we may
observe fibrinoid changes close to blood vessel walls, These 1{5“".’5
are frequently noted at the bifurcation of vessels. The ﬁbnfno}lm
change 15 accompanied by a cellular infiltration and edema of ¢
adjacent connective tissue as shown in Figure 16.

Simular vascular lesions may result in thrombo
Figure 17.

g the

sis, as is seen 0
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FiGure 17

Fremont-Smith: You get a very similar picrure to that m
thromboangutis. .

Bennett: A similar picture with respect to fibrinoid. In that
disease the change is predominantly in the interior of the vessel

Fremont-Smith: Fibrinoid?

Bennett: Yes. Fibrinoid. L.

Finally, 1 wish to show a copy of the colored illustration in
Alsshuler and Angevine’s paper® —1 think Dr. Angevine has
already shown the two illustrations at the top to demonstrate the
disappearance of the metachromasia in the hyaluronidase—trﬂﬂd
section, 1 refer to it only to direct attention to it in the event
Dr. Angevine wishes to comment on it in discussion.

Other examples of fibrinoid change that I might hav
trated include examples of scleroderma, dermatomyositis, ano 2
few other lesions. The basic changes have been pretty well illus-
trated in the reproductions of similar lesions in other diseases men-
tioned and I will stop here.

Holbrook: Dr. Dempsey, do you have something you want to
say?
Dempsey: 1 have a few things that T thought might be of inter-
est. They are, in a sense, additional remarks to some that Dr.
Bennett made. He mentioned the sites at which fibrinoid occufs,

e illus-

“Sce page 1077 in Am J. Path 25 (1949)
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and 1 noted that he included 1 them the placenta Qur labora-
tory, particularly Dr. Wislocki, has been interested mn chis region
for some time, and has made observations upon the fibrinoid
there (7).

It is an interesting situation for two reasons One of them
is that, surrounding and permeatmg the cytotrophoblastic cell
islands and cell columns, there is frequently an area which stains
differentially with procedures such as the Mallory tri-acid and
Azan methods. The peripheral part stamns red, like fibrin, but the
central part takes a bluish coloration. This portion is the so-called
fibrinoid. It is acidophilic, as Dr. Bennett mentioned, and 1t also
reacts intensely when subjected to the periodic acid-Schiff pro-
cedure, It 35 an interesting segion because there is no collagen in
the cytotrophoblastic cell islands and columns. Hence, here we
can abstract at least one element from this complex called fibrin-
od. Since 1t gives the characterstic reactions of fibrinoid as
studied in other Jocations, we can at least be sure that collagen is
nat a necessary component for the praduction of the character-
Bshe appearance.

We have studied sull other stmning reactions of this fibrinoid.
In recent years, we have devised a very carefully controlled method
of staining with acid and basnc dyes. The vanables which influ-
ence dye-uptake arc the concentration of dye, the fength of time
staining is carried out, the omc strength of the staining bath, the
pH of the staimng bath, and the type of fixation employed. If
one controls all five of these vanables, one obtains reproducible
staning. We have controlled four of them and have deliberately
varied the pH of the bath. Basic dyes stain intenscly sn alkaline
solutions, but as the pH 15 fowered, there comes 2 point, different
for different tissue components, at which staming no longer oc-
curs, Conversely, with acid dyes, intense staming oceurs sn acid
reactions and fals as the pi nises. Thus, we can descnibe baso-
philia and acidophilia as a function of pH  When these procedures
are apphied to the placenta, we find that both the fibrin and the
fibrinoid stain rdentically; that s, the pH at which abohtion of
statung oceurs 1s exactly the same for both.

Furthermore, 1 menuoned that fibnnoid gave a positive reaction
after treatment with perioadic 2c1d and the Schaff reagent. We
observed that fiban, either 1n this placental location, or 1 clotted

lood, gave an identical reaction. However, since this reacti
mught have been due to the presence of some adventitious y,
ponent of the blood clot (say a glycoprotein), we procured .
punfied fibninogen from Dr. Cohn's liboratory, clotted *
thrombin and made 2 film of 1t. The film, when tested

.
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periodic acid-Schiff reagents, stained as brilliantly as did the fibrin
or fibrinoid in the tissue section,

Meyer: How much carbohydrate was contaned in the fibrin
film as judged by the carbazole reaction of Dische or by analyss
for hexosamme?

Perlmann: 1 would like to point out that periodic acid is not
specific for carbohydrates. Dr. Goebel and I have studied the re-
action of periodic actd with proteins and found that several amino
acids of the proten are oxidized by periodate.

Dempsey 1don’t know the answer to your question, Dr. Meyer,
because we did not determine the carbohydrate content. How-
ever, this was punfied fibrinogen, which I believe they state is 99
percent fibrinogen.

T don’t want to debate the que:
15 due to the one-two glycol lin! .
morning, but merely to indicate , .
these additional reactions, there was no difference berween fibrin-
oid and fibrin 1n the placenta.

Now, there 1s still another hine of evidence that can be b.rought
to bear on this question. This concerns the physical consistency
of the materal, and the mechamism of the tri-acid stains. The
consistency, or the coarseness of the feltwork of the fibnn clot,
can be made to vary depending upon the conditions under which
it 15 formed If the clot forms at one pH, the fibrils are coarse,
and at another pH they are fine. Thus, one can prepare aruficially
fibrin films which have the same microscopic differences in struc-
ture which characterize fibrin and fibrinoid as they occur in sec-
tions.

Now, with respect to the Mallory connective tissue stain. .It 15
a procedure which 1s so complex, chemically, as to defeat entirely
any attempts of mine to understand 1t. The red and blue colora-
tions are due to the presence of amline blue, in solution, and
azocarmine, 1n suspenston. In the staning process, one chang}fs
the pH rather arbitrarily and very drastically at one stage of the
procedure. Then finally, 1t is not a procedure which goes to 'Cgm‘
pletion, but rather one which the histologist controls by di “'E
entiation—that 15, he regulates the intensity of the colors un;{'
they satsfy hus preconceived notion of how they ought to lool i
Al of this indicates that we should place no reliance on chemica
differences as evidenced by altered staining with su?h procedures.
Rather, the suspicion is raised that these dyes stain perhaps l Y
entr of the suspended dye-particles in a net of particular
size, Indeed, 1 believe Hardy first suggested that the di- and tri-
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acid staining procedures indicated only a changed physical state
of the pratein. Thus, there 15 an alternative explanation for the
staining reactions which does not imply a chemical difference
between fibrin and fibrinond.

Holbrook: That is very important.

Meyer- May 1 ask, you believe there 15 no difference berween
fibrin and fibrincid?

Dempsey: Personally, 1 think there probably 1s not, but I con-
cluded only that we could not demonstrate any difference by
these techniques.

Benrett: Does that not pomnt to a need for specifying what we
have in mind when we say fibrinoid? Are we tatking about the
maternal in the placents which you refer to and which appears
very similar to the substance { demonstrated on and 1n the tining
membrane of the articular cavity in the pattent with disseminated
lupus, or are we talking about the material observed in the Aschoff
nodule, or are we spesking of the matenal seen in the necrotic
centers of the subcutaneous nodules in rheumatod arthrius? The
all-inclusive uses, to which these terms “fibrinoid change,” “fibrin-
oid degeneration,” or “fibrinoid necrosts” have been put, almost
preclude the possiulity of precise interpretation unless we define
the term more precisely and build up our conception of the process
‘udc by little. Furthermore, I think we must consider the term
in association with the type of tissue in which the change occurs,
for highly vascular tssue hhe synovia may respond to an injury
very differently from dense and non-vascular structures fike the

cart valves, yet we desi the 1 \ in both as
fibtinaid change,

Mote: The Aschoff body always struck me as looking libe fibrin
as far a5 fibrinoid change 1s concerned.

Meyer: Another question as far as technigue is concerned, Dr.
Angevine, did you also wse the Horchkuss stamn?

Angevne: Yes, we did

Meyer: The fibrin stains remaned after treatment with testicu-
tar byaluronidase?

Dermpses: 1 thunk the present status of testicular hyaturomdase
15 a letle wnsatisfacrory,

Meser: Hyaluronidase 15 niot a pure enzyme but you could
make fairly sure the absence of some contaminating enzymes.

Fremont-Smth; Would you restate your defimtion so that we
have it elear?

Meyer: You can prepare hyaluromidase frec of any demonstrable
proteolytic efiect or you could test the commercually avalable




66 Connective Tissues

samples for the absence of proteolytic action.

Fremont-Snuth: Then f it does, what?

Meyer: It would be of interest to find whether such a prepara-
tion still removed something which shows metachromatically and
takes the Hotchkiss stain. .

Fremont-Smith: You say that is fibrinoid or not?

Meyer. 1 would like to stay clear from any definition because I
do not know enough about the nature of the fibrinoid change.
1 would like to find out, however, whether there is a physical or 2
chemical difference between fibrin and fibrinoid.

Dempsey- The pomnt is, Dr. Angevine showed that the meta-
chromasia of the region was destroyed by hyaluronidase and I said
that the periodic acid-Schiff reaction of fibrinoid also occurred in
what 1s known to be fibrin. Then the question is, whether the
periodic acid-Schiff reaction is also destroyed by hyaluronidase or
not. It may be the mucopolysaccharide that is giving the meta-
chromatic effect. Perhaps Dr. Angevine has done the experiment.
1 haven’t, and I don’t know.

Meyer. It may or may not digest it.

MacLeod: When you digest away the polysaccharide with
hyaluronidase how much protein is liberated? When the enzyme
removes the staining property can one be sure that it is the poly-
saccharide that 1s giving the reaction? May not the protein wash
out when the polysaccharide is destroyed?

Meyer: This 1s quite possible and, in fact, probable since the
solubility of the protein-polysaccharide complexes may be greatly
altered by the action on only one of the components. .

Holbrook- 1 understood Dr. Perlmann to say that the petiodic
acid-Schiff can be obtaned in material not containing poly-
saccharides.

Meyer: 1 absolutely would agree to this statement.

Perlmann- Even 1f fibrinogen would contain carbohydrate,
carbohydrate content would be small and would hardly account
for the phenomena which Dr. Dempsey observes.

Dempsey It was an intense reaction.

Perlmann. The similar comment could also be made in connec-
tion with prothrombin. Moreover, the amount of prothrombin
added to fibrinogen to catalyze the transformation of fibrinoger
to fibrn, is exceedingly small.

Dempsey: The fibninogen may be a glycoprotein. "

Meyer: Its carbohydrate content is perhaps too low to classify
as such,

Ragan* Does your fibrin film stain metachromatically?

its
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Dempsey: No, quite the conerary, Jt has a strong abiliey to
prevent metachromasia. It behaves in that respect like nucleo-
protein, .

Meyer: As 1 said before, i cannat be denied that periodie acid
acts on protein, It is very difficult for me to sec that the reaction
would be comparable 1o that of carbohydrate, X

Dempses: In puriied fibrin films of 10 p thickness, the in-
tensity of the reaction is as strong 3s you can observe in any
tssue section contsiming fibrinod, This 15 an intense reaction.
What it is due 1o I don’t know.

Angevine: What ammal was this? Was it human placenta that
you studied?

Dempiey: Human placenta, human fibrinogen

Holbrook: Dr. Angevine, don't you want to make some comt~
ment here?
Angevine: 1 mighe say when we first looked at fibnnoid, we

idered it to be & d coll “That was the usush con-
ception, and direct observation added litele to our knowledge of
1s nature,

Altshuler and 1 have attempted to apply some of the things
that Dempsey and Wislacki (8) have done on normal tissues ro
certan discase processes. We were at somewhat of a disadvantage
compared to the anatomists because they always have an sbund-
ance of fresh animal ussues available for study. To obtan the
necessary amount of material from a varety of diseases it was
neecessaey for us to use tissues that had been fixed and embedded
w paraffin for consderable perods. Al of the nssues studied
were statned with H. & L., phosphotungstic acid and hematoxyhn,
talurdine blue and penodic acid feukofuchan and found a certan
common staiting pattern to the group of nssues studied. Obyvs-
ously some of the tissues had lost some of the metachromauc
material so that there was considerable variation in intensity. In
the carly stages of most of the lesions the acid mucopolysaccharides
were very evanescent, Thu material 1s difficult 1o visuahize with-
ous considersble experience and the light source must have no
obsteucuon with blue filters. Our published llustrations are con-
sderably less intense than angmal shdes since we had some diffi-
culty with che reproduction of purple red color. As the lesions
wncrease i age, there s apparently 2 considerable loss of mera-
chromasna; the fesions also become more hvabmeed or «wleratie.
One, of course, cannot control these factors i studying tissues
disease unless frequent and repeated bropsics are made from aval. |
able sites. All ne have attempted to p_ - is the manner in ..

2
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which this metachromatic material appears and to speculate on
how 1t 1s related to the formation of fibrinoid. It was the premise
of our nvestigation that the essential feature of fibrinoid forma-
tion 15 the precipitation of the acid mucopolysaccharide of the
ground substance. The precipitation might be produced in 1
varety of ways, either by lowering tissue pH below that of the
1so-electric pomt of tissue proteins or by the addition of an alks-
line protein (on the acid side of the iso-electric point at normal
body pH). So I would not think we have any disagreement with
what Dr. Dempsey has said since he can control his studres better
than we. As to why 1t happens, I am uncertan, We are probably
beginning to find out now what the Hotchkiss stain does not do
rather than what it does do. It probably includes many, many
reactions. They will have to be re-evaluated. I am certainly not
the one to do it.

Mirsky. T am not clear. That is why I ask this question. Isxt
your working hypothesis at the moment that fibrinoid 1s the same
material as fibrin?

Dempsey: Depending upon the location at which 1t occuss,
fibrin may form a mass mn which is intermixed collagen fibers and
the acxd mucopolysaccharides of the ground substance of con-
nective tissue. Thus, you may have fibrin as it clots from pure
fibrinogen, as it clots in a blood vessel, or as 1t clots in a connective
tissue matrix of different compositions, Consequently, you may
have substances which superficially give the same microscopic
appearance but which may have varymg compositions due to
admixtures of other materials. "The only possible point of differ-
ence between what I said and what Dr. Angevine said involves the
metachromatic reaction of fibrinoid and its periodic acid-Schiff
reaction. He concluded that both were ascribable to the aci
mucopolysaccharides. I quibble about that and say probably only
the metachromasia was 2 valid index of the acid mucopolysac-
charide. The other reaction is due to the fibrin itself.

Angevine: We cannot identify fibrin in our sections. We cer-
tamnly don’t find any indication there is fibrin except occasionally.
As Dr. Bennett showed, it should be intermingled You cou
scarcely have any reaction without some fibrin.

MacLeod- How specific is the stain for fibrin?

Angevine H ylin or phosphotungstic acid |

Gyorgy* How do you stain?

Angeuvine: Phosphotungstic acid and hematoxylin.

Fremont-Snuth: How specific is that? .

Angevine. Very specific. T would not wish to be more definite.

ylin?
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We have studied the fibrin in experimental inflaimmation in nor-
mal and dicumarolized rabbits and found the stain served very
well to determine the quantity of fibin present. The diminution
or lack of fibrin i the treated animals gave a good base line for
such an observation (9).

Meyer: The question is how specific is the method of the uptake
of dye for fibrin under conditions of graded acidity and ionic
strength?

Dempsey: 1 have not used the phosphotungstic acid and hemat-
oxylin method for fibrin very much. We have used the Mallory
and eriple stains more often, Concerning its spectficity, it 15 inter-
esting that in collagen, for which it 1s afso usually regarded as
specific, one sometimes sces a single fiber which 15 red on one side
B S e KIaata

Meyer: Is there any other difficulty under these conditions?

Dempsey- No, because 1t depends upon the method of unlizing
the dye. If you use a pure basic dye and 1f you control the 1onic
environment of that dye it scems to me that the uptake of the dye
is governed by the same kinds of laws which govern the uptake
of any other kind of base. On the other hand, in these more com-
plex histological stains the proced are uncontrolied and the
stain is applicd so that the section 15 overstained. Then one differ-
entrates untl the stan comes ta a point at which 1t looks agree-
able to the nvestigator. So1t 1s not the same kind of method.

Meyer: 1 don’t know. Can we go ahead and presume some of
the work which Dr. Perlmann 15 going to discuss? It scems to me
that the uptake of dyc by a substance in a complex structure is
not necessanly identical with the uptake of dye by the isolated
substance in solution. Some of the ionizable groups may be present
as such and some in complex forms, and you would have to deal
with petitive complex f aside from the question of
adsorption. The problem of the binding of dyes and of some
anionic substances by wool as studied by Stewnhard shows how
complex these problems are 1 don't know whether Dr Perlmann
agrees with this.

Perfmann- 1 agree with Dr Meyer that these reactions are very
complex. That, I feel, 15 one more reason why I would caunon
against making too many deductions pertaining to specificiry,
partcularly if these reagents are being used in histochemical work

Fremont-Smith But there 1s now 2 ducrepancy of interpreta-
tion and the use of two different stams If you both uced the same
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stams would you nat be more hkely to come to comparable inter-
pretation?

Dempsey: We would get the same reactions, make the stme
observations.

Angevne: 1 think we would. Am J correct in saying that you
only find this ;m placenta?

Demzpsey: Yes, that 1s the only place we studied.

Angevine: We studied the placenta also and found the same
thing you did except I would say that in the placenta and in the
base of the gastric uleer the material appears a little more ke
fibrin than in the other aress. We might be encompassing o0
much in our definition.

Dempsey: Maybe this word “fibrinoid” is too Joosely used here
and maybe it mezns ane in——

Rogan. If you continue to feel that fibrinoid stains m:tac!mr
ratically you would say chat the material in am H. & E. stained
section of healing callus 1s fibrinoid.

Fremont-Smuth: Fibrinoid that stains metachromatically.

Dempsey: Fibrinowd plus something else added to it Iwant 0
argue the question Dr. Meyer raises that one cannot use stains 2
chemical resgents. I don’t quite agree 1o that, If you fake wen
tical pieces of fibrn film—I am now quoting work Dr. Singts

as done m our department—and study the factors which vitf
the uptake of a basic dye, methylene blue, by thase pieces of fibnt
film, you find that i order to get reproducible staining you hatt
to control five variables. One must control the concentration of
the dye. One must control the length of time that the tisue 5
stained and the best way to do that is o stain fa dilute soluton
and stain to equilibrium (the point where further increase in mﬁ;
gives no further change in the uptake of dye). One must contro
the pH. One must control the ionic strength of the buffer us
and one must also control the previous chemical treatment of that
piece of fibrin film. If those five variables are canm_)ﬂedr then
this piece of fibrin film will take up 2 measgrable quantity of dr*
That dye may be measured roday and determined a year from
today. You can repeat the experiment and come ovt within 2 pef-
cent to § percent of the same amount of dye raken up by &
same weigh of film. So with control of these five variables one
has 2 reproducible uptake of dye. I cannot really see where I}‘l}:“
is any difference here from determining the uptake of any othe
charged substasice. It is not necessarily an acid-base reaction o
the dye with the solid, precipitated material but it seems f{:;
that it must be a reaction between charged groups of the sof



Pathology 71

protein and the charged groups of the dye. About the only differ-
ence between this and the chemical titrations of proteins is that
the chemical titration is done in solution whereas this is done with
protein in the solid state. If it is true that a proten in a sold state
can never be analyzed chemically or its charge can never be deter-
mined, then ¥ retire from all this. Nevertheless, I would Iike to
state my faith that substances in the solid state can be worked
with, with as much chemical precision as those in solution. How-
ever, one must determine the laws which govern their reactions.

Meyer: T doubt it. Can you compare one fibrin film with an-
ather, using all your five criteria?

Dempsey 1 can take a film of the same thickness and make two
preparations. Suppose we make a film from punfied fibrinogen.
1f we cut several pieces from that single film and stain them, con-
trolling four of the vanables and allowing the pH to vary, we
get a reproducible curve of dye-uptake. If we use an aad dye,
the curve goes in one direction. If the expermment is repeated to-
morrow we get almost identical curves. We can contrast these
curves with similar ones obtamned from other protans. If we
apply these methods to tissue sections, we find that the basophilic
substance of nuclei fal to stain below pH 40, whereas the
basophilic substance of muscle fails to stan below pH 5.0 and
that of cartilage continues to stamn as low as pH 1.5. Thus by
these tactics we can characterize the acidity of different mucro-
scopic structures, and our methods are reproducible. This 15 all T
am claiming. It scerns to me that here are the clements of a
chemical method.

Angevine: Dr, Fremont-Smuth, in answer to your previous
question about staining, we did van Gieson’s stamns on all of our
material. In the few placental tissues examined the fibrinoid
material in Nitsbuch's membrane, that in the subchoral plate
lm.l that involving the degenerative choriomc villi gave the same
staining reactions as fibninoid occurnng elsewhere. Phosphotung-
stic acid hematoxyhn stams wndicated that fibnn might be preci-
pitated in considerable quantities 1n some areas. It would not be
correlated, however, with the distribution of the fibrinoid matenat

Fremont-Smth Obviously this is an area where 1t scems pos-
sible now to come to grips and ether to find out that you are in
agreement or if not, be able to specify the nature of your dis-
agreement.

Angevine: 1 must admut 1n relation to this that we have studied
the placenta and gastric ulcer only incidentally to indicate that

th'lsdmbicct is much broader than we have désenbed 1n our 1mtial
studies,
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stains would you not be more likely to come to comparable inter-
pretation?

Dempsey: We would ger the same reactions, make the same
observatians.

Angevane: ¥ think we would. Am I correct in saying that you
only find this in placenta?

Dempsey: Yes, that is the only place we studied.

Angevine: We studied the placenta also and found the same
thing you did excepr I would say that in the placenta and in the
base of the gastric ulcer the material appears 2 little more bke
fibrin than in the other areas. We might be encompassing too
much in our definition.

Dempsey: Maybe this word “fibrinoid” is too loosely used here
and maybe 1t means one in—

Ragan: 1f you continue to feel that fibrinoid stains mcuC}\m-
macically you would say that the material in an H. & E, stained
section of heshing callus is fibrinoid.

Fremont-Smith: Fibrinoid that stans metachromatically.

Dempsey: Fibrinoid plus something else added to it. I want to
argue the question Dr. Meyer raises that one cannot use stains 28
chemical reagents. I don’t quite agree to that. If you take iden-
tical preces of fibrin film—I am now quoting work Dr, Singer
has done mn our department—and study the factors which vary
the uptake of a basic dye, methylene blue, by those pieces of fibrin
film, you find that in order to get reproducible staining yau have
to control five variables. One must control the concentration o_f
the dye. One must control the length of time that the tissue i
stained and the best way to do that is to stain in dilute solution
and stain to equilibrium (the point where further increase in time
gives no further change in the uptake of dye). One must control
the pH. One must control the ionic strength of the bufer us
and one must also control the previous chemical treatment of that
piece of fibnn film. If those five variables are controlled, then
this piece of fibrin film will take up a measurable quantity of dye-
That dye may be measured today and determined a year from
today. You can repeat the experiment and come out within 2 per-
cent 1o 5 percent of the same amount of dye taken up by the
same weight of film. So with control of these five vatiables on¢
has 2 reproducible uptake of dye. 1 cannot really see where there
is any difference here from determining the uptake of any other
charged substance. It is not necessarily an acid-base reaction o
the dye with the sohid, precipitated material but it seems to m¢
that it must be a reaction between charged groups of the sofid
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protein and the charged groups of the dye. About the anly differ-
ence between this and the chemical utrations of proteins is that
the chemical titration is done in solution whereas this is done with
protesn 1n the solid state. If it 1s true that a protein 1n a sohd stase
can never be analyzed chemucally or its charge can never be deter-
muned, then 1 retire from all this. Nevertheless, ] would like 10
state my faith that substances in the solid state can be worked
with, with as much chemical precision as those i solution. How~
ever, one must determine the laws which govern therr reactions.

