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PREFACE

THE THIRTEENTH Session of the Conference on Problems of Aging
was held under adverse circumstances arising out of paralysis of na-
ttonal transportation, due to a strike of certain sailway employees.

Thus, certain of the members and invited guests, including one
sesston leader 25 well as the Chairman, were unable o be present. The
Conference 15 1ndebted to Dr. Clsve McCay and Mr. Clark Tibbetts for
therr witlingness to take the plsce of the absent program leades at
ey shott notice

The 'Thirteenth Session was planned to serve as a second of a senes
of celated sessions The Twelfth Session dealt with the problems of
aging, at the psychologicalsonial tevel of functioning, The mamfesta-
tions at the organ-system level were next to be considered; this year the
endocrine, cardiovascutar, and integumertary aspects being the focus
of attention. Other topics at the organ-system level that likewise de-
mand attention are other parts of the endocrine, the skeleral-articular,
the digestive, the respteatory, and the nervous systems. It may be pos-
sible subsequently to deal with underlying cellular and metabolic
peocesses, as such  Advantage was taken of the presence 1n this country

of De W', Jacobson of Camhsidge, England, to anticipat
third phase of the senes and to | Yotk oo

earn of his brllant work on cell
mitosts
« ROY G. HOSKINS
‘than, Mass Charrimnan
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Conference Program 1

the contsibutors to Dr Cowdry’s volume. Some of them are here
today.

That meeting was s0 worth while that a couple of years later the
Club for Research on Ageing, consisung of essentially the same people,
was organized and has contiaued to meet annually ever smce. In 1949
the name was chaaged to Conference on Problems of Aging. Partly as
2 1osclt of the stumulus of this group, which 1s the oldest of the con-
tinuing groups an the Foundation, other conferences have been instiated
so that ‘e now have twelve additional ones, covering a wide varsety
of topics

There 15 usually 2 nucleus of rembers who come regularly every
year, and 1 addition there are guests who are 1nvited for one or more
meetings for theit specal contributions ‘The setup of the meeting is
not fot the presentation of formal papers, but for informal and free
drscussion. The masn purpose of the gathering is for the mterchange of
sdeas, the back-and-forth discussion between those present, for mutual

¢ and for ation between the disaplines 1am sure

you ate all to some extent awate of the difficulty of communicaton
between disciplines, even such disctplines as anatomy and physiology.

But when you begin to deal with a problem—and we have 1n this
area such problem—swhich crosses all the way from the physical and
bological scrences to the psychological and soctal sciences, then you are
faced with the very great ddfficulty of communication between physical
an;\ buologucal scrences and socal scences

n a sense, we feel that medicine 15 1n the key posstion to proy
better communcation Today medicine must be zvg(l) versed xnpnu:;:;ez
physics, because of the tracer techniques and the sojury that
from radiation, foc example, and, on the ather h )dw e s o
ramly e 3 and, mgdmne 15 cet-

y a socual science and must be concerned with public health and,

through mental health, with peabl e
wnce’ 1 peablems of socral and econormuc impor-

ce In the concept of psychosamatic medicne, whese we see ho-
lsof:cal anddsoml factots changing the functions of organs am};& gfg\:,,

ems. V'
s)uy s and enzyme act::;y ‘of cells, W,en‘:\ig‘:g ::xv see ﬂ‘s‘e absolute neces-
and the enzyme chemist At the preseat time, e:: :e:\lsmk?‘ .
pretty much frapmented by our disceplines Uz{ e 7 e natate
1zed departments with walls between them, prarsiics set up special-

We have discovered that it 1s ve

. ry much eastet for a repe

: :'xtc :!llxsscc‘xpllll‘:\e t;) \; ate with a rep of I;:f:: ?37;

et ({:mcbn they came from diffecent unwverssties You my h;

e hat over, cxt:’ it |ls really true. Therefore we have found 1t mgbe

e d’mrﬁn“ s:) cbc:‘ g::;;flge:?}:s é tom d}lﬁerent uawersites, from
W wenty-five 28 2 maximum M-




JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

FRANK FREMONT-SMITH
Medical Director

[ WANT to welcome you alf, and [ want especially to say a word or tvo
for our guests, to get them oriented as to the nature of these meetings.
For a good many years now, the Foundation has been impressed with
the need for several things that scem to be lacking m scientific research.
One of them is the need for a multiprofessional approach, an exchange
of ideas between sepresentatives of the vanous disciplines which are
concerned with a common topic. This particular field of aging 15 a nice
example.

The second need 15 for a different kind of suentific meeting. Ordi-
narily, a group of scientists concerned with one discipline meets to dis-
cuss therr problems: they do so by making formal presentations which
are followed by two or three mimutes, or sametimes as much as five
minutes of discussion. ‘The paper ts presented in such a way that the
authot’s main purpose in presenting it is to tic it up so that anyone
who ratses a question 1s really showing fumself up and the author then
1s able to snap off the answers to those questions very quickly when he
sums up the discussion [ am overstating the case a little, but the point
1s that that kind of meeting ts essentially a place where one makes
statements af people and chatlenges them to dispute those statements.
The actual need, we feel, n serence, 15 much more for informal discus-
sion, the kind which takes place 1n your own laboratories, where you
sit around and tell each other not the beautiful things you have accom-
phisied but, rather, your headaches and difficuities.

The story of how this all began, really, is centered in two men
present today, Mr. Lawrence K Trank and Dr. Edmund V Cowdry.
In 1936, Dr. Cowdry suggested that the Foundation should assist him
in prepanng a volume on probiems of aging. Mr. Frank, who was
then with the Foundation, said, “How can a group of scientists write &
coordinated book unless they bave a chance to meet and exchange
deas?” As the result of that suggestion, the Foundation held a two-
day meeting at Falmouth, Massachusetts, in June, 1937, consisting of

10
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the contributors to Dr. Condry's yolume. Some of them are here
today.

Thar mesting was o worth while that 2 couple of years later the
QO o Rt om Ageing, consisting of essentially the samz people,
= 2n oreanized and has contianed fo meet ansully ever since. In 1949
the pame was Guaaged to Conference on Problemss af Aging, Partly a5
2 reselt of the stimalus of this proup, which is the oldest of the con-
g groeps in the Foendation, other conferences have been initi}}ed
5o that we now hane twelve 2dditional ones, covering 2 wide vasiety
of topis.

Thece 1 uszlly 2 nodees of members who come regulady every
year. 2ad m addition there are guests who are invized for one or more
rmeztmzs for their speaal contributions. The setup of the meeting 15
not fos the prasentation of formal ppers, but for informal and free
discusson. The main pospose of the gatheniag is for the mterchange of
12eas, the back-and-forth discussion between those present, for mutual
summataton 20 for berween the dsaplines. 12m sue
woxt are 2l to some extent aware of the difhcelry of communication
betmeen disciplines, even such disciplines 2s anatomy and physiology.

2t when fou bepm © deal wath 2 problem—and we have in this
are2 soch 2 problem—whuch crosses 21 the way from the physical 2nd
Erotomcal saemees 10 the pychotozical and soxial sciences., then you ase
fared wrth the vere great dficelty of commumaction betneen chysical
m.;! bologral somces 20d soaal saences. e
7 2 sarse, we feel thar medicine is 1 the key position to promot
tetter communnanon. Today medicine must be ;g}x versed mp;?:g;i
hvsics, bevanse of the tracer techmiques 20d the wpusy that can com
from radunon, for example. and, o3 the other hand mediane is cerc
tamly 2 sacl saence 2nd most be concerasd wath pub!{c health d:
throegh mennl health, with problems of soqal 2nd economit -
e In the comxept of psychosomane mediane, where w y mc;;);
l;;:::lﬁ :::.1! socal factors cinngmg the (un;no::; of orga:st:;frg;n
7 12 oy sy of s we b o e
20 the enrvme chemist. At tho " een the soasl soentst
ety tenad] st At the present nme, we really have narure
peetsy emuch fragmented by our dsaplnes. Unnersinss s
und departments with walls between themn, =S st up special-

We bave dranerad thas 12 15 verv

of e i 18 reuch easier for 2 representative

T e &

i .; 2 b”\.‘:_v @ from ddferent vorversines Yoo michy

iy 1;\::: ; l;;s weally tree. Therefore we have found 1t to be

S iage 0 selear pamapents from diderent wnrversies, from
tesaptzes Obnously, uth e enty-fve as 2 maxismum pume
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narly, a group of scientists concerned with one discipline meets to dis-
cuss their problems, they do so by making formal presentations which
are followed by two or three minutes, or sometimes as much as five
minutes of discussion The paper is presented 1 such a way that the
author’s main purpose 0 presenting it 15 to tie it up so that anyone
who raises a questton is really showing himself up and the author then
15 able to snap off the answers to those questions very quickly when he
sums up the discussion 1 am overstating the case 3 Isttle, but the point
is that that kind of meeting 1s essentially a place where one makes
statements af people and challenges them to dispute those statements
The actual nced, we feel, s scence, 15 much more for infarmal discus-
stan, the kind whih takes place in your own laborataries, where you
sit around and tell cach other not the beauttful things you have accom-
phished but, rather, your headaches and dsfficulties

The story of how tlus all began, really, 15 centered 1 two men
present today, Me. Lawrence K. Frank and Dr. Edmund V. Cowdry.
In 1936, Dt Cowdry suggested that the Foundation should assist lum
n prepasing 3 volume on problems of aging  Mr. Frank, who was
then with the Foundation, said, “How can a graup of scientists write &
coordinated book unless they have a chance to meet and exchange
deas " As the result of that suggestion, the Foundation held a two-
day mecting at Falmouth, Massachusetts, in June, 1937, consisting of
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the contributors to Dr. Cowdsy's volume. Some of them are hete
m%l%at meeting was $0 worth while that a couple of years fater tﬁ\c
Club for Reseatch on Ageing, consisting of esscm'mlly the same pcoi: 1:,
was 4 and has « d to meet ily ever since. In 1919
the name was changed to Conference on Problems of Aging. Partly as
2 result of the stimulus of this group, which is the aldest of the con-
tinuing groups m the Foundation, other conferences have been mmn}ed
so that we now have twelve additonal ones, tovering a wide variety
of topics
These 15 usually 2 nucleus of members who come regularly every
year, and i addition there are guests who are invited for one or more
meetings for their special contributions ‘The setup of the meeting 15
not for the presentation of format papers, but for informal and free
discussion ‘The mam purpose of the gathenng is fos the interchange of
weas, the hack-and-forth duscussion between those present, for mutual
} and for ication between the discaplines. ¥ am sure
jyou ate all to some extent aware of the difficulty of communication
between disciplines, even such discaphines as anatomy and physiology.
But when you begin to deal with a problem—and we have i this
agea such a problem-—which crosses all the way from the physical and
biological saences ta the psychological and socual sciences, then you ate

faced with the very great difficulty of communivation between physical
POV

sition to promote
versed 1n nuclear
puyuins, LLLAUSE Ot the tracer techniques zad the ijury that can come
from radation, for example, and, on the other hand, medicine 1s cer-
tanly a soctal sence and must be concerned with public health and,
through mental health, with problems of soctal and economic 1mpor-
tance In the concept of psychosomatic medicine, where we see eveho.
logical and social Farsnms - )
systems and enzyr .
stty for understar = ~vsuuulnauon between the social scientist
and the enzyme chemust At the present time, we really have nature
prevty much fragmented by our discrplines. Uni

verstties set up special-
lze;l departments with walls between them b opec
We have discovered that st 15 ve;
ry much easter far a ey
of one dsapline to ¢ ate with a P

ative of quud .
feremt dusciphine 1t they came from different universities %"la‘: ;;dlift
think that over, but it 15 eally true Therefore we have found 1t togbe
:’ [E}rcaz advantage to select pasticspants from dufferent universities, from

iflerent disciplines, Obviously, with bwenty-five as o mxﬂm\:m‘ num-
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frequently happens is that you begin with a hypothesis which
Vx‘::;tox cn(l‘ay no{ be ﬁgrred You test 1t; perhaps you get & huncl}; (f)r 2
fead from someone else; you may make two ot three false starts ‘e orv.
your reseatch gets under way C.Onsctiuenﬂy, the final f‘?ﬁ“m may have
Tittle connection with the onginal idea. We use \oglc.m test our
ftunches and aur resalts  But 1f we present only the log{c?l end, we
deprive out avdience of 3 share 1 the interesting and exciting aspects
of our research experience

If science 15 presented as a procedure of purest logsc, there will bea
tendency on the part of nonscieotific administrators to feel that science,
being logical, can be managed; that 1t can be controlled; that it can
be ordered  And there 1s nothing 1n our public relations, which I think
are very poor, to counteract this impression. No one in a free country
would think of ordenng an artist to paint a landscape i a particalar
way I think the artistic aspects of science are as vital as the logical
aspects We feel that in some small way the gve and take in these
mformal discussions, preserved w these transactions, will give both
sides of the process of scientific thought Therefore, we hope that you
wilt tatk about your headaches, your difficultses, and that you will even
have hunches and express them 1n these meetings

The transactions are secondary to the discussions. They are the tail
and they must not wag the dog ‘The dog 15 what actually happens
here among you

We think that Dale Camege really had something in the title of
tus boak, How to Make Friends and Influonce People. We feel you
wﬂlbfe 2ble to communteate with each other only when you have
i:::c tshed a relationship of confidence, a fnendly re!auonship There-

as part of the process af commuatcation we want you to have
the chance to associate with one another closely for the two-day period,

We have seen people’s wark modified; we have seen spontaneous col-
laboration take place between different unsversites, between member

of 2 conference, collaboration not ordered by any(;ne from above bu:
coming out of a mutual need to approach a problem from several
different anpfes sinultaneously. e

Pwill now turn the meetmg over to Dy McCay
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ber we can bring to a meeting, we must leave out a vast majarity of
the key people in every field; if we have seven or eight disciplines
represented by three or four people—and in any impostant field there
are going to be twenty-five to seventy-five key people—we must face
the fact that we cannot include everybody. The smaller the group, the
better the communication. We have played back and forth with this
process and have found that a group of twenty-five peaple for a two-
day period is the optimum.

T always like my chance to get in these introductory remarks, which
must echo and re-echo in the ears of the members because they have
heard them said so often. This has to do with the transactions of the
Conferences. You see a stenotypist here, taking down everything you
say. Well, that is not as bad as it seems, because you will get a tran-
script and you will have the opportunity to cross out anything that
you wish you hadn’t said or at least don't want to have in print. There-
fare, we want to encourage you to speak with absolute freedom, com-
plete mformality, and without mhibition. Don't do what one man
did—he crossed out everything he said. We prefer not to have that
happen. We also would like-to say: don't hesitate to ask seemmgly
foolish questions because how can you be sure they won't evoke wis-
dom in somebody else? It is the evocation of wisdom rather than the
statements we make with which we are concerned.

This, then, 1s an expeniment in communication. Each of our confer
ences has an immediate purpose—to advance research 1 a particular
area, We like you to feel that you are a part of that expeniment, that
you contribute to 1t not only by your efforts at commumication but also
by giving us some wisdom. Wil you send us your comments after-
wards a5 to what can be done to better this communicative process?
You all have in front of you the volume from the last meenng, and
you will see that a good deal of the miormality at that meeting has
been preserved in the publication. We want to share what we are do-
ing hete as much as possible through the transactions.

Not only are screntific meetings somewhat stereotyped, but, far
worse, scientific publications are very sertously stereotyped; they ace
an edttorial strait jacket. T hope if there are any editors here they wilt
bear with me and be somewhat tolerant of what I am saying I do not
think thete 15 any question but that there is perversion of the truth n
the majorty of our saentific publications. I mean ‘that we have pre-
sented to the public and to each other only the logical rearrangement
of our tesearch work. Reseasch 1s not afways logical. It has a Jogical
ead; it always has, but its essence is the creative part. The creative 15
editorally censored, and we are f‘orced to rearrange what we actuatly
do in the laboratory and put it into a logical sequence. In research
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what frequently happens is that you begin with 2 hypothesis l\\'hxcl:
may or may not be correct, You test 1ty perhaps you get a huach ot 4
lead from someone else, you may make two ot three Ealse starts before
yout tesearch gets undet way Consequently, vthc final xcsAults may have
little connecuon with the otiginal sdea. We use logic to test our
hunches and out results  But if we present onfy the fogical end, we
deprwve guc audteace of 4 share in the interesting and exaiting aspects
of our research expesienice.

1f sctence 15 preseated as a procedure of purest loguc, there will be a
tendency on the part of nonscientific adminustrators to feel that science,
bewng logical, can be managed, that it can be controlled; that st ¢an
beotdered Ang there 1s nothing 10 our public relations, which 1 think
ate very poor, to counteract s mmpression. No one in a free country
would think of ordenng an artist to paunt a landscape 1n a particular
way 1 thuk the arbistic aspects of science ase as vital as the logical
aspects We feel that i some small way the give and take i these
tnformal discussions, preserved in these transattions, will pive both
sides of the process of scsentific thought. Therefore, we hope that you
witl tatk about your headaches, your dificulties, and that you will even
tave hrarches and espress them o these meetings.

The transactions ate secondary to the discussions  They are the tar)
and they must not wag the dog "The dog 15 what actually happens
here asmong you.

