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JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

AS AN INTRODUCTION to these Transactrons of the Third Conference
on Connective Tissues, 1 should like to outltne what 1t 15 that the
Foundation hopes to accomplish by its Conference Program  We are

3, first of all, in furthenng } ledge about connective tissues
and to this end the particapants were brought together to exchange
ideas, experiences, data, and methods. In addition to this particular
goal, however, there 15 2 further, and perhaps more fundamental, aum
which 15 shared by all our conference groups This 15 the promotion
of meaningfut communication between scientific disciplines

The problem of communication between disciplines we feel to be a
very teal and a very urgent one, the most effective advancement of the
whole of science being to a large extent dependent upon 1t Because
of the accelerating rate at which new knowledge 1s accumufating and
because discoveries in one field 50 often result from mformation gamed
in quite another, channels must be established for the most relevant
dissemmation of this knowledge

The increasing realization that natute itself recogntzes no boundaties
makes 1t evident also that the contnued isolation of the several
branches of science 15 2 serous obstadle to scientsfic progress Particu-
lasly 15 st 50 1n medicane that the hmated view through the lens of one
discepline 15 no longer enough. For example, today medicne must be
well versed in nuclear physics because of the tracer techniques and the
njury which can result from radiation At the other extreme, medtaine
is certanly a soctal science and, through mental health, must be con-
cerned with economic and social questions, The answer, then, 15 not
further fragmentation mto mcreasingly ssolated specialies, disciplnes,
and depattments, but the wmtegration of science and scientific knowl-
edge far the entichment of all branches  This integration, we feel, can
be eacouraged by prowiding oppc for a profe {
approach to given topics.

Although the fertility of the multsdiscipline approach 1s recognized,
adequate provision s ot made for it by our umversities, scientific
societies, and journals And perhaps the presence of other hindenng
factots must be admutted Partly semantic 10 nature, they may also to
some degree be psychological. Ad dly, tt is imes dificult to
accept data denved from methods with which one 1s unfamihar By
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8 Counectire Tissues

malang free and mformal discussion the central core of our meetings,
we hope to achieve an atmosphere which minimizes as much as pos-
sible these emotional barriers.

Thus, our meetings are m contsast to the usual scientific gatherings.
They are not designed to present neat solutions to tdy problems but to
eliat provocative discussion of the ddficultses which are being encoun-
tered in research and practice. For this reason, we ask that the presen-
tations be refatively buef and that emphasis be placed on discussion
as the heart of the meeting. Our hope is that the participants will
come prepared not to defend a single point of view but 1o take advan-
tage of the meeting as an opportunity to speak with representatives of
other disaplines 1n much the same way that they would tatk with
their own colleagues m their own laboratorses.

We have, now, thirteen groups functioning under the Conference
Program, on the following topics adrenal cortex, aging, blood clot-
ting, cold mjury, connective tissues, consciousness, cybernetics, infancy
and childhood, liver injury, metabolic interrelations, nesve impulse, renat
function, and shock and circulatory homeostasis, When a new confer-
ence is osganszed, the Chairman, i1n consultation with the Found
selects fifteen scientusts to be the nucleus of the group, and evesy effost
15 made to include tepresentatives from all pertinent disciptines From
tsme to twne new members are added by the group to fill gaps m view-
point or technique A hmited number of guests are invited to .atrend
cach meeung, but, for the purpose of promoting full participation by
alt bers and guests, dance at any meeting 1 lunited to twenty-
five. It 15 sewitable that 1n 1o topic can we possibly include more thas
a small fraction of the key investigators i the field, and one of the
difficulties 1 forming a group like this is that it is necessary to Jeave
out so many people whom we would like to include

The transactions of these meetings are recorded and published. This
15 done because the Foundation wishes to make custeat thinking i 2
field available to all those working 1n it, and because it believes that
conveying to those 1n othes fields who are concerned with scge{xce, for
example, goverament offictals, admil , €t ﬂ.le tial natore
of scientific tesearch 15 also an 1mp roblem in ¢ tio
Logic 15 2 vital aspect of science, but equally essential 15 the satuitve
ar creative aspect Research g5 as creative as the pawting of a portrait
or the composing of a symphony. Although Jogic 15, of cousse, peces-
saty in ordes to rearrange, to test, and to validate, resgarch thrives on
creativity which has its source m unconsctous, ncnrgtmnal Pmccss::i
Unforunately, however, 1n the fimshed products which are preseat
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to the world through research reports this mtegeal part of scentific

endeavor is shuveled by the cold, white light of logic By preserving

the snformality of our conferences 1n the published transactions, we

hope to prve a truer picture of what actually goes on in the minds of
saentists and of the role which creatmty plags

FRANK FREMONT-SMITH, M D,

Medical Direcror






CONNECTIVE TISSUE STAINING

R.D.LILLIE

Pn:baloiy Laboratory

Natsonal Institute of Avtbritis and Metabolic Duseases
Natwonal Inttutes of Health

Dr FooT Db ME THE HONOR 2 yeat or s0 ago of calling me the “tech-
nican of pathology.” I 1 have attempted to assume the maatle of
Karl Weigert and Frank B Mallory, I hope I have done st with enough
attention to fact and not too much to theory, because fact 15 eternal
and theory frequently may change from one moment to the next.

Gyorgy Ate you sure that facts are etesnal?

Basner; Whar are facts?

Luftre: Recently, I read with great pleasure an ashcle wrtten by
Rudolf Virchow (1)} i 1846 His description of what he did and
what happened 1s sttl good, but the latter part of fus atticle in which
be speculated on what the facts meant 15 not understandable today. It
15 sumply tn that sease that 1 say that accurate observation and descrip-
tion 15 of lasting worth  After Karl Wegert had explained one of hus
new methods, 2 student came to the podm and sauid, “But, Professor,
what 55 the theoty of this method?” Dr Wesgert 15 reported to have
sad, with due solemnity, “Ach, elie Theone' You should ask my
nephew, Paul, about that"”

Gyorgy Wel, hus nephew did fairly well { don't know anyone who
was bettes with theory than Paul Ehdhich

Lelite' Oh, yes. But I could remark that i modem hustologic tech-
tuque many of the methods of Weigert are still 10 use, while there 15
very litle mention of the theones of Ehrlich

Fremons-Smuh Tor every fact, thete are certan basic assumptions
which, 1n turn, ate based on theoty Therefore, al} facts are relative
that sense and are open to madificatian; they have himitations,

Liffre. Yes But 1 do mtend, tn discussing methods for stasning con-
nective tissue, to present the facts and the results attained with them,
and, after that, we can speculate on what they mean 1t 1s entrely fegiti-
fmate to speculate after the observations, the methods of observation,
and the limitations of those observations have been stated

Consective trssue 1 shall consider as a complex of vanous hands of
fibrous structures, basement membrane, and the so-called ground sub-
stances, gong first into the genesal group of collagen, retculum, and

u



12 Connective Tissues

basement membrane. I group them together since many of the meth
ods used for their demonstration demonstrate all three. Collagen was
inttsally 1dentified as fibrillar matenal which swelled in acetic acid and
hydrolyzed to form gelatin, a definttion which 15 stidl good There has
been a multiplicity of methods devised for the differential staining of
collagen, varying greatly m their specificity and in their completeness
of stamning, as well as 1 therr apparent basic principles 1 say “ap-
patent” for reasons that I shall make plain later.” Seemingly, the oldest
dufferential connective tissue stain 1s picromndigocarmine. It was intro-
duced by Jullien (2) in 1872, forgotten, and seintroduced by Ramén y
Cajal (3, 4) 1n 1896, who generally receives credit for the method (5,
6, 7) Jullten made a saturated solutton in water of indigocarmine,
which 15 a sulfonated indigo acid dye, acidified with oxalic acid and
muxed with concentrated picsic acrd solution  The solution gave bluish
connective tissue and greenish-yellow muscle and cytoplasm. The acid
was important. A number of workers have used the same method
since  Nigrosin was substituted by Martinotts (8) i 1895 for the in-
digocarmine, and 1t gave similar colot contrasts although the blue was
slightly different in shade.

Frecborn (9) used the same method a little later. Van Gieson (10),
11 1889, reposted hus use of acd fuchsin, picnc acid mixtures Heputa
few drops of saturated acid fuchsin solution into saturated aqueous
prersc acid to produce a dark garnet colos. His successors (11, 12, 13,
14, 15, 16) very soon speafied how much actd fuchsin and how much
pictic acid to put mn, and the usual proportions have varted from 5 pasts
of 1 per cent acad fuchsin ta 10 pacts 1n 100 of the mixture which was
saturated, or nearly saturated, with picric acd (17). It seems best to
speafy those quantities 1n terms of milligrams of acid fuchsin per 100
ml, of muxture, and the proportion that we use 1s 1 of 1 per cent, asa
rule, of 100 mg per 100 ml, which gives a deeper ted to the connective
tissue than the 05 of 1 per cent often employed, although it seems &
little less spectfic If some hydrochloric actd 1s put into such a mixture,
2t precipitates some picric acid, which s not important, and the meth-
od becomes somewhat more speafic. If more acid fuchsin is added,
along with the hydrochlonc actd, 1t becomes even more selective 3nd
will stamn almost all of the connective tissue. The same thing is tue
of methyl biue and anilin blue mixtures with the picric acid These are
also very successful, and they are probably the most selective of the
stmple methods for demonstrating connecttve tissue. .

These observations of the wfluence of H tan, apart from the picric
actd ttself, are substantiated by Curtis (18) who substimth a number
of yellow mitro compounds for picric ac1d and found that teinitro com-
pounds of other sorts had about the same color effects and about the
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same selectvity as those obtamed with pienc and As to the dimtm
compounds, which were less acid, there were not pH measurements m
1903 so it cannot be said what these would have been, however, the
dinutra compounds were much less successful i producing differents-
ation

If the pH level of prcnic aced, acd Fuchsia muxtuzes 35 rased from
the usual 1 9 hy the addition of salts of one sort of anather, the mixures
become progresswvely less selective for connective tissue  Very poor
deff 13 obtamned 1f presate ss used sn place of picrie
aad  Agam, the snportance of acidity must be stressed

Curtis theorized to a considerable extent on the nature of the dye
uvsed 1 piene madtetes  He thought that when tuphenylmethare dyes,
which are typified 1 usual practice by acd fachsin, aniln blue water-
soluble, and methy! biue water-soluble, wese sulfonated not on the trs-
phenylmethane nuctens but on phenyl rings m side chams subshtuted
tnta the amne groups, these were not successful We tned to duplicate
this and were not convinced that tus observations were accurate in that
patticular fespect  Ambin blue, which 1s sulfonated, according to our
dye chemusts, 1 side chains, 15 one of the best of the connective tissue
stawns for penc mixtures, as well as for the phosphotungstic or phos-
phomolybdic

Cuztis obtaned very good results wath a number of azo dyes, and
some of them 10 my hands have also been quite successful My disagree-
ments with Curtis perhaps may be assigned to the fact that the many-
facturers change the names of the dyes from time to tame, 20d there are
also differences i the punty of the dye samples avasable fo each of
us, that 1, f T had a methyl blue which was 90 per cent active dye,
and he had one that was 40 per cent active dye, which ss entrrely with-
m the range af possibsisty, he might have thought st a vesy poor dye,
and 1 mught have thought it very good I do find that with different
samples of methyl blue and of anihin blue, the amount that 15 put into
pieric mixtures must be vared m order to achieve successful difterentta-
tion It can fua anywhere from 20 to 120 mg per 100 mt

Tremoyt-Smath Would you tepeat your definttion of coliagen?

Lelse Collagen 1s a substance forming the fibess of the connective
tissue which swells on treatment with a dilute acetic actd and whrch
hydralyzes to gelatia on boting  The definition ss ot mne

FremomSmab 1t would e smeresting 10 know how many here
would subscribe to that as beng, from therr point of view, a correct
statement, and, secondly, whether we may not have to define collagen
From several different posnts of view, not from one alone

Lithe  OF course, there ase more substances than collagen which
swdl an ‘l(b‘f‘u acsd and dmolyze to pelann Ossein, the framewnd
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of bone, does so and it shares many of the histochemical reactions of
collagen It also yields gelatin

Porter: It 15 collagen, isn't 1t?

Lilse: Yes

Gyorgy: How do you know that basement membrane is collagen?

Lilie 1 don't and I didn't say so.

Gyorgy: Connective tissue contains many substances in addition to
collagen.

Lillse: Oh, yes, I am sure 1t does I intend to discuss the multiplicity
of the fibrous substances.

Bennett: Where do you plan to put ground substance with respect
to collagen and basement membrane?

Lilze: Ground substance 15 something about which I know com-
paratwvely little

Fremont-Smith: Isn't st by definition that which we don’t understand
and hence call ground substance?

Lillse. Peshaps it could be called the amorphous or gelatinous or
semuflwid material which lies between the demonstrable fibrils and in
which they may be imbedded By many of our methods, it is not evi-
dent; 1t cannot be seen It was neglected for 2 long time on that ac-
count

Bennett  1f that 1s the way you regard 1t, then where will you put
basement membrane 1n this spectrum?

Lillze: As an organized structure, applied against endothelia and
epithelia, between them and the fibllar connective tissue. 1 think of 1t
as a hyaline membrane, for reasons that I will develop later.

Baner: And hyalin 1s what?

Lillse: When we first looked at some of the preparations which
brought us to the view that basement membrane was distinct from the
condensation of the connective tissue fibrls, we said they had the ap-
pearance of cellophane tubes. Does that convey the idea® Onte follows
them 1 optical focus as apparently continuous membranes, flat sheets
of matenal.

Baner: We all wish we knew more about the land of the unknown
These terms have come tnto use but we have only slight knowledge of
composition and molecular structure, and any number of things, as f& *
gards some of these.

Lillie: We are acquinng more information as we go along about
each
Robb-Smuh Ts 1t not true that Dr Lillie's definitron of collagen
would be unwversally acceptable? Obviously, it 1s a limited one, but
1t 1s far safer to have it be so

Baner+ Tt 15 much more limuited than the mformatmnuat hand.
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Robb-Smsth Then can't you put another buck an, cather than make
1t too complicated at the begumung?

Baner+ A brick can be added concerning, molecular structure, another
brick concerning amino aad composition, although the knowledge is
necessanly ncomplete,

Ldllze: But amino acid vases to some extent with the source of cof-
fagen which 15 analyzed

Baner: Rught you are

Lillze So we cannot go too far mto the detads of amino acod con-
stitution, We know that cettain amino acids ate prominent in the cam-
position of all the things that we calt coltagen

Baver And amno acid analyses ase anything but recent

Meres At previous meetings, and especiaily 10 the litecature on x-
ray diffraction and electron microscopy, the definition of coltagen was
quite different from the one Dr Lihie gives Under hus defimitson,
schthyocol would not be classified as a coffagen  Maybe it ought to be
stressed that his defimition applies to mammatan coltagen or collagen
of certarn species

Lilie R-ray diffraction defimnons of collagen would be quite ac-
ceptable coutd 1t be certain that they compnsed all the things whuch the
morphalagust has been calling collagen. The morphologsst has probably
been using the term as long as the brochemist

Baner: But the morphologist has been using the term collagen with-
out being sure what it 15

Lillse: "The morphologsst has loohed at certam wavy fibers 1 con-
nectve tissue and he kaows that 1f he bols them 1 acdulated watee,
he gets pelatin out of them. The term was used before the amino acad
amalyses were done, ¥ am sure, and I have nat seen any good reason why
1t should be changed

2 2-Sensth: Your deh sad which, 1f Tund 3
1t correctly, mvolves two disaplines Tt svolves microscopy and bio
chemustry Therefore, 1t 15 2 defintton which 15 limuted w frame of
seference, unless 1t 15 necessasy to say that physics 1 involved in the use
of light Is that nght?

Lillte 1 have no quarrel with allowmg qualifications to come i from
other disciphines

Fremont-Snuth: The pont 1 wanted to make 15 that perhaps a def-

mton of any substance should come from as many pomnts of reference
as possble It might be concewable to have twenty-five definttions,
each one of which would be a correct but fumited definution and would
have value for a particular puspose 10 terms of the goal for which t1s
being used

Lillze Al the definntions of collagen sest pumaniy on the opinion




16 Conneitive Tissues

of the anatomist that thus 15 connective tissue which he 1 gvany to the
chemist to analyze

Robb-Smith: Thus, it 1s absolutely vital that the actual matesial give
en the chemist or the electron microscopist can fulfill the crteria that
Dr Lufie has put forward.

Ldlse. The first criterion 15 the anatomical one in the selection of ma-
teral to be examined by any method.

Fremont-Sputh: 1f we were to qualify our use of the term each time
by saying “collagen, anatomical,” or “histochemical,” or “electron
microscope,” this would immedately identify the frame of reference.

Airsky. So long as the definition 1s operational, what dsfference does
1t make as to the particular frame of reference?

Fremont-Sputh: 1 just want to have it stated that 1t 1s operational.

W yekoff. 1 would be inclined to say that Dr. Lillie’s 15 the parent
defirution and that other disciplines, 1n subsequent mnvestigations of col-
fagen, must ask 1o what degree their material carresponds 1o this defin-
tion and whether or not exceptons are found to it. For instance, from
the standpomnt of present-day morphologic methods, I think we would
all say that fsh collagen was collagen, i the sense that, using these
methods, we -~ Lo st B

Meyer:
does not s\ - .
tion
Wyckoff Thete ace forms of rat tendon which also go into complete
solution, 1f they are selected properly.

Meyer. That depends on the concentration of acetic acid

Baner: They all have the same molecular structure when examtned
under an electron miscroscope.

Porter: The same apparent structure, yes. .

Ladlie: The business of swelling and going nto solutton is often sim-
ply a question of trme and temperature. A bone, if put mto hydrochloric
and and 2 56° incubator, decalcifies, swells, dissolves, and then dis-
appears Cor:!p[vetcly

IR RN Y

P . e

process.
AMeyer Of course. X . '
Litfte. ¥ would not say that going 1nto solution was a fundamenta

difference ©----mn —ommsst om sMiesae o 1 o5 nto solution, too, pro-

vided the the proper temperatuse.
B

Ragan.

Lidlee: N ++ latinor glue is produced
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Bawer: 1t 2 hittle glycoprotemn s added, will the ibcr preuptate out
of the sofution?

Wickoff: The materral may or may nat be cotlagen aftes 1t hzs gone
wta solution

Like Hydwlyeed far enough, it consists of ammno auds

Bauer: According to one of your definions, 3t would stil} be 1ol
Jagen, wouldn't 1?7

Wyckoff- Tt 1s coliagen

Bauer: The fibers are formed agamn

Alezer Would you agree, Dr Luthe, that coliagens, to put it m the
plural, are fibers which gve gelatins/

Lillre 1 have no objectson

We come now to a second large group of speuhic connective tissuc
stains, based on the Mallory (12, 13, 19, 20, 21) amhn blue method
with phosphomolybdic and phosph acd  Mallory first used
the one acd, and then the other Vanous people have used exther, or
muxtates of both Betause the dye chemists have used the combined
mordant and stam, with phosphomolybdic and phosphotungstic, and
have found it more effective than erther alone, 1 (22) adopted the sdea
of using botts and it warked vesy nicely  Baswally, these methods calar
the cytoplasm first with some acd anthia dye, then the tissues are ex-
posed to phosph ar phosph aad, either mrved with
antlin blue or followed by amilia blue Rt can be done etther way

Bauer Does st make any difference?

Lidlie 3t does, but so also do many other detarls and 1t 15 rather hard
to evaluate yust where the differences are

OFf all the vanants of the Mallary staimng technique, probably the
most selective and most conclusive for connective ussue fibeds s the
method of Heidenhain (23)  This nvolves staming fiest with azocar-
mune, which was misramed “azan” and hence the name of “a2an tech-
nque ” Azocarmine 1s an acrd ambin dye that is cather purely sofuble
0 owater Tt 1s dissolved in a difute acetic 2ced sofution, as 2 rule Al
though Hexdenhan simply said the sofutions were to be well audified,
fus fallawers later specsfied the amounts of acetic acd & put wta the
mixture  Aftec treatment with the acid dye to staia cytoplasm and mus-
cle, the sections are soaked for 2 halfhour 1o thiee hours in 5 pee gent
phﬂsxshomngsnc actd and thes staned one to three bpus in an anshin
blue and orange G musture contaung peshaps 3 to 4 per cent acetc
aad The per cent of acetic and vates There 15 a tendency, which
works quite well, to protong the time mterval and dirunish the concen-
tration of both the dye and the acd  Apparently, 1t tends to stun other
thungs fess and connectrve tissue ibrls just as wtensevely

Porser The coffagen swells m that mixtuze, doesn’t «t, undet the in-
Ruence of acetic aud?
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Lile: Thg collagen, mn this instance, has been previously treated,
preferably with a saturated solution of mercuric chlotide containing
acetic acid and potasstm dichromate, and it is pretty well incapable of
swelling except under very drastic treatment

Porter Does the acetsc acid allow for better penetratton of the dye?

Lillie: That 1s the general 1dea, and it also influences the PpH level

Bauer: Pethaps that 1s the expl of the wavy app e of
the collagen fibers in sections

Lajlre: ‘The wavy appearance was observed in the teased preparation
days before stainung and cannot be attributed to treatment artifacts, I
believe  With nothing done to 1t, a spread of mesentery immersed m
physiologic saline shows the wavy fibuls, mixed with the straight,
branching, elastic fibuls

Bauer: Wavy fibrls that yreld gelatins?

Lilie: Yes When they are raw, they will swell 1n acetic acid
When they have been denatured by vartous chemical treatments, called
fixatton, their behavior 1s modified, understandably.

The other great group, after the Mallory anilin blue and the Hetden-
hain, 1s the Masson (7) trchrome method, Newer verstons of the
orginal Masson methods vary principally i the substitution of dif-
ferent acid anilin dyes for the background stain, Masson used etther
amlin blue or light green to stan the connective tissue fibrls, and the
later diffesences are 2 matter of color choice rather than of innate
selecttvity The Masson methods are less intense and less total in thetr
selectron of connective tissue fibrils than the Heidenhain variants, and
they are less effecttve than some of the better prcric acid muxtures for
staining all the connective tissue  However, they work quite well for
routne use, and they are quite duplicable,

In the last decade, there have been a number of single solution stamns,
such as Ladewsg's (24), Shorr's (25), Papanicolaou's (26, 27, 28),
and the methods of Cason (29) and Gomori (30) which appeared in
1950 The Shorr and Papantcolaou methods have been used almost
entirely for other purposes than the staining of connective tissue, and
I think we can forget about them mn the present connectton, Gomord
found that one-solution trichrome muxtures coul‘d be‘ made from blue

+
or green acid tnph dip T dyes to
stain collagen with red sulfonated azo or disazo dyes as plasma stains,
acetic 2nd phospt 1c or phospk Iybdic actds  Phosph tic

acid, he found, ltended to ntensify :he background or plasma stains, a{:d
phosphomolybdic, the fiber stain. Alcohol weakened the Iplasm:l stain

ngs, DE INAUE SPELIIC FUULBILIGAUULLY 4 W iy S
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amounts of each to use I have tried them and, like other fast green
methods of the Masson type, they give a rather diffuse and mcomplete
picture of a more finely fibullar collagen The short cuts do not give the
results that the sequence methods do, that 1s often true m histology, for
we have not yet learned to lunut specifically the ceactions of a2 number
of reagents so that they will pick up just the things that we want to
show Progress 1s being made, but sequence methods work better at this
time.

Masson developed methods in which he modified the picric variety

2aid dye to color cytoplasm and muscle, then wash off the excess acetic
acid solution, which can be done with water The acettc acrd apparently
takes the dye out of the blood plasma, and probably out of the con-
nective tissue fibrls, while leaving st in the cytoplasm and muscle
Then one exposes to the picric acid mxture with an acaid dye, usually
trphenylmethane of the type of auid fuchsin, anihin blue, fast green
FCF, or wool green S which 1s a diphenylnaphthene dye 1t does not
seem to make a great deal of difference which 1s used They are all sul-
fonated dyes on that general type of nucleus and they are aqueous solu-
tions  Some of them give pH levels around 3; 1 have not measured all
of them, but actd fuchsin does, by itself Actually, acad fuchsmn 1s a
disodium salt of a trsulfonic acid, and 1t 15 thought by the dye chemusts
that the extra sulfonic aad group hooks back into one of the ammo
groups, forming a closed ring  However, 1t seems to be at least partly
available to furnish H ion

1 have modfied this procedure of Masson's He used metanl yellow,
whuch 15 a deeper yellow than pteric acad, acad fuchsin mextures [ used
a deeper scarlet which gave us a red background, and a picro-anilin
blue which gave blue connective tissue, and 1t worked very well There
are also other vanants One of the prettiest 1s using 2 fast gieen with
a more or less traditronal preric fuchsin, with an increased amount
of acid fuchsin in st It gives gray-green, yellowssh-green muscle and
cytoplasm background, contrasting vividly with a rather completely
demonstrated deep red connective tissue

At this point in our investigations, we found that acidification of the
pecnc acid, acad fuchstn mixtures increased their selecttvity, and further
exploration of this effect led to the discovery that trphenylmethane sul-
fonic aaid dyes become quute selectne collagen stamns at low pH levels,
regardless of the source of H 1on, whether 1t 1s phosphotungstc, phos-
phomolybdte, or hydrochloric actd  Acetic acrd does not give enough
H ton by 1tself in any reasonable concentration

Meyer What pH 15 this?
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Lidlie: A pH below 2, preferably between 1 and 1.5, will give quite
selecttve collagen stamns It is roughly what 1s obtained by mixing dec-
mormal hydrochloric acid as a solvent for acid fuchsin, 1 have not
used that pashicular muxture, but I have used others smilac to it Ve
developed 2 couple of hydrochloric acid methods which were included
in the textbook I published a few years ago They are of considetable
theoretical interest but I think they are wferior from the point of view
of practicaltty to the better picric mixtures, and pechaps to the phos-
photungstic and phosphomolybdic mextures as well

- EEE I T T A
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azodyes that will do the same thing There is naphthol blue black, for
mnstance, a disazo dye, which has, I think, two or three sulfonic acd
groups in 1t and which gives a very mtense color. It seems to be selec-
tive when used 1n 2 quite acid solution. This suggests that 1t 1s some-
thing of the same nature as the isoclectric point type of staining which
has been used a good deal with methylene blue. At certan pH levels,
dye 15 taken up, that 1s, the bastc dye 1s taken up, by a decreasing num-
ber of structures Actd fuchsin 1s taken up by a great many of the tis-
sues at higher pH levels As the pH level is dumnished, it apparently
becomes more selective for collagen and reticulum Just what chemical
peculianity this 1s based on, we do not yet know. We do know that
gelatn, which has been denatured by treatment with formaldehyde to
render st mnsoluble 1n water, still yrelds this reaction of staining red with
Van Gieson's picric-aad fuchsin, blue with Malloty’s or Masson's anilin
blue stains, and so forth

In attempting to see whether or not I could get anything from peptic
digests of gelatin, I ran into some major problems. If done in solution,
nothing 15 seen I tried to precipitate the peptides with phosphomolyb-
dic aaid, but I was not at all happy about the spot-test results on the
precipitates It could probably be said that there was 2 certain amount
of matenial which selected the red dye out of the picric acd mrxture re-
maming on the glass slide, where the attempt was made to fasten the
precipitate of polypeptide with phosphomolybdic acid, but 1t was not
wiat 1 would call convinaing, and I won’t make any pount for 1t.

1 am, 1n essence, saying that I consider all of these nciq anthin dye
methods: the phosphotungstic, the picric, the hydrochloric mixtuces,
as essentially depending upon the same principle of selection from
highly acid solutron of these dyes by the connective tissue fibnl

Poster What do you think the acidification means in the staining
procedure? ' i th

Lallze 1 have not really figured out what it came down to in that
protein molecule
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Porter; What happens 1f fresh tissue 1s put in a muxture of this sort,
without fixation?

Lillie: That would be mteresting to try I have not done 1t

Meyer: Dempsey and Stnger attempted to characterize protewns by
the amount of dye bound at the isoelectric point of the protetn, You
are far from the isoelectric pomt of collagen

Ldlre. Unless 1t has a second one

Gyérgy One chemical compound cannot have two isoclectric points

Lilre We think of the pomt at which tribastc acids show a rapid
stuft of pH on mmute additions of acid or alkali somewhat as one
might think of a sort of ssoelectric pownt for potassrum acid phasphate,
We get a pronounced buffer action below that

Mejer: But those are not isoelectric pomts.

Lillre. Dissociable groups give a certan ssoelectric point st one of
thesr dissociable levels, bur Jf you can obtam an additronat H 1on out
of some compound, 1t does not dissoctate until a much Jower pH

Meyer: A great deal of work has been done on the titratron of pro-
temns, especrally of wool, by Steinhardt (31) with varous antons at
varying levels of pH  The concentration of anion combinng with the
protemn corresponds to the basic ammo groups of the protem down to
cettam pH values At very low pH values, the uptake of anson ss
Ereater than corresponds to the basic amino groups and vanes with the
type of anion 1 think you might expect simdar effects with the dyes

Lithe You are thinking, perhaps, of a displacement of the sodum
from jts sulfonic acid posttion and 2 combrnation of the dyestuff with
amno groups of tissue, the sulfonic acid acting as 2 untting force with
the tissue base

Alejer: The protewns m a tissue obviously form very complex sys-
tems, i which salt formation and solubrhity of the complexes play an
tmportant role, especually after treatment of the tissues with fixatives.
T don't think anybody hnows what happens to the structures then

Benness: What Dr Lillie has said pomnts up the difficulties  Mor-
Phologists over the years have described results and made snterprota-
tions based on trial-and error expenments i staning tissue after it has
been denatured by harsh fixatives Certain color reactions develop,
“hich are conststent and repeatable These reactions have been tetrbly
important and usetul m the tdenttfication of cells and intercellular sub-
stances  However, 1t 1s exceedingly dsfficult to measure many of these
feactions m terms of chemucal hinkages or as precise chemical reacttons

Lellie« We have not modified greatly the groups that react with these
Particular dyestuffs by the varety of fiving procedures which we usually
use We do speak of some fixing methods beng better than others
but that does not mean that even those regarded as the poarest do nat
also give at least some other reaction
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Robb-S.mztbA Must we not admit that the material which stamns 1
s i

Lufie: Yes, we have modified 1t chemically.

Robb-Smuth: Although 1t is perfectly farr to say that it 15 the same
materiaf

Lallze; 1t is fixed collagen, if you like.

Gyorgy: It cannot be the same matersal.

Robb-Smith No, but it 1s analogous,

Lille: Tt 1s not chemically the same substance.

Ragan: 1t 1s derved from the same material.

Meyer: 1 wonder how far we deviate now from your definttion of
collagen How certain 15 it that the substances which are stamned 2re
1dentical with those defined by you previously as swelling sn acetic acid
and giving gelattn on bothag?

Lalfie: We must retamn to the concept that collagen s still 2 mor-
phologic, as well as a chemcal, entaty.

Perhaps 1t would be best to postpone further discussion untif I have
completed hat mare of my p ion In 1905, Maresch {32)
used the Bielschowsky silver method on some liver and discovered that
the retrculum, as described by the anatomisst, Mall, and othets, was
blackened After that, an extended sertes of papers appeared in con-
stderable number in the next four years, dealing with the exploration
of the entire hAuman and animal anatomy to find out where there was
reticulum which could be blackened with silver and how much of it
there was It was the most complete method at that time for finding
connective tissue m the organs, and 1t served a valuable pucpose 1 en-
hancing the knowledge of the totality and distribution of connective
tissue and its relation to parenchyma. Mall’s (33, 34) method had
digested the parenchyma out tn order to see the reticulm, which was
destructive to the study of relationships. With the silver method, it
- . Tt s et muf e a6 b oqlid viscera was more strong-

nd of general tissues. How-

, m and collagen by the acid

aniln dye methods, and the apparent conversion of reticulum to col-

lagen in sclerosing processes remamed, and a lively controversy 2ros¢
35 to the identity ot norudentity of retscutum and collagen.

Basement membtanes of glands and epithelia also became the sub-

sect of controversy. As easly as 1865, His, according to Von Ebner (35),
1 fed L b Jensation of closely

as 2 c

ly ]
felted, refecular fibrils Von Ebner (35), thicty years later, thought of
the basement membrane as 2 hyaline structure, abutting closely on sup-
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porting fibnllar reticulum. However, Ruble (36), Mall, and athers,
wn the pre-silver days, adopted the concept of the closely felted conden-
sation of reticutar fibrils with no overlymng hyaline membrane The -
troduction of the siiver methods led to the almost complete suppression
of the hyalme membirane theory and the dominance of the concept of 2
condensation of closely feited, argyrophihic, reticular fibnls against en-
Jeakae - Pt T dd mentron that Plenck (37)
tine membrane, distinct trom
tenal tubules and sebaceous
Other basement membranes
~hich more or less numerous
argysophulic, reticular fibrds were mcluded
Foot (38) was perhaps the puncipal exponent of the view that col-
fagen and reticubum were somewhat different substances. The concept
had been advanced, of course, much earlier by Mall who had found
that there were differences m resistance to tryptic and peptic digestion
However, the reticulum was also considecably reststant to trypsta, al-
though fess so than the collagen, and the dufference may have been
based fargely on the usually smaller fiber size of the reticular fibait as
opposed 1o the collagen fibri), or perhaps 1 should say bundie 1n terms
of present-day cancepts
Toot related that brief extraction with sodmum hydroxide destroyed
the argycophiliz of reuculum but left collagen stataable by the sad
fuchsin of Van Gueson's mistute, while extraction with botting wate
destroyed the fuchynophila but feft the argyrophila  However, the
facts were controvested in this case by Guyon and hus co-workers (39,
40), and 1t was left more or less up 1n the ar  Lowry's (41) assay
method for cotlagen apparently included both substances, collagen and
reticutum, 1o the final g 4 t M 's {42} co-
ordinated work between the chemucal and histologic methods on liver
arthosts demonstrates that the increase m the amount of collagen, as
determuned by Lowry's extraction method, cortelates more closely with
the mncrease 1n argyrophibic retscudum than with fibrous, less argyro-
philic collagen
Reticulum 15 more argyrophilic than collagen, but that is not to say
that collagen fibers are not argyrophilic, they ate I artdficial edema,
for example, where the subcutaneous tissues are spread apart by attifi-
aally introduced fluids, fixed in that state and then treated with siver
by any of the appraved techmques, one finds individual fibers blackened
for certain segments of theis Jength, and, directly contiguous with un-
blackened portions, coarse fibers may blacken and fine fibers remain un-
blackened, or fine fibers may blacken more than coarse hbers 1do not
know what the deternuning factor s It seems utterly capricious  But
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certainly I do not think we can adhere to Mallory’s view that the silver-
mg 1s dependent entirely on the fineness of the fibnl, He thought that
collagen and reticulum were the same substance and assigned the dif-
ference 1 silvenng to fiber size, but that is not borne out because of the
vattability n results which can be achieved When one finds a segment
of an ndividual connective tissue fiber, which can be followed across
the field of the microscope, solidly black in one pact and almost un-
affected by the stlver 1n a directly contiguous portion, it cannot be ex-
plamed  The sivenng 1s something which has not yet approached the
digmty of a chemical reaction because jt 1s inconststent, and the mul-
tiplicity of silver methods which have been introduced for the silvering
of reticulum bears ample testimony to their unrehability.

Porter. Can we account for the difference in the behavior of setiu
lum and collagen fibers 1n this respect; that 1s, if we accept the retiu-
lum fiber as a very fine collagen fiber—

Lallze T don't think even that has been conclusively demonstrated

Porter. Will you accept the notion that, in collagen, there ss 2 untt
or fibul?

Lillie. Oh, yes

Porser- 1t 15 concetvable, then, that all collagens and reticulins are
made up of these unit fibers

Lullze- 1t has not been demonstrated, as far as I have read, for what
1 will accept as rettculum N

Poster. 1 see Well, connecttve tissue fibers at the hmuts of light
resolution are usually called reticulum fibers

Lddlre. Reticulum, 1 think, was defined origmally by Mall (33) as
the framework tissue of the solid parenchymatous organs. It does not
partictpate, accordmg to my present notion, in the loose connecn.ve n§~
sues of the subcutss, for mstance Consequently, Gross (43), with his
demonstration of the finer and coarser fibuls showing the same pest-
odictty, offers no proof 1 do not say that reticulum does not have lh;
same structure I stmply say that I have not yet seen 1t demonstrate
that Iiver retsculum of renal reticulum has the same structure as sub-
cutaneous collagen ec-

Porter. 1 have seen many sections of a vanety cf‘hssues 1n the E&t":
tron microscope, and 1 have yet to see anything that is not cc“agm»‘( €
1n 1ts peniodicaty. Even the finest fibrils sdentifiable in the intercellu 3:
spaces 1n tissues have that periodlcnty If we allow ourselves to accep
that as a criterton of collagen or collagen-like fibers, then reticulum an
collagen are 1dentical

Lillre Or similar

Porter Al nught .

Lillse: That 1s, we have already postulated a number of ¢
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Porter: 1 am not sure that my thinking 15 straight m ths regard but
1t seems to me that the following questiomng 1s reasonable  When the
teticulum fiber 15 blackened, a certan amount of sylver 1s deposited on
s surface; would the same amount of silver per unit area of fiber mahe
a much lasger fiber appear black? In other words, may not the density
of the smaller fiber result from the proxumity of the two margms and
the cansequent optical blending of the silver along these margmns?

Littre; "That 15 2 very nice argument which 1s tenable on the grounds
of fogc, but when one looks over a sertes of observations, it just doesa't
seem to be; one sometimes finds black farger fibnis and unblackened
smalfer ones
l Par:l{r: I will grant that my expenience with silver staming 15 very

imite

Lillie My expentence with stlver has been long and disappointing

Porter: As a rule, however, 1s 1t not true that the larger collagen
bundles do not show as black as the reticutum bundles? That 15 the
basis for the distinction, actually

Litfies Yes, 1 think there 1s more argyrophibia in what we have called
reticufum

Porter: But could you conctude that the same amount of silver 1s de-
posited per umt area of larger fiber as opposed to smaller #

Liflre: 1 don't even necessanly concede that the silver 1s deposited on
the surface, which 15 part of the logic of that asgument

Porter That1s true 1 am assuming that 1t (s

Wyckoff. 'Those ate things which could now be determined  An an
swer could be given with the aid of the electron microscope

Gyorgy: What 15 your argument that reticulum and collagen fibers
are not simalar?