Meyer: 1 doubt st. Can you compare one fibrn film with an-~
ather, using all your five entena?

Dempsey: T can take a film of the same thickness and make two
preparations. Suppose we make a film from punfied fibinogen.
If we cut several pieces from thar single film and stan them, con~
trothing four of the variables and allowing the pH o vary, we
get a reproducible curve of dye-uptake. I we use an acid dye,
the curve goes 1n one direction. If the experiment is repeated to-
morrow we get almost sdentical curves. We can contrast these
cutves with similar ones obtmned from other protems. If we
apply these methods to tissue sections, we find that the basophihic
substance of nucler fail to stan below pH 40, whereas the
basophilic substance of muscle fails to stain below pH 3.0 and
that of cartilage continues to stamn as low as pH 1.5 Thus by
these tacties we can characterize the acidity of different micro-
scopic structures, and our methods are reproducible. This s all T
am clumng, It seems to me that here are the elements of a
chemical method.

Angevire: Dr. Fremont-Smuth, 1n answer to your previous
question about staiming, we did van Gieson’s stains on all of our
materal, In the few placental ussues examined the fibnnod
materral 1n Nitsbuch’s membrane, that in the subchoral plate
and that lving the d 1 withi gave the same
staining reactions as fibrinod occurring elsewhere. Phosphotung-
stic acid hematoxylin stasns indicated thar fibrin might be preci-
pitated in considerable quantities 1n some areas It would not be
correlated, however, with the distnbution of the ibrinoid matenal,

Fremont-Snuth. Obviously this 15 an area where 1t seems pos-
sible now to come to grips and exther to find out that you are
agreement or 1f not, be able to specify the nature of your dis-
agreement.

Angevine: 1 must admit 1n relation to this that we have studied
the placenta and gastnic ulcer only incidentally to indicate that

thlsdgub;ect 15 much broader than we have deseribed 1n our 1minial
studies.
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MacLeod: If one were secking to 1dentify a substance fibsin, in
fibrinoid degeneration or in other areas, I wonder whether it might
be possible, now that laighly punfied fibrinogen and fibrin can be
obtained, to immunize animals with them and to prepare specific
anufibrin anubody, This could then be made fluorescent and
applied to the sections, or whatever else one may be studying, to
find out actually whether the fibrinoid material does contain
fibrin, This might be a specific test for fibrin. .

Angevine: Wherever there is an injury there must be some fibrin
admixed, because one cannot have an increase in tissue fluid with-
out some fibrin. There 1s a small amount of fbrin i lymph
wherever there 1s edema, With the most menimal njury you will
have it

Ragan: Has any other substance been overlaid on this curve
with fibrin? Have you done some of the mucopolysaccharides?

Dempsey: We have not studied that point specifically. The
mucopolysaccharides, depending upon their location, vary enor-
mously n their acidity. Cartilage and the mucus of goblet cells
are very strongly acid. Those of vitreous humor and the cornea
are less acid. Those of the umbilical cord are still less so. It 15
possible to have a mucopolysaccharide which will overlap with
this curve.

Ragan: Then you cannot say that this is fibrin. You cannot
say specifically?

Dempsey: 1 said I did not have any evidence that 1t was not
fibrin,

Ragan+ Fibrinoid may contain fibrin plus glucoprotein.

Dempsey: That is a working hypothess.

Meyer- I wonder whether an increase in metachromasia neces-
sarily means an increase 1 concentration of acid mucopolysnf:—
charides or could it mean the appearance of groups masked in
normal tissue. Hasn’t Sylvén postulated this?

Bennett. 1 have been uncertain as to whether the property of
metachromasia really means fibtnoid.

Angevine: 1don’t think it does.

Bennett: We are concerned with the problem of whether the
property of increased metachromasia means fibrinoid change or
represents an imitial stage in 1ts development. Metachromasia can
be obtamned by injuring connective tsssues without the develop-
ment of the latticing effect and increased fibrillation that was
illustrated 1n the figures. I am not sure we are all speaking of the
same change when we refer to fibrinoid. 5

Angevine: We do not consider that incteased metachromasia
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indicates fibrinoid. We have been astempting to point out that
metachromatic material is present before fibrinoid 15 laid down or
appears. There is 2 previons increase m mucopolysacchandes,

Holbrook- Say that again?

Angevine: We are sure of the fact that there s always an
increase in mucopolysaccharides before fibrinoid appears The
literature gives six or seven theories of how fibrinaid forms, Of
that group we felt the best explanation is that there 15 2 combina-
tion of the acid mucopolysacchande with some protem n the
tissue to form fibrinoid. Whether 1t is a glycoproten or exactly
what it is, ¥ cannot answer.

Fremont-Smith: On the basis of the fact that there 1s meta-
chromasta, that 1 your opimon is a measure of the mucopaly-
saccharide?

Angevine: A rough measure.

Fremout-Smith: Is that the main basis for saying mucopoly-

ide always precedes the app of fib  Isn
agreed that it is 2 good basis?

Meyer. T would not say 1t 1s generally agreed. Tt is a fiule
dangerous to make this scatement unless 1t 15 better defined.

Dempsey- "This is another example of a semantic difficulry. To
the morphologists, a polysaccharide 15 something that is
metachromatic and gives a posiuve pertodic acid-Schiff reaction
Ta the chemist, the word indicates an enurely different set of
operéniom. We will have to define what we each mean by the
word.

Fremont-Susth- 1 think it as very important because wn this
discussion whenever any of this group or 1n the field uses the word
“mucopolysaccharide” they ought to say, “as defined by means
of” or, “as defined chemically,” because it makes all the difference
in the world. This could lead to endless confusion.

Angevine; We assume this encompasses a large number of sub-
stances.

Halbrook Did T understand you to say that metachromasia can
be demonstrated prior to the development of fibrinawd?

Angevine: Oh, yes.

Holbrook- How long a period? How do you know that? Does
fibrinoid always develop following metachromasia?

Angevine: No, metachromasia can be reversible

Holbrook- Are you bly sure that h ia 15 step
one of fibrinoid?

Angerine: That has been our workang hypothesis,

Mirsky: Has there been an expenmental condition where you
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can produce metachromasiz and have it become fibrinoid?

Angevine: Yes, we have x-rayed the chick membrane and have
seen this material accumulate. A good many workers have done
1t also.

Mirsky: The reason I voice the question that way is to point up
Dr. Holbrook’s question. That would indicate that one would
follow the other.

Angevine: It 1s not all morphological observation. It has been
done under experimentally controlled conditions.

Mirsky: 1t is not fair to say that the fibrinoid reaction being
discussed this afternoon 1s just a morphologically describable phe-
nomenon and does not necessarily have any relationship to some
specific chemical substitution.

Angevine: 1 think so,

Mirsky: 1 would like to hear some discussion on it.

Dempsey: I would object to that on the same ground that Dr.
Szent-Gyorgyi did this morning. If morphologically recognizable
there must be some chemacal rationale.

Mirsky: 1 said specific. The point I was getting at is: Can we
have a number of different chemical changes occurring in tissues,
some around the vessels, some in the joint and some in the valve,
each one of which will give us this 2ppearance?

Holbrook: Not if due to mucopolysaccharide.

Dempsey: It seems to me we are down to the point where we
are pretty sure there are three chemical elements that are at least
suspected of being in this mass of material. One is collagen, 1
most of the locations. One is the ground substance of the con-
nective tissue, which is in most locations, and the chird js fibrin,
which is present demonstrably in at least some of them. Here
then is something that has a variable amount of three components
The question is to specify quantitatively just how much of each
one of the elements is in each one of the locations. Isn’t that
about 1t?

Bennett. That expresses it very well, but there is one other
consideration, namely: How much degradation of these compo-
nents occurs as the lesions progress? A

Holbrook: Is there any further discussion about this question?
Is there any more to say about that particular thing, Dr. Dempsey?

Dempsey: I shot my bolt.

Szent-Gyorgyi: Did you ever try fibrinolysin? i

Dempsey: We never tried any proteolytic enzyme on this ma-

terial. b
Jones: It would scem to me that some such methods or things
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can produce metachromasia and have it become fibrinoid?

Angevine: Yes, we have x-rayed the chick membrane and have
seen this material accumulate. A good many workers have done
it also.

Mirsky: The reason I vorce the question that way is to pomnt up
Dr. Holbrook’s question. That would indicate that one would
follow the other.

Angevne: It 1s not all morphological observation. It has been
dorte under experimentally controlled conditions.

Mursky: It is not fair to say that the fibrinoid reaction being
discussed this afternoon 1s just 2 morphologically describable phe-
nomenon and does not necessanly have any relationship to some
specific chemical substitution.

Angeymne: 1 think so.

Mirsky: 1 would like to hear some discussion on it.

Dempsey: I would object to that on the same ground that Dr.
Szent-Gyorgyi did this morning If morphologically recognizable
there must be some chemucal rationale.

Mirsky- 1 sad specitfic. The point I was getting at 1s: Can we
have a number of different chemical changes occurring in tissues,
some around the vessels, some m the joint and some in the valve,
each one of which will give us this appearance?

Holbrook- Not 1f due to mucaepolysaccharide.

Dempsey It seems to me we are down to the point where we
are pretty sure there are three chemical elements that are at least
suspected of being in this mass of material. One is collagen, in
most of the locations. One is the ground substance of the con-
nective tissue, which is in most locations, and the third is fibrin,
which is present demonstrably in at least some of them. Here
then is something that has a variable amount of three components.
The question is to specify quantitatively just how much of each
one of the elements is 1 each one of the locations. Isn’t that

about 1t?

Bennett: That expresses it very well, but there is one other
consideration, namely: How much degradation of these compo-
nents occurs as the lesions progress?

Holbrook: Ts there any further discussion about this question?
Is there any more to say about that particular thing, Dr, Dempsey?

Dempsey: I shot my bolt.

Szent-Gyorgyi: Did you ever try fibrinolysin? .

Dempsey: We never tried any proteolytic enzyme on ¢this ma-

ternal. .
Jones: Te would seem to me that some such methods or things
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other than staining characteristics might give you your clues.

Mirsky: Fibrinolysin?

Jones: Not necessarily that.

Mirsky: We were ducussing that question. Would the speaific
proteolytic enzymes be of value i distinguishing it? It would be
very difficult because to begin wich, we don’t know what fibrino-
lysinas
v Mofe- T don’t think we know what fibrinod 1s esther.

Dempsey: Tt seems to me that st 15 possible to tackle the prob-
lem by isolation techniques. One could simply :dent:fy a particular
lesion, isolate it and determine by standard quantitative analyses
what chemical substances were present. It is simply a matter of
identifying, on the one hand, the morphology of the lesion and, on
the other, its chemical composition.

Meyer: The experimental setup has already been suggested as
far as I can see. Dr. Ang d the prod of lesions
m ammals under dicumarol. The transformation of fibrinogen to
fibrinowd takes place in these animals or takes place to some degree.
Thes already has been done or this has not been done?

Angevine: We have not done 1t. I mentioned that 1n connection
with the specificity of the fibrin stain. That might be one way to
approach it, One could produce fibrmoid fesions 1n such animals
with a very low fevel of fibrin. Fibrinoid lesions could be produced
n blood vessels very readily. I have never seen it done 1n a dicu-
marolized animal

Mirsky: You speak of the ease wath which the fibrinoid lesion
can be produced. Where does 1t belong 1n our thinking? What
kind of lesion is st2 Is at so nonspecific in so far as response to
stress or wnjury?

Angevine: 1did not quite get the question.

Mursky You have made the statement several times about the
ease with which che lesion can be produced. How easy? What
produces the lesion?

Angevine: You can produce 1t by mnjury. If one were to pinch
the skin and to section it subsequently, an increase of metachro-
matic material could be demonstrated. You can burn it slightly

ot —

Marsky: What relationship has this got to Hans Selye’s adapta-
uon syndrome? Is it a aamifestation of the so-called alarm reac-
non?

Angevme: T would not attempt to answer thar. However, we
have examined some tissue from some arthrtic rats that Selye
kindly sent us. Around the yoint there is an increased amount of
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n_xet.achromatic material. That merely indrcates tissue injury. A
similar lesion might be produced in several ways. I would also like
to re-emphasize a statement Dr. Bennett made, that there are 2
variety of ways by which metachromasia can be produced.

Dempsey: If you simply inject a little acid subcutaneously you
get something very similar.

Bennett: Perhaps the simplest method is the one that Dr. Ange-
vine has referred to, traumanzation—particularly traumatization
where there are repeated shearing and bruising forces involved.
‘With the exception of some of these lesions that scem to be in-
duced by hypersensitivity mechanisms, it would seem that the
forms of injury that are most likely to produce fibrinoid changes
are the ones that cause extravasation of plasma into the tissues. A
number of years ago, when pressed to state what I believed fibri-
noid was, 1 expressed the thought that it was fibrin soaking of
connective tissue. I sull believe that this is the mechanism by
which some “fibrinoid™ lesions develop.

Travell: T wanted to ask whether the fibrinoid changes can be
related to any other connective tissue changes such as amyloid
degeneration or localized myolysis of muscles, and so forth?

Angevine: We imtially restricted our mvestigation to fibrinoid
in rheumatic diseases because the whole subject seemed so diffuse.
However, it should be emphasized that these acid mucopoly-
saccharides are very widely distributed. It is found in cartilage
and growing bone. It occurs in young fibrous connective tissue
and when there is an increase in amount it may remain or be ab-
sorbed. Tt also occurs in assoctation with hyalin and amyloid.
Because of this there 15 reason to believe that hyahn and amyloid
are closely related substances.

Gydrgy. What is hyalin?

Angevine: That would correspond to sclerosis. A sclerosed vessel
is hyalinized. I do not know what it is chemically, but morpho-
logically it 15 an eosmophilic material.

Bennett: Do you think it proper to refer to hyalin as a substance
or should one speak of the altered tissue as being hyalinized?

Angevine: We speak of amyloid material. 1 don’t see why we

v < o -'—-esstal oo enterance, There is said
. . zalin.
zed it does not tell

you actually what the process . L .
Bennett: It certamly does not, but as Dr. Angevine just said, he

does not know what hyalin is and no one else knows either. .
Angevme: This metachromatic material accumulates in all in-
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stances before fibrinoid change, sclerosis, etc, develop.

Meyer: Do you believe it is an actual increase in quantity of all
these processes ot do you thunk it is a shift, an accumulation from
the neighboring areas? Is 1t just the liberation of sometling which
occuts?

Angevsne. There is certamly more than one sees normally. That
is 1 the manner we have performed our studies. We have not
determmned 1t chemically. This matersal accumulates in areas
where it 15 not present normally.

Meyer Does the primary change involve the ground substance
or the cells?

Angevine: Well, it would vary. Of course, in fibrosis the pri-
mary change would be a cellular one.

Meyer: T meant the first reaction toward a nonspecific trauma
as you described 1t.

Angevine: There would be cells but serous mnflammation or
edema 15 relatively acellular, as the chief component 1s flnd with
very few cells 1don’t think you can have any change m the body
without some cells

Bennett: 1 think that what Dr, Meyer meant to ask was, do you
have any notion as to whether the primary change leading to an
increase 1n metachromasia 1s a cellular phenomenon or something
that resides 1n the intercellular substances.

Angevine: There 15 an element of both, to evade the question
‘The most significant thing, though, seems to be the accumulation
of material 1n the ground substance and the cells merely accom-
pany the reaction to a certain extent.

Fremont-Smith: What 1s the end point in metachromatic stain-
ing, as T understand 1t? When you use metachromatic stain, it 1s
differentiated as to taste or something of that sort, 1s it not?

Angevme: Stamed with toluidine blue for a certain period. It
1s Vvery evanescent as a stain. It 1s not permanent, We use 1t for a
standard length of time at a standard concentration. We do not
differentiate

F £-Smath: 1 think 1n the d ! of
the stain did speak of 1t 1n the other way

Dempsey That was a different stain.

Angevine: It 15 a different stain. We stamn to 2 certain satura-
tion point and stop. We don’t overstain and differentiate.

Fremont-Smith So the shides are comparable

Angevate: 1 think so.

Holbrook. Do you know whether mucopolysaccharide ot the
metachromasta 1s wholly in the ground substance or the fibroblast?
‘What substance does 1t show 1tself in?
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_ Angevine. We see it only i the ground substance and in the
tissue mast cells. They contain 1t and they are known to form
heparin.  They stain very well metachromatically. I do not recall
anything else, Dr. Dempsey, do you?

Dempsey: There are occastonal droplets in the macrophages.

Mote: Fibroblasts.

Holbrook: Yes.

Meyer- The inclusions which Gersh has deseribed in some
macrophages and fibroblasts are in different stages of actwvity.
They do not stain metachromatically?

Ragan: No, I asked lum about that and he said that they did
not stain metachromatically.

Holbrook: The fibroblasts do not stain.

Jones: You seem to use the term “mucopolysaccharides” and
“metachromatic staining” synonymously. Do you mean this?

Angevine: Mucopolysacchartdes are metachromatic, and in tis-
sues they include a large variety of substances. It is a pretty loose
term chemically. I will agree with that. If there is a free acd
radical present, one can demonstrate metachromasia. If this is
blocked or removed, metachromasia 1s abolished.

Holbrook- 1 guess we will have to wait until tonight to ask Dr.
Meyer where the mucopolysaccharides come from.

Angerme T hope he will be able to explain that.

Meyer- I am afraid the histologists will have to answer these
questions. We work with whole tissues and don’t know from what
part of the tissues the substances are derived.

Ragan- 1 would like to ask Dr. Bennett if he has used silver
stains on any of these fibrinoid reticulum fibers? Do they continue
through the fibrinoid?

Bennett: I have used reticulum stains occasionally. It seems to
depend upon the stage of development of the lesion as to whether
or not the altered fibrils are continuous. Certainly they do not
continue across the lesions where there is complere disintegration
of the central parts of a “rheumatic” nodule However, they may
continue across some of the early lesions, for example, the Aschoff
nodules such as I demonstrated earlier in the discussion

Dempsey: Is that possibly caused by the density and consistency
of the matrix of the leson? For example, I believe a silver stain
doesn’t ordinarily demonstrate any argyrophilic fibers in cartilage.
However, if the matrix of the cartilage 1s removed to expose the
entrapped meshwork of collagenous tissue, the reticulum can then
be stamed by exther the aniline blue or the silver methods. T have
2 feeling here that they are just covered up and cannot be reached,
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Benneft: That 1s true to a certain extent, but 1n some of the
lesions which usually ate regarded as showing fibrinoid degenera-
tion we have complete tissue breakdown You can see it with any
stain you use: complete disorganization of fibnilar pattern and
foss of cells, There is a stage in the development of such lesions
when the fibrillar pattern is preserved and can be seen by applying
appropriate stains, but m a further stage of development of this
process, fragmentation and disorganization occurs and eventually
hquefaction of the materal results. Has that been your experience,
Dr. Angevine?

Angevine: That is definitely true. We don’t see that in the
early lesions, We were concerned mostly with older lesions, and
1t always occurred

Bennett: There may be an appropriate place to use all of the
common terms relating to ﬁbrmorid‘ change. It ?llght be appro-

FRSRCNAR t . )

be a succession of tissue changes ending i complete disintegration

Holbrook: In that chain of events 1s the fibroblast late to show
any changes?

Bennett: It 15 my thought that the fibroblast 1s affected quute
early, perhaps not 1n the nitial lation of metach
substances but n the stage 1n which we see the fibrin or fibrin-like
deposit. At thac time, almost invariably, there 1s swelling and
rounding of the fibroblasts. From this stage on, the morphologic
appearances of the fibroblast change and eventually there 15 a
certain degree of palisading.

Dempsey. Those palisades, as I remember from your figures
were big, fatcells —**** * ' te o
they comparable

Beunett: Yes. 1 pali-
saded cells are clearly macrophages but the association of other
cells with intercellular substances clearly ydentifies a fair number,
perhaps 2 majonity, as prohiferating fibroblasts,

Jones. Dr. Angevine, do the changes you listed here—fibross,
sclerosis, and so forth—represent general types of connective tissue
changes?

Angevire: That 1s correct,

Jones: You spoke of the difficulty of explaining to students
what hyaline change meant. Is there any possibility of determining
the fundamental mechansm which may be responsible for an
alteranion of the connective tissue from the normal, by varying

Are
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the type of stress or the type of noxious agent? We don’t know
much about that, do we?

Angevie: We certainly don’t and, in fact, this conception does
not help much, but it seems to be a point at which we may gain
further information that will eventually simplify the problem.
If we consider all of these properties as separate entities, it suggests
that there 1s no relationship. There may well be a considerable
overlap m some of these things. Take amyloid, for instance. Some
amylod gives a metachromatic staning and some does not, so
obviously there is something present in one form that is not in
another.

Jones: The thing that worries me is that very often we arbicrar-
tly base our classifications on some characteristic or some methed.
If we type bacteria, for example, we use some chemical constituent
for our classification. This constituent may nat necessarily be con-
nected with a significant biological phenomenon on which we
could base 2 logical classification. 1 was just wondering whether
some fresh thinking on classification based on other than visual
descriptive data including stamning characteristics might not be
called for, In other words, the characteristics that we are using
now may not be the deterrmnuing features of tissue change at all.

Mote. You are at the jumping off stage in getting to the matter
of definition of just what these things are.

Jones: 1 am sure of that.

Mote: What is their chemical relationship to each other? Are
they all the same phenomena or are we actually looking at, meas-
urmng different kinds of phenomena? Until you get some totals
to get at that differentration we are going to continue to have
difficulty with semantics and classification.

Jones. 1 think that is true, but that, in my opinion, would not
alter the fact that we need some freshness in methods and ap-~
proach.

Fremont-Smuth* 1 believe the thing which is most evident in this
whole day’s discussion so far, is that we are nor making rapid
progress by these methods. It may be that they are the best we
have and that we may have to plug along with them. However,
1t is to be hoped that we can find a fresh approach which would
be much more hkely to pull the things together. What chat
approach is to be I don’t know.

I have to ask two questions. The first is: Is there any relation-
ship between cirrhoid and fibrinoid chemically and otherwise?
Secondly: Is there anything in the callus of healing fracture that

resembles fibrinoid?
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Gyorgy Before the first question is answered, may 1 ask the
pathologists whether they have found fibrnord in parenchymatous
osgans fke the liver and Tadney which have practically no ground
substance? If I am not mistaken, ftbrous proliferation tissue oceurs
n hiver,

Angevane: T hava never seen 1t sn the liver, In the medulla of
the kidaey there s 2 Jarge amount of metachromatic matenal and
you can see fibrnoid there.