We think that Dale Camegie seally had something 1n the ntle of
ks beok, How to Make Froendr and Influence People. We leel you
WlllnbeL aE:le t? comTumcate w:"‘th each other only when you have
p 4 p af c e, 2 frieadly relatonship. There-

ore, 23 part of the process of communication we want you to have

!\k\vﬁ::::zes: nass:al!e'swzzh ;ne andther closely for the two-day period

tab people's work modified; we have seen spontaneous col-

o i e e s b et
e, collaboration

coming cut of 2 mutual nged“?:) (;;if::gd‘:)’:ﬂ?&e from sbove but

duffesent sngles sumdtaneousty. problem from several

¥will now turn the meeting over to D McCay
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ber we can bring to a meeting, we must [eave out a vast majority of
the key people in cvery field; if we have seven or eight dusciplines
represented by three or four people—and in any important field there
ate going to be twenty-five to seventy-five key people—we must face
the fact that we cannot nclude everybody. The smaller the group. the
better the communication. We have played back and forth with this
process and have found that a group of twenty-five peopie for a two-
day period is the optimum,

T always like my chance to get in these introductory remarks, which
must echo and re-echo in the ears of the members because they have
heard them said so often. This has to do with the transactions of the
Conferences. You see a stenotypist here, taking down everything you
say. Well, that is not as bad as it seems, because you will get a tran-
script and you will have the opportunity to cross out anything that
you wish you hadn’t sard or at least don’t want to have i print, There-
fore, we want to encourage you to speak with absolute freedom, com-
plete informality, and without nhibition Don’t do what one man
did—he ctossed out everything he smd  We prefer not to have that
happen We also would like-to say: don't hesttate to ask seemungly
foolish questions because how can you be sure they won't evoke wis-
dom 1 somebody else? It 1s the evocation of wisdom rather than the
statements we make with which we are concerned.

Ths, then, 15 an experiment 1n commumication  Each of our confer-
ences has an immediate purpose—to advance research n a particular
area. We like you to feel that you are a part of that experiment, that
you contribute to 1t not only by your efforts at communication but also
by giving us some wisdom. Will you send us your comments after-
wards as to what can be done to better this communicative process?
You all have in front of you the volume from the last meeting, and
you will see that a good deal of the informality at that meeting has
been preserved in the publication We want to share what we are do-
tng here as ruch as possible through the transactions

Not only are scientific meetings somewhat stereotyped, but, far
worse, scientific publications are very seriously stereotyped, they aie in
an editorsal stratt jacket. T hope 1f there are any edrtors here they will
bear with me and be somewhat tolerant of what I am saying 1 do not
think there 1s any question but that there 5 perversion of the truth s
the majority of our sctentific publications. 1 mean that we have pre-
sented to the public and to each other only the logical rearrangement
of our research work. Research 1s not always logical. It has a logical
end; it always has, but sts essence 1s the creative part, The creative is
editorially censored, and we are f'mced to rearrange what we actually
do in the laboratory and put it into 2 logical sequence. In research
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LARL T, ENGLE
el d Surgeons
Deparsment of Anatamy, Callege of Pb)r{-(:;ljl;' ;"; U::;:'l;:xhy

Wisar § wave planned on domg 15 to tay a little bit of grounq\vm‘;
1 the field of fundamental buology, mamly from the standpoint o
fuman biology While 1 recognize that the 1t and the mouse .and' the
cablie a0d especrally the monkey have made some great contributions
to vanous dwsons of medical reseacch, T frankly got thoroughly bored
with mice and rats 2 decade ago, becavse while they are wonderful
test ammals, we were developmg a group of laboratory speciabists an
mosse physwlogy and rat physiology and were neglecting some o
out fundamental problems i human physiology and pathology. That
does niot mean that we aze not goiag to contnue to do a great deal of
expenmental work on laboratory antmals My whole fecling is that
we should not confine our activities to the labaratory anwmals to the
excluston of the human
Of course, you can do a thousand rats under completely controtled
ditions, while it 1s extraord ty difficult to da that on ten patents,
but, on the other hand, those of us who ase interested in the problems
of medicne, pasticudasly pathalogy, must do what we can to learn from
the matersal which 15 presented to us from the expetiments in the
twman which nature has set up for us It 15 only in that way that we

are gomg to get at the fundamental nature of the biclogy of man and
of woman

Also, whea Roy Hoskins asked me to open the discussion, he knew
that U was gowg 1o talk about the gonads; abour the ovary and the
testis and thex hormones, The minute we get aver into the thyrord
and the adrenal we wilk calt on other expetts wha are here

Thete are so many sntesestiag things 1n the hife tustory of the ovary
and of the testis and thert respective gamates that even at the fisk of
bonng you, § thought 1 would run aver some of these problems My
thinking 10 thes dicection has developed 1 the last decade, after havin
gone through the whole seres of taboratory ammals, ,including th%
llx‘mnka. and then having been fortunate enough 1 the fast decade to

ave bad 2 great deal of expentence with surgieal matenal relatng to

15



INTRODUCTORY REMARKS

CLIVE M. McCAY

Department of Nutrition, Stocking Hall
Cornell Unriersiy

SINCE THE transportation difficulties have delayed the atrival of our
Chairman, Dr. Hoskins, as well as other members from the northeast,
I have been asked to serve as Chairman, pro tem. As you recall, it was
decided to arrange a series of our meetings on problems of aging at
different levels of complexity and integration. Last year our meeting
dealt with the psychological, sotial, and economic problems of aging
man. The meeting for this year was planned to focus attention on
aging in certain organ systems. Obviously the list of organ systems
is too extensive for detailed consideration m a single conference, so
we have selected for emphasis the endocrine system, the cardiovascular
system, and the integumentary system

1 think I express the viewpotnt of everyone here when I say that I
believe nothing has contributed more to the stimulation of research
cooperation than has the conference group of the Macy Foundation.

Dr. Engle will open the discussion on some of the endocrine aspects
of aging.

14
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EARL T. ENGLE
i} Physicians and Surgeont
Depariment of Anatomy, College of Phy C"olnmbi.x Uni;im'}y

Wit T tavs. planned on doing is ta lay 2 little bt of gmum‘lwork
1n the field of fandamental biology, masly from the standpoint of
hurnan biology. While T recoppize that the 1at and the mouse and the
rabbit and especially the monkey have made some great contnbutions
10 various devssions of medical research, 1 frankly got thoroughly bored
ath mice and fats a decade ago, because while they are wonderful
test animals, we wete developing 2 group of lat y specialsts in
mouse physiclogy sad sat physiology and were neglectiag some of
our fandamental problems s human physiology 2nd pathology. That
does not mean that we ate not going 1o continve to do 3 preat deal of
expenmental work on laboratory anumals, My whole feeling is that
we should not confine our activities ta the laboratory anumals to the
exclusion of the humza

Of course, you can do a thousand rats under completely controlled
condutions, while 1t 15 dinanily defficult ta do that on ten patients,
but, an the other hand, thase of us who ate snterested in the problems
of medicine, particalarly pathology, must do what we can to learn from
the matenal whnch 1 presented to us from the expenments in the
human which nature has set up for us. Itis only in that way that we

are going to get at the fundamental nature of the biology of man and
of woman

Also, when Roy Hoskins asked me to apen the discussion, he knew

that T was going to talk shout the 3
tests and thetr hormo: gonads; sbout the ovary a{zd the

nes The minute we ner ~ea-
and tha ade---t -
T
an .
b o 1~ gedles that even at the risk of
:n?g you, § thought 1 wauld mn avar e - - .
NS

- wwory atituals, snchuding the
have i;l:;dmm wen having been fortunate enough m the fast deca%ie to

a great deal of sxpeeade wh sorgical materjal rélating to
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BASEMENT MEMBRANE

TESTICULAR TUBULE OVARIAN FOLLICLE

SERTOLY
CELL CRANUIE:CE)SLQ

INTERSTITIAL CELL THECA INTERNA CELL

FIGURE 1 Schematsc tllustration which indicates essential homology
between the testis tubule and the ovacan follicle. Within the base-
ment membsane of the two structutes 15 the gametogenic function ot
the two gonads Outside of the basement membrane 1s the site of
elaboration of the respective sterord hormones The Sertoh cells, in
this concept are homologies of the granulosa cells, both supporting
or nursing cells. Gametogenic function of either s lost with the de-
struchion of the basement membrane

the human ovary and testts and thetr hormonal products Therefore, 1
want to lay some of tlus fundamental groundwork, hoping that you
will interrupt my presentation as thoughts occur to you

We will begm with a single unst. The human gonads, the ovary and
the testus, are so designed that they have two major groups of products,
one being the germ cells for the perpetuation of the race, and the other
a peculiar group of sterord hormones which are certamnly essentral to
the reproduction of the race and, m a larger way, have many physio-
[ activities 1 the general somatic economy.
d not bring lantern sitdes because I think they more or less freeze
and I wanted to get some comments in general  This
shows a uatt of the testts, and of the ovary The
h of these structures is this membrane

logica

1 di
the conversatian,
fignre (Figare 1)
chg::ractenstic homolog of bot
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P is i asement membsane and which in the
w& o :sn t:‘cel\t:;{::\elsn:::g:a:: ;khough they are both, 50 facas Lcon
2\“?0“(’ precisely the same thing. They were simply historically first
ohserved and described by different individuals. .

Withn thes atea of what we are now going {0 call the o“:anan
folficle is 2 group of polygonal, low columnas cells w}nch are nowr(;
as the pranvlosa cells, This s 2 mature ioll}cle, bgaxxng :n egg, .atn !
we are going back to the ongin of this egg, in a minute, because It 1
important to the thests The whole function of this (QulClF s to pro-
tect and nourish that egg until jt is ready to undesgo reduction division
and be extruded from the follicle and be suscephb\e as a gamete, ready
for fertilization.

In the testis, on the other hand, we have a group of cells called
Sertolt cefls The eatler cells differentiate in the embryo, and they
ate the last cells to disappear 1 old age They have 2 perfectly char-
actersstic quclens This 15 the Sertoh cell ‘Then we have a whole
settes of cells i the testis, the sp the pumary sp
Qte, the secondary spermatocyte, the spermatid gad then the sperma-
tozoa, of the mature sperm cell The whole funciion of these germ
cells 15 to cany on through successive myriads of generations in the
production of vast, astronomical pumbers of sperm.

The Sertoli cell is quite a different cell, and while we don’t hnow
very much about 1ts 1nternal chemustry, we da know that 1t 15 neces-
sary, within this tubule, for a certan state of the maturation of the
sperm cell It 15 a pecubsar cell because, so far as anybody has been
able to demonstrate, there 15 no apscal membrane Dt Heilbrang, 1
hope, wil tell us something more about the potentralities of cetlular
phystology m whuch you can have a cell which has na defintte ecto-
plasmic mermbrane around an apex

The reason why nobady has ever been able to demonstrate any
membrane hece 15 that 1t 15 a free-owing colfordal cytoplasm at the
apex, which s moving snd changing within the twbule. As sperm
develop and the spermatid 15 formed and begs to go through its
nomal process of shucking off cytoplasm, 1t is taken up by this Sertols

cell and 15 held there for 2 certain pery ipeni
L od of tipe;
things we don't know about i, afd so ipeniag  There ate many

we will just have t
b«&uﬁe 1 has to do with fertdsty and not with agt‘ng o leave
mmov;‘; ;h; :n\-:‘g:a ‘::n(,)gi \:guch you n}uit keep 1 mind is that within
€ Oovarian
;n\e function 55 the production of :or il g e tbule, e
anes within this membrane Al ex
change of gas ar metaboli

2o through tus 1ntact basement membrane. ’Ighe other ::?ti‘g(iat::s;
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am sorry that Fred Hisaw isn't here because T would get an argument
right now—is that there is no known hormone production going on in
these cells within the membrane. We will come back to the question
of the possibility of production of estrogens by the Sertoli cell, but 1t
is still speculative and unproven.

In the past, we have been taught, from the time of Edgar Allen on
down, that the steroid estrogens were produced by the granulosa cell
within the follicle. None of us can substantiate that when we use
current cytochemical methods for the demonstration of phospholipids
and cholesterol, and the rather inadequate methods for demonstration
of ketosteroids.

Outside this basement membrane in the ovarian follicle there are
polygonal cells, in adult life, which are known as the theca interna.
which have an interesting hfe history, and therein they would be asso-
ciated with these capillaries. Capillaries are woven in and out and
around. So far as we can find in the mammalian ovary and certainly
1n the human ovary, steroid production occurs within these cells. Out-
stde of the testis tubule are also 1stands or groups of cells, which give
all the cytochemical reactions for liptds and ketones and are the well-
known cells of Leydig or the interstitial cells

Here, again, you see, we have a number of regulating factors. We
have, within this type of membrane, areas for the production of sperm
in one and of eggs 1n the other. They are completely independent of
the test of the gonad structure Outside of that, we have typical
parenchymal cells whose prime function is the production of one or
more of a group of sterord hormones

This we also know, that as soon as the integrty of this basement
membrane 1s lost, gamete production falls off immeduately The first
indication that atresia is taking place is when the basement membrane
becomes pervious, and capillartes and phagocytes begin to migrate.
The first sign we have that sperm production 1s going to fall off 1s
when this basement membrane and its associated twsnrca propria be-
come thickened and fibrotic, thereby pushing the capillanes farther and
farther away, thereby setting up a greater physical barnier for the
passage of gas and metabolites. We therefore have two units in the
human gonad that protect the gamete on the ane hand and, on the
other, pmduce the steroid hormone complex needed for reproduction

Again, we have to go back to changing thoughts in biology, particu-
larly on the ovary. It was originally thought, back in the "70's or '80's
of the last century, that when the human mfant was bomn at term, the
ovary had all the egg cells it was ever going to have, and that those
ova werse used and drstributed over the limited reproductive pertod of
woman. Irom age fifteen to age forty-five, she would not hberate
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mote than 350 eggs. Then other men came along, workintg \vnhsm;coc
i uous pro-
and rats, and came out wx{k: fk_\te‘xdea. that fhefe \vns‘ ? ﬁon‘ i pio:

£
Jamh am Lo mmms e

s accepted the idea that, of course, if this was true 1n the
;::ih:égg:;m mousi, +t must be true in the human, and that there was
1o restnction on the sumber of germ cells produced by the human
ovary.

Lr!t us assume that the human ovary at bisth, which has a vast sum-
ber of eges 1 it~—two hundred thousand or four hundred thousand
epgs—1 those are going to be replaced steadily throughout ado‘les‘cencc
and reproductive fife, then there ought to be pretty much of 2 uniform
supply of ovarian eggs present whenever the ovardes are examined,
which, as you all know, yust is not true  As you examine the ovary of
the human newborn and at two years and five years and so on, the
one thing that impsesses you 15 the consuistent and marked loss and
destruction of eggs In a sense I think, with Professor George Minot,
that in the human egg cell population the process of aging and death
begins at bicth

No one has had 2 chance to see 2 large number of normal ovaues
Ovaries from chiidren who have died of sllness and so on are not
pettnent to the subject, so atmoast all of my studies have been made
on biopsies of the gonads 10 mfants in which there was a question of
sex determmatian We have found that the only way one can actually
deternmne whether the genetic constitutional character of the indi-
widual 15 male or female 1s by domg biopsy studtes of the gonads, and
we have a (mr.amount of suth matenal 1 therefore take the Liberty
of saying that in my expenence, the Joss of human eggs begtns at or
before birth It continues at a very considerable rate until adolescence—
and here 1 am puessing because we have msufficient or no informa-

tion, but T would sugpest that tf 2 human ova

ry had two hundred
thousand egps i 1t at birth, half of those will b
and the time of first menstruation. Th Nt i

e rest
‘Then there comes a iSappeat rather rapidly.

ceat difference £ coenn won
have had hosemma- Breat o 1 ovanes of ¢ \en who
be very It may
while i

~ Women,
rate of loss Ofdcgg.smq suu ing eges at age fifty-five Therefore, the

(and T thiok this 15 fuadamental to the agi
process) bepuas to fal) off bef eproducion
d o pns to fal before egps are ever used for reproduction,

3 g off shows a great deal of i
tienal vaeation among dufferent woﬁen g wnd comsn
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On the other hand, the human testis at birth has no cells which ate
differentiated; you cannot distinguish between the Sertoli cell and the
spermatogonia. These spermatogonia migrate into the testis anfage,
as do the eggs, early in embryonic life, according to the best that the
embryologists can teach us. But in the human ovary, according to my
concept, they ace all present at birth. In the human testis, these cells
are undifferentiated, but at about two or three years of age, you can
begin to pick out a true Sertoli cell and at about the same time an
occasional spermatogonia. Those spermatogonia must then divide, must
continue to make a whole continuous series of cells leading up to the
sperm,

Now, I was saying that the eggs are liberated during the limited
penod of reproductive life from fifteen to forty-five, with a plus or
minus of five years. In the testis, germ cell production can and does
go on throughout life, although the production of sperm does begin
to fall off statistically around thirty-five years of age.

Now, let’s look at some other things, such as hormone production.
Woulda't you like to argue a little bit about this idea that human
granulosa cells don’t make any sterotrds? Can't I start off a little
argument here?

Hamilton: Not at the moment.

Engle: I'm sorry, because if Dr. Hisaw were here, we would really
have an argument going.

Levin: Suppose 1 accommodate you, Dr Engle In my own mind,
I stll—

Engle: Let me say that Dr. Levin and { are old fuends  We worked
for years side by side. Dr. Levin is a mouse man

Levin: All those gallons of unne that I used in my scientific hifetime
did not come from mice. However, T am thinkiig of the oniginal data
of Doisy and his group (21), which 1s not yet adequately explatned
by the hypothesis you advanced. As you remember, Doisy's group was
workmng with follicular flud of the sow and in 1t they found concen-
trations of estrogens greater than in any other portion of the ovary
As a matter of fact, the most potent of the natural estrogens (a-estra-
diol) is found in the follscular fluid.

Engle: That's right.

Lern: 1 don't see how you can explan the high concentration of
estradiol, and also of estrone, in the follicular flutd 1f 1ts presence there
is only due to diffusion or something of that order. The fact remains
that estrogen occurs in the follicular fluid 1n larger concentration than
in other portions of the ovary and to me this would imply that 1t 1s
actively secreted into the follicular flurd and, because of the granulosa
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cells immedately surrounding the antrum, that these are the cells

responsible for estrogen production . .
gngle' it may be that you are rght, but 1 beljeve that cytnchcm_\ca(

studies are contiwing to provide the evidence for my present view-

int
Dr. Wistocki and his associate, Dr. Desn, have in E‘ess 2 papee on
the hipids of the ovary of the rat and sow, and their ohsecvations show
that the normal follscle bas little ot no lipid in the granulosa .