Lillre: Collagen and reticulum are certawaly, hustochemucally, es-
seatially simlar throughout, except for this one thing about argyro-
philta, svhach has been argued back and forth for years

G;)'fl’g)" But you yourself adm 1t 15 capnicious, therefore, you have
1o lfacts

Lillie: 1 have no faith i the discrmination

Gyargy  And no fact.

Lithe” No firmly established fact, 5o 1 have shown that there 1s a
vatability, and 1t 15 not necessarily the fner or the so-called reticular
Bl which blackens selectively

Gyorgy, Whereas the penodioty speaks very much 1 favor of
Sxmxhuty?

Lifice " 1should say so, yes

I shalt go on now to penodic aud It was shown i a senies of papers
by McManus (41, 45 46, 47) and Hotchhiss (48) and myself {49,
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30} that the apphication of the pesiodic aad ovidation foffowed by ap-
plication of the Schuff svlfite leucofuchsin aldehyde reagent would dem-
onstrate some of these fibsous substances 1n the red-pusple color of the
aldebyde seaction  Both collagen and reticulum ase demonstrated by
this procedure when the techniques are sppropriste. The Horchkiss
proceduse may ofen fail to show them because Hotchkiss inter-
pases, after the penodic ondation, 2 rinse with sodmm thivsulfate,
which 15 shightly acidofated with hydrachlore acid and, in our hsads,
usually promptly smelis of sulfur dioxide It is known that sutfite, ap-
plied after penodic acid, will often fender collagen Schiff-nepatise
(51} One can overcome that by prolongung the exposuse 1o Sduff
reagent; that 1s, the sulfite combmation with aldehyde #s displacesble
Vaxious ather reagents may be used, as well as Scuff reagent, for
d of the polyaldehydes created by periodic acid ovidation
of cisglycols or asamino alcohols 1 believe the amines may be sec-
oadary, that ts, chromaffin, which is thought to be the chromic precipi-
tation product of adrenaltn, reacts quite brifliantly.
The penodic Schiff procedure did demonstrate hyaline basemeat
k with greater intensaty than it 4 ated reticalom or col-
lagen. This was shown by Gersh and Catchpole (52) m 1949, but
when uncountesstaned, the color of the basement membrane was about
the same ay that of collagen or reticulum  There are fateastty varia-
tions, but no { discr n In pliag to see I€ there were
any mucins that did not react to pettodic, we found that counterstin-
g with blue basic antin dyes would change the red-pusple of mucin
toward the vioder; that 15, there is uptake of the blue dye on top of the
ted, When we used a pienc acid counterstam for cytoplasm, the colo
at collagen was changed from red-purple to orange. That Js tsue of
most collagens, except that of comea which semams red which may
be dve o the content 10 commea of metachromatse substances, chondroi-
un, byaluronate, or sometiang of that sort  The idea thesefore oc:ungd
to me to try one of the connectve hissie stams that wold confzast 10
cofor with the red-pusple of the penodic  Prctomethyl blue was used
as a counterstam, and one of our Hirst trials produced amazing scsuh‘
Basement membranes appeared deep sed s the Judney, the cetiadom
berween the mbules and asound the blood vessels 1 deep blue, with no
wtergrading of cofor. There was a cettamn :fmc(mta[ adwsinent of g:\:
proportions of sethyl blue and pscric acu! necessary, but “dl‘“‘ I
1deal propontions were warked out, we obtained copsistent resul ts b
creasing of the methyl blue to tenfold concentsation did not reverse the
color of the substances which had remained sed, There was dlSCﬂﬂ';“
naton of collagen and reticulom which cﬁanged their CﬁﬂO; n.:
blue; hence, the term that we have mtroduced, “allocheome,” f101

&XAExpoos, changing m color (33},
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This method shows, for example m Figuse 1, that the rog fibers
abaut the splenic siuses are composed of 2 materal which stawns like
that of the basement membrane of the kidney, whereas the pulp fibuls
calor blue, as does renal retsoutum and most of the trabecutas matetial,
with greensshyeliow muscle, blue connective tissue fibrls, and a few
interspersed, red, sheath-like fibnls  They look like luttle crrcles of red
surroundmg bundles of blue fibers In the coarse connective tissue sur-
rounding artesses in the hidneys, there ate also hittle rings of red arcund
farge bundles of blue Sarcolemmz, w strated museles, shows 2 red
layer next to the muscle sascoplasm, with blue fibnls runmng 1 be-
tween the muscle bundles aad almost onto the surface of the red mem-
brane It 15 more apparent followmng tryptic digestion when the red
tayer of muscle swells somewhat, thea one sees more plamly the blue
fibrls runnmng over the more or less wnnkled envelopes. The blue
fibuls ace argyrophitic, but the sarcolemma proper 15 apparently non-
argyrophilic

In dietary lver exrchosis of rats, the fibrous matersa} showed up in
bloe, the cerond pigment o 1ed, 208 there 55 3 Jttle glycogen which
also stans red, as 15 true snth penodic acd

Porter Wil you review the procedure again, please?

Liflre  Periodsc Sctuff reactton followed by tron hemataxylin and
preromethyl blue

In torular mentgitts, the torula show up i red, the myeln m more
os less red color

Figure 2 1s of a more or less normal kidney It can be seen quite
planly i some areas where the tubules are a little more widely sepa-
rated that there 1s blue fibuilar matenal between red membranes sur-

ding the epsthel e epsthelium ss rather pale m this stan
The framework of the glomenufus 15 almost entirely of the basement
membrane or red materat

In the renal medulla, the blue connective tissue can be seen between
the red b b In pycloneph hyalie casts 1 the
tubules are staned deep red The amount of connective tissue increase
can be rather plainly shown 1 blue, and collapsed glomerul with blue
crescent-hke connective tissue formations between Bowman's capsule
and the glomerular tuft may be scen Amylowd colors m a lighter puc-
pte App ty the b b of the gl lus Frays eight

nto the amylowd
Bennest §f you had supenmposed a silver
have happened, Dr Lathe?

Lithe What bappens 1f the siver smpregnation 1s appled before

and then toaed with gold 5o as to render the impregnatson snsusceptible
to the axdation What we did actually was to make 2 <onsiderable

P what would
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series of retiulum preparations, both by one of my own and by
Wilder's method, and then examine the slides for the best reticulum
impregnations that we could find. Those sections were demounted
and put through the periodic acid method, Then the basement mem-
brane shows up as clear red hyaline lamina in between the epithebum
and the black reticulum. We did that on a considerable numbes of
prepasations, chiefly of the kidney because the basement membsane is
castest to see there  Basement membrane is also found in the pancreas
but it 15 very thin m companson to that in the kidney.

Bennett. ln other words, the material which reacts with pesiodic
acid Schulf «s not sdvered  Does it encompass the sitvered materiaf of
1s 1t just on one side?

Ldlre: We have bad very poor success n silverng the stroma of
the glomeruli, In staining two glomeruli, side by side, 1n a case of renal
tuberculosss, where one of the gl ii has undergane involution an
scarrng and colfapse, the red material would be the coflapsed glome-
rular stroma, the blue crescent around it the ingrown conpective £
sue. With the silvering, 1t would std] be found that the red next to the
epithelmm was the tubule, but 1f the full sequence of the periodic and
picromethyl blue were done, 4 quite variable mixture of black and biue
fibnls would be found between the tubules, If the sitvering has been
fully adequate, there 15 practically no blue, If some of the retiouluat
of the kidney has fatled to blacken silver, then the unteacted fibrils
take up the blue from the picromethy) blue. In sections of Kimmelshe)-
Wilson diabetsc kidney, much the same is seen. The globular material
in the glomenul: seems to be related to the substance that makes up the
basement membrane 1n so far as ths seaction goes

Bemnetr It 15 a hyaline substance, whatever that 157

Liitre. Yes

Bennett  Does 1t ever take any of the other stams that we accept &5
being stams for collagen?

Lidlhe: My recollection 15 a Juttle hazy on that. Tt behaves like amy
foid and hike basement membrane with this technique and not like
collagen. R . .

Robb-Smuth. What do ordinary, dassical collagen fibrils m the
dettmts, for nstance, look like with this method ?

Lalie: Blue. .

Gyirgy. Elastic fibers are stained? s

Lillie- Elastic fibers are not stained. We ran control preparation
with both oreem and the Wejgert resorcin fuchsin method on the samé
preparations. The distrbution of fibrils staine
not cossespond to esther of the types seeen X ’ 5

Bennett: Do you mterpret the blue material as being collagen?

Lathe  Yes.

d by those methods did



red, setulum
auclet brown

FICURE | Spleen X720 Latnice fibers abouc sivuses in
and connecuse ussue i blue, erythrocyres brght yellow,



FIGURE 2 Kidney X325 Basement membranes of tubules and glom-
erulat vessels 1n red, reticulum 1n blue, basal cytoplasm 1n greenish
yellow, brush border mn purplish red, plasma in orange, erythrocytes
1 yellow
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Bumiett: How do you interprer the hyaline material which starmy
ttensely red? i

Lffie 1 have made no detaited sutvey of the other reactions of these
various forms of hyshne matenal ¥t shoudd be done, and there will
undoubtedly be differences shown They ate aitke 1n passessing link-
ages which give tise to this one reaction That does nat tmean they are
wdentical It does not mean that they are necessarily mucopolysac-
<hande.

Porter. 3t doesn't destribe tham as mucoprotein®

Lutle. 1€ they ate mucoptotems, so is adrenalin

Ragan: Is your materral formatin-fixed?

Lalle: Yes

Gyorgy. Did you find any difference between the cocticutar hbers in
coltapsed neceotic liver and the airrhotic fibers?

Lithse: In both the normst lver and the arrhone hwer, we find no

§ ing { b 1t differs from alt other organs

5
that respect

Gyérgy. They are blue’

Liftie Yes,

Gérgy. In hepatitis, 15 the same blue color found as mn curhosis

Lillse. Yes  And s aihosts, we find the trabecufar bands made up
of blue-statning fibets

Gyirgy: Dut you do not conclude from this that they are identical /

Lilfse. Not necessandy  There may be other ponts of difference
shown In the bver we do find bisement membranes about the bile
ducts stamed 10 ved, and we also find macin i bile duct goblet celis
staned red  Artenes will show the same ted stroma 1 the inner por-
tion of their walls that they do elsewhere, but the Liver parenchyma
self seems 1o be composed entirely of the blue-stumng rencular
fibnls 1 thus inducates, as 1 think 1t does, that there 13 no true base.
ment membrane 1n the hiver, 1t would apparently put the biver celis 1n
much Qoser contact with the circulation than are the tenal epithebal
cells with therr fauly thick, relatvely speaking, b b
between the supporting connective issue and the epithelm

Gyorgy  The ground substance 1s stuned?

Ldire The ground substance  Since we are staimng the connectnne
tssue fibrsds, the collagen ibals, 1n blue, we will sometimes see 1 um-
tatual card, in the rather wide lymphatic spaces, smalt coapula which
stam red They are metachromatic They are destroyed by hyaluromdase
which hias been boiled in acetic acd, which wilt no Tonger depolymenize
alutondase r tiire

Meyer Do you demonstrate destruction by the fact that they do not
Mam any more with the peniodic and Sl reaction?
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Ldlze: No, we prefer, in this instance, to use metachromatic dyes

Baner: What 15 the source of your hyaluronidase?

Lxll:z:' Bul testss preparations from Schecing and Wyeth, which ate
t 1 e ro ’

hyaturonidase changes the

. : . »ohishes the metachromatic
staining of cartilage matrix,

Gyorgy: How much hyaluronsdase did you have in your solution?
Is 1t possible that the boiled hyalurontdase 13 adsotbed to the matecis!
and thereby causes a change n staimng quality?

Litlre: 1 do not know. There was abolstion of the metechromasia,

Aleyer: Dr Lutlie sard the disappeacance of the metachromatic staio-
tng was due to a chondromucinase, The suffix “ase” obviously desig-
nates the agent as an enzyme. There 35 no proof whatever that an
enzymatic action is involved, either with the testicular preparation ot
with the malt diastase We have tested both enzymes for sulfatase ac-
twvity, using chondroitin sulfates as substeates Testicular hyaluront-
dase hydrolyzes chondrortin sulfate of castilage into low molecular frag-
ments which ate stilt sulfated. The same enzyme also hydrolyzes chon-
drottin sulfate from umbtlical cord (which we tetmed chondrartin sul-
fate C} without sphttting; off sulfate.

Lillre: We tned to carry out the histochesmical digestion 1o the pres-
ence of barfum salts to see if there would he any demonstrable banum
sulfate crystals. and while there was destruction of the metachromast,
no sulfate crystals were found.

Meyer: 1 would agree with Ds. Gyorgy's explanation. 1 also doubt
that thete is any enzymatic reaction here. The whole literature on meta-
<h ia 15 cont You probably saw a recent paper by Levine
and Schuberst (54) on metachromasy which to 2 large extent is 2 con-
firmation of older wotk by Bungenberg de Jong (35} From this wosk,
it appeacs that the bastc dye 15 bound to an amonic complex by both
polar and van der Waals bonds. The polar binding can be inflaenced
by neutsal salts, the van der Waals by alcohol, for example. i3 1he. dye
15 to be bound, 1t must replace some other anion which is combined
with the acidic complexes i the tissves. .

Vesy large concentrations of hyaluronidase were used in your expett
ments, simtlar to your experiments with malt dizstase, bailed or va-
borled I suspect the explanation is the same for both types of agmt;;
namely, that some protem present in these enzymes intesfered wit
the binding of the dye to acdic components in the tissue. 1 think you
are not permitted to conclude more from your experiments

Lille: The buffer system alone does not do st
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Meyer: ¥ dad not think 1t was the huffer system

Lillze: 1 thnk it is true that the capaaty to reduce metachromasia
1n umbihical cosd does not paralfel the tushidity reduction untt titer of
a hyalutonidase preparation, that 1s, when the cancentrations used are
varied and we try to reach some sort of an evaluation by the concen-
teatson-time relationshup that tt takes to clean out the metachromatic
materal completely, we find that different fots of enzyme, varying as
much 2s 2 hundredfald  thewr cnzyme titer, as determined by the tur-
bidity reduction techmque, will show only tenfold variation in therr
capacity to digest the connective tissue mucin,

AMeser Conaective tissue mucin as demonstrated by metachromasia?

Lilte Yes, that's ught

Meyer: 1 object to the use of the word “digest.”” Your observations
ate undoubtedly carrect Your i 1 do not accept You can
say that you change the capactty of this material to combne with the
dye But to call that digestion implies 2 mechanism which has not been
proven

Ldlre The observations were, as you may have guessed, more or
less incidental to other work that was in progress, and they were deemed
worthy of putung on record i order to stiupulate some brochemical m-

. s b aas

grounds on which you discimraate between digestion and the denatuta-
tion which has occurred

Meter: 1 shall not attempt to explan your expenments 1 cannot.
¥ do not know, nor do I believe that anyone else knows either

Gyorgy You said 1t was enzymatic action, and our objection s to
that statement because 1t can be explained by other means

Meyere 1 believe Lison, and also Bungenberg, demonsteated that
mono-, di- and tnvalent 1ons will abolish metachromasia

Luflse, At what Sevels, though?

Afejers The concentratsons ase 10° to 10* molar  One would cer-
tanty not cail the action of NaCl a digestion

Lilbie No, but the term digestion can be used 1 relation to the effect
of bydrochlonc aad on proteins

Meyer  Hydrochlone acid at room temperature? No, I cestainly
would not use the term digestion in that case

Girorgy Hydrochlone acd would sull not be an enzyme.

Lidie Oh, no

Ghargy: But you mfer that 1t has an enzymatic action

Meyer  Also, hydrochlone anid wath most protesns is quite stable;
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@ Iot of protews are quite stable with hydrouhione acd at he wncen:
trations of tenth normal which you wse

Lallse: In thas instance, yes.

Aleyer- You may even heat some proteins with 0 1 N HCl without
destructton of the protein.

Robb-Smeh: | wonder if we could come back for a moment to the
periodic acid-Schiff reaction itself? 1f 1 understood Dr. Litkie sght, he
sard that classical collogen, such as he was discusstag easlses, provded
there was not too much sulfite, did stain red?

Lidire: Yes

Robb-Smah: On the othes hand, by this technique, where you are
using a counterstam, you get no red starung of collagen ar fine reticular
fhbers

Lablee. That's nght

Robb-Smuth: What do you feel this means, considering that, if you
use the ordinary PAS, classical collagen does not stain red; that is, #
stams yellow, whereas your fine reticulin fibers, possibly with basement
membrape, do stamn red?

Lallze: McManus and 1 have both objected to the classical Hotchkiss
on the ground that st jntroduces what is probably a pattial sulfite block:
ade after the periodic odidation, thiosulfate, or the sulfate step i
omutted 3t has been our expenence that the colfagen does stamn red

AMeyer. May I ask swhether you have tried the commercial hide pow-
det, the standard hude powder which is sold to evaluate tanmng agents’

Lille: No 1 do not know of st

Meyer 3t 13 collagen, and § think the expenment would be valusble
because 1t 1s certan that st does not contam any of the ground sub
stances, ot the substances which are thought ta act prmanly with per-
adic aud-Schiff reagent

Gyorgy. Does it contain sulfate?

Mleyers No There 15 o chondroitin sulfate ot other mucopolysic
(haride 1n this matenal, at least, it contams no hexosamine in demon-
strable quantities. It may be possible that periodate will oxidize some
of the ammo acid groups of collagen, but I should like to see it dem-
ansteated I remember two years ago Dr. Gentrude E. Perlmann men-
noned that ssulin was oxidized by periodic acid. . o

Lillse. But sf this reaction of collagen fiber with periodic serd is dut
to imbibed ground substance, 1s 1t not strange that the ground sub§ranrt
atself, whach 1s between the fibers, farls to react and that all Of.thxs ma
terial 15 apparently concentrated withun the morphologic usit of the
fiber?

Meger. s st not possible that, by the process of fixatwon, the ground
suhstance has been depostted onto the coliagen fihers?
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Liffre The metachromatic material has not migrated. Tt remade e
between the fibnls

Meyer: On the same sections?

Latlie: Both cannot be done in the same section The eoxx sace
of the same lot has to be used

Robb-Smuh: 1 should like to come back, Dr Lilbe, to the crasecp
of why 1t 15 that you do not get classical collagen staining w2t A%
whereas with your uncaunterstaned methods, when you 28 773
too much suffate, you do

Lillte  Stmply because, m the course of peciadic oxidation, e ke

amine an indvidual BDOL by SPELtostupy, We would bnd st se') gb
sotbed at 570, probably as much as before
Robb-Smuth ~ But surely you would have expected 10 ser it 2 £
deal more putple than it 15 1 your preparations You g0t 2 poad prp
1f your collagen fibers wete 1n fact a good ted before §0u 2dded prpsr
counterstain )
Lillie: The red 1s not as strong as 1t 15 1n the basement menmSozne
Robb-Swmath. No, there 1s a difference That is shat I vant tg pes oo
Lillie: There 15 a difference n mtensity g
Robb-Smuh  No matter how you color 1t?
Lalier Yes 1 would say that the explanation of the deprss
penodic Schaff 1eaction might well rest on selatively mmu; v
of hydroxyfystae of threanine in the colfagen itseff, if they N 57
for reaction 1 don't know that that has been worked out 1ne 1y -
very much to have a seaction for hydroxyprofine or proline
Holbrook Have any studies of this kind been attempted ¢n .2
matenal, and «f 50, 15 1t at all stanable? PRl
Liflie Gersh did a certan amount with periodic on fmzm. &ut,
teral T did not discern i tus worh any vast difference from
50 we have not encumbered ourselves with the much otere
complications e
Meyer: But I thought Gersh suid that the callagen fiben g,
de not stam with pertodic acrd =
Holbraok. That 1s what he said last year which s th
asked the question
Litlie He s still using the Hotchbuss procedure.
Aeyer U'm sorry, but what 1s the difference betweenyy,.,
and that of Hotchluss? Serdare
Lidlie: We omat any reducing reagent after periodic s

of e

e g
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Ragan: Daes collagen take stains such as the Masson and Heidenhain
when 1t 15 unfixed?

Lallre; Not having tried t, I cannot tell you

Ragan. Such aq experiment mught explain whether denaturation pro-
gresses to the pomt where collagen is modified. I don’t know of any
work that has been done with those stains on frozen, dried material

Aleyes: Tt would appeat questionable whether your method feads to
the production of aldehydes. The leucodye becomes converted to the
oxidized dye; this oxidized dye, by adsorption of by a primary valence
bond, combines with some group or groups on the fibers. Then jou
superunpose on that a second stain which also has an affinuty to the pro-
tem. Is 1t not possible that you are dealing then with a competition of
the different dyes for these fibrous structures? The interpretation as to
the production of aldehydes and the formation of Schiff's bases seems to
me somewhat risky.

Lullie. The periodic reaction of collagen is readily mhibted, or the
Schiff reaction of collagen after perodic oxidation is readily mhibited,
by interposition of 2 bath 1n sodum bisulfite solution, or by phenyl-
hydrazine or by semicarbaztde Dempsey has shown that the Seligman
Ashbel agent, naphthoic aad hydrazide, can be used in place of th;
Schuff reagent to demonstrate periodic produced aldehydes But don't
recall enough of the details to remember whether he mentioned spe-
afically collagen and reticulum. We have other aldehyde methods
that have been used to mterfere with the Schiff reaction at least.

Meyer: At what pH 15 perradic oxrdation carsied out?

Lithe Uswatly around 2 to 3. Sodium penodate will not wotk. 1t 5
an alkalt that does not even oxtdize glycogen. I almost missed out
on the thing entrely because Dr. Hudson said, “Take some potassim
penodate,” and forgot to tell me that he had acidified it for oxrdizing
starch 1 trsed out the alkals periodates and they wouldn't work Td!htn‘
secollecting our expenence n oxidizing methylene blue with brchro-
mate, that st was not successful unless acid were added, we tried ?ddmg
the acid and then got results. Slightly more than a stoichiometric po-
portion of ac1d must be added to the potassium salt e

Meger Gersh digested his slides with saliva or another (yPe l;‘ -
ylase and in that process removed a good deal of matesial wh
nitely is oxidized by periodate. .

Lillie: Yes, we have done a number of those tl;mﬁs s WE:':I?'

Ieyer: There 1s no difference in the pictures which you se

2‘1113:' Such things as I have shown in the Figures have been su;b-

jected to digestion with duastase, swhich 15 adequate to remove gly

from heavily laden liver or cartilage completely. :
coﬁ:{b:ooé: Do ;I'cu think, Dr. Lillie, that there 1s any hope for at
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tempting to determine the chemical structure of stained substances
by the way 1 which they stan?

Lillie "We may be able to give some mdication of affimities ot of
teactive groupings, but I do nat think one could carry through a com-
plete analysis any more than can be done on spot tests  The spot test-
ing 1s o rather parailel procedure

Meyer £ 1 recollect, you conclude that the red material 1n the patho-
logical kidney glomerufy 1s collagen which has been dissolved

Liffie No, we are shil at the stage of recording reactions and are
trying not to draw too many conclusions.
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WAt 1 PROP o 15 to brn5 UP 2 numb the problem™s of the
fine struct ultrafing morp ologYs connectivé issues th'.\t seem
to me 1n vately 50 d the outsely hould lke © th
quesnons can be asked abo t the morph £ tyve 1S
sues have b atly altered developments of %13y af
faction, 205 nd, b the o trod of el icroscopy 1,2

L 4 W wo & ¢ research. ¥ can 0
the macxomo\ccu\ar pamc\es, at least. that ar sutuents of connective

Koray diff raction Was the first t0 e used e*! xenswvely: 1t has n<® mpas-
able vatue fof revealing the atomiC ar:angcment sn CIyS a\s, but a5 user
i i ch

fulness t© resea(ch on connecttve tissue 15 nowW, think, very much 56
ondary U ¢ the electron microscope 1e collage ts vasions
forms do€ gve charactenstic xray diffrac ions, we a5 te certai®
that collage ¢ 2 te €F d, 2 pho\oglsts, we more I
tese: rrangs oleculat P es of ¢ \ages tha
question® nvolving e arrang t hin 1S molecule for
the g Int t collage tuf the m teculat
1evel, th {ectro microscope It m ate and, hink, wid
\{

€ imt
value What 1 have to 537 has to 40 entirely with electo? pucroscOP’
and 1 shall quite frankly sgnore the x-8Y diffraction side

structe lem
of he vanous ue sons 1ch 1 sho to call 210 oM
s, 10 3 Se05% the basis a1 the others and 1t is really tW V/h ‘
from !he ndpor hetr V! ble fine structures are t kinds of ¥
nective [SEEN \ements which 2 seen N tuse, and 4 re
on betw! hem? The 2o et toO F first 35 rather cleaf d ehets
genem\ £ ments s that nis £ i 1ts seen nect!¥
fissue 1d Iike t {lustrat® with Fagores, © der that
we may reed 35 what alking about mmoncst
ghols 318 ch ac erized by striatto e té 650 Angstr ts
apart The 1gur hich 15 of a fragmer ¢ teased 17
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Flcurr 3 A fragment of tendon from rat taf  Note the different
dameters of the fibnls and the alignment of thetr 630 A striations
Reprnted, by permission, from Wyckoff, R W G Electeon Mnro
wopy, Techmgne and Applnatmne New Yorh  Imeracnce Pub
tishers 1oy

don The separations of 650 A ate, of cousse, those between the bands
of fibs seen here Al scen m connectine tissue are fthreds which are
more or less continuously strizted, with about ane-thied the 650 A
separattons  Figuee 4 15 2n example of this closer stuation It s a bit
af teased matenal from around a muscle, and the banding along each
fibsil 1s about 210 A

Parter Ts thes material feom 2 voung anemal, Dr Wykoff »

Wickaff No. this was from a mature rabbit It 1s atso true, of course,
n line with the work of Orehhorsch (6) and that of Highberger, Gross,
and Schmutt (7) that we can mahe differently strated fibers in the fab-
oraton through the nteraction of mucoproten with a coliagen sofunon
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Floure 4 A fragmeat of co

Al about 210 A, mstead of 650 A, apast,

fram Pratt, A W, and Wyckoff, R W G - The fine structutc
nectnve bssue fbals  Brochim et brophys acts 5, 166 (1956}

Figure 5 will serve to illustrate this The taterstrial distance, that 15,
from the one thick nidge to the next, 1s several times the 650 A of [ig-
ure 3 In addition, there 15 a fine structure withm each straton which
toaks very different from what 15 seen wath collagen.

Lorser; Is the larger distance 2 muluple of 656>

W yckoff+ ¥ am not sure that I know.,

Portere It would be iteresting sf everything were built up on 2 210
or 220 basss, wouldn't 1t?

Wyckoff- 1€ 1t were, yes. 1 think 1t could be burlt up on thag hasts
here, but whether there would be any meamag in the result ia view of
our inaccuracy of measurement, I don't know.

Tn these fibers, there are conuiderable varations af detail with 2
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Ficure 5 Fibnls of mucoprotein-collagen complex In thys prepara
twm thete ate tho mmor bands between cach of the more proncunced
anes These nunor elevations are not akways apparent

stration Sometimes, as, for instance, at the top of Tigure 5, the bands
within a stuation are almosk completely suppressed  There are many
cases where they are completely suppressed, and others where they acce
exagperated to furmsh 2 uniform stnation of about one-thurd the fufl
spacng of this Digare

Mirsky Txactly shat ss this?

Wckaff These ate fibers which are made by mrang a mucoproten
with dissolved collagen and then dialyzing

Benneti How do they differ from myoftbrittac# Is these any dutfes-
e’

Bryckof Some of st looks surprisingly bike fully contracted muscle

Bennerr That is what Ewas thnking

Waddef  But thes as cleatly 2 supedfical sinulanty, although s ss
disturbing sometimes
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Porter: Did you ever see fibers without anything m between the
striae? Thete 1 a bit of a suggestion of 1t {n Figute 5

Wyckoff. Yes. 1 have some photographs in which nothing at alf an
be seen

Porter Isn't that a hittle mystenious?

Wyckoff: Tt must mean that the stuff i the middle 15 enommously
hydrated  One can also get, by working at somewhat greater concentra
trons, this same stuated matersal, not as a fiber, The strations will de
velop within 2 drop and there will be a varety of detail within the diop
Hence, 2 fibrous end product is not necessary, As fac as ¥ know, this
sort of thing does not occur m nature,

Porter: I have seen things of this sort i cuftures, except that the
pertodictty was not as great. It was only about 1100 to 1200,

Bauer' Why do you say 1t does not appear m nature, Dr Wyckoff,
when we know that this phenomenon can be produced with concentra:
tions of the matenial that are encountered m diseased states.

Wyckofl. A1 would say, then, is that I don't think we have en-
countered it in npature.

Banet. ‘That would be all right. 3

Porter' 1 could atgue on that pot, for probably at no tune in adis
eased state 15 there the concentration that there 1s at the begmning of
this reactton

Bawner: You have no way of proving that,

Porser Indeed. no, but you have no way of proving your posat .exthef

Banes: 1 am talking about concentrations that may occur in the
blood What concentrations may exist when collagen is ta sofution, {
don't know

Aeyer. But you don't dialyze, You don't have an absence of eec-
trolytes i nature . fs. that

Wyekoff 1 would say that of the two natusally occuering fibels, €
is, the 650 & and the 210 A types, to designate them loosely, ib";‘
with the 656 & repetitrans cettainly secm to be the mpre common, lh:
more widespread.  As you will see from the Figutes which folfow, &
fibrous elements of connective tissue are more often than not so con
tamumated with the substances s which they are imbedded that their
strnae ace obscured, wnless very spetial steps are talfen to clean them
The close 210 A striations, as i Fgure 4, are more likely to be cov,c’r
over by these contaminations, and 1t would be much easier to mtss f’:
than to muss the 650 &, Thus, at this stage, when these has db““c.
relatively small amovnt of exploratory work done, it must be sai m;:
ly that the 650 A fibers seem 10 be the more common. Thts may or may
not be the case

There 15 a striking difference between the two types of fibril the
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650 A fibnls differ widely among themselves i diameter and tn the de-
tails of thetr fine structure, whereas the 210 A striated elements are al-
ways, as far as we have seen, relatively small 1n diameter and, in 2 sin-
fle preparation, their indtvidual fibals are much more uniform m dram-
eter than the 650 & fibers are likely to be. Figure 3 of 650 A tendon
shows wide vanations m the diameters of the individual fibnls, where-
as the 210 A fibnls in Figure 4 are surprisingly of the same diameter,
or very nearly so

To turn to the second part of my imtial question, 1t 1s not easy to es-
tablish the exact relationshtp between these two kinds of connective
tissue At last year's Conference, in the work done with tissue cultures
of fibrobl Dr Porter exp ded the view that the continually
strated elements are 1 a sense immature with respect to the 650 A
fibrils, and that they tend to pass over ato the 650 A fibnils with age
(2) On the basis of our expertence, there can be no doubt but that the
630 & fibrils are more consprcuons 1 adult tissue and that, as I think
Gross tndicated, the 650 A fibrils themselves are thicker 1n older tissue
than 1n younger tissue

Porter: ‘They seem to increase 1n srze with age, but don’t you suppose
there 15 2 maximum for each tissue® The collagens are of duferent
widths

Bauer. In different organs

Porter  Yes, 1n different organs

Wyckoff+ Yes, I would think there 1s a maximum. But there are
several facts that make 1t uncertamn that the 210 A fibrils are immature
with fespect to those with 650 A strations  We have not mfrequently
found bundles of the 210 A fibrils in tissues of apparently healthy
antmals

Baner Adults’

Wyckoff Adult animals, as in Figute 4 which was from an adule
rabbt

Meyer That was from a muscle?

Wyckoff. Yes, from the nesghborhood of a muscle

Mejer Is there a difference 1n what tissue you investigate, or s that
tmmaterral

Wyckof 1don't think we hnow  Actually, T should probably adme
that I am a little embarrassed to be talking about connective tissue be-
cause our expertence with 1t 1s really more or less mnctdental to work
on other problems The primary business of my laboratory now 1s with
virus diseases, and what 1 have to say here about connective tissue ts 1n
a sense only the fruit of running observations which we have had to
mahe 1 am mrerested in the socalted dissolved collagen m ats own
night, and this 15 the only aspect of the whole collagen problem to
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which we have given what T would call serious study Thus, T haven't
expersence covering many tssues,

Mirsky: So we know you are not prejudiced

W yckoff: No, I am not at all prejudiced.

Another pont 15 that fibnils of the 650 A collagen can appear very
promptly, and I think seemingly as a primary product of the activity
of fibroblasts, For instance, if chick embryo membrane is noculated
with nfluenza virus, there 15 often a very marked thickening of the
mesoderm within forty-eight hours, Masses of newly formed fibuls
will be found, many of which do show typical 650 A striations. Such
a mass 1s seen 1n Figure 6, which 15 2 picture at low magnification of
the mesodermal layer of such an infected chorioalfantoic membrane

- P N T et oo apendasmal mactinn of the
Wavs
- fiel
of the

pictare
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TIGURE 7 A portion of & mass of new coonective tssur filaments a1
a magmficstion huph encugh to show thew stnated character,

The 630 A strrations are definitely discernible i an entargement (Fig-
ure 7

Porser  But the 210 can also be seen

Wyckofl. Yes, 1 think so

Porter: We should bear i mind that choroattantoic membrane s 2
refatively well-diffecentrated tissue and same of this could be there be
fore you put the varus 1n

Wyckoff Yes, although I think very tittle of thus s ol collagen be-
cause of the tsemendous psoliferation that has occurred  Thes s nght
n the quddie of that regson of great prohiferanon

Porter Yes 1 am inchined at the moment to interpret same of the
210 fibets we thought of as being charastenistic of the conditions 1n
tissue cuiture as being a pronduct of those conditions rather than a stage
it devetopment
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T

Ficure 8 Frlaments of connective tissue seemingly developu,
the surface of tie fibroblast, part of which fills the center and bottom
portion of the phatogtaph  They are strated Jike those sn Figare 7.

Meyer: Had the section m Figure 7 been treated before with lune
water or trypsin?

Wyckaff. Ounly by fixation We have had occasion to Jook at gust®
a few sections of connective tissue m which these fibrils appeas qui¢
close to the mdividual cells In Figure 8 1t may be possible to see that
the msterial adjatent to the cell 1s strated  This 15 embryonic chicken
connective tassue, not from the chorioullantosc membrane. I believe
that these fibers actually are produced along the border of the fibrobfzst,
and that they have been thus produced recently,
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Porter: Where would the fibtoblast be, do you think?

Wickaff: At the Jeft 15 part of the fibroblast, And elsewhere, not
shown 1 this Tigure, are other masses of fibers that seem to be comng
off ats surface.

Aaother observation which 1 think bears on the relation between the
210 A and the 650 A collagen 1s the fact that both can be produced
from the same so-called solution of collagen by varying the physico-
chemical conditions of precipitation. 1 shalt revert to that later

The relation between these two forms of collagen has the most direct
bearing possible on everythung that the electron rmicroscope will dis-
close about both the development and the repatr processes that invoive
conaective tissue R is 2 most important posnt, but 1t 1s one upon which
we need a great many mose observations than we bhave at the present
time,

Desmpseyr You have menponed only the coflagenons and reticulum
fibers of connective tissues Have you any observations on elastic fibers?

Wyckofl: None whatsoever We have done no wotk with elastc
tissue

Demprey  And there 1s nothing sn your sections which 1s recogntza-
ble as an efastic fiber?

Wyckoff: No, but we don t happen to have looked at materal that
wauld be rich i elastic fibers

Lifiie: Has any clectron microscopy been done on materiat that has
been treated by onc of the amine sidver processes to impregnate reticu-
lam?

Wycknff: To the best of my knowledge, no

Dempsey: Gross has some informahon on retscufum fibers which
have been sivered e showed that the sitver deposits on fibers of a
cettan diameter, and that {ess intense sitvering aceurs 1 smaller fibers
Hawever, 1 behieve he has not made any serious study of 1t, nor pub-
lished anything on the subject

Porter  1t13 quite interesting to play with the nottan that theee may
be 2 fundamental penodicty 1 biotogicat fibers [ibrin has a pen-

odiaty of 220 A or 240 A, and 1t 1s 220 A bere i collagen  Thete 1s
something of the same sost i muscles, 1f T am not mustaken

Wakof  This periodinty 15 surpnsingly wniform m atf fibnitar

matenal

Gyorgy What does periodictty mean?

Porter Tt reflects or desknibes the macromolecutar structute of the

T
Waebaff  Or do you mean what do we mean by ' penadiaity #
Gyorgy No § hnow that Bot what 15 the substrate? Why da you
fot this?
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Wyckoff+ 1t must be a reflection of a regular repetitiveness of some
sort within the constituent molecules.

Meyer: Couldn't you say that you have in these areas a highet con
centration or a greater density of material ?

Gyorgy: Yes, of nonvolatile material.

Wyckoff This 1s surely true from the vety fact that strations ate
seen

Porfer: And the fact that the periodicuty is related to an elevation
means that 1t 15 a concentration of nonvalatile material, not simply 2
concentration of atoms of greater density to electrons

Dempsey: How much vanability is there in the periodicity of fibers
such as this?

Wyckoff. 1t 15 very difficult to say because there is always the prob-
tem of shrnkage and expansion on the substrate. .

Dempsey: That 15 what I am really asking about, Can one expeti-
mentally, by shrnking or by any other kind of treatment, deliberately
alter the periodicity? Is it controllable, or is st something whucs is
vanable from fiber to fiber?

Wyckofl: 1E a specumen 15 prepared from a stretched fiber, t may
show a greatly ncreased perodicity. However, if there is a local break
somewhere, stresses are set up in the preparation which produce strc}dr
mng in one direction and shrnkage in another It is such distortions
that set the real humtt to the accuracy with which these steiations 29
be measured. .

Mprsky, But do you not have a control in terms of the relationships
between these intervals? In other words, can’t you control the 1nfluence
of stretching ot shrnking i terms of the relationship of the perodicty
to some other measureable factor in the fiber?

Faschel: At the two mtervals?®

Mrrsky. Yes, or some such thing as that

Meyer: Actuatly, T belteve part of this question has been answered by
Gross and Schmitt who published electron microscope pictutes of
pICSSiOnS Of wet materal.

Porrer. Wet fibers? .