Gyorgy: You don't find it 10 the Lver?

Angevme- 1 don'e,

Beanett- I don’t.

Gaorgy: You have fibrous profiferation?

Angeviie: No

Gyorgy. That excludes it.

Fremont-Snuth. That s why I mentioned the moety, s cur-
hord metachromanc?

Gyorgy No.

Fremont-Snitth: What about callus?

Angevime: Yes,

Fremont-Sinth You see fibrinord 1 callus?

Angevine, Yes.

Fremont-Smsth You see st sn all healing wounds or generally
1 healing wounds cut through the skin®

Augevene: My impression 15 you would sce st 1n all,

Fremont-Smuth: Was that hited i our group of things® Idon't
remember

Ragan. Xt 15 not our impression that you see fibunowd  You see
metachromasia  You see fibrin but not fibunad.

Fremont-Suisth. Xt is the same probleny agan,

Ragan: This does not stain as fibnnowd.

Fremont-Sunth ¥ you do see st m healing wounds, then
haven’t you an experimental method there which could be used
1o advantage to explore this®

Angevme: 1 wdicated this morning thar studyng heating
waounds and fractures would be a good method.

Fremont-Smuth: T may have massed that

Angeviner In my concluding statement 1 sud that ¥ thoughe it
would be a better way to mnvestigate the processes than yust s nor-

ma] growing and developing organs.

Holbrook: Metach des fibei

atways d. ‘Then you
may not see 1t in healing wounds, the fibrinoid phase, but only the
metachromassa phase.
Did you say, Dr. Ragan, that metachromasia was present m
healing wounds?®
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Ragan- Yes. If the callus of a healing fracture is followed from
day to day, a period of metachromasia is seen.

Holbrook: Not fibrinoid?

Ragan: We cannot see fibrinoid,

Angevine. 1 think we can reconcile this difference. The wounds
that Dr. Ragan describes are freshly made wounds, not compli-
cated, as in the making of an incision in the skin, You would not
see 1t there, but if you abserve 2 type of wound such as we see at
autopsy, that 15, 2 wound complicated by many things, on the
surface of such lesions we see some fibrin. That would correspond
to the base of an ulcer. In a noncomplicated healing wound it 15
not present, but n other types I suspect it would be.

Fremont-Smith: Uncomplicated healing fracture?

Angevine: Yes, 1 don’t think you would see it there. I don't
recall actually looking for 1t or having seen it.

Bennett: In healing fractures, especially those that have not
been properly immobilized, there is an accumulation of plasma
and other blood elements in the tissues resulting in fibrin deposi-
tion. Iam not certain that there is “fibrinoid.”

Fremont-Smith- Could you not produce it in some quantity in
such a lesion where you get quite a callus formation? I am think-
ing 1n terms of chemical extraction in the area where you have it
highly concentrared. This might provide a basis.

Ragan: Our rabbits are not splinted. They just stand on their
broken legs and have good callus and very good metachromasia.
We don’t see this latuice-like appearing fibrinoid.

Angevime: You don’t have to have any appearing.

Gyorgy: You may have fibrinoid.

Angevane. T would like to report on this at a later date, We
have just finished a study on healing fractures, but I do not recall
looking for fibrinoid material I think that would be very worth-
while looking into, if Dr. Ragan did not see it, as he said.

Ragan: Yes. In the callus of a fracture, studied day by day,
period of metachromasia 15 seen.

Dempsey: There wasn’t any argument 20, 30, or 40 years ag0
about the presence of fibrinoid in different regions It alt 19oked
alike. Since a variety of methods have been applied, it begins to
appear that what was formerly regarded as fibrinoid has character-
istically different reactions m different locations. What formerly
was classified as an entity now turns out to have several sul.)SPECICS-

I would like to debate your statement, Dr. Fremont-Smith, that
these methods are not getting anywhere. It seems to me they are.
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Thus represents merely the initial confusion necessary before a new
set of facts get thoroughly sorted out.

Fremtont-Snnth: 1 don’t mean they are not getting anywhere,
bur the acceleration of progress that ene would hke to see does not
seem to be taking place within this particular area with these
particular methods. It would scem to me that we need a fresh
tanguage and a fresh approach as far as the question of fibninard
or fibrinoids 55 concerned because there 1s obviously quate a Jot of
confusion tn the use of the term and how you define xt. It appears
to me that a meeting of this kind would make this quate clear.

Beauelt: 1 am inclined to agree wich that pont of view. There
are certam pathologic entities or, better yet, lesions that have sig-
nificance now, just as they did when they were first described.
Take the Aschoff nodule, for example. This lenon 1s as nearly
dusease-specific as any 2 morphelogist observes under the micro-
scope. The subcutaneous nodule occurnng 1n patents with rheu-
matord arthetss 15 afso hughly specific. These lesions 10 thesr total
composttion ate very different, yet both are referred to as having
fbriod quabities. Perhaps there 1s no good reason to continue to
wse the term “fibninod change,” at least with the connotation
that is usually held for the term. An alternative use of the word

fibanoid would be to designate, 1 a purels 2 anner,
any change in nssue havine -~
In the study of fit . aiught resort

to the expersments ¥ .« sorms of tissue inyury and,
using unfixed or kviug ussues, attempr to follow the changes i
and the movements of the ground substances that are contamned
within the fibrillar framework of connective tissue.

Holbrook Do you have something, Dr. Ragan?

Ragan* 1 wonder if the pink staming matenial n 2 tolurdine
prep would be dered to be fibnnond.

Angeyme 1 should not think so  That 15 what you ger in a
five-day fracture, The purplsh red matenal would represent
mucopolysacchandes or metachromatic materal,

Gyorgy 1 would not eall sz fibrinoid,

Angevine With hematoxyhin-easin stain 1t would not look like
what we called fibninod I think we have looked at enough of
these sections to be able to differentiate one from the other, ¥ think
there 15 2 certain defumte characteristic, «f anything were fibrinod
we could see at. I think thus substance has a htle more body 10 1.

Gyorgy. There 1s magtc 1n chis statement. Can you explain
why 1t is not?

Angersne 1 don’t see it

Gyorgy What dos’t you see?
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Angevine: This is farrly homogeneous material. The fibrinoid—

Gyorgy: It has to be granular?

Angevine: Diffuse and granular, much more.

Fremont-Smith That is an aspect that has not yet come into
the definition.

Gyorgy: Granular as being an essenual character.

Angevine: 1 think that 1s true in these metachromatic stains.

Fremont-Smith: Would you say in general that they must
always be granular to be called fibrinoid? Because, if so, we have
added another dimension which would be very helpful.

Angevine: Yes; would you not agree, Dr. Bennett, that there is
a granular characterstic?

Bennett: ‘There 1s an acquisition of granular properties as the
change becomes more marked 1n about the third stage of develop-
ment.

Ragan. Would you say it should be acellular, too?

Angevme: Fibrinord may or may not be acellular. There can
be fibrin in 1t and be cells 1n 1t, depending upon —

Fremont-Snuth: It only has to be granular in one stage, Dr.
Bennett said, You said it must always be granular,

Gydrgy: That ss righe.

Fremont-Smath: T am trymng to push, do we or don’t we mean
that and who means which?

Angevine. 1 think that it is granular.

Gyorgy: Always granular, not in this third stage?

Fremont-Smuth. 1 thought 1t was granular in the third stage
I am not trymng to bring out the discrepancy. I think it is worth
pushing a but.

Angevine, It certainly has lost its homogeneity and has some
granular charactersstics in all stages

Fremont-Smith. Would we not agree that each person here
probably uses a somewhat different definition for fibrinoid and
probably also adds certain defimtions which he does not .expre;ﬁ
For instance, 1t took a little while, n fact 1t took this discussion
about granularity and Dr. Gyorgy’s pushing you, sir, to make you
say “granular” which had not been said before and which appar-
ently you use unconsciously as a defining, measuring rod. I vyonder
whether 1n this situation we have not a number of conscious ot
unconsctous factors. A person may say, “I don;n’r see it 'there," nn.d
then you push him and then he says, “Well, in my viewpoint it
muse have crisscrosses 1n 1t or something.”

Angevme: 1 think that is definitely true. When one looks at
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something routinely one doesn’t pay as much attention to it as
when seen for the first tme,

Gavrgy: Why did Dr. Bennett say that in the third stage there
are granular propesses, therefore distinguishing the first stage,
second stage, and third stage?

Bennett: In the first stage of develapment of the leson as I
conceive of 1t, there 15 an accumulation of someshing in the
ground sub which & the coll fibers, In the second
stage there 1 an mcreased prommence or swelling of the collagen
fibnls, In the third stage of development there 15 vissble granular-
ity of the substance that forms around the collagen fibrals, T have
m mind the Aschoff nodule as exemphifying these stages 1n pro-
gression of fibnnoid change.

Gyargy: The metachromasia has no place i the defimtion?

Bennett Incressed metachromana appears early, probably in
the firse seage of the lemon  Would you agree with this concept
of sequences, Dr. Angevine?

Augerme. Thae s che way we feel about it

Mote, In the very acuce fulminating rheumatic fever cases we
saw, we certamly had some peculur looking Aschoff bodes, what
we call swelling, and m some of it, there was not 5o much granu-
fanity
Holbrook After all, we are talking about a name “Sbnnod,”
which s largely by definition, o't st?

Angevsnes That ss correct.

Gyorgy If you can define st.

Fremont-Snuth: By 2 senies of different . . .

Gyorgy. Different deductions,

Holbrook: Which 15 what you define it. That has no clearcut
reality, yet as 3 something you can weigh, measure 2nd count.

Jones: People write books 2bouz 1t

Mursky, Can they agree on fibrnoid by some cues they see
which have oot been transmutted to us?

Holbrook: What consututes fibemnod s still 2 matter of defini-
tion to many.

Fremont-Seuth: Have we any assurance thay chey agree? 1
know, and Dr. Gyorgy will remember that in the Liver Injury
Conf we had a Sub on Cirrhosis of the Liver n
which we had a senies of sections that were subrstted to quie 2
number of pathologists for thewr opmons In noung the degrees
of agreemens and duagreement I may say that the degree of dis-
agreement ss what stood out I wonder if there is any evidence

that everyone in this group would agree a5 t0 which sections out
of any five were fibrinoid.
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Angevine: It 1s the same as in the diagnosis of malignancy. If
you examine a section that is just on the borderline, one way or
another, the diagnosis will all depend upon the criteria you set up
for malignancy based on a good many years of experience. I sus-
pect that 1f you gave Dr. Bennett and me five sections containing
fibrinoid graded as 1 to § plus in amount and asked us to give 2
quantitative estimate on them, we would probably agree on the
slides with minimum and maximum quantities, whereas we might
differ on those in between depending upon the criteria each of us
mught use for grading, Idon’t believe we would have any disagree-
ment on what fibrinoid is.

Fremont-Smith- Do you think that would be pretty generally
true among all pathologists?

Angevine: | think so.

Holbrook: 1 would like to ask one more question. I would like
to get it clear whether you agree, in so far as you can tell by the
methods we have of measuring fibrinoid, that fibroplasia is not
early at fault.

Angevine. 1 don’t think the fibroplasia is at faslt acall.

Holbrook: That is what I wanted to find out. I don’t know how
anyone could have had a more Jengthy discussion about the subject
which Dr. Meyer is about to present to us. We have been talking
about mucopolysaccharides since early morning and are just now
to learn something about them.
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CHEMISTRY OF CONNECTIVE TISSUE,
POLYSACCHARIDES

KARL MEYER
Department of Medicne,
College of Physicians and Susgeons, Columbuz Unieersy

I wiLL tty to report to you on some of the work we have been
doing without going into too great detail and at the same time tell
you about some of the problems we are facing. ‘

The substances which we call mucopolysaccharides of the meso-
dermal tissues are assumed to be present in the ground substance on
the basis of histological data, because we have no specific extrac-
tion procedure for the ground substances. We have to work with
large quantities of more or less mixed tissues which we get from
the slaughterhouse or from the operating room. Which of the
substances come from the ground substances, which from the cells
and which are components of the fibrillar elements and in what
proportions, we don’t know. From chemical analysis of collagen
or elastin it appears that the fibrils proper are free of carbohydrate.

At present + oo e
connective tisc . .
of hyaline ca o §
3) chondroitin sulfate B which we first isolated from skin, 4}
chondroitin sulfate C, 5) the sulfate ester of the substantia pro-
pria of the cornea which we believe to be 2 monosulfate ester of
hyalurenic acid.

Hyaluronic acid has been isolated from vitreous humor, umbih-
cal cord, synovial fluid, and some mesodermal tumors from skin
and from cockscomb as recently reported (1), Of great impor-
tance was the findmg of hyaluronic acid in group A and group C
hemolytic streptococei, in Hedelberger’s laboratory. Chemically
hyaluronic acid 15 a polymer of a disaccharide composed of equi-
molar portions of N-acetyl glucosamine and glucuronic ac1_d with
the reducing group on the acetyl glucosamine moiety. This con-
clusion 15 based on analysis and the mncrease in the color reaction

Pt S e A wered
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yaluronidase 2
rields up 10 70
. + of hyaluronic
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acid, When this fraction 1s subjected to the action of pneumococ-
cal and strep cal enzyme, the ing sugar increases further
to what was thought to be the consutuent monosaccharides,
N-acetylglucosamme and glucuronic acid, From chromatographic
analysis and paper chromatography this product 15 2 disacchavide
of yet unknown nature. Dr. M. Rapport in our laboratory re-
cencly has thoroughly anslyzed the hydrolysis products of hya-
Yuronic acid. It appears from his studes that the end product of
the action of tesucular hyaluronsdase may be 2 higher nmt than a
disaccharide.

We assume that the bacterial enzymes contain a specific 8-glu-
curomidase, smee the rotation of the isolated dwsaccharide sull is
negauve and the known S-glucuronidase of the hver and spleen,

HYTROLYSIS OF HYALURGNATE
B BY TESTICULAR AND PNEUMOCOCCAL HYALURONIDASE

AFTER 24 HOURS INCUBATION ADDED

1 PNEUMOCOCCAL ENZYME

12) BUFFER

(3) TESTICULAR HYALURONIDASE
4 NG ADDITION

INCREASE m,u? CLUCQSE EQUIV mg
N
5

0 EY £ a0 50
INCUBATION THAE e HOURS

TiGURE 3R
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which hydrolyze such detoxification products as borneol glucur-
onide, pregnandal glucuronide, etc., do not act on erther hyalu-
ronic acid or its hydrolysss product obtained with testicular
hyaluromdase. Figure 18 llustrates the increase in reducing sugar
with testicular hyaluronidase followed by a pneumococcal enzyme
after the testicular enzyme has come to a standsull.

Szent-Gyorgyi: What makes the first jump?

Meyer: The first jump is the large amount of testicular hyalu-
ronidase.

Szent-Gyorgys: At zero.

Meyer: No. 3, 3 and 4, zero time, it is incubation time.

Szent-Gyorgyi- At zero time what is the first?

Meyer: Figure 19 shows the hydrolysis of the hydrolysis product
of testicular enzyme by both p 1 and a strep
enzyme.

300 HYDROLYSIS OF s CLUCURONO
N ACETYLCLUCOSAMINE 8Y

1) BACTERIAL AND (2) TESTICULAR ENZYMES
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The exact molecular weight of hyaluronic acid is sot koown,
bur at js probably very high. As in so many other naturally oceur-
ring high polymers, hyaluronic acid 15 polyduperse. In fluids like
synavial fiuid 1t 15 not bound to protemn but occurs as easily dissocr-
ated salt, statemenss in the bterature to the contrary norwith-
standing. The viscosity of the native fluid is at least ten tmes
preater than that of the acid isolated from it. Tt appears that
hyaluronic acid contains labile bonds which are broken by the
procedures of isolation. The nature of these bonds 15 not accu-
srately known. We proposed some time ago that they are anhydride
Tinkages, based on a deficit in ash of about 20 percent, on a similar
deficir in the amount of serum prote:n precipitated, and on the
formation of amude N beside NH,-N on treatment of the anhy-
drous actd with methylalcoholic NH,.

The second substanze 1 referred to, the chondromtin sulfate of
byahine carrlage can be extracted from cartilage powder by con-
centrated salt solution, especially CaCl,. As with hyalurome acd,
ths indicates that we are not deahing with a covalent linkage to
protewn, but to a polar or salt inkage. The molecular weght of
chondrotin sulfare has been estimated by Bhix and Snellman (2)
from the streamung double refraction as between 200,000 and
300,000, K. H. Meyer has awigned a structural formulz to this
compound According to some work on the stability of the sulfate
group by Dr. Rapport (3), the conclusions of the Swiss workers
appear not to be justified. Chondrortin sulfate 15 hydrolyzed by
testecular hyalurontdase, which would indicate a close simslarsty

TABLE 1
o of Mucopolysaccharides in Mesenchymal Tissues
Hyaluromic] ChSA | ChS-B | ChSCT
Group Tessiwe Acd  faip~=-50° fialp = So*fapy ~ far
T | Vitzeous Humor + -
Synaviat Flad + - —
Mesotheloma -+ —_

j

I | Hyafine Cartihage

T | Heart Valves
Tendon (pig, and caif)
Aarta

[REEES
|

3

Skect (pig 2o calf)
Umbslicat cord

ERSEna
4t
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of the hexosaminidic Iinkage of this compound with that of hya-
luronic acid. The amino sugar of chondroitin sulfuric acid, how-
ever, 15 N-acetyl galactosamine with a sulfate group probably in
the C; position,

The third and fourth mucopolysaccharide sulfate esters of the
ground substance, chondroitin sulfate B and C of Table I, had
better be discussed together. Both contain acetyl hexosamine,
uronic acid and sulfate in equimolar concentrations. From both
compounds, the amino sugar on isolation proved to be d-galacto-
samine, that 1, they are isomeric with chondroitin sulfate of
hyaline cartilage. Chondrotin sulfate B has an [a]y, of —50°, 1
precipitated in our fractionation scheme at an alcohol concentra-
tion of about 20 percent, and 1s resistant to testicular hyaluroni-
dase. Chondroitin sulfate C has an [a], of —20°, is precipitated
at 50 percent alcohol concentration, and 1s hydrolyzed by testicu-
lar hyaluromidase. Both B and C occur bound to protemn which
electrophoretically at 2 pH of 8.5 has a mobility of about 8.1 x
107, The protemn compound or mucoid contains about 35 to 40
percent carbohydrate. Free chondroitin sulfate at that pH has a
mobulity of about 11, The protemn or proteins to which the sulfate
ester are bound are distinct from collagen since they contain tyro-
sine and tryptophan. As to the occurrence of chondroitin sulfate
B and C, B was found without C 1n skin, both were found occur-
ring together m tendon, heart valves, and aorta. It may be highly
sigmficant that in umbilical cord we could not detect any B, whx.le
this embryonal ussue yielded large quantities of hyalurome acid
and chondrortin sulfate C. .

We suspect that the absence of chondroitin sulfate B in umbili-
cal cord may be related to the absence of a basement membrane
1in embryonal skin and the increase in thickness of the basement
membrane with age in skin and mn the arteries as reported by Gfrsh
and Catchpole (4). These authors note further the e)‘(trqctablllty
of the maternl giving the Hotchkiss stain 1n embryonic tissue an
in certan pathological conditions such as scurvy. We note that
the sulfate esters of connective tissue such as skin, tendon, an
heart valves, are not extracted by neutral salts or phenu‘,.\vh“e the
sulphate ester of umbiical cord is extracted by salt solutions. y

1 think I had better close the descriptive part. 1 have jotte
down a few problems. There are obviously a great nun}!&ex‘ c[
purely chemical problems, such as the structure of the dlx ﬂ’iecl;l
mucopolysaccharides. One of the big problems is the histol 91‘5},
identification of the different compounds and their origins. g er;
there 5 the question whether some of the protein compounds ar
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antigenic. What is the relationship of group A hemolytic strepto-
caces to the ground substances, especially as they relate to theu-
mauc fever? Is only hyalurome 2aid, which apparently is not
antigenic, the only mucopolysaecharide elaborated by these organ-
isms? The chondreitin sulfates B and C zre bound to proreis as
1 mentioned before and may be expected to be antigenic  The
protem, by the way, ss spht off by alkal.

MacLeod: Does that not rwun it?

Meyer: That 1 the only method we know at present. There is
naturally the question whether any or all of these substances are
involved in 1t i€ p and, if so, how? We cannot
answer these questions, although there s crcumstantial evidence,
as Dr. Ragan and T have pomted out, hnking some of these
substances to theumatic disease. I also want to mention here the
studies of Altshuler and Angevine () and those of Gersh (4)
which we were told about here,

Even 1f we accept that in rheumatic, as well 2s m other flam-
matory reactions, there are changes mvolving the mucopolysac-
charides of the ground substance, are these changes broughs about
by a process involving the ground substances directly or are they
the results of an attack on the ceflular elements? Whae s the
normal metabohsm of the fibroblasts which we assume 2o produce
all el of the ground sub: 2nd how are they controiled?

Holbrook You told us, Dr, Meyer, that the ~20 fraction
with the protein hinkage 15 the substance responuble for the mera-
chromasia. Did 1 understand correcsly®

Meyer. Both sulfate esters would be responsible for metachro-
matic staining, These sulfate esters can be expected to give 2
stronger metachromasia than hyaluromc acid which itself, how-
ever, daes stain merachromatically when highly polymenized. The
depolymenzed acid does stain orthochromatically. Both synovial

uid and vitreous humor have been reported to stamn mesachro-
matically, These flmds contan no demonstrable quanuties of
sulfate esters We fractiwnated very carefully synovial flwd of
sheumatoid arthnns patients i order to detect the presence
of sulfate esters but found none.

Holbrook: So thers was no <20 sulfate fraction?

Meaer. No. The merachromasns i the loose connectve tissve,
however, would seem to me to be due to sulfate esters since there
1 50 hittle, of any, hyalurontc acid

Holbrook I'am trymng to ue together what we taiked about
this afternoon, 1f the -20° fraction wath the protern bnkage s

ponsible for the metact m what we are tatking about
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here of fibrinoid, you intimated that this substance comes from
the fibroblasts, R

Meyer: Presumably both hyaluronic acid and the sulfate esters
are produced by fibroblasts, but this has not been proven.

Holbrook: Yet this afternoon all the pathologists agreed they
had never seen a fibroblast show metachromasia.

Meyer: Ths is apparently so.

Angevine: That does not mean it does not elaborate it.

Meyer: This may be a matter of concentration or of chemucal
Iinkages. Sylvén has said that normal skin gives no metachromasia
unless you injure it. We have isolated from both pig and calf skin
hyaluronic acid and chondroitin sulfate B, If Sylvén is nght,
which I don’t know, then we have to assume that the sulfate group
15 not free.

Dempsey: There are a great many mast cells in many of these
tissues  Sylvén would mdict them as the source of the sulfate
contaimng metachromatic material which might get into the
chemucal extract, and which he therefore excluded from it.