As you laok at any ctoss section of an ovary, [ don't care whether it
1s mouse or human, most of the follicles that you see are atretic fol-
Ixcles; they are follicles with damage to the basement membrane; they
are follicles which are losing granulosa cells; they are follicles in which
the egg already gives signs of dyng In our matenal, and 3ls0 12
Dt Dean’s material on the sow, 1t is the atretic follicle that has the
1arge masses of lipid and cholesterol within the granutosz and through-
out As you know, for every egg that 1s liberated capable of festilsza-
tion, thete are another dozen follicles that have come almost to ma-
tunity but have then undergone atresia withont kiberating an ovum. It
may be that the bological purpose of building up all of these masses
of follicles, when there are never gong to be more than about three
hundred follicles producing an egg that 15 potentially fertifizable, is
to produce stesords Ia the atretic follicle the theca cells will line up
:ﬁdl?\\a and the granulosis cells pretty much disappear. At that stage

¢ follicutar fnd centamly 15 ful) of estrogen There 15 no question
about tt But T think 1t appears only n atretic follicles and not n
normal follicles

Goldzseher May I nterject at this point 2 questsa
pathology of the ovary? The ma;on,t)y of es?mgen ‘;s:(;:ac\::ni‘\::;e‘
tumors consist of cells which are not necessanly derved from 3 2 “l
cells although these growths are called granulocs rel! s g
type and eo-ee d
the m
tumor
functe ) ww o O
Stnzcmral Ipmem of grﬁnuﬂ)sa cclll tumats, t;e‘y\ i«?‘?‘;xaﬁeﬁg‘ﬂ?

erm: " YA 5

Eranulosa :e\l‘;:\;\ ¢ sense do you mean "follicutar but without the gsual

GDMZ,'",”"" “They contain follales Jueat w1

Crmenn

1

» s ikt name tor they arg l‘i’( l.mm“‘ e
v fro e mote Jikely to -
el m theca externa of stroma cells than from th gk

the avarian follicles © granloss. cell
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Engle: T am glad you brought that up, because otherwise I could not
properly have gone into this field of ovarian tumors, which is highly
specialized. I think you are quite correct. The bulk of the granulosa
cell tumors are hormonally silent tumors. They produce no stesoids.
In our experience, and that of Hertig in Boston, if you take any of
these granulosa cell tumors and do lipid stains throughout, you will
find that the bulk of the granulosa cell tumor has no Iipid in it and is
probably not producing steroid but throughout the tumor you will find
islands of luteoid cells and they ate rich in lipid. One does not see
many granulosa tumors. But in my experience, I have never seen one
that was hormonally active that did not have enlarged islands of luteoid
cells which were heavy in lipid.

1 think that is an argument that may stand up. The typical granulosa
cells, which are composed of cells like these, are hormonally silent,
and 1t is only when you get the luteoid areas that you get hormonally
active cells. We need more material, of course.

Levin: There 15 one more point. If this whole thesis s correct, you
are confronted with the necessity for an explanation of the results one
gets by treating animals (and I think it has been done in humans, too)
with certain gonadotrophins  One can thus induce considerable estro-
gen secretion, as indicated by all the usual signs, and yet not find the
slightest indication of luteinization

Engle: You are talking of the work with so-called punfied pitwtary
gonadotrophins and so on?

Levin: Yes

Engle: But you don’t. Punfied follicle stimulating hormone (FSH)
1s not acttve unless you drop a little of the lutemizing hormone (LH)
1n 1t, and that 1s active on theca cells only.

Levin' 1 know. That is correct. But histologically there is no sign
of Iutein change We can also constder the case i which Kurzrok and
Smith (14) administered the urinary gonadotrophin of postmenopausal
women to human female subjects and observed the production of cystic
follicles with estrogen secretton but no signs of luteinization.

Engle: That's night, cystic follicles are always atretic follicles They
have lost most of their granulosa cells and the only functional cell
remaning 1s the theca cell.

Levin: 1 think they used a preparation from postmenopausal urine
but teg;\rdlcss of source the point 15, there was estrogen secretion with-
out lutein change .

Engle: Well, T want to get back to my main thests on the funda-
mental differences between the aging of .the human ovary and tc:st[s
\What 1 am saying, 1n essence, is that this egg-cell-praducing unit in
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the ovary, by and large, does not have too tmuch to do with producing
t];xe stezids?' As nnegge\s toward the oldec age groups, the decfrefasle
In the mumber of egg cells alsa leads to 2 decrea.smg’number of fol-
ficles, so that in woman, at the end of reproductive life at age fogty-
five, there are no more growing eggs, and the number of growing
follicles 15 gettng fewer, so that finally, when menopause OCCuts, alt
the egps are gone ‘Then, of course, the ovary becomes inert from the
standpomt of estrogen production because in the ovary—and 1 thm'k
this 15 true of the mouse as well as woman—the presence of eggs is
necessary for the production of steroids. You have to accept that.
Well, it 1sn't true of the mouse, exther, because A. S Parkes showed a
good many years ago that you could stradiate the ovary of the mouse
and get nid of all the follicles leaving 2 preater interstitial mass of
Tntem cefis 2nd the mouse will go npht along haviag regular cycles
indefinitely  But sn the human, 1 think that we have to consider that
the presence of the egg and the atresa of the follicles after it reaches
2 consderable size are necessary for the production of the hormone,
because after the eggs have all gone i this menopausal or premeno-
pausal ovaty, there are no more of any of the sterotd-producing cells,
and that 15 why 1 woman these changes occur and why menopause
appears as a curtain which 15 drawn down at 2 given calendar year.
Ja the male, an the other hand, we know this 1s not true because
the Leydig cells can produce hormone independently of the presence
of sperm  One can find 1n young men, as 1 have, far too many funes,
nothing but 2 ghost tubule, where that whole tubule 15 completely
ﬁbmsedv yet their genital devejopment and their sexuxl actvity and
production of 17-ketosterords remain relatively unchanged. In’ other
‘;:f‘i, (@ woman, hormone production 15 dependent an tha crmees
P
o
Leyaig cells remam functional i e s spelin production and the

Naw, let us look at the prablem agam 1n two a

) reas of pathology.
\a“.e have 1 woman one of nature's own expenments WhlthPWe kggzv
s ‘ovman agenesis You all know the cinical configuration of the
5‘1’2 \yhfo s brought 1nto the clinuc, somewhere between the time when
e ;swo\bmeerl: and eightecn She 15 shost of stature; she frequently
b neck, she sometimes has coarctation of the sorta, and othe;
ongemitsl disabrhities of that nature She appeats infantile and mrz

ol , that ovanan cord has -
1S ovanan stroma in it. But there are 10 egg cells. There ::?e‘r
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were any cgg cclls. The primordial ovocytes should have made their
migration from the genital ridge into the developing gonads, but just
failed to arnve. This individual, throughout life, then, is, from the
standpoint of her own ovarian steroids, a neutral indtvidual. In the
absence of eggs, no steroids are produced.

On the other hand, we have a syndrome in the male which has been
given half a dozen names by now, which is characterized by perfectly
normal tubules, with no germ cells. ‘This tubule has nothing but Sertoli
cells in it, very good, healthy Sertoli cells. It also has perfectly normal
Leydig cells. It is found in early adolescence, and the bulk of the
cases which we have occur in young adult life. The testicular pathology
I have called germinal aplasta, which is about as noncommittal a thing
as I could think of. To me, 1t means that, just as 1n ovarian agenesis,
the germ cells did not make the migration during embryonic life,

You do find, in a good many pathological lestons, situations similat
to this 1 which there ate no germ cells, in which a differential dag-
nosis must be made But 1n most of them, whether 1t 15 due to some
intercurrent infection or disease process, nutritional disability, or, of
course, the most prominent, radiation effect, there 1s always a thicken-
ing of the basement membrane and the tunica propria. According to
the definition of germinal aplasia, the basement membrane must be
normal, the contour of the tubule must be unuform and regular, and
the tubule must be of normal size.

Now, what is the dilference 1n this boy and this girl, or 1n this adult
man and this adult woman without germ cells? The hormone produc-
tion is always completely normal so far as we can find out in the male.
Some cases which have been reported do have a high FSH but cer-
tawnly not all. They do have normal 17-ketosteroid excretion and nor-
mal genital development In women, however, there 1s complete lack
of ovarian sterosds

Thus, tn woman, sterord hormone production is dependent on the
presence of a succession of rapdly growing follicles; while in the male,
the steroid hormone production goes on quite independently of the
presence of the gametes

I came down here, planning to present data on the excretion of
stetords at various age pertods, and I was delighted when I saw my
old friend, Jim Hamilton, walk into the room, because he and fus
associate have done one of the most thorough studtes on the excretion
of ketosterords in relation to age Before we go any fusther I would
like to have Dr. Hamilton give us the results of Ius studies At thus
stage, Dr. Hamilton, we want to know. what the I7-F:ctostermds indi-
cate about produch‘on of. gonadal steroxd.s and what is thetr statistical
pattern 1n relation to various decades of life.
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Hanplton> May 1 expand my answer to nclude more than keto-
stesords?

Lngle Oh, yes. .

Hanilton: These data are for supposedly normal males (Figure 2).
Anybody who has tried to get a group of supposedly normal people
knows that “notmal” should be 1 quotes. We made quite an effort to
do that but we found we could not get supposedly notmal men in
hospitals or homes for the aged, 5o we went to pruson-—and got 1n 2nd
out each day successfully ‘These men were put in there because they
were bad and not because they were sick Even so, thete 15 2 great
deal of question 1n our minds as to whether or not they should be
termed “normal

The curve of the average excretion of ketosteronds deceases pra-
gressively and matenaily with age (5). That 1s the handwriting on
the wall for men

The first posnt 1 wish to make 15 that these values for ketosteroids
are paralicled almost exactly by titers for ucinary androgens 1n the
same peaple, so that there 1s a similar curve for the decrease in urinary
androgens.
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The cardinal problem, in much of what we have been trying to do,
is to quantitate some of these maleness aspects of aging, and we have
turned to a third procedure; namely, the measurement of axdlary hair
(7). To some extent, we think of axillary hair as a rooster's comb;
that is, as something that can be studied just as effectively as the mas-
culine appendage in the fowl. The story on axillary hair follows a
similar pattern; in fact, it has a correlation coefficient of about .6 with
ketosteroids, which pleases us very much (7). For reasons which I do
not wish to bring up now, we think that 1t may be related to titers of
dehydroisoandrosterone in the urine. As far as the endocrine aspects
are concerned, there is a material and definite decrease with age in all
three characteristics that we are able to use for such testing. I don't
know of any good studies yet on the relation of the aging processes to
sperm analysis that could be compared with ths.

Should I consider females in this discussion?

Lngle: Oh, yes, do.

Hamilton: We have no data of our own on ketosteroid excretion
among females but we do have values for axillary hair growth, Tirst,
though, I would like to present data for axillary har 1 males accord-
ing to age (Figure 3). Starting from values of zero at adolescence,
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he growth of axillary hair 1 males reaches a peak somewhete in the
weties to thittes, and thereafter decreases as do the values for urinary
etosterotds

We have used three ways to measure axillary hair. The first 15 the
mass, or weght of a secaple which has been treated to remave fat and
mt and other contaminants The sample is also dessicated before
weighing

The second feature we can use in measunng axillary hair is daily
rate of growth. Since the mass and the rate of growth of hair are
welated, the amount of gsowth per day vastes with the mass of haw
1t is 2 beautiful relationship. We therefore have come to use a ratto,
mfw;‘lv.mg both factors, which is the rate of growth dwvided by the mass
ol air,

‘This dragram, then, relates to the mass of full-grown hair in males.

The next curve 1s for females (Figure 4). Pemales mature a little
easleer, and thetr vafues are higher 1n early adolescence. The values
reach only about two-thirds of those 1n males and then decrease a great
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26 Problems of Aging

The cardinal problem, in much of what we have been trying to do,
is to quantitate some of these maleness aspects of aging, and we have
turned to a third procedure; namely, the measurement of axillary hair
(7). To some extent, we think of axillary hait as a rooster’s comb;
that is, as something that can be studied just as effectively as the mas-
culine appendage in the fowl. The story on axdlary hair follows a
similar pattern; in fact, it has a correlation coefficient of about .6 with
ketosteroids, which pleases us very much (7). For reasons which I do
not wish to bring up now, we think that it may be related to titers of
dehydroisoandrosterone in the urine. As far as the endocrine aspects
are concerned, there is a material and definite decrease with age in all
three characteristics that we are able to use for such testing. 1 don't
know of any good studies yet on the relation of the aging processes to
sperm analysis that could be compared with this.

Should I consider females n this discussion?

Engle: Oh, yes, do.

Hamilton: We have no data of our own on ketosteroid excretion
among females but we do have values for axillary hair growth First
though, I would like to present data for axillacy hair 1n males accord:
ing to age (TFigure 3). Starting from values of zero at adolescence,
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of German  They were mixtures of various genetic backgrounds. ,

Hostath, Are these women who pever shave under thesr arms at all?
That presents a difficult problem—the present female population beiag
so concerned with there underarm appearance

Hamilton: Yes, there is quite a problem there, 1 suggest that people
gomg ahead with this method think w terms x?f daily rate of growth
\n woren, because they do tend to shave off hair,

Oliver- Does shaving stimulate the hair growth>

Hanlion- 1 can answer that  One of the values of this method (7)
is that one can take samples from intervals as shott as a week of as
fong as 2 hundred days, and we have varous intervals to see whether
one could use, lef's say, a week or six weeks or any other length of
tune interchangeably. The answer 15 that one can 1 am sure that st is
possible that shaving might mfluence hats growth, if one evaluates it at
daily wtervals, but 1t doesn’t make any difference whether one shaves
every week for stx months of takes one shaving now and another one
six months later

Engle 1 think Mildred Trotter showed many yeats ago that shaving
did not accelerate bair growth

Hamslton That's right Are there any other questrons?
Steele: Does hawr stop growing eventually or does it keep on?® Does
it fall out?

Haridton With aging the atea of skin covered by hair becomes
more restricted  The axillary hairs that still grow tend to be shorter,
thinner and less kinky  So thete 15 atrophy of the actual hatr and a Inse
m terms of dsereor oo v -

s wes it ale & number of tactors that mnfuence the
amount of growth that 15 attamed n an mndividual First, there 5 a

g;nct:lc l{:}cmr Second, there 15 an age factor Third, there is a distnct
gonadal factor, because the oophorectomized woman and the castrate

x:::; h;v:O:}I‘mO;t 1:1enhcalhvalues They are very low but almost iden.
el Tactor 15 what we are calling "'se: " which i

asonal,” which is a
poor term Thete are vatavions o : h e
" ver the course of the year, and
;;: ;e::, "Xu‘l: ::;::%;, usvally of about six months. Tthc a,re cha:ge;:
at are not «
)’e:;:. d:;‘ B sch chon eally selated to seasons but, over the

not! ¢
mdmdu:\' flafct‘s: ::n;t enters into this is the responsivencss of the
cmnee t eonuchs with a standard amount of male ho

e oot ch}(ulmgmmte), and' myject them each day with t}:
e s o : in the same site, they, too, show these fime-ts e‘
penod of yeats of about the same extent :s
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deal, near and after the time of the menopause so that they tend to be
close to zero by sixty years of age.

Oophorectomized women, instead of having average values of
around 100 mg. in the third and fourth decade, have very low values,
about as low as those in eunuchs.

Levin: Are you now referring to mass or to rate of growth?

Hamilton: Mass; weight of the full-grown mass, actually.

This same type of procedure would work on pubic hair, but the
axillary hair forms a discrete mass that can be shaved and measured
quantitatively.

To summarize, then, the change that goes on with age in the males
occuts in the females but much earlier.

Engle: Do your data indicate a reduction in axillary hair 1 women
after the age of forty?

Hamilton: In serial studies of some females a loss of axillary hair
has been noticeable in the late thirties and 1n some instances can even
be seen in the early thirties. This is not the rule.

Stern: Where did you take the old age group of females, from what
type of people? Were they also prisoners, or what?

Hamulton: They were not prisoners They were people who lived in
tnstitutions, particularly institutions for the insane We have had to
check that group with a supposedly normal group of medical students
and personnel employed by a medical school There is no difference
between our people outside the insane institutions and those inside the
nshitutions, as regards values for axillary harr.

Oliver: But there are different sorts of men and women and some
have more hair than others How do you take care of that?

Hamrton: You are absolutely right What I am quoting here are
average values. These are averages per decade, as represented by the
line I have dtawn  The values may vary between 0 and 300 mulligrams.

Engle: How about variation when you break 1t down by racial onigin?

Hamijton: That is very important

Oliver: Tt seems to me you start with a muxed lot of stuff and end
up with one curve, an average of a mixed ot

Hamilton: Do you mean people of different ages?

Olirer: No, different sorts of people; some “hairy” and some not

Hamilton: We have had to construct different standards for Cau-
casians and people who are of Oriental race. The curve for the Chinese
is entirely different from that for Caucastans.

Engle: How about Northern and Southern Luropeans?

Hannlton: 1 can’t answer the question on differences among Cauca-
sians. That is quite a different problem, We did consider 1t in our
series of prnisoners, but we found almost none of them were English
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of German They were mixtures of various gcnegc b;clfgrourlsd:; A
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Olizer: Does shaving sumulate the hair growth?