Aleyer  Yes, and the unpressions have the same pesiodiaty. Does
that not answer your question? i od

Dempsey. Not exactly, because Iwasn‘t‘ asking whether the pc{lus
was artficial or spunous i such preparations as this 1 was cuﬂot
because collagen ordimarly 15 fegarded as an iextensible subs!lan:
and yet. ¥ was under the impression that the periods could be greatly
tended by stretching

Wackoff. By distortion, yes There exist prctut
that were made, 1 think, without any substrate at 2

es, especially those
1l, in which fibers
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are drawn out khe a rubber band. The extension may be six or esght
times

Dentpsey: Well, this s 3 didemma, an unstretchable substance which
stretches.

Daner The regutanty with which this periodicity 1s seen 15 also in-
teresting, despite what you say

Demprey  What 1s seen, though, 1s a statisticat penodhaty. 1f the
perod s statsstically chasted 1n a frequency turve, the 630 A pent
odctty 15 the most frequently encountered, but the curve 15 bell-shaped
‘There ate many mdivsdual fibess which have euther fonger ot shorter

110GS
Wll”)eénﬂ But 1 do say that ane doesn't know if those ate reatly vara-
tons 1 spaang or the result of distartions m the sample.

Dempses. That's right That ss what 1 was tying to get at

Posser~ I beheve it could be safely said that it 1s distortion in the
sample because m sectoned material, where the water is replaced by
vanous medn, the peniodicity 1s amacingly precise and constant,

Dempses: Theree 1s less varation

Prschel  In such stretched fibers as vou mentioned, Dr. Wickoff,
15 the steetching untformly distesbuted between the dense and fare seg-
ment?

W"yckoff* No, 1t 15 mostly in the less dense portion

Frschel* Then you can’t amve at any ratio between total penod to
the pennd of dense segmentation”®

Wyckoff No, | wouldn't say so.

Dempsey 1 dislhe to belabor ths pomt, bur m the sovalied
stretched fibers, the ones with the tong period, has any wmvestigation
been made of the twefringence? Is the onentatan, as detected with
the polannng microscope. Jhanged 1 3ny w2y i such 4 stretched fiber?

B ykoff Tdont know that

Potter  Stretched fibers are extremely small i diameter 1 don't
thunk they could be srudied 10 that way.

Wvekof tagree, but an expeniment bearing on Dr Dempsey s ques-
tion could be set up with tendan, that 1s, tendon conld be put under
tension and as buefringence exammed T just don't know 1f anything
of that sort has been done

Poster  Hasn't somebody taken x-ray difftactions of stretched fibers?

W ykoff Texpect somenne has, but § don't know

Parter It 55 felt, 15 1t not, that there 15 some rurover coffagen
tissue, that 15, 2 turnover of collagen i the hife of the tissue? Or 1s
there the same collagen at the end of hife that was started with» Do
the pathologusts have something on that?
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Bauer: The pathologists have some evidence that there ts some turm
aver in collagen, but I can’t give the reference.

Porter: In almost any sample of collagen that one would take, then,
one would expect to find some young fibals mixed in with the older

Robb-Smuth Using isotopes to study this, 2 very slow turnover i
found, I think

Ragan: Last year at this Conference, data were presented to show
that seticulin was measured as well by Lowry's (8) method. Accordng
to Sprinson and Rittenberg’s (9) work, tendon collagen probably has
a turnover which 1s very slow.

Meyer: Tt could be suspected that thete is some turnover from the
fact that the collagen fiber, at least, can be attacked from the end
There has to be an end to each individual molecule or fiber or aggre
gate, and 1t can be attacked by enzymes.

Lillse: In the chronological development of a number of diseast
processes, there 1s apparently a great increase mn the amount of collagen,
and then there may ensue a very consderable decrease. It could be
argued from that that there must be formation and destruction or r&
moval of collagen But that it goes on continuously in normal tissues
15 more a matter of inference than knowledge.

Wiyckoff: The second major question I should like to brng up for
discussion deals with the character of the fine detanl seen in 650 A cok
fagen In our expertence, this detarl vaties greatly depending on the
source of the collagen and on other factors that I do not think we ar
now 1 a position to define, 1 this, I differ from others who have at-
tributed 1ts differences to dfferences in the perfection of the arrang®
ment of the molecules that make up the fibnls.

Let us constder fibnls as distinct from tendon, in which they are HE\
bedded in a great mass of ground substance. Thetr strations often.;ﬂ ¢
on the appearance of discs, such as is seen in Figure 3, and 2 ﬁbz} e
sembles a sertes of these discs with a depression between each. Figuee
9 shows another fibril of thus sort Here the raised striae, repeated 1}
the 650 A intervals, suggest a system of discs. When one"has wha: y
like to call, for lack of a better expression, “cleaner fibnls,” no mﬂfd:
what the source of these fibrils may be, bands of threads replace the
discs, 1t 15 natural to mnfer that the discs are such threadlihe striae ltln
veloped 10 2 ground substance which has not been removed Usuﬂaztv
there are two threads to each disc; that is, there are two promun
threads to each of the 650 A intervals They cannot be. séen 1 Flg“:
9, but they are evident in Figure 10, which is connective nsS!:lC f‘;“
the heart of an adult dog The one disc per 650 A 1 replaced by 4 P .
of cross threads, as at B Occasionally, a third thread 15 visible in e
troughs between the pairs; I think it can be seen at C. Sometimes
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TIGURE 9 A fibril of connective bissue teased from a fragment of rat
tal tendon The ruised transerse ridges are ¢ 650 A apart

third thread 15 not much depressed in relation to the other two, and
then the picture merges more or less uninterruptedly iato one of con-
tinuous 210 A striations  Such an almost continuously striated region
can be seen at ' Occastonally, one patt of a fibnil will show markedly
two strations on a nidge and one depressed, and farther along on the
same fibnl a regron Where the depression no longer 1s apparent and
which looks Iihe a continuously striated 210 A fiber

In some composite fibers, Like the one n Tigure 11, these different
types of stnation may be adjacent and more or less m parailel align-
ment This reconstituted collagen fiber bungs out a pot 1 wanted to
make Tor nstance, ratsed paurs of threads altematng with a depressed
singlet can be seen n the regron marked ] Tarther along i the middle
(at K), the structure 1s more disc-like and the thick nidges are not re-
solied inta a pair, this is the sort of thing scen in natne tendon
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Bauer: The pathologists have some evidence that there is some -
.. [ [

Robb-Smuk. Using ssotopes to study this, a very slow tumnover 15
found, I think

Ragan, Last year at this Conference, data were presented to show
that reticulin was measured as well by Lowry’s (8) method According
to Sprmson and Rittenberg’s (9) work, tendon coftagen probably has
a turnover which 15 very slow.

Meyer+ 1t could be suspected that there is some turnover from the
fact that the coflagen fiber, at feast, can be attacked from the end
There has to be an end to each indwidual molecule or fiber ar aggre-
gate, and 1t can be attacked by enzymes.

Lile. In the chronological development of a number of disease
processes, there 1s apparently a great increase in the amount of coltagen,
and then there may ensue a very considesable decrease It could be
argued from that that there must be formation and destruction or se-
moval of collagen But that 1t goes on continuously in nosmal tissues
1s more a matter of nference than knowledge.

Wyckoff: The second major question 1 should 1ike to brng up for
discussion deals with the character of the fine detail seen m 650 A cob
lagen In our experience, this detail varies greatly depending on the
source of the coliagen and on other factors that I do not think we 2@
now mn a position to define; 1n this, I differ from others who have at-
tobuted ats differences to differences in the perfection of the arrange:
ment of the molecules that make up the fibrils.

Let us constder fibnls as distinct from tendon, m which they ate 0
bedded «q g mreat macs of rrend snhstance. Their stuations often take
oo PPN 5 seen 1n Figure 3, and a fibril re
ST T ol s ey oy depression between each. Fuguse
9 shows another fibn! of this sort. Hese the rassed striac, repeated n;
the 650 A 1ntervals, suggest a system of discs When one has what
fike to call, for lack of a better expression, “cleaner fibrils,” no mattef
what the source of these fibrils may be, bands of threads repla'Cc the
discs, 1t 15 natural to infer that the discs are such threaditbe striac =Iﬂ
veloped m a ground substance which has not been removed. Ust{ﬂl )’i
there arc two threads to each disc; that 15, there are two prominel
threads to each of the 650 A itervals. They cannot be séen in Figur®
9, but they are ewvident in Figure 10, which is c_onnem:'e ujszxc f!OlZ
the heart of an adult dog Gt e
of cross threads, as at B
troughs between the pairs;
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FiGuRe 9 A fibn of conncctine tissue teased from a fragment of rat
tad teadon  The rused transverse ndges are ¢2 630 A apart

third thread 15 not much depressed 1o relation to the other two, and
then the pictuce merges more or less unintesnsptedly 1ato one of con-
twous 210 A stoattons  Such an almost continuousty stuated region
<an be scen at D Occastonally, one part of a fibo! will show markedly
o ’ ' ‘ * ' arther along an the

ser 1§ apparent and

{n some compostte fbess, like the one m Frgure 13, these different
types of stnation may be adjacent and more or less in parallel ablign-
ment This seconstituted collagen fibec bungs oat 2 pomt I wanted to

das e e WL . .

mala Fau caemes

solved sta & par, this 5 the sort of thing seen n Dative tendon.
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Froure 10 A (rafment of tendon from tre q.. dog

showing the thseadbihe appeatance of the crossstrise. kacn pare of
cross threads” 15 650 & distant from sts nesghbors Betwren most
paus a smple “cross thread” s more of less evident. Reprinted, by
permssion, from Pratt, A W, and Wyckoff, R W.G - The fine
structure of connective tissue fibeds  Brochime et baophys acta 5, 166

(1950)

Agam, wn the region masked L, there are paired elevations but, along
the edge of the fber, places where the thurd (depressed) band is about
equal 1o the parc will be seen, such an edge 15 almost continvously
stetated. | emphasize these transions m fne structuse becaust they
suggese that the 6350 A and 210 & $bers ace not necessanly totally &if-
ferent kinds of collagen They ate extremes between which there €
be transtteans w fine detatl.

There ace nat always three threads n each 630 A wterval It 15 not
uncommon to find three, tather than 2 pasr of theeads, for each cleva:
tion, and more than four substrize have been gepocted m a2 G610 A -
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terval, especrally after phosphotungstic acd stamung, as i the eary
work of Schmutt and his co-workers I do not thunk we realty know yet
what this means, and 1 suspect that a convincing answer will be hard
to reach, 3f only because of the specmen distostion previously men-
tioned which interferes sessously with the accuracy of measurement

There 15 still another vanant 1 fine detad which can be seen  The
stecation s almost pyramudal, w other words, one thread walf be very
prominent, and it will have a somewhat depressed satelltte on either
side Occassonally, most of the fibers of a preparation will gwve this
type of 650 A repetition

Porter What i the background mateeial 1 Figeree 11, Dr Wyckoff +
Is 1t uapolymenzed’

Wyckoff Yes, not reosgamzed, dissolved matersal

Poster Do you suppase that the surface of that material 15 smooth
i the wet state?
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Wickoff: 1 would imagme so, yes.

Ragan, What do you mean by that>

Portes: Some regions in the fiber are more hydrated than others aod
actually, sn the wet fiber, the surface is smooth. It doesn’t show these
elevations at al}

Wyckoff The only expeumental answer I can give to Dr Porter's
question 1§ t0 say that we have tried very hard to prepare frozen, dued
fibers, and we have usually failed miserably, as judged by the pictures
we have obtained; that 15, the fibers have been grossly damaged some-
where 1 the freezmng and drymg process. But where we bave suc-
ceeded, m a fesv cases, then a fiber is seen in which the strize are scarce-
ly visible Figure 1215 such a frozen, dned fiber.

Poster This 1s lyophilized?

o, e

i
!
[
i

Sy,

T e —

aced for electron
FIGURE 12 A teased fragment of rat tad tendon Prcjdrying Pt

trucrascapy by quuck-freezng i hquid nitrogen an.
from thss frozen state
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Wyckofl. Yes Actually, vesy few of the sterations can be seen A
few crass threads are visible, but the depressions are mussiny

Ragan. Ase you smplying, then, that the depressions are a teselt of
fixation?

#sckoff: 1 thunk they are the result of dehydeation; in other words,
1 would say that they mark cegrons where the ongmal fiber was more
hydrous.

Porter in sectioned matenal, agam, where the imbedding matux 1s
teft 1, the collagen fibers ace smooth m outline and the banding 15 sl
visble It 15 not as promunent as 1t 15 here 1 these prepasations, but st
1s definttely evident There are, therefote, differences 1 density along
the fiber

Meyer. Couldn’t that be made up by grosnd substance, o by some-
thing which mught be catied ground substance mn 2 frozen, doed
section?

Poster 1t certamly would £} in between them, yes, 1n the drymg

Gyorgy WWhy 1 the water only in these valleys? Why not m the
mountans® Why ss the sucface smoothed out>

Porter: 1 smd the surface was smooth 1n a sectioned matersal where
the water has been replaced by another matenal, by alcohol and finally
by plastic

Gyirgy. Yes, but here st1s not fixed, 1t s lyophitzed

Porter. Well, lyophilized, they are dry

Gyérgy That s what I meant.

Porzers And Dyc Wyckof, [ assutne, tmeant to cetam the natural form
of the fiber by lyophilaing

Ragan* But he took the water out of 1t

Gyorgy' That 1s what I say He took out the watee How did st be-
come smooth?

Porter  But even in lyophilization, the susface passes through a
phase boundary which 15 what alters the structure

Wickafl* Yes, I would agree with that.

Gyirgy Dud you pot say, Dr Wickoff, that hydration makes a dif-
ference i these ups and downs?

Wyckof Oh, yes, i lyophltzation, one hapes to remave the water
without caustag the shrmbage which 1s implictt 1 the usual drying-

oW

Gyérgy The question is why 15 there shrnkage only 1n 650 A2

Wyckoff. All we can now say 15 that we assume tt reflects vattations
0 structure wside the motecule

Gybrgy Thete 1s no znswer It changes as mare water ss added

Parter In some places more thas s others

Alirsky  But not only at 650 A The shrnkage can be found at

triple intervals,
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Megers But this 650 A untt, De Gyargy, cattesponds to somathing
real, as evidenceq also 1 the x-ray difraction patterns. ;

Wyekoff: Yes, that 1s nght

Meyer. And the diffraction s done with fresh, nonfixed matend

Gyorgy. There 15 1o queston 1n my mind about why the watet ac-
cumulates

Porter: 1t has to be these i the native fiber,

Wyckoff. Yes 1t can be ymagined that there js 4 vartaton tn the
degee of hydration along the molecule and that this seflects varmations
m chemucal composttion along the molecular threads These 15 further
evidence of this m some of the reconstitutions which I shafl show m
later Figures

Bennett: It 1s implied that there is a stroma n the fiber from whub
the water 15 removed leaving the form of the fiber in the lyophdied
matenal

Holbrook Even though you do that, you still leave the sheleton of
the structuze showing, which is this matersal in the fiber?

Porter Nonvolatie.

Wyckoff> Right

Holbrook: That represents the motphology of the fiber undecaesth?

Wyckaff. Yes, that 1s rght.

Baner  But without water,

Wyckoff+ Basically, I wanted to bring aut the variations to be found
m fige structure within the 650 A fiber; thus, we can have the dsclibe
ndges which are probably threads imbedded sn a matrsx, we can have
two threads across each elevation, or three threads for each elevation, ot
we can have more than one of these in a single fiber,

Porter Do you mind 1f I object to the thread notion?

Wyckoff: 1f yon have 2 better word than “thread” for what we se¢

Porter; “Thread” mmples a structure which goes across the fiber, 25
though wrapping around 1t Actually, these are elevations in & longi
tudinal arrangement, vamatons m amount of matenal m the loogr
tudinal derection, rather than morphotogical threads passing around at
the pont of the stration f

Wyckof. 1 woulda't know whether or not thete was a real thres
there

Bauer: 1do not see why threads are necessary.

Wyckoff. 1dsd not unply they were pecessary, but one must have
wards to destrbe what is seea.

Travell* Does the tesms “thread” imply a core through the centet
that st 1s wrapping asound something? b

Wyckaff: No, not at all & merely impltes that what ts seen in the
pictutes (s something that Jooks lke a thread across the fiber.
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Dempiey, We tend to think of these substances as long molecules.
of coutse, and therefore we expect or hope that we will see something
that has a } dinal ot 2 t Is there any sug-
gestion that thss penodiaty mught represent 2 crossdinking of longi
tudmally ouented elements?

Wyckef 1 do not know what st represents  The pomt I should like
to make 15 that there can be vanations in the fine detail of the fibers,
that 1, there can be two of these threads, whiskess, whatever you want
to call them, ot three of them  Another pomt is that T do not know if
there 1s any connection between this multiplicrty and the source of the
matersal, 1t would be anportant to know whethes or aot thete was such
4 connection  The data that bear on this posnt are not known.

In dealing with peoblems rased by the vanety of this fine detail,
care must be taken not to be rusled by beat-like supetpersods which are
sometmes seen i collagen fibnls Figure 13 15 one example of such

Tiourr 13 A collagea Bbedt showiag rrdges that repeal themselve, at
anntersad of more than 630 A
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beats, which T show bhecause they can be troublesome when dealing
with matersal that 1s not very clean In Figure 13, there are definte
ridges far more than 650 & apart. In this particular case, they are quite
oblique to the axts of the thread but they do not need to be. Ido nat
know if they ate ever exactly normal, but they can be nearly so They
are not confusing if the fibers are clean enough to show the underlying
G650 A striae, nor are they confusing if the strze can be accurately
measured

Lillze, What is the cleaning process?

Wyckoff- Usually nature does it. On some fibers not as much ground
substance adheres as on others. These are not chemically cleaned The
superpersods, 1f that 1s the best term, commonly anse from a shight
twisting of one fibnllar unit about another. Sometimes this can be
seen and sometimes not \

That 1s all T want to say about fine detail withm collagen fibers To
sum up, the detail 15 pumanly interesting 1n two directions It has 2
great beanng on our understanding of the molecular structure of the
fibails, and it would be of further impartance if any connectron betneen
these fine structures and the source of the collagen fibers could be dis
covered.

If there 15 no further discussion on this point, I shall move on tomy
thitd question, ntroducing it by saying that nearly all the information
discussed thus far has been gained from fibnls which have been dned
on a substrate and from samples which have been obtained by teasiag
apart bits of tissue The collagen fibers prepated in this way, as the
previous Figures have shown, appear as more ot less flattened cylinders
1 want to introduce now the question of what 1s seen  sections
through connective tissue.

Connective tissue, of course, has to be studied s sutw 1f we are o
know what it 15 like m any but such massive aggregates as tendon In
addition, the very differently prepared samples that ate needed for s;:—
tioning can reasonably be expected to throw light on the relation -
tween these flattened fibrils and the fibnls, even of tendon, a5 they
naturally occur. .

Befor); gomng on with this, I should like to say that massive collzgffs‘i
such as tendon, 1s extremely difficult to thin-section for electron n{:}'ﬂm
copy. It 15 probably the toughest material t'hat we h‘:\ve ever f;n .
sectton, and, even when adequately thin-sectioned, 1t is very de {cut«m
photograph because the preparations vaty greatly in density ot ¢l e:mlr
opacity at different points As a condequence, the samples vet’};mmﬂ
ruptute or distort, and the tendon is llke'ly to move 1n tthC logs
microscope while bemg photographed This 15 said by \vay(‘:rf aP:h::h
for the quality of the electron micrographs of sectioned tendon



Fane Stieture of Cannectire Lisswe 59

follow We have often found it necessaty to take what smformation we
have been fortunate enough to get even though the photographs ate
not always as nice 33 we would like The following senies of Frgures,
then, are an mdicatian of what we have seet when sectionung tendon
The tendon shown is from two sources, ane from the wing of a chicken,
the other from a rat tasd

Figure 4 15 from chichen wing ‘The section has been cut more or
less along the direction of the fibers of the tendon The tendon was
fixed m what we commonfy call “neutral osmuc,” which 1s actually
osmium tetroxide added to a buffer of neutral pH  Even at this fow
magnificatton, the 650 A striatons are vissble It 15 characteristic of
our sections that the colfagen fibers are usually separated from one

FIGURE 14 A thin section through  tendon trom thichen wing The
shice 1x along the axis of the tendon and shows the collagen fibees
grouped snta small bandles  Prnted, by permussion, from  Noda, H
sad Wyckofl, R W G Brochuurca et bophysrca mta (In press)
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another. Undoubtedly, the methods of preparation have removed mos,
if not all, the ground substance so that the separation 15 due m part
to thss abstraction of some of the tendon and in part to a shnnkage
of the fibruls themselves.

The higher magnification of Figure 15 brings out very clearly the
6350 A strattons, as well as the fact that, when the fibers are cut on the
buas, they have an appearance very strongly suggestive of tubes rather
than cylinders  That 1s something which surpused me very much but
which has been seen repeatedly.

Figure 16 15 a sectton parallel to the axis of the fibers. It shows ther
striated character, as well as a superperiod on the 650 A repetition

f Fi 14, photographed at @

Diaurs 13, A sechon such 55 that © . lg.uff the £dxvidguzrcolhgen

-t ‘e Many af the fibess 1o

+ hat on the bx:s\:qu o}r

hollow, Fbrinted, Ly pluussis, *oada, H, and Wyckof,
R G Brochumica et biophysica acta (In press).
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FiGURE 1§ 4--tr

coas v e spaung

It can be seen, especially 1a several fibers at the bottom of the putuce,
that every third 650 A striation 15 weak, and this gives nse to a doms-
nant tepetmion every 1950 & 1t will afso be noted that some of the
€brils are themselves sectsoned of torn open, 2ithough contimumg to
mantfest therr straations

Figure 17, at low magnification, 1s @ tendon almost transverse to the
diretion of the fibers, and 1t 15 casy to see the bands nto which the -
drvrdual fibls ase gronped

Parter: Do they show up as tubules there ?

Wyckof] They will at & higher magmfication  Figure 18 slfustrates
itclearly The strations show thsough the cut ends, and thece 15 created
the impression that we ace tooksng at tubes cut on the buss to show the
strastons on therr back surfaces
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FIGURE 17 A section of chicken tendon cut almost transverse to the
tendon axis  The grouping of the fibers mto bundles 1s more apparent

than it was in Figure 14.

Baner If they were cut on a slant, they would exhibit this same ap*
peasance, would they not?

Wyckoff: You can tell whether you are looking at the front or back
side of the fiber.

Porter; There should be a pronounced dsfference in density between
the shadow of the whale fiber and the half fiber, which 15 cestainly
true m Figure 18 But, of course, 1t could be a cylinder and stll show
that

Bazer: 1 think tt should be cut on a slant

Porter 1 mught point out, Dr. Wyckoff, that the imbedding matrix
has been removed hese and that anything that goes with 1t in the fe-

moval has heen taken away from between the fibers
Wyckoff: Much has been taken away before the imbedding substance



Fiourr 18 Part of 2 secion of tendon such a5 an Figure 17, photo-
srapbed at tngher magnification  The struatrons are visible not only
along the surface but through the cut ends of the separate fibers.
Priated, by permussion, from Noda, H, and Wyckof,R W G
Brochimica et brophysca acta (In press)

ever got ;n I don t unply for 2 momeat that  the tendon the fibuls
ate tubes

Porter 1 would not be susprised

W yckof] 1 don't imply ut, but I think that, 1f they appear here as
tubes, one has to wonder very much as to what was mside them when
they were in the watact tendon  We have now quite a few pictures
which certanly give the impression of tubes

Dempsey How much do they change i diameter as they dry down
wpon the fim?

Wyckoff How much have they shrunk ?

Dempsey: No  If they ate esther cylinders or tubes, if they are
onginatly circular in cross-sectton, then, as they are put on the film and
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dried dow, they should flatten to some degree.

¥yckofl: These are sections

Dempsey: Yes, they are sections, but I am thinking of the spreads of
native tendon now. Is these any snformation about how much they
flatten as they dry down?

Wyeboff. There 1s 1o accurate information, 1 think it is safe to sy,
from the replica wotk that has been done, that they ate not wufam
i diameter.

Porter In tendon, certainly not, but in some of the other tissuss
they are.

Wyckoff. In some tissues they are surprismgly uniform, yes.

In common with many other people, we have been interested in look-

it Fher axs, of
FIGURF 19 A section, cut approximately parallel to the x
tail tendon that had been swelled 1n glycenne Proated, by ptgm:/;sm;\;
from Nods, H, aad Wyckaf, R W. G Blachinura et biophysica

actd (In press)
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g at tendon which has been swelled, and the next group of Figures
deals with swelling  In my book (1}, T showed some acid-swelled tea-
dons which had been dried down, they extubited not only the extreme
< s W [N VY

teadan, and Figute 19, for mstance, 15 tendon which has swelled after
treatment with glycern  There s a sheedding of wts fibuls, followng
therr rupture  The rupture and shredding gomng on m fibuls that still
setain some strrations can be seen  Such fibnfs in various stages of dis-
mtegration are better shown in Figure 20 At the center of this photo-
graph are fibruls that ase tube-iike. And there are one or two places
on this photograph where there seems to be a considerable persodicity
in the tay Fragments, possibly i the netghbachood of B

TIGUPE 20 A section, sumlar to that of Figure 19, through swelled
tendon photographed at higher magnification
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Porter: Did you expect the glycerin to penetrate into cettain patts
of the fiber?

Wyckoff- Yes.

Meyer: This 1s concentrated glycerin?

Wyckoff: We started out with 50 per cent and then went to 100

Aleyer  You don't wash the glycerin out afterward?

Wyckofl. We did, yes We went through alcohols, acteally. 1
started out with a totally different and utterly erconeous idea a5 to
what I was gomng to achteve, but we did get very nicely swelled and
frayed fibuls. This treatment exposes much better than does acid-swell-
ing the longitudinal filaments that are a component of the fibers.

Other . . b= macitan than
1s tendor
not pres

ral
FiGURE 21 Connective tissue sheath of rat saatic pene The centl
band consists of stnated collagen.
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mesoderm of chick embryo 15 aa example, In the many otber photo-
graphs we have made of simiar matersal, not only are the 650 A strua-
ttons seen but also, s some places, what seem to be the 210 A continu-
ous strations; in other words, both types of fibul ase present

The next group of Frgures 1s drawnt from our wark with aecve, and I
use them merely as another example of conpective tissue in section In
Figure 21, one sees at low magnification the peripheral coveting of a
scuatec nerve of a rat. All the nerve fibers are 1 a regron below the
bottom of the picture  In Figure 22 at a somewhat greater eslargement,
the 1ndvidual fibrls are clearly visible and n places thesr 650 A stria-
08 ate just discermble, The Figure 15, however, most interesting for
the directions of the fibritlar bundles making up the peceural band
Most of the fibrils run dragonally upwards from the bottom left, but, 1
so doing, they enclose another differently directed bundle coming out as

Ficure 22 A portion of another region of the collagen band of Fig-
ure 21, photographed at a somewhat higher magntfication
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an ssland in the middle left of the picture which 1s being cut almost
transversely.

Porter: Wouldn't 1t be interesting to point out the uniformuty of
those fibers, Dr. Wyckoff?

Wyckoff: The widths are very uniform, obviously, and they are all
650 A collagen, as far as we have observed, We haven't seen any
210 A fibnls 1n this particular group of sections.

Holbrook: Is this the sheath of the nerve?

W yckoff: Figure 21 covered a section through the entire perineurum
Connective tissue fibrls are also seen between the individual nene
fibers 1n the body of the nerve, but I do not have any pictures of those
Figure 23 15 of a few of the previous fibnls at higher magnification
Ths collagen was, in our terms, very durty. In a few places, the 650 A
stniations appear rather well, but in most of the fibsils it is obscured by
enveloping material,

T1GURE 23 Collagen fibers at sull higher magaification than previous

Figates A few are “clean” enough to show their 650 A striations
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Thus 15 all I have to say about what is seen 1 connective tissue that
has been sectioned and about its relation to the apparent structuse of
dried collagen This might be a good place to stop for discusston

Dempsey Dr Fremont-Smith Believes these conferences ought to be
exercises in communication between people with different trunsag, and
1 should ke to get thes transtated, 1f possible, into the conventionat
tesms that a histologust uses. Thes perneurtum that we are looking at,
to a hstologsst, should have reticular fibers and some ot~ H
The coltagenous fiber ¢5 an entar~-t * e
collzpena- 7!

s

wwamny vt the fibnls or fibers

€ wwieut It they come under the catpen - < what the
hmologist regards as the retimtar £ wer order
of mappieet-

3 Lpurdl MHCIOSCO;

Der . wwasai liper which we see, then, 15 a bundle of

these wmt nbnls?

Wyckoff+ What you see would bave to be a bundle of what you saw
here

Dempsey. The ather thing that, w histalogec reems, seemed strikung
to me, was the ease with which what we always think of as very dense
collagenous fibers may be separated mto their component parts They
are separated by the process here of sectioning, that s, they are made
sesofvable by the process of sectioning  They are also separated easily
by immersion n glycenn  That latter expenment interested me very
much 1t has been sepeatedly suggested that the dufference between
form and sntrnsic birefringence can be determined by obsesving bire-
frtagence of objects that are smmersed i a sertes of media of dfferent
refractive induces, such as glycerin and water mixtures If the ultra.
structure 55 destroyed to such a degree and the indvidual etements be-
come amassed into 2 netdike orgamzation such as these pictures ndy-
<ate, this smmersion procedure seems to be a rathes hazardous tech-
mque Immersing fibers sn the glycenn-water mixtuse causes a sepasa-
tioa of the individual comp s0 that thetr on s changed

Wyckaff. T do not funk the general direction of the agentation has
thanged for what s left of the fibers

Dempsey Yes, but some of the big fibers seem to have frayed out
like the end of a sope, and they are not 50 oriented as when the rope 15
twisted into strands 1n s onginal form

#yckofl, That 1s certanly true  There 1s surely some fraying

Denpsey Then, any change m observable brrefungence tught be
dut to the change 1t orientation of the mucelles rather than to the dif-
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ference in refractive index between the fiber and the immersion
medum

Wyckoff: Very easily.

Meyer: But it 15 not certain that 2 lot of stuff is not taken out by
using the glycerin-water mixture. That is still the interpretation of the
birefrngence data and 1t may be correct because, before you could draw
such a conclusion, you would have to prove that the fluid which you
extract is optically empty

Wyckoff: Yes, that's tght.

Porter: Chemically empty.

Meyer. Yes, chemucally or optically empty, that s, that there are
no substances which have a definite refractive index.

Wyckoff: T think it unlikely that nothtag is removed. Youare,mnz
sense, opening up the fiber, just as with acid, and by the openingup
process, you are undoubtedly removing things.

Robb-Smuth, Have you, ot has anyone, studied the Plenck-Ladlow
(10) sheath, or whatever one likes to call st, the sheath that 1s argento-
phil and lies between the myelin and the neurilemma? It might be in-
teresting, as it 15 generally thought to be of neurectodermal origin rather
than of fibroblast origin.

Wyckaff: No, we have not. X

Robb-Snuth+ Tt would be nice to know whether it has the same per-
odraity as the mesoderm type of fibril.

Meyer: 1 noticed that you did not want to commit yousself as to
whether these are tubes ot cylinders, Dr, Wyckoff. Do you belteve
that the individual fibers which make up a cylinder or tube 2re srpa;
rated by some material or are simply m juxtaposition to each othet
You recall that Schmitt and Gross stressed the point that the cross
striation 1n the collagen bundles always coincided, whatever their per-
odtaity was

Porter; In phase .

Meyer, That they are all in phase, yes, that all the striations are 11

hase.

Wyckoff* Across the bundle? 4 o

Meyer.” The one picture certainly looked Iike tubes. Would yo
think that that 15 a more Jikely structure of the collagen fiber? ook

Wyckoff: 1 wouldn't want to go beyond saying that the fibls loo
surprsingly like tubes in a number cf pretures.

Meyer: Would you think that this is a more
collagen fiber?

Wyckoff: No, I wouldn't think so

Meyer: s st concervable that any artifact may be e
blowing them up into tubes like a deflated sausage casing?

Iikely picture of the

be responsible for
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Wiyckeff+ No, 1 don’t think so

Fischel: Is the fact that there 15 no discermble change 1n density on
the nm of the cross section more n favor of a cylinder concept®

Wyckoff: ‘There is a varsation in density That 1s what interested me.

Faschel" There 1s varation from top to bottom but not consistently
around the periphery, ts there?

Wckoff- What bothess me more than anything else 1» the straight-
aess of the cross-steiae, as seen across the cut

Robb-Swuth The heavily shadowed ones did look hike tubes.

Wickoff' 1 am not trying to sell the 1dea that these things are tubes
because I am not completely sold myself. I am surprised how tube-like
the fibnls look, particufarly m these recent observations on sectioned
‘ ! ! A - N o ' But df.’iw-

i o spiral ar-
rangement ?

Wyckaff- No, I don’t think so

Porter ~ Somebody else proposed that 1t was 2 tube, but we have
found cut since that it 1s not.

Dempsey The myofilament may stil be a tube

Porter, That 1s getting down pretty fine I don’t think you want ta
resolve that

Lille: Dr. Wyckoff, s stanng of collagen fibees wath anlin dyes
likely to make any 2ppreciable difference in their electron micrographs?

Wyekoff 1 think it unitkely, but I don't know

Dempsey  Certan things are used to enhance the contrast m the
electron mucroscope  osmuc acsd and phosphotungstic acid aad sa on, Is
there any informatton on the electron density of a series of metals?
Can st be stated which thiags give the greatest electron density and
which give lessee?

Wyekof: Yes It1s an affair of atomuc werght and density

Dempaey: Tt is purely on an atomic-weight basts>

Wyckofl. Yes, it 1s on that basts, so the dye which could be loaded
with a heavy atom s the one you would be mterested 1 teying.

Porter+ Mescurochrome.

Denipsey: Yes.

Wyckoff Qr smpregnation stamns, though that 15 another problem
Whese you are deshng with an mmpregnation and not a stan, you can
quite suzely localize the effect

Dempsey Yes, but that 1s 2 different matter because the metal builds
WP on tself 1n atmost a photographic way

Wyckoff+ 1t can be said with considerable assurance that abseevable
tesulls cap be expected with the electton mucroscape where dealing
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with an impregnation; whether that is 5o with a dye is 2 much more
questtonable thing

Dempsey. 1f 2 dye were tagged with a heavy metal, then it should
become visible 1n the electron microscope.

Wyckoff* If enough of the dye is taken up by the tissue.

Ldllie: Mercurochrome 15 essentially a mercury-loaded eosm and it
mught work.

Potter: But 1t isn’t taken up differentrally; it stains everything,
our expertence

Dempsey. This 1s a good chemcal problem

Lullte. You ought to be able to start to work on that. The amouat
of eosin that 15 taken up can be limited by regulating the pH of the
solutton and making 1t much more specific in some tissue elements
than others. You can even balance it with basic anthin dye in solution
and get the same sort of selective take-up of the red dye as we doby
balancing eosin azure for tissue stamning, at specified pH levels If

v e N - . " hould be limited

d deal more -
formation with regard to whar we see in our stains and our electron
microscope

Lidlie We are trying to put two things together

Wyckoff. There 1s 2 very large field of investigation open to some
body who has the facilitres.

Holbrook: Has there been any wotk done on that that you know of,
Dr Porter?

Porter No Phosphotungstic acid has been exploted more than anyé
thing else, pethaps It 1s taken up, preferentially, by cestain parts Oh
the collagen fiber, and some of the intraperiod striations may m}t‘l
from the absorption of phosphotungstic at molecular margins tal edr
than elsewhere in the molecule I suspect that the phosphotungstic act
describes partitions 1 the structure of the fiber. Besides this sort o"
statning, one could concesvably devise substrates with a heavy aton? 1{
them, which atom might then be deposited at the site of the enzym:
action b ol

Holbrook: That would be very helpful.

Wyckoff. The next mayor question I want to bring up deals \Vﬂ}l[t’::
basic problem of how collagen fibnls are formed ‘The aspg’ctﬁ iy
I should like to discuss deals with reconstituted collagen W orh “olb‘
reconstituted collagen, as far as I know, had its beginning in t“‘v:hlcb
servations made by Nageotte (11) about twenty years ago 1;1 :
he showed that, from solutions of suttable acid-dissolved col agcn.,]'
fibrous matertal could be reprecxplmted that, by the tests then ava!
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able, seemed much ke the onginal collagen Foliowmg Nageotte's
work, Cosey and 1 {12} became very much tnterested 1o whether or not
we could get x-ray dffraction from this reprecspitated matenal and in
this way determme if 1t really was collagen This was, n fact, the
ongin of my mterest in problems of coltagen We did obtain quite
good collagen patterns from the reprecipitated fibers, and to us 1t
seemed good evidence that they remamed substantsally like the oryginal
tendon

Along with many other people, ncludiag Dr Pouer, 1 have been
using the electron mucroscope 1o late years to see what these repre-
apitated fibers are Jrhe, st 15 cettam thay they can have & penodic fine
structure which 15 mdsstinguishable from that of natwe colfagen ftis
most amportant that both the 210 & and the 650 A coltagen fibmls can
be preapitated from the same solsttan under suitable physicochemicat
conditions T have mentsoned 1t before and would lthe to emphasize 1t
again

The work which we have been dotng i this field, more ot less as a
side 1ssue to our other problems, has been directed prmaanly toward
finding out the principal physicochemical factors which mfluence the
fine structure of preciputated collagen 1 do not want to give a resume
of our work, but [ wauld hike to mention a few results that are perte-
nent to this basic question of how collagen 1s formed

The source of the matenal i the following Figures has been rat tad,
Achulles, and finger tendon  For pur pusposes, we have seen no differ-
ence among these tendons, et have we seen any difference betwesn
1he soluttons of tendon €zom young and very ofd rats, e have donene
work with newborn rats Al of these tendons swell, and they partly
dissolve tn very dilute organic axds  We have rontinely used 2 1
10,000 difutian of acetic acid of 2 1 m 100,000 ditution of formuc aad
as the dissolving medin Acids Like cine and very dilute hydrochlonc
<an be used and result i useful collagen solutions The particolar acid
used for sofution does not seem to mffuence the fine structure of the
precipiate obtamed later  The texture of the preapitates formed by
salung-out from such 2 solution, with sodwm chlonde, sodum sulfate,
or ammonmum sulfate, for mstance, s coasser for the less cancentrated
precspitants Ths has been a genesal Sncing  The fibnls that we have
obtaned 1n this Fashion have usually been without a periodic fine
steuchure

Figure 24 ts an example of such a precipitate This £s an acetrc acid
sofation which has been salted cut with a tenth molar sodm chlonde
safution, and pessodic fine detad is mussing

Baer At no place i the preparation 15 the peniod secn

Wyckoff 3 woulda't go so faz as that, but an overs helmngly Jacge
amount of the preciptate canststs of suck ropes
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Ficure 24 Nonstriated collagen obtained by the addition of sodwm
chlonide to an acetic acid solutron of tenden Reprinted, by permis-
ston, from Nodz, H, and Wychoff, R W G The electron mictoscopy
of repreapitated collagen Brochim et biophys. acta 7, 494 (1951).