Meyer: In the beginning I said that the chemist cannot decide
which cells are the sources of the substances he isolates. Nor do
T know about the quantitative aspects of these reactions, that is,
what concentration in a given area is necessary to show meta-
chromasia. X

Dempsey: 1 dor’t think there are insurmountable difficulties
abour the quantity of hyaluronic acid necessary for metachro-
masia because, 1f T understood you correctly, you said thas 2 one
percent solution of hyaluronic acid dried on a shde and stained
with toluidine blue, is metachromatic,

Meyer: Enzymatic depolymerization abolishes the metachro-
masia.

Dempsey: If you cut a section through the vitreous humor and
moun it on a siide, 1t 15 also dried. I should think there would be
about as much solid there as would occur from drying a drop of
one percent solution. . .

Meyer: The concentration depends on the source of the vitreous
humor. The concentration is very small. About 30 percent of the
total organic matter 1s hyaluronic acid, but this is only a fraction
of one percent. For the human eye it 1s about 1/20 of one percent

Dempsey: The point 15 that water is removed from tissues by
dehydration during the preparation of sections C.OHSEqUC“fiy’
the concentration of any solid is vastly higher than it was during
the hydrated state. .

You said it was 30 percent of the dry weight?



Chemistry 95

Meser: Thaty pescent of the organic material.

Dempsey: My feeling would be there 15 a considerable amount
of collapse,

Meyer: That is possible.

Mirsky. Even with thac yau are dealing with .03 percent.

Dempiey; § am lost in the mathematics somewhere so 1 won't
belabor the point any more.

Mener: Tt 1s possible, assunung that the vitreous humor 1 meta-
chromatic and so is the synovial.

Dempsey: T wanted o ask another question about that, You
indicated, f 1 remember correctly, that the viscosity of the natural
synowial flud and of the vitreous humor 15 considerably hgher
than that even of the best extract.

Moreover, of you dry a film of your extract upon a shde 1t is
metachromatie. If you depolymersze with hyaluronsdase, material
diffuses mto the supesnatant and the metachromasia disappears
Is 1t not posmble then, that 1 the native state where there 13 2
stsll Iarger molecule than you have in the extract. that the hya-
lurome aeid s less deffusible then in the mode! experimient?

Meyer. That 1s very possible I believe that that w defimtely so
especially after fixavion,

Dempsey 1 am very much wnterested in this because Sylvén
hopped all aver roe when he was here about the wdea that 2 sulfate
free substance mught exhibie metachromasia. He simply refuses
10 consider the possibsliey thar metachromasa might be caused by
something other than s sulfate ester.

Meyer. The problem of solubility and diffusibility defimtely
enters the picture. We have encountered a hyaluronic acid con-
tamsng cyst, the content of which was not soluble 1 sabkne. The
cyst was from a mabignant tumor of the bone. The consistency
of the matenal was that of dred up agar. It contamed 2 high
concentration of hyalurome acid. The matenal swefled up and
w would have taken # long time to extract hyalurome acid with
saline. Sull the enzyme depolymenzed st almost explosively In
the nucleus pulposus we probably deal with a ssmular situation.

lowever, we have not 1solated hyaluronic acid from ar

Ma:‘lzad’ '+ Sulfate-free hysloromic acd does gve metachro-
trasia?

Meyer+ As ssolated from vitceous humor, yes.

Raganr Don't you have to qualify the statement by saying of
st 3 haghly polymenized, and not depoly d by hyal dase?

Meyer Yes, it has to be,

MacLeod If you ssolate hyaluronic acid from whatever source,
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thing to be desived. It 1 2 technical probl The dard
method onginally described by Holmgren and Wilander (8) and
by Sylvén (9}, and wsed by us, mvolves fixing tissue 1 basic lead
acetate. If this method is used, kttle or no metachromasia can be
seen in normal subcutancous conpective nssue, H, however, 2
fresh, unfixed tissue 18 cut by frozen sectiomng, the connective
ssue matrix 15 metachromatse. Consequently, 1 think the tech-~
meal method which has been used most, zcrually destroys much
of the metachromasta.

Holbrook: Then what has that to do with w2

Mirsky: Suppose you did a fresh uissue, how are you going to
know it 1s going to be prefibrino:d or not?

Dempsey: M 1t 1s present?

Mursky: How can you tell of 1t 1s brthant? Are you gomg to
use sothe more cues®

Halbrook 1t 15 hard for me to understand.

Dempsey You may have substances in connective tissue which
in normal amount do not sndicate any pathologieal change but
in tncreased amounts may so indicate.

Holbrook: But a trace of it does indicate, even a trace of this
=20,

Fremont-South Are we talking about 2 siormal amount of
fibrinoid® Then how about that 1f there 15 a normal amount of
merachromana, and if that i an mdication of fibrinord

Mirrsky Al uissues ate going to be fibnnoid

Fremont-Snuth: Why not talk about the normal amount which
has to be increased? We anly call it “Aibrmoid™ when 1t 15 present
m pathological amounts. Is that really 2 conclusion?

Dempsey. There 1s more to it

Fremont-Smuth: 1 know it 1s heresy.

Marshy: Tt 1s going to be.

Gyorgy., Can we table s? We don't get too far with thus
fibrinosd as far as 1 can see.

Mirsky Is there a greater i of these morpholog
changes that are associated with some kinds of tissue damage,
tissues that have the greatest amounts of—

Meyer, Metachromasta?

Morsky 1 did not use the sulfated polysacchanides.

Meyer. The pathologists may have co answer that.

Ragan. 1 think he has ssolated 1t 10 three ussues. You cannot go

yond that, can you, Dr. Meyer?

Meyer. We know very little about the quantitative relationship.
The cancentrauon of sulfated esters per gram of wet weight 15

4
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probably highest in skin and heart valves,

Mirsky: The quantity of metachromasia can apparently be
directly correlated with the quantity of the sulfated polyszc-
charides. If that is so then you would anticipate that you are
always going to get metachromasia where you get fibrinoid change,
and you can talk about it as a precursor of fibrinoid change because
1t 15 going to be there anyhow.

Meyer: The question 1s apparently a question of the quantity,
a quantitative question.

Angevine. All we have said is, there is no question but that you
will see mucopolysaccharides in tissues many times in which there
is no fibrinoid. On the other hand, when there is fibrinoid, and we
assume it to be indicative of a patholcgical change, there is cer-
tainly a change in the tissues. That is always so when there 1
fibrinoid present. Nobody will deny this, even 1f they merely
wish an argument.

Fremont-Smuth: Touché.

Angevine: We see increase in mucopolysaccharides under these
conditions. [ think Dr. Dempsey will agree with that. I would
like to reiterate the fact that we have not surveyed tissues of the
body. Dempsey and Wislocki made the general survey and we
have merely applied their techniques to diseases in which there was
fibrinold. We have always studied pathological lesions, so our
approach has been a bit different, and probably some of these
questions cannot be answered. Certainly on the basis of our work
I think 1t would be a mistake to try to do so because it might lead
to certamn misconceptions.

Bennett: It was suggested earher that unfixed tissues should be
used for a comparative study of normal intercellular substances
and intercellular materials showng fibrinoid change. This might
be the best method for morphologic study. i

Angevine That would be probably the best way to approach it-

MacLeod: Does the hyaluronidase from sources other than testes
cause depolymerization of the chondroitin sulfuric acid ester?

Meyer: The enzyme prepared from leech, pneumccocc, and
streptococer did not do it. Extracts prepared from Lister A strain
of Cl. Welchii did split chondroitin sulfate, but this organism can
hydrolyze everything or one can train them to do everything.

Gyorgy: Dr. Meyer, antihyaluronidase is one of‘ the most con-
stant findings 1n rheumatic fever of especually high titer. 1f }
understood you well, you were unable to prove the antigenicity of
hyaluronic acid.

Meyer That is true.
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Gyorgy: How do you explan the antihyaluronidase?

Meyer: The antibody is aganst the enzyme, not agamst the
polysaccharide

Gyorgy. Why do you have that?

Meyer: Because the enzyme protein is antigenic.

Gyorgy: To protein?

Joues: There are two strawns of streptococci 1n which hyaluroni-
dase predomunates as opposed to hyaluronc 2cid and which have
never been asscctated with rheumautc fever. All of group A
stratns that are assocuated with rheumatic fever have a capsule
with a very high hyaluronic acid content

Meyer Group C, too

Gyorgy. They sull have

Meyer Hyaluronic acid.

Ragan There 1s an odd thing about the group A strain. They
produce hyaluronic acid and hyaluronidase. With aging of the
culture, proporticnately more hyaluronidase 1s produced.

Jones. All the contentions have been that it s a quantitauve
thing, no# that there 15 no hyaluromdase.

Meyer- Crawley has smd they are mutally exclusive.

Jones: 1 don’t think that is true I think most people don’c
agree with that.

Ragan What 15 produced depends primanly upon the age of
the culture.

Jones: Thac is what I want to know

Holbrook: This ~20 protem line, have you ever bad enough of
that to see whether or not the sulfate was antigemc?

Meyer: No We hope to do that and at the same time test the
organ specificsty of the ground substance. We plan to prepare the
mucoid from pig tendon, inject it into rabbits and reinject the
rabbit blood 1nto the pig We might obtain that way an organ-
specific serum similar to the nephrotoxic serum  We don’t know
whether the ground substances are organ-speaific. Do you know
any hterature on that subject besides the paper by Cavelt (10)?

Holbrook: Cavelt: has published a whole series of articles on
antibodies, as you know

Gyorgy The partually depolymerized hyaluronic acid 1n rheu-
matod arthritss 1s a very mmportant finding Dr Meyer, do you
have any explanation for 1t

Meyer- There are two possibfiues. The polysacchande 1s erther
enzymancally depolymerized or the synovial cells produce a less

!ughly polymerized, an immature, compound, so to speak There
is no evidence that 1n arthritis the acid 15 chemically any different
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from the normal, We favor the theory of the production of les
highly polymerized acid.

Ragan: Dr. Bauer, at the ACTH Conference in Chicago, re-
ported that he found a good clot, which means he found highly
polymerized hyaluronic actd while the patient was receiving
ACTH but when the hormone was stopped the polymerization
again decreased.
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ENZYMATICALLY MODIFIED OVALBUMINS

GERTRUDE E. PERLMANN
Depariment of Protem Chemistry
Rochefeller Institute for Medical Research

SEVERAL YEARS ago, while working in Dr Albert Fischer’s Insti-
tute 1n Copenhagen, I became interested 1n developing methods
which would make 1t feasible to modify a few characteristics of a
protein molecule 1n order to learn something about the structure
of these materials. The first attempt was a chermcal one and can
be compared with the histological staiming reactions discussed by
Dr. Angevine and Dr. Bennett yesterday. Dr. Hewnz Herrmann
and I studied the reaction of protems, 1e., ovalbumn, serum
alburmn, edestin, insulin and a few others, with precipitanng rea-
gents such as metaphosphoric acid, trichloroacetic acid, sulfosali-
cylic and picnic acids as well as certain dyes When these substances
are added to a protein solution, an msoluble, amorphous precips-
tate 1s formed In the case of metaphosphoric acid, the reagent
which was most th hly studied, the phosphorus content of
the precipitate equals the total number of positively charged
groups of the protem (1,2,3). If the protein s present 1n excess,
50 that only a few positively charged groups combine with meta-
phosphonc acid, ovalbunmn (4), serum albumin and edestin
(5) crystallize as metaphosphate complexes. Although it 1s thus
possible to alter an essential property of the protem, namely, the
solubility, without destroying its crystallizability, the reaction 1s
nonspecific and 1nvolves many different amino acid residues of
the molecule.

Some years later, T had the opportunity of collaborating with
Dr. Goebel, of the Rockefeller Insutute, in the study of another
chemmcal reaction. As discussed yesterday, 1t 1s generally assumed
by histologists that periodate 15 a specific reagent for carbohy-
drates Dr. Goebel, Dr. Olitzky and Dr. Saenz (6), however, had
shown that periodate destroyed the hiological activities of crystal-
line ribonuclease and the immune globulin of type IIT antipneu-
mococcus horse serum. In order to find out with which groups of
a protein this reagent reacts, crystalline bovine serum alburmin was
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subjected to the action of dilute lithium periodate (7). It was
found that destruction of the amino acids, cystine, cysteine,
tyrosine, and tryptophane occurs. Consequently, it is not surpris-
ing that this was accompanied by a change in the absorption
spectrum and 1n the electrophoretic behavior of the protein. Pro-
longed contact of bovine serum albumin with lithum periodate
destroys the ability to elicit antibody formation in experimental
arumals, Again one had to conclude that this oxidation methed,
at least, was nonspecific and too drastic.

Enzymatic methods were also considered This approach was
first suggested by Linderstrom-Lang (8) and tried experimentally
by Svedberg, Tisehus and therr collaborators (9,10,11). In the
work of the Swedish group, proteins were hydrolyzed with the
aid of enzymes such as papain and pepsin. In most cases, the
enzyme acted very rapidly and the end product consisted of a
mixture of peptides of an average molecular weight of 1,000 It
was shown later in this country by Peterman and Pappenheimer
(12) and Peterman (13) that f proteolysis is allowed to take
place at 2 pH value somewhat removed from that at which the
enzyme activity 1s a maximum, larger split products are formfd-
Some of these retain the biological activity of the original protein.

The experiments which I shall discuss now belong to this type
of approach. They have been carried out in close collaboration
with Professor K. Linderstrom-Lang of the Carlsberg Laboratory
and are based on a laboratory accident, To familiarize you with
the starting materral three electrophoretic patterns are reproduced
1n Frgure 20.

Pattern a represents egg white which is a muxture of several
protemns (14). From this mixture ovalbumin can be prepared by
ammonium sulfate precipitation. It can be readily crystallll_ed
but pattern b shows that crystalline ovalbumin is electrophoretic-
ally inhomogenous and consists of two components, A;, and Ax
respectively (15). Pattern ¢ of Figure 20 illustrates an observation
of MacPherson, Moore and Longsworth (16). They found t!m
on aging of a salt-free ovalbumin solution the slower moving
component A, had increased at the expense of the electrophoretic
component A,. :

In 1947, Linderstrom-Lang and Ottesen (17}, dux:mg an at-
tempt to recover ovalbumin from a salt-free, isoe!ecmc solut}on,
observed that the protein when* crystallized with ammomurri
sulfate appeared as beautiful rectangular plates instead of the usual
flat needles. Since this solution was six to eight months old,
Linderstrom-Lang raised the question of whether or not a relation
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Electrophoreuc Patterns of Eqgg White and Ovalbumn
in Sodium Phosphate Buffer of pH68 and 01u
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Ovalbumin
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FiurL 20 Electrophoresis was carnied out for 14100 seconds at
64 volts per cm

existed between their findings and the observation of MacPherson,
Moore and Longsworth (16) The preparation of the Damsh
workers was examuned electrophoretically at the Rockefeller Insti-
tute and the result suggested that the plate albumin was a new
proten which differed, in 1ts electrophoretic behavior, not only
from normal ovalbumin but also from the modification described
by MacPherson, Moore and Longsworth,

Linderstrom-Lang and Ottesen immediately considered the
question of bacternal contamnation as origin of this phenomenon
and tested their entire stoch of the salt-free ovalbumin solutions
that had been on hand for a year or two In the case of three of
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Electrophoretic patterns of ovalbumin and plakalbumin
m phosphate buffer of pH 68, o1

)
ascendmng —————f F—————— descending

FiGURF 21 * Electrophoresis was catried out for 9,900 seconds at
6 volts per cm

these the toluene which originally had been added as an antiseptic
had evaporated and the solutions were contaminated with bacteria.
The protemn of these three solutions crystallized as plates whereas
only needles could be recovered from the noninfected preparations.
The Danish workers thus concluded that a bacterial enzyme was
active in a reaction leading to 2 protein which crystallized as
plates (17). In order to test this hypothesis they added a crude
enzyme preparation from B. subtilis to freshly prepared ovalbumin
and found that within a few hours 95 percent of the protein was
transformed into a material that crystallized as plates in the pH
range from 5.0 to 5.5. They named this new protein “plakal-
bumin,” “plak” being derived from the Greek for plates. The
transformation involved a change in the crystal form, an increase
in the solubility and the liberation of one to two percent of the
total nitrogen as nonprotein nitrogen.

My work at the Rockefeller Institute consisted, in part, in 2
study of the electrophoretic behavior of plakalbumin (8.

In Figure 21 are shown the tracings of electrophoretic patterns
of ovalbumin before and after treatment with the bacterial en-
zyme. The full and dashed lines represent ovalbumin and plakal-
bumin, respectively. Under the experimental conditions in which

*Reprinted from J Am Chem Soc T3, 1146 (1345)
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Yiobilsties of Plokotbumin and Qualbuemn ns Function of pH
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potentsal gradient and time were kept constant, superposition of
the patterns permuts a direct comparison not only of the relanve
concentrations of the camponents, but also of thewr approximate
mobdities. It 15 chus clear that although the patterns are simtfar
mn thetwr appearance, the plakalbumin has a Jower mobihiey, v, than
1ts parene substance ovalbumun  The actual values ace —~5 9 X 10
and ~5.5 X 16 for the mamn components A, and P;, respectively,
and —4.3 X 10 and ~4.3 X 10* for the components Az and Ps.

Figure 22, a plor of the mobikty, u, as ordinate agamst the
PH as abscissa, sltustrates the elecerophoretic behavior of the pre-
domnant components of the two protemns over the pH range
from 3.0 to 2.0. From the refauve position of these curves i ss
apparent that the uoelectnne pHf values of the two protems are
different. Thus, ovalbumin 1 an acetate buffer of 0.1 iome
strength is soelectne ar pH 4.58 and plakalbumin at pH 472
Since there 15 considerable evidence for a constant propornonahty
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betwegn xpob:ht){ and the net charge of the protein jon {19,20),
the shift in the isoelectric pH which accompanics the A —>P
transformation was used to compute the change in the ner charge.
A value of ~2 was found, i.c., two negatively charged groups were
lost durmg the A —> P process,

While this work was mn progress, Eeg-Larsen, Linderstrom-
Lang, and Ottesen (21) identified the fragments that are lost in
the ovalbumin-plakalbumin trapsformation as two peptides, one
of which contans glycme, alanine and valine, the second glutamic
and aspartic actd. Thus the change in the net charge is in good
agreement with the chemical results of the Danish workers.

Since it was thus established thar plakalbumin differed electro-
phoretically not only from its parent substance, ovalbumin, but
also from the protein reported by MacPherson, Moore, and
Longsworth (16), further studies were directed towards an inves-
tigation of the type of reaction which would lead to the modifica-
ton observed by these workers. Several possibilities that presented
themselves as an explanation were soon ehminated. Thus the
increase of the A. component at the expense of A, was not 2
spontaneous reaction since sferdl¢, salt-free ovalbumin solutions
could be stored for one to two years at 3°C. without any change
in the electrophoretic pattern, Furthermore, the transformation
was not catalyzed by an enzyme originating from the egg White
itself. Such an enzyme would have passed a bacteriological filter
and thus could have acted on the protein,

1 then tested an unstertlized, salt-free ovalbumin solution which
had been stored ar room tempersture for four mouths, Super-
ficially the electrophoretic pattern (22) resembled that obtained
by MacPherson, Moore and Longsworth except that the protein
crystallized as plates and had a higher solubility than norma
ovalbumin. Dr. R. C. Lancefield of this Institute kindly tested
this material for bacterial contamination and found rod-shaped,
gram positive bactera to be the containment, probably B. ‘?'{,’“("-

Since the contaminment of this solution may have been a differ-
ent strain of B. subtdis than the one used by the Carlsberg group
in their preparation of the plakalbumin enzyme, the possibility
could not be excluded that these bacteria contained enzyme sys-
tems which catalyze 2 different type of protein transformation.
This point was tested in the following manner: a salt-free oval-
bumin solution of pH 4.9 was inoculated with the bacteria and
samples were analyzed after certain time intervals. The results are
summarized in Table IL.
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TABLE II

Bacterial Degradation of Ovalbumin

Tocubation]  Crysual % non-| Mg P
v o Concentranions of electrophoretic o | fer
daye campoacats i percenc nitrogen| @ N

Aj59|A-48| P55 | Byedd | Q36

0 Needles { 834 | 166 82,

14 Plates 841 | 159 12| 82
17 N 434 ) 415 ) 151 ) 157 | 5S4
20 T 297 | 523 | 180 | 211 | 514
26 ) ‘

161 | 572 | 267 | 377 | 41,
108 | 566 | 326 | 510 | 39,

The first column of this table wndicates the incubation period
at 37°C., the second the crystal form of the 1solated protemn, the
third the electrophoretic results. The electrophoretic mobilities
were used for the identification of the diff of the
muxtures and are listed as the headings on this column Column 4
and 5 give chemical data It 15 apparent from this table that no
changes occurred during the first 10 days. After 14 days, how-
ever, a transformation of A, and A, wnto P, and P, took place.
The change of crystal form, the liberation of 1.2 percent of the
total mtrogen as nonprotein mtrogen and no change in the phos-
phorus content indicated that this process was 1dentical with the
?1~>P transformation and the protein was pure plakalbumin

8, 23).

Further exposure of the protem to the bacteria resulted n
a) a decrease of the P, component, b) an increase of P, c) the
apperance of a slowly moving component, Q, 1n the pattern,
d) decrease in total protein and, most significantly, e) a decrease
m the phosphorus content of the protein. This suggested that the
degradation of ovalbumn with our stramn of B. subtslis mvolved
both proteolysis and dephosphorylation (25).

It had been shown by Sorensen and hus collaborators n 1926
that ovalburmin 1s a phosphorus-containing protein that can be
separated by stratified electrodialysis into a phosphorus-poor and
a phosphorus-rich fraction (24) In view of these facts and the
electrophorenc inhomogenerry later substantiated by Longsworth
(15), Linderstrom-Lang has pomnted out that the phosphorus
content of this protein does not correspond to an integral number
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of phosphorus atoms per mole of protein if a molecular weight of
44,000 15 assumed. Professor Linderstrom-Lang furthermore sug-
gested to me in 1947 thar the fast moving electrophoretic com-
ponent, Ay, should contain two atoms of phosphorus per mole of
protemn, the slower one, A., only one atom of phosphorus (23).
Thus, an ovalbumin preparation with an electrophoretic composi-
tion, as given in line 1 of Table 11, has a phosphorus content of:

2 3£ 0.834 - 0,166 = 1.8, atoms per mole.
The analytically determmed value of 8.29 mg phosphorus per
gm. of protein mtrogen corresponds to:

(8.29 X 6.94) /31 = 1.8; atoms per mole.
If now the assumption 1s made that P, of plakalbumin also con-
tains two atoms of phosphorus, P, one atom and Q no phosphorus,
a comparison of the values computed for this element with the aid
of the electrophoretic analysis and the chemically determined
value 1s given in Table III:

TABLE 1II

Comparison of the Phosphorus Content of Enzymatically
Alteted Albumin with Electrophoretic Analysis

Incubation Atoms phosphorus per 44,000 g protem
w370 C caloatated from
days ~ found pattern area
D) 185 18
14 185 18,
17 12, 12
20 11, 11
26 09, 08y
35 08, 07

Ay, Py contain 2 atoms P per mole protemn

Aa Py 1 atom

The agreement is excellent. .
This type of experiment did not, however, reveal the reaction

leading to the ovalbumin modification of MacPherson, Moore an

Longsworth (16). Consequently, the Ahypothes:s emerged that a
dephosphorylation process was the origin o_f the Ay =—> A, trans-
formation described by these authors. This was tested as follows:
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G Highly puntfied prostate phosphatase, kindly furnished by Dr.
erhard Schmudt, of the Boston Dispensary, was added to a
sale-free ovalbumm solution of pH 5.4. The electrophoretic
component, A,, was converted, with a loss of phosphorus into
component having the mobility of A, This protein cryseallizes
as needles and contains one atom of phosphorus per mole, Using
plykalbumln as the substrate, P, is transformed into a proten
with the mobility of P, that crystallizes as plates. In Figure 232
are superimposed the tracings of the electrophoretic patterns of
ovalbumin before and after treatment with prostate phosphatase,
whereas Figure 23b shows the patterns of plakalbumin before
and after dephosphorylation. The arrows in Figure 23b indicate
the boundary posttions that A, and A. would have if these proteins
were present,

If A., prepared by dephosphorylation of ovalbumin, is now
treated with the proteolytic enzyme from B. subtiis, about two
percent nonprotein mitrogen 1s hiberated. The resulting protein
crystalhizes as plates, contams one phosphorus atom per mole and
has the same mobility as P,

These results make 1t appear likely chat the ovalbumin modifica-
tion of MacPherson, Moore and Longsworth (16) represented a
partially dephesphorylated ovalbumin, whereas the modification
which I reported in 1948 (22) and which crystallized as plates
was dephosphorylated plakalbumin Preliminary experiments in
which a sale-free ovalbumn solution of pH 4.9 was inoculated
with B. subtdis, but to which toluene was added, indicate that
under such experimental conditions the proteolysis is depressed
and the dephosphorylation mechanism enhanced (26).