Hamslton: | can answes that, One of the values of this method (7)
1s that ane can take samples from intervals as shost as a week or as
long as a hundred days, and we have various intervals to see whether
one could use, let’s say, 2 week or six weeks or any other length‘ qf
time interchangeably. The answer 15 that one can. 1 am sure that itis
possible that shaving might influence hatr growth, if one evaluates it at
Qaily mtervals, but st doesn't make any difference whethet one shaves
every week for six months or takes one shaving now and another one
s months later

Engle 1 thuok Mildred Trotter showed many years ago that shaving
did not accelerate hair growth.

Hamilton: That's ught. Are there any other questions?

Steele Does harr stop growing eventually or does it keep on? Does
1t fall out?

Hamilton. With aging the area of skin covered by hair becomes
more restncted The axillary haurs that still grow tend to be shorter,
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deal, near and after the time of the menopause so that they tend to be
close to zero by sixty years of age.

Oophorectomized women, instead of having average values of
around 100 mg. in the third and fourth decade, have very low valucs,
about as low as those in eunuchs.

Levin: Are you now referring to mass or to rate of growth?

Hamilton; Mass; weight of the full-grown mass, actually.

This same type of procedure would work on pubic hair, but the
axillary hair forms a discrete mass that can be shaved and measured
quantitatively.

To summarize, then, the change that goes on with age in the males
occurs in the females but much earlier.

Engle: Do your data indicate a reduction in axillaty hair in women
after the age of forty?

Hamilton: In serial studies of some females a loss of axillary hair
has been noticeable in the late thirties and 1n some mstances can even
be seen in the carly thirties. This is not the rule.

Stern: Where did you take the old age group of females, from what
type of people? Were they also prisoners, or what?

Hamilton: They were not prisoners They were people who lived in
institutions, particularly institutions for the insane. We have had to
check that group with a supposedly normal group of medical students
and personnel employed by a medical school. There 15 no difference
between our people outside the msane institutions and those instde the
instttutions, as regards values for axillary hatr.

Olrver: But there are diffecent sorts of men and women and some
have more hair than others. How do you take care of that?

Hamilton: You are absolutely rght What I am quoting here are
average values. These are averages per decade, as represented by the
line I have drawn. The values may vary between 0 and 300 midligrams.

Engle: How about varation when you break 1t down by racial orign?

Hamilton: That is very important,

Oliver: Tt seems to me you start with a muxed lot of stuff and end
up with one curve; an average of a mixed lot

Hamilton: Do you mean people of different ages?

Olsver: No, different sorts of people; some “hairy” and some not.

Hamilton: We have had to construct different standards for Cau-
casians and people who are of Oriental race. The curve for the Chinese
is entirely different from that for Caucasians

Engle: How about Northern and Southern Luropeans?

Hantilton: 1 can’t answer the question on differences among Cauca-
That is quite a diffecent problem. We did consider it 1n our

sians. 0
d almost none of them were English

series of prisoners, but we foun,
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Dr. Cowdry is here now, and [ think, as dean of the gerontologists,
hould take over. . . .
P Coudry 1 think s ind o mesting proceds best vith & el
. Tt just naturally fows on 1 don’t koow W] ;
of assistance. 1t y b hese very remark-
next, except to follow up your introduction about ! g
able differences between the two sexes. I think you can consicer 1 on
the economuc-psycholagical sphere and you can also consxdcrd 1;011 many
othee levels, What 15 the progeam? How shall we proceed from now
on? Do we have 2 psychiatrst here?

MeCay: That waE ryhscussed in plapning the program, too, and Dr.
Stern 15 here . S

Sten: 1 suggest that, fiest, perhaps, we topunne listening to Dr.
Enpfe before we get imto the clinical-psyctuatsic featutes of agg.

Couwdry We would be very happy to listen to De Engle.

Lugle \Well, gentlemen, you ate asking for your own punishment
because when 1t comes to this field, I can run along indefinitely. This
sex difference in longevity 15 smportant  Clive McCay and T have tatked
abour 1t a fot.

Now, there 15 another problem Idon't know why 1t ts that woman,
as she approaches or passes age thirty-five, 18 lostng ¢ggs and producing
hormones 3t an accelerated rate. We don't know enough about the
metabale actions of esther the estrogens ot the andragens, There 1s
one ttem that 15 seen constantly as you exatuoe the avaries, suegically
removed 10 women of these older groups, and that 1s, there is a con-
ssstently increasing frequency of vanous types of vascular pathology.
When onc sees the ovary of a woman when she 15 still menstruating or
has passed menstruation, a woman of forty to forty-five, the first thing
that strshes the eye ss the great degree of artertal and artensolar damage
1 shautd ke very much to do some systematic work on the problem,
but § never have the tme, But in the avanan hilum, the ovanan arfery
comes 15 a5 a definite stoucture and then 1t breaks up nto a group of
spiral artenes that feed out toward the cortex. If you make sectsans
anywhere in the hilum 1n these older 4ge Women of 1n younger women
who are having 2 good deal of disturbance which has necessitated
pelvic surgery, thee may be a thrombus formation 10 the ovartan
artery before it breaks up tato ¢s sprral components There may be
evidence of thromb which have been recanalized There 15 very fre-

quently evidence of cholesterol or calcrum plaques.
Fremont-Smub. s this in the mamn artery?
Engle Yes, i the ovanan artery.

Freniont-Snnth. Ate yon sy
" plyng that for a while the artery h,
been actually completely obstructed before 1t was recanalized? v bad
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normal people do. So that is another variable 1n this measarement.

Steele: 1 hate to be persistent, but I can't get a picture of hair growing
at the rate of 2 millimeters every 24 hours for six months and then,
boom! stopping. Obviously, your axillary hair doesn’t keep on growing
down to your knees. What stops it? Isn't there a decline in rate of
growth?

Hamilton: T think T see the question you are raising, First, the hair
grows only so long and then it stops growing and, after a quiescent
phase, drops out and another hair appears. It grows, actually, for about
a six-month period. That is the length of life of a single axiflary hair
at the longest. Some have even shorter cycles, Does that answer your
question?

Steele: Yes, that is it.

Hanilton: To get the weight of the full-grown mass of hair, we
insist that no shaving be done for the past s1x months; otherwise, it is
not a valid measure.

Steele: That answers t, then, because, obviously, sf you took rate of
growth at six months and again at a year, you would decide that it was
growing twice as fast if you had taken the six months period instead
of the year.

Hanmilton: Oh, no, it comes back to reach its previous level in six
months 1t does not grow beyond that

MeCay: In contimung, 1t might be worth just a sentence to think of
why Dr Hoskins set up this session with Dr. Engle leading off We
thought we ought to give some attention to the problem of the differ-
ence between the sexes, in hfe span and aging. Over the years, we
have constantly tafked about this whole matter of why the female of
the specres outlives the male, and we have discussed here many times
the problems of sociclogy and the economics of having a great group
of old women burying us men We have discussed the problem of why
the female rat always survives the male That ss the reason for the
arrangement of the program. We are trying to answer the question
of why the female outlives the male. What does 1t go back to? From
the pomt of view of sociology and economics, the greater longevity
of the female has tremendous importance. We have the many bastc
observations 1n other animals and also the many beliefs that Dr Engle
has discussed this morning  There ss the old, old question of whether
a man lives longer if he remains fertile. In rats we have found that
sterilization by feeding diets with low levels of vitamm E has no
significant influence on their life span, Recently, 1n our laboratory,
we have had the first rat that could reproduce or rear a [itter of young
at the age of twenty-five months, which in human life would be com-

parable to perhaps seventy years of so.
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Dr. Cowdry is hese now, and T think, as dean of the gerontolngists,
e should take over.
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Engle: One gets that impression. I haven't done systematic work,
and I am bringing it up because I want Dr. Steele and Dz, Oliver to
make some comment. The problem has not been studied by anybody.

The question is this: Is this premenopausal ovary, with limited
steroid hormone production a result of this vascular pathology, or is
it the cause of vascular damage? Does the lesion cut down the oxy-
genation of the tissue and himit the transmission of metabolites which
in itself results in a more rapid loss of eggs, a slower development of
follicles, and 2 general fibrous involution of the ovary? On this pomnt
we have no information, and I think that we do nced some facts in
order to look at the difference in the reproductive span of the two
sexes. Why can a man be reproductively potent at eighty-five, and a
woman stop at forty-five or so?

Cowdry: How much have you seen of these lesions?

Engle: They are very common; just tn the daify run of the mill ina
gynecological pathology laboratory.

Cowdry: A really occlusive leston of the artery?

Engle: Total occlusive lestons, with subsequent canalization, are not
common, the type of lesion in which the inttma is gone, and there 15 &
fibrous plaque, destroymng the intima, and a great deal of fibrosis in
the media, is a very common thing, extending all the way from the
ovarian artery to the various radials up in the artersoles.

Fremont-Smith: How much of a cyclic change 1s there in the ovarian
artery? I was under the impresston that it, along with the uterine
arteries, went through a fauly defimte cycle with arteriosclerotic
changes 1 1t

Engle: Such observations have been made mn the rabbit but I don't
know of any such observations 1n the human.

Olirver: 1 think that by and large, one notices mn the wall of the
uterus, the parametrum, and in the ovary, a sort of correlation of
sclerotic lestons,

Engle: That's nght They are not exclusively i the ovary. They
occur tn the myometrium and the parametrium,

Oliver: But the sclerosis that one finds 1n these organs 1s very real as
compared to what one sees i testes I have never had any particular
interest in this problem, but st occurs to me from my experience
looking at autopsy material that practically every old ovary has an

extreme sclerosis of its vessels, and that 1s not true of every old
testicle.

Engle: The damages 1n the vessels of the testis are not comparable
in frequency and certainly not related to age as are thosc of the ovary
If you are asking why the human female ceases (CPI’Odl}Ctl\'c Iife and
begins involution earlier than the male, I think attention should be
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focussed on the steroid baiance,‘ch'olesttml wmetabolssm, and the other
e May 1 call your at-

Aty yeats 2g0 on the
formation of hyalin 0 the ovanes (3)? In the easlier 1dl'temt'u[eit::\e‘
hyalin masses 1n the ovary wete considered under two hea !E{\g; s e )
25 the result of folhicular atresta or of hyshmzation of occluded vessel sf
In our study, however, we could show that o conssderable amm:lnt a
that byalin ongnated 1n the stroma of the ovary entuely sndepen enl y
from vascular elements Through coalescente, gnﬂﬂ})d'5h3Ped byalia
masses are produced which are no longer distinguishable from the
vasculat byalin or the hyalin masses denved from follicular atresia, As
an end sesult, 1€ all three components appear together, as they very
often do, the hyaliization of the ovary 15 50 extensive that hardly any
parenchyma 1s Yeft unaltered. Hyahnization of such 2 degree obviously
has ssgnificance Esom the viewpotnt of steroid production. At the ime
our study was made not much was known sbout sterond hormones nor
did we study the presence of hipids m the cells, We did find, however,
a rather interesting correlation; namely, that whenever the process of
hpalinization was advanced beyond the average, one o1 several fibro-
matous tumors of the wteras were present; on the other hand, one
could say that fibroma of the wterus occurs but seldom i the absence
of extensive hyalimzaion of ovanan stroma.

Lugle’ Yes, { remember that paper of yours, Dr Goldzieher 1 think
we would all agree that these factors here are vl mierrelated, bur §
thiak 1t ¢ fundamental to owr concept-—the difference in cessation of
sexual and reproductive hife

The other thing that T want to re-emphasize, beeanse 1t 15 a problem
for the cardiovascular people, 15, why do we have this type of lesion
assogtated with the reproductive Gegans 10 woman without evidence
of much correlation between this type of vastular pathology and gen-
erad systemuc vasculac pathology? 1 think that 15 smportant,

Oftzer OF course, 1n both the ovary and the uterus you have destruc-
tive processes occurnng all the tane cycles and you don't have any-
thing like that happening in the testss.

Lngle: No, that 1s right.
ang{'l'l::“;rh“ might explam the damage m the vessels of the ovasy

Stern- sn't that a pretty general problem, this whole questioa of
s it O s k3 T e g

ypes of people,
types tf X i
who have atheromatass of pes of that exg ete nat so vague,

the small arteries, and the Ja
. v 2 1ge artetses
9\, and vice versa, In some cases, the cerebral, i other cases

o
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the abdominal arteries arc free of changes. T think this is just one
aspect of the same problem.

Engle: That is night, except that this is a constant phenomenon in
most women, isn't 1t? And various other types of atheromatous les-
ions are inconstant, that is, inconstant in relation to age or organ
affected. That is why I think the ovary is very important and really
deserves more attention,

Coudry: We have made some experiments and observations on
monkeys.

Engle: 1 have exammed histologically the reproductive organs of
a great number of adult monkeys. It may be important in evolution,
but in all amumals that we know, reproductive performance will con
tinue throughout life. Beginning shortly after puberty, most animals
will begin reproductive performance, which continues to the end of
their life span. Woman does not do that,

For that reason, 1 was interested n the monkey. In our monkey
colony at Puerto Rico, where we had free-rangmg animals I was able
to take a few of them at what I knew to be old age and examme them
These old grandmas were reproducing, slowly, it 1s true, but when the
reproductive system was examined, they still had Jots of active eggs in
their ovares, and only a limited number had any degree of vascular
pathology. But the monkey is a rather remarkable animal because one
just doesn’t see vascular pathology in the normal, free-roaming animals.
Appatently the monkey doesn’t have anything worrymng hum and he
cats the right things.

Trom the standpoint of evolutionary change, how does 1t happen
that all the lower forms have this reproductive facility and capacity,
whereas 1 the human, intercurrent developments occur so there is an
exhausted ovary with a damaged blood supply, with complete absence
of specific sex hormones in the female In contrast, i the human male
there is a longer period of reproductive life, slowly declining but highly
effective hormonally. Why should the female expertence a greater
life span than the male?

Cowdry: T should think 1t would be remarkable 1f an occlusive
change occurred m an artery only at the human level. Many of the
differences between the sexes may not be easily related to life span.

Engle: That is quite true.

Cotedry: Tor instance, there are many other sex differences such as:
the difference 1n the hemoglobin content, the difference 1n the num-
ber of leucocytes, the difference in blood pressure, and a great many
others. I don't know how much' this tcndct}cy to dehycr an msufficient
supply of blood to the ovaries is an essential factor in bringing about

differences in longevity between males and females.
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Epdourine Aspedds

ill of goods, T have been

Logie: L bave fot Foen ﬁsy}?ﬁvéohﬂ :lz)lst (ixobf')'stcmatic informa-
P"i"““gd“l“;é‘l‘l‘ x?:kl?t :‘; ;;,Pormnt to the problem, beent hystet
3 ; stet-
tm}ﬁ{.o::‘a th: What about the ovaries th th:?cn who have been hy
ectomized? Do they show the sbame }I:ft:m}fter the uterus bas been

Engle: The avary th'at has ee}f: I have seen one of them, The
removed? \anl,} can’t recal! w enf o ents old, s bleeding, a ad
usual Pmcedu.lte, i€ a woman 15 OVET (:1 )éty o an;
bos fbroids, s 0 cemax all. B f;‘ wll iﬁ the early days they

Horath 1 was ,ust.khmkmg e ;( . s’ho id be a fair number
didn't cemove the ovaties and fherefore there ! l'h okt of mataral
af people comung up for examination now, just as the
causes .

Engle: Yes, but T haven't seen them. N

Horvath, Such ovaries should be available somewhere

Lngle: The general pathologusts are more apt to get those at autopsy,
but T doa't see them from the surgical side

Fremont-Smth What about the ovary of the 20-yearold ot 21;
yearold woman in the cycle” Do the vessels go through changes?
I think I asked this question before and 1t seems to me 1 got only a
partial answer Ate there atteriosclerotic changes at any time in the
qyele of the ovarian actery of 2 woman 1n full sexal hife? .

Engle That, I would not know, for the same reason, that I don't
see that materral

Fremont-Sninth: Well, 1 wonder if anybody does know The impls-
«ation was that there were very marked changes a little later on in ife
1 thought this was something that had been brought out sometime be-
fore and that the occlusive changes that took place m the uterne
astenses wete paralleled by the ovanan artery—and this was a human
observatton

Eygle: Oh, 1t has been described. People have commented on it
befare But, by and large, 1t has been ¢ d on by the patholog
who 15 not nterested 1n steroid hormones, and 1 am pounting out now
that with the new technugues 1n cytochemistry and endocrine analysts,
¢ now have the tools whereby we can pick up this problem. I am not
Sy 3t 13 a new problem 1 think everybody has recopnized it for
years But Ibelieve it 15 a significant problem and 1 think, with modern
techniques, we could prek it up again and re-examine 1t and it mught
have something to do with the whole general process of aging.
Hanilton+ | wondes 1f the sex differences n vizbility, n terms of
longevity and Wfe span, are not really due more to the male side than
ll}\: :cmnlc sule of thys picture? At Jeast, 1t 15 my thesis that some of
the lesser Iife span of the male anses from kis higher rate of metabol-
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ism, and that that is the particular disadvantageous factor rather thar
the female secretions per se,

Engle: T would like to ask Dr. Levin if he would say some things in
relation to the possibility of shifts in metabolism of these steroids and
any influences that they might have in the genetal aging process No:
body has mentioned here, Dr, Levin, the somatic actions of the steroids

Levin: 1 think my 1deas are along similar lines as those 1 inferred
Dr. Hamilton to have, if [ interpreted his previous remarhs correctly.
I thunk 1f Dr. Hamilton had included his 17-ketosteroid data denved
from men younger than age twenty, the first part of his curve would
have increased rather markedly between the ages of 10 and 20 years.
Is that right?

Hamilton: Well, yes.

Lerin: A rather rapid increase 1in 17-ketosteroid excretion beginning
at about puberty.

Hamilton: Mote of a straight line.