Porter: Dud you give 1t plenty of ttme? Time 1s 2 factor in ouf
experience A
Wyckoff+ Yes, tune 1s a factor, and st 1s true that the nicest 210
striated fibrils we have seen have been obtaned by precipitation w@
sodium chlonide, esther by itself or, as in Figuse 25, 1n admixture with
a pH adjusted sodium acetate solutron. We have used 2 sodium acetat®
solution here because, by itself, 1t did not produce a precipitate Af )‘Z;

can see from Figure 25, this precipitate conststs of very nicely striat

210 & fibuls.
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Fiouke 25 Clasely stniated (250 A) (oH:Ftn precipitated from sofoe
tion by the additian of buffered sodum chionde

Holbrook That s a precipitated collagen?

13ckoff: Thus 1s cotfagen precipitated from the sofution

Benrrets Do you ever find the tube-ithe structure m the repreciprtated
Tatenal*

Wyckofl I haven't Actually, we have only had the tubes very re-
cently, and m sections

Barer Tube-hke

Parter This was dilute sedam chtorde?

Wyckoff In this pasticutar case, it was 0 2 molar So far, cuz results
m getung stnated fibnits through the use of sodwm chlomde, with or
withaat buffer, have not been reproducible

Bazer  Was that true tsrespoctive of concentration ?

Wyckoff The vast maosity of out sodim chlonde precipuated ones
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have been structureless, 5o that I do not think we have found the cracual
factor.

Porter: You certainly have to duplicate every condition imagmable
to get the same thing.

Wyckoff. 1f a buffer 15 used as a precipitant, then the results are re-
producible; practically all of our work has been devoted to seeing what
we get by using buffers of vanious 1onic strengths and various pHs, as
well as the result of using different kinds of buffers as precipitates

Baner+ How about temperature?

Wyckoff. We have done very little in studyimg the effects of tempera-
ture When we bring about precipttation with buffers, in our experience
the strnated fibrils are usually of the 650 & variety We have found the
valence of the buffer anton and, apparently, its specific nature im-
portant ‘Thus, the addition of sodum acetate solutions of adjusted
PH, as an example of a univalent salt, has failed to give the same hind

Ficurr 26 Collagen precipitated by the addition of pH 46 atrate
buffer
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wwatatttuted collagen precipriated with
. wuner

of precipetates at cnrrespondmg wmolanties a8 we obtmin by using
oxalates or aitrates  In this sense, and sn this sense only, the phenome-
nen has been son-dependent

In Yigures 26 and 27, the matenal has been preapitated with atrate
buffezs, but very simdar results would follow the use of oxalate sofu-
tions of controlfed pH  Fibrils with the best developed steae have
been obtamed at molar salt concentrations which have vared from
sbout 02 molar to about 2 molar  And. as 1 sasd before, the pH s of
the greatest smportance

Tigures 26 and 27 dilustrate what we see at vanous pH s, wath 03
molar eitzate buffer  In Figure 26, one obserses at the nght the hind of
smalt fibers which precipstate below a pH of about 46 Beginning at
about pH 46, aicely recanstituted collagen, bike the central fibri) run.
ung vertically, appedrs Between zbout 46 and 2 ittle over 50, the
rreciprtate s predommantly such 630 A steated materat Fgoee 27 15
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another example of 650 A fibrls, which is of interest in showing what
seems to be the development of striae from the mass of unorganized
molecular particies 1 the background. The transverse fine structure
can be seen gradually blending into the background in various places
One striking consequence of this is the irregularity in outline of the
fibers In other words, the edges of the fibers are extremely rapged
Not just cylinders and tactoids are found.

Porter. How would you describe the wet fiber before it is put on the

rid ?

Wyckof 1 shall do a lot more work first!

Porter: In this case, that lower part of Figure 27, where the macro-
petiodicsty comes out, is obviously the center of the fiber,

Wyckoff. The macroperiodicity is also on the margins, but the ridges
ate very much depressed.

Porter: Do you suppose it 15 more hydrated at the margin in the wet
fiber, where the collagen is adding on all the time? i

Wyekoff- 1think it is, yes 1 think we are secing an actual organizz-
tion going on along the edges of these fibuls. Otherwise, I do not
know how to explam the ssfands of order reaching into the disor
gamized background

Lillie. Ate these fibers generally deposited in the paratlel mansier 2§
n Figure 27?

Wyckoff. That 1s purely an accident. They are found m all sorts of
order and disorder, often snarled up

Porter. Where the macroperiod 1s not seen, some people would con-
tend that 1t 15 only because the differences between the 210 striations
are not sufficiently pronounced

Wckoff. T don’t quite understand what you mean. .

Porter:” At the margmn, you point out the uniformity of striations at
210 It could reasonably be proposed that they appear uniform becmxse’
the differences between them are not striking enough to be resolved *{)
the microscope. It 15 only when the differences are supcnmposed, asin
the center of the fiber, that you begin to see the macropenodictty

Wyckoff- But at A, for instance, 1t is very thin and yet the 650 A
macroperiod 15 quite clear.

Porter: Yes, that 15 true. . i

Wyckaff- Wheteas in other places there is a quite

form layer .
Porter: But if there were slight differences and they pnled up, a8

they do toward the center of the fiber, then there would be an exagges-

tion of the 650
Wyckoff: Yes.
Frschel- Have you eve

deep, almost uni-

er been fortunate enough to focus on the longt
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tudinal end of the fiber to see sf the ragged effect and the peroducity
extend out snto the amorphous substance at the tip?

Wiyckoff: You can see 1t tn 2 way i Figure 27, as the central tactord
tapers off inta the background

Baxer, We can see st in the frayed ones.

Wyckof: In the frayed ones, you can definrtely see it

Baner. And all through i Figure 27, it can be seen at the end

Wyckof, But the ordes disappears progressively and 1t cannot seally
be said at what pomt the fiber bas stopped, at least,  wouldn't be quite
sute where it ended

Fuschel Then the penadiaty stops longrudmally long betore it
does 1n the perpendicuar plane, that 1, 5t extends out 1nto the medmim
on each side rathes thaa at the bp

Wyckofl: You would have a harder time seemg st out there

& .
At A p
\ LR . : *
R SRR i 5|
Fiaurx 28 Collagen fibls precpitated with pH ¢a 5 2 buffer The

stesatsons, though peccephible, are much shallower thae in precedig
photagraphs
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1, to return to our senes, the alkaliity is increased a little, the struze
gradually become less striking. As 15 seen in Figure 28, for which pre-
cipttation took place a little above pH 5, the fiber at the top 15 almost
smooth. If the pH 1s rassed a little more, to somewhere around 55
depending on conditions, a mass of small, unstriated fibrils agan are
produced  As Figure 29 shows, they are suggestive of what was pro-
duced on salting out and by precipitation on the acid side.

One can, by studying pictures such as these, see something of how
the fibuls form Developing order can be traced back into the non-
fibrillar background. Figure 30 s not a dissolving fiber, as you might
imagine What 1s especially interesting is the presence of definite striz-
tions tn the rather unformed mass of molecules among what looh more
like tree roots than anything else.

Travell. How long does st take for a fiber Jike that to form?

Ticure 29 Collagen precipitated with less aad (pH ¢4 5 9} buffer.
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tioure 30 Preaipuated collagen showmng segions of patly formed
fibrls e which the 650 A strise are already visble Reprinted, by per-
mission, from Wyckoff, R WG The macramolecufar structuze of bio
lomical materials | Suence i Progreny Bamsell, G A, Editar  New
Haven, Yale Unwernity Press, 1951 (p 203)

Wyekofl: 1t 15 suficiently wnstantaneous so that we have not had
much luck m trying to determme st But you do see the organumg
process pang on

Porter: 'The strae form 4n arc, don t they, and they tend to be
phase?

Wyckoff- They do tend to be in phase thronghout the whole mass

Folbroek Would you assuine, Dr Wyckoff, that there will be, m
the newt second or at some time, 3 fiber which you can see at that
point? {(Tigure 30)

Wyckaff 1 don't bnow

Holbrook: £ you coutd cluk 1t by seconds *

Wickoff ¥ thank nat, tn the sense that, for these prepacations, the
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If, to return to our series, the alkalimty is increased a little, the strize
gradually become less striking  As 15 seen in Figure 28, for which pre-
cipitation took place a little above pH 5, the fiber at the top is almost
smooth If the pH 1s ratsed 2 little more, to somewhere around 5.5
depending on conditions, 2 mass of small, unstriated fibrils agam are
produced. As Figure 29 shows, they are suggestive of what was pro-
duced on salting out and by precipitation on the acid side.

One can, by studying pictures such as these, see something of how
the fibuls form Developing order can be traced back mto the non-
fibrllar background Figure 30 1s not a dissolving fiber, as you might
imagine What 1s especially interesting 1s the presence of definite stria-
tions 1n the rather unformed mass of molecules among what look more
like tree roots than anything else.

Tratell- How long does it take for 2 fiber like that to form?

Figurr 29 Collagen precipitated with less acid (pH ¢4 5 5) buffer.
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Ticure 30 Precipitated collapen showing regions of partly formed
Ebals 1 which the 650 A striae are abready viuble  Repunted, by per-
mussion, from Wyckoff, R® G The maccomolecular struture of bro
logical matenials Suence i Progreis Babell, G A, Eddar New
Haven, Yale Univcosity Press, 1951 (p 203)

Wyckofl: ¥ 15 sufficrently snstantaneous so that we have not had
much luck 1n tryng to determune t But you do see the organang
process gotag an

Porter: The striae form an ax, don t they, and they tend to be i
phase?

Wyckoff: They do tend to be tn phase throughout the whole mass

Holbrook: Would you assume, Dr Wyckoff, that thete will be,
the next second or at same tmme, 2 fiber which you can see at that
point? {Figure 30)

Wickaf 1 don't hnow

Holbrook 1f you could JJick 1t by seconds?

Wyckoff { thank not, i the sense that, for these preparations, the
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If; to retumn to our sertes, the alkalinity is fncreased a little, the stuae
gradually become less strrking. As is seen in Figure 28, for which pre-
apitation took place a little above pH 5, the fiber at the top 15 almost
smooth If the pH 15 raised 2 little more, to somewhere atound 5.5
depending on conduttons, a mass of small, unstriated fibrils again are
produced. As Figure 29 shows, they are suggestive of what was pro
duced on salting out and by precipitation on the acid side.

One can, by studying pictures such as these, see something of how
the fibutls form Developing otder can be traced back o the non-
fibrillar background  Figure 30 is not a dissolving fiber, as you might
tmagme What 1s especially nteresting is the presence of dehnite striz
tions 1 the rather unformed mass of molecules among what look mare
like tree roots than anything else

Travell* How long does it take for a fiber like that to form?

Foure 29 Collagen precipitated with Jess acd (pH 42 3-3) buffer
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We have ttied, for snstance, salting out three o four times and then
preapitatiag with buffer.

Baxer: What did you get?

Wyckof: We stil got stusated fibess But it has been necessary to
carry out the re-safations with acd A seemung solution can be obtained
with distilfed water, but this 15 not 2 true solution and fibers are not
precipitated from st

Tigure 31 15 smterestiag for the extravagant thinness of some of us
fibesds  Most of those 1 the battom half of the picture are 50 thun that
the irsegulasities in the background can be seen through them 1t seems

A

AR

Ticunr 32 Sull another photagraph at ceprecipitated toliagen show-
iag the fing structure of the 650 A stustions
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fibers have formed pretty fast. This ss, I think, followed by 2 slow fur-
ther development It 1s somewhat analogous to crystallization.

Bayer. Can you tedissolve and reconstitute these fibers indefinttely?

Wyckoff: We have been trymg to do that lately

Bauer: How far have you carned it?

Wyckoff: We have not carried it beyond three or four reprecipita-
tions Usually there has been a certain residuum which has not ds-
solved again, and we have been stopped by this loss of material. To go
further means that we would have to start again with much more ten-
don We started this experiment with the notion of seeing whether we
would fractionate out something necessary for the formation of strize.

velapil jated collagen
FiURE 31. Another photograph of developing striate
fibrils. Those forming "l: the bottom half from the matte of molecular
threads cosenng the enture substrate are very thin
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have not tried to detecaune thesr thickness It 15 my feeling that shad-
owmng as a method of determuung thickness offers more hope than
results
Bawer+ You have a rough approximation, at best
Porter: Dt Ragan sard something about scar formation beng rel-
atvely acetlular Is 1t acellular from the beginning of the wound heal-
ng process, or is there a good population of fibroblasts w these
snihally?
Ragan. Inutially, st 1s cestamly not acellular
Posrer+ That could be held responsible for much of the collagen
Ragan: 1 am curtous about turnover of collagen, that t. after the
scas tssue has been lard down,
Baner, We don't know enough about tumover
Ragan We do not  All measurements are sndirect, and of there 15
any defect tn something that s 45 sunple as serum protewn, the defects
are smmeasusably multiplted sn carcass proten turnover The people
who are working on 1s0topes now are somewhat concerned about the
data relating to serum protein tumover
Dempsey  There ts a good deal of varaton w turnover depending
upon the locatton of the collagen  Ten years ago, we were studyng the
effect of thiouracil on the thysord glind  As is welf known, one can
mike a rat’s thyrord grow from an organ that weighs about 8 mg to
one that werghs 30 o1 70 mg by thus antthyrond drug  Histologically,
it not only increases 1ts parenchyma but also the stroma  Then the ani-
mal which has grown this greatly enfarged organ, with greatly -
creased stroma, can be taken off the throuracd Within a week, the
enlarged gland melts away and goes back to normal appearance Here
then 5 2 situation 1 whach an organ first lays down a great deal of col-
lagen and then destroys it And, contrarnwise, there are ather situations
m which the collagen, once formed, remawns for very long periods of
time
Robb-Smuth- Of course, one has another example of this buddung
up and laymg down wath the Lipschutz type of expeument w which
fibromata are mduced o spayed gwinea pigs treated with esteogens,
but when there 15 campetition with testosterone, there 1s rapid regres-
stan of the “"tumors * We have been domng some experrments, keeping
the gumes pigs on a scorbutic diet, and find that they still form
"tumors’ even though they die of scutvy, but they dee quicker
Dentpsey  Jack Wolfe showed some years ago that there was growth
and tegressian of the acgyeaphili teticular tiswe o the wtems of the
rat duning the seproducitve cycle
Meyer Aren't we getting a Inttte off the subject® There are really
two questions here, the turnover as nppnscd to organizahon and reor-
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to me at least unlikely that ghe thin fibrdl in the lower right corner 1s 2
flattened tube, of cylinder cither. But 1n spite of jts thinness, order is
apparent throughout

In Figure 32, there are many regions where one sees very clearly three
threads, or whatever you wish to call them, instead of the more sual
pair, to each 650 A elevation There is also visible, in the region above
the fiber marked A, a vety considerable particle order, teaching out be-
yond ths fiber It 15 stuking, 1 should also like to draw attention to the
fine molecular threads that are running aimost longrtudinally along the
back of the large fiber marked B

Bennett. In its arrangement around the constituted fibers, some of
this maternal 1s remumscent of the material hetween fibnils which Dr
Porter showed last year.

Porter: Yes, except that this 1s more closely striated than that It
looks very much as though the formmng fiber or crystal, if you hhe,
were exerting some influence beyond its margins,

Bauer 1t s still going on

Wyckoff Yes, 1t1s gong on. Itis growing out.

Porter. It 1s not as compactly orgamized at the periphery as it 15 2t
the center

Wyckoff. My mterpretation is that the ordering process, whatever 1t
may be, 15 seen best on the periphery.

Meyer. Is there any 1dea of how deep these fibers are? If you had
a cross section there, how high does this opposition take place?

Wyckoff We haven't tried sectioning because of the amount of ma-
terial 1t takes, but we have tried by freeze-deying to do the same sort
of thing, and we have had no luck.

Baner: Could the thickness be determied by shadow testing? You
are mterested 1n thickness, are you not, Dr. Meyer?

AMeyer. Yes

W yckoff: You are worsted about the thickness before it dries down’

Meyer: No, the question is why they grow. This looks as if they
graw ouly 1n two dimensions. If the bundles would grow in three di-

- c -¢ crystalltzation was assumed, the

e to align these macromolecules

1 phase Wiy SHOUIU Wiaw gy uin sy 10 EWO dimensions and not m
three?

Porter. 1t proceeds all around the face of the crystal,

Meyer. It looks very thin to me, for example, where the one fiber
overlies the other, unless you assume that these areas align the under-
lying cross-strration this way, and the other the other way, for i

Wyckoff The fibnl 1s extravagantly thia in 2 region hke A, foru
stance. It can't be many of those molecular threads thick; Rut we
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have not tried to determine therr thickness It os my fechng that shad-
owing as a method of determuning thickness offers more hope than
sesults

Baner  You have 4 rough approximation, at best

Pories. Dr Ragan smd something about scar formation beng rel-
atwely aceflutar 13 1t acellular from the begtnnwg of the wound heal-
ing pracess, of 15 there a good population of fibsoblasts m there
witally 7

Ragan  Imtally, 1t o certanly not acetlular

Parrer That could be held responstble for much of the collagen.

Ragan* 1 am cunous about turnover of coltagen, that s, after the
scar tissue has been lasd dowa

Baner "We don't know enough about turnover

Ragan We do not AR measurements ace wduect, and of there s
any defect i something that ss as sumple as serum proten, the defects
ate ymmeasurably muftiplied n carcass proten turnover  The people
who are woshing on 1sotopes now are somewhat concernted sbout the
data relattng to serum protern tusnover

Dempsey Thete 15 2 good deal of vanation n tusnover depending
upon the location of the collagen Ten years ago, we were studying the
effect of thiouracd an the thyrord gland  As 15 well known, ope can
make a rat’s thyroid grow from an osgan that weighs about § mg to
one that weighs 50 or 70 mg by thus antithyrord drug  Fistologscatly,
it not only increases sts parenchyma but also the stroma  Then the am-
mal which has grown this greatly enlarged organ, with greatly -
treased stroma, can be tahen off the thiowrac) Withinn a week, the
enlarged gland melts away and goes back to normal appearance  Here
then ts 3 siuation i which an organ Hrst lays down z great deal of col-
lagen and then destroys 1t And, contrarewise, there are other situations
m which the collagen, once formed, remans for very long penods of
tme

Robb-Smusth ©f course, one has another example of this building
up and lapng down with the Lipschuz type of evperiment m which
fihromata are induced m spayed gwnea pigs treated with estragens,
but when thee 15 competition with testosterone, there s qapid regres:
sion of the " tumors  We have been doing some expenments, heeping
the gunea pigs on a scortbutic diet, and find that they sull form
"tumors even though they die of scurvy, but they die quicker

Dempsey Jak Wolfe showed some years ago that there was grouth
and tegression of the argyropbuhie retsular ssssuc m the uteras of the
rat dutng the repraductne Gyle

Aleser Asent we getting 2 hittle off the subjeut” There ate really
o questions here, the tareover as n”\oscd to orgaizatian and reor



86 Connective Trsenes

ganwation. The question to which we would all like to have an aaswer,
and which Dr. Holbrook tred to get Dr Porter to tell us is, how doss
what Dr. Wyckoff told us apply to the formation of collagen in natore?

Porter: Pethaps we mught go back even further fnto the nature of
things and ask Dr Wyckoff to tell us what e thinks is the shape and
fosm of the collagen molecule, the smallest unit that can still be catied
collagen.

Dempsey: That 1s known as passing the buck!

Forter Is nt 4 650 Angstrom Usst, 650 Angstroms fong, with three
bumps on 1t, ot 15 1t 2 210 Angstrom spherordal particle, or what s t?

Wyckof[ I donotkaow 1have always thought of it as being 2 poly-
mer thread with at least two penodicitres, 2t 210 A and 450 A.

Porter: You mean, then, that # 15 2 unit 630 Angstroms long. with
vatiations 1 density along its length?

Wiyekoff: ¥ thought of it more from the standpoint of varatsns m
seactvsty along the length.

Porter Dne canpot help but be smpressed by the wavehike chasacter
of these macropenodicities 1t 13 tempting to say that this s 2 reflection
of 2 dynamuc state, that the collagen bher fs—

Wiyckoff- Oh, I thought you meant the molecule.

Porter: This like form rep 2 tgration of densdy, ot fet
us say, a wave of condensation

Wickoff- Yes, but any repetstiveness of that sort can be either witl
sn the moteaute of 1 the arrangement of the molecules )

Porter  And 1t cannot sesult m any transposstion of material forming
the fiber Tt can only be like a wave of compression 1n 2 spring. Doyos
think 1t ss concervable that the macropersodicity, at least, could bea
wave of compression or condensatton which moves along the fiber?

Wiyckaff- 1t 15 a new rdea to me to think of it in terms like that.

Meyer: The questton which Dr Porter asked goes into the dumen-
stons of moleculas stracture ‘These are not resolvable at the preseat
tme with the electron microscope

Porser- Oh, sare! Why not? This js probably 4 210 Angston
molecule Every 210 Angstroms may mark a pronounced coding of the
polypeptde cham, fallowed by a region of less coiling, 4 segion o
hydrateon, snd~—

AMeyer: But thus 5 really not resoluable by

Porter: Neo @ red

Meyer- And that 55 the guestion you aske v

Potger' Welf, I w;mtedxqt on (he)mzcmmokmlsr level, Whatis ﬂ:;‘
shape of the fundamental unit? There is the plice for sp eculstion

stast, 3£ 1t is going to be canfied.
Wyckoff. g! should say that my mind works the other way, though.

the electron microscape-
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1 would rather think down from what we see and go just a hittle way
beyond  Probably I am not very venturesome i my thinking I don't
start from the moletule and think up I start from what we se¢ and
think down, and I haven't arnved at the molecules yet

Baner: Nesther have we

Gydrgy. 3s there penodicuty tn keratin >

Baser: Yes

Wyckoff, We don't see 1t

Meyer: Y xorays, there ts

Wiyckofl. Yes, but we do not see it

Ragan. Has not a faedy definite hypothests for the molecute of
keratia been proposed from x-ray diffraction patterns?

Wyckoff+ AU the structures for these molecules bt upon x-ray
data are only possible structuses, chosen from 2 lasge sumber of mmag-
nable ones  Not enough data now exist to give a unique expenmental
discummnation between them  These structures are nice suggestions
only
Meyer Which have to be modified constantly as tmie goes on

Bagter. ot 1t provides another approach and, therefare, another way
of thinking about the problem

Wyckoff- Yes, but 1t s extremely dangerous to assume that x-ray
diffraction has ceveated what these complex molecules are like

Tiichel  The mathematical probabiiry, though, sets up a certan
stractuce a5 bemg more bikely to gve a particolar pattesn

#7yckoff  But thus has not been done It 1s like the case with the
much-stadied hemoglobm The people (13) at Cambradge University
have been working on ats structuse for years and they thought they had
made real progress i definng its detasls Then any assusance of this
went out the window overnsght with Pauling and Corey's (14) sugges-
twns of 3 new peptide chamn But, at the same tume, thes suggestion ¢s
not mare than another alternative, although « looks superfictally to
be more probable than the ones which the Cambndge people were
worlang on

Bawer To do expenmental work, you must have 4 theorv to test,
right?

Arsky Dr Wychoff 15 making a very smportant pont, that the
tendency occurs too Erequently of mustaking the model far the real
thing “The model 15 a very valuable tool for further development of
hypotheses

Wyckoff The modef can help very much in your thinhing, but 1t can
2150 sestrict the possilities that you are prepared to entertam

AMirsky  Txactly

Barer. Tor your own protection, you should have theee models You
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could then go from one to another. These 15 ho need to be wedded to
one model

Gyorgy: The saventor of the model is obviously biased because ather
wise he would not have constructed 1t. But that is all right and more
power to him

Baner; But we want to know the Wyckoff modef

Wyckoff Again, 1 would say that these are two ways to approxk
the matter You can start with the smallest magmable detadl, which
imeans starting with atoms in thes particular case. From these you an
have 2 modef of the molecule. Then you imagine how these are ar-
ranged, and so on, with mereasing complexity, On the other hand, you
can start with what you see and, tmudly, move towards the smaller,
which 15 what § sard I did.

Aeyer- You would first have to go from the atom to the solecule
You would have to know the sequence of the amma acids of the col
tagen molecule before st had any meaning,

W7yckof+ That 15 quite nght.

Potter A macromolecule 1s an entity i ttself. We can forget, for
the tume beung, the polypeptide chaia,

AMeyer  Then how large s a macromolecule of collagen?

Porter. That rs what I should Jike to know.

Meyer: And what s5 the shape of 1t?

Wyckaffr Well, I can give you my working prctace, It is that of an
indefinstely long thread

Porter: Indefinutely long?

Wyckoff- In the same way that a cellulose macromolecule s 1w
definitely fong

Porter  Repeating some wternal structure every 650 A

Wyckoff Repeating every 650 A, or whatever the maximum s

Bawer- Does st matter where 1t 15 sepeated? .

Porter: 1t matters to this extent, that there is a 650 A patters. Now
Dr. Wyckof, sf 1t 15 a thread with 2 630 A repeating unat, how dawe
get natform 210 A fibers?

Wyckoff. It has a substucture, too. :

Parter. Yes, but if these 1s 2 repeating pattern of density vagiation
at 650 A intervals, then no matter how the units are put together l?(!;
macroperiadicity should develop, and sometimes it fails to May £ 0
follow, therefore, that the fund | unit fibnl s constructed 0
210 A wrats of sunilar density but dissimilar reactvity and that, ')" &t
the 650 A perodiity, something else combines with this fibat

Wyckoff: That ss cortett. ) 5 oA

Lilie. Shonld we concesve of three slightly dusimslas units of 21
constituting each unit at 650 A2
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Porter+ They are disssmilar, perhaps, m reactvity ot m theur affimty
for mucoprotein of fos something clse

bisg )'réaﬂ * Yes, if that isn't purely 2 fortunate circumstance

Meyer If we assume randomly dsstnibuted molecules s this cof-
tagen sotution, and the crystalization, as we may call it, starts at one
pornt, wouldn't you arzsve at a posnt at which the concentration would
be too Jow to form new fibers, ar too low even for the chance of apposs-
tion to the ones established?

Wyckoffl In other words, you mean that that fiber started off ss
growth in that center?

Meyesr Yes, and how many centers of crystalization you would have
0 a field

Wyckaff And we were lucky m having one

Meyer Yes, you wete lucky to have detected ane

Porter: Yes, but 1t stsil follows that there 1s some wfluence radating
out from the centes to organize along an arc of 2 airdle

Gidrgy: There was aa arc?

Wyckof] No, if u started growsng from there and otgasization pro-
ceeded from these, then st would be related to that as a center

Meser The defficulty 15 thay thrs process is almost sastantaneous, ap-
parently, which makes 1t 2 difficult problem to congerse of at alt

There 15 2 question 1 should like to ask you 1 don't know whether
#t 15 along the same line, but what s the sumtlanty ot dissimlanty of
the salt-ceconstituted cotfagen with the mucoprotesn reconstituted /
Wyckoff  You dou't see this fine structuse i the mucopraten
fibnis

Meyer. 1 think you do

Wiekaff So very fine a stracture?

Poster  Oh, yes

Aeyer At 210 A, yes

Baver They da w Roston, unfess they put samethiag else under the
microscope

Portes Withun interperiod strtations

W 3ckofl Yes, there s some fine structuse there

Baser: Do you think that this reconstitution takes place m nature ?

Porser. 1 dont think that, because it happens, you can mfer that it
bappens m the tissues

Baner No, 1 didn't say that by eny stretch of the imagmnation 1
merely ashed the question

Porter In thin sections of ussues, 1 have yet to see anything resem-
bling a 2200 A penodicity  § think & 15 a retmarkable phenomenon of
wteraction between mucoprotems and collagen  That such a rexction
does take place m ussue 1s probable, but 1 do not behieve that it results
nargnizations shaw sag thase enormaus penads
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As T recall, 1t 15 only when fanly high concentrations of the mucopro-
tein are used that this extremely large periodicity is found Ordinartl,
with low concentrations of mucoprotein, there is 650 A, just the same
as 1 salting out fibers from acetc acid solutions of collagen

Baner- Edwin ] Cohn* thinks that the concentration of mucoprotein
added 15 still within the range one might encounter 1n humans

Meyer: Because 1t 15 diffusible, but its presence 1 the collagenous
tissue has still to be demonstrated When ssolated, it undoubtedly 15
diffusible If diffusible, one mught expect it in the utine

Gyorgy. But it 15 1n the urine.

Meyer: Certamly not 1n high concentrations There may be some,

I wonder whether there 1s information about the ratio of the
soluble collagen to the total, let us say i sat tail tendon Ths ques-
tion 15 concerned with the problem of reconstitution. Can you continue
to dissolve a definite quantity of soluble collagen for a given volume
of extractant?

Wyckoff. 1don't think jt can be done indefintely

Porter: Not indefintely, cestamnly, but several times?

Wyckoff Yes, you can get more with several extractions, and the
amount that you get 1s definitely a function of the age of the ammal

Meyer: 1 believe Nageotte sard embryonic collagen was completely
soluble

Bayer: Completely?

Wyckoff: Yes 1am pretty sure I remember that,

Bayer: We should do more work with embryonic tissue Why do
we play around with adult tissues as much as we do, when we mught
get along much faster 1f we wotked with the embryonic tissue? aalt

Fuschel: Once having dissolved the collagens of embryo and adul
tissue and then reconstituted and redissolved them, do you think that 1t
makes any difference what the age of the animal 1s when you der;r-
mune the proportion of the reconstituted collagen that dissolves the
second time? In other words, 1n the first solution, you can pwbﬂbl)' ‘“I'
count for a lot of differences qualitatively by age, but after that,
wonder - ot

Wyckoff Idon’t think we have done enough to say whe:bci] Dt -
collagen could be completely redissolved repeatedly, which 1s what ¥
are asking

Fischel No, you said there was also a rest
That residue may bear the same relatronship to
after the ficst step, irespective of the age of the apsmal.

Wyckoff. We have no data on that.

due that will not dissolve
the amount in solution

*Personal communication
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THE NATURE OF RETICULIN

A. H. T ROBB-SMITH

Dep.arimens of Pathology, Radchifle bnfirmary
Oxford, Engloud

T LXPECT YOu ALL know a phrase from Whitehead in which be says the
scientsst, like Humpty Dumpty, enjoys the privilege of paying wosds
extra and making them mean what he likes. In reading the [ast oo
Conference Proceedings, one got the impression that these inflationary
semantics had caused a certamn amount of discussion, and I have been
bold enough to suggest a title which I think is liable to induce the same
type of reactton, that 1s ““The Natute of Reticulin,” o reticular fibedls

Bauer. Is this fact or theoty, Dr. Robb-Smith?

Robb-Sruth, 1 think that it js fact at the moment Since Kupffer
first described reticulin 1n about 1876, there has continued to be 2 good
deal of dispute and discusston as to what 1t 1s and why 1t is and so forth
Probably the difficulty 1s that-—I wouldn't say all histologusts, but it
may very well be that Dr. Lillie and I.won't agree on the wording—
some histologusts are reasonably clear in their minds as to what they
mean by reticulin, ler’s say just on the morphologic plane, but there s
a great deal of doubt as to precisely what s its relation, on the one
hand, to collagen fibnls m the way that Dr Lillte defined them this
morning, and, on the other, its relation to chemicaf collagen or electron
microscopic collagen

The difficulty has been to get material which the histologist would
accept as reticulin to hand on to chemists or, more recently, to those
working with the electron microscope. What can be accepted 25
the hustologe or morphologie definition of seticulin? My reaction
15 to say that seticulin or reticular fibnls, using reticulin 1 the ﬂ}]""
phologic sense and not m the chemical at this stage, conssts of 1:;
branching fibers which are nonbtrefringent, which do not appeat
stan with acid fuchsin in the Van Gieson preparation, which stain
with anilin blue 1n any of the various trichrome stains, and whnch}ss
pear black 1n a Matesch-Bielschowsky preparatton or its modnﬁc;mz5

Dr Lillie did not seem to be at all happy about the silver methos ’
I must confess I may be lucky or not very critical, but [ would say that,
taking 1t by and large, 1f you have z silver method which you kngnl g:d
love and chersh, 1t 1s pretty consistent; 1n other words, you Wi

92
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the fine hbrils are black o untoned prepatations and the broader fbrils
ate brown and ate what one would call collagen

Baner lssespective of fixative?

Robb-Smshe There 55 no doubt that the meranc fizatwes do not
wark aearly so well as formalin; at least. that 1s my expertence The
exceptions 1n sehver stainwag which were mentioned this moming, where
oceastonally fine fibers are black and so og, are on the whaole rare or are
from definttely diseased states ¥ am talking at the moment of human
matenal 1o bealthy people

This type of material, 1 think one would say, merges with mor-
phologic coltagen fibers, and here T would pot disagree with the definr-
tion we had  On the other hand, st will not form gelatin on borling be-
cause 1t has been fixed, denatured  Morphologic collagen s coarser.
with broad bands of fiber and 15 buefringent, st stamns blue with the
andlin blue 1 the varsous types of trchrome preparations, red m Van
Greson preparations and in the untoned siiver inpregnations it s hrown
{ am not botherng about toned apes, because, although they took pret-
tier, they are unrelable and I wouldn't trust them for 2 moment

As far 23 the 1eticudin goes, the fine nonbirefringent, biack argyrophit
fibets, T would say that they are seen between epithelium 2nd the
loose connective tissue everywhere 1o the body, betneen blood vessels
and loose conmective tissue, surrounding muscle fibers, both smooth
and stoated, around werves, and, of course, m the true loose connec-
tve tissue We need not go tnto too much detaid on that, as 1t 15, 50 to
speak, on the histologic plane

In the work I have been carrymg out 1 association with Harold
Kramer, we felt that the est thing was to see whether we could ind 2
tssue 30 the body in which the connective tssue fibers corresponded to
the definttions 1 have given of reticulin, one 10 which there was very
httle collagen or such collagen as there was could be separated from
the reticulin If such a tissue could be found, then the next thing
would be to sec whether that sort of reticulim, tustologically and by
other methods, was simar to reticulin in tissues where there was 2
close relationshsp between reticutn and collagen Retacubn from the
pacticular site of sites that mught tura up could thea be studied 1o all
the various ways which ase avatlable

After lookang at 2 number of tissues 1n fresh postmostem satessal,
we concluded that the best stte fram our pnt of view for getting plen-
ty of seticulin with very little coltagen admixed was the kidney w chul-
dren and young adults, that is to say, we hmuted ourselves to peaple
dbout the age of 14, and they were only cases where these w.as no ob-
vious renal disease It was found that there i quite 2 bat of collagen in
the capsule and around the blood vessels, but, apart from these areas,
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Robb-Smuth: 1 think that 1t 15 fact at the moment. Since Kupffer
first described retsculin 1n about 1876, there has continued to be a good
deal of dispute and discusston as to what it is and why t is and so forth
Probably the dificulty is that—I wouldn't say all histologists, but it
may very well be that Dr Lillie and I won't agree on the wording—
some histologsts are reasonably clear 1 their minds as to what they
mean by rettculin, let's say pust on the morphologic plane, but there is
a great deal of doubt as to precisely what 15 1ts relation, on the one
hand, to collagen fibrils mn the way that Dr. Lillie defined them this
morning, and, on the other, its relation to chemucal collagen or electron
microscopic collagen

The difficulty has been to get material which the histologist would
accept as retrculin to hand on to chemists or, more recently, to those
working with the electron microscope What can be accepted‘as
the histologic or morphologic definition of reticubn? My reaction
1s to say that retrcculin or retrcular fibrils, using reticulin i the mor-
phologic sense and not n the chemical at this stage, consists of fine
branching fibers which ate nonbirefungent, which do not appear to
stan with acid fuchsin mn the Van Gieson preparation, which stan
with anilin blue m any of the vartous trichrome stains, and which ap-
pear black m a Maresch-Belschowsky preparation or its modification

Dr Lillie did not seetn to be at all happy about the silver methods
1 must confess I may be lucky or not very crtical, but I would s2y that,
taking 1t by and large, 1f you have a sthver method which you knqw :mg
love and chensh, it 1s pretty consistent, mn other words, you will fin
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the fine hbrils are black 1n untoned preparations and the broader fibnls
ate brown and are what one would call collagen

Baner: lrrespective of fivative?

Robb-Smuth ~ 'Thete 15 no doubt that the mercuric fixatives do not
work nearly so well as formalin, at least, that 1s my experience The
exceptions 1n silver staining which were mentioned this mormung, where
occasionally fine fibers are black and so on, are on the whole rare or are
from defintely diseased states 1 am talking at the moment of human
matertal 10 healthy people

This type of matenal, 1 thik one would say, metges with mot-
phologsc collagen fibers, and here I would not disagree with the defini-
tion we had On the ather hand, 1t will not form gelatm on botling be-
cause 1t has been fived, denatuted Marphologic collagen 15 coarser.
with broad bands of fiber and 1s birefringent, 1t stains blue with the
anilin blue 1n the various types of trichrome preparations, red 1n Van
Gieson preparatsons and i the ustoned silver smpregnations it 1s brown
1 am not bothering about toned ones, because, although they look pret-
tier, they are unzeliable and I wouldn't trust them for a moment

As far as the retsculin goes, the fine nonbrrefringent, black argyropht
fibers, T would say that they 2re seen between epithelum and the
loose connective tissue everywhere in the body; between blood vessels
and loose connective tissue, sucroundmg muscle fibers, both smooth
and stnated, around nerves; and, of course, tn the true loose connec-
tve issue  We need not go into too much detai! on that, as 1t 15, 5o to
speak, on the histologic plane

In the work I have been carrying out 1 assocration with Harold
Kramer, we felt that the fist thing was to see whether we could find a
tissue in the body 1n which the connective tissue fibets corresponded to
the definstions T have gtven of reticulin, one in which there was very
little collagen or such collagen as there was could be separated from
the reticulin  If such a tissue could be found, then the next thing
would be to see whether that sort of reticulin, histologically and by
ather methods, was similar to reticulin in tissues where there was a
close relationship between reticulin and collagen Reticulin from the
particular site or sites that might turn up could then be studsed in all
the various ways which are available

After loohing at a number of tissues 1n fresh postmottem matertal,
we concfuded that the best site from our point of view for getting plen-
ty of retrculin with very lhittle collagen admixed was the kedney in chil-
dren and young adults; that 15 to say, we limited ourselves to people
about the age of 14, and they were only cases where there was no ob-
vious renal disease It was found that there 15 quite 2 bit of collagen m
the capsufe and around the blood vessels, but, apart from these areas,
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the mudcortical connective ttssue 15 almost pure reticulin, Someone 15
going to say: What about the basement membrane® That is the im-
mediate catch The black fibers were 1n the same place as the basement
membrane and they were part of it ‘Thes, again, presents a difficulty as
to definition s one gomng to say that the basement membrane 1s the
homogeneous matertal apast from the argyrophil fibets, or should it
be said that it 1s the argyrophul fibers apart from the homogeneous ma-
tenal, or a bit of both? I put 1t to you that the easiest way, because it
ts very difficult, except by enzymal methods, to separate them, is to
say that basement membrane 1s essenttally both; there is 2 homogene-
ous matertal and thete 15 also a network of argyrophil fibers Whether
they ase the same chemically, and I don’t for 2 moment think they are,
1s not the pomnt I shall use basement membrane n the sense of both
the fibers and the homogeneous material.