The dephosphorylation with prostate phosphatase is accom-
panied by the formation of about 0.2 to 0.4 percent of nonprotein
nitrogen. This may be due to the action of traces of proteclytic
enzymes present in the phosphatase preparations. However, at the
present time it cannot be excluded that an amino acid is liberated,
i.e., that part of the phosphate in ovalt p a nitrogen-
phosphorus linkage.

1f preparations of A» and Po, respectively, are treated with an
intestinal phosphatase, further dephosphorylation occurs which is
accompanted by the appearance of a slower moving component

s and Py, respectively, in the electrophoretic pattern of the
proteins, It has not been possible yet to prepare pure A; or P, but
chemical analyses of several mixtures indicate clearly that A, does
not contain phosphorus. From these results the scheme presented

in Figure 24 emerges.
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As can be seen, with the salection of only three enzymes, five
different ovalbumin emodifications can be obtamed They all are
crystafhizable, differing 1n their electrophorenc properues and in
some of their chemical characterstics. Moreover, st can be con-
cluded that 2 difference in the chemical nature of the two phos-
phorus groups of ovalb exsts (27).

In conclusion 1t should be posnted out that such enzymatic
methads which induce rumnute changes in a protesn molecule may
also prove to be of value in altering the solubibiy of so-called
structural protems, hke collagen and elastin, and thus make 1t
possible 1o investigare thetr chenneal properues

Jounes Did you use the second preparation, the one with one

hosphorus, with subtihs enzyme?

Perlmann. Yes, I have done that too

Fremont-Smuth. Does that change

Perlmann Yes, wt changes. ¥ will come o thar laver.

Mirsky. Dr. Peslmann, { have a block right now on the names
of the workers w the ficd. Were there not reports 1n which a
dephosphorylatng proteolytzc enzyme has been reported writh
reference to sea urchin eggs, or frogs’ eggs®

Perlitanie Reports 1n the hterature state that phosphatases
prepared from marumalian tssue do not dephosphoryfate phos-
phoprotemns. Phosphoprotein phosphatases were demanstrated 1n
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citrus frue by Axelrod and in frogs® eggs by Hatris. The enzyme
preparation described by Harris and the more recent one of
Feinstemn contain proteolytic enzymes as impurities. In our work
we wanted to be able to rule our proteolytic activity and therefore
used Dr. Schrudt’s preparations.

M{r:ky.: When you say “phosphatase” have you any specific
ones in mind?

Perlmann: Both the prostate enzyme and the intestinal phos-
phatase are rather unspecific and hydrolyze a great number of
monophosphate esters. Schmudt has also shown that the intestinal
enzyme dephosphorylates disphosphate esters and pyrophosphate,

. Dempsey: What pH was used with the phosphatase prepara-
tions, both prostatic and intestinal?

Perlmann: The prostate phosphatase has an activity optimum
at pH 5.4. This is very fortunate in our case since this 1s the pH
range in which ovalbumin is most stable. The activity optimum
of the intestinal enzyme in case of low molecular weight sub-
strates is at pH 9.0. This enzyme, however, dephosphorylates
ovalbumin, both at pH 9.0 and at pH 5.4.

Meyer: Do you have any information as to whether the phos-
phate 1s bound on serme or another hydroxyamino acid?

Perlmann: We do not have any information yet whether or not
the phosphate is bound to a hydroxyamino acid.

Meyer- Does the enzyme not act on casein?

Perlmann: According to Dr. Gerhard Schmide these enzymes
do not dephosphorylate casein; casein contains serinephosphate.
However, we certainly do not want to rule out the occurrence of

erinephosphate in ovalbumin. Seri; e may be respon-
sible for part of the phosphorus content.

Mirsky: The enzymes that you have tested do not act on casein?

Perlmann: No.

Jones: What does the enzyme do to the original preparation?

Perlmann: If intestinal phosphatase is added to ovalbumin,
dephosphorylation occurs very rapidly until 46 percent of the
total phosphorus is set free. At this point A, has been transformed
to A.. Dephosphorylation continues, but at 2 much slower rate.
In the plakalbumin formation, the phosphorus content of the
protein remasns unchanged. During the A —> P transformation,
aspartic and glutamic acid are liberated. The change of the
electrophoretic mobility 15 adequately explained by the loss of
these two amino acids.

Ragan: A, has one phosphate?

Perlmann: Yes.
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A ine: At what temperature are these carned our?

Permann: The reactions are carried out at 37°C. However,
both the proteclytic reaction with the enzyme from B. subtiss as
well as the dephosphorylation will also proceed ac fawer tempera-
wure, i, at icebox temperature,

Gyorgy: It contains two enzymes, prateatync and phosphazase?

Perlmans; In the degrad of ovalbumin with B subtdes,
at least three diff P could be d rated: a2} a
specific proteolysic enzyme which causes the A —> P transfor-
mation, b) a2 dephosphorylanion, ¢} 2 proteolynic process which
degrades the proteins molecules to small peprades.

Gyargy: 1 understand that you always use pH 5.32

Petlmann: We chose pH 5.3 mainly 10 averd protein denat-
wration,

Fremont-Smith | cannot help saymg that this confirms some
of the sremarks I made at the begiaming to the effece thar n
additon 1o logic there are romantic and acadental aspects to
science, Also 1t reaffirms the statement—I have forgotten wheo
made it~thav chance favors the prepared muind. I think ths has
been really one of the most thrdhng and excying presentations
because we begin to deaf with the kind of thing in the sense that
Szent-Gyorgys was tatking about yesterday, ceactung a level where
you can modify piece by piece the protein molecule. Isn't chat
what we are seeing 1n this controfled way?

Angevine: It 15 also mteresting 1n this connection that phos-
phatase 15 the only enzyme that has been demonstrated histologic-
ally un fibroblasts,

Meyer This may be 2 pure acerdent of methodology, that a
tustochemcal method was developed for this enzyme.

Perlmann: We consider these proten transformations as more
gentle reactions than the chemcally induced reactiony usnally
applied 10 protein chemstry.

Fresmont-Smith: You mean gentle with respect to certam
groups?

Mirsky. Dr Perfmann, have you any sdeas as to its characrer?

suppose that 1f you had, you would have told us about the
proteolyuc enzyme involved m ¢ . Suppose you took a
tryptic reaction and stopped 1t rapidly?

Perlprann Teypsmn added to ovalbumm does not catalyze the
AP transformation. Trypsin attacks only denatured oval-
bumin, and the denatured protemn «» then degraded to peptides.

Mirsky, T thie a question of stopping tt or a question of
speerficiey?
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Perlmann: The proteolytic enzyme from B. subtdis which
causes the A ~—> P transformation is a specific enzyme.

Meyer: What is the reason to assume it js a proteolytic enzyme?
This assumes too much, 1t appears to me. It could also be an
esterase, for example. Are the linkages in protein all peptide bonds®
The second question 1s: How can we picture that one can spht off
a considerable number of ammno acids without changing the speci-
ficity oif the protemn molecule? Does 1t mean that these six groups
are not in the main or repeating unit?

Perlmann- 1 cannot answer Dr. Meyer’s questions. It has been
mmpossible to demonstrate end groups of peptide chains n the
ovalbumin molecule. One thus could conceive that ovalbumin
contains several peptide chains, but that these peptide chains are
held vogether by small peptides of a size similar to those hiberated
during the A—>P transformation, Thus far, no end group
determinations have been carried out on plakalbumin and on the
dephosphorylated proteins. The fact that ovalbumin and plakal-
bumin cannot be distinguished i logically only indi
that during the A ~> P transformation the centers of the mole-
cule responsible for the antigenicity are not attacked

MacLeod. Don’t you think with respect to immunological
reactions that you should construct quantitative antigen-antibody
curves to see 1f the shape 1s different? This might indicate differ-
ences which would not appear by absorption.

Perlmann: Quantitative precipitin reactions certanly should
be done; however, I feel that our antigens should be purer than
the proteins which we have available at the moment.

Ragan: Dr. MacLeod, has it frequently been found that you
can change the electrophoretic properties of a protein without
changing 1ts immunological properties?

MacLeod: The only previous observation which I know about
1s the A, and A, which I think some time ago were shown to be
immunologically similar. Is that true, Dr. Perlmann?

Perlmann: Dr. Landsteiner did not observe immunological
differences between the electrophoretically separated A; and A,
components of ovalbumin. Of course, in the case of bovine serum
albumin which was treated with lithium periodate, we observed a
change 1 the electrophoretic behavior as well as in immunological
characteristics.

Meyer: | beheve Maurer and Heidelberger just reported at the
Federation Meeting that you can partially deaminate crystalline
egg albumin without mnfl ing the i logical properties
If you remove 2 phosphate group, you must get a change in
electrophoretic properties
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Perfmann: Yo indicates that the phosphate groups of ovalbumm
have 2 greater mnfh on the dectrophoretic mobihty than a
free ammo group.

Fromont-Smutly We have relauvity m antigemseaty, do we nov?
Also we have the fact that ant I nigh be-
comes attached fo cereamn areas of a proten malecule, but s not
determined by the specificaty of the protan, you can change the
protein 5o 1t 1s a different proten, provided you don’t delocate
a certain part of the molecule, and mawtan your anugenicny?
Is thay nghe?

Perdmanu: Yes.

Jones- Tt is gentle.

Demprey: May 1 ask 2 question about techmque® What land
of methods does ane use to deternune the end groups of protein?

Perlmann 1 am referring to a method developed by Sanger
England and published 10 the Brochenuseal Journal

Dempsey: So they are essentally destructive methods with the
identification of the products®

Perlyany- Degradation methods

Mesky Sanger's msulin,

Perlmann+ Most of Sanger’s work 15 on wsultn  However, he
alse tried hus end group deternunation on ovalbumin

Holbrook- 1 thought 1 further discussion of the prosesn chem-
sty of connective tissue that what I have to say mmght ingerfere
with Dr, Ragan’s topsc but he assuses me that that 1 not so

e became snterested a number of years ago in ammno aod
smesabolism of connective tssue disease and selected rhewmatond
arthritis 25 a likely one to study. Tt was sefected for many reasons,
00 numerous 10 meation, as & possible indication of a disorder 1n
trmsic metabolisma thar mught be related to these diseases of
conrectve ussue, Figure 25 slustrates some of our prebmnary
observatians an the relationship of hsstidine uninary excretion to
theumatoid artheitts. Te will be nored that pateents with rheuma-
tod archrins have a definrely lower 24-hour excreuon than
normals, We had found that pateeats wich cheumarord acthricss
1 remussion from pregnancy alse had extremely high levels even

# compared to normal p One patient 10 jaundice
remission had also shown a markedly elevated level with hisicine
exceetion, Patwnts wieh acove ol d arthritrs were b

1z¢d on metabolic control, careful control levels of histidine exere-
ton were determuned, and thes cortisane or ACTH admumistered,
with hutidine excretion followed through the course of the
reraan, Az yau wilt note, there were striling mcreases s
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unnary histidine excretion whea remussion of the disease was
produced either with cortisone or ACTH. Sixty patients with
rheumatoid arthritis have been studied in the hospital under
metabolic control with exactly similar findings to the parcial
results charted in Figure 25, The number of pregnancy rermussions
studied 15 now greater burt the figures closely parallel those shown
i Figure 25. There have been changes in some of the other amino
acids; we began by studying 17 but have more recently limured
our studies to 8. Histidine 15 used because the magnitude of the
curve is greater than with the other amuno acids, Interesting
findings were also observed with lysine, argimne, threomne and
cyrosine. These, however, have not shown the umformuy in
assaciation with remission by coruisone, and by ACTH, 1n jaundice
and in pregnancy thae histdine has. So far as we know, these
studies on amino acids in cheumacotd arthritis are entirely new.

We are niot 2t all sure whether chese hustudine changes are related
in any way to the remussion factor or not. It remains that they
do veeur with remission and do not aceur without remission.

Mirsky: 1 presume thae this data of excretion per 24 hours 15
related to constant intake?

Holbrook: Yes, metabolic contral, all of this. The strdang
thing that you see there 15 that whenever a patient undergoes 2
remission of hus disease there 15 2 striking incresse i hrsudime
excretion.

Fremont-Smsth: The sncrease carries above the normal i every
case?

Holbrook: Yes.

Ragan: Does that apply to remissions other than those assocsated
with jaundice and pregnancy?®

Holbrook: Yes, 5t applies to remissions achieved with corusone
and ACTH. Gold remussions are more difficult 1o study. Adequate
metabolic controls on patients treated with gold are almost wn~
possible to obain. Patients who had had remissions on gold or
who have obtairied spontancous remissions return to the normal
level or exceed 1t. We have no metabolic controls ou gold remes-
0ns,

Figure 26 sflustrates the type and shape of the curve and
something of its magmtude. The histidine excretion curve with
ACTH remission 15 of considerable magnitude and reasonably
constanit. We have tricd a large number of substances followmng
the control period 1n an attempt to produce this curve—antihis-
taminics, testosterone, artsene, ATP, adrenaline, thyroid, ascorbic
#¢id, and vanious combunations, To date we have been unable to
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produce this curve with any of these substances.

Jones* What dosage?

Holbrook- Testosterone in 100-300 mg. daily. Is there anything
else you want to know on dosage?

Jones+ Of ascorbic acid.

Holbrook: Ascorbic acid, up to 10 gm., both intravenously
and orally, all variations of dose. The curves have been flat 1n
every instance—there has been nochmg more than a plus or minus
10 percent. We have also tried amino acid feedings. For a long
time we have been laboring under the impression that these
curves must be related to diet and to intake, but on treatment
day we have started 50 to 100 gm. of hydrolysated protein in
addition to the basal diet and never been able to produce anything
like this type of curve. There has been a 10 percent increase,
perhapsup to 1§ percent. Fifteen percent I believe was the highest
increase we had on amino acid fecdmg

Smith. Genuine remissi
Holbrook: No, that is the next point to bring up. In none of
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these instances has there been anything approaching a clinical
remission. In one instance a remission occurred withour ths
curve. That was a woman who was heavily pretreated with
thyroid and ascorbic acid, and throughout the treatment peniod
was given thyroid, ascorbic 2cid, and ACTH. We later deter-
mined that ascorbic acid has 3 tendency to depress the curve. This
may be the explzn{n'on for the single exception of a remusson

thing that T can say is that in our expecience so fac it has never
occurred except with remussion, and that it has faled to occur
only once with remission 1n the case which I rold you about.

Mursky: Does it precede or follow remussion?

Holbrook: It happens about the thid day. It 15 simultaneous
with remission,

Mirsky: In other words, the clinictan records the chnycal find-
ings every day, and on the third day he sces that there s a change,
namely, the patient is improving,

Holbrook: That 1s rght

Mirsky: Simultaneously, if you give both you find 1t on the
thied day?

Holbrook: Thete may be a day's vartation

Mirsky: Which way did the vaniations go®

Holbrook 1 cannot answer that I am not sure

Ragan+ Does the rise take longer with cortisone than with
ACTH?

Helbrook: It ss slower. It reaches 1ts peak about the sixth or
seventh day,

Meyer- s 1t correlared to the sedimentatson rare?

Mote: May 1 interrupt? 1 recall that Bram Rose in hus sensi-
uvity studies abserved a marked excretion of histidine during

admumstration 1n cases that went into remussion (28).

Holbrook- He did some on asthma. That is the only thing 1
know of that has been reported. The question ss* Is this 2 part of
the remission factor? 1 don't know excepr that we have been
able 1o produce remission wich aur small doses in certain cases of
bona fide rheumatoid artheitis, without producing any of the
other measurable effects that we know how to measure. For
mstance, we have been able ta produce requssion in two patients
with totally negative Thorne's tests repeated on as hictle as 30 mg.
of ACTH a day Two of those patients receiving 10 mg. a day
achieved 100 percent remissian with 2 steadily rrsing cosmophil
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count. Several patients have achieved 100 percent remission with-
out the shghtest effect upon the sedimentation rate. Others have
had dramatic drops in sedimentation rate with less than the
average amount of clinical remission. ‘There is no measurable
change in blood pressure, weight, blood sugar levels, sugar toler-
ance tests, urine sugars and hypertension. It is conceivable that
this 15 only a more sensitive physiological effect of some unknown
substance, and has no relationship at all to the remission factor.
On the other hand, with such kittle data as we have in pregnancy
and jaundice with gold (though I would not like to report that)
and with ACTH and cortisone, 1t suggests at least the possibility
that somewhere in the basic mechanism the amino acids play some
role, particularly these four that I have mentioned, in the mechan-
ism of remission. I think that is all T have to say.

Fremont-Smuth: Histidine—

Holbrook: Histidine, lysine, threonine, and tyrosne. Some
of the others show small vanations, plus or minus. The histidine
has been by all odds the most constant curve, the most character-
istic curve, and of the greatest magnitude. That is the reason
T used it.

Mote: Could the histidine excretion be some reflection of his-
tammne mechanism?

Holbrook: We have considered it.

Mote: In the light of Bram Rose’s work?

Holbrook: 1f one wants to make the simple assumption that
rheumatoid arthritis 15 nothing but chronic histamine poisoning,
then the simple relationship of histidine to histamine in decar-
boxylation would be a wonderful explanation. It is so simple that
1t cannot possibly be true.

Meyer: Why should you then have the others?

Mirsky- That’s the whole point.

Holbrook: 1 don’t know. The others do not show anything
like these percentages. These percentages that we see in histidine
run 200 or 300 percent. It is not a matter of plotting a statistical
curve. It is very real and it is of a large magnitude.

Mote: The asthamtics run up at least that high and higher. I
am just mnterjecting this as food for thought.

Holbrook: We don’t know anything about this curve in other
diseases. We have done 2 few but have not enough on which to
make any report at all.

Travell: What other diseases?

Holbrook: We have played with asthma, we have played with
Sjogren’s syndrome, we have played with infectious hepatitis, we
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have played with various skin reactions, we have played with
gold reactions—and interestingly enough ACTH abolishes the gold
toxicity immediately—with curves that look something like this,
but we have not enough of any one of the other diseases to offer
an opinion as to whether or not these curves are the same.

Bennett: Has it been tried on patients with dissemumnated lupus
or with rheumatic fever?

Holbrook: One patient with lupus was studied with a curve
very much like this, but still it 15 not enough to say that this is
the curvé.

Fremont-Smith: Any remussion?

Holbrook: A temporary remission.

Meyer: How many milhgrams of histidine or mole excretion
per day does that represent?

Holbrook: That is the 24-hour

Meyer: The maximal in the average case?

Holbrook- That is each 24-hour unne collected, and the total
amount of histidine.

Meyer: That is roughly—

Gyorgy: One hundred and thirty mulligrams 1s the normal.

Holbrook: Rheumatoids run about 68 mg , normals run around
100 mg, pregnancics run up to 600 mg Those figures are exact
figures but are not on there because—

Jones: 1did not get what you said. 1 think you covered it, but
you talked about the one exception.

Holbrook: One woman experienced a remussion who had been
pretreated with thyroid.

Jores: And ascorbic ad. Have you any data on naturally
occurring remissions without any therapy?

Holbrook: Do you know how hard that would be to ger m
hospirals?

Jones* Tt is important,

Holbrook: 1 have done estimations on them

Jones: Tsull think that 15 important,

Holbrook: e have done estimations on them but there has

2 no continuity of study and no metabolic control. It is pos-
sble now, since we believe that intake 15 not so important n
gﬂecring this curve, that we may be able to get some further
information on spontaneous remissions

Joness The reason 1 asked this was that the whole enzyme
system may be altered by these substances Asnde from the effect
on decszoxylanon of histidine, we yust heard about, we have the

feport of Hamburger who reported that glucuromdase is excreted
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in increased amounts early by those rheumatoids who show an
effect from ACTH and cortisone. Idon’t know what the meaning
of thus is.

Holbrook: Ths story is simply presented as new information
to stmulate thinking and further work with regard to the amuno
acids . the problem of connective tissues, No conclusions can as
yet be drawn.

Mofe: T sull think you have an intriguing point there, that
here you have some patients you put on tremendous doses of
hydrolysate, with plenty of amino acids, yet only specific situa-
tions 1n which you get this increased excretion, Furthermore, the
other thing that sull intrigues me is that the asthmatics and
hypersensitivity patients do the same thing in an even more exag-
gerated form.

Mirsky. In what respect? Low to begin with?

Mote. 1 don’t recall the details of how low, but they went up
to 1,000 mg. and more 2 day excretton,

Mirsky- After administration of cortisone,

Meyer: Some rather large changes in some proteins must take
place, for example, in the protemn fractions responsible for the
sedimentation rate, If these proteins, which apparently are poured
out 1nto the circulation 1 the arthnitic patient, no longer appear,
are they broken down or are they no longer produced? In aller-
gies, in asthmatics for example, do the eosinophils break down?

Holbrook: They don’t always. You may have a remission with
a rising eosinophil count.

Mote: Where does that all fit into histamine?

Holbrook: Dr. Meyer 1s quite familiar with this. He spent a
couple of weeks with us and saw all of this work. I think I may
say one more word, and then I will stop. This occurs whether
the pattent is 1n negative or positive nitrogen balance. It occurs
whether you give huge doses of testosterone and high amounts of
amino acid feeding, or whether you institute a starvation regtmen.
It went on constantly negative. As far as we can tell the curves
don’t vary appreciably from starvation or posttive nitrogen bal-
ance 1f remission accurs.

Gyorgy: 1 would like to add a few remarks. First of all, we
may be mistaken if we relate increased excretion of ammno acids
to disturbed protein metabolism. It is much more probable that
the kidney as excretory organ is involved in the finding observed.