Levin: And after the peak 1s reached a few years after puberty, this
more or less regular descent coincrdent with the phenomenon we call
“aging.” Tt 1s an accepted fact that i the male a large propostion of
the urinary 17-ketosteroid 1s derived from testicular androgen In conse-
quence, we can regard Dr. Hamilton's curve as more or less mdicating
the relative rates of androgen production throughout the life span.
Another fairly well-demonstrated fact is that androgen, particularly
testosterone and 1ts derivatives, exercises a so-called protern anabolic
effect, that is to say, it favors deposition and, presumably, synthests of
body protein. If we constder some of the matters discussed here today,
including growth of axdlary hair, the larger stature and greater muscu-
lar mass of the male as compared to the female, some of the things
Dr. Cowdry menttoned such as replacement of cells, and so on . . . all
of these are mn one sense protein deposition and therefore in patt an
expression of circulating androgen concentration.

In the male we have a arcumstance where protein deposmon and
replacement is occurning i a milteu containing higher concentrations
af androgen than 1n the female. It may be—and here 1t becomes really
spcculzlhve—tlmt as the male grows older and the androgen concen-
tration falls off, ths results i a lesser rate of praten deposition or
replacement and, in consequence, the gradual onset of a degencrative
process at a rate somewhat greater than in the female who has never
been exposed to such a high androgen concentration and whose protemn
replacement requirements arc never quite as high as 1n the male Pos-
sibly this may be related to the faster aging and shorter life span of

the male
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Anather harmonal factot to be considered in this conncclnon }115. t::t
fraction of the 17-ketosteroids, m the roale and in the female, W 13 ts
deswed fram. adrenocortical hosmones These hormones atedsz}x o
have a protein cataboic effect and are thought 0 be secrete l[S‘ g
proxmately equal quantities by the adrenals of the two sexes,‘d 0 1n
the male you have 2 situatton where the two types of steroids are
metaholically opposed to each other When the :{nabollc compuner}\lt,
comung, from the testes, drops out, the poot male is left with only the
catabolic portion which would, in such a system, actually tend to hasten
his degenerative processes and demsse. In the female, on the other
hand, there s no testosterone to oppose the action of the catabolic
adsenocortical hormone and therefore one would have to postulate
aither some other counteracting hotmene which does not decrease with
carly age as m the male or, as an altenative, that the female anabolic
processes are inherently pitched at a shghtly higher level in order to
counteract the catabolic adsenal effects,

Certamly the degeneration of cells implies an creased catabolism
or a decreased anabolism of cellular constituents such as protesns. And
certamly as aging progeesses, patticularly i advanced ages, there 5
wastage and net loss of protein Whether or not hosmones are ted 1
weth this as a pumary agent 15 anybody's guess

Shock 1n considenng data on urinary excretion of 17-hetosteroids,
how can one separate the possible contsibution of the adrenal from
the gonads? Fxamination of the scatter plots of urmary 17-ketosterords
agunst age, published by Hamburger (4) or Kowalewski (12) indi-
cates that at ages below 35 10 4D years, the values obtamned in males
;r: :nd\:ahc avemgfe fs:gmf:cant!y higher than those on females, whereas

3{ s i\e age of fotty the sex difference disappeats. Would not this
todicate that at the hagher 28es 17-ketosteroid excretion is more a reflec-
ton of adrenal than of gonadal actviry>

Harulton Well, T think we are all more or less brased when there

are no facts and we have just hunches. { th
3 wutk the answer to th
present s only on the basis of st D,

Levin has sad, that the 2

guesses ‘The usual guess 15 what Dr.
female 1 personally

b d‘rJenalbccnmbutes 2 large amount 1n the

on't subscribe to that at afl 1 think the evid
ence

:il::x;umsmnml on that matter For example, if one vses axillary har,

nul(ﬂ s 2 measurement | am mare sure of than ketosterowds, and kakc;

! ::' [m:ncs, the axillary hare almost stops growing, and if one

hes bu the testes, the axillary hair alsq stops growng. Any adrenal

i (l uucnfko]&hc axillaty hair growth s at least mmos,
- 3?33: ;lmon\\t nztn?(her tlmm of thought in whick T am mare mier.
L 1w
e Tt SP:: lex of the groop would care to comment on

of males, 1n your opiuon, related to higher
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rates of metabolism observed in males? I have hunted all over the
literature for length-of-life data on castrates and have never found it
We have over a thousand animals now of different species, normals
of each sex, and castrates, and are trying to answer that question. The
only data I know of are on a colony of eunuchs and noncastrate men
living in the same institution, where the eunuchs are longer lived and
live almost as long as the females 1 that institution. This is the only
evidence on this matter that I know of,

Haowever, there is circumstantial evidence that with castration, all of
the basal autonomic functions that we have been able to measure,
decrease.

We had originally worked on only a few men before and after
castration. We now have data for about twenty-five such individuals.
These are especially good data in that the same man serves as his own
control before and after castration. Decreases were observed in pulse
rate, hemoglobin levels, quantity of erythrocytes per unit volume of
blood, BMR, total respiratory volumes~—anything we could think of
as a basal function showed a decrease after castration If one is fatal-
1stic and assumes that we have only a certain ability, genetically estab-
lished, to synthesize protesn, 1f you wish, ot a certain amount of living
to expend, then life at higher rates of metabolism would bring about
a more rapid expenditure of this potentsal. ¥ am not sure that we are
dealing with higher rates of metabolism. It might be total expenditure.
In some members of the msect world, certainly one can take the aum-
ber of heart beats times the length of life and come out with a con-
stant. [ think that has been done by various people

Hedbrunn: 1 don’t think so

Hamuiton: Would you care to take over, Dr Hedbrunn?

Hedlbrunn: ¥ don't think there are enough data to prove that for
insects

Hamilton: The data 1 was thinking of were speafically those for
Daphnia by MacArthur and Baillie (16, 17) and for flies by Locb and
Northrup (15).

Helbrunn: On the rate of metabolism?

Hamidton: No, on the heart rate and CO, production in the case of
the Daphnia

Heilhsunn: The length of ldfe in msects varies from a few hours to a
dozen years, and 1t would be very hard, I think, to establish a constant
aumber of heart beats for an insect, for varying life span.

McCay: When you setard rats, you have no sex difference at all; that
is, the fc span of retarded rats 15 the same for both sexes. But when
one thinks of the relation of basal metabolism to age, I wonder if theee
aren't specics differences. As far as I know, there 15 no good evidence
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i any
i the literature for a declu;]e mn\:a‘s\al x;tttngo“ﬁ; \3‘::\ ihg;embeez
ot huve berm negative
ve and rat data ha’ Vi N

ne}é:/";r;:é: I beleve Kunde and Nordlund (13) fonnd no change in basal
metabolism 1n dogs kept under Yaboratory conditions for 2 o '12 years,
However, Davss (2) has reported a fall in basal metabolism in the rat
between the ages of 6 and 30 months that was very similar to that
observed 1 humans between the ages of 20 and 65 years

Leym- 1 thank it has been rather defimtely shown that the m?le rat
has a higher spontancous actinity than the female Cestamly if cas-
trated, the spontaneows activity of the male decseases and 1f he 1s then
guwen androgen in order to replace the endocrine secretion of the testes
Ius spontaneous activity InCreases again 1 Believe thss was shown by
Hoshns and perhaps by others also

Shock Stonaker (19,20) has shown that castration dimnshed spon-
taneons activity in rats

Stesn Did the basal metabolism tncrease agamn with the admintstra-
ton of androgens?

Letsn, T don't knaw whether +ho -3 o
castrate male rat causes 20 incre
consumption lamnchnedtos [

Fremont-Smuth. 1t should be possible to determine the relationship
between energy output and longevity in rats  One could compare the
fongevity of rats that wete put m a cage and run for long times with
similar rats of the same sex which did not run. It should mean, if the
mplication s correct, that the rats that ran and thetefore used up
much more energy and had a hugher metabolism through 2 much larger

portion of their datly life span would have a shorter fife span  Now.
1s there any evidence on that? ’

McCay Yes, we did that experrment Th
e e e pertment  The rats that run tend to keep
fremont-Smab, That 1s what 1 thought

MiCay 6 you don't stare them when bronchuectasis 15 advanced

Xm stant running & at then, you just kil him off Between b‘:c:d.s x1)§
ogs, the life span of the smaller breeds, the terster, for example, 15

much greater than that of, say, the S Dernards and the DznesP Th
lerlr;cr glmup x_i_;a( more active than Jarge breeds ‘

«amiton. Theee s also evidence, returning apain to o i
;::lc;:clhc fmn flies studied by Loeb and NExth%up t}‘:at \:;g)szgh;l;\_
fe mm&lmbnhw and longevity disappeated when the ugher rates
o2t h“m l{]\ the males were reduced In the Daphmia thus reduc-

N wamﬁ t about by changing the water bath temperature. §
5. both sexes Inned longer 1 a cooler water bath (at 8° c )n
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and fhey both lived almost the same length of life; whereas when
they lived at, say, 18> C,, there was a fonger life span of the females.
When the water temperatute was further increased to 28° C,, that is
they lived at still higher rates of metabolism, the sex difference in
longevity was still further accentuated. Relatively speaking, the females
far outlived the males, although both sexes died at an early age.

Stern: To come back to the lipid cells, in the central pervous system
mn man, the most puzzling fact 1s that when you take the accumulation
of lipids as one of varions morphological signs of aging, there is 2
tremendous local duference, and it is quite constant, For example, the
Purkinje cells, even in a 95-year-old indwvidual, show hardly any lipids
at alf, and the cells, fet’s say, of the column of Clacke or of the inferior
olivary nucleus begin to show lipoids n the early twenties and in
creasingly with age. In the central nervous system, there is this whole
problem of local aging, which is something which has actually never
been investigated systematically.

Heilbrunn: The histological detection of Iipids would actually only
indicate the free lipids present, wouldn't 1t?

Stern: Yes; actually, lipochrome, which 1s more or less identical with
brown pigment, I think. But even so, if you get just the so-called
brown pigment with these methods, again, it 1s hiologically a most
intnguing question, as to why, fet us say, the cells of the column of
Clarke or certamn cells of the magnocellular nucleus in the dorsal part
of the medulla, the so-called nucleus of Monakow, show a tremendous
amonnt of lipoid very early, and other cells, for mstance, the cells of
Purkinje, even in senile subjects or people with semle psychoses, hardly
show any lipoids at all,

Cowdry: Your idea 15 that endocnne products reach the cells almost
equally and that differences in rates of aging are not correlated with
the differences 1n blood supply, s that right?

Sters: These so-called senile changes are remarkably sdependent of
vascular changes; 1 fact, 1t 1s almost as 1f there were a pamdoxica)
relationshtp, Something which 15 often neglected n the textbooks of
psychiatey, 1 notice, s the fact that semiity and artenosclerotic brawn
disease are two different entities, and 50 1t 15 that senile bramns, usually
brains of people who died from semle dementia, show remarkably
\vell-preserved, ,uvemlc types of arteres, and the other way around
You have brains with artenosclerosts, and the so-cafled semie changes
are not at all in proportion to the asteriosclerosts. That seems to ex-
clude to a certain extent the solution you have just offered to this
problem, that it may be just 2 difference of blood supply which s

responsible for this whole aging difference.
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Horvath: We haven't been able to find any difference in the btocl(:
flow ta the brain with age; that 15, just by chance analysis of pedp
wha come in to have blood flow studies done ‘There is o dnﬁeiemef.
The flow 15 still withsn the range of 50 to 60 cc. per 100 grams ©

minute.

b‘%[:z(s;;eher: If 1 understand Dr. Cowdry correctly, he meant that
hecause the changes are localized they could not be refesable to the
effects of hormones brought there by the blood. 1 could not quite
agree with that view; though at given blood hormone level the same
amount of hormone reaches every tissue and cell, the responsiveness
of the tacget Organs remains vaniable. Thus 2 cettain hormone level
may be maximal for one tissue and not adequate for another. Taking
fhus vanghiity of tacget argan response into consideration, the observa-
ton would 6ot rule out the effect of hormones or their absence on the
praduction of changes,

Gowdry: 1 am glad you have cawsed that point, because the areas in
which Dt Stern desctihed these nerve cells, one showing a heavy
amount of lipochrome and the other one nat, were right next to each
athiee so that one would expect them to recewe approxumately the same
supply of hormane, unless thete 15 4 sharp difference in blood supply
for which thete daes not seem to be any evidence I thak that you
have rased an extremely important potnt; that 1s, the responssveness
of the target organ Thys {s a conspicuous feature of aging, particw
tarly in the reproductive system

Frank That change 1n responsiveness becomes very selevant, if the
gonads ace no longer selectively absotbing the hormones 1n the blood,
does that alter the hormone balance? Then what 1s happenmg to the
:‘l Tl" b“l“"(i" O.E the body> There have been many observations during
bl ok o Gy o

i atons; basal recta) temperature, BMR, water batance,

weight, and so on - As Lunderstand s, these fiuctuations dimnssh con-
siderably after wvolution, so that you have

an organism whose ampli-
t;;dc of fluctuation has been considerably dimimished after mvo\utirt))n
ow docs that fit ato the pattern of prolonged hfe span Tt 1s true,
1sn b e, that those flucteations dimsnssh ? '
flm;./ Yes, that s a fact
Hanfton. May 1 theow o
question in here? The paradox that has
E\C:R :x;thmng us for quite a while now 1s this- It l;here 15, as there
™ thct:fv::z ut:‘ bcf (;om lse:veml lmes.d of evidence, 2 decrease with age
ot stimulating: sterord substances, 1t 15 quit
° 3 e a paradoy
that many of the condwigns prodiced by these s\err;}ds h:wle) .;2 ?n‘(-
e ¥o conditions  Qne j:
drcss, which we know 55 2 male hormonencited condition n(EG;s.
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Another one is prostatic cancet, which has some apparent dependence
on the steroids (9, 10, 11).

1 think there are many of these androgen-influenced conditions that
increase in incidence with age, while the titers of the stimulating sub-
stances are apparently decreasing. That is, I think, a very important
paradox. We made the tentative assumption that the role of the
androgens in things such as baldness was that of simply setting the
stage; that is, one had to have threshold amounts but, beyond that,
the controlling features were not greater quantities of androgens but
were changes in the responsive tissues, as mfluenced by age, inter-
current events or other factoss.

Engle: T don't think there is any paradox there at all. You are just
dealing with a difference 1n the life history. If you will forgive me, 1
will not make any comment about baldness, because I don't know any-
thing about that, but since you bring up the problem of cancer in
relation to steroids, the relationship of avanan sterords to endometrial
cancer and testicular steroids to prostatic cancer 1s just too close to be
ignored. But in the natural history of the disease, we know thete is a
declining ncidence of androgentc substances and an increase in the
incadence of prostatic cancer. But prostatic cancer is a long, slow de-
veloping disease I have seen microscoptc evidence in autopsy cases in
relatively young men, where you know it would not be clinteally diag-
nosed for another twenty or thirty years. I think the same thing 1s truce
of endomettial cancer. It 15, of course, an aphorism among gynecolo-
gists that the woman with a bloody menopause has a frequency of
carcinoma of the corpus utert of about eight times that of the unesent-
ful menopause. Well, that bloady menopause sndicates that you still
have an ovarian function that 1s struggling It does not drop out of
the picture at once There ts an increase in the number of atretic
follicles, and therefore an increase in sterord production And there,
again, the cancer-favoring process operates over a very long period of
pears.

’ It is true, I think, that there is a certain biological substrate that 1s
more or less susceptible to the development of carcinoma in these
speciﬁc target organs that are responsive to sterowd stumulation  For
instance, the correlation between breast cancer in women and subse-
quently, ten or twenty years latet, the dcvclopmcnt of a carcinoma of
the uterus, 1 think, 15 just too high to be regarded as being happen-
stance. I think there 15 a very definite relationship between these two
organs which are target organs for the estrogenic sterords and eventu-

ally develop cancers.
Cowdry: As 1 understand it, the figures show that 1f you have anc
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prmary cancer, the chances of hay in;l: a secondaty primary Cancer ¢
six tumes 35 geeat. I tklhl;: the case?
1o Somettung like that
f;:,i :),; R’:lhd\hn‘: that apply to other cancers besides those you
e mentwand? .
; f:v:g!e, The only other associatton 1 know is what Moore Po‘“‘“!
ot He was studyng prostatic caneer, and the most fre.q\lcnt pamary
carcet pouenng 10 relation to Prostatic CARAINOMA Was 1 the thyrond
In women, 1 am almost certain that the highest correlation 1s betneen
breast and endometnium
Codry Yes, but 1f vou are really considering froquency from the
satustical pount of view, wouldn't you agree that the tendency to pro-
duction of squarmous el carcinoma of the epdermus 1s really very high
rmdecd and sgnored because such tumors are always cured ot nearly
alnavs aured?
ler. Yes, 1 thiok at s
Crudry Tthnk that the remark about proten formation under the
influee of testosterone 1s very impottant  Thus should be futther
dicussed  There have been no remarks as yet about the tumover of
labeled subwtanees 1 vanous tissues. Have we any accurate data for
naderation? As 1 recall, the tumover of labeled calaum 15 very
wasideaably reduied 1 eprdermal cancer compared with that in nomal
epdermis We have this hind ot evidence to consider, as well as dif-
terenues an the total amounts of calawm and other matenals  The
tnreae i calaum with age m the medual laver of artenes of males
ts greater than st s in females Isn ¢ that so, Dr Stecle?
Steele Yes, Vthunk st is
Condn The deurease of calcum with advancng years in the bones
of males s, Tbeliere, greater than that w females
ltlr ;-:) \\hhl:‘ lhr:e m lhlc n‘l. \m‘: Tdont know about the human
i Prens to phosphorus in those mstances * The calium
5. does the phosphorus shaft mversely with w?
Coudry 1 dont know
Iffr‘r:'.:h .‘\r:\\wu n\;\\ refernng to changes i calaum content of bone?
o 1 Wespobe tirst about epidermus and then stifted to bone
. A'kn 1was nles about the calowm i the bone, that s, the
verwn of a3t bone When animals dic of
arth demcer b, s dic of old age, the female dies
Coidey o 0 spite of the fact that she Ines much longer
the Iak of Jm:;“”‘"(,s what Lsad, doesn’® 02 — that n the male,
“‘l‘f\ﬂunn.n m\(ﬂ(‘::?.numnn m caleem) 15 more marked aged
MCay That's nght
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Another one 15 prostatic cancer, which has some apparent dependence
on the steroids (9, 10, 11).