When we began to look at other tissues i this way, 1t seemed to us
that reticulin or basement membrane was a matter of degree according
to site  Tissues ltke the kidney and muscle, where there 1s a defintte
homogeneous matertal with a nice reticular network, look as though
they are closely related, being a membranous type of matersal 1n which
there are fibuls coursing  Tissues like lymph nodes, and spleen to
some extent, are mamly fibnillar material, retrcular material as 1 have
defined st, with very little homogeneous material; 1n fact, even i thick
preparations, practically no homogeneous membrane can be seen
Other tissues ate m between these two extremes Liver, for example,
1s one of the middle ones i which the homogeneous material ts not
nearly so obvious Thick, frozen sections are necessary mn order to be
able to see 1t It has a straplike appearance, with a certam amount of
homogeneous matenal, but the fibullar pattern 1s far more stuking.

Gyorgy There 1s disagreement between you and Dr. Lillie as to
the liver

Robb-Sm I S AN N
Lilier 1 1lars, but T am
steuck by h ethods that he

used, what T had to say

Gyorgy. Did you not mention that there was no basement mem-
brane, as you call 1t.

Lile Basement membrane material, 1n the sense that we were able
to differentiate 1t, we could not see 1 the liver.

Gyorgy* But he sees 1t X

L;}he He 1nterprets some of the silver-positive material which he
sees as basement membrane .

Robb-Smuth* 1 wouldn't agree with that, with due respect. I was
coming 1 a mnute to the question of the perodic acd Schuff seaction,
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material 1s really the thing which up to how I have talked abouf as tlus
homogencous material, but there 1sn't nearly so much of it as there 1s
in tissue like muscle or hidney,

Lillie: We did not say that the collagen and reticuium are periodic
acd Schiff negative

Robb-Smith: No

Meyer: But 1s there any other method by which to recognuze the
homogencous substance tn the basement membrane, astde from the
pertodic acrd Schuff reaction?

Robb-Smuth+ 1 don't know of any that I would regard as a specific
method, that 1s to say, it can be stained i many ways, but all that can
be said 1 that st 15 being shown up as 2 color by a particular stan

Bennett+ 1sn't ot true that of you apply, let us say, a Mallory anilm
blue stain, you get a blue staming band which we interpret as being con-
nective tisstre, whereas of you apply a combined reticulum stain and a
perindic acd Schuff reaction, you find a core of interwoven and delicate,
blackened fibnls, with a red-stainii b i T i upon or
surrounding them?

Robb-Snuth: Yes

Bennett: Tt has been my nm{vrcss:on that the mateaal which stans
blue with the Mallory anthin blue connective tissue stain incotporates
both of these substances but does not dfferentiate between them, s
that nght?

Robb-Snuth- 1 think 1n general 1t 1s true that the Mallary 15 a less
specific method than the silver,

Bennent+ Would you agree with that, Dr. Lillie?

Lidle, Yes, I think so

Bennets: And yet it stains the same zone

Liflie: What has been sard about the negative Van Gueson stain of
the reticulum is true when acid fuchsin is linuted to 50 mg, per 100 ml
But of the acid fuchstn ts stepped up to hugher concentration and the
specificity controlled by the acid content, the finer fibnls can be stained
with the acd fuchsin There 15 a difference in thesc fibnls, 1n the
coarser oncs, but 1t 15 2 q rather than a qual difF 3
Ubelieve, in that partscular respect | do not say that there are no other
differences

Fremont-Smutl Using the same method, would each of you actually
disagree as to what would be seent in terms of color and size?
Lallie. Pnor 1o our offersng this new vanant, 1 believed essentuatly

:)\lm Dr Robb-Smuth is saying, on the basts of the same sact of evi
ence
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Bennett What about the silver story?

Lillie  We had never previously combined the silver with the
pertodic

Holbrook. But you took the position this morning, Dr. Lillie, that
the silver stamntng was by no means—

Litle Lamited to retsculum.

Holbrook: That's ught, and that 1t involved the collagen fibers
sometimes strongly and sometimes lightly. 1 believe I understood Dr.
Robb-Smuth to say that he makes quite a distinction between the retic-
ular and the collagen fibers; ts that correct?

Robb-Smuth* Yes.

Fremont-Smuth By silver?

Holbrook: By silver.

Lillre, With regard to Dr Robb-Smith’s uniform success with
Maresch-Brelschowsky, I can only congratulate hum T have had very
different results on seral sections off the same block of kidney that
were put through simultaneously In regard to the amne siver meth-
ods, most of us have used more than one method, and because we hap-
pened to run nto a percentage of success with a certan one, we have
decrded that that was the best one, whereas our colleague across town
swears by all that 1s good and holy that another one 1s very much better
than the one we are using

Dempsey May 1 illustrate this difficulty with a couple of stones?
One of them s that I had a young man working with me this year who
had come durectly from the Cayal Institute, where he had been working
with silver methods and had been very successful with them He had
the slides with him to prove how successful he had been 1 asked him
to prepare some shides n my laboratory to show me how to do 1t He
farled totally, using the same method that he had used in Spain

Fremont-Smuth ~ Supposedly the same.

Dempsey Supposedly the same, so far as he knew He then modt-
fied the technique quite markedly and succeeded. His explanation was
that the water 1n St. Louss was very different from that i Madrid

Gyorgy That's night, st 1s. 3

Dempsey. The second story s about a reticulum stain  For ﬁftee.n
years I used a modification of the Bielschowsky stain known as Pap's
method It was a standard method in our laboratory at Boston Iwent
to St Lowss and 1t failed me 1 began to cast around and I ended up
with a modified Wilder, which 15 similar in theory but different m
technique, and st works fine  So there are differences m the hands of the
same 1nvestigator

Holbrook That 1s a good point.

Dempsey 'This makes it understandable as to why we disagree
shightly on technique
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Liler We have not yet arnved at the point 1n the control of uilver
stams where we can make them constant theoughout the world One
of the best watnesses o that 5s the vast muttiphaty of silver methods i
the hteramre  However, i€ there had been a good one m the first place,
tt would be used all over.

Robb-Smth  These are methods which must be done with loving
care The reticulin ones ase a hittle fess tecly than some of the others,
but they too can present pitfalls. I had an expenence sather hike Dr
Dempsey's when § was working with Hostega in Spain There were
two of us, an Amercan and myself, and we were haviag trouble with
ohigodendrocyte impregnations  He could get it to work and | couldn’t
We out sersal sections from the same frozen block, put them into two
glass dishes, and so focth It was as acar as possible 2 duplicate ex-
peument The only difference was that he was workmg on the north
side of the room and I was workng on the south side  The result was
that one of us could make 1t wotk and the other could not  Nenethe-
tess, Dr Dempsey and Dr Lallie have sllustrated that once you get 2
method whuch you speak nicely to, 99 per cent of the tume 2t will watk
on notmal material

Fremont-Srth. Tar you

Robb.Smuth: For you, m your laboratory °

Holbrook. And sf 1t works for you, 1t 5s much mare mportant than
«f st doesn'c work for the athec fellaw

i{ollb—SnmiJ Yes, because he will have anothes method that he can
talk to

Fremons-Stunh  The attstic element 1 mucroscopic staining must be
acknowledged In the future, one must say, "My method s fine pro-
vided you are an actist and take loving case. Doa’t expect to be able to
repsoduce 1t eassly and don't theow it away because you cant ™

Robb-Snuth Posubly, we maght get one pont clear Wouldn't Dr
Dempsey and Dr Lithie agree with me that when things are working
well, the sort of thiags which 1 have sard are more or Iess e, with
hus methad ar mune® I have aot defined what my method s, but it
doesn t matter

Dempsey 1t doesa’t matter  We would agiee

Robb-Smrth e mght look at some not particularly beautiful prep-
asations of sifver stuns m different tissues before we go on to the next
stage Fagure 33 15 2 sechon of spleen The fne beanchag fibees,
whith would be argy sophsl, which are nonbirefrungent, and which stain
with antin blue, and so forth, can be scen My word wiil hase to be
taken for thus but there are fine black fibers and coarser hrown ones.
whiths gee the pattern of appearance in the spleen of coltagen and
seticubin fibers, emphasizing the pomt that t 15 possible ta tesce & <an-
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FIGURE 33 Human spleen (retcculin tmpregnation). The mterrela-
tionship between the fine reticulin fibnls and the coarser collagen
fibers can be seen

tinuum from quite fine branching fibers to where they merge impet-
ceptibly with the larger fibers which would be regarded as collagen

o n - ’ ! ' ' vt --jon, Again

darser fibet

ones This
1s a definite sort ot membranous eftect. kigute 3> snows strtated mus-
cle which has been treated with trypsin and emphasizes this membran:
ous effect Thus 1s an argyroptul preparation and s the same sort of
thing seen in kidney. .

Those are random samples of the different types of retsculin, the fine,
fibrflar one without very much membranous matersal, as i _splee;
the straplike ones, which are seen tn the skin; and the membrapous
type of which kidney and muscle are examples.
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twure 3% Homan muscle (seticubn mmpregaation)  The section
was trested wth trypsn solution and the muascle fibers e dusap-
ﬁmtd I s 3 tangentut section  Reprnted, by permassion, from
obb-Smuth, A H T Thsue changes mduced gy Ch welchu type
A filtesres Lancer 2, 362 (13715}
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FIGURE 33 Human spleen (reticulin jmpregnation) The mkeumh
tonship between the fine reticulin fibnls and the coarset © agen
fibers can be seen

tmuum from quite fine branching fibers to where they merge 5
ceptibly with the lacger fibers which would be regarded as col)zg:tm

Figure 34 15 of striated muscle, taken as a longitudinal <t g‘ﬁ
the fine branchiag fibecs ace seen and the impression of 2 e T
on etther side, which, in fact, 15 just a piling up of the fine 03¢ "
15 2 definute sort of membranous effect. Figuse 35 shows siacl?
cle which has been treated with trypsin and emphastzes this ¢ aof
ous effect. This 1s an argyrophil preparation and is the same &
thing seen 1n kidney. ) £

Those are random samples of the different types of reticulan, ‘h: «
fibnllar one withaut very much membranous material, 35 P
the straplike ones, which are seen in the skin; and the mer
type of which kidney and muscle ate examples.
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3 m——

Froue 34 Homan musde (reticubin xmpregmuorﬁl) The rlmm\m

Tiwune 3% Human muscle (retcubn mmpregmation)  The section
was treated wath typsa solution 2ad the muscle fibees have disape
ared It s 2 tangential secton  Reponted, by permission, From
obb-Seuth, A H T Tissue changes snduced Ly Cr welhir fype
A fltrates Lances 2, 362 (1945}
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FiGURE 33 Human spleen (reticulin impregnation)- The m[!ﬁfd"
tonship between the fine senculin fibnls and the coarser colizge®
fibers can be seen

tpuum from quite fine branching fibers to where they metc® il
ceptibly with the larger fibers which would be segarded 23 (\)“-IE:]‘

Figure 34 1s of striated mnscle, taken as a longifﬂdlﬂ“1 section fe
the fine branching fibers are seen and the impression of 3 cotrt
on esther side, which, 1n fact, is just a piling up of the fine 18,
1s a definute sort of membranous effect. Figure 35 shows s.mmdﬂ
cle which has been treated with trypsin and emphastzes this & sy
ous effect. This is an argyrophil preparation and is e sarte
thing seen 1n kidney, ' £

'Ijhosc are random samples of the different types of reticoli mi{g@
fibrillar one without very much membranous ‘materisl, 3 9
the steaplike ones, which are seen in the skin; and the mes™
type of which kidney and muscle are examples
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Fiere 3 Human musde (retcuhin impregnation)  The section
was treated with trypsm solution and the muscle fibers have disap-
ared R 15 2 tingentat secton  Repuated, by permocon, from
obb Souths, A H T Trsuc changes snduced L, & welchu type
A hltrates Lamrs 2, 362 (1955)
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FiGure 33 Human spleen (reticulin mmpregnation) The interrela-
tionship between the fine reticulin fibnils and the coarser collagen
fibers can be seen

timwm from quite fine branching fibers to where they merge 1mper-
ceptibly with the lazger fibers which would be regarded as collagen

Figure 34 1s of strated muscle, taken as a longitudinal section, Again
the fine branching fibers are seen and the impression of a coarser fiber
on etther stde, which, 1n fact, 1s just a pding up of the fine ones. This
1s a definite sort of membranous effect. Figure 35 shows striated mus-
cle which has been treated with trypsin and emphasizes this membran-
ous effect This 1s an argyrophil preparation and is the same sost of
thing scen m kedney :

Those are random samples of the different types of reticulin, the fine,
fibrillar one without very much membranous material, as in spleen;
the straplike ones, which are seen in the skin; and the membranous
type of which kidney and muscle ate examples.
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Lillee 1 do not believe i the ongmal expenments that they wsed
anything like stowchiometnic proportions, There was a considerable ex-
cess of pensodic acid and over a very much longer time exposure than
we had been using, hustologicatly

Meyer- When measurmg perrodic acd oxrdation, one usually titrates
ta 2 powt where there i$ no longer an apprecable uptake

Lidlie 1 am not speaking of the p t-day of penodic
aud 1 am speaking of the enginal expenments of Jackson and Hud
son 1n which they used excesses and gave long exposures to alfow the
reactron to go to comptetron  Therte was no mentton of the actual con-
sumption at that ume  That came later

Fremont-Smauh 1 shovld ke to make a general comment Dr
Robb-Smath s sayng that of one wasts longer, they will stain the same,
and D¢ Liflie ponts out that with a watt of a shotter hme, they will
stan differently One of you pves sigrficance to the sameness and the
other one to the difference  This parallels an madent with apples
Somebady came along and sard, “Why, these afl look alihe and we wiil
call them apples If you really fook at them, it can be scen that they
are all the same  Fxamune them and they have the same chemcal con-
stitution  Watch them as they nipen and they go through the same
chenucal changes They have the same waxes 1 the skin, they taste
the same, and so fosth " Somebody efse came along and sasd, "This
15 perfectly ndiculous  Just take any two apples off the same tree, oft
the same branch, and messure them accurately m any respect, whether
it 15 werght, amount of carbohydrate, enzyme content, thichness of shin.
number of seeds, and 2 difference wilt be found 1a every one of them
The stgmificant thing about these two apples 15 that each one 15 different
from the other i every respect that can be measused ”

This 15 an dlusteation of the kund of place where 4 discussion
founders One group 15 paying attention to the simularities and the
other group to the difierences  Obviously, both are corzent, both are

ful, but they are ful in different ways Our job. if we
were to push this to a conclusion, would be to say what s the sig-
ssficance of the fact that Dr Robb-Smith, on the one hand, wan pet the
same stam tf he wasts, and, on the other hand, Dr Litise can get 4 dif-
fesrent statn of he doesn t wart

Robb-Sh 1 am content to leave it at that  Using the method »
we do, my feeling ts that where there 1s obvious membranous matessal
10 selaon o the argyrophil Skers, there 2 good pestne PAS can be
abtaimed  Where very hittte membranous matenal can be seea by 2
nonspectfic method, theze will also be very fittle PAS There scems to
be some paraltel between the amount of nonargyrophet membrane,

which was closely selated to the argysoph fibnls, and the positne PAS
reaction
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Comung to the question of the penodic acd Schff reaction, 1 would
say—and there may be shouts of protest here—that if the ordmary
methad s used, with possibly a ot of sulfite about, coarse coflagen
fibess do not stain They stam a yellowish-red color,

Lallse: 15 that with alcoholic pertodic acid?

Robb-Smnh: Yes*

Ledlte: That 1s much slower to react than the agueous,

Robb-Smuth Yes On the other hand, in the sites where these fine
seticulin fibers are located, a bright red color is obtamed. In other
words, these 15 a stuking difference between things which are mor
phologically or histologrcally colfagen and things which ace in the stte
of morphologic reticulm

Lillte. Our expenence has been that 1t takes about two howrs to effect
as much oxidation with strong alcoholic pettodic as 15 gotten m five
or ten munutes with an agueous solution of the same strength, s 1
would say that that fadure to demonstrate rollagen 15 due to undes-
oxidation

Robb-Smith. A difference can be ob d

Liflre A consistent difference 18 found by interrupting the aqueous
oxidatson m 2 matter of seconds.

Fremons-Spith. But isn't that difference signtficant in stself?

Lidlie Oh, yes

Fremont-Smsth. 1f one oxidizes much more rapidly than the other,
it maeans a difference.

Lelfre. O that one has maoy more reactive groups than the other

Fremant-Snath. Well, that s the difference.

Meger Ts this chemucally ont a firm basts? When periodic acid oxida-
tion 15 used in 1-2 glycols or amuno alcohol, 1t 1s usually done under
well-defined and as mild condstions as possible If these condstions are
not kept, periadic acid mght oxidize groups which are not aecessanly
1-2 glycols

Lallse. Howeves, Hotchkss (2) did not poiat out this difference be-
tween the alcoholic and aqueous persodsc acid i bis 1998 paper.

Meger. We should be careful about the interpeetation of resuits
based on pertodic acrd oxedation ) ’

Lille The aqueous oxidation which we have used is far milder
than that whick Jackson and Hudson (3) employed on starch

Meyer: 1 dom't recall what Jackson and Hudson used for starch, hut
1t has always been stressed, as with any oxidant of this nature, that
there must be a very slight excess of the penodic 2ad, In starch, since
the aumber of hydroxyl groups is known, 1t can be calculated what the
excess would be
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1 had been intesested, Jeft-handedly, in reticulin for some time, and
I became rather excited about 1t when playing about with gas gangrene
n the war  { became interested in some of the toxins, which one could
also regard as enzymes, which these organisms seem to produce In
downg enzymatic analyses of tissues, patticulacly of the collagenous
group, 1t 15 vital that they not be fixed in formalin becanse formatin
does curious things to coliagen, which I don’t understand but the chem-
1sts do You cannot wotk properly with these enzymes after it, and
so we always use alcobol or Carnoy fixation and vasious tricks in ap-
plymng the enzymes, which don’t really matter at the moment

At that time our feeling was that the basement membrane of the kid-
ney was the tissue which we were gomng to be able to get free of col-
lagen, but we were trying to compare 1t with reticulin in other tissues
We had the imptession by other staining methods that there were sim-
ply differences of degree between kidney reticulin and, for example.
spleen reticulin. We therefore went on to try enzymes Apart from the
standard method, we have always, as controls, exposed sections to the
buffer alone, the boiled enzyme with buffer, and sometimes with an
antttoxin, 1f 1t 15 avalable  With pepsin, there is destruction of both
collagen and reticulum and most of the tissue, and the result ss horo-
ble to work with With trypsin, using crystalline trypsin, one can get
perfectly good siver stasming and also a positive persodic acid Schiff,
but 1t gets rather diffuse It 15 untidy, not nearly so clean as before
trypsin. Figure 35 15 of a muscle after trypsin.

Hyaluromdase, we found, had no effect on petiodic acd Schuff
staiung, or siver There 1s a change 1 pattern, the tissues tend to
loosen up quite often, but there 15 no change 1 the silver reactions.

With collagenase* one finds that the silver-positive material, both
black silver and brown sitver, disappeats and, also, the material becomes
PAS-negative.

Parenthetscally, 1 might say that collagenase 1s 1n no way new. Mall
used t; at least I am quite certain he did He used some organisms
that he had found n the garden and cultured; there 1s little doubt from
the reactions described that he used a crude collagenase 1n his studies
on teticular fibnls at the end of the last century. .

Fagure 36 1s merely 2 reticulin prepatation of muscle, and 1t is m-
pressive wn that the reticulin has not stained. It may very well be that
Dr. Lilbe or Dr. Dempsey will say that it 15 just the method that has
gone wrong, but there 1t 15 .

Dempsey: We are not that umpalite’
TThe colligensie used 1n theie expenments was 3 punied €1 welihu 6lcrace meueslized wih

f errun
ibysluromdase, ans-cc and snt-g antoxn Tt wou {rom the reports o
’.“;xf?, {Gersh and Catchpole (4), Stoughton and Lorinez (3] thac theue prepacarions of T

welchy Sltrate had lntle callagenase scuvity
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Ficure 36 Human muscle (reticulut impregnation). The section was
treated with collagenase solution 2nd the reticulin membrane has dis-
appeared, afthough the muscle fibers are umaffected  Repriated, by

rmsssion, from Robb-Smuth, A H T  Tissue changes induced
gc Cl welchn type A hlteates Lamer 2, 362 (194%)

Robb-Smub+ An odd thing turned up when we were gradually wan-
dening through tissues, using the mll:gcnasc Vesy txr:somcl)_ v.\c
found some fibers which were argytophdl-pasttive, coll:
and destroyed by trypsin  These fibers are present in the ovary \Ve
hasen’t found them to be burefringent, and they are, 5o far as we can
make out although I wouldn't like to be defintte about thus, PAS-nega-
tive; this coutd only be checked in sections which had beea treated with
the enzymes, as 1 no other way could they be distingusshed from true
reticubin

Gyorgy The m'.uy 15 the oaly organ in which you found them?

Robb-Smuth:

1 had m!cndcd m heep off the pathologic types of connective tissue,
but pathologic connectrve ussue, or, at any rate, abnormal connective
tissue, can be found, for example, 0 the corpara albicantes, which,
after collagenase, 1s Masson andn blue positive, but has ne collagen in
 from the pomnt of view of argyrophil material In toludine blue
prepasations, the anthiae blue positive areas are metachromate, and
if the sections are trested with hyaluromdase, the metachromatic ma-
tenal poes and the areas stam a grey-blue weth antine blue  If sections
are treated with trypsin, the whole lot can be knocked out, mcluding
the blue  Well, that 1s just a little by the way

in Tigure 37A, a close-up of a bit of avary, 2 contral reticulin peepaca-
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tton, and the blackish or the brown collagen fibers can be seen round
about the blood vessels, and the rather fine-looking network which one
would accept as branching fibers of reticulin,

Figure 37B 15 of a postcollagenase section; the postion of the corpus
albicans 15 unstaned, but thete are stll fine fibers These are the argyro-
phil collagenase-resistant fibers.

Figure 38 15 of cortex of the ovary, a retsculin control, with the dense,
collagenous matersal and fine black argyrophil fibers.

Figure 39 15 2 collagenase prepacation; the collagen outside has gone,
but the fine fibers stll stam with sitver

Figure 40 1s a trypsin preparation The collagenous material in the
cortex and the collagen around the blood vessels stain, but the fine
asgyrophid I shich 15 coll has disapp d
1 mention this to sllustrate that one can, on occasion, be caught out by
some of these enzyme methods; mn the ovary there are fibers which, un-
less enzyme methods are used, fulhil all the crterta which I mentioned
eather for reticulin  However, when enzyme tests ate applied, they ate
found not to be reticalin  What they are and whese they come from, [
am not prepared to go iato now.

Taking tt by and lazge, 1t seemed ta us that the type of material which
we had accepted as reticubin on motphologic grounds did bave definite
charcactertstics from the point of view of these enzyme methods, and so
the next thing was whether we could go on to study it from the point
of view of chemustry and of electron microscopy. This conference was
coming on and we did not really have tume to nish the work before I
came over, a good deal of this has to be tidied up, pasticulasly as to
the chenustry But what we did was to take kidney, strap off the cap-
sule, cut it 1nto thin shices, and then remove about 2 mm of the sub-
capsular cortex, the blood vessels were punched out with 2 corkborer.
We removed the medistiz and about 2 mm of juxtameduflaty cortex,
leaving only mud-cortical tissue, making quite certata that we had rot
sncluded any medulla

A histologc check of that matersal showed vesy, very Inttle collagen,
as | have defined it, and that there was quite a lot of teticuhin as well
s basement membiane, We treated these thin shees with crystalline
trypsin and got the same sort of preparation as for muscle It was not
very clean, there was usually a but of debus left i spite of repeated
washings, and so on However, 1t behaved perfectly well from the

ot of view of the various staning methods and enzymes and so forth,
already described Then we tried using decinormal sodum hydroxide
at room temperature and found that that gave a very clean preparation
The actual technique used was to take frozen sections of this matena‘li.
cut at about Sy, put them w the decinormal sodim hydraxide an
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shake them fairly gently over about eight hours, wash, 2ad do a fur-
thet treatment sn the same way

As Dr Lilie mentioned earher, there was at one time a certam
amount of dispute as to whether this pacticular method of treatment,
that 1s to say, of cold sodum hydrovide, destroyed reticulin fibers The
French school sad that it did nat  On thus occasion, we are with the
Furopeans and agasmst the Amencans We could get quite reasonable
prepatations with this metl

This matenal, which at every stage we controtled by examming

frawy 41 Human kudney  Electeoa mucrageaph of seticadin, wn
shadawed, to show the laminated appearanie
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stained sections, was used for chemical and ultrastructure studies The
x-ray diffraction and electron microscopic matesial was examined by Dr
Little of the Atornic Research Station at Harwell, and I am grateful to
het for allowing me to show these preparations. With the x-ray difftac-
tion, one can make out the three coliagen nngs; those at 45 A and
11 A are strong, but that at 29 A 1s weak, apparently because there 15 2
diffraction halo around it

There 15 a Metrovic EM-2 apparatus at Harwell, and material was
examined on 2 3 mm copper goid ot a copper ring dipped n celloidin

ectron mucrograph of reticudin, shad-
to show the steclicng mat of very

FiGURE 42 Human kidoey El
owed with gald and palladium,
fine fibers



Nature of Retrculin 109

On the whole, better preparations were obtamed with the copper gad
The shadowed Prepnranons are with gold, pal!admm alloy, or uranmum
1 an unshad s there 15 2 quite
definstely motded appcarancc, and at ather tumes st 15 more umform,
as Figuee 41 shows

In shadowed preparations, for the most part there 15 an mregulasty
arranged feltwork of fibers varying i swe, 3 lot of them very smail,
down to about 100 Angstrom bsoad We have been 2ble 1o make out
the 650 periodicity s them, but they zre quite randomly arranged In

T T Y ——————y W S o i 4

iz4es

Ficurr 43 Human kidney  Dlectron oucrograph of teticalin, shad-
owed with urznum, showing the netword. of fine fibers and an o
caswpat larpet fibee with a dear perodiciy
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Figure 42 can be seen the meshnork of irregular fibers, some shightly
larger than others. with no large fibers 1n them.

Figure 43 is a preparation where somewhat farger fibers can be seen,
but agamn there 15 a completely random arrang a random back-

und.

W yckoff: Are therte any 650 A strations these?

Robb-Smuh. That s hardly i focus, but some cross-stssations can be
seen.
Frgure 44 15 another where an occasional, quite farge fiber is seen,

rein i had-
3 eceron aucrograph of reticulin shid
3 hdngd:ui.as;zoa"wmg tlf: teltwork of fine un
b Larger odentated fibets

Frouse 44 H
owed wih gold and pal 2
cnemexced fibery together W
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When we took the other materal, such as adrenal, muscle, and o
forth, which we treated mn the same way but which we knew was con-
taminated—1f 1t can be put that way—wth collagen (Figute 45),
10 the background can be seen the same rather amorphous feltnork
of urregularly arranged fibers A curious thing in a aumber of thes
preparations 15 the impression of areas where there are lacunae about
500 Angstroms 1n drameter, We don't know by any means whether ot
not 1t 15 an artifact. There 15 one just a bit above the bottom of
Figure 45

FiGure 46 Human adrenal _Electron microgeaph of conaedne tasue

farger fibers
fter bowling, shadowed with gold and palladum. The larg:

;\rx dls:\p;i:lrcd. leaving thetr outlines, but the bachground shows
2 mottled appearance
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When these preparations are lightly borded before they are put on
the electron microscope grid, we find that the coarse fibers go and there
15 left the sort of appearance which 1s shown in Tigare 46 Whale there
15 no doubt that the ones treated with cotlagenase are, 50 to speak, in-
completely exposed because if left for too long nothing remamns to put
an the grid at all, treated for a short while, the dlassical collagen fibers
go first, and the mesh or feltwork background persists a kutle fonger

This 18 really about as far as we have gone The chemscal methods
which we have used are extremely primutive  1f unfixed sections of fad-
ney prepared in the way 1 have described are boded, they breah up but
da not go nto solution and no significant amount of gelatin 1s obtamed
& daes not behave i any way like satisfactory prepazations of coltagen
from the pomt of view of boiling, i that there 15 a very constderable
tesideumn feft betuad  #f borded with hydrochlonic aad, the result 1s
dissategration but no soluton  If boded with sodrn hydrate, & goes
into solution in no time  After boshing n wates, the msoluble matersal
gves crude teacttons for carhohydrate and peptides, no tyrosine or
teyptophan can be detected, and no significant amount of sulfur, and,
using MacFarlane and Guest’s method, strong reaction for hydroxy~
proline ts obtamed With the collagenase-treated sections, there s
complete solution  As yet, we have not studted the nature of the filtrate
1 winch the fibrillar element 15 dissolved

Our feehng 1s that morphologic retculin, as we have defined 1t so
fas, obviously contans coflagen from the pot of view of witrastuc
ture, but 1t appears to be closely related to some carbohydrate matersal
Whether 1t 15 actually bound 1n some way we do not know, although
same of our experiments suggest that it 1sn't just @ matter of the two
things lying together lihe jam between two pieces of bread, there 15
probably a closer relationshup than that  All that can be sard 1s that we
have tried to study matenial in which there has been very hittle histolagic
collagen, and that has been to 2 large extent reticulinbasement mem-
brane or basement membrane plus reticubmn, according to how you
look at it

Holbrook Dr Rabb-Smuth, would you review agaia the three of
four significant dffesences, 2s you sce them, between retsculin and
ollagen?

Robbh-Smurk  The fint thing 1s that. taking 1t at the vistble bighe
ycroscope tevel, wn retcutin the fibnls are finer than collagen fbnts,
they branch, and they are not bucefringent, cotiagen 15 the opposite
side of the penny as far as these thngs are concerned  Trom the points
of view of staung; methods given that you have a Maresch-Beetschaw®
sky method that you ate used ta, fine fibers are black and the colta
hibers brows, but, as { 4 there witl be des betw oen

+

&
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two. As far as the PAS stamung ss concesned, 1 would say, by the way
we have done i, that collagen s negative and that the fine fibers are
probably negative, but that they are always very closely selated to
posstive PAS matenal. From the standpoint of enzymatic studies, the
main difference ss that the pectinases and things Iike that do rot do any-
thing much to collagen, whereas they do attack the argyrophilia and
the PAS posstiveness, but whether the fibess, 1n fact, have disappeated
or whether st 15 just a change i staing reaction, § ntend to be a bit

shufty about
As far as the other enzymes are concerned, there ate simitanties, in
other words, there ase s rather than diffe es ‘The rollagen-

ase breaks down both reticulin and cottagen, and trypsin and hyaluron-
tdase do not alter esther type of fiber, From the pomnt of view, so fas
as we have gone, of electton MICIoscopy, m preparatsons of almast pure
hustologic reticulin, these ss this rather sandom feltwork of fbers which
appear to be rather thinner than most, or, at any rate, theit range
nassosver than the usual range of coffagen fibers but they have the pen
odicaty of collagen; in other words, thesr pattern is diffesent rather than
their structure

Halbrook: Have you any 1dea what thesr orgin 1s> Do they orige
nate from collagen fibers, from ground substance, or from a totatly dif-
ferent source?

Robb-Smrk: 1 haven't any sdea, but [ should be very content to be-
Lieve that, given the nght building stones——and whether those come
from seram protens or what 15, 1 thisk, anybody’s puess—then pre-
sumably there will be some enzymes which will build them up or onent
therm so that there begin to be polypeptides pretty closely refated to col
tagen I thunk it 15 very likely that  the first stage, in the retculin,
there 15 some bondiag between carbohydrate and the polypeptide chains;
then, as the thing gets more mature, ar mare ke morphologic collagen.
probably st reduces ts refationship to carbohydrate, but that is pure
guesswork i

Dempsey. But you beleve they are functionally and motphologically
continuous with the collagen fibnls, that is, that there s 2 chsect mat-
phalogic contmusty between the two classes of fibers”

Robb-Smeth: Oh, yes, but that they are different

Ragan  Would you say that the reticulum branches into the col
fagen?

Robb-Smath, Tt 13 like a niver jomntag the sea

Meyer, Have you done expenments 1n which these htdney slices wete
treated with aitric acrd m order to see whether there is any specific
difference i the solubility?

Robb-Smath: No, we haven't done that
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Aleyere ‘That might be quite helpful,

Robb-Sprh: From the point of view of getting the carbohydrate?

Meyer: No, not of carbohydrate, but of procotiagen of Orekhovich

Lllre: The gelatin or gelatinlike substance which Mall seported
from reticulum was derved, I beheve, from intestinal mucosa tather
than from kidaey, so there are pechaps & multiplicty of reticulums as
well as collagens

Robb-Smith  But, on the other hand, both 1o lymph nodes and m-
testine there 18 2 good deal of collagen  You sec, that 1 the difficulty,
that these 1s 2 good deal of mesphologsc collagen

Lilber Your Maresch-Brelschowsky was the sitver mitrate pretreat
ment, before the amune siiver Do you happen to know what the pH
fevel of your siver nitrate solution was?

Robb-Sputh ¥ couldn’t answee that, 1 am afraid

Lifle W'e made ane the other day We happened 0 choch and tt
was around 8, much to my astoashment 1 thought it would be on the
acud side

Bennetr+ Have you utihzed these methods of obsenvation on the
glomerulns itself?

Robb-Smuh No, we have not, we hove stayed clear of it My own
feeling, and I think thete 15 2 certain amount of evidence for 1, 1s that
glomerular basement membrane is a bit different from ordsnary base-
meat membrane  We gat inte enough trouble over those funny fibers
that we found in the ovary

Ldlte 'We ase essentialty m agreement on the penodic acd Scinff
reaction; we have been geting what we secognize 35 3 weaker reaction
m collagen and reticutum than i basement membrane, and you, by at-
tenuating procedures, bave gotten no reaction

Robb-Smuhe Yes, that s nght

Lilie These has nat been enough secogmtion of the fact that the
Hotchkuss technsque 1s 2 quite different techeque from the Mchanus,
for cxample  People have just blithely sasd * Hotchbuss negative,” and
;n: never Anew which they meant or whethes they used the Hotchkass

Ragan, Do these rebicular fibers swell on acdsfication?
Raobb-Smah  As yet, we haven't ceally exanuned them when unfixed,
whuch 15 the anly way to do i, but most people have sawd that they
e nat
Holbrook 1 they do not, that would be another dsfference between
colfagen fibers and reticulin
Robb-Smnh Yoy
Aeyer 1 assume that the peciipase from ontons 13 ot sen defined
D54 you mentian whether this same matereral 15 also metachromatic?
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two  As far as the PAS staning 15 concerned, T would say, by the way
we have dowe st, that collagen 15 negative and that the fine fibers ase
probably negative, but that they are always very closely related to
positrve PAS matenal. From the standpont of enzymatic studtes, the
main difference ts that the pectinases and things like that do not do 20y-
thing much to collagen, Whereas they do attack the asgyrophiliz and
the PAS posstrveness, but whether the fibers, in fact, have disappeared
or whether 1t 15 gust a change m stasmung reaction, I intend to be a bit
stufty about

As far as the other enzymes are concerned, there are simidarities; in
other words, there are tdentsties rather than diffesences. The collagen-
ase breaks down both reticulin and collagen, and trypsin and hysturon-
wdase do not altes either type of fiher. From the point of view, so far
as we have pone, of electron mictoscapy, sa preparations of almost pure
histologic reticulmn, there 1s this rather random feltwork of fibers which
appedar to be rather thinner than most, or, at any rate, their range 1
narrower than the usual cange of collagen fibers but they have the perk-
odiaaty of collagen, m other words, their pattern 15 different sather than
therr structure

Helbrook: Have you any 1dea what their otigin is? Do they ongt-
nate from coltagen fibers, from ground substance, or from a totatly dif-
ferent source?

Robb-Smuth. ¥ kavea't any idea, but 1 should be very comtent to be-
fieve that, grven the nght buidding stongs—and whether those come
from serum protems or what 15, I thmk, anybody’s guess—thea pre-
sumably there wall be some enzymes which wiil buald them up or onent
therm so that there begin to be polypeptides pretty closely related to col-
lagen I thnk tt 5 very hikely that sn the fest stage, m the reticulin,
there 15 some bondtng between carbohydrate and the po[ypept'ndc chaws;
then, as the thing gets more mature, of mose lrke morphologic coltagen,
probably it reduces sts refationship to carbohydsate, but that 15 pure
guesswork call

Dempsey But you belteve they are functsonally and morphologically
contiwous with the collagen fibrls, that 15, that these (s a drrect mor
phiologic contimmty between the two classes of fibers?

Robb-Smub. Oh, yes, but that they are different.

Ragan- Would you say that the reticulum branches mto the col-
lagen?

Robb-Stmuth. Tt s like a raver joming the sea. '

Meyes: Have you done expenments m which these kidney stices were
treated wath citrsc acid 1n order to see whether there is uny speaht
difference 1n the solubdlity?

Robb-Snuth, No, we haver’t done that
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Afeyer: ‘That might be quite betpfut

Robb-Smh; From the pomt of vew of getting the carbohydeate?