Holbrook: Very probably.
Gyorgy: Perhaps the renal threshold is lowered. The blood level
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is only very stightly increased, about 20 percent, if I interpreted
your chart correctly.

Holbrook: But statistically this change 15 significant.

Gyorgy: I am, however, not quite convinced that the method
wed is sensitive enough with regard to a 20 percent increase.

Holbrook, ‘That is nght.

Gyorgy: In addition to the kidney, perhaps the liver should
also be taken into consideration in explaiming Dr. Holbrook’s
findings.

Holbrook: We have done one study on the kidneys. May I tell
you about that? 'We have done one patient with combined rheu-
matoid arthntis and rather severe chronic nephritis, runming a
blood urea mitrogen of around 40 constantly, fairly 1n equilibrium,
neither gerting worse nor better, and 1n that instance the P.S.P
was markedly decreased, and the P.S.P decreased further instead
of increasing following the ACTH admmstration  However, the
amino acid curve increased just the same when he got his remis-
sion That is about all I know about the retationship of the kidney
to this problem

Gyorgy. 1 don’t mean that you could correlate it with the
usual pathologic conditions of the kidneys, such as nephntis,
nephrosclerosis, etc. I was thinking of the work of Dent (29)
and of ourselves on cystinuria (30). Here amino aciduria hmited
1o cystine, lysine and arginme occurs, probably due to a functional
whular disturbance. The intermediary proten metabolsm as
such may not be involved 1n this process at all.

Mursky: If this 15 due to a kidney change, the reabsorptive
capacity does not appear to be involved.

Holbrook: There is the renal possibility.

Mxr:ky: If 1t were, it would not explain why 1t does not occur
1 situations other than those associated with remussion.

Gsorgy: Why not? That is what Dr. Holbrook found That
15 3 very important finding. I am not questioming the importance
of 1t; T'am questioning only the explanation,

Holbrook. That 1s right.

Mirsky: Y am too, at the moment. If ths is a question of the
Tm of the Kidney, or a question of some specific synthesss, I
€annot understand why 1t should not occur i an organism when
8iven an excess, to a nonrheumatoid 1ndividual
. Gyorgy George Thorn has very clearly demonstrated the
mportance of adrenal cortex to renal function.

Meyer The total amount prabably 1s very small
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Gyorgy: 1 have the feeling, if I were to put my penny on a bet,
1t is a renal disturbance. '

Meyer: Why don’t you have an elevated blood concentration?

Gyorgy: You don’t have with the renal. You may have 2
glycosuna and have low blood sugar values.

Mirsky: 1 am talking about tubular function.

Gyorgy: Yes.

Mirsky: The reason I am thinking in that direction is that we
know, for instance, that cortisone and ACTH affect the reab-
sorptive capacity of the kidney very early. Recently we obtained
some evidence that the absorption of glucose after ingestion is
influenced by cortisone and ACTH. But what disturbs me 15
T would expect the same phenomenor to occur in the individual
who does not have rheumatoid arthritis and also in the one with
rheumatoid arthnitis who does not develop a remission.

Mote. John Browne and Bram Rose did a number on some
normals and did note as I recall, some shift (31), The thing that
struck them was the magnitude of the shift in the asthmatic
pla(;ncularly. They felt 1t was beyond the expected renal thresh-
old.

Gyorgy: Both kidney and liver, I would say. They are hnked
so closely together.

Mirsky. The mmportant thing to understand, is whether we are
dealing with a catabolic phenomenon, ie, increased proteolysis,
or are we dealing with cessation of synthesis, or is it a combination
of both?

Ragan. If you can answer that you have answered a very
fundamental question.

Marsky: 1 like to ask fundamental questions.

Holbrook. That 1s the way we get started on this.

Dempsey: Is histidine excretion i dinp imals?
Because 1f it is, one has an experimental situation in which the
liver can be removed, the kidney altered, and so on. One could
study the physiological mechanism whereby this elevation of
histidine is brought about, One might find out whether it is
caused by an increased protein breakdown under the influence
of adrenal hormones, or whether there is a decarboxylation and so
forth.

Fremont-Smith: Could you do a histidine clearance before and
after ACTH and see whether you could demonstrate a change
in renal threshold?

Holbrook: We have some tolerance studies set up that we are
playing with but we have nothing to report yet.
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Ragan: I might say the pregnancy remission is probably due to
ACTH, because Dr. Jaler at Columbia has shown recently that
the placenta is a very potent source of ACTH-hke material,

Dempsey. Along that line Venning has shown that the adrenal
corticoids are raised during pregnancy (32). I remember asking
last might whether ACTH in a normal individual gave this
elevation.

Holbrook: About 25 percent roughly.

Dempsey: So I thought 1t would probably be easier to get at 1t
;xpenmental[y in a pregnant animal than to try to alter 1t in the

uman,

Ragan: With large doses of ACTH, do you approximate the
pregnancy level?

olbrook. We have attempted to determine whether there 15
a direct quantitative relationship 1n the histidine curve to the
size of the dose. There appears to be 2 somewhat rough quantita~
tive relationship. We have worked, however, very little with
high doses so that we have msufficient data to be certain on this
point. Tt does, however, appear that in those where there was an
abrupt and dramatic remission of the disease, the histidine curve
appeared to be higher, Much more work will be needed to deter-
mune the relationship of the quantitative response to larger doses
of ACTH as compared to the histidine response on dramatic
remission.

Harrower; You had a group of normal panents who had the
same disease, what constitutes normality? How do they differ

rom the control group?

Holbrook: It was sumply that so far as we knew the people had
no Comg]aints, and were people who had been examined, chest
P

L . to do the study, when we
found they were normal, but théy may not have been normal.
Dr. Harrower, 1 would readily admit that but they didn’t have
any known disease.

Harrower No one group characteristic?

Holbrook: T think 1t 1s fair to say the number of normals was
small. We will have to do a good many more normals before we
€an say without any question that their curves are definitely lower
than this,

Mirsky: In view of our present knowledge we could assume
that with increased corticond secretion there would be an increase

in protein catabolism and increased proteolysss, A release of amino
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actds for gluconeogenests and incidentally for excretion. So, it 15
not farfetched to expect this type of response to the administra-
tion of ACTH or cortisone. But I would expect it to occur in
patients who have no disease. These observations are exciting
because they suggest a specific biochemical derangement in 2
patient with rheumatoid arthritis.

Holbrook: 1 am not sure it is specific. I said that very plainly.

Mirsky: By “specific” I don’t mean a different disease. Hitherto,
there has been no evidence of adrenal insufficiency.

Gyorgy: Marrion recently published a paper 1n which he states
that pregnanediol excretion is increased in rheumatoid arthritis
which may agam lead to the liver as the disturbed organ (33).
You probably have seen that.

Ragan: He did not specify whether the patients were on sali-
cylates. You will find an increase in glucuronic acid excretion
if salicylates have been admunistered.

Meyer: The difference between the normal and the rhepmatoid
from the figures I jotted down is an average of 130 mg. per 24
hours to approximately 70 mg. 1 the latter. .

Holbrook: Right.

Meyer Do you know whether chronic starvation has any effect?

Holbrook. 1 do not believe that chromc starvation will have
any direct influence on this curve as some of the patients were
markedly malnourished.

Mursky- Irrespective—

Holbrook: We have done no starvation studies.

Mirsky 1 am referrmg to rheumatoid arthritis responding
differently to ACTH and showing some biochemical disturbance
and, mn the collagen diseases, responding differently.

Holbrook: It is not fair to say that yet. I would Iike ro make
that pomnt. We have not investigated enough other diseases to
know whether that happens i other diseases. It is not fair to
say that yet.

Mirsky. As related to controls. .

Mote. You still have Bram Rose’s reports on hypersensitivity
diseases.

Mirsky. Another related disease.

Holbrook: Maybe a whole group of diseases 1s involved.

Gyorgy: Has anybody done any chromatography?

Holbrook: We tried 1t at the Umversity and felt that our
quantitative relationships were not good.

Gyorgy Not for quantitative data?
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Holfrook: Quantitatively. We did only a few studies but were
not impressed with their accuracy.

Gyorgy. Are there unusual amino acids which were excreted
s peptides?

Holbrook: There was nothung different and not a quannrtative
relationship. N

Ragan: Have you had any rheumatoids to whom you have
given a high protein diet? Does that raise their hisudine excretion
toward normat?

Holbrook: It does not. Neither does feeding them proten
hydrolysates at that time raise it.

Ragan- Before treatment?

Holbrook: No, we have tried that,

AMofe: What about your couple of arthritics, where you had
to go to 2 high dosage and did nor get much n the way of
remission?

Holbrook. One patient on a high dosage secured measurable
remission. She was, however, a psychological problem and demed
any improvement whatever.

Travell- Did you get a curve in that patient?

Holbrook- Yes, we secured a curve in the presence of objective
clical impr and in the of the pauent’s loud
demal that she had improved. She did, however, develop some
toxic manifestations which may have played a role. She developed

ema, hypertension, and mental anxtety,

Travell: Did she show a change 1 the histidine excrenon, or
was that not studied?

Holbrook: Yes, the swelling disappeared and she had all of the
things you can measure as remussion physically. 1 cannot give
you that figure,

Mirsky: High, low, normal?

Holbrook: Medium. We have used lately some fow sodium
diets on our longterm maintenance cases which 1 have not dis-
cusied here because 1t has nothing to do with the chemustry we
ace talking about but all these metabolic studies did not have
either 3 low or high sodwm intake I cannot give you that.

Fremont-Smith: The patsent you had to push up to 100 mg.

aly before you got the remussion?

Holbrook: Some patients can be pushed up on thar dosage
and some cannot, It was sne of our carly cases and T believe we
Bave her excessive amounts of ACTH. .

Fremont-Suuth. 1 thought you mentioned another patient

Holbronk: On cortisone.
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Fremont-Suth: In that one was there a delay in the histidime
curve corresponding to remission?

Holbrook: That is correct.

Fremont-Snuth: So 1t was only when you reached the high
dosage, that you obtained the remission and the curve?

Holbrook: 1did not get 1t until the eleventh day.

Eremont-Smith- 1 think that is a very significant correlation

Mirsky: The mmportant thing is that one could utiize this
technique to find therapeutically effective dose and not go beyond

Holbrook: When you have thousands of test tubes it is not 2
very practical way to do it.

Mirsky: Fhstidine may be measured by other methods. That
becomes purely a technical problem. If the histidine response
becomes a criterion of therapeutic effectiveness rather than 2
criterion of response to a specific drug then it will be most useful.

Fremont-Smuth: The maximum needed for therapy.

Holbrook: 1 am much more interested in where the amino

acid>s come from. Can anybody help us in trying to find that
out!?
Gyorgy: Dent has an ingenious hypothess regarding the simul-
taneous presence of cystine, lysine and arginine in the urine of
patients with cystinuria, He assumes thiat amino acids are phos-
phorylated before or during tubular reabsorption. There is a
distinct steric similarity between cystine, arginine and lysine, all
three being dianuno acids. The molecular distance between the
amino groups, expressed m Angstrom units, must be not too
different in these three amino acids. This may explain the selective
difficulty in phosphorylation for these compounds, Thus, in final
analysis, this specific type of amino aciduria could rightly be
considered as of renal origin. Whether similar considerations
should apply to the amino aciduria seen after administration of
ACTH, cortisone or in other conditions of increased adrenal
COl’tlca] action remzins to be seen.,

Mursky: Dr. Holbrook’s data would suggest 1t is not merely a
question of reabsorptive capacity of the renal tubules.

Gydrgy: We don’t know. In cystinuria it is either excretion
or reabsorption.

Mirsky. Not intraglomerular, tubular.

Gyorgy. Tubular.

Mirsky: Specific excretion.

Holbrook: How do you spell the name? )

Gydrgy: Charles E. Dent, London University College of Medi-
cine. 1don’t think he has ever published hus theory. The summary
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given by me is based on personal communication.

Mirsks: In most of the increased aming acidurias we are dealing
with disturbance in reabsorptive mechanisms, aren’t we?

Gjorgy: We don’t know, but very probably, yes

Mtrsky. Not glomerular?

Gydrgy. No.

Ragan: In the Fanconi syndrome the problem 15 one of reab-
sorption.

Mirsky: T was thinking chiefly about the reabsorption because
when an hydrolysate is given, as by Dr Gydrgy, essentially a
clearance test is being performed.

Gyorgy> Not necessarily. It may not reach the blood Yt may
be filtered off in the liver.

Ragan. We have tatked about increased protem catabolism
:Ml we have is Kinsell’s work on $-35 methiomne sncorporated
L“‘O proten (34). All work using'excretm"n as eandench f‘m\s to

whether i d t or 15
the primary effect.
Meyer, A ing that the sed on rate 1s caused by

certain proteins and it drops rather fast—in three days—what
1ppens to these proteins®

¢ total amount of protein presumably would be small,
caleulated from the histidine excreted, The difference between
130 to 70 mg., which is 60 mg., and the difference of 200 to 70
mg for the cortisone treated rheumatoids in 24 hours 1s 130 mg.
in 24 hours, Assuming a histidine concentration of 6 percent to
8 petcent as an average figure for proteins, then the difference
f 60 mg. between normal and arthritic would be about 500 mg.
of protemn and the dyfference berween the rheumatic and the
sreated theumatic would correspond to about 1.2 gm. of protein.

at 15 not much,

Mofe: Tn my estimation much of this effect is occurring at what
Tcall 4 cellufar level, and when you stimulate the adrenal gland
In some of these syndromes, it still intrigues me as to whether or
not histamine is involved in this whole problem, and if so, where
#nd what the relation of that is to histidine excretion

Holbrook: T have not done histamine levels.

Eremont-Smith. Can you get 1 labelled histidine?

Teyer: Sure! 3

Fremont-Smith: 1f you were to feed it, would it remain
libelled> Tf it were incorporated in protein could you feed
labelled histidine to these patients beforchand and get a remission
Vith ACTH and see whether your labelled histidine came out?
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Would that tell you that it was broken down?

Meyer: It depends how you labelled it.

Fremont-Smuth: If you could label 1t in the right way.

Meyer- In patients the only way you could label it would be
with heavy mitrogen. If you labelled histidine 1n the imidazole
ring, you could see whether 1t is incorporated into the protem.
From 1solated protemn fractions, you would have to isolate the
mmidazole and see whether it still contains the label.

Fremont-Smith You could also mn ammals use radioactve
materlal,

Gyorgy. C™.

Fremont-Smith: You can get an animal expenment with
ACTH and there 1s the possibility of playing with both of these
things

Meyer. In animals you could use C*, I don’t know whether
you could isolate enough histamine.

Mirsky- Here you are dealing with more than histamine. From
the data that are given we are dealing with more than just on¢
amuno acid. Consequently the whole problem of proteolysis
involved,

I want to speak about Dr. Ragan’s statement about not being
able to show whether one is dealing with catabolism or anabolism-
Even 1 vivo 1n expenimental animals it is quite possible to dis-
tinguish the two. In the eviscerated ammal one can demonstraté
whether you are dealing with catabolism or anabolism.

Gyorgy. Ingle’s work.

Mirsky: Ingle’s work is an example of that, All the evidence
suggests that cortisone stimulates protein catabolism which wou !
fit 1n with these observations, except for the question as to why
it does not occur in the nonarthritic patient.

Holbrook- It may. That 1s the point I am making.

Mirsky: The nonarthritic, the so-called healthy patients?

Ragan- An eviscerated ammal may be utilizing his own pro
teins and unless the animal is kept in balance, the problem o
increased catabolism or decreased anabolism cannot be solvedh

Mote. T think another problem that s pertinent here 15 1€
phenomenon of blocking toxic agents What is the mechnmim
of this» How does that fit in the protein catabqlism or. c:llu ﬁfs
reaction to toxic agents and what 1s the mechanism of jc? Ir i
very peculiar to me that all of a sudden one may block the w“cg)f
of various chemical agents as far as tissues are concerned. .
course one always has to think about hypersensitivity when you 5;’
this, as 1t 15 the case with a meral Jike-gold, but then there is th¢
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observation of Allan Wood that cortisone will block the inflam-
matory reaction that occurs when glycerine is instilled i che
eye (35) and Cluxton's observation that the toxic effect of the
black widow spider can be blocked by the admimstration of
ACTH (36). One may of course consider that there 15 a hyper-
sensitivity element in all of these phenomena. One can abways
answer, too, that there is 2 hypersensitivity element 1n 1t, but by
the time you get through talking about toxic agents maybe there
10t anything except hypersensitivity as far as the toxic reaction
of a material 1s concerned.

Mote: Such as gold. One can do away with the toxicity of
that metal in more than the usual doses while the pauent 1s on
ACTH. There is preliminary information that this may be true
of other heavy metals as well.

Meyer: You influence the toxic reaction, I don’t know whether
the explanation is right. You do the same as you do with BAL
You have available cysteine. The level in the organs or the
heavy metal and therefore you get a detoxifying action. Whether
this explananon is correct 1 don’t know, but it 15 a posnble
explanation,

Holbrook: 1 would be much more inchned to think that it
merely blocks the hypersensitivity mechanism.

Gydrgy: That is right. Have you ever seen 1t 1n fead poisoning?

Holbrook: 1 don’t know.

Mote: 1 don’t know. It has not been done to my knowledge

G)orgy: No hypersensitivaty in lead, 15 there?

Holbrook: We have had four patients with gold reactions who
cleared up immediately on the use of ACTH. They did not suffer
Of caurse the exacetbation of their disease that you get if you
give them a whole lot of BAL. They get worse if you give BAL.

Frenont-Smuth: What 1s the gold reaction?

Holbrook: Skin reaction is what 1 am talking about, the skin
Teaction,

G3brgy: Exfolutive dermatitss or ats precursor.

Holbrook: ¥ am not talking about blood reactions or mouth
reactions. These are skin reactions which 1 think are hypersensitive
n nature, whatever that means. Whether 1t does anything else
or nat I don’t know, but certainly the skin reaction disappears
like magic, and the patient feels extremely well and you can go
on giving gold,

Fremont-Smith- Does BAL give a fauely regular exacerbation?

Holbrook: 1f you give enough of 1t and the patients are 1n re-
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miussion from gold—and they usually are about the time they get
the reaction.

Gyorgy: Dr. Holbrook, to come back to your problem, I think
the most important would be to use the intravenous tolerance
test wath hustidine That is the most important.

Holbrook: We have that set up. T think thac is right. We
have not done that yet.

Mirsky. In terms of the clearance?

Gyorgy: Yes.

Holbrook: We will talk to Dr. Meyer when he comes out to
visit us and try to work out something.

Mirsky. Could we not take his data right now? Assuming that
these patients have normal kidneys, one can calculate the fileration
rates, and from the free hustidine in the blood calculate the amount
of histidine getting into the tubule and determine whether we are
dealing with a tubular reabsorption since we have before us the
quantity of histidine 1n the blood and urine.

Gyorgy: 1 think you still will have to do it on the clearance
basis.

Mursky: That 1s the evidence that will prove it. I think we
have the data here from which we can make some deductions
One has to be cognizant of the cause of the effect on other
reabsorptive mechamsms in the kidney by cortisone.

Ragan: 1 mught say that in one case of hypertension tre;}ted by
Dr. Perera with 200 mg. of cortisone acetate a day, tyrosine ap-
peared in the urine.

Gyorgy. Dog?

Ragan. Man.

Holbrook: Tyrosine?

Ragan: Over a month’s period.

Holbrook: This was presented not as the answer but to suggest
ways and methods of learning a little bit more about it. That is
2l
Marsky. 1 think 1t is important to get a few more nonrheumd-
toids, so-called control, healthy patients.

Holbrook: We have not done it yet. We hope we now can
obtain a little more material, and 1 think we can get some noL=
mals. We want to run some other diseases of connective Ufue
with problems that are interesting to us. We hope to accumit zt;
enough of them to determine the real significance of the type 0!
curve they have.

Jones: Eon’t you think it would be important to study some
nonconnective tissue diseases?
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Holbrook: Undoubtedly,

Motes Again you get into the defimtion of connective ussue
duease. Take the hypersensitivities; 1f they hve long enoug
progressive fibrasis of various types may occur. Are these con-
nective tissue diseases or what?

Meyer: You get away with 1t by calhng 1 nomnfective con-
nectve tissue disease. Call it mesenchymal,

Jones: In real serum sickness the patient will be convinced afl
tissues are mvolved.

Mote: Your connective tissue 15 smply reflecting the cellular
environment of the rest of the tissue perhaps

Mirsky« So far as I know, i dsabetes there 1s no disturbance of
the amino acid excretzon pattern. 1 draw attention to the fact
because § am wondering whether in the panent with dsabetes we
may not be dealing with some factors that oppose the action of
cortisone, Sprague has shown, for example, when the dabensc
becomes acidotic there will be sncrease in the cortisone excretion

Mose: But you can give ACTH or cortisone to 2 diabetic and
not hurt him.

Marsky: 1 know that,

Ragan: You can make um awfully dsbesc.

Mote. You can make him awfully hyperglycenme, but m my
opinion not diabetic i the usual sense of the word

Regan: Awfully intolerant of a glucose load.

Mirsky: It just puts a lot of sugar i the unne.

Mote; On the other hand he eats perfectly well and feebs
perfectly well with that terrifically ngh bload sugar and he docs
not get acidotic.

Marsky: You can do that by giving sugar and not make ham
worse, 1 am using the susceptibility to ketosis as 2 entenon of
severity. It is not increased.

Dempsey, 1 was wandering whether there was any connection

etween heavy metal potsoning and the paradowical effect of
adtenalectomy on skin and hair growth, After adrenalectomy,
mast functions are smpaired, but hasr growth i increased and the
O, consumption of skin is elevated. Skin and hair suggest SH
groups. Isn't it possible that if harr were faid down mote rapudly,
the pool of SH groups mught be decreased and therefore beavy

metal polsonung would occur more readdy — that is, & gwven
amaunt of heavy metal would have a greater effect than it would
if the pool weee normal. Conversely, to give costisane £o stop baie
growth might increase the SH pool and reparr the deficiency
caused by heavy metals. .
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mission from gold—and they usually are about the time they get
the reaction.

Gyorgy: Dr. Holbrook, to come back to your problem, I think
the most important would be to use the intravenous tolerance
test with histidine. That is the most important.

Holbrook: We have that set up. I think that is right. We
have not done that yet.

Mirsky: In terms of the clearance?

Gyorgy: Yes.

Holbrook: We will talk to Dr, Meyer when he comes out to
visit us and try to work out something.

Mursky. Could we not take his data right now? Assuming that
these patients have normal kidneys, one can calculate the filtration
rates, and from the free histidine in the blood calculate the amount
of histidine getting into the tubule and determine whether we are
dealing with a tubular reabsorption since we have before vs the
quantity of histidine 1n the blood and urine.

Gyorgy: 1 think you still will have to do it on the clearance
basis.

Mirsky: That s the evidence that will prove it. I think we
have the data here from which we can make some deductions.
One has to be cogmzant of the cause of the effect on other
reabsorptive mechanisms in the kidney by cortisone.

Ragan: 1 mught say that in one case of hypertension treated by
Dr. Perera with 200 mg. of cortisone acetate a day, tyrosme ap-
peared in the urine.