I think there are many of these androgen-influenced conditions that
increase in incidence with age, while the titers of the stimulating sub-
stances are apparently decreasing. That is, I think, a very important
paradox. We made the tentative assumption that the role of the
androgens in things such as baldness was that of simply settng the
stage; that is, one had to have threshold amounts but, beyond that,
the controlling features were not greater quantities of androgens but
were changes 1n the responsive tissues, as influenced by age, inter-
current events or other factors.

Engle: 1 don’t think there 15 any paradox there at all. You are just
dealing with a difference in the life history. If you will forgive me, I
will not make any comment about baldness, because I don’t know any-
thing about that, but simnce you bring up the problem of cancer in
selation to steroids, the relationshup of ovarian steroids to endormetrial
cancer and testicular steroids to prostatic cancer is just too close to be
1gnored  But mn the natural history of the disease, we know there is 2
declining cidence of androgenic substances and an increase m the
nadence of prostatic cancer. But prostatic cancer is a long, slow de-
veloping disease. 1 have seen microscopic evidence 1n autopsy cases in
relatively young men, where you know 1t would not be clmcally drag-
nosed for another twenty or thurty years. I think the same thing s true
of endometrial cancer 1t 15, of course, an aphonsm among gynecolo-
gusts that the woman with a bloody menopause has a frequency of
carcinoma of the corpus uters of about eight imes that of the unevent-
ful menopause  Well, that bloody menopause mndicates that you still
have an ovanan function that is struggling It does not drop out Qf
the picture at once There 1s an increase 1 the number of atretic
follicles, and therefore an increase i sterord production And there,
agam, the cancer-favoring process operates over a very long period of
years
It is true, I think, that there is a certain brological substrate that is
more ot less susceptible to the development of carcinoma in these
speatfic target organs that are responsive to steroid stimulation. For
mstance, the correlatton between breast cancer in women and subse-
quently, ten or twenty years later, the development of a carcinoma of
the uterus, I think, is just too high to be regarded as being happen-
stance. 1 think there 15 a very definste relationship between these two
organs which are target organs for the estrogenic steroids and eventu-
ally develop cancers.

Cowdry: As 1 understand it, the figures show that if vou have one
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primary cancer, the chances of h:win’g a secondary primary cancer atc
six times s great. lsr;‘; th‘:\; Iihc case!?
: hing fike that, .
EC]:;%I f;r)s:o:?d dgesn'k that apply to other cancers besides those you
oned? .

ha‘éen;;::m’;‘he only ather association 1 know is what Moore po‘u\lcd’
out. He was studying prostatic cancer, and the most frequent p‘:lmag
cances occurring 1n relation to prostatic carcinoma Wwas in the thyroid.
In women, 1 am almost certain that the highest correlation 15 betaeen
breast and endometrivm. .

Coudry. Yes, but 1f you are really considering frequency from the
statsstical point of view, wouldn't you agree that the tendency to pro-
duction of squamous cell carcinoma of the epidermus is really very high
mdeed and 1gnored because such tumors are alwzys cured or nearly
always cured?

Oliter. Yes, 1 think 1t is

Couwdry: 1 thunk that the rematk about protein formation under the
wfiuence of testostesone 15 very ampartant. This should be furthes
discussed There have been no remarks as yet about the tumover of
laheted substances wn vatious tissues  Have we any accurate data for
consideration? As 1 recall, the tutnover of labeled calawm s very
considerably reduced 1a epidermal cancer compared with that i normal
epidermis W have this kind of evidence to consider, as well as dif-
fesences i the total amounts of calcium and other matenals The
increase i calaum with age n the medul layer of actertes of males
15 greater than 1t 1s 1n females Isn't that so, Dr Steele®

Stevle: Yes, 1 think 1t 15

Coudry The decrease of calcium with advancng years 1n the bones
of males ss, I believe, greates than that n females

AMeCay It s true in the rat, but 1 don't know about the human

Engle \Vhat happens to phosphorus 1n those instances? The calcium
shifts, does the phosphorus shift inversely wath it ?
Coudry: I don't know

Letin Ate you now refersing to charges m calcram content of bone?

Coudry We spoke fisst about epidermus and then sl
ey e spoke f P 15 and then slufted to bone,

g about the calawm 1 the bon
densay of rat bone  When anmals dee of old age, thee, ;};:nllj ({Fei
thci‘\ denser bone, 1 spite of the fact that she lives much longer
" 4;u'dry That supports what I sard, doesn't 1t — that n the male,
e lack of density (reduction 1a calcum) 1s more marked i
males than 1t 15 10 females rec i aged
AleCay. That's ught
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Levin: This is very intecesting for it is in perfect correlation with
the demonstration by Gardner of Yale that estrogen administration to
mice for long pertods of time leads to spectacular deposition of bone.
In some of his animals almost the entire marrow cavity was filled with
solid bone. Here agan you have an endocrinological mfluence.

Engle: That, again, is only in the mouse and chicken.

Lezsn: That is right. I'm not aware of any such demonstration in
humans but then again, the comparable experiments probably haven't
been done.

Goldzieber: Clinical experience in humans which, of course, does not
represent well-controlled expeniments, shows that male patients with
osteoporosis do very well on testosterone administration alone, Female
patients with osteoporosis given estrogens do improve but not nearly
as rapidly and completely as if testosterone 1s given ssmultaneously or
alone without estrogen. In other words, in the aging human, recespec-
tive of sex, testosterone is more potent i tmproving the calcum bal-
ance of the osseous system than estrogen.

Lerzn: 1 think that n this connection we must consider the formation
of bone 1n 1ts entirety Bone consists of two distinct portions, a protein
matnx and the minerals, calcium phosphates, carbonates, and so on,
which are deposited on or n the protein matrix. I don't believe real
bone formation occurs without the prior formation of a surtable matrx
and to get this protein deposited I should imagine a protein anabolic
substance would be of constderable benefit It is probably for this
reason that testosterone, and also growth hormone, are of value.

Goldzeher: That sounds very good and 1s indubstably correct bio-
chemically, but it ts hardly acceptable from the viewpoint of the pathol-
ogist. In the osteoporotic aged bone, there is still some of the protein
matrix left. It shows evidence of halisterests, 1.e, elution of the cal-
cium salts. Decalcified protemn matrix may be present fairly extensively
in senile bone tissue.

Cowdry: A change in the composition of protein matrix may occur.

Goldzeher: That is possible

Engle: 1 think that may be the difference, because I am quite sure
that Dr. Levin's point 1s correct. If you are dealing, say, with retarded
growth m rats, or dwarfism, the primary function of the use of testos-
terone is to get an adequate protein matrx laid down fisst, and then
the calcium phosphates and carbonates are deposited. However, m
aging you are dealing with an m\'f)luhon of !l}c honc':md you have no
way of knowing what the change in the protein 'm:ltnw substrate s

Goldzieher: That is right.
Fremont-Smith: May I make a cross reference to our conferences on
metabolic intetrelations (18)? I remembes that Albright started out
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remise, that 1t was fisst necessary to lay down a protein
xmxihi;ttopwhich ‘calgium salts could be deposited and tlmt‘._thcrf\frz::.
by use of andsogens, one would be able to facilitate bOnZ bealing. e u;
{'am under the impression that ’t\m never could be cmons(m..(c] °
wotk in experimental bone healing. 1 behieve there is smnv.c evi c:\cx
suggesting that calcification takes place simultancously with matr
formation, rather than 1 a twa-step process—here, 2gain, COMINE toa
quantitative intetrelation between quantity of matrix and quantity of
alafication N .
Cotdry: Wouldn't it have to do with calcium bnu!lng by protein?
Of course, the unbound calcm is going: to be deposited unless—
Fremont-Smith: The whole nature of what bone is chemically, and
even the patute of the calcum saits and the state of calcium in the
blood, are ot cleatly understood, as far as 1 can make out (18).
Coudry 1 was thioking, of course, ta ths connection about what 1
hope to say tomorrow morming, as to the relationship of the proteins
and the amno acids and the fibers to the accumulation of calctum,
Shock Is there any evidence that n older snimals, When you stsmu-
late cafcrum setention, all of the caleium goes to the bone and not to
ather soft tissues where you don't want t?
McCay: We have tnied to get at that for fifteen or bwenty years and
ever had any evidence of soft tissue calarfication related to dict.
Shock: But, newther the dog nor the rat 15 subject to the deposition
af calcrum 1n soft tssues
McCay The rat 15 very much subject to s, ¥ should say We sce
heavily calcified soft tissues, especially the Yadneys, in our rats. We
pick them up under the X-ray all the trime We have never had a cor-
relation between holding an ammal 1a balance and mare calcfication
10 some of the soft tissues as 4 result of doing so
hn{r’r:}’i; :Vh“ 1 am getting at is, is it possible that one might do more
good to an aging ammal by increasing ats calcium retention ?
MeCay We never had any evidence that when we hold rats in cal-
cum balance by grvng them more assumilable calcium, they get mote
;’c‘:t'f:)‘:‘“’“' say, m the kidney, where the rat 1s very sensityve to calcie

Shocd: What about the
Ppattents who are treated wii
osteoporosis> Ts there am o o for

asteopor y evidence that the vascular system suffers as
Galdzieher: We have no such evi

idence and at least so f;
findings zre avarlable At this potnt I would like to con?;‘:aocl?ut:?*t’;z

" N .

3: Vs\nvofno roie‘c‘alcmm depasits o the protein mattix which 15 either 2

deca‘?ﬂﬁc ar‘n or an old one; the latter persisting after some process of
100 The amount of calciom salts which can go into that
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matrix is highly variable; in other words, a given protein matrix may
show incomplete calcification—calcification comparable to that of ordi-
nary bones, or it may turn mto extremely sclerotic bone tissue with a
much higher than normal calcium content. Therefore it would seem
that the protein matrix is not the only determining factor which regu-
lates the deposition of calcum salts but that other forces must be also
operative, be they local (pH) or humoral (steroid hormones).

Cowdry: You will admit that when you look at the protein matrix,
you can’t definitely say whether it is changed or unchanged?

Goldzieher: No, one cannot.

Cowdry: It may very well be that there are differences n the protein
matnx that we know nothing of.

Goldzieher: That is right.

Fremont-Smith: Caustng a difference m the matnx atself; in other
words, a matox which accepts and doesn't accept calcum

Cowdry: They could be very different.

Levin: As far as the two-stage reaction 1n calcification you mentioned
1s concerned, T did not mean to imply that it is of necessity a one-two
reaction. As I recall, in the flat bones of the fetal head one sees not
only carly calcified bone but also sucrounding 1t a noncalesfied sub-
stance which the histologists call osteosd  This is explamed as beng
the protein matrix and that the calaification process 1s advancing into
it as the bone develops and grows 1 think one has to admat that at
least 1 tlus case the formation of protein matrix precedes the calcifica-
tion process.

Fremont-Smnth 1 think you are quite nght on that 1 think it counter-
acts the statement that st 1s always simultancous, because, obviously, 10
that case it is not.

AlcCay: 1 was thinking of the sex differences that Albright pomts
out n hs book on the parathyroids (1). His X-ray photographs of
patients with postmenopausal osteoporosts show characteristic changes
1 the bone, but no analogous bone changes are reported 1n aged males
Is there nothuing in the male that compares with that menopausal cal-
cium loss?

Engle: No, T don't hnow of any ather phenomenon  The frequency
of clinical osteoporosts 15, of course, very great 1n the female

Hannlton: The radiologists report bone changes after castration n
the male

Stcele: But isn’t st nteresting that this proten or calaum-retaming
action of testosterone does not seem to be fmhed with androgentc
jon? We have been using 17-methyl-androstanediol that ap-

stimulat
ears to have none of the male bormone effects, and yet we can get
! jon of protem. I think the work of John E. Howard at fohns

retent:
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Hophins Medical Schaol showed that §f you did ‘;“t y;v:té\:\ &;‘:“1‘:
P cin batance, 3o could aat make him store caftasst, LG

i protein ba 7 V N [¥S ethung ese wrong.
15, of cowrse, peifestly tight. Thete might be som balance, but
Cileiom 18 fot abways setained when you have proten .n ance.‘ ;‘
serenion of calcium e sepais of the bane do not usually oveur witls

sitive mirogen balance, i

culr fung(:;m.snmlv: gerson:xﬂy, 1 think starvatioa comdn't head a feme
There mnst be 2 ot of chinital evidence ars that .

Coudry Does 17-methybandrostancdiol act Iike 2 fuctabolite

Sreede 1t seems 1o have the sare ansbolic actn as testosterone

Lgle. Tt acts the testosterone i ity amgsohc actien in telation to
protem, wesght, geowth, new proten deposition, and calcrum retention,
but st does nat have the genstal activines of testosterone 33 seems to
be relatvely mmert 1 activating tbe gemtal spstem

Goldueber. Yes, 've had the same expesienee.

Engle: We are using 1t quite extensively now for the pospose of
wtifiang a substance which will act bike testosterone s the genetal
somatic metabolism but have no actrop on the genial orgaas

Hatwrltan: T wonder of we don't have to consider more than generat
bady-wade actions here? For example, many of these anabolic actions
of andropens, particalatly testosterone, can oceur locally  One can
apply some of these andragens to duscrete areas and get a growtly
stinutation 1 thase aress wathaut any general effect over the entue
body 1 dan't Laow that 1t applies to the calcrumn problem, but u ces
tamnly does to certatn other ussues such as the shin

Prepsont-Sputh- In hine with that, docs my questian come 1n abaut
the healing of 2 Fracture m 4 starving wddual or a stasving anemal?
35 1 possible that there coudd be a redsstribution of protetn o that st
would be avaable to make matnn? There must be some <hinical evs
dence on that, where people have been tnjured, have kad fractutes, and
bave not had food s there any eerdence that they don't hest® Can
you answer that, Dr Steele?

Steede 1 don't thunk 1 can, except that they knew that bones wath
fractares did heat tn the Japanese pruson camps, and thase prople were
presumably not 1n nitrogen balance But there 1sa't any direct evidence
:“ % beeause as Starvation progresses—f they are just getting a hitle
(‘:C:;f protem, nitrogen exczetion dimmshes so that you can's be per-

LZ ‘f?‘;;“ whether they were m nittogen batance or riot.
pmt:‘:\‘ dur:n T‘fﬂmrimﬁl&p 0 copnectian with the sedistsibuton of
Wit the or fn{;m C:n ehcienty as ta nuainutnton, § have always felt
ampte, Py i« fasten gxiﬁgi‘)ﬁmmﬁf it 3 homeostatie sense. For x-
masdle and other st ¥ will make ase of sts own proteins from

€5 10 Synthesee 2nd mamtan g proper fevel of
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a vitally necessary protein such as serum albumin. Of course, this
mechanism will finally break down after long-continued protein de-
ficiency but for a while, at least, here is an example of protein redis-
tribution which obviously maintains a vital substance at the expense of
others which aten’t quite so necessary. I would think that a similar
protein redistribution, making possible bone or wound healing, would
also be within reason.

If T may, I would like to go back to the paradox which Dr, Hamilton
raised. If we superimpose on Dr. Hamilton's curve another to indt-
cate adrenocortical secretion during the life span, and 1f we then cal-
culate the ratios betwen the androgen which 1s protemn anabolic and
the adrenocortical hormone which is protein catabolic, you can readily
see that we get a constantly changing ratio between these two opposing
types of hormone actwvity. This, in turn, may have a real effect on the
metabolic activity of, for example, the hair follicle which is laying
down protein in the form of hair. The changing hormonal ratio thus
may of itself be an important factor in causing changng rate of hair
growth or other such local actions I think finally we must come down
to the physiology of the cell itself, about which Dr. Heilbrunn was
speaking during the intermussion, and to the effect of these metabolic
hormones on the intracellular processes because ultimately we are deal-
ing with the collective metabolism of individual cells.

Heilbrunn: My name has been mentioned, so may I say one thing?
I found this discussion extremely interesting, and it is very pertinent,
of course, to the aging of the testis and the ovary But i my opinion,
for the general problem of aging, the ovary and the testis are'not in
themselves of primary importance because, as has been pointed out
here, animals without ovaries and animals without testes have no very
different life span from normal animals It was shown years ago that
castrated dogs had no very different life span from those with very
active interstitial cells 1 the testis; so that although the problem is of
very genuine mterest in regard fo the aging of the testis and ovary,
the use of androgens or estrogens does not appear to be of primary
importance in the aging problem over-all—or at least so it scems to
me [ would be glad to be corrected

Steele: Does anyone know what the difference between males and
females would be 1f morstality were reckoned without including coro-
nary thrombosis. Do you know, Dr Simms?

Simnse-1 haven't made any comparisons except on chronic nephrtis
and tuberculosss. In both cases the women have a higher death rate
below middle age and the men after middle age

Fremont-Smith: That would not be very hard to calculate, though,

would it?



Endocrine Aspecds 49

smms: No, 1k would be very easy.

i:‘:i!lzxmym: These are othe? factors, though, A man gocs to work
and gets into an industrsal accident ot is hit on the street.

Steele: You could pick out a few things like that. 1t would be mtet-
esting to hnow what rematning duffecences casted, and the specific
things that made the difference. .

Hamilton- 1 would chatlenge whether coronary thrombosis s\m\\\d.bc
excluded  \hat right have we to assume that this condition, which
has a higher incidence 10 males than in females at easly age of life,
Amersiebas st coa= e T T v weofyout

- L (8).