AMeyer: No, not of carhohydrate, but of procollagen of Orekbovich

Lillser "The gelatin or gelatindike substance which Mall reperted
from retculum was denved, § believe, from testinal mucosa rather
than from kidney, so theze are perhaps a muttiplicaty of reticulums as
well as collagens

Robb-Smith. But, on the other hand, both i hymph nodes and -
testine thete 15 a good deal of collagen  You see, that 15 the difficulty,
that there is a good deal of mosphologc collagen

Liflre Your Maresch-Bielschowsky was the siiver nitrate pretreats
ment, before the anune wiver Do you happen to know what the pH
fevel of your siver niirate solution was?

Robb-Smuh 1 covldn’t answer that, Tam afsaid

Lille: We made one the other day  We happened to ¢hech and it
was around 8, much to my astonishment 1 thought 1t would be an the
aad side

Benwett Have you utilized these methods of observation on the
glomerulus stself?

Robb-Smuh  No, we have not, we have stayed clear of it My own
feeling, and I think thete 15 2 certain amount of evidence for 1t, 15 that
glomerular basement membrane 15 a bt different from ordimary base-
meat membeane We got into enough trouble aver those funay fhers
that we found in the asary

Lille 'We are essentiaily i agreement on the penodic aad Schiff
reaction, we have been Lerng what we IECENIZE 352 W eaher reaction
s cotlagen and fum than i b; t b and you, by at-
tenuating procedutes, have gotten no seaction

Robb-Smnth  Yes, that w nght

Llie These has not been enough recogmtion of the fact that the
Hotehikss technrque 15 2 quite different techauque from the cManus,
for example  People have just blithely said - Hotchbuss-negatng,' and
;nn never knew which they meant or whether they used the Hotchluss

Rapan, Do these reticulas fibers swell on acdsfication?
Robb-Sturth  As yet, we haven t really examimed them wien unfixed,
which 15 the only nay to do it but most people have sand that they
o not
Holbrook 1f they do not, that wauld be annther difference between
colfagen fibers and reticulin
Robd Smuth  Yes
AMeyer { assume that the pecenase fram onons 13 not very defined
Did vou mention whether this same matenat s also metachromatic ?
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Robb-Smub: No, st 1s not  Ocdinary basement membeane is not
metachromatic, 1 would say
Lallie. Have you seen McManus's (6) report on pectinase?
Robb-Smuh. Yes. He used polygalactusonidase,
Lallie: Hs results did not differ greatly.
Meyer. Yes, I remember that The source 1s not onions. Thes s 2
con:!memal pectizase from the brewsng industry; 1 beheve st 1s 2 mold
roduct
P Rotb-Smsth 1 wouldn't be 11 the least proud of it as a precuse meth-
od 115 one of those glorous bits of muck that you put on, and 23} you
can say 1s that, 1f you do 1t under certan conditions, something happens
Aeyer. And the hyslurontdase was testicular hyalusonidase?
Robb-Smuth Yes, testicutar
Litle: We have done essentially the same ‘expetiment and had 10
sesults from prolonged bovine testis hyaluronidase action on senal
stroma
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HYPERSENSITIVITY AND THE
HYPERADRENAL STATE*

EDWARD L. FISCHLL
Department of Medime

Callege af Phyucrans and Swegeons
afumbrs Unsersity

To pz DISCUSSED are some of the aspects of hypeesensttivaty, particularly
as they relate to, or as they are altered or not altered by, the hyperad-
tenal state. In thus presentation, there witl be a change in onentation
from the celtular level with which the previous discnssion was con-
cemed, and the phenomena will be viewed on the tissue level and from
the point of view of the organssm as a whole Although what few
studies have becn made show that immunty ts 2 property of cells, pes-
haps st s respreatton and metabolic activity are, my own worh m
the field has not been an the cellular tevel T hope we wilt have some
discussion later on fibeoblasts and other cefls that are endowed with
the properties of immunty

There 15 2 reluctance ta consider altergic phenomena from a screntific
pant of view hecause allergy ss a very broad field and encompasses
sa maay vanables The subject has an extensive hterature, much of
which is uncrtical 1n pact, this 1s because the data are difficult 1o ob-
tan n pure form, or to study as 1solated examples with only one or.
at the mast, two bles Almost every exg m allerpy entails
an antigen of antigens, usually protemns foreign to the anmmal into
which they ace ingected and constituting the first of the many known
vauables Antibodies are produced by the host, and there 1s evidence
that  some wnstances there are various types of antibodies specific for
2 suagle antigen. The host produces antibodies in widely different
amounts withen the same species  The amount produced has a definate
beaning o the extent of a necrotzing allergic reaction or of a wheal
and eqthema type of reaction  After the antigen-antibody union ss cf-
fected, different degrees and dfferent types of tissue damage may result
i defferent areas of the body, and vary from specres to species  Most
contradictions m the hiterature can be explaned on the basis of the fact
that many £ use mmpltx antigens, horse serum or egg white

This mork was suded by grancs fom che Flelen Vor hornes Faosdimn snd the Masan
Fasmtarmon tae Medmal Resarsh snd Flumsn Wettare
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which preclude quantitative apprassal of their results, and many do
not appear to be aware of the fact that antibody production can be so
extremely varable within a single species.

One further word, namely, that the word “quantitative” as applied
to much of the research done today has been used loosely in many
tespects. In contrast to others, studies of the type initiated by Drs
Hetdelberger (1) and Kabat (2, 3) have brought to immunology the
critique and exaciness, the precision which 15 present in quantitative
chemscal analysis A single antigen, that is, a single chemical and not
a mixture, has been found to react with its homologous antibody ina
certan well-defined fashron which can be expressed mathematically
The amounts of these reagents which interact are related to the severty
of certain of the biological reactions which occur 1 tiro.

These are stll publications, and one of them is the Transactions ofa
Macy Conference of a year or so ago, which speak of quantitatwe
studies when what 1s meant 1s 2 statistical approach, that of using com-
plex antigens such as horse serum m response to which varying and 1n-
determnable amounts of antibodies are produced The thinking here
seems to be that 1f enough animals are run, an answer may be found
However, with the number of varables in this topic, the error 15 also
compounded to a great degree, so that the statistical approach leaes
something to be desired unless 2 well-standardized system is employcd
Of course, we all hope to employ statistical analyses of our results, pro
vided they are not arnved at with a hodgepodge of agents As 2
analogy, there are still some difficulties 1n the standardization of dlg}-
talis Using a leaf preparation as the standard, the cat or frog hw:ds
reaction to 2 particular leaf preparation had to be statustically apprassed,
but there 1s no certainty that the effective ingredrent in the leaf prepard-
tion 1s constant from year to year or from ammal to am‘mal‘ A pure
chemical could be evaluated statistically, with more probability of D;
taning reproductble results. A well-defined chemucal could be cgtﬂ
lished as having an effect and could serve reasonably as a standard from
year to year without variation . o nd

The field of hypersensitivity—TI use the terms “hypersensitivity faom
“allergy” mterchangeably—has recently received great stimulus tr "
studies on the adrenal hormones. However, the literature goes bad
well into the twenttes and thirties when crude adrenal extracts were
used 1n different types of allergic reactions .

At the outset, |YtP|s xmpmtaﬁt to note that the amount of nnuboifg
tvolved tn all allergic ceactions has a good deal to do with the hsc::!cs_
of the reaction (4). Dr. Kabat and vanous of his co-authots ha' ‘a
tablished the fact that in anaphylaxss, for example, the reac:m;c .
sensitized guinea pig to the mjection of a foresgn protern, such as <fy
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talhn egg atbumin, 1s largely dependent on the amount of antibody
present 1n the guiaea g For this, the techatque of passie immuniza-
tion was used, stnce active ummunization results in the production of an
uoknown amountof . © © 7 o . :
13 mcrograms of an :
with a smail dose of . : : .
eaally die n a state . .
shockung 1s nat as erstecal to the qutcome, withea lunts, as 1s the amount
of antibody The symptoms of anaphylaxss, 4 sudden, dramatic affarr,
appeat within a few minutes There may be mild reactions with stching
and scratching of the nose or ruffling of the fur, but shartly thereafter,
with increased spasm of the bronchial tree and suffocation, wavalsions
and death follow
The necroting allergic reactions, which may, perhaps, be of more
smterest 10 a conference on connective tissues, are thase which result n
focalized death of tissue  The classical example i immunclogy s the
socalled Asthus reaction, the reaction descnbed in 1903 by Arthus, who
found that the repeated mjection of horse serum mto  rabbit, although
at first app g relatively 1 ly resulted i an ex-
plosive inflammatory reaction, with edema, cellular mhltration, hem-
otthage, and stoughing out of tissue, or death Since then, the definition,
v e toT bt st desenbe any necrotiz
. f an anhigen and ant-
X - . replete with examples
of Arthus-tike reactions in every organ ot the body, attemnpts to produce
appendicitis or focal necrosts of the bran or glomerutonephnius, ete
¥f the pattern of the Arthus reaction is extended to systemic reactions,
the result 15 what 1s classially hnown as ‘serum sichness ' in bumans
and saryag degrees of panartenstis 1€ 2 forergn protem s injected mto
the ven of an animal of 2 human, and sf there s enough of st remaining
after two weeks or so, antibodics are formed which react with persistent
antigen to gnve 3 widespread mflammatory resction
drgy Do you think that the Arthus phenomenon and the
Suhwartzman phenomenon arc mierchangeable?
Tmbel Not at all
Gyorgy But from your deimition at would aimost appear so
Lischel  No, the Sthw astzman phenomesion does not mvolse speufic
antigen
Giorgy  But necrosss Yosults when something 45 injected
Tuekel. 1 thought my detinwon inctuded the umton of an antigen
with 1ts antibody
Grorgy But «t s not kaown, cinwally, when an mjection 15 made,
whether the umon hes owurred  We cimaans use neceosts to detee
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mune the Arthus phenomenon When something is injected and necro
sts results, an antigen-anttbody reactton is postulated, but we can never
be absolutely certain, clinically

Faschel: There 1s a difference

Gyorgy: 1know there 1s a difference, but I would Iike to have it put
in the record

Fuschel- The difference is this* In the Schwartzman reaction, the
period between the so-called sensitizing dose and the challenging dose
ssonly 2 day There 1s hardly time for the production of a specthc antt-
body. Dr Schwartzman has expressed this point vety well. The reac-
tion seems to be some sort of summatton of toxicity. We may get into
a discussion of the so-calfed Auer phenomenon later, the localization
of suboptumal doses of toxin m previously damaged sites In pattents
with certain types of drug reaction, if that is what you are thinking
of, when a reaction occurs several days after the mitsal injection, it
may perhaps be of the Arthus type When the reaction occurs immedi-
ately, unless 1t 1s known that the patrent has been sensitized pmviousl)n
1 agree with you that we do not know whether an antigen-antibody
reaction has occurred. There certainly are toxin reactions. Reaction to
erythrogenic skin toxins are not Arthus reactions; they are immeduate
responses to the toxicity of the substance which 1s injected

Gyorgy: 1 was only afraid that, in your broad definstion, everything
leading to necrosis would be an Arthus reaction, and I thought it was
espectally smportant that the Schwartzman phenomenon be separated

Frschel* It certainly should be since the mere sumilanty of certat
of the morphologic end pomts does not identify the mechanisms which
produce them. Many substances and combinations of substances cause
necrotizing inflammation, but the unton of antigen and antibody is, by
usage, the charactenstic feature dufferentiating Arthus .(eachons from
other types As 1 said, two prototypes of allergic reactions have }:etfl
faily well defined according to the techniques of immunochemistty,
using known amounts of single substances and their homologous antt
bodies {4) Much of the literature on the effect of the adrenal Pw;
mones on sensitivity reactions involves the nse of actively immunize:
ammals  Actively immunized animals contain unknown amounts o
antibody. Therefore, it might be well to discuss the produc‘nokn of ants-
bodies per se, and how that 1 :
to allergic reactions induced -
discussion, I think we shall
tomized animals It 15 a well-known and old observation that aamu;
ectomized animals, just as Addisoman patients, are highly yulpesable
10 stress stmations; that 15, they react with a fatal effect more often tl}ﬂﬂ
do normal individuals. Susceptibility to anaphylaxis, or histamine

.
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shock. may be expected to be increased by adrenalectomy and decreased
by substitution therapy.
R i e TR I 03 1Y
. . the ef-
- under
physialogic conditions but the pharmacologic action of an excess of
these hormones, Just as an excess 1s tequred for the suppression of
symptoms 1n various diseases e costacnln Ao anh cnnncace than
fulfilling a need of the patser
mone comparable to substitut
There ate several types of
vious experiment 1s that 1n which there are two Semes of animals, both
of them immunized simultaneously, but only one group treated with
ACTH ot cortisone  Simultaneous control studies are necessary because,
even with the most precise techniques, varables are probably present
which cannot be appraised Therefore, we cannot, with certamty, use
as a control group animals that were immunized previous to the expen:-
mental ones, though that has been done by some wvestigators

TABLE 1

The Effect of ACTH on the Concentration of Circulating Antibady
When the Hormone Is Admimstered from the Onset of
Immunization with Pneumococci

Mg antibady nitrogen pee o] of serum st 14 and at 28 daya afrer beguaming
Immunization with prevmocorcs

After 14 days After 28 daps
ACTH Group P| Control Group K| ACTH Group P | Cootral Group K
m ABN/mt wy ABN/ml oy AN/t we ABN/wt
050 098 067 14t
034 va7 101 190
062 110 122 230
as 202 167 —
234 222 33 531
230 472
240 613
Mean 096 18% 158 i 363

Fure New Zealand yed sabbuty tressed with ACTH apprommately 01 10 10 me  Armour
sandard, every B houns for the entire peruwd  Seven control rabbus of same seram Ree
prated by pummu)n, ‘ro-n Bygnaesor, M Fiscisr, E B, aed Stotak, H € The
<fect of coruone and hormane on the of arculaung
Ty T Foter ot S5
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mune the Arthus ph When hing is mjected and necro-
sis results, an antigen-antibody reaction ts postulated, but we can never
be absolutely certam, clinscatly

Faschel. Thete 15 a difference

Gyorgy* I know there 1s a duference, but 1 would Iike to have st put
w the record

Prschel- The dufference 15 thiss In the Schwartzman reaction, the
peniod between the so-called sensttizing dose and the challenging dose
15 only 2 day There ss hardly tsime for the production of & specific ant
body Dz Schwartzman has expressed this pomt very well. The resc
tion seems ta be some sort of summation of toxcity. We may get mto
a discusston of the so-catfed Auer phenomenon later, the localization
of suboptimal doses of toxin tn previously damaged sites. In patients
with cestain types of drug reaction, of that 15 what you ace thinking
of, when a reaction occurs several days after the instial injection, it
may perhaps be of the Arthus type When the reaction occurs immed
ately, unless 1t 1s known that the patient has been sensitized pr:viously,
1 agree with you that we do rot know whether an antigcmantxbady
ceaction has occurted  Thete certamly are toxin reactions  Reaction 1o
erythrogeme skin toxsns are not Arthus reactions; they are immedsate
responses to the toxicity of the substance which is imjected.

Gyorgy. 1 was only afrasd that, m your broad definition, everything
teading to necrosis would be an Arthus reaction, and I thought it was
especially important that the Schwartzman phenomenan be separated

Frschel, It cextamly should be since the mere simitarity of certa
of the morphotogic end posnts does not dentify the mechanssws which
produce them Many substances and combinations of substances cause
necrotizing mftammation, but the union of antigen and antibody 15, by
usage, the characteristic feature diffecentiating Arthus reactions from
other types. As I sud, two prototypes of allergic reactions have been
farly well defined according to the techniques of immunachemistty,
ustog known amounts of single substances and their homol ants-
bodies (4) Mduch of the literature on the effect of the adrenal bos: |
mones on sensitvity reactions mvoives the use of actively iramunized
arumals  Actvely immunized animals contan unkpown amounts ©
anthody Therefore, st might be well to descuss the production of ot
bodies per se, and how that 13 attered by the adrenals, and then go on
to allergic teactsons mduced with known amounts of antibody. Ia this
discussion, I think we shall have to omt studies done on adrenalec-
tomized anmals It is a well-known and old observation that adrensh-
ectomized animals, just as Addisonian patients, are highly vulperable
1o stress situations; that is, they react with a fatal effect more often th}ﬂ
do normal sndividuals, Susceptibility to anaphylaxis, or histaming




Hypersensitraty and the Hyperadrenal State 121
shock, may be expected to be increased by adrenalectomy and decreased

ve were influenced by Dr.
n connection with the ef-
' . what mught occur under
physiologic conditions but the pharmacologic action of an excess of
these hormones, just as an excess 15 required for the suppression of
symptoms 1n vanous diseases. We certamnly do not suppress them by
fulfitling a need of the patient or by giving physiologic levels of hot-
mone compatable to substitution therapy in Addison’s disease
There are several types of studies on aatibody production  The ob-
VIous experiment 1s that 1n which there are two series of ammals, both
of them immumized simultaneousty, but only one group treated with
ACTH o cortisane  Simultaneous control studies are necessary because,
even with the most precise techniques, vattables are probably present
which cannot be appraised  Therefore, we cannot, with certamty, use
a$ a control group antmals that were immunized previaus to the expers-
mental ones, though that has been done by some investsgators

TABLE 1
The Effect of ACTH on the Concentration of Circulating Antibody
When the Hotmone 1s Admunistered from the Onset of
Immunizatton with Preumococei

Mz antibody mreogen per ml, of serum 3t 14 and a1 20 days after beginming
\nmunizacon with preumacocet

After 14 days After 28 dyys
ACTH Group P| Control Group K | ACTH Graup P | Conticl Group K
e AbN/mi my ABN/wil me AbN/ml g ABNm
050 098 067 14
054 147 1o 190
662 149 122 230
081 202 167 —
RAT} 222 33 531
2130 in
250 623
—
Mean 096 183 158 365

Five New Zeatind red rabbus reated wah ACTIL sppromenately 01 to 19 mg  Armour
scandard, evecy 3 houns for the entire period Seven conirol rabbuis of sime stram  Re.
prnted, by permussion, from BypknEsor, M, Fisenst, E E and Sroeak, H . The
€ffect of cortane and ad ot ormone on the

aoubody | Faper Med 9% 17 139501

of circlanng
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In the following expesiment, done in collaboration with Dr. Bjorneboe
and Dr Stoerk (5), several series of rabbits were immunized with 3
polyvalent pnenmocaccus vaccine, and were treated with either ACTH
or cortisone. For the first small senes, antibody levels fourteen and
twenty-eight days after the beginning of immunization are shown in
Table T ACTH, which was gven in very smalt dosage, obviously in
troduced still another varable We felt guilty about atriving at 2 mean
for only five animals, but there was enough of a diffecence to make
us want 0 go on  The median can pechaps be taken at 62 milligrams
of antibody mitrogen i the first column, but in any case, there is a dif-
ference after fourteen days of immunization between the two groups
The same animals were immunized for fourteen more days, with con-
tinued hotmone admmstration to group P. The amount of antibody
on the twenty-eighth day from each animal §s atranged in columns 3 and
4 1n the same order as in columns 1 and 2. Thus, it 1s seen that the fiest
anumal of column 1 had hitle anthmetical incease in ciccutatag ante
body {from 0.50 mg on the fourteenth day to 067 mg of antibodv
mtrogen per ml of serum on the twenty-eighth day). Some of the rab-
bus did show an appreciable increase, In toto, there was a difference
1 that the mean antibody content of the untreated group was twice
that of the ACTH-treated group. Again, an apology is 1 atder for the
use of mean values, but to use median values would show even more
proaounced differences. .

With this group as an indicator, we went on to study two more sefies
of animals Table I shows the amounts of antbody  two groups of
rabbits given 10 mg and 2 5 mg of cortisone daily, the mean values o
simultaneous control groups being indicated on the last line of the
Table. The footnote to the Table lists the individual titers of the 38
control anumals, 27 smmunized smultaneously with the rabbits guwven
10 tmg. of cortisone and 13 wath the group receiving 2.5 mg,

Same of the anmals receiving 10 mg. cortisone daily ded, Controf
amumals also died, due to the toxity of the large amounts of pncumo-
coccus vacane  Eatly in the expeniment, mare of our cottisone animals
died than did our control animals, which may cast some doubt on the
findings. However, later, when we dealt with the effect of cortisone on
antsbody levels after the ammal had been fully immunized, the mr:r
sane-treated animals stood up much better than did the control ammal 3
and the depression of antibody was again fouad. filness, per 56 'd;
not seem to be directly responsible for the lowering of antibody levels,
either in individual animals or according to group mortaltty figures.

Companng the mean amounts of antibody after nine and [ourtce:
days 1 the zaimals given 10 mg of (ortisor}e with that of tl’f;.} C[O;IC :
sponding control series, 2 stnking difference is seen, but the differe:
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TABLE 11

The Effect of Cortisone on the Concentration of Circulating Antibody
When the Hormone Is Adminstesed from the Onset of
Immunization wich Paeumocacer

Mg anubody mtrogen per el of serum

10 mg cortisone duily 25 mg cortsone daly
Rabbst oth day L4th day | Rabbit | 14th day
mg ABN/ml | mg ABN/ml mg ABN/ml
B2 006 046 E24 042
Bo 006 048 E8 062
B2 009 E29 067
BY 010 018 E20 070
By 013 E28 080
BY 018 077 E26 085
B4 021 E23 085
ES 085
E27 106
E7 119
Mean 012 0% 1 081
Mean £SE of groups ,
L without cortisone G27* « 0211 47% + 13 117§ + 06

027 and 147 are the average ADN/ml on the 9th and 1th days respectuvely of 27
#abbict of Groups A snd C smonued umultancously with the B geoup animals Indwidual
wters of these conuroly on the Ith and (4th days are at follows 013, 949, 0 25, 054,
019, 060, 021, 01, D07 V69, 031, 075, 022,099, 032, 112 023 115, 049,
120, 016,126, 55, 155, 024, {34, 017,134, U40, (74, 028,157, 037, Lsl,
912, 168, D15, 348, 022,195, 017,216, 018,223, 027,234, 052,240, 0 4)
192, 031,305, 047 (9ch day oaly)

#1171 the aversge anuibody mitrogin level her mi on the T4th day of 11 untreated
vontrol smimals of Group F smmuned umubtancowly with the E group amimals These
ool Tad dhe followang oxers D41 072, 070, 084, 104 111,119,134, 145,

v

Reprinted, by permusun Trom Biwenison M, Fecsi B b and Stoean, H € The
effes ot cortmone an hormone on the of arculaung,
annbudy J Eaper Mid 93, 17 14981)

15 probably not marked enough to show up in smmunological techmques
which employ the traditional, and unreliable, double difution methods
A one tube ar two tube dufference may not, pechaps, have been detected
i this series of ammals, or, conversely, a difference of several tubes
mught have resulted

When the amount of cortisone was reduced to 2 5 mg daily, ther
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was 2 higher level of anttbody at the fourteenth day. This experiment,
shown in Table II, was conducted about two or three months later, and
1 ths instance we ran eleven untreated controls. As can be seen, the
control group yielded a somewhat lower mean value on the fourteenth
day than did the control group previously employed, which is why
simultaneous controls must be run  The value is within the range but
not quite that which was obtained previously

What happens to antibody levels if cortisone 1s adminsstered after
smmunizatton has become well established The control group i
Table 1, after fourteen days of immunization, could be divided to
two groups, A and C Figure 47 shows what happened when the r2b-
bits of group A were given cortisone, 5 mg. for the first four days and
then 2 5 mg for theee days. The mean serum level at the onset of cor-
tisone admynustration to this group of 11 sabbuts was 1.79 mg of ant-
body nitrogen per mt

Ragan: Are you immunizing these rabbits with one injection at the
begnning?

Fischel  No, these are repeated injections.

Ragan: Repeated even when they are on cortisone?

Frschel, Continued both tn the control and the cortisone groups We
used Bjorneboe’s method of immuntzation, which results in rather high
antibody levels

Lillie: What 1s your determination method?

Fischel- The quantitative agglutination method of Heidelbergetr
and Kabat (6). Whole pneumococct are agglutinated with the anti-
body and washed The supernate must be tested to see that all the
antibody has been removed After repeated washings with cold saline,
the anttbody and pneumococct are analyzed for nitrogen content, using
appropriate controls to determune the mitrogen in the pneumocotfus
vacane stself Al these determinations are done o duplicate.

To return to Figure 47, after one week of further immunization, the
untreated group had a rise of antibody nitrogen to 162 per cent of 1ts
mean level at fourteen days, as indicated by the dotted line. The group
recetving cortisone had a slight drop to 88 per cent of their fourteen
day level, which may not be a significant drop. Essentially, the mean
value remained about the same, wile it fose in the untreated group G
Note the wide vanation within the groups, as has been well described
1n the literature  One or two ammals had increases for_t\vo or three
days following cortisone, but they leveled off. Th:s experiment Was ::
peated at another time, a control group of animals recerved no co! p
sone and had an increase 1n mean antbody content from 1.85 t0 3 :
mg AbN per m! in fourteen days The group F ammal[s shg'j‘;zn:
Figute 48 had a definite depression after fourteen days of cortt
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Hyp
EFFECT OF CORTISONE
ON C1RCULATING
ANT1 <PNEUMOCOCCAL
ANTIBODY N3TROGEN
PER ML SERUM
ABNIMY)

FYSPIN \“

Lottt i
TGure 47 Reprinted, by permission, from BJoRNELBOE, M, FiscHEL,
E E, and STOERK, H (¥ The effect of cortisone and adrenocartico-
tropic hormone on the concentration of auculatiop antibody [ Exper

Aed 93, 37 (1951)
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Dempsey How much 1s kaown a5 to the explanation for such grett
varability m what 15, presumably, a standasd populztion of animals to
begin with? Is there any physologic variant of any known mechatusm
that can account for this? Is there any way of getting a more standard
anumal for ths kund of experiment?

Fischel- The problem 1 well recognized for almost every species in
which antshody has been determmed, It has been extenstvely studied
i rabbits and horses Even humans have been divided mto 10 percent
very poor antibody producers, 10 per cent extremely good, and the fest
forming 2 nice bell-shaped curve

Dempsey: For ple, you are sh here, as | understand 3t
that costisone depresses the level of antibody production The mote
cortisone given, the less the Jevel of antibody 15 at any tme. Now,
starting out with a group of rabbats, the notmal tevel of adrenal acuvity
sught vary a preat deal Some of them might have mmnot nfections,
others might not, some might have cold feet and others mught not So
1 question yous statement that adrenalectomized animals cannot be used
in this type of expenment Might it not be better deliberately to us

drenalectomized ammals, 1 d on a known dose of costisone
‘At least the endocrne baseline would be known m that case.

Frschel- It 1s 2 very good pomt. When 1 was talking about adrenal-
ectomszed aamals, I meant companng adrenalectomzed anitmals and
socalled normal anumals given substitution therapy but not made hypet-
adrenal

Dempsey There s a fluctuating endocaine baseline hete, and, 10 38
kend of antmal expenment of this kind, there 15 & varying genetic base-
t

ne
Fischel: 1 doubt af the variation i anttbody production 53 completely
ascribable to an adrenal difference The differences between the ant-
mals that are very good antibody producers despite costisone adment
stration and the others with very Tow antibody Jevels during admxmsm:-
tion of the same dosage of cortisone ase much more than we @a 8¢
trsbute to variations in endogenous cortreal hotmone. ’ '
Alirsky: Actually, such large varances 2r¢ seen m other sxtua.noﬁ
selated to adrenal cortical function For example, the synthesis ot
glycogen 1w brown fat of the rat shows marked vanability ugxm zmA
Tnals are chosen at random. On the other hand, a5 Drempsey just 48
gested and as has been done by Engel (7)» if the anamal 18 &
tomuzed but mamtamed with some specific dose of b
ability 15 reduced  More significant 5 the fact demonstrate Y
that when rats are exposed to the cold and treated a5 mcntmri. iy e
the action of wmsulin on gheogen formation 10 the fat 15 marke! I)m "
hanced The poiat I am trymng t© make 15 that by mamntaining 3
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€FFECT QF CORTISONE
“T oM CIRCULATING
ANTI ~PNEUMOCOCCAL
wl ANTIBODY N1TROGEN
PER ML SERUM

(ABN/MLY

Gaur ¥ -
» —

TIGURE 48 Reprinted, by permussion, from BJorRNEBOE, M, TiscHEL,
E E, and StoEr, H C The effect of cortisone and adrenocosticos
tropic hormone on the concentration of cicculating anubody [ Exper
Med 93, 37 (1951)

ectomized anumals with exog; I or by lating their
own adrenals, a more constant endoctine baseline 15 achieved and the
spread 15 dimsnsshed

Dempseyr There 15 another endocnine phenomenon that can give
this great vaniation For example, a completely myxedematous patsent
fesponds to a very small amount of thyroxin or thyrord hormone with
4 great increase 1 metabolism  However, 1n an euthyroid 1ndividual,
(t takes a rather large dose to budge his metabolism, and if it 1s a2
hyperthyroid individual to begin with, then his metabolsm practically
cannot be changed with any dose of exogenous hormone Thus, de-
pending upon the baseline of endogenous hormone, the effect of ad-
miustered doses 15 very different

Fischel. The analogy 1s but the exg e with
s perhaps contrary to the expemence with thyroid Patients with
adrenogenstal syndrome do not requite hupe excesses of coctisone to
Suppress adrenal activity
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Ragan: But the suppression probably is derived from a different
type of adrenal actwvity.

Dempsey: Yes, 1t 1s mixed

Fuschel: As a corollary, Addisonian patients do well on less corti-
sone than s used in the treatment of rheumatoid arthrits, but they do
require an optimal dosage. They cannot be maintained on fractions of
that optimal dosage, the way a myxedematous patient may be on fric-
tions of his thyroid requirement.

Gyorgy: The curves presented 1n Figure 48 are in favor of this
thyrord analogy because the two lowest rematn the lowest, even after
cortisone.

Dempiey: That's nght; that 1s what suggested it to me.

Robb-Smuth: 1 thik Hartley has shown that far greater standardizs-
tion of the immune response 15 obtamed «f a pure strain of animal is
used and also 1f the deet is very carefully controlled. There js no doubt
that the dietary factor does make a great difference to the response.

Lidjze: Another factor which might be very important is that the
higher antibody responses may correlate with the presence of intercur-
rent mnfecttons in the animals, the phenomenon of increased immune
response because of other infections .

Fuschel 'We have tnied to keep an eye out for that type of thing We
find, at autopsy, that some animals do have cysts or parasttic infesta-
tions of one kind or another, but there does not seem to be a correlaton
with a low or high antibody level. In this connection, it might be welt
not to try to pin the vanation down to one trait of the animal. Asan
illustration of how varable these things can be, Dr. Herdetberger has
immunized people with two differeat pneumococcus polysaccharides.
and occastonally an indwvidual will show a high antibody response to
one of the polysacchandes and a very low response to another (8)
Thus, there 1s a complete dissociation i the szme individual t‘o two
sntigens which are almost altke 1 ion. Latson and T¢
(9) also have found the same drssociation of. response pattern to t#o
preumnococcus polysaccharides in the same individual. I

Dempsey: In other words, these are many variables we do not
about.

Gydrgy: It 1s an important point with inbred rabbits.

F/}y:laflyx Heredity cep:;ainly !;l)ays an important part in annbod}:{ P":
ductron, as shown 1n the experiments that Lurie and others have 'on s
but it 15 dufficult to think of heredity as applying to the 1”“"(’&).'?;;)‘
ducing mechanism as a whole since reactions to related, but Ch"m;“"oz
distinct, antigens may vary extremely in the same person. Perh25 J o
would like to know the histologtc findings and then we can ¢ Ascvl;] D
some of the other studies. The normal 5plccn follicle from rabbits

oW
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were 1n the animal room at the same time and came from the same
dealer but who were not immunized 15 not very rematkable Immuniza-
tion, as has been described by several authors, causes the appearance of
alarge, pale germinal center i the spleen follicle Dr Bjerneboe found
a rough correlation betwten spleen werght and amount of antibody
production some years ago, and this was again found by us In the
animal given cortisone, the architecture of the follicle 15 destrayed (5)
The destsuction extends to many cell types, not alone lymphocytes but
also plasma cells, and 1 suppose to fibroblasts 1f we could pin them
down as such There 15 complete chaos, which 1s 1n keeping with the
diminution 1 the size of all the lymphoid tissues, spleen and others,
following an increase n adrenal cortical actwvity. These findings are
contradiction to the data of Chase, White, and Dougherty (10) which
show an 1ncsease in antibody production during adrenal cottical hor-
mone administration  However, the techniques by which the antbodv
analyses were done left much to be desired in that the mvestigators
used heterogenous antigen and double dilutron determnatsons at dif-
ferent times Amumals were killed penodically and the serum from a
few animals was pooled for the anttbody determunatton, but, with the
wide bility 10 indivadual taters, st 15 d; to draw conclustons
from pooled serums One of these antmals could rase the titer of the
pooted serums considerably above what mght have been present 1n
the others, or contranivise

G)érgy Did the mvestigators say why cortisone increased produc-
tion of antibody? Did they not claim that lymphocytes ate afected by
cortisone and the antibodies of the lymphacytes are liberated

Fischel There are two expetiments, or more than two, and we are
coming to the one on the anamnestic reaction 1n 2 moment That 1s
an allied problem 1 think their interpretation has been altered some-
what since then

Drs Eigen, Stoerk, and others (11) tried to repeat the expeniment of
Chase, Dougherty, and White by giwing adrenal cortical hormone dur-
g immunization, using somewhat the same system as well as 2 quan-
titative immunochemical system, and they obtained no evidence of -
creased production Germuth and Ottinger (12, 13) have published

a similar seties of exp using the q ¢ precspitin tech-
mque and crystalline egg albumm as the antigen Theur results and
ours agree completely as far as of antibody goes Be.

cause we were working at a much h:l‘;fncr Tevel of antibody production,
the inhibitton of these levels by cortisone 1n our study may have been
2 little mote pronounced i1n proportion  The findings are now quite
well established, when punfied systems are employed In humans,
there has been a rash of papers on the effect of cortisone on antibody
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and, agan, we have the problem that most igators deal with ag-
glutination of typhoid organssins, ot equally suspect techniques, wher
changes of as much as 1000 per cent may be expected due to technique
atone, especially when tests are not done simultaneously. Interpreta-
tion of results, therefore, is very difficalt

Minck (14) has immuonized humans with pneumococcus polpsac:
chande, but, unfortunately, the antibody was measured by the mouse
pratectson technique which employs double ditution of antiserum. He
achieved no great change before and after cortisone and attnbuted
much of the finding to species difference, feeling that man did not react
Iike the rabbits studied by Germuth and Ottinger and by our own group.
However, not only was the anttbody measuring techaique a double ddu-
tion one, which may account for much of the dufference, but immuniza-
tion with pneumococens polysacchande results in 2 type of immunity

which logssts have fore not been familtar with expen-
mentally, althoagh probably it has been knows to exist in the for of
measles y and other examples of prolonged § ity When
a human s d with accus polysaccharide, within two

to fous weeks fre achteves a fevel of antibody production os of antibody
crreulating o the serum which persists essentially unchanged for years.
It does not fall off the way anubodses usually do after a certais time,
nor does it se further when booster shots are given several yeats latet.
Drs Heidelberger, MacLeod, and othess (8, 13) have shown that. We
ate, therefore, dealing with an antigen which, as these Tarter snvest-
pators suggest, probably persists 1o the body for years

Porter Has the antigen been demonstrated in the cirulation?

Fischei: Ido not kaow. It does not seem likely that t¢ would be in
the circudation with antibody thete also. Their guess 15 that the sotigen
probably persists o cells for years. At any sate, fl.lﬂhet x{x}cctmns o
antigen do not act hike a renewed exposure. It is just taking coals to
Newcastle  They aleady have thew full antibody titer, o

Larson (9) has d patients with th d arthritis, some
recetving cortisone and some not receiving cortisone, with peutococ:
cus polysacchande, and, using the quantitative precipitin techaique,
found nio great difference  He has about 2 dozen patients in each gtO“Pg

Havens (16} has vsed diphthena toxord and, agam, found m;l 8‘?:5
change due to ACTH  Unfortunately, m his experiment, ACTb: ]
given after the immunizng dose, and 1 do not believe it can (Sﬂm
that the anmal or the human was hyperadrenal at the time the aatig: "
was green. By analogy with %-ray studies, irtadution fter cxpofm!i:m
the antigen does not seem to have as much of an effect as 1 &

: before
Lallie: In vegard to the persistence of bacteaal pol;

ysaccharides, &8
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expettence of mine might be of wmterest Sometime back, aftet pertodic
had been introduced, we were studymg lymph follicles i the intestine
of rabbits We saw 2 good deal of bactenal mvasion there, and close
to the surface we saw bactera which could be demonstrated with
Achard’s test. They retained their mbonuclerc aad  Farther in, we
found bacterta which had lost their capacity to stain with basic amilin
dyes, but still retamed therr Gram stam  Still farther were organisms
which had fost both the nbonucleic staiming and the Gram staining
The polysaccharide of therr capsules however, as demonstrated by the
periadic test, was still present tn the phagocytes i such form that many
of the bacteriz were well preserved This might indicate that an
antigenic fraction of these particular Gram-positive organisms mught
well have stayed around for a considerably longer time than the micro-
scopically recognizable organism  That may cast a bt of light on the
idea of storage of polysacchardes

Fischel: As I think back to Dr. Porter’s question and your comment,
T belteve there have been studies to show that mice, given too much
pneumococeus polysaccharide, never form antibody because the antigen
does persist, the mouse, tn this Tespect, acts somewhat like the human
The rabbet does not become immunized by exposure to the polysac-
chande afone,

Aleyer: How long do you think that persists?