Gyorgy: Dog?

Ragan: Man.

Holbrook: Tyrosine?

Ragan Over a month’s period.

Holbrook: This was presented not as the answer but to suggest
ways and methods of learning 2 little bit more abour it. That is
all.

Mirsky: 1 think it 1s important to get a few more nonrheuma-
toids, so-called control, healthy patients.

Holbrook: We have not done 1t yet. We hope we now can
obtain 2 httle more material, and I think we can get some nor-
mals. We want to run some other diseases of connective tissué
with problems that are interesting to us. We hope to accumulate
enough of them to determine the real sigmificance of the type ©f
curve they have.

Jornes: yDon’t: you think it would be important to study some

1ve tissue di ?
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Holbrook: Undoubredly.

Mote: Again you get into the definstion of connective tissue
disease. Take the hypersenstivities; 1f they hve long enough
progressive fibrosis of various types may accur. Are these con-
nective tissue diseases or what?

Meyer: You get away with it by calling it nonmfective con-
necuve tissue disease. Call it mesenchymal,

Jones: In real serum sickness the patwnt will be convinced afl
nissues are involved.

Mote: Your connective tissue 15 sumply zeflecting the cellular
enviranment of the rest of the tissue perhaps.

Mirsky: So far as 1 know, in diabetes there 15 no distarbance of
the amino acid excreuon pattern. I draw attention to the fact
becsuse T am wondering whether i the patienc wth duabetes we
may not be dealing with some factors thar oppose the acton of
cottisone. Sprague has shown, for example, when the dubetic
becomes acidotic there will be increase in the cortisone excrefion

Mote: But you can give ACTH or cortsone to a diabetic and
not hurt him.

Mursky: ¥ know that.

Ragan: You can make hym awfully duabetc

Mote: You can make him awfully hyperglycene, but « my
opinion not diabetic in the usual sense of the wor

Ragan: Awfully intolerant of 2 glucose load,

Mirsky, It just puts a fot of sugar m the urimne

Moter On the other hand he eats perfectly well and fech
perfectly well with that teerifically hugh blood sugar and he does
not get acidotic,

Mirsky: Yau can do that by giving sugar and not make him
worse. T am wsing the suscepribility ro ketosis as 2 critenon of
seversty, Tt is not mereased

Dempsey: T was wondering whether there was any connection

etween heavy meral pois g and the parad ! effect of
wrenslectomy on skin and hair growth. After adrenalectomy,
mose functions are wmpaiced, but hate growth s increased and 4
O, consumption of sk 1 elevated. Skm and har suggest SH
&roups Tsn't it possble that of hasr were Jard down moze rapudly,
the pool of SH groups might be deceeased and therefore heavy
metal poisoning would occur more readdy — that s, 2 gven

imount of heavy metal would have a greater effect than it would
1 the pool were normal, Conversely, to give cornsone €0 $t0p har
stowth might increase the SH pool and sepur the deficiency
caused by heavy metals.
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Ragan: In the human the hair growth is variable. In the
human you lose head hair but gain body hair and 1t does not
apply to the animal. It 1s 2 different atmosphere.

Holbrook: There 1s also some evidence, Dr. Dempsey, that
cortisone 1s not the effective antisensitive agent; even in tremen-
dous doses with ACTH it may not function by way of cortisone
or cortisone-like substance. It may be a different factor entirely.

Mote: That just simply points up how little we know about
the adrenal glands and adrenal corticoids.

Mirsky: We know very little about cellular responsiveness.

Mote. That is right.

Jones- 1 don’t know why you limit it to the adrenal.
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RFFECT OF ACTH AND CORTISONE
ON CONNECTIVE TISSUE*

CHARLES RAGAN
Depatment of Mednne
College of Physrcrans and Surgeons, Columbia Uniiersti

1 rLaN to talk on the effect of ACTH and cortisone on nonds-
eased connective tissue, 1 am not going to say normal. Later, if
we want to, we can discuss the effect n the disease states with
which we are concerned. However, I am going to present 2
num:écr of figures illustrating some of the effects we have ob-
served.

Figure 27 shows a patient with lupus who had the usual chimeal
response to the administration of ACTH. Shortly after starung
ACTH, she developed a left paronus which had to be incised
and drained. Throughout the subsequent course on ACTH which
hs!f:d 21 days, there was no apparent granulation i this incised,
drained, open, dirty wound (Figure 27). She developed a moon
facies, striae, the usual hyperadrenalism, We stopped the ACTH
and within four days granulations appeared as shown i Figure
27. Another patient in whom all the critera of lupus were pres-
ent, and who was treated with large doses of ACTH 15 shown
in Figure 28, She had been extremely ill for a month preceding
admission. She had delivered and the episiotomy wound made at
the time of delivery was open. It was not epithelahzed but
contained farge granulations at the tme she was admitted to our
service, Three days after she reached us a decubitus ulcer broke

lown. This pressure sore did not show any evidence of granula-
tions nor was there any evidence of repur. This patient died of
pulmonary embel. We also had 1 patient with dermatomyositis
m whom we did a muscle biopsy and the wound, while on ACTH,

“Thi work was dome sn cony v dnard L Hoves, Raffacle
R woction with Des | Wallace Blunt, Tdwar (oves,
tties, Kurl Meyer, Charles M Plotz Morton €. Creduor, Margaret fevans, and Fiitam b
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FIGURE 27 * Obzervations made during the coutse of a case of lupus
erythematous disseminatus A A, indicates acetylsalicylic aad

— a, ©
*Figures 27 and 28 reprinted from article by Protz, C M, Brunt, J “I”- ad R s
Effect of pirmitary adrenacorticotropi hormone (ACTH} on dissemanated lupus ec¥!

Y Arch. Derm ¢~ Syph 61, 913 (1950)
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TiGure 28 Obsenations made during the course of a case of lupu>
erythematosus disserninatus AS 1ndscates the antistreptolysin titet

required 12 days before the surgeon would remove the sutures

After the cessation of ACTH, he was willing to remove the sutures
in four days.

In 2 patient with periartents nodosa a nodule was removed

before ACTH therapys at the end of 7 days, while sull on ACTH,

: JEAPY S M onre 29 shows that there was relatively

v L sbars was SOMC

Figure 30 shows a patent wilie s - 1n whom
fh“. same procedure was carried out A biopsy Was made, 3 small
incision of the skin and subepnthc\ul fayers, and ACTH was
"}‘"'d- Seven days later, while on ACTH, the wound was againt
biopsied; there was very Jitele evidence of fibroplasna but in some
sections there was faurly good epithehialization across this wound.
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FiGURE 29 One-week-old skin wound from patrent on ACT]
Hematoxyln and eosin, X11

~-, et
FIGURE 30 One-week-old skin wound from patient o8 ALtH
Hematoxgla and eosin, X 38

Fegures 29, 30 and 31 reprinted from CarprTos, M, Cy BT &
hesling in the homan Proc Soc Exper Biol ¢~ Ml 14245,

¢ Effect of ACTH on womnd
246, 247 (1950)
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TiGURE 31

Oneweeh-old inened wound ome week after cessation H
ot ACTH Hematoxyhn and eosin, X 33

In Figure 31 1s shown the same patient 7 days after ACI'H Wzi
stopped, and you can see that fibroplasia was present .
there was an abscess in the depths of the wound. '

We then turned to ammals, rabbuts heavily treated with °
sone and marhedly hypemdrenal and used several accepred ’
niques for the study of wound healing. These animals »

25 mg. of cortsone 1n two doses daily for three days* <~
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FIGURE 32
A—Cross-section of normal rabbit's ear—Ieft
B—8-day granulatng wound controf-—center
C—8-day granulating wound, amimal treated with cortisone—tight

Note thickness of connective tussve and the ccll density i the normal ear In the con-
trol wound the granulations are Migher There are many fibroblascs with collagen
fibrls and many capillaries are seen, Two old large cilated blood vessels are present
The corusone granulations are not tuch thicker than the normsl connective tssve of
the ear and all the old Lirge blood vessels are dilated Copillaries are presenc How-
ever, cell concentranon, particularly of the cound type and those resembling fibro-
blusts, 15 mmcreased These cells show fow ugns of sacreased prolifeaction

wound was made and subsequently throughout the experimental
period. These wounds were made by the accepted technique
used by Dr. Howes in which the skin and the subcutaneous tissue
were peeled off, leaving epithehal islands in the middle. In the
treated animals, after five days, the vessels which were present at
the time the wound was made were stll visible, whereas in the
untreated controls granulation tissue was evident. Eight days
after the wound was made a simmlar situation existed where the
blood vessels were still apparent in the cortisone treated animal
while in the control the wound showed many granulations. In
both instances, there was some epithelial growth from the side of
the wound, appatently more marked 1n the control animals.
Fagure 32 15 a microscopic section showing a typical picture.
. (A) shows the normal rabbit’s ear before operation. (B) shows
"_R;nnled from Bull N Y Aced, Med 76, 258 (1950).
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the control animal ear and new appearing granulations are appar-
ent, (C) shows the treated rabbit which received 25 mg of
cortisone a day, which 1s equivalent, may I say, to 10 mg. of
cortisone per kilo of rabbit. With special techniques, 1t may be
shown that there 1s less metachromasia in the treated animal, the
fibroblasts look smaller, more pyknic, less swollen, and there arc
fewer new capillaries. Thus, 1n the treated anmal, the three ele-
ments—fibroplasia, capitlary growth and ground substance pro-
liferation—were depressed.

Some expersments were performed on the expansile strength of
stomach wounds in the rat. This technique 15 a fairly well-
established one in which the stomach 1s removed seven to eight days
postoperatively, the duodenal end is tied off and the catdiac end 1s
mserted into a catheter d toa 3
pressure of gas 15 introduced through the cardiac end which 1s
recorded untl the wound disrupts  Table IV shows the pressures
i mullimeters of mercury necessary to break the wounds In the
controls you can see there was a wide spread with an average of
111 am. With § mg. of cortisone, which 1s equivalent to 20 mg.,
per kilo there 15 no significant difference between the control
and treated ammals. At 10 mg. a ssgmficant difference begins to
appear. In other words, the rat needs eight to ten times as much
cortisone on a mg. per kg. basis to achieve this effect as does the
rabbit. This same type of dosage differential has been found to
apply to other experiments 1n rats. One techmique was to remove
a piece of rat rectus muscle and then sew up the skin wound. In
the control ammals, this was filled with an area of granulations in

TABLE IV

Summary of Findings: Rat Stomach Inflation
{Pressure 1n mm Hg necessary to break wound)

Controls | 10 mg Coruisone 0d | 5 mg Cortwsone o d

9 & 9

o | 6 | 104

12 29 | 70

134 81 | 1ni

70 | 92

i 76 |
Averige— 111 | 75 ‘ 95
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a period of seven to eight days, whereas in the treated animals the
defect remained open. In guinea pigs there was approximately
the same dosage requirement of cortisone as in rats. Spain at
Madison, Wisconsin, last week described his work with wounds in
mice and 1n these wounds granulations were inhibited by a dose of
2 mg. a day which 1s equivalent to about 100 mg. per kilo. We
have had no experience with mice but I mention Span’s work pri-
marily because he did supply adequate amounts of ascorbic acid
and found that this did not modify the healing process or the
inhubition of healing during the hyperadrenal state.

A great deal of our work was done with what we hoped was
a closed wound. This represents a fracture in the rabbit femur
done by the method of Clay Ray Murray, in which an anesthetized
rabbit receives 2 blow on the femur, breaking the femur and
then 15 aflowed to stay in his cage without splinting for the
experimental period. For two days these animals again were
pretreated with 15 mg. of cortisone a day, equivalent to § mg. to
6 mg. per kilogram. The control animal and the cortisone-treated
ammal, two days following the fracture, showed hittle difference
grossly. At four days the difference became apparent in the
sense that 1n the control animal there was considerable resorp-
ton of the hemorrhage and beginning callus formauion. At six
days the difference was more apparent. ‘The callus in the control

TiGURE 33A  Section through comparable fracture site, 8th post-
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ented by the relatively
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animal was readily apparent. In the cortisone-treated animal, hem-
orrhage was stll present. At eight days there was 2 small amount
of callus present 1n the treated animal (33A) while the hemor-
rhage was sull not completely absorbed; whereas in the contral
animal (33B) there was a Jarge amount of healing callus.

In summary, the effect of hyperadrenalism on the healing of
fractures can be stated simply as follows: up to the fourth day
there was very little difference between the control and the treated
animal microscopically. In both the control and treated animals
there was metachromasia, There was some fibroplasia, but from the
fourth day on, the difference became quite apparent in the sense
that there was a marked increase in fibroplasia in the control
animal, and in a few instances beginning formation of cartilage.
Whereas in the treated animal at the fifth day the fibroplasia was
much less We were unable to see any cartilage until the eighth
day, when a small segment of cartilage was visible in the treated
ammal. In Figure 33—the eight-day fractures—in the control ani-
mal (33B) there was some fibroplasia, a large area of cartilage
and some osteoid formation, whereas in the treated animal the
fibroplasia was about the only differentiation that took place, and
the large empty space contained the hematoma which came out
on fixation (33A).

In a Masson’s trichrome stain, at the eighth day, the difference
was quite striking. Osteord formation was present in the eight
day control and metachromasia was still present whereas in the
eight-day treated ammal the metachromasia was all in osteoid and
in the cartilage but the metachromasia here continued to be diffuse.
This 15 different from what we have seen in the incised wound and
in open granulating wounds where there was complete suppression
of all elements up to eight days following the wound. »

Angevine, Yesterday the question was raised about the possl!ML
ity of fibrinoid occurring in normal healing areas. Such 2 pin
area as that was shown originally by Dawson (1) to be fairly
typical for fibrinoid with Masson stain. It looks like fibrinoid an
that shde. Would you agree, Dr. Bennett?

Bennett- Yes. L. 3 3

Ragan: T would like to ralk about incised wounds in cabbits.
Incised wounds followed somewhat the pattern of open granulat-
ing wounds in the sense that there was decreased fibroplasia and de-
creased metachromasia. In a trichrome stain at times in these in-
cssed wounds we were unable to see the incision on section. These
wounds were all tightly sutured with either silk or clips. At times
we needed polarized light to see the incision because there was
apparently no change in the continuity of the collagen fibers in
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the best microscopic light examination. There was some epitheli-
afization and as T will show you subsequently, any area of fibro-
plasia apparent was in the subepithelial layer. With tolurdine blue
stains, in the control animal at seven days there was good evidence
of fibroplasia.

Ulsimately these wounds wal heal, and 1t was a question 1n our
minds whether there was a local escape, allowing healing or
whether the ammual itself became insensitive to the action of the
hyperadrenal state whereby healing rook place. So we next did two
wounds at different times 1n the same ammal. An ncised wound
biopsied fourteen days after the wound was made in a control rab-
bit showed a wide area of fibroplasia with good healing and rela-~
tively lirtle metachromasia at the time of biopsy. Rabbits were
pretreated with corusone for three days and then a wound was
made The cortisone was contsnued and nine days later another
wound was made and again the cortisone was continued for five
more days. Thus in the same cortisone-treated rabbir a five-day
and a fourteen-day wound were present. In the five-day wound
there was relatively little evidence of heahng. In the fourteen-day
wound in the same animal there was gocd healing  So if there was
any effect, it was a local one at the tisue site.

The more hyperadrenal you make the ammal the more nhibi-
tion of connective tissue. At 16 mg. per kilo per day of cortisone
i the rabbit, inhibition of connective tissue persisted for a con-
siderable length of time. At 2 mg. per kilo per rabbir at about
eight days there was apparent escape 1n the sensc that there was the
beginmng of good granulations appeaning 1 the wounds. There
was 2 considerable difference in species as far as the sensiuvity 10
the geven dose of cortisone goes, and this was not wholly a question
of the size of the ammal. It is apparently well known that small
arumals require relatsvely Jarger amounts of any kind of prepara-
ton per kilogram than do larger animals, but the dog at 7% mg.
per hilo did not develop glycogen deposition of the liver, and we
were unable to see any effect an wound healing in a dog at this

lose.

Holbrook: What dose was that?

Ragan: Seven and a half mulligrams per lalo When a rabbit 15
treated with very large amounts of cortisone to achieve an effect
on wound healing, large amounts of glycogen can be shawn to be
deposited in the liver by the periodic acid Scinff reaction.

Since we are supposed to tell whar problems we have come
upon, | thought 1 would mention one that bothers us considerably,
and that 15, with large doses of cornsone our ammals are not too .« 4
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h'flppy. Undoubtedly in the rabbit house we have an endemic
diarrhea, and of the rabbuts in adjacent cages, one control and one
cortisone treated, the cortisone-treated one will much more likely
deve!op diarrhea. However, at smaller doses of cortisone, the
rabbits during the period of tme we have used them, which in
most cases is not longer than eight days, seem to mamntain their
status as healthy animals, but if you go up to two or three weeks
with larger doses of cortisone you have great difficulty in keeping
your rabbits alive.

Fremont-Smith. They are more susceptible to infection?

Ragan: That 1s what T was going to bring up later on, Dr.
Fremont-Smith.

The humans in whom we have seen this change in wound
healing, were obviously not i ill health. They were fechng better
than they had felt in a long while, so I don’t think chis effect is
completely one of sick rabbits, Certainly a sick rabbit will heal
less well than a well rabbit.

As far as the mechanism goes, we have reached 2 point beyond
which we cannot proceed. We feel definitely that there is a delay
in connective tissue growth but not a complete suppression of
connective tissue growth, Incised wounds will ultimately heal,
and fractures also.

In open wounds with granulations, epithelium will ultimately

cross, but at a lower level of granulation The difference between
the incised wounds and the granulating wounds on the one hand
and the fractures on the other is difficult to explain. Our theories
explang these differences do not warrant mentioning at. this
tme.
The effect of cortisone is probably a local effect. Baker men-
tioned this at the AAAS Conference and Dr. Howes (2) at our
institutron has had some experience with the local appheation of
cortisone to granulating wounds in ears—

Meyer; What do you mean by “local effect?” i

Ragan: If you just rub cortisone on a granulating wound, it
does not granulate

Fremont-Smsth: Not enough for absorption. .

Ragan: The other ear does not do it. Dr. Meyer will have
something to say about that later. ,

Mirsky: Do you give your materal systemically?

Ragan: Yes.

Ho{v do you explain this effect if it is 2 local one? The h‘ypcth-
esis is that the tissue is unable to utilize some macerial during the
hyperadrenal state, until the concentration builds up to a certain
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point, and beyond that concentration healing does take place.

We have injected several things into these wounds in an attempt
o supply an excess of some material. So far nothing we have
wjected has had any change in the effect. I would like to say one
thing, though, that we did inject hyaluronidase and grossly good
healing of the wound took place since the wound could not be
pulled apart. When we sectioned these wounds we saw that it
was simply fibrin which was markedly cohesive, and there was no
evidence of fibroplasia.

In some way this looks Iike scutrvy. In other ways it does not.
Certainly, there is no evidence of bleeding in these ammals, and
Spain’s work at least shows by ad ration of large
of ascotbic acid to mice that he was not able to change the effect.
However, this does not mitigate the fact that you may have a focal
defect in utihzation of ascorbic acad.

Mote: It seems to me that we are going to see several schools
of thought develop with respect to tissue repawr, I think Dr
Ragan has one pont of view, John Browne has another one, and
perhaps George Thorne 1s sort of betwixt and berween. Certarnly
some investigators working at the human level have not had the
same experience in their esimation that Dr. Ragan has, Like one
patent with lupus 1 Chicago had an abscess that would not
granulate before she was on ACTH, but when she was put on
ACTH it granulated nighe in.

Holbrook: "This 1s cortisone.

Mote. No. ACTH.

Ragan: T am talking abour ACTH in humans.

Holbrook: All night,

Mote: Then there are at least two other cases with appendicitis
who were operated upon and as far as one could tell they healed
perfectly well, Of course, John Browne dots bave several hypoth-
eses which ace m some conflict. My own personal pomnie of view
15 that many more of us would be dead 1f this were really true to
the nth degree. On the other hand, most wounds do heal whether
from major surgery or otherwise. There 1s definite evidence of
endogenous adrenal corrical stmulation in these situations. Tt s

ifficult for me to see that, even with ordinary sumulation of the
adrenal gland, you can have any marked mhibition of healing m
the light of statstical results of surgical operations, T would like

to get some other 1deas on that,

Ragan: May 1 say one thing first? We have never implied that
heahng does not take place. It docs ulumately. All I can answer
those people whe say that they heal s, did they biopsy their
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wounds, because healing is delayed in the wounds we have seen.

Angewr{& I think the important thing is not so much what
the effect is on the he?lmg of wounds as how it affects the fundi-
menta} process of ﬁbx:xllogenesis that we were talking of yesterday.
That is where attention should be focused because srrespective of
whether the wounds heal 1n patients, 2 change has been produced
wn animals. It seemns to me what now concerns us is the mechanism
involved.

Mote: I would agree that getting at that mechanism is the
basic problem, You are working at 2 pretty high concentration
of corticord. Whether 2 smaller amount might mobilize protein
and cause the connective tissue proliferation is thoroughly possible
n my view.

Bennett: In looking at your preparations I could not help being
impressed with the lack of any cellular proliferative activity
mtially. Thus is entirely different from the impairment of healing
in ascorbic acid deficiency. It appeared as if these incised wounds
were unchanged even after many days from time of injury. Is
that true?

Ragan. That is true. In markedly hyperadrenal animals when
you give large doses of cortisone there is no invasion of macro-
phages

Fremont-Snuth: What about the polys, or don’t you get them

frrst?
Ragan: You don’t. We note that during hyperadrenalism there
15 a delay in the appearance of new fibroblasts. Once fibroblasts
are laid down, their appearance is not modified during the time
of treatment we have used—15 days. The hypothesis may then
be rased that the cell nhibited may be the prefibroblast—a cell
similar to the macrophage.

Meyer: Dr. Ira Jones and I (3) did some experiments on the
local effect of cortisone on the vasculanization of the rabbit cornea,
We injected both corneas of groups of 6 rabbits with 0,05 cc. of
0.2 to 0.5 N NaOH to induce vascularization. One eye was
injected subconjunctively with 0.1 cc. of cortisone acetate or i
one group with cholesterol 1n the same vehicle supplied to us by
Merck. The other eye served as a control. Injections were made
in the first and third day. After about three days the blood vessels
stacted to invade the cornea. The number of blood vessels in the
control eye were very much more numerous than in the cortisone-
treated eyes; in the first seres, for example, 170 as comPared to 10
for the treated eyes. Some vascularization takes place in the con-
trol eyes, too, depending on the severity of the alkalt burn. The
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capiliaries finally recede leaving a leucoma By the way, we used
a peniosllin ointment on the first day to prevent miection of the
burn, We assume that there is 2 chemotactic snfluence on the
marginal capillaries of the sclera i these burns which teads to the
sprouting of these capitlaries and the mvasion of the cornea. Years
ago we proposed that the mucopolysacchande of the substantia
propriz of the cornea was responsible for the absence of vascular-
{zation of the cocnea. Hughes m Friedenwald’s laboratory {(4)
had shown that alkali burns fed to a rapid loss of metachromasia of
the cornea. We showed that in about one hour after alkals burns,
the cornea loses polysaccharide as shown by a Joss hexosanune,
presumably by enzymatic breakdown. The P haride
of the cornea is 2 sulfate ester which 1s dagested by hyaluronidase
and, furthermore, the enzyme exsses in the normal cornez. By the
way, sulfate esters, in general, may have something to do with
absence of blood vessels as in hyahne cartlage and amylod  The
Clarks in Philadelphia (5) did a besunsful experment on the
suppression of capillary growth by pieces of cartilage in the trans-
parent chambers 1n the ears of rabbsts We proposed the hypothes:s
that removal of the sulfated mucopolysaccharides permuts capilary
Jgrowth. Assumeng this to be true, then the questian arises whether
the split products of these polysacchardes are growth sumulators
for the endothelial cells.