Golduehes: With respect to the seemungly paradoxical effect of
steroids, T have to bung up again the imp ¢ of the resp ness
of the target organ which explamns why we may observe hotmonal
effects at even lower than normal levels of hosmone production and
asealation As a specific example, I gave you the hypogonad male. The
hypogonad male, at the time of pubesty, 15 almost mvarably affected
with a great deal of acne—far mote than the young adolescent; this
acne does not subside spontaneously even past the age of adalescence
whereas the disease is selff-imiting 1n the ordinary adolescent, Yer
sterord hormone production 1s much higher 1 the latter than in the
hypagonad It 15 known, moreover, that acne 15 produced by the direct
effect of the male sex hormone on the sebaceous glands of the skin
Nevertheless, the hypogonad, w spite of hus low andragen production
develops acne and carties 1t well nto adult Wb This paradox must
mean that the response of the skin and 1ts sebaceous glands to stetoid
stimulation 15 different 1n diferent indviduals  one tesponds exces-
sively 1o a Jower level of stmulation whereas another does not react
even to higher dosage

Hanulton May 1 2dd 2 comment®> We have had a chance now fo
study & great many people who were castrated before matunty and in
n(gk one af them has acne ever occussed; so there 1s a threshold level
ﬂﬂtszs;ls shec:euon necessary for atne We have never seen it in any
Eem( r‘:\at(:; ‘\;v!a::mdepmed of testicular fuactian dustng the time for

Goldzeher: What 1 sad 15 true only in

respect
not the castrate 1 agree with you absolutely espect 10 the hv?ogonad,
Hapls

el on 1 x;zas trying to clanfy the sssue, The term hypogonad,
hstm?s: } nart 1e! en;ng u:),s does not mean absence of testis sccretim;
tts complete absence no atne devel M
St very Loy evetops. Moreover, castrates
es for
Sorface 0" sebum as collected {rom the skin 1 vatigus
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Engle: Dr. McCay, I suppose you will want to be closing the session
shortly, and I just want to make one statement on which 1 had really
planned on getting a discussion started, something on the role of the
thyroid, which hasn't been mentioned. ‘There has been only casual, inci-
dental mention of the adrenal cortex and the parathyroids here this
morning, all of which ate important in this problem of aging. If this
morning session has been devoted more or less to the ovary and the
testis, that is just too bad, 1t reflects my own interest rather than the
problems of aging. That means we have to have another session some
other time for those other important endocrine organs.

Fremont-Snnth: Doesn’t the discusston this morning illustrate very
nicely the necessity for doing two things simultaneously, which we have
in a sense been doing here? One is to speak of specific organ cells,
and, for the other, to look at the Gestalt, the totality of the growing
organisms, and that we cannot possibly understand any process and
certainly not the process of aging unless we keep looking at the Gestalt
within which these particular and more spectfically interrelated proc-
esses take place.

Cowdry: As the philosopher says, if we understood everything about
the little finger we would understand all about the whole body. These
very remarkable regional differences that have been mentioned, to-
gether with the profound general differences, the differences in respon-
siveness as well as the differences 1 amounts of substances in the cit-
culation, make a mixture of events extraordinanly difficult to analyze.
But I still think the kind of data that will be most helpful are the rates
of turnover of labeled matenals in the several tissues of the body.

McCay: You see regional differences in radioactive work where the
turnover of radioactive calcrum is much greater in the vertebrac of ofd
animals than it is in the long bones, such as the humerus or femur
We see that constantly 1n our old rats and dogs, where one finds differ-
ent rates of turnover n different parts of the skeletal system,
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Engle: Dr, McCay, I suppose you will want to be closing the session
shortly, and I just want to make one statement on which I had really
planned on getting a discussion started, something on the role of the
thyroid, which hasn't been mentioned. There has been only casual, inci-
dental mention of the adrenal cortex and the parathyroids here this
morning, all of which are important in this problem of aging. If this
morning session has been devoted more or less to the ovary and the
testis, that 15 just too bad. It reflects my own interest rather than the
problems of aging. That means we have to have another session some
other time for those other important endocrine organs.

Fremont-Smith: Doesn't the discussion this morning illustrate very
nicely the necessity for doing two things simultaneously, which we have
in a sense been doing here? One is to speak of specific organ cells,
and, for the other, to look at the Gestalt, the totality of the growing
organisms, and that Wwe cannot possibly understand any process and
certainly not the process of aging unless we keep lookng at the Gestalt
within which these particular and more specifically interrelated proc-
esses take place.

Condry: As the philosopher says, if we understood everything about
the little finger we would understand all about the whole body These
very remarkable regional differences that have been mentioned, to-
gether with the profound general differences, the dfferences in respon-
siveness as well as the differences in amounts of substances in the cit-
culation, make a muxture of events extraordinanly difficult to analyze.
But [ still think the kind of data that will be most helpful are the rates
of turnover of labeled materals in the several bissues of the body

McCay: You see regional differences 1n radioactive work where the
turnover of radoactive calcium is much greater in the vertebrac of old
animals than 1t 1s 1 the long bones, such as the humerus or femur.
We see that constantly m our old rats and dogs, where one finds differ-
ent rates of turnover in different parts of the skeletal system
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{ wourp like to say that 1 am delighted to be l\crg. 1Itis t?)c fnsl of
these meetings that T have attended, and Dr. Hoskins didn tl )gnd e.dm_c
very many wnstractions. Not knowmg what was wanted, 1 really dida’t
prepare anything

Frenont-Smath: That 15 Just what 13 wanted. .

Steele: Good! Tt always seems to me a very hard thing to try to
distinguish between whethes something is 2 disease or & norm.ai aging
process, and 1 thunk every one of us has increasing difficulty in tryng
ta separate the two i our munds. If 1n one particulas organ or system
thete are changes that outmn the changes in the other organs, I sup-
pose we tend ta thunk of it as a disease, whereas 1f all of the ergans
tend to detenorate at roughly the same speed, then we ate mare apt
10 think of &t as & natural process moving with time. The longer you
Yive, certaraly the more chances you have of some “bup” futting you,
ot atmost any type of acaident, and, perhaps, the longer you live, the
more chances there ase that some of your organs will wear out.

When t comes to cardiovascular disease 10 aging, 1 am afraid my
mind 15 one-track 1 do not see how you can get around the fact that
whether 1t 15 labeled “disease” of “aging,” the common garden variety
of arteriosclerosis 15 about 99-44/100 per cent of the problem Now, 1
am perfectly aware of Dr Lanstag's beautiful work on the continued
changes that occur 1n artennal walls—the increase in calcram content,
the changes tn the enzymes and aming agids which seem to change with
tume and which precede the development of atteniosclerosis {26,27).
There may well be something that happens 1o the attenes in prepara-
ton for the seh

irregular devel of arteriosclerosss, but
at least 25 far a3 the health of oMer people 15 concerned, arteriosclerosis

15 the most important disease 3 have always thought that st was per-
haps 2 pity that Dr Osler ever made or repeated the statement that

2 man 55 as old as hus artenses Tt has mbmudated a great many people
from setung about the study of artesosclerosis Thinking tha!; v?ay

33
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Well, these obsecvations set me onto another trend, and that is some

et which T would like to hear this group's opinion. Thave &
thing abot Wh‘c.h I,\ e > 5T ne bas to study
noton that, 1o . None of these
m;“;:ﬁ:g’?:ﬂ . .- « coronary occlu-
E\Ewr{js o1 soything else [ wonder if the' disease can’ (hrc;ll)'_ bfcc::g\:
stationary for a good petiod of ime  During that time the basic fa

ight not be evident. .
m%hft coutse, one thinhs of hypertension as one way of shongg a
relationshsp of wear and tear to the arteriosclerotic process. Where
the greatest stran 15, where the greatest pressutes as¢, ?nd when hyper-
teason 15 present, there 15 usually more asteriosclerosis obsm"cd than
offierise OF course, 2t the present, time, so mmuch has gone into the
stady of lipids and the associatson of lipd disturbance with actetio-
sclecasts from the expetimental approach, from Anitschkow (2) on
down conceming the relationship between high cholesterol levels and
the appearance of the lesions, that almost all the studies of arterio-
sclerosis today deal with some form of measuning or some way of
studymg hipid metsbolsm, Evenbody knows of the extraordwmarily
good work Stemer and Kendall and theie associates have done on
dogs (40). The disease which they were able to produce in dogs by
feeding cholestesol and the antitbysosd deug, thiouractl, simultaneously
was more nearly a facsimile of human arteriasclerasis than prior ex.
penmental attempts ‘The objection raised to the use of rabbits who

R * terol-phospholipid

1w ether the dog

o vauiteu, nendati developed the notion that this satio

was important and that &5 one approached the ratio found in man, one
mught develop arteriosclerasts spontancousty.

With that point of view m mmd, we thought that peshaps, sather
than just phopholipids i genesal, one fraction of the phaspholipds
might be more important than another. Lecithin makes up about 70
per cent, sphingomyelin 15 or 20 per cent and sn-tot -
cenit of the total phospholiy

that some wdividuals do »
all Hee- 0

to by .
from

by 4

pive Witn enolesterol and phapha.
hﬁ\d vawes all aver the lot and barm, the tatios between (her:};os:
phosphalipd Esactions themselves as opposed to the varability of the
rato of phosphalipid ko cholesterol did not change The ratio of
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strongly suggested that the process was more or less part and parcel
of a natural process and that no one could, therefore, do anything
about it. Nevertheless, the evidence is quite clear that there are possi-
bilities of influencing the development of arteriosclerosis without ever
really understanding its complexity or origin.

It seems to me there are many ways of going about its study, fisst,
from the pomnt of view of racial characteristics and dietary habits of
peoples. I have always been impressed with the sort of loose informa-
tion that comes back from Okinawa and from China and from Malaya,
that the various races have less arteriosclerosis than we, and yet, from
the data as they come, it 1s hard to distingwish whether it 15 a hereditary
affair or whether it 1s a difference 1n habits, chiefly eating habits. At
Goldwater Memorial Hospital, we have had something like fifteen
Chinese patients die. They ranged from fifty to seventy-five years, and
1 don’t think there have been better examples of generalized arterio-
sclerosis by X-ray 1 any group of individuals than 1n the majority of
those Chinese

It has occurred to me that 1f one could study the Chinese m Cluna
and the Chinese in Ametica, and the Americans in China and the
Americans in America, by the same methods, with comparable groups
and comparable techniques of analysss, one couldn't help but come up
with some answer as to whether differences in degree of arteriosclerosss
were due to dietary (environmental) differences or were racaal charac-
tenstics.

I have been trying to carry on a study of a small number of people
over a long period of time, rather than to collect statistical data on
many subjects. There 1s a group of fifty to sixty persons that we have
followed over a period of nearly ten years We had thought that we
might carefully document the kind of food they ate, the sort of people
they were — whether they were vegetanans, of what extraction they
were, or what thewr family eating habits were — and try to cotrclate
these facts with the presence and further development of arterio-
sclerosis. It became obvious that the means by which you can document
the presence ot absence of artertosclerosts n human beings are extiaor-
dinanily poor. You have to rely on some indurect sort of happening
like a coronary occlusion or cefcbral hemorrhage or on serial X-rays,
plckmg up the addition of calcium m the aorta or in the vessels of the
leg. What has really amazed me is that in these sixty people, the
artenosclerotic changes have really been more or less statc. There
wasn't enough change in degree of demonstrable arteniosclerosts dur
hole period in these persons who vaned from fifty-fise to

ing the Wl c
e correlate with anything.

seventy years of age, to
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N : sup-
S ik (16 o s AR s ot o
port fo the idea that changes in pus ¢ As 1 recall the study,
e b i d?‘g‘c);:ﬁ:c::as‘: eina:l:?ndinl pulse wave velocity
g et e (e ae st yers) who b no s
evdence of arteriosclesosss. Beyerholm (3,4) bas “‘534 (;CP"‘EES l:c"
inctease 1 puise wave velocity with age but fou‘nd no di cn:x:l S
tween subjects with Clinically detectable arteriosclerosis an

without,

Steele: T was mterested in hypertension at the time, and 1 showed
that the hypertensive’s rapid transtt could be ascribed simply to the
increase 1n the diastolic tension of the artery rather than to any l\ufk-
enng ot shffenng of the astery tsel€ (39). Hypedensive artetics
formed 2 normal curve 1f you corrected for increased diastolic pressure.

Shock We have been very much interested in the elastic character-
sstics of blood vessels, and Ds. Landowne 1n our Jaboratory has set up
an expertment for measunng the pulse wave velocity at different antra-
attenal pressures The techmque 1s simply to supenimpose a mech:m;al
smpact on the normal pulse wave curve, 50 that you get a series of pips
on the normally fuctuating pressure curve. He has been relating the
conduction time to pressure for each sndividual, We feel that that may
give us an index of the elastic characteristics of the vessels that would
permit some estimates of changes with age

Steele T guess 1 don't quute understand what the additional impact
2dds 1o the measurement

Shock. Well, you see, the Hallock technique really determines the
pulse wave velocity at duastolic pressure, By applysng impacts of known
amplitude and frequency 1o the vessel m the upper arm superimposed
o the narmal changes 1 pressute in the artery and then measunng
pressute changes through an intra-astersa) needle wm the same vessel
at the wrist, we can estimate transmussion time at different blood
PIessuIes in the same tdividual It 1s also possible that we can deter.
mine the effect of the nature of the vessel wall on the wave form
mdsuce;i 1n the blood vessel by the tmpactor,

teele

So that you can get the pressure time wave for various
ressutes i each pathicalar artery?

Shock: For each indrvidual
) S‘:’t’/e Yes That sounds like a very profirable thing 1t 15 a cute
i
Shock: Qf coutse, ¥ e =t - ¢ -
n the Jarge blood ves
many od men with n

- smiges it ther farge vessels, who
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sphingompelin to lecithin was so constant that it was not possible to
draw any conclusions as to which fraction was more important. The
proportion of lecithin to sphingomyelin was the same all the way up
and down the scale. It looks very much as though determination of
the total lipid phosphorus gives about as much information as frac-
tionation of phospholipids.

I don’t know how to go on from here. I would hike to know what
notions other people have for studying the cardsovascular system in
aging, from the point of view of something other than arteriosclerosis,
something like the things that Lansiag and his group are doing. Dr.
Engle suggested a really intriguing approach, and T would like to ask
him what 15 known about the way in which the umbilical arteries dis-
appear. What happens to them? What are the changes in the uterine
vessel and the ductus arteriosus? Are the changes which occut in them
1n your opmion n any way smiar to the degenerative changes that
take place in the common garden variety of arteriosclerosis?

Engle: That is extraordinanly mteresting. I must say honestly that {
never thought of it before. Certamnly, T don't know whether the mtra-
abdominal umbihical vessels thrombose at the time the cord s cut and
eventually fibrose Who would have some nterest in that problem?
It should be examined.

Steele: There is something known about it, but my knowledge is
timtted to some textbook pictures. The pictures of degeneration of the
uterine vessel are, to my way of thinking, different from the process
we are talkmg about. They are more ltke the changes you see, pcrhnps,
in the artenioles with hypertension  For this reason | had nat thought
of it as a profitable way of trying to study arteriosclerotic disease But
when yau think of the rhythmic changes that you spoke of this mora-
ing n the ovary [ wonder what kind of lestans a repetition of such a
degenerative process might produce.