Fuschel. 1 don’t know, but I recall that Dr Harry Rose told me about
one mouse that had at some time been mjected with a type I pneumo-
coccus and, having recewved penserliin, did not die The mouse was
used some weeks later for an intraperttioneal injection of some totally
untelated matenal, whereupon the mouse got sick and died of a pneu-
mococcus pentonutts due to the type 1 organism  This was persistence
of live bactera 1n the tissue for over a manth

To return to our point of departure, 1n humans, using this peculiar
antigen stimulus, pneumococcus polysacchande, Larson found na dif-

eence 1n theumatotd patients with and without cortisone  However,
fe has allowed me to say that fus current studies are showing a decided
diffecence, due to cortisone, tn patients with feuhemia  With acute
lenkemia, he bas found a very marhed increase 1n production of anti-
bodies He s prepared to report soon, 1 believe

Gybrgyr What type of leul yel ot lymp 4

Tischel, Certain acute leukemias give the macked increase  In acute
lehemias, it 15 difficult to tell what cell type 15 predominant, but he ob-
tains phenomenal antibody production m some  Others act like normal
mdviduals and he supposes they might have lymphatic leukemua
Chronte myelogenous lewkenas exhibit somewhat elevated antibody
production” compared with normal vatues, but chronic lymphatic fea-
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kemias have practically no antbody formation The mcreased produc-
tion in acute leukemsa ss bsought down, when the patients are treated
with cortisone, to levels comparable with those of other patieats There
we have a factor, perhaps, of {ympbosd tissue, and by tymphosd tissue,
do not mean just lymphocytes but the whole gamut of cells that are
present 1 lymphotd tissue and which probably contribute 1o the ex:
cessive amount of antibody production

Gyorgy. You haveto nclude plasma cells, I suppose

Fischel. Oh, yes 1 have no intunate knowledge of cell physiology,
but, while my sympathies are very much m favor of plasma cefis con-
tubuting to crcalating antibody, T stll think that altmost every cell re
tans some properties of reacting to noXIOUS agents and, as such, may be
sensttized, although they may not contribute to plasma antibody. There
ate many sensitivity feactions which suggest that

Ladlre It 15 entirely possible that the leakemic fymphocyte has lost
that capacity in the cousse of its neoplasta

Gyorgy Yes, st 1s too immature, und:fferentiated

Lillie: Yes, sf 1t s & normal function of the lymphocyte

Gydrgy But the lymphocytes are not natmal any more.

Fischel Eather that, D Lilie, or perhaps the function may be en-
hanced by fiiness, as Larson's studses for tmyelogenous leukemia shov
Certainly the plasma cell myeloma s characterized by increases in pro-
tern production

Robb-Smsth: But not ordinary resposise to antibody 1 thought there
was good evidence i feul leaving out cortisone, that there 15 00
enhanced antibody response to 3 fairly large range of antigens, I3t
that these leukemic patsents who were not wnder cortisone had an mi
hanced tesponse, and when they ceceved cortisone, they had & norma
response?

Frschel, Exactly With cortisone, the antibody level comes down to
2 normal range

Another aspect of antrbody production 1 the so-called anamnestic
response or secondary sesponse which has been widely studzed., pﬂéhﬂ:
tasly 1n connection with booster shots of tetanus, typhord, or diphthent
The literature 15 replete with comments about the protection thnt[ C:
tamn stress stuations give to sfections, for example, that tyPhUjr c;’
may be accompanied by a nonspectfic nse 1 typhoid antibodies 0&?
and Witson (17) have well stated the pomt that such studses lc m}_’
do not exclude the possibility that simlar chemical groupings ar w
volved m stimulating antibody, if such s stnmulagcd 1 think mnzst(;; 5
ple 1n the field today feel very cauch i accord with Landsteiner ; ot
view of the speaficity of serologic reactions, that there 15 RO S}lch r
s an anamnestic esponse 1o nonspecific stimuh However, this bypo
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esis was exarmuned by Dougherty and White (19) and they felt that
stress sttuations may cause an outpouring of adrenocortical hormones,
which may result in the lysis of lymphocytes and an increase of anti-
body in the arculation We examined this in 1947 with Drs LeMay
and Kabat (20), using the quantitative smmunochemscal procedure to
measure change 1 preaipitins following the admnistration of ACTH,
2nd we could not confirm this Drs Eisen, Stoerk, and others {(11) had
previously done a similar type of expenment, with equally wnmpres-
sive results

Table 11T shows the results of a study of six rabbits Six others were
treated with x-ray with similar outcome After immunization, the rab-
bits had the amount of circulating antibody bisted 1 the fiest column
under August 1947, and expressed as micrograms of antibody mtro-
gen per mulliliter  Agam, there ss quite 2 little vanation. They were
allowed to rest for three months, as had been done i the previously
ctted work (20), and the antibody 1n the crculation fell as indrcated.
They wete given ACTH and followed senally at six, twelve, and forty-
eight hours after ACTH, and 1n no case was there a nse, although
Iymphocytes wete depressed, as might be expected Indeed, in some of
the animals there seemed to be a slight drop in circulating antibody
concentration At the time we did not feel that it was a significant
drop and did not pursue this In view of our more recent work on de-
pression of antibody after immuniszation 1s established, the slizht drop
noted previously may have been of sigmificance

Dr de Vries (21) in Montreal has done a similar quantitative un-
munachemical study, but without waiting a full three months for anti-
body titers to fall Therefore, the expenyment statted with a lsttle higher
antibody level, and mote imptessive falls in antibody titer resulted after
gwving ACTH  The results of her studies and ours were directly con-
trary to those reported by Dougherty, Chase, and White, although alf
of us recorded the expected fall in circulating lymphocytes In two
humans, Larson and Tomlmson (9) gave cortisone after immunization
ta peumococcus pofysacchande was well established, and, although 1t
was not felt that there was a sigmficant diffetence, nevertheless the
figures show a drop 1n antibody to two different penumococcus types in
cach of the patients who receved cortisone  The drop was consistent
2nd more marhed 1n all four antibody levels than occurred 1n several
other patients who did not tecerve cortisone two or four weeks after
immumzation

From the probl of active ot ic response,
We can o on to the study of the events which occur when antibody 15
Eiven passively to an animal, which becomes a problem of protein me-

tzbolism  Thus will afso be of nterest tater because the sensitis ity reacs
T N

P
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TABLE 1

The Effect of Adrenocorticotropic Hormone on the Antibody Content
of Serum, the Amount of Total White Cells and of Lymphocytes.
25 mg Adrenocorticotropic Hormone Given on Nov, 13th.

November 13 | 48 bes
Rabbit August | November [~¢ pre 1 12 bes after
1947 11 afeer after stimalus
stimalas | stamulus
C3  WBC 13,250 | 16,250 | 12,150 7,700
Lymph 9,500 2,700 | 4,130 | 5080
p#g AbN/ml 170 2 0 [ °
St WBC 10,700 3,600
Lymph 6,250 685
pg ABN/m! 180 10 3
S3  WBC 10,550 15,000 5,190
Lymph 5,180 2550 | 1,500
g ABN/mi| 1,060 28 20 15
SM  WBC 13,350 | 10,450 | 7,900 9,700
Lymph 7,480 3,350 3,550 5,920
#g AbN/ml 320 18 11 12 n
(X6 WBC 28,650 | 17,600 | 28,6060 | 12,000
Lymph 11,750 5,450 | 12,600 7,550
pg AbN/ml 210 12 10 10 10
Nz WBC 11,660 11,700 | 13,900 4,300
Lymph 8,020 1,650 | 3,600 1,u5
#g AbBN/ml 63 0 0 0 o

Regrunted, by pecmusuon, from Fiscrel, E E, LeMay, M, and hasar, E A The '§:f
of adrenocorticotropic hormone and x-fay on the amount of circulsung soubedy J
munol €1, 89 (1949)

In our active immunization experiments, the question arose: Is ’lmtx
body bemg decreased by hormone because of augmented cztal‘:alfﬂ;!
of the protein, or 15 there a lack of synthesis of fhe antibody globu! c‘\
We adopted a technsque which Hedelberger, Rittenberg, afdﬂ:}:e-lf( ”0’
workers (22) had used previously
of tagged antibody Bjerneboe (23) .
persistence of globulin n the rculuc.. X
antspneumococcal rabbit serum intravenously
bled at intervals and the amount of residual antibody det

The animal was then
ermined with
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antigen, a fairly convenient techmque with which to follow the dis-
appearance rate of the protern.

We fractionated pooled rabbit antipneumococcus serum by salt frac-
tionation to obtamn the globulin and found that we had enough anti-
body to snject four rabbits. Two of the rabbits were pretreated with
cortisone and cortisone was continuously adminustered for a peniod of
ten days (24) In Figure 49, the dotted line represents the disappear-
ance rate of the antbody from the circulation of the control rabbts,
B and F, and the straight line 15 the disappearance rate from the corts-
sone-treated ammals The approximation of these curves 15 very good

CISAPPEARANCE OF
PASSIVELY ADMINISTERED
ANTIBODY GLOBULIN

FRAOM NORMAL &
[

\ CORTISONE TREATED
2
2o 0 RABBITS
H i)
v
g4 noRMwAL -0
i y o red
z conTisone 10w OO s—e
7 N aagmTe ARt
H .
T
e
H
S
z
H
s
H

ntavwoys masuit
[imrieiiery
2 eTisony

oars

TIGURE 49 Reprinted, by pertmission, from [iscuer, E E, Sroerk,
H C and Bjornesog, M Failure of cortisone to affect rate of dis

appearance of antbody proten Proc Soc Lxper Brol & Med 77,
111 1951)
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for a biologic experment Thete 15 no difference n the disappearance
of passively admunistered antibody from the citculation of coatrol and
corttsone-treated animals. As an aside, it 1s stuking that these curves
can be supenimposed on those of the four rabbuts studied previously by
this method by two independent groups, Hewdelberger and his co-
workers in New York in 1942 (22), and Bjorneboe in Copeahagen i
1945 (23).

There are similar slopes 1n all eght rabbuts studted, with the charac-
teristic change m slope on the second day. While 1t is perhaps not too
accurate to do so, if half-lives are calculated there s a half-life for pas-
stve antibody of about five days from the fatter past of the curve, the
essentially straightline disappearance curve Therefore, with some
qualification, 1 think 1t can be concluded that corttsone does not -
crease the breakdown of antibody globulin, the qualification being that
stnce these rabbts had not synthesized this partrcular cabbit globulin,
they may not perhaps have had the apparatus to break 1t down readily.
However, there are very beautiful studes with C* glycne and other
matensals, showing that corttsone actually inhubuts the incorporation of
labelled amino acid into protein (25). Our current feeling, therefore,
15 that the low anhbody levels obtaned mn our active immunization ex-
periment may be ascribed to an mterference with the synthests of globu-
Imn by cortisone  From the histologuc level, the sections on spleea fol-
licles add further confirmation to that hypothests, namely, that the tis-
sues usually assocrated with antibody production certamly have been
very much distusbed mozphologically by cortisone administration (5)-

In man, admintstering anttbody passively 1s an established diagnostic
techmique 1n alleegy, the so-called Prausnstz-Kustner reaction, and Stol-
lerman and his co-workers (26) have found that this reaction is not
altered by cortisone admmustration  There have been two other reports
confirming these findings Dr. Holbrook, do you think that the -
creased amino aciduna following ACTH or cortisone is due to 2 break-
down of protesn or a lack of incorporation?

Holbrook 1 do not know the answer. We have tred to study this
and the assumption from the evidence 1 that 1t 1s probably due to )a;k
of synthesis. But 1t 1s something more than that. .W’e do not have the
answer to a lot of things that happen with the increased amino 3,“
outpourng on the adnunsstration of ACTH and cortisone. Howevel,
I am reasonably sure that lack of synthests plays a role mn it "

Frschel: From our work, we can only say that the catabolsm of ,"
particular globulm 1s not accelerated, but 1t 1s possible that breakdowr
of tissue occurs in other sttes.

Holbrook- That 1s nght. -
Fischel Weare cunegndy obtaining a further indicatton that the sym
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thests of antbody 15 thibited by cortisone by studying the specific
anamnsestic or secondaty response When a previously smmunized ans-
mal 15 re-exposed to spectfic antigen, a very rapid rate of antdbody pro-
duction is usually found ‘The magmitude of the response s the first
week is so great that the rate of destruction of protemn may be con-
sidesed neghigible. Prefimunary results mdscate that cortisone may -
hibit this response whach, by and lasge, 15 one of synthess of protetn

Thete are sufficient data to indicate that alfergic reactions are greatly
dependent on the amount of anhibody present for reaction (4) Having
discussed the effect of hormone on antthody, suppose we go 1nto sev-
etal of the allergic reactions Leger, Leith, and Rose {27) produced
anaphylaxis i two groups of animals One group recetved ACTH with
no effect on the severity of anaphylactic shock I their expenments,
active immumization with horse serum was used, which can be uafor-
tunate but, i this instance, their groups were comparable m the results
obtaned, both as regards mortality and the mnadence of milder re-
actions There was approximately fifty per cent mottality m each group
which showed that they were probably dealing with amounts of anti-
bodies that wese threshold Expenments i which anaphylaxis s pro
duced by a hugh degree of immunization are not vafid m attempts at
protection because 1t is difficult to expect a phasmacestic agent to pre-
vent the effect of an extremely potent sttmulus

We have done the experiment on anaphylaxis using amounts of anti-
ovalbumin antibody known to be about the mmimal amount which
would result 1n anaphytactic death 1n guinea pigs (28) This amount
has been found to vary with the duration of the latent penod before
admususteation of the shocking dose (29) A senes of animals given
vatying dosages of ACTH and cortisone, as shown i Table IV, were
shoched, together wath untreated controls Since the results i each
small graup are parable, they are d at the bottom for
faclity 1n appraisal  Some of the gumea pigs were 300 to 400, rather
than 250, grams o wewght Therefore, a greater than usual number of
the anumals survived the shock in both controf and treated groups OFf
the fourteen ansmals given hormone, four died, comparable to the four
untreated amimals that died, and so on down the line, with no variations
due to hormone adminsstration  In retrospect, these doses of bormone
may have been too Little and we are repeating these studies wath Dr.
Cazl Netson, using very large quantiies of hormone  Thus far, giving
as much as 25 mg of cottisone nksamuscularly for three days to 250
fram guinea pags, we have found no appreciable protection when the
Buinea pigs were sensitized with 29 pg, of antibody nitrogen, but some
shight protection was obtained when the sensitizing dose was half that
nount  Of course, these are huge quantities of sterond to wject mto
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TABLE IV

Lack of Effect of Adrenal Cortical Hormones on Anaphylaxis
Induced in Guinea Pigs by Passive Sensitization

Sensitizing dose | Latent pertod and Treated Group U‘é’{m?‘d
of antbody | shocking dose ~— I Hormone wp
— bet; Se Serecic
nutrogea — 1V v gn‘;o‘k Foce 5 ;,,;c,k F ,5,;{
240 4y 1 br 2mg | +44 | Hres
016 mg Ea N ACTH F+ || FH+++
8 hrs, P
before ++ ++4
30 pg 48 hrs 2mg | 4+t ||
016mg EaN || ACTH | ++++ || ++++
q6h for | +44+ ++
2 dags ++4 +
+ht
32 ug 48 bs Cortisone +++ +++
006 mg E2 N 2.5 mg F++ +++
(gp 300400Gm) || LM. +++ ++
for 3 days ++ ++
! ++ +
‘( ++ 4+ (death) 4 4
| +++ (severe) 5 4
Number of animats with ‘l 4+ (moderate) 5 3
l( + (ould) 0 2
Total 14 13

so small an animal, and further studies are necessary to CO{]U’DX non-
spectfic factors, so many of which have been known to infubit anaphy-
laxis i the past I think it 1s proper to say that in the guined pig, u\!,l
studies, those of Leger, e¢ al, (27), of Stoetk (30), and of (?mbar, etal.
(31) all imdicate that cortisone or ACTH exerts no appreciable grolrcf—
tion agamst anaphylactic shock despite the transient suppression ©
analogous symptoms 1 humans clmically. .
In muce, another situation seems to obtain, although it is fal{ly &
ficult to evaluate Mouse anaphylaxis has not been studied quzr;?t;}mcé
Iy as has gumea pig anaphylaxis, partly because of the sma . 0;7r
volume In two sets of expennents, one by Dougherty (3‘2) an l;] o
by Nelsort, Fox, and Freeman (33), cortisone scems to m}ul{lt anf’g{ d);
lactic death, Dougherty's work included adrenalectomized mice, which,
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like othet adrenalectomized ammals, may be mote susceptible to many
procedures and may be made mote sesistant by seplacement therapy
Also, he judged the effect by the amount of horse serum needed to
shock, which 15 2 much less reliable ndication than 1s the amount of
antibody (4} The amount of cortisone 13, obviously, very much re-
lated to the degree of sohidbition of anaphylaxws, and, in Nelson's ex-
periment, atmost complete nbibition obtamned with 3 mg. of cortisone
t0 2 20 gram mouse, which, 1 think 1t will be agreed, 13 quote a fot
When the dosage was dropped to 15 or 0 75, much less protection was
afforded.

Ragan: How much cortisone were the ganea pigs given?

Fischel. Cortisone was given in 25 mg intramuscularly for three
days, which 15 very small for the gunea pig

Ragan: The guinea pig 15 about the most ressstant of all anwnals to
the effect of cortisone,

Frschel: We have since found that out i another connection and that
1s why we are currently giving such huge quantsties as 25 mg daily

Ragan: Wolbach's {34) recent paper indwates that when ane dis-
cusses the effects of cortisone on a reaction, it 55 1mporiant to consider
spectes differences and vaniations wn dasage

Fischel: And the dosage is not on & weight basts

Ragan ‘The dosape s not on a weight basis at all In the effect of
cortisone on wound repair, the mouse, gumea pig, 2nd rat are the most
sesistant, then the dog, the rabbit, and finatly the human

Travell. Which spectes would you say ss the most sunitar to man
1 that sespect?

Ragan “The rabbut 15 most simular to man 10 relation to this particu-
lar phase. There 15 one very defintte difference, which has been
shown by Findlay and Howes (35), that of a rebbit which 1s bemg
&iven cortisone 15 starved, an effect can be produced which 15 not pro-
ducible 1n 2 fed rabbit with the same dose of cornisone

Fischel: The independence of werght to dosage has also been shown
mthe 2 kg monkey Kabat, Wolf, and Bezer (36) mhibuted allergic
encephalomyelitss 1n monkeys with 40 mg of cortisone, which 5 2
suable dose in human terms  In muce, with only 0 1 mg of cottisone,
the protection o tuberculosis that 15 grven by previous tnoculanon with
dead tubercle bacalls 15 completely inhibated, or almost completely o~
tubited, as shown by Solotarovsky, Gregory, and Stoerh (37)  There-
fore, this dose of cortisone produces some hyperadrenal effect 1 the
fhouse, but st requires thurty times that to infubit the anaphyfactic reac-
ton i the mouse (33)

Ragan: In the mouse, a dose of 2 mg a day to 2 20 gram mouse wff,
dunng the peniod of tme observed, suppress the repair processes,
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whereas with 1 mg a day, the suppression is extremely varable

Fischel: That is further evidence of what I wish to point out, that
these suppressive effects on tissue repatr or, in this case, on anaphylaxss,
require doses of cortisone which are many times that which s neces-
sary for other hyperadrenal effects, such as inhibttion of the protection
endowed by vaccination with dead tubercle bacillt This phenomenon
obtains with many pharmaceutic agents; that is, certan systems are
more readily affected by lower dosage and therefore can perhaps be
thought of as being more pertinent to the study of the actton of a drug,

Holbiook: Do you believe 1t is a question of the amount of the
drug that it takes to produce a certamn degree of hyperadrenalism,
or do you think there 15 another factor that has to do with dosage?

Fuschel: Most of the things we have been talking about involve 2
degree of hyperadrenalism, but the answer to your question would 2p-
pear to depend on the system used. If eosinophul drop is being studied,
a very small dose of hormone may affect 1t, but that dose will produce
no climcal effect on an flammatory reaction Certain pattents with
widespread and rather sersous diseases, such as lupus, seem to require
much more hormone for suppression of manifestations of the disease
than do patients with milder diseases

Holbrook: Yes, but that has nothing to do with the degree of hyper:
adrenalism that I am referring to.

Faschel I don't know I think 1t may tnvolve the degree of destruc-
tion by the disease or the degree of utilization of the hormone in the
inflammatory site, any excess contributing to other mantfestations of
hyperadrenalism elsewhere.

Meyer- Wouldn't you think that the reactwvity to corttsone or ACTH
of the mesenchymal or other cells differs among different types of cells
The term “hyperadrenalism” would denote the overall effect on vall
cells and organs, whereas 1n your experiments, asn wound healing, you
are dealing with a more localized cellular effect” R y

Fischel: Hasn't Jasler (38) some evidence that cortisone ts uu_hze
m stn m inflammatory sttes? At a cellular level at any rate, cortisonc
15 inactivated But I think that the dosage has to be considered in re-
latton to how much may be utilized. If 1t can be concexvedZ hype-
thetically of course, that actively metabohzing inflammatory hssus 35
breaking down or utilizing cortisone, more costisone may be nee ;:
to have some excess to produce 2 so-cal{]ed hyperadrenal effect,
clintcal signs of puffy face, or what you will. .

Rﬂgn/z:gUnuIP\vcyhave some concept of what actually is going ":'
hyperadeenalism can be used as a generic term For example, one;xn;n).'
talk about an area of hyperadrenalism as pmdfxced when the SU'“JHY
junctiva 1s 1njected, but that 1s just 2 euphemism until it is act



Hypersensutsiity and she Hyperadrenal State 141

known what we are domg. 1 don't think it 15 necessary to consider a
particulas group of symptoms, except as they are mamfestanons of
AU TS TR AL B o . bout
may
rent,
the

Fischel: But it 15 a good descuptive name for 3 simidar situation
which we assotsate with excess adrenocortical hormone

Ragan: Yes, we assotiate st with excess adrenocortical hotmone ex-
cept that 1n one situation the adrenal s enlarged In this situation, fol-
lowing cortisone administration there 15 always a small adeenal

Fasehel: As would be expected 1f cortisone were given, but not 1f
ACTH wese given

Ragan ‘That's ught, but, even with ACTH, there 15 probably a sup-
presston of ACTH production by the pituitary

Frsckel: The tesults, or rather the lack of resulrs, with cortisone and
ACTH on anaphylaxss have been presented

If antibody 1s myected passively ito a local skin site and a half hour
fater antigen 15 mven intravenously, in a few hours sigas of mflam-
mation result and persist for twenty-four houss or 5o, with diffesent
degrees of etythema, edema, induration, and central blanchung or ne-
crosts being produced, the seventy depending again on the amount of
antibody present, and {ess so on the amount of antigen, oves a threshold
level obyviousty {39).

Varymg amounts of ACTH were admsmustered to the rabbats, as
aoted m Table V1 The seventy of the Arthus reachons m the treated
£roups ate comparable. percentagewse, to those i the corresponding
coatrol groups  Thus, 1n sabbits recesving 02 mg antibody mitrogen,
nune of ten controls gave a four plus reaction, and fourteen of the six-
teen anmals recewving vanous dosages of ACTH had comparable reac-
tons, and 50 on down the hine Asthus reactions may also be induced 1n
fuinea pigs by quantitative immunochemical methods (40), and ous
tesults with ACTH treatment ase also shown i Table V' In some -
stances, the pneumococcus immunized tabbits were given rabbst anti-
ovalbumun and then crystafline egg albumin to eliat 2n Artbus reac-
tion at a time when they were quite hyperadrenal from fourteen days of
ACTH treatrment; the Atthus 1eactions, agawm, did not vary from those
ehated in g comparable group of ammals not gven ACTH  Those re-
solts, afthough 1n animats recewing ACTH for a fong peniod of time,
ate not tacluded n Table V because the controt and treated ammals

th were being immunized with preumococcs and therefore differed in
Some respects from the ammals 1 Table V. However. compared with
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TABLE V

Lack of Effect of ACTH on the Arthus Reaction Passi
Yo, Hect of & 1 the Ar us Reaction assively lngl;t!d
and Crystalline Egg Albumin

Rabbits

8!

02 mg ABN No

No 002 mg ABN
[l s R ,++ +m.‘ =

Control 10 9 1 10 1 6 ‘ 1 ’ 2
ACTH Total 16 14 2 16 12 3 T
2 mg / day | T
X5 days 6 4 2 6 3 1
6 mg 6 hrs
before 6 6 6 511
8 mg /Kilo/day
1 4 doses T4 4 4 212

Guinea Pigs

No 02 mg ALN No 001 mg ABN
' tests | FFdb | bt N ey [4HF] 4 +l

Control 6| 5 | 1 s 3 (3]
In—————— — ¢
ACTH Total 11 10 1 11 1 7121
it Y oo Nt SO NSkl E SN S
1 mg /day X
5 days 4 4 4 Jd2 11
3 mg 6 hrs
before 4 4 4 1 FED
32 mg /Klo/day
1n 4 doses 3 2 1 3

Reprinted, by permussion, from- Fischer, E E: Relationship of adrenal cortical acaviy €0
wmmupe responses  Bull New York Acsd Med 26, 255 (1950)

each other, these ammals showed no differences in Arthus reactions,
although the amount of hormone given was enough to diminish anti-
body production to pneumococct.

Holbrook- Dr Fischel, 1s it your conclusion that,
15 present, the reaction between antigen and antibo
with the addition of ACTH or cortisone?

Fischel That 1s corsect This reaction, whether it is at the threshotd
level, that 15, mimmum one plus or our so<zlled maximum, althpugh
we can have 2 much greater maximum if we give more anttbody, is not

once the antibody
dy is not altesed
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altered, It 15 not, therefore, 2 question of having too sevese a reaction
that cannot possibly be altered
Agamn, we come to the problem of dosage Jevel of hormone How-
ever, ather substances and candiions have been found to intubit the
Arthus reaction which are not as potent as cortsone 1 some respects
Rabbuts oceasionally have an ingrowing of the masors into the maxilla
50 that they can eat only 4 very small quantity of hay or rabbtt faod;
such rabbits lose wesght and are 1n a state of semistarvation They will
stay ahive for same period of time  Any skim reaction, such as the pas-
sive Anthus reaction, cannot be elicited Therefore, skin reactrvity
plays a big part 1n this type of study  Although we have not tried 1,
pethapsav- ' voe R
that fevel.
hibit the
vacetne also mhibit development of the passive Asthus seaction But
salicylates, cottisone or ACTH, and pynbenzammne are among the
agents which we have tried without any appreciable effect Some mnbibs-
tion of the early stages of inflammation was found with salicylate (42)
?htte are many publications on the active Arthus reaction but, as 1
E?mﬁd‘o'ut’, they xfwollvs active 'anhbodv pmr{ucnon z:nd d mnn)" varia-

seaction because antibody levels were also depressed  But he very well
confirmed our finding that, given a known amount of antibody passive-
ly, cottusone-treated animals did not have any different reaction from
control antmals, that 15, the anngen-nnubody reaction per se 15 not
tahibited,
The reasan why we befabor the Asthus reaction 1s that st 15 a type or
2 patteen for the occurrence of allesgic reactions in many parts of the
ly Lxpenmentally, serum sickness, nephrotoxic nephritss and other
antigen-antibody reactions have been studied, chiefly with no effect
fram cortisone or ACTH. In the case of nepbrotoxi nephntis, for ex-
ample, whete a known amount of anti-kidney serum 13 mjected into an
animal, Dcs. Knowlton, ef af. (43) and Hackel, e of (44), have
shown that cortisone has no inbibiting effect on the sesulting nephntss
Howeer, in serum disease which 1 actively induced n animals, such
25 the experiments reported by Rich (45) or Seifter (46) and thesr re-
spective co-workers, horse serum artentss, nephntis, and carditis are
3ppatently mbibited 1 vhnk this s in farge part due not onfy to depres-
s10n of tissue teactivity but to a depression of antibody production fn
one study, Cohen and Moses (47) induced passive sensitization of rab-
s to horse serum and demonstrated some degree of modification by
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very large amounts of cortisone of the arteritis resulting from horse
serum njection
There are other allergic reactions which have not been mentioned
‘They are much more difficult to study in the pure state because they in-
volve multiple antigens Among these ate the so-called bacterial al-
lergic reactions, the reactions to tuberculin or to streptococcus fucleo-
wenten In humans, we have been unimpressed with the effect of corty-
. Y te"s eeachinnc unless 2
. [ Inone
patient who had manitested giycusttia anu wces, marked
Cushing-fike reaction, the skin became very thin and dry and probably
would not have reacted to many stimult. We have been unable to alter
the tuberculin reactton 1n humans when milder doses of hormones are
employed, yet such doses are sufficent to control the manifestations of
an underlymg disease such as rheumatoid arthritis or theumatic fever
In guwnea pigs, agam, the mhibition seems to be a function of the
dose of cortisone  Independently, Stoerk (30), Long and Favour (48),
Haras and Haras (49), and others, have repotted complete suppres
ston of the tuberculin reaction by using very large quantities of cort-
sone Our own expertence ts that moderate doses of cortisone do not
apprectably nhibit the tuberculin reaction  Five milligrams of cortisone
a day administered to guinea pigs over a period of two months caused
a slight diminution 1n the area of necrosis, but the area of erythema and
tndutation seemed to be about the same. Also in connection with the
so-called fixed tissue antibodies, it is proper again to mention the sup-

P of allergic encephalomyelitts by Kabat (36) in the monke){
and Moyer (50) n the gunea pig. Kabat and his co-workers have very
nucely d ] that the supp may be due to a lack of reac:

ton around the site of the mjection of the vaccine, bramn emulsion, and
adjuvant so that, in effect, these animals act as though they never :’
cerved the vacane. It 1s a mistake to assume that the am’fn?ls fecerv
the vaccine, had the expected reaction around the site of injection, an!
that the subsequent inflammation in the brain was then blocked by hor-
mone at that later step of mtegration

Thattximre or less icncludfs the discussion of the effect of adrenal
hormones on hypersensitivaty, but there are many reports in the h}tﬂ:'
ture which are worth mentioning. There 1s the problem of the role t
connective hissue 1n antibody production, and the first question th:g;lgs
gests ttself 15 what happens to antigen when it 15 mjected? Dr. o
and his co-workers have perhaps the most en‘hghtenmg phcmgt'rfscd
on this subject. By tracing aatigen in tissues, using 2 ﬂuo{escer:;s ai e
antibody to locate the antigen, they find that connective nssucI 0;: (;ur-
ticipate wn the localization of antigen (51). ‘These will certamnly
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ther studies of great interest on that score from his laboratory. In
speculating as to what happens to antgen, 1t 15 hard to concerve of
material gong 1nto a cell without causing 2 reaction, and there 1s some
evidence that connective tissue cells may become sensitized, although
the actwal production of annbody 1n fibroblasts has not been demon-
strated satisfactorily

Porter: What kind of cells take up the antigen. macrophages or
fbroblasts?

Frschel  Certainly macrophages, ang the whole reticuloendothefsal
system, so-calted. But even i connective tissue in coasse bundles, i
fibtoblasts, there seems to be some localization of anugen 1 imagine
that 1t might depend on the degree of reactivity of that hissue, for 1n-
stance, in old scar tissue, fibtoblasts may not take up the anhigen. That
is 2 guess on my part

Poster: Does Dt Coons tag a protemn with fluorescesn dve?

Lifhie: Fluotescein; ssocyanate ss used to conjugate

Frschef. With the antibody.

Lillie Protesn anvbody

Fuschel: But I believe capsular polysacchande of mfluenza was used
Other people have traced bactena or dyelabelled antigens mto cetl,
?ut then they break up and 1t cannot be certain that they are traced
urther

Dempsey: Dr. Coons has used 2 number of different antigens, pneu-
mococcus polysacchande, 1 believe, and also some of the proten
antigens

Fischel: Crystallme egg albumia and human y-globukin

Poster, Is it anferred, thea, that the antigen has to be taken up m or-
der for antibody production to be stumulated?

Fischel. No, no' He mjected anugen  He actually used his anti-
body as 2 stain  He washed the bissues from control amimals to see
how much of this labelled anttbody would stick to cells nonspectically
and then to sensitized tissue By using appropriate light methods, he
prked up the fiuorescern dye which was fixed to the antibody. which in
turn was fixed to the antigen It s much like what we were discussing
previously abour fixation of 2 heavy metal to a dye, which m turn
might be piched up by both electron muroscopy and classical ms-
cm&(npy

Lillie: Did he use ultraviolet?

Frsehel: The antibody was conugated with fuorescem

Parter: But he found that the antigen was mside the cells?

Denipsey: Pashcularly in the lymphocytes and. to some depree, i
the macrophages

Ttsibel: { don't recall the {ymphocytes.
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very large amounts of cortisone of the atteritis resulting from hosse
serum njection

There are other allergic reactions which have not been mentioned
‘They are much more ditficult to study in the pure state because they in-
volve multiple antigens. Among these afe the so-called bacterial al-
lergic teactions, the reacttons to tuberculin or to streptococcus nucleo-
protetn  In humans, we have been unimpressed with the effect of cortr-
sone on tuberculin and streptococcus nucleoprotetn reactions unless a
very marked degree of hyperadrenalism 15 induced by cortisone. In one
patient who had manfested glycosuna and dehydration and marked
Cushing-like reaction, the skin became very thin and dry and probably
would not have reacted to many stimult, We have been unable to alter
the tubercufin reaction 1 humans when milder doses of hormones ate
employed, yet such doses are sufficient to control the manifestations of
an underlying disease such as thy 1 arthritis or th tic fever.

In gunea pigs, agam, the mhubrtion seems to be 2 function of the
dose of cortisone Independently, Stoerk (30), Long and Favour (48},
Harns and Harns (49), and others, have reported complete suppses-
sion of the tuberculin reaction by using very large quantities of cotti-
sone Qur own experience is that moderate doses of cortisone do not
apprecuably snfubit the tuberculin reaction Five milligrams of cortisone
a day adminustered to guinea pigs over a pertod of two months caused
a shight dimmution m the area of necrosis, but the arez of erythema and
induration seemed to be about the same. Also in connection with the
so-called fixed tissue antibodues, 1t 15 proper again to mention the sup-
pression of allesgic encephalomyelitis by Kabat (36) tn the monkey
and Moyer (50) in the gunea pig. Kabat and his co-workers have vety
mcely d rated that the suppression may be due to a l:\ckvof regc-
tion around the site of the injection of the vaccine. brain emulsion, and
adjuvant so that, 1 effect, these animals act as though they never I®
cerved the vaccne It 15 a mustake to assume that the animals {KCIV‘d
the vaccine, had the expected reaction asound the site of injection, and
that the subsequent inflammation m the brain was then blocked by hot-
mone at that later step of 1ntegration |

That more or less concludes the discussion of the effect of adrens
hormones on hypersensitivity, but there are many feports n the lnexaé
tare which are worth mentioning There is the problem o'f the role 0'
connective tissue 10 antibody production, and the first question that sugs
gests stself 1s what happens to antigen when it 1s injected? Dr. b
and his co-workers have perhaps the most enlightening phcmngc
on this subject By tracing antigen in tissues, using a ﬁuogescmt-stamﬂ_
antibody to locate the antigen, they find that connecttve tissue do‘e:c }f’nr
ticipate m the localization of antigen (51). There swill cestainly
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ther studies of great iterest on that score from his laboratory. In
speculating as to what happens to antigen, it 15 hard to concerve of
material going 1nto a cell without causing a teaction, and there 15 some
evidence that connective tissue cells may become sensitized, although
the actual production of antibody 1n fibroblasts has not been demon-
strated satisfactorily.

Porter: What hind of cells take up the antigen, macrophages or
fibrobiasts *

Fischel: Certainly macrophages, and the whole reticuloendothelial
system, so-called But even in connective tissue n coarse bundles, in
fibroblasts, there seems to be some localization of antigen ¥ imagine
that 1t might depend on the degree of reactivity of that tissue; for tn-
stance, 1n old scar tissue, fibroblasts may not take up the antigen  That
182 guess on my patt,

Porter Does Dr Coons tag & proten with fluorescen dye?”

Lillre- Fluarescemn; 1socyanate 1s used to conjugate

Tischel  With the antibody

Liftie Frotemn antibody

Tischel. Buk 1 believe capsular polysacchande of influenza was used
Other people have traced bactena or dye-labelled antigens mto cell,
i(mt ‘:h:n they break up and it cannot be certain that they are traced

urther,

Dempsey: Dr. Coons has used a number of different antigens, pneu-
mococeus polysacchande, 1 believe, and also some of the protein
antigens

EFrgehels Crystaline egg atbumin and human y-globulin

Porter: s 1t 1nfetred, then, that the antigen has to be taken up 1 of-
det for antibody production to be sumulated ?

Fischel  No, no! He injected antigen  He actually used s anti-
Mdy as a stan He washed the tissues from control animals to see
how much of tius labetted antibody would stick to cells aonspecificatly
and then to sensitized tissue By using appropnate hght methods, he
prcked up the fluorescemn dye which was fixed to the antibody, which in
tuen was fixed to the antigen 1t 1s much fihe what we were discussing
previously about fixation of a heavy metal to a dye, which m turn
mught be picked up by both electron mucroscopy and dlassical ma-
Croscopy.

Lillte: Dhd he use ultraviolet?

Frschel: The antbody was conjugated with fluarescemn

Parfer- But he found that the antigen was mside the celts?

Dempsey: Parncularly in the lymphocytes and. to some degree, n
the macrophages,

Tischel; 1 don't recall the lymphocytes
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Dempsey: Oh, I do, definitely. T agonized over their dentification
Very curiously, 1n this connection of relating hormones, particularly
those of the adrenal cortex, to anttbody Formation, he also found an
intense reaction 1n the cells of the adrenal cortex.

Fischel: Do you think that might be 2 factor due to the vasculanty
of those organs?

Dempsey: 1 haven't any 1dea what it is due to, but it is a stokmg

phenomenon.

LR I S T v oa vt

Dempsey: The interesting thing about the lymphocytes was that
this traces the antigen 1nto the cytoplasm.

Porter: How can you tell whether the fluorescein is on the instde or
the surface of the lymphocyte?

Dempsey: By the usual microscoptc methods: by depth of focus, by

dying the diffetence in app e of cells between those that have
been cut across and those that are whole, those that present a whole sur-
face and those that present a broken surface, Also, incidentally, by
the fact that it appears as a granular material, scattered nduscriminate:
ly nside the cell cytoplasm, and the cell membrane can be dustinguished
and 15 blank The optrcal section of the cell, the cell membrane, does
not show 2 fing.

Porter: 'The antibody complex might have been taken up after 1t
was established. .

Dempsey: No, not by this technique. Antigen 1s injected into the
ammal; the arumal 15 killed and frozen sections are prepared and at-
tached to a glass slide The antigen-antibody reaction then takes place
1 the section as 1t 15 dipped mto the stz The cell is quite dead by
that time ,

Lillze  Although it 1s strictly a freezing technique, there 1s no chemi-
cal fixation interposed?

Dempsey: No

Holbrook: The antigen is still located by inference?

Dempsey: By its specific reaction with the tagged antibody.

Travell: There 1s an inference, though.

Fischel« Other antigens do not spectfically react.