Gyorgy: What does cortisone do; how does 1t prevent it?

Meyer: It may prevent the reactiviey of the endothebal cells
or may remove the spht products wn some way This 15 frank
speculation,

Zwetfach: Tt 1s my impression that Clark (6), 10 tus classical
studies on the ingrowth of blood vessels into a chamber @ the
rabbut’s ear, found thae endothehal sprouts gromang into the non-
vascular center of the ear chamber were usually accompanied by
fbroblasts, In fact, they pont out that the fibroblast growth
wsually oceurs just ahead of the endothelial growth. Thus, these

may be an interrel hip between ad vasculanization of
an area and the profiferation of fibroblasts

Meser: T think that thus does not occur 1 the cornea

Zwedfach Tt 1s possible thae there are already present suffictent
preformed structures sn the cornes along whch the endathehal
3prouts can entet.

R{lgw: I our open wounds i rabbic ears i the lowest dose of
cortisone that we have used the first appearance of fibroblasts »
around old blood vessels. These fibroblasts grow berween blood
vesscls and then granulations appear.
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Zwetfach: Tt is not clear whether the ingrowing fibroblasts
soften the connective tissue so that the ingrowing endothelium
can then enter more readily or whether the endothelial sprouts
require some organized structure onto which the advancing endo-
thelial cells can attach themselves.

In our experience, using the Essex chamber, at early stages
nothing is apparent but blood vessels, but we are certainly not
facile in this technique. '

Meyer: 1 believe the ophthalmologists who have studied the
vascularization of the cornea believe that the sprouting of endo-
thelial cells leads to new formation of capillaries.

Zwesfach: 1 do not wish to convey the impression that the new
formation of capillaries occurs from fibroblasts. All the evidence
indicates that endothelial sprouts develop only from preexisting
vascular structures. I merely wanted to bring attention to the
possible interrelationship, either chemical or physical, between the
ingrowth of fibroblasts and the rapid advance of newly formed
capillaries into an area.

Ragan: There is a great difference of opinion among surgeons
dealing with wound healing, whether you need capillary sprouts,
ground substance or what, All we can say from our experience,
as far as we can tell every element is depressed in the open granu-
lating wounds.

Holbrook: Dr. Ragan, may I go back a minute? Do you know
how much information 1s available on wound healing in Cushing’s
disease?

Ragan: T have one Figure I can show you.

Holbrook: All right. .

Mote: I think it may be entirely a question of degree, in ‘tbzt
excessive corticoids seriously alter cellular physiology and nutrition
and thereby affect growth. At low levels of corticouds it is pcssx‘b]e )
in my view to “jar loose” as John Browne says, a lot of amino
acids which would be available for tissue repair and proliferation.

Ragan: Figure 34 shows a boy with naturally occurring
Cushing’s disease and 1 think there is little doubt but that he
had Cushing’s disease. con of

TFigure 35 shows the result of an incision for exploration o
adrenal tumor. This is our most severe examplé of poor. W"“fc’g
healing in Cushing’s. We can see he had a large open mt’ectv
wound there and in our 34 cases of Cushing'’s disease we }m;
seen evidence of poor wound healing in 2 few. Again may $
refer back to my statement to Dr. Mote? No biopsies werelxr:ia_e
of these wounds, So we don’t know. They ultimately healed in

most of them.
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Ticure 35 Abdomuml walb—left pre operatnz, nght post-operative,
showing widespread infammatory infection without localizsien and
poor wound heating
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FEremont-Smith: How long after the operation was this one?

Ragan: Eleven days and he died three days later. This turned
out to be an infection with a micro-aerophulic hemolytic strepto-
coccus. ‘We have several instances in Cushing’s of lacal infection.
In one instance a woman recently died who had a small infection
on her nasal septum and from this a hemolytic streptococcic
septicemia with pericarditis developed from which she recovered
with antibiotics. In one of our patients with rheumatoid arthritss
treated for a long period of time, with ACTH, there was present
a concommant diverticultis. A diverticular abscess developed in
the sigmoid. She had some abdorninal pain of never great severity
and we were not aware that an abscess had developed. We were
not aware unt:] she started to pass fecal matter per vagma and
ultimately we were able to demonstrate a fistulous tract between
the bladder and the sigmoid. At the present time she has a colos-
tomy as a shortcircuiting measure. We looked upon it as 2 mani-
festation of poor localzation of long-continued infection in
long-continued induced hyperadrenalism. This is again speculation
and we are not certain of the cause and effect relationship. The
only other evidence we have 1s very indirect evidence in that the
rabbits made hyperadrenal develop rabbit dysentery more readily
than do the controls.

Holbrook: Would you say that again?

Ragan: The rabbit, made hyperadrenal in the same room with
the control, develaps dysentery, whereas the controls do not.

Mirsky: Were the cases in whom you first observed the decrease
in rate of healing receiving doses of cortisone or ACTH which
were effective therapeutically?

Ragarn: Yes, sir.

Mirsky- 1 am going back to Dr. Holbrook’s observations of an
increase of histidine excretion 1 the pregnant woman on the one
hand, and the effect of ACTH, on the other. Th,
related, they are due to the sarw <" v'i w171
effective in the patient with
question comesdup as to wk.
wound healing during pregnancy.

Ragan: 1 hive nocg bien able to find that out yet, Dr. Mirsky.

Mote: I think 1 should make a point and thar is simply look at
this world as it 1s and wonder why we don’t all die of infection and
we don’t all die of trauma. It still leads me back ro my personal
belief that the adrenal cortex plays a definite role with respect to

health and disease in general.
Mirsky: T must mterrupt. That does not mean that that state-
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ment is a fact. That we all survive does not mean the adrenal
cortex s responsible.

Mote: 1 realize that, but I believe there 15 2 fair amount of
evidence that we all do have stress phenomena and most of us
survive these stress phenomena quite well, and that to my view 15
at least 1o some extent evidence that the adrenal gland plays some
protective role for the individual. On the other hand, 1 recognize
that there is cvidence that, oversumulation or administering too
many corticoids adversely affects many processes 1n the body. In
this general connection I would like to know from Dr. Holbrook
what his opinion is of the effect of an operation in a rheumatod
arthrits patient. How long do they stay in remission after a major
operation?

Holbrook: That is very variable, Some of them, of course, get
no remission at all. I think the longest one I have seen 15 three
months.

Ragan: Some do not, and some have a remssmon {or two or
three days. .

Holbrook: It is a wholly variable procedure.

Ragan: After a major operation  You must admit you have
not made them hyperadrenal enough to get a longer remission

Mote: In other words a vamation in the magnirude and duration
of endogenous ACTH stimulavion of the adrenal cortex as a
consequence of trauma.

Holbrook: Do you have sn mind, Dr. Ragan, doing any more
work of this kind on minmal effective dose to see Whether the
effects—the healing time 1 should say—would be different® 1
should think that might be very interesting.

Ragan: What we have hoped 1s that by reducing the dose of
cortisone to the least possible effect we would see which element
appeared fiese because that 15 what we wanted to know  If we
could see what element appeared first, we would have some 1dea
what we were inhibiting, but using the rabbit’s ear with 2 mg. per
kilo per day the fibroblasts grow out from the old blood vessels,
and you see faily decent granulations appeating from the old

vessels.

Holbrook: Cortisone 15 not as satisfactory

Ragan: In ammals 1t is very satisfactory because we have not
many nurses to stay up all night with animals.

Holbrook: It is not the substance to test munimal effective doses,
that 1s my pant, Have you by any chance put any ACTH on
that wound locally to see whether st had any effect?
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Ragan: No, we did not do that.

We are now studying embryonic tissue. If the chick embryo
1s a decent subject to work with, it is a lot simpler. There, again,
we have to go back to find out what the normal anatomy
of the chick embryo 15; very few clinical pathologists know
much about it. 1 know nothing about jt. We have developed
a hypothesis for this, for what it 1s worth, If you presume that
i these diseases of the connective tissue you have a turnover
phenomenon going on all the time where, as Dr. Dempsey said last
night, he believes—and I think most of us believe—there 1s 2
continual replacement of this tissue, if you interfere with that
turnover 1n some way you may cause a defervescence of symptoms
of these diseases. That is our hypothesis. In a mildly hyperadrenal
state in a rheumatoid you have delayed the reaction time of the
connective tissues to the point where 1t does not respond to the
trauma, whatever it 15 that initiates rheumatoid arthritis. When
1t does not tespond, the patients do not have symptoms, This would
certamnly avoid the 1ssue which is raised by the fact that in these
wounds they do ultimately heal. You have not suppressed the
activity of the connective tissue completely, which is what I want
to stress. This is not a complete suppression of activity. It is
merely a delay in healing or a delay in reaction time. That 15 2
wild hypothesss. It may be so, and it may not. It is what we are
working on at the present time.

Holbrook: 1 think that 1s a very interesting report.

Bennett: Is there any information available on the effects of
cortisone or ACTH on tissues from rheumatoid arthritis patients?
We have had only one set of biopsies of synovial tissues. These
indicated a striking dimunution in the intensity of inflammation,
including edema and hyperemna, withn two weeks after admin-
istration of cortisone.

Holbrook: We have done a fair number of routine deltoid
muscle biopsies but have found them very unsatsfactory from
the standpoint of following recovery. The same criticism perhaps
exists as has been made with regard to synovial membrane biopsies.
It is always impossible to examne exactly the same tissue before
and after treatment as even a centimeter’s distance away the
tissue may appear quite different. i

Bennett: We have had only one pair of synovial biopsies.

Holbrook: We have not done those because we thought the
chance there, where the local process was going on, was less good
1 getting an sdenuical prece than in the muscle.
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Angevine: We have examined a few skin biopsies from cases
of disseminated Jupus, erythema nodosum, scleroderma and amy-
loid, before and after treatment with ACTH and, as yet, have
noted no significant difference histologically.

Dempsey. 1 can conceive of cortisone having an effect on both
the epidermis and subcutaneous connective tissues. In one species
the effect might be quantitatively more apparent in one plice
than in another, while in another species the sensitivity might be
reversed, As to the embryological aspects of this, I believe the
connective tissues develop and grow before the adrenal does.
Mesenck puts in app before the adrenal cortex. Cer-
tainly the adrenal cortex does not have much to do with the
embryological formation of mesenchyme and similarly from a
phylogenetic point of view connective nssue puts 1n an appear-
ance in animals lower than those which have an adrenal cortex.
On the other hand, T was interested in what Dr. Ragan had to say
about the working hypothesis. 1 was reminded of the gencral
statement in endocrinology that no hormone imuates, de noto,
any known effect, but only accelerates or mhibits effects which
£0 on whether o5 not the hormoene s there.

Thyroid, for example, can fix iodine and manufacture thyroxin
in the complete absence of the piturtary gland. It just does 1t
faster when the pituitary ss present. It seems to me 1t 18 asking too
much of the adrenal cortex ta expect 1t to control absotutely the
growth and develop and duff of the ¢ ve
tissues, Indeed, the demonstration of an altered rate of formation
of connective tissues, 15 1tscf remarkable. It 15, however, a phe-
nomenon consisting of accelerating an already occurning reaction.

Gyergy* I 1 may refer to a possible practical application of

r. Ragan's observations, one of the most tragie diseases n pre-
mature infants, with a birth weight under 3-4 ibs , 1 the so-calted
setrolental fibraplasi e cond 15 based on srowth
of retanal capillaries and of fibrous tissue belund the lens and leads
almost nvariably to blindness. In a few early cases ACTH ap-
prared to stop furcher growth of fibrous tissue, Hawever, in
further observations, thus beneficial effect proved to be only tem-
porary and in some was not d ble ar ati Al

though the number of observations 18 lirmted, ACTH 1n this con-

Ton appears to be not too promising

Augevine: Does anybody have any observauions on kdads®

Mote: No,

G3irgy: 1 may add that we are plannmg o implant cortsone
pellets in the spleen of children with severe diffuse hepanie fibrosis.
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Mote: Either one or the other and the actual result may depend
in part on the general and tissue nutritional status and the mag-
nitude of the adrenal cortical stimulus.

Mirsky: Yes. The question that then arses 1s whether the
observers are dealing with the same phenomenon, with the same
conditions.

Mote: They ate not dealing obviously with the same conditions,
For ane reasan, you would be killing human bengs of you worked
at the level of desage that Dr. Ragan has been working with in
2numals,

Mirsky: Talk about humans. Let s stick to man.

Mofe: Just on the human level thers 1s a difference of opimen.

Holbrook: Due to dosage maybe.

Miursky: Therapeutic dosage.

Mofe: The question is dosage. Take the case of lupus that had a
sterile abscess before being put on ACTH; 1 had opened and
would not granulate, Jr took 150 mg of ACTH to get the
temperarure down ro normal and yer within a matter of a few
days that wound started granulsung and healed all the way 10 on
that dosage. That is just an example. In most of the situations
outside of lupus the doses have not been as large; 40 mg. to 50 mg.
of ACTH 15 more common, which 15 not very strenuous meta-
bolically. Tt may be partly a question of dosage.

Ragan: The figures showing mcied wounds were made on 40
mg. of ACTH.

. Mote, Keep in mind, 1 snd ether one or the other can happen
in the estimation of the people who have done biopsies and surgery

Mirsky: T want to get to that pont. I assume then, that yon
mean that with the same therapeutically effective, relatively fow
dosages you can have two sets of observations,

Mote: Yes.

Mirsky: That raises a question as to whether all the other
sonditions 1nvolved were also the same. After afl, dosage and
therapeutic remussion are not the only two condinons we are
dealing with,

Holbrook- Different wdividuals?

Mirsky: Let us assume the same

Mote:” Al right, you have John Browne who expresses the
opinion that it 15 1 question of nutritional status, not only general

Ut specific in 2 tisue area that may enter n the healing or
nonhealing.

Mirsky: The reason | rasse thus question 1s that Ferns and | have
been playing with the problem of dissociaung the various effects
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of ACTH in the individual subject. We have some evidence that
on one type of regimen one can get one response, and that the
same individual on another regimen, but receiving the same dosage,
will show another response. For mstance, the influence of high
and low sodium intake on the response to ACTH.

Mote: That raises a broad problem: what was the metabolic
expenience of the patient previous to the time at which you started
to do something.

Mursky. 1 am emphasizing that all conditions may be standard-
ized.

Fremont-Smith- We have other examples. Pitressen, for exam-
ple, was first described as a dwretic—it 1s now known as an anti-
diuretic. Why? Because the first experiments were done i animals
under anesthesia. In animals under anesthesia, pitressin 1s divretic,
but when you give pitressin to nonanesthetized animals it inhibits
water dresis. To go one step further, pitressin becomes duretic
in unanesthetized ammals provided you have dehydrated them
beforehand. You get the basic principle that the response of the
organism to stumulus is as much dependent upon the state of the
organism as upon the stimulus. The old concept that a single
stimulus always gave the same response is false, We have been
thinking this afterncon in terms of a single response to a given
stumulus and feeling outraged that the same sumulus could give
different responses

Mote: In all the ACTH studies—I think Dr. Ragan would
agree to that—everyone bumps into what has been called the
parodoxical effect, even m the same individual on the same dose
and the same regime.

Meyer: Dr. Ragan’s demonstration of the response to the §-day
wound and to the 14-day wounds on the same animal, with the
same nutritional environment, internally as well as externally,
would show that.

Jones- This discussion distresses me greatly. It seems not to be
a question of single sumulus. It is 2 question of knowing actually
the truth about what produces or fails to produce the response in
question, or the condttion that you are trying to find. That means
you just don’t know the whole answer.

Meyer: That is true.

Mote: We dor’t know enough about metabolism.

Meyer: This is not purely a problem of cell growth.

Mote: No.

Jones: It has many facets.
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Mote: 1 am speaking metabolically, physiologically, and of the
whole picture. You do have wide variables of response in the
same individual on the same dose at different times.

Mirsky: Start with a high sodmum intake, grve ACTH and
desale the mament you start treating the patient. Even though we
kept all external canditions constant we did not have the sume
nutritional status,

Hollrook: Of course you did not,

Mirsky: So the control of that type of expenmention 15 ex-
tremely difficulr.

Fremont-Smsth. What we need 15 specification of the differ
ences, We must not be surprised that there may be differences.
We must specify our areas of ignorance.

Mofe: They are quite Jarge.

Fremont-Smith They are very large but they sull need 10 be
specified

Mote: Ob, yes,

Frentont-Smith We will gain more by specifying rather than
by giving a broad sweep.

Mote: Take this problem of electraly tes for instance; the more
that 15 really studied, going back and resetting the condutions of
the expeniments, the more we are sure that what at first looked
ke brzarre resuits will appear to make some sense at some stage.

Mirsky: 1 can exemplify wath another expensence. We all know
that patients gven ACTH may develop a vanety of psychological
symptoms. T am thinking of frank psychoses. We now know that
some patients may have thewr psychoses almost elinunated by the
administration of potassum even though we did not have any evi-
dence that there was a real disturbance of potassium metabolism

Mote: That 15 one of the type of experiments that 1 think
certamty poses this problem.

Mirsky. There will be 2 dynamuc aspect to that.

Holbrook: 1 think it »s perfectly clear to all of us who have
waorked with these things and studied them that there are relatively
few things that you can predict with certanty which will happen
© any given panient under a given state of conditions. T tried to
point that out a while age when I mentioned the nsing eosnophit
count, the stable sedumentation rate and all these other things but
they are different sndivaduals and they have a different functioning
capacity to their adrenal cortex. They respond differently than
other people who look exactly alike. Two people can be right
together. You cannot tell them apart from all the control studsed.
You don't know which one when you start to adminster one of
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these substances will produce the bizarre effect and which one
won’t, You cannot predict it. )

Gyirgy: Of course, ACTH will produce quite a number of
corticoids whereas with cortisone you probably just give one
Therefore, one has to distinguish between these two types of
medication, too.

Mirsky. We don’t know that today.

Gyorgy. Certamly one should consider it.

Mirsky: We don’t know whether that one steroid you are giving
will be converted.

Gyorgy: You have less complicating conditions than with
ACTH.

Dempsey: ACTH may cause the production of more than one
sterond.

Gyorgy: That is certain. For cortisone you just assume.

Mirsky. It does one thing in one man and another in another.

Dempsey: There are about 26 different steroids in the adrenal

Mote: You don’t know how many of the 26 are there at any
given time.

Mirsky: In talking about the problem of responsiveness of the
cell, T am thinking about Ingle’s work (7) where he gave stilbes-
trol to rats and produced a marked glycosuria. If he removed the
adrenals he got no response to stilbestrol, Subsequently he found
that if he gave the adrenalectomzed rat just enough adrenal corti-
cal hormones for maintenance and then gave stlbestrol, glycosura
ensued. Experiments of this sort mdicate that the cell required
a mimmal quantity of hormone to enable 1t to respond to a varety
of stimuli, Perhaps we are dealing with essentially the same situa-
tion 1n Dr. Ragan's experiment, where cortisone makes the cell
respond to the toxic reagent n one state and to an entrely differ-
ent type of stimulus in other situations. .

Mote: That 1s one of the major points. There 15 no question
about 1t or Dr. Ragan’s experiments. But just how the human
or animal body overall 1s going to fit in the mnfinite nugt\bcr of
situations and reactions or how it is going to react to them is pretty
problematical all the way through. .

Mirsky. 1 have one fear these days, a fear with reference to the
concept of the primary role of the adrenal, We must not forget
that the adrenal 1s not the only adaptive mechanism utilized by
the orgamsm; 1t 1sn’t the only gland avail.able fo.r adaptations,
even though it is one of the mechanisms which are important for

total adaptation.



Effect of ACTH and Cortsone 163

Mofe: 1 thoroughly agree there. I think one of the biggest
headaches of the nexr decade is the group of hormonat interrela-
i ps and the D ing i between them
Dempsey. 1 would like to support what Dr. Mushy said abour
the necessity of knowing more about end organ response. Speaking
as an endocrinologst, 1 §hou!d say we know very little about end
TLINOIOBI P ' . v

)

and an d or { end organ resp ness  For ex-
ample, 1n even such a simple endocrinological operanon as assaying
an unknown estrogen, we must deal with this problem. The rat
urt 15 defined as the amount of estrogen which il induce escrus
in §0 percent of a group of test rats Needless to say, the rats will
be as identical as can be contnived by the invesugator  Why 15 not
estrus produced in all of the rats? Obviously, one amimal has a
different sensitivity than another animal does. So wn all of these
matters of end organ sensiivity we are dealing with a stansucal
rather than with an individual result It scems to me that one ot
the largest unplowed fields in endocnnology today hes i thes area
of end organ responsiveness. The factors which regulate the end
organ are adaptive mechanisms just as much as are the hormones
themselves.

Mirsky: 1 think 1t 1. We know, for example, that the respon-
siveness of the ccll can be influenced by sympathectomy 1 use the
word “responsiveness” because 1 do not want to wnphicate any
kind of mechansm Thus, one can mcrease the response of some
tissues to humoral agents by dencrvation. There 15 also some evi-
dence that suggests that t of the sy h nerve
supply 1o the cell may decrease the responsiveness to humoral
agents We are very much interested sn fearning what the condi-
tions are chat change the responsiveness of the cell to a humoral
agent. There is some evidence that suggeses that some panents
with diabetes have no decrease 1n the amount of sulin which w
produced by the pancreas but that there 1s a change w the amount
which they ase unhzing or a change i the responsineness of the
cell, or a variety of changes in the reactions of the enzvme systems
within the cell to the humoral factor. 1 behieve it 1 exceedingh
mportant to bear that in mund, and 1 am glad vou raxed thay
qQuestion

Fremont-Seuth: In that connection the kind of method that
Dr. Ephraim Shorr has used with the vaginal smear in testing the
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full response of the pauent to estrogen adrminstration mighe be
helpful. They are not depending upon rat unit but are using 2
method of gettng full response in the mdividual patient using the
individual as us own basis for measuring when a full therapeutic
response has been achieved.

Mirsky: You are touching upon a very serious problem. I
remember some unpublished experiments which we did. We con-
ditioned rats to jump across a stand. Vaginal smears were made
daily. When the rats were frustrated, they went into anestrus.
Suppose a rat were to be frustrated by his neighbor in another cage
and you then use that animal for bioassay! You see where we
stand i1f we were to apply that to the human.

Fremont-Smith. We are in a spot because we are humans.

Gyorgy And we are frustrared.

Holbrook- 1 think that 1s a good note on which to close.
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