Dempsey: That 1s nght; other antibodies also. -

Fischel*” And the tissue does not take up as much sn the particuia
stte

Dempsey: If the specific antibody is used, no ot
with this particular setup, that is, 1f it is appropria
not 2 matter of staining with inadvertent fluorescein

her antigen will wor}(
tely controlled Itis
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Robb-Smith: But it differs from the classic expeniment in that, after
all, it isn't the ammal's own antbody which 1s beng localized but the
tagged antibody you matked which you see 1n the sections

Fischel: All they seport 1s the tracing of antigens No comment was
made about the possibility that antibody 15 necessanly produced every-

n the test tube,

Dempsey' That's nght

Fischel: The classtcal ltterature on antrbody production very nicely
points, I think, to the reticuloendothelial system, to macrophages as
contributing a great portion of antibody, the plasma cells bemng m-
cluded 1n that category To localize to the celiufar level of fibroblasts,
with which this Conference may be more concerned, there are several
studies which indicate that fibroblasts in trssue culture mamtamn some
depree of sensitwity to speafic antigens  Therefore, the mference 15
that they prabably contamn antibody. Whether they manufacture 1t or
take 5t out of the arculation and ncorporate it is something to be spec-
ulated on

In 1928, Rich and Lews (52, 53) published studies on the teactivity
of fibtoblasts to tuberculn swhen the tissue was taken from 2 tuberculin-
sensitve animal. As you know, tuberculin does not appeat to give nise
to 2 bona fide antibody in the seram It seems to be a celinlar antsbody
that can be transmutted  Chase (54) has transmutted tuberculin sen
sitiwty with macrophages, and the tssue culture work by Rich and
Lewss, Aronson (55), Moen and Swift (56), and others, indicates
that thete is a definite sensitvity of fibroblasts to bacteral antigens
chn and Swift afso worked with the hemolytic streptococcic sensitivs-
fy in tissue culture. I have no way of evaluating tissue culture work

¢ Porter, can you tell me what you think?

Porter: 1 am suse 1t 15 all nght.

Fischel At the present time, thete has been a progress report and
;’0{1\ 15 still gomg on sn the aboratory of Drs Holden, Seegal, and
ulsir ' . . ,
thes - . . . -
of . . .
their results ndicate, at least in guinez pig tissues, that there 15 aug-
mentation of the towscity when cortisone and PP D are gaven together
0 sublethal doses This may, perhaps, have been antiapated from the
act that cortisone does seem to inhibit granutation tissue and fibroblasts
1 tito, as Dy, Ragan and his group have shown (58) Hence, a sub-
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fethal dose of cartisone 1n tissue culture, added to 4 sublethal dose of
PPD may possibly result in synergistic inhibition  That is speculation,
but Dr Holden’s group has an extensive study in progress which seems
to sndicate it may be true Curiously enough, they find that rabbit tis-
sue does not appear to be as sensitive as guinea pig tissue, perhaps i
keepng with the observation that rabbits require much more tuberculin
to give a tuberculin reaction m the skin than do gumen pigs.

Robb-Smith: What 15 the biochemical leston in the cell that occurs
when there 15 an antibody-antigen change? We know all sbout the
gross morphology but why these changes?

Frschel- We naively approached that problem m just one short ex-
periment last year before we were sidetracked, and we found no change
1 respiration, no difference in oxygen uptake of cells exposed to tuber-
culin or to egg albumin when the tissues were from guinea pigs who
were sensttive to both But that 15 very crude because oxygen uptahe,
after all, 15 an end result

There has been a report on inhibition of cathepsin by antigen-anti-
body reaction of the tuberculin type (59). That should be a fruttful
pont of departure for sesearch to discover the mutral lesion l}cfore
there 15 cell death and all the secondary effects. What is the intiel
leston biochemically which is caused by mntracellular antigen-antibodv
reaction?

Ragan: Isn't 1t well known that, before cell death occurs, the cells
stop mugeating?

[?urbfl' Tﬁe migration m bissue culture is inhibited and the cells
are shrunken, with resulting btzatre shapes, etc. That is the Vlorpho'
logte picture I think the question 15 fundamentally one on 2 biochemt-
cal level

Meyer+ Has it been shown that histamune is produced or liberated 1n-
trgceliularly 1n the cellular type of hypersensittvity ? . o

Fischel: Histamme plays a role i the type of reaction such a5 !k
caused by a circulating antibody-antigen, but I do not know thfheftl
has ever been demonstrated, say, for the tuberculin reaction Althoug!
antihistaminics do not seem to inhibit tuberculin reactions, that 15 10
criterion 5 . o't

Robb-Snith, There will be many nonimmunological reactions, M;\ .
there, with histamine release? That, in a way, is the late stage of wha
has happened to the cell. 1t 15 common to 2 great many things face’

Fischel. Why st 1s that the histamine came about 1n the first p "

Robb-Smnth Yes; what do antigen and antibody do when they 3

the cell or on 2 cell .
" Fl:.rrlie/: From the point of view of physics, what happens to 2 sc:::’

permeable membrane when it is stopped up with a lot of precipit
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if you will? But that doesn’t explam the nonprecipitable antigen-anti-
body seaction.

Porter You are saying it 15 inside, though, not on the cell surface

Tischel: We don't know,

Robb-Smth: It could be esther The,question 15 what reatly happens

Tischel; For what it is worth, the migrating cells have sensitivity, as
evidenced by their failute to migrate when the antigen 15 dropped on
them Whether that reaction occurs an the membrane or in the cell 1s
completely unknown

Kokbbimillv: But it 15 3 problem that should not be too difficuit to
attack,

Porser: 1t is a muce problem for electron mucroscopy, Dr Wyckoft

Deurpsey: 1s anythrag known about the effect of hormones upon the
histarmine tefeased? Is there any tie-in?

Fuchel: From our smal} study and those of other people on the 1n-
duction of anaphylaxis at threshold levels in guinea pigs, which 1s pret
ty muck selated to release and effect of histamme on the bronchioles,
there is indirect evidence that there 15 no mhubstion of ether histamine
telease ot the reactivity of tissues to histamine

Holbrook Quite the reverse. Rose (60) has shown, at least so far
23 the unnary output 15 conceraed, that on the admunsteation of ACTH
2nd cortisone, the utinary hustamine frequently increases grextly

Dempsey: Do you mean there 15 much mote histamine liberated
shich spills out?

Holbrook: We do not know where it onginates, but the unne may
contain 100, 200, or 300 pet cent as much hustamine We have not con-
firmed that as yet, but that 13 Rose’s teport
N D;")'!PIE)" So cortisone must induce an increased formation of, or

of,ap of | and thus it must be released

somehow,

Holbrook, Somehow, somewhere, the output of histamme 15 m-
creased in the urine We face the same problem with Ins findings re-
Barding histamine as we do with the amtno acds studied by us We

2 not know whether 1t 15 due to snhibition of synthesis or increased
breakdown of tissue

Fischel: Or both

Dempsey: Does anybody know where the histamine 15 10 the body
vormally, what eells have histamune or ts precursor?

Titehel" 1 thunk istamune tught be found in almost any celt that 15

amaged,

D"”P":ﬂ There 15 no evidence, then, implicating one cell type any-
whete i the body as bemng a major source of histarmine?

Tuchel: Do you know that, Dr Meyer?



148 Connective Tissues

lethal dose of cortisone s tissue culture, added to a sublethal dose of
PPD may possibly result 1n synergistic inhibition That is speculation,
but Dr Holden's group has an extensive study in progress which seems
to indicate 1t may be tie  Curously enough, they find that rablst s
sue does not appear to be as sensitive as guinea pig tissue, perhaps in
keeping with the observation that sabbits require much more tubercutin
to pive a tubesculm seachion n the skin than do gumea pigs

Robb-Smith  What 1s the biochemical lesson i the cell that occuss
when there s an antibody-antigen change? We hnow all about the
gross morphology but why these changes?

Frschel® We narvely approached that problem in just one short ex-
penment Jast year before we were sudetracked, and we found no change
1 respueation, no difference trx axygen uptake of cells exposed to tuber-
culin or to egg albumin when the tissues were from guinea pigs wha
were sensitive to both  But that 15 vesy crude because oxygen uptake.
after all, 15 an ead sesult.

There has been a report on mnhib of cathepsia by antigen-ant
body reaction of the tuberaulm type (59). That should be a fruutful
pomt of departure for rescarch to discover the initral lesion before
there 15 cell death and all the secondacy effects. What is the innal
lesion brochemically which 15 caused by intraceliular ami,gen»anubody
reaction ?

Ragan L't it well hnown that, befare cell death occuss, the cetls
stop migeating ?

lgm.bft" Tﬁe migration in tissue culture 15 mbibated and the cells
are shranken, with resulting buzatre shapes, etc. That 5 the {norph?
logsc pictuse 1 think the question 15 fundamentally one on a biochem:
cal level .

Meyer Has 1t been shown that histamine is produced or hbesated in-
tracetiularly i the cellular type of hypersensitivity? .

Fischet~ Hstarmne plays a rofe i the type of reaction suck a5 1:
caused by a cisculating antibody-antigen, but T do not hnow whdhct;’
has ever been demonstrated, say, for the tuberculin seaction. Althoug!
antifustammmcs do not seem to mbubst tuberculn reactions, that 55 20
cnteron. . .

Robb-Smuth: There will be many nonimmunological reachons,{ M}; :
there, with histamine release? That, in a way, 15 the fate stage 0 Wi
has happened to the cell It 1s common to a great many thtzgi ace?

Fuschel- Why it is that the hustamine came about i the rsthp ot

Robb-Smups  Yes; what do antigen and antbody do when they

n the cell or on a cell .
! Fischel From the pomt of view of physics, what happc}'xi to ? f::“;
permeable membrane when it 15 stapped up with 2 fot of precipt®®

n
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of you will? But that doesn’t explain the nonprecipitable antsgen-ants-
body seaction.

Porter: You are saying st 15 inside, though, not on the cell surface

Tischel We don't know.

Robb-Smuth* [t could be ether The question 1s what really happens.

Tischel: Fos what st 15 worth, the migrating cells have sensinvaty, as
evidenced by their fallute to migrate when the antigen 1s dropped on
them Whether that reaction occuts on the membrane or 1n the cell 18
completely unknown

Robb-Smuth: But 1t 15 2 problem that should ot be too difficult to
attack.

Porter: It 15 a nice problem for electron mucroscopy, Dr Wychoff

Dempsey: Is snything known about the effect of hormones upon the
histamme refeased? Ts there any te-n?

Fischel: From our small study and those of other people on the
duction of anaphylaxis at theeshold levels 1 guimea pigs, which s pret-
ty much rejated to release and effect of tustamine on the bronchiofes,
there is indirect evidence that there 15 no snhibition of esther histamine
release or the reactivity of tissues to histamine.

Holbrook; Quite the reverse Rose (60) has showa, at least so far
as the arinary output 15 concerned, that on the admimstration of ACTH
snd cortisone, the urnary histamine frequently increases greatly

Denipsey: Do you mean there 15 much more histarmne hberated
shuch spitls out?

Holbsook: We do not know where 1t ongmates, but the unne may
ontar 100, 200, or 300 per cent as much histamine  We have not con-
firmed that as yet, but that 15 Rose's report

Dempsey: So cortrsone must induce an increased formation of, or
breakdawn of, 2 precursor of histamine, and thus 1t must be released

somehow,
Holk b S, 3} 4.

3 the output of histamune 15 10~
creased in the urine We face the same problem with his findings re-
farding histamine as we do with the amino acds studied by us We
o not hnow whether it 15 due to mhibition of synthesis or mncreased
breakdown of tissue,

Fuschel: Qx both,

Dempsey: Does anybody know where the hustamine 13 m the body
homally, what cells have histarune ot its precutsor?

Trsckel: 1 thuok bustanuae maght be found 1n almost any cell that s
amaged,

Deripseys There 15 no evidence, then, implicating one celi type any-
where m the body as being a major source of histamine?

Tischel: Do you know that, Dr Meyer?
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Meger: No, I don't. If 1 remember correctly, the haghest concentaa.
tion of the histsdine decarboxylase has been found in liver and kidney,
The questton ts whether s cells there 15 hound histamume or other
armmnes of sinidas pbarmacologic properties or only histidie which be
comes decarboxylated, and whether bound histidine could be decar
boxylated when present as an end group.

Holbrook: That would be 2 very attractive hypothesss and we con-
sidered 1t quite early tn our studies. We hoped that there might be
a reciprocal selattonshup between the urinasy histidine and histamine
We have not, as yet, studied the uunary histamine, but, about the ume
we concesved the idea, Rose came out with his work showiny that the
h also was kedly mereased with the admmsstration of
ACTH, so that was a lsttle discouraging from the st dpoi of finding
the source of the histamsne.

Dempsey: 1 aught mention some uapublished wosk done by Dr
Helen Graham of the Department of Phasmacology at Washington
University  She has chased down the blood histamine and has shown
that the basophuls of the blood have many thousand times the concea-
tration of histamine found mn other of the blood celfular elements
or plasma. Indeed, 1f I remember correctly, about three-quarters of the
blood histatnme is tocated s the basophuls, which, as you know, oot
n very small numbers. In the tissues, there is 2 close relative to the
blood basoptul, the mast cell, which furashes a nice speculative sousce
far the tissue hustamume I believe it also has been shown that mast cells
tn the tissues show morphologic changes upon exposuse to corsone
The human basophs] may be somewhat diffesent from that of the 10-
dent, but the cell type s there 1n the human,

Meyer: Is this pharmacologucally demonstrable histamine?

Demmpsey 1 am sorry ta say that 1 do not kaow the technique by
which she sdentified it I think 1t 1 oucrochemical.

Hufbrook: We have been rather unhappy about the methods fot
histamine, 5 e 1
Dempsey Swce this work originated in Dr: Lowry's department,
am quite sure that the method wonld be a chemical one . @
Holbrook: Did 1 understand you to say, Dr. Robb-Smith, that £
shauld not be too difficult to tackle the problem of what happens 1
the ¢ell? hologist
Robb-Smuth: That was my suggestion, but I spoke as a motpholog!
and not as a cytochemist However, 1t does seem to me that th’eu:“
methods of approach to 2 knowledge of enzyme systems i Cd,s' o
that 1t 15 the sort of thing whch, using the Linderstrom-Lang *)l?‘s &
technuque, one should be able to appraach. \V!xe:her an ansv-cf“
found 15 another matter, 1 do feet that this new line that has come VP
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with regard to the known relationship of heparnemsa and the changes
in the mast cells 15 quite an intpguing side pomt to st

Holbrook: Yes, so do 1.

Meyer- I the cathepsin 15 decreased, just the opposste effect might be
expected, since histidine might have to be hiberated before it can be
decarboxylated

Robb-Smuh; It is an extraordinary thing that everybody, as faras 1
know, seems to have fought shy of this They pust happily tatk about
toxic agents and cells feeling poorly and so forth, and get away with it

Fischel: 1t 15 hard to know what dies first when you fry the cell

Robb-Smah: Yes, but, after all, the bochernists don't atiow them to
be fried before they start to look at them

Frschel: Sometimes they do

Denpiey: It is a drastic method

Fischel> For what they are worth, there are sevesal studies on o 11250
ScholtzDale reactions to of to ants tibody reactions
They contain some discrepancies but I am not farmihiar enough with
the SchultzDale teactions to appreciate why or where the discrepancies
might be On the whole, there seems to be 4 preponderance of opmion
that cortisone does not sniwbit the contsaction of the utersne homs
@used either by antigen-antbody reactson of by histamune i the water
bath D Rechard Nelson (61) has repotted a rather interesting varaant,
sasmely, that the sensstsvity of the wtenine hom is not affected by corti-
sone but that the gut of a gumnea P which also contracts due to bis-
tarnine o antigen-antbody reactsan, s protected from the effect of
the stimulus by cortisone  Whether that has to do with the cells that
ar¢ present in intestinal tissue as opposed to utenne horn tissue, 1 do
a6t hnow, but it may be m line with what has been hypothesized here
about mast cells ot othec cells

Holbraok: Have you any clear-cut ide 2s to a basic dufference 1n the
antigen antibody reaction which will produce what we choose to call
immumty and anather which will produce anaphylaxis and death?

Tuschel: Much wrangling has gone on in the kiterature, particularly
i the field of tuberculosis, about factors related to allergy and those
related 1o mmuntty The discussions could be simply clartfied, peshaps
100 sunply, by approachung them from the pomt of view of mmuno-
thermstry; that ss, certain antibodies are immuntzing, such as, peshaps,
the angy-M substance of the streptococcus, because the streptococcus
happens to be vulnerable sn sts M sub Other antibodies 1o strep-

tococcus, such as the antbody to the graup specific C substance, are not
Mmmuneng bt will cause an mfammatosy reaction 1 think much of

¢ old argument 15 based on Hogrcal reasontsg, an attempts to draw 2

distinet dufference between two processes that are chemically ssrmlar but
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teleologically different in that one teaction benefits humans, another
daes not, and indeed 2 thied may perform both functions to varyng
degrees, partly smmunszing but with an attendant snflammatory afferge
reaction

Holbrook: I am fully aware of that, but is there a dfference in the
basic antigen-antibody reaction, 1n general, n these two groups of o
dittons® 1 am not trymng to get into immunology and allergy, which s
a problem we will neves solve.

Fuchel. As far as we can generalize, there is no fund | dif-
ference

Holbrook: That ss my optnion,

Brschel: In hay fever, 1t 1s very interesting that there 15 2 thermolabde
antibody which 15 apparently responsible for the sensitivity reaction, but
Loveless has demonstrated that, after immunization with pollen extrat,
there 15 a thermostable antibody which effectvely blocks the allergie
reaction  ‘There we ate dealing, pethaps, with a stmpler system of ante-
gens than i tuberculosss, but stil! not a single substance,

To avoud leaving the smpression that i 15 thought there 15 great sig-
moficance to thes antibody depression by cortisone, it should be stressed
that the extent of depression 15 seally small and that it is probably ot
the factor which operates appreciably m clinteal allergies That canbe
seen very easity an a patient with asthma or hay fever whose symptoms
are controlled by cortisone and yet who has enough reagin os aptibody
present to gave a very good skin reaction. It bungs up the problem,
agamn, of tissue rescuvity and whether the mflamed bissues of 2 hay
feversensitive pecson may be soothed, «f you will, by cortisone of 1o
hibtted from reacting to polien But the notmal tissue of the shin, when
exposed to ragweed exteact, will, either because of the extent of stimu
tus ta 2 pmpomt acez, the localization of 2 severe stimulus, or othet
reasons, ceact just as st did before cortisone was gven  That obsr{vé-
tion Juas been reported by many investigators  Theeefore, the chnical
efficacy of cottisone probably has kittle relationship to antibody inbibs:
ton, except ta such mstances as repocted by Damashek (62), Wh’f."
hemolytic reacttons, hemoagglutmation reactions of the mutohcmolys;lﬂ
type, were inhubted by cortisone, with 2 coincident duszppearance of the
abnormal antibodies .

Holbrook 1in the problem of research ia connectve & .
peaple are thinking may be equally as smportant as what people &
datng. We might ask ourselves sevesal questions® Are there P’”m“::ﬁ
research problems which caa be attached by our present t«hnl‘i‘l“‘k of
are not bemng studied? Are there gaps mn our knawledge due 1o li e
sustable technques which need developing? Why i there so very N

. ?
cooperation between the histolagust, the chemst, and the physiologet

ssues, what
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Probably each one of us has thought of problems that need domg but
which may not be entirely within our o field This s a good time for
speculation, and 1 should like to have this group ptopose some new
fields af i aad perhaps late the develop of better
techmques needed for the study Dr Robb-Smuth made one most in-
teresting suggestion 1 should hike to hear some more comment on what
ne need to do to get along faster 1n our understanding of connecuve
tissues Dr Ragan, shat problem, ose that you do not expect to un-
dertahe yourself, would you most ike to see mvestigated ?

Ragan: Qur pasticular wterest 18 1 repar and inflammatory proc-
essces, through which we hope to understand something about turn-
over of ussues If some physical measutements could be apphied to
these particular processes, st might be most useful  For instance, at
the measurements of pH mn tissue ate open to caticism Some physiaist
might be able to develop n simple techauque When an animal 1s kalled,
the pH drops off immedtately, and the findings of electrodes are ex-
tremely questionable

Hofbrook: 'The possible combination of some of the setective metal
sanmg with ultramicroscopy as & solution to that has been mentioned

Uilite: ‘That would sequste a fot of syathesis

Dempsey: Intellectual of chemical?

Lillie Both 1 should hike to see very consderable efforts made to-
ward finding out the meanmg of some of the emprrical staning meth-
ods which { described If a pont coutd be reached where more s
‘\"Xﬂ‘\'n about what they mean biochemucatly, they would be of greater
vaiue

Holbrook Amen

Ragan: Can they be applsed to a test tube, fot wnstance

Litle \Where an already colored product stays m solution and an
amino acd also stays tn solution, how 15 1t going to be determined
“hether they are sn any combination >

Deinpsey 1t 15 possible i some cases because there are a great many

j¢ teactions n which the color acid has an absorption spectrum at onc
peak and a salt of the comp 3 has a shifted absorp peak These-
fore, the amount of the dye 1 sts salt form and m s free sctd form
can be measured 1n solutton and it can be known how much 15 com-
bined A number of colonmetne processes af that hind can be used,
and, indeed, I have been doing some work of this type s fissuc sections
' 30 attempt 1o find out whether the dye 15 reacting with the ussue
through a chermical salt bond o whethes 3t 1s hetd by some other force
19 the tissue There 15 considersble tetntory n that direction which
could be explared

Lillte: One could explare what happens when mixtures of the mare
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common amino acids and collagen are made with the more selective of
the trphenyl-methane acid andsn dyes.

Ragan' 1 was talking to Dr. Meyer about this 2 long tune ago
Would not an msoluble dye give a color which could be detected m 2
test tube?

Lillre: Yes, but what we want to know is what part of the collagen
1s gving the color.

Ragan Yes, but, to my knowledge, nobody has even carmed out suck
a technique on «oflagen, have they, Dr. Meyer?

Meyer: There has been work of that kind done, but not with soluble
collagen Tt would depend on whether it is done with molequles which
ate freely distributed or fixed 1 a definste postion; each certainly will
have different effects.

Lallser We have akseady done it with gelatin.

Aleyer. 1am sute the effects you get with gelatin have very litle to
do with what you see i the staning technique.

Lidfre. We know that the acid dyes will collect on the gelatin

Meyer We cauld go all over the problem again which was pee
sented yestesday tn Dr Wyckofl's paper and the discussion; namely,
what is the meaning of the banded structures If one has a detaled
molecular knowledge, it can be applied m attempts to nterpret the
data from the efectson mucroscope; the attempts would have to be pre-
ceded by a study of the rationale and an explanation of the x-ray diffrat-
tion pattern, which s sorely lacking  You see, if you Sigure out the crost
sectton, no matter how, of this peptide cham and sec that st is 200
A wide, the smallest ibrdd which you can see in the electron microscope
18 10 the collagen fiber

Wyckoff That ss almost the smallest one we see, but perhaps not
the smallest .

Meyer: It 1s still more important, naturally, to kaow that these 8
none smatter than 200 Angstsom Units. 3f you figuse from the valence
band of the peptide bond 2ad the kinking which you would get from
the proline o1 from the amino 201d, the peptides, and the whn'le bagk-
bone, 1 don't know what the figure would be, but you wouldn't artive
at mare than a few Angstrom Units.

Robd-Smrh: A dugram mught be helpful (Figuee 50)

Aeyer- The mmmedsate consequence s that there must be, if they ase
arranged 1n paraliel, a cross section of 200, or there must be quite 2
large number of amino acids which could cross-sect. How are they ar
sanged mn relation to each other? This whole problem of speaﬁc “}fcc
tions of stans 15 so compiex because there is not only §z!f fortmation d;'e
winding by van der Waal's forces and other formations. One f;zf ¢
most important things, which I think we never think about, 15 that ¥
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0! u

Meyer: BUt what ne\ma\xz ed the amin® group’ 1 assume YU teke

a basic acscc £rOUPs what W 1t before you u apphe cd the dye? Wasita
2

?
Dempsey’ “That has beet worked out in a pumber of basic stainiog
eactions 1 which the pH drops as the dye 15 taken up Thus, hydOE?
off dye

en off so the en 1005

Meyer: 1f you « had the collagen 25 2 pasic protes® with, T { beheve, 3%
isoelectric pomnt of around 7» this basic protein is 1n close app
on, let v8 say, 1N the tissué m tendon, with othef pmte'ms an
po\ysacchandes What 1s the armngemem? am sure shift ®
hydrogen 1© concentration would not be found because seplacied:
us say, 30 albumin MO otecute by toluidine blue does not produce?

H
Rabb Smxlb ‘enme\y agr h Dr Yrcmo at-Smithe gome prepe
hat we cal hya\m. any sott © of col*

oW1 .
Meyer’ A much more bcaunfu\ example 1 the nucleus
that the nucleus 15 stasned 1f basic dyes a1 used

Lallie Y5

Meyer. TS nucleus 18 desoxynbone cacid BY ure:
ment, the amount concentrats of b cK a(ld :i
sbout 10 0F 12 per g cent “The rest is protettt e pm!em not §! staint
at alt The astologist conchudes that that aucleus 18 €© sed of de

ox\]nbonuc\uc ad
Dempse) O, £, quite © conmry,D Meger. The ¢ bi wlo%
stains the ™ ucteus with the basxc dye, & and he @ concl ud o that the nuclet
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acid component of the nucleus stains with this dye. Then he carnes on
another experiment in which he stains the nucteus with an acid dye and
cancludes that this is stamming the proten  Then he may destroy the
nucleic acid by digesting the section mn desoxyribonuclease and find that
this has destroyed the hasophilia of the nucleus but the acidophilia 15
unimpatred, which fostifies bis conclusion that the proten 1s stili there
No histologst 15 50 nave as to believe that any structure he sees 15 a
pure compound,

Meyer: No, no, 1t may not be a pure compound, but what happens to
the protein, which I assume neutratizes the hydrogen 1ons of the phos-
phate groups, the free phosphate groups, w the nuclew acd

Dempsey What happens to it?

Meyer: Yes; what happens to the protein if you apply the stamn’
Does it go out of the cell”

Derpsey. No, 1t remains precipitated 1t 1s 21l in the solid phase to
begon with, and it remans in the sohd phase The mechamsm one
ocdmanily thinks of 15 that the bond between the nudleic scid and the
basic protein has been forced in much the same way that &t &5 forced
with a high concentranion of salt solution or a change of pH of the
solution  In other words, the nucieic aud can be separated from the
oucleoprotein by 2 number of chemical methods which are quite
analogons to those used 1 staming

Lillie: Or those used in c g phosphate to carb

Wickaff: 1 should like to say something 1 am afrard that the two
electron microscopists hese may have rather fasded 1o make clear how
much there 15 yet to be learned about what may be caited the uitramar
phology of connective tissue  Our discussion has been, ¥ thiak, 2 dem-
onstration of how very, very bittle we now hnow about the fine structure
af the vanous connective tissue elements 1n the animal { hope vou are
convinced that the problem can be expenimentally attached, but all our
evidence shows, beyond everythung else, sts own relative poverty

We have made experments on tendon, on the connective tissue efe-
ments developed in hissue culture which Dr Porter has done, and on
the products of fibroblast actwity m one or two very specaal localities

t we hnow atmost nothing about the connective tissue distnbuted
through the organs of the body Ths 15, by and large. the most 1m-
portant part of the job and one which 15 nat up to the expert m efectron
meroscopy to attempt, for, 1 this area, we are complete amateurs 1
am not tatking for Dr Porter now because, after alf, be 1s a oytologsst,
and rather an exception  The test of s, as I say, are and always wilt be
;"‘3‘““5' and the work has got to be done by you professionals, not

) us

Tremont-Snupehs What kand of new ooperation 1s needed to do that?
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Wyckoff. T think what are needed are 2 few histologsts who have
become experts 1 the study of fine structure, I don't think the prob-
lems will ever be solved simply by joint cooperation between electron
mic pists and conventianal histologists Progress must come from
histologists whose primary problesm 15 the structure of tissues and who,
to meet this problem, have become competent themselves in handling
this new tool for approaching 1. There is too great a tendency to have
2 dwisson of fabor, with a histologist providing ong technique and the
electron microscopist another. Genuine results come only when the
man who is attacking the fundamental problem has become expert with
the necessary tools.

Dempsey: There are very few electron micsoscopes in the chasge of
people who ate professional histologists.

Holbrook: Why is that?

Wyckoff: They are 1 the chasge of technicians, That is 1 mistske
which has been made throughout in the use of the electron microscope,
and the reason why the microscope has accomplished so little of what
st could have i the ten years of its existence. Too often the mea with
the problems have delegated the observation to somebody else, but
somebody else’s eyes cannot be used It is generally true in any survey
of nature that the man who knows the problem must make the observa-
tions sf they are to be significant; this is especially true of electron
microscopy becanse many Aelds must be scanned at lugh magnification
1n order to cover a representative sample of what is there, and nobody
can tell someone else how to Jook for representative matenal. Nomote
than 2 hundredth part of what 15 there can be photographed, and only
the man who kaows the matenial recognizes something sigmficant when
he sees it.

Holbrook, I think we all might bear that ( mind.

Meyers May 1say that I also have a pet wish. It is sbout the eell, the
fibroblast or the connectrve tissne cell; that is, whether there is a0y
possibilaty, hustologrcally or by any other method, to differentuate be-
tween cells; what, in detad, are the compounds of the connective bissu®
elements which they obviously or presumably produce. Another thiag,
for example, would be to explatn such observations as that the skin
the baboon will respond to estrogen on certamn sites and not on othc{s
In the cack’s comb, tissue cells respond to andragen, and it is not known
whether the other cells respond to it. Is there any chance of gething 3t
a hstologc basis for blochemical differentiation? « fol

Robb-Smth: Couldn’t 1t Possxbly be done another way, that is, hﬁ} r
lowmng from Dr. Porter's work, by taking tissue cultures of cells ¢
ate produaing fibers and seemng how they get o in vasious types °s_
media? It might be discovered what substrates they sequire and, po
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sibly, the various types of inhibitors and so forth “Then there would be
a controlled environment for ther production  Fibets produced 1o a
controlled environment could be studied morphologically in the elec-
tron microscope to see when the ceils made bad fibers, none at afl, or
good ones. I think that sort of approach would be hefpful beczuse [
feel that in animal tissue we are up against the difficulty of these things
depending on the substrates which are m the environment and the
enzymes the cells ate forming. In other words, according to their sub-
strate, they build up different enzyme systems and form different sub-
stances, some of which are catabolic products, although they may be
very important ones from the pomt of view of what we call bacterial
toxins ot cellular toxns, and others of them may be substances which
are d d in notmal develop

Meyer- What comes first i the sex skin; the environmental
changes? Why does the environment change only i that locality and
not 1n some other site?

Robb-Smuth. Because presumably that 1s the area 1n which there 1s
already a particular type of substrate One doesn’t know what happens
to the cell, if transplant experiments are done 1 think you can trans-
plant from tissue to tissue and it doesn't work

Dentpsey: ‘There 1s a beautsful expersment 1n which you can find a
location to study this phenomenon btochemically, 1f you fike, Dr
Meyer. The tadpole has no legs. Give it a littie thyroxtn and immedi-
ately, in certamn Jocatized areas of 1ts body, it begns to sprout fegs The
skin covering these areas is transformed very rapidly and very dta-
matically upon exposure to the thyroxin  If a section 1s made n that
area, an absolute cell boundary can be delimited, on one side of which
the tissue 15 responding and on the other side of which the tissue 15 not
tesponding

Wyckoff. Do the legs develop in the night places?

Dml{uy.‘ Oh, yes.

Wyckoff+ And only in the npht places?

Denpsey: That's right, only in the nght places There 15 a series of
Papets in the French literature 1n which a suggestion 1s made that the
Parasympathetic ganglia supplying these cells, which metamorphose ot
which are susceptible to endocrine stimulation, are different from those
Parasympathetic ¢ells stimulating other regions

Ragan' 1s the thyoxin simply speeding up maturation?

Dempsey: Yes Maturation never occurs without the thyrod The
tadpoles will invariably reman 1n the larval form

Ragan- These are thyroidectomized tadpoles?

anlp!:y: Yes The thyrordectomized tadpoles of tadpoles fed
thiouraend Will never metamorphose; they will always have a tal and
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never a leg. Give them thyroxin and they will develop legs

Ragan: But tsn't the problem why does a tadpole develop legs there
anyway ?

Dempsey: 1t 1s exposute to an endocrine substance which precipitates
the thing that 1t 15 capable of doing.

Laflre. That 13 a question of mechanism,

Aleyer. Yes, but 1n speaific areas, namely, sex skin and comb, all
you do, it seems to me, ts to make conjugative changes. The whole
skin fibroblast p bly produces hyaluronic acid, for example. They
produce much more under the stimulus 1o that localized area.

Dempsey: That same cell 15 probably producing hyaluranic acid 20d
doing something that causes reticular fibers to form, either m itself or
unmedately adjacent to stself, and elastic fibers and goodness knows
what else

Meyer Yes, but you only speed 1t up You do not create, as in the
egp cell, where you really cause new formation of totally different
proteins )

Dempsey. Well, your statement that it is merely a quantdative
change 1s @ much more dogmatic one than I would want to make,

1 should ltke to comment that Dr. Meyer has done quite a httle in
asking us to develop methods that will differentiate between the pmd-
ucts of cells. For example, the egg cefl, I believe, produces a rathet
astomshing number of products before 1t gets through. So he has really
thrown the entire Joad of biochemistry and, indeed, the study of life
onto the histologsts, and T think we ought to get out from under same-

how

Robb-Smsh: That 1s why I threw it back to him

Lillie. We have to think about adapting some of the analytieal
methods o the peculsar conditions under which we work,

Meyer- Your objection to the egg cell, I think, 1s not completely
valid

Dempsey 1 mean that celis do more than one thing  We canaot $3y
that here 15 2 cell and 1t has a specific funchion and now a]! we have 10
do 1s develop a method which witl show us what the quantitative aciv-
1ty of that function of the cell 15, The cell is living, t'he‘ccll is manu-
factunng speafic secretions, 1t 1s reproducing stseldf, it is :labozalmg'
new mutochondtia and new Golgr apparatus and dang a great many
things ssmultaneously It 15 a very compfex problem, nota sumple one

May I comment on what 1 think is really the dilemma confnzt{ﬂg
both histologssts and brochemists? The biochemist has a long traditi!
of itative methods. of methads which atlow him to makeml'mﬂ‘"
cal measurements, and of sesults which be can handle mathematically
The morphologist, on the contrary, has a jong tradstion of localiing
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visible substances spatiatly in the body. His methods are not susceptible
to mathematical treatment except wn rare cases and so be 15 ovcupred
in an almost qualitatively dsfferent type of study. Now, n between
these two very diffecent disciplines, these has grown up a subject which,
for wasnt of a better name, we call histochermstey, 1 which the mor-
phofogist 15 trying to learn how to apply the wteliectual disaplnes of
the chemist to bis problems and in which the chemust 18 tryang to leam
how to apply the morphologic discipliwes We are moving n each
other’s direction but we have not yet reached each other's posttions  As
an example, I can mentron that Dr Lowry, i our school, has been con-
cerned with mictochemical methods for some ume and we have had fun
in calculating the muntmum quantity of matenal that he can analyze by
quantitatively respectable chemical methods When we do that, we dis-
caver that the minimum amount of tissue from which this material must
be forthcoming comprises anywhere from a few cells to many, many
hundreds of cells ly, q methods are not yet ap-
plicable to problems of cytol 1 org; They are too crude
They do not yet have the sensitivaty necessasy to localize sharply 1n
space the compounds that are beng studied

Convcrsely, the morphologtst, whe wsolates or who sees a granule
of 2 fiber a tenth of a micron in drameter, 15 not even able to measure
quantitatively how many of these fibers there are, let alone the chemical
compasttion of the Abers. He has a method that will sharply ppount
something 1a space but which witl not give him a local concentration
In between, there 1s thus difficult gap which has not yet been filled
That 15 where almost all of the trouble arises

The questians to which we should like to have the answers he i this
temtory We should bike to know, I think, what the quantitative con-
centration of an enzyme 15 i the hving cell m which 1t 1s functioning
Chemical analyses of the total amount present in 2 sample of 100 mg.
of tissue will ‘not answer that question because, after all, the enzyme
may be restucted to one little ball 1n those 100 myg of tissues On the
other hand, cytological studies will not answer it esther because only by
inference can we guess that the thing we see actually represents the
enzyme Therefore, 1 think the answer to Dr Holbrook s question fies
i stiving to close the gap between chemistsy and morphology  This
Is exactly what we are trying to do, but we pust don’t know how to do st
well enough

DrersontSmnh There are maay sach gaps, and 1 think pov 270 nght
that 1t 15 by ane persan leatning to span £no techmques with sespect to
2 problem he cares about that we can eventually busld this budge

Wyckaff Tha's nght ‘The emphasts has ta be on problem, not on
‘fd:mq\m
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Lillie: 1t 15 pethaps unfortunate that biochermists have approached
many of their problems by first dissolving the thing that they wast to
analyze. In order to understand the solid state, you have to be careful
not to dissolve t.

Robb-Smith: Following on Dr. Dempsey’s observations with which1
entirely agree, it would be quite profitable, I believe, to sit down and
just see how much spatial biochemistry ane could write; in other words,
bow much knowledge is there, say, of the muscle fiber? How much
does one know ?

Dempsey: Some things we could specify. St wonld be impottant to
know what they were

Robb-Snuth: We could do 1t not too badly in places. We would find
other chapters that were just blank pages That would be a profitable
exercise [ am not suggesting that anybody around this table undertake
1t, but st would be a good frontier point to see just how far we have
gotten at thus stage

FremontSmuh: And those blank pages would not be altogether
blank 1n the other disciplines.

Robb-Smush: If we are talking as Dr Dempsey was, we don't bothet
with a discipline stself, really, i

Fremons-Smuth: Yon sad spatial biochemistry. If we were hmitedto
that, we would find many blank pages, but histochemistry and staining
might fill in some of those pages.

Robtb-Smuth Yes, that's nght.

Holbrook: 1 thunk this 15 2 good note on which to close. 3

Fischel: One small pownt, and that is, after mozphology 'and chemg
stry, we still have 2 huge gap to fill in respect to physiology an
function

Holbrook: Yes, that 1s correct. Thank you alf very much for your
attendance and your attention and your courtesy.
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