Shock: in these patients that you have followed, have you used pulse
rate velocity determinations as an mdex of changes i the large vcsscls"

Steele: 1 have not made measurements of artertal pulse wave veloci-
tes since those early studies that were related to hypestenson (39}
cather than to arteniosclerosis. Hallock (15) made a beautsful study
of it, and I suppose that might be anc way of documenting the change
1n atteries beyond just simple clinical observations. The only trouble
with 1t 15 that it measures overaff ngidty T thunk Hallock showed an
increase in speed, that is to say, stiffening of the arterial wall i the
ce of arteriosclerosis Tt 3s measuring something other than depo-

absen : }
ough plague formation must contbute in some

sition of plagues, alth
way to the stiffening of the wall
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are able to get as much blood through their kidneys as the average
nonscleratic forty-year-old (5). The important question, physiological-
ly, seems to concern the status of the arterioles and small vessels. Pet-
haps investigations of changes in blood flow in other organs and the
periphery, using plethysmographs, would give us important informa-
tion about the functional status of the arterioles,

Steele: 1 am glad you brought out that point because it is amazing
to me. We have done the same thing in the study of the peripheral
blood flow that you have done with the kidney. Unless an artery hap-
pens to be blacked, and there 1s no pulse in the leg and it is cool, you
can have an X-ray that suggests just what you have described—a lead
pipe right down to the toe, and a blood flow and a vasodilator reaction
that is quite normal, With vasodilators, you can get perfectly normal
increases in blood flow through the foot with lead pipe arteries all the
way down to the toe. This means, of course, that whatever sized
arterioles are affected 1n hypertension, are not affected in arterioscle-
ross

Shock: 1 would like to show some slides to 1llustrate the changes in
renal blood flow that can be expenimentally induced in older subjects
This work was carried out 1 our laboratories m collaboration with
Dr Roger K McDonald and Dr. David H Solomon (28). As you
know, Dr Davies and I found a marked reduction m effective renal
plasma flow with increasing age (5). The question was whether this
reduction n flow could be accounted for by structural changes in the
blood vessels 1n the aged, such as diminution 1 caliber and obliteration
of pathways, or whether there were functional changes in the degree
of vasoconstriction of the renal vessels. Furthermore, we wanted to
find out whether the small blood vessels mn the old kidney were stifl
capable of responding to vasodilators. Therefore, in these experiments.
effective renal plasma flow was measured 1n old and young subjects
before and dunng the admunstration of a pyrogen. (50,000,000 hilled
typhoid organisms as 005 cc TAB vacane were njected intravenous-
ly.) The 54 male subjects studied were divided into three age groups*
young (Y) age range 20-49, mean 366, N = 20; muddle (M) age
range 50-69, mean 58.8, N = 20 and old (O) age range 70-84, mean
769, N = 14. Tagure 1 shows the average changes i blood pressure
and pulse rate for the three age groups  You can see that the older
subjects (dotted hine with open arcles) showed a nise 1n systolic blood
pressure following the administration of pyrogen (at 0 ime) whereas
the young subjects (solid Line and dots) show ed no change The dias-
tolic blood pressure fell in all age groups and the pulse rate increased
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. . ¢ 50-
showed a significant increase in (e}l]'fect‘\:x'es ;le)rj‘eacltsplzsiﬁak}?cn;\l;\l:;‘cb:? on
increase was not as great n the 0 »
T‘;e::entage basis th()e mgtgme;;tls‘}v;xe of the same order of magmtudc

=71%, M=86%, O= o).
(Y’l'his ﬁZf,re also sths the change is ﬁl'tmt.mn fractton for' the khlr‘cc
age groups. You will note that at the begioning of {he expcnmeng.l he
old group (dotted line with open cicles) had s'q:,nfﬁc:mt.();1 i:]'g!‘f'
fltration fractions than did the young group (fohd line with dots).
However, the ad of the physiological stress (Eymgcn)
lowered the filtration fraction so that at the end of the experiment all
three age groups had practically the same filtratson fraction. ¥ am
mtagued by this finding since our general philosophy has been that
the application of a physiological stress would increase age differences.
Here 15 an exatuple where the stress obliterated age differences. Ap-
pasently we cannot generalize

From our observational data we have computed renal vascular
tesistances using the formulae of Lamport (23)  Although these
formulae 1nvolve many assumptions, and we accept them with reser-
vation (25), they are as good as any we have available and lead to
some imterestmg deductions Frgure 3 shows the results of these cal-
culations for afferent and efferent resistances The curves show, first
of all, 2 significant drop 1n both afferent and efferent resistances 1n
the old subjects (dotted line with open ctecles) following pyrogen
admimstration  There was a small but significant change 1n vascular
fesistance in the young subjects (solid line with dots) It also shows
that there was a greater fall in 2fferent than m efferent reststance Of
even greater interest 15 the increased resistance observed in the old
subjects under testing conditions  That 15, the old subjects show a
greater renal vasoconstriction than do the young, even though the old
have fewer vascular crrcusts left n the kudney through which blood
can pass  This increased vasoconstriction 1n the old can, however, be

lowered by pyrogen From these expeniments we have inferred that
the renal artertoles 1n the a;

ged kidney are quite capable of dilating
It 15 concluded that the reduced renal blood flow observed in the aged
s at least 1 part reversible and therefore not the result of structural
th;l\gES \(;\ the l:cnal blood vessels alone
wonder whether a similar approach could not be used m the
of changes m blood flow induced by vasodilators i other orga;t: d);
am very much mterested m Dr Steefe’s observations that blaod flow
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Figurr 2. Changes wn C. C . and FF dunng pyrogen ceaction,

Fifcy million killed typhord organums were injected intravenously 3t O time
o Mean value for t4 subjects in O group (70-85 yrs }
— —A& Mean value for 20 subjects 1n M group (1069 yr1)
®  Mesn valoe for 20 subjeces an Y group (2049 yrs )

°

slowly throughout the 220 minutes of observation. It should be ponted
out that a rise in body temperature was prevented by admrmustering
aminopyrene to all subjects prior to the test.

Figure 2 shows the change m glomerular filtration (snulin dc:ar-
ance), effective renal plasma flow (PA!:I F)cm:ancc) and filtration
fraction (Cl,/Cl“") (ollowxpg the administration of pyrogen. Al-
though there was no change in glomerular filtration rate, all subjects
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- i tve renal plasma flow. The abso-
ihmved . sslf :ii:{:t::;l::t :tr: fggld sub)ects[, as i the young, but t:‘n
meren .

: ::m:ntage basis ﬁ\(’e {;“cgmex;ti t}\';ft of the same otder of magnitude

= M =865, O=N%). N

(Y’rh;é‘g;e also sh:ws the change is filtration fraction for the tl\:lec
ape proups. You will note that at the beginmung, of tpc Fxpsnmer};{. h\cr
old proop {dotted line with open circles) had ygmﬁcan'!.l‘}}'] d?:'t s;
fitration fractions than did the young proup (§0hd line wi ! .
However, the admmstration of the physiolagical stress (g) mgcn‘)l
jowered the filteation fraction so that at the ead o( the experiment
thee age gioups had practically the same flteation fraction. § in:
intrigped by ths finding since out general philosophy has been tha
the application of a physiological stress would ncrease age differences.
Heze 15 2n example where the stress obliterated age differences. Ap-
parently we cannot generalsze.

From our observational data we have computed renal vasculat
resistances using the formulae of Lampost {23). Although these
formuize mvolve many 2SUMPLIOnS, and we accept them with reser-
vation (25), they are as good as any we have available and lead to
some interesting deductions. Figure 3 shows the results of these cal-
culations far afferent and efferent ressstances The curves show, fiest
af all, a significant deop w both afferent and efferent sesistances 1n
the old subjects (dotted hine with open cucles) followsng pyrogen
admnsstration There was a small but signtficant change 1 vasculat
sesistance w the young subjects {solid tme with dots). It also shows
that there was 4 greater £all wn affesent than in efferent resistance OF
cven greater mterest 15 the tncreased resistance abserved in the old
subjects under sesting condstions  That s, the old subjects show a
greater renal vasoconstriction than do the young, even thaugh the ofd
have fewer vascular arcwsts left 1 the kudney through which blood
can pass This increased vasoconstriction ta the otd can, howeves, be
lowered by pyrogen From these expesiments we have inferred that
the renal artenoles m the aged kidney are quite capable of dilating.
It 15 concluded that the reduced renal blood flow observed 10 the aged

¥ at least m part reversible and therefore not the result of structaral
changes i the renal blood vessels alone
1 wonder whether a simslar approach could not be used in the study
of changes in blood flow nduced by vasodilators i other organs. 1
3m very much inferested m Dr Steele’s observations that blood flow
thsough the shan can be increased as much i the old as mn the young,
Steele: In certam ways, arteriosclerotic indwviduals are more xeactfvc
and seem to me, apain, to be comparable to your studies on kndneys‘.
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Fiburr 3 Changes wn afferent and efferent renal resistances duning
the pyrogen reaction
Fifty rmthon kalled typhod organims mere injeted intravenouly at O tme
Mean value for 14 subsccts in O group (70-8§ yrs )
A— —BD Mean v3lue for 20 subjects i M group (10-69 yrs )

. ®  Mean valoe for 20 subsecs in Y group (20-4% 31 )

At rest, they appear to have somewhat mcreased resistance, but the
minute you put them under stress—the dilatation seems not to be less
and so the actual rse in blood flow ss greater 1n old persons than m
the younger ones under standard conditions of humidity and temper-
ature, I think that these observations mean just what we sard befare;
arteriosclerosts does not affect those vessels that have to do with the
regulation of the cuculation at its penpheral end, 1¢, the flow to
organs that regulate metabolism, temperature, and nutntion
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i i : cleven
. 1 was thinking; of that, Dr. Stecle, in relation to these clever

aﬁzﬁi: k;mt you hnvegbtm followsag for so long, and thinking Ef it
l; tittle bit in seference to what Dr. Shorr and his cowvo;kcrs :avz r:l:;
dumg (33). Do the VDM and VEM factors that regy :ncl tmeenDf bes
of capillanes that are operatng at any time, of the vol “d il
apillanes—have any relation to yout cleven men as regards ]a 5
change and the relation of the gross calasfication, the atherosclero ‘a-
tous condition you get 1n the hig arteries, as related to the metartenioles
and the capillary bed? .

Steete: ‘gVel\r,) of conrse, Dr. Redisch has for years been following
the capitlaries wnder the microscope in arteriosclerotic people, and
thete 1¢ nothing to be seen Theix capllaties and precapllaries in the
mam seem to be normal ‘The usual numbes of them are open. Th.e
others can open up capillantes 1f you give them the Landis test. Landis
was the first that I recollect to use heat as a quantitative test of the
vasodilator mechanism (24). They can open up just as many capil-
taries as 4 young person and the capillaries do not Jook very different.
They may have a Iittle mote tortuous cousse, but the surptising thing
s the lack of difference 1n the young and old in the tiny terminal
arterioles

Of course, those vessels to and from the glomeruli 1n the kidney are
seally of a Jarger cabiber than the ones I am speaking of, and they
have hghly spectalized functions Specialization 1s one of the troubles,
Thete 15 2 highly specialized group of vessels i the fingerttps that
ppeat to have mofe o do with heat regulation than they do with any
metabolic function

Shock: What puzzles me 15 why it 15 that in a kadney that has lost
up to 60 per cent of ts avastable (25) should sup P
2 vasoconstriction t0 restrict fusther the amount of blood going through

that organ Does that mean that the blood is needed somewhere else
of is that too teleclogical?

Sseele. T con'x answer that now,

but T hape that we will someday
have answers to 1t because we 4ve now set up 1 a very well-built con-
stan-temperature room and will be able to measase the changes 1n
the kadney, 1 skin, and perhaps i the muscle, by differental plethys.
mography We hope to measuse changes 1 behavior to vartous vasg-
ditators 1o see what the partition of blood 5 to the various areas, in
;t\c \\g,h(t of whatever arteral pressure changes ocenr with these d;
ators [t s going to ;

fators going to be a hard job 1o carry out all those measurements

One of the things that has come oul
t of o
takes people to cume 1nto uilib with tli!:e s‘tudy ‘s hmvcl? l:ﬁeft
p it
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environment. We were in the habit of thinking that you could cary
out tests after a half-hour or an hour. Under what are termed “con-
ditions of comfort,” equilibrium with the environment rarely occurs
before three hours. Only then can you have reasonable assurance that
the trend of the blood flow in the extremities will continuc to be
constant unless it is wnterrupted by injection of a drug or some ather
procedure.

Skin temperatures 1 old people level off at standard conditions
—just below those of comfort, roughly, 20° C. with 60 per cent
humidity, at a somewhat lower temperature than do the young ones.
Put them under stress, however, and their blood flow will nise to ex-
actly the same degree as the younger persons. I think their leveling
off at a lower temperature is just what the kidneys did in your group
until you stimulated them with pyrogen.

Stern: How far are all these physiological changes actually correlated
with morphological changes?

Steele: T think that the lack of correlation 1s what I was trying to
emphasize. Certamnly, when you try to relate failure of blood flow to
the gross changes n the artenial system, there appears to be no relation
Calaified arteries behave as well as regards the amount of blood they
can adduce for an organ, or for an extremity, as vessels that have no
gross evidence of calafication.

1 suspect that the best way to go about studying arterioscletosis, even
though 1t 1s the onc that 1s most active at the moment, is from a2 met-
abolic point of view, There are many ways of approaching st. There
are many things in recent work that give real food for thought

I would like to say just a word about the recent advances. All of us
know Gofman’s work, of course, with the macromolecular lipopro-
teins (13, 14). In the first place, from Dr Cohn's work m the sep-
aration of the lipoprotein fractions, 1t looks as though all of the lipid
matenal 1n blood 15 assoctated with proten; that practically none of
it 1s free. Gofman has shown by ultracentnfugation, that if the serum
1s gaven the proper specific gravity, hipoprotens float wmstead of smk.
He can on this basts separate them in an analytical ultracentnfuge
These normal lipoprotein molecules move at a rate designated m terms
of a Svedberg constant as a flotation rate, of 7 to 10 units. In rabbits
that have been fed cholesteral and developed atherosclerosts, he has
demonstrated the appearance of another group of somewhat more
raprdly moving molecules, which hase a tugher proportion of liptd
matenial than the normal ones.

There scems to be a whole family of larger and lasger molecules
that move with increasingly greater speed. but he has studied those
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of the S, 10 to 20 group, These he has correlated with the development
of atherosclerosss mn rzbbits and with human groups that may be ex-
pected to have acterosclerosts. One of the groups had coronary throm-
bosis, and he condd show that there wis an extraardinacily good cor-
refation wuth the presence of this condition.

In his general expression of opinion these macromofecufes have to
do with the cause of antenosclerosss It seems to me that the appear-
ance of these larger molecules could fjust as wetl be interpreted as an
effort on ihe part of the Body 1o et Lipids stable solution ix the
blood 20d prevent thewr deposition in the artery wall. It rught be a
defensive mstead of 4 causative mechanism However, the whole field
15 3 remarkable one, and 1 believe Dr. Stmms 15 collaborating with Dt
Gofman to study some of the propesties of the substances he has heen
stadping 10 tssue culrate (34).

Simms We have 2 threecornered project basd out and all ready to
stast on, in which Dr Barr and Dr. Gofman and 1 will make tests on
the same samples of serom  Dr, Gofman will study the §, 5-10, 1020,
and 2040 fractions Dr. Barr will study the hipoproteins and chotes-
terol preciputated as different serum protewn fractions, and at the same
tme I shall observe the fipfanogens (free, bound and total) and the
anuliplanogen (free, baund and total) We hape as a result of this
stady to find out which of the agents being wotked on 1n each labora-
toty correspond with agents beng observed sn the other vwo labora-
tories. What the result will be, I can't say yet However, it rught be
pomted aut, that Dr Gofman's S, 1020 fraction mcreases under con-
dions 10 Which arterosclesoss 15 prevaient, while 1n studies we are
making, the agents that wcrease are the free \ipfanogens, the pre-
ﬁmois. ang tk;‘e thm{exxc:d complex that may exist between the seram

1ds and the anyly
ﬁ?g theoretical com;\cihnogm Unlortunately we have 0o test for
thel :::Etﬁ ‘;;\;t‘:;\;:n ::) Lm\e clearer to those who are not famiiar with

eas are substances m blood pi:
fat deposiion when m 2 free state {34,35.36,37. ) Rty

aiso contans an antdipfanogen which prevents ot 38} Blood plasma

deposition by -
bing with the hiptanogens to form an mactve mgh‘” by com
enidence thae on b =2 v 7 :

tipids, or
newups
Slsel‘: Gt counse, the whol m sevrale e tptanogens,
. B ynole a fenan 30
View ek aesn € 0 s mg fascinates ma foa
least &
simglar
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emvironment. We were in the habit of thinking that you could wany
out tests after a halfhour or an hour. Under what are termed “con-
ditions of comfort.” equilibrium with the environment rarely oocurs
before three hours. Only then can you have reasonable assurance that
the trend of the blood flow in the extremities will continue to he
constant tnless it is intermapted by injection of a drag or some ather
procedure.

Skin temperatures in old people level off at standard conditions
—just below those of comfort, roughly, 20°C. with 60 per eent
hunudity, at a somewhat Jower temperature than do the young ones.
Put them under stress, however, and their blood flow will rse o o
actly the same degree as the younger persons. 1 think their leveling
off at a lower temperature is just what the kidneys did an your group
until you stimulated them with pyrogen.

Stere: How far are all these physwological changes actually correlatad
with morpholagical changcs >

Stecle: 1 think that the lack of correlation 15 what T was trying 2
emphasize. Cectasnly, When vou try to relate farure of blood flow 2
the gross changes i the artenal svstem, there appears to be no relation
Calatied artenies behave as well as regards the amount of blood they
can adduce for an organ, or for an extremuty, as vessels that have no
gross evidence of calafication

I suspect that the best way to go about studwing artenosclerous, even
though 1t 15 the one that 15 most active at the moment, 15 from a met
abohe pomt of view. There are manv wavs of approachng at - There
are many things in recent work that give real food for thought

T would like to say just 2 word about the recent advances. All of us
know Gofman's work. of course, with the mactomolalar ipopro-
tems (13, 19). In the first place. from Dr. Cohn’s work i the sep-
aration of the hipoprotan fractions, 1t fooks as though all of the Iipid
matenal i blood 15 assocared with proten: that practically none of
1t is free. Gofman has shown by ultracentnfugaton, that if the serum
15 grven the proper specific gravay, lipoprotens flaat nstead of sk,
He can on this basis separate them m an analyteal ultracentnfug®
These normal Lipoprotein molocules move at a rate designared in terms
of a Svedbetg constant as a flotation rate, of 7 t0 10 unts In rabhuts
that have been fed cholesterol and developed atherasclerosis, he has
Jemonstrated the appearance of another group of somewhat more
rapidh moving molecules, which have a hgher proportion of hpx.i
material than the normal ones

There seems to be a Whale tamulv of larger and larger molenules

that move with increasingly grearer speed but he has studied thase
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years 1o Shaoghai, told me that the incidence of arteriosclerosis at
2utopsy 15 very Iow among the Chinese. . )

Steele: 1 think it is probably a fact, but the Pm.t\t 15, even with l!\e
knowledge that there 15 a great difference mn the incidence of acterio-
sclegosis, 1t shill seems necessacy to tey to document clearly the evidence
25 1o whethee it 1s a racial characteristic or whether it is due to the
way you live

Fremont-Smsth; Certainly, a comparative study, for instance, of the
different racial groups in this cty, of which there are a great many,
wauld be much more wosth while 1f you had good statistics and speci-
§ed statistics 2§ to the same racial groups in theis normal habitat. There
15 a very real problem here, because 1 think you can add up a very lacge
number of diseases which are practically unknows in China, according
to what has been said For instance, schizophrenia is unknown, pec-
qtaous anemia is unknown, and now atteniosclerosis 15 unknown, and
caconary disease 1s unknown

Engle De Fremont-Smith, 15 it unknown or undiagnosed?

Fremont-Smnh: That is the point 1 am trying to make.

Engle: Were these date from Oriental medicine, I would be very
skeptical about them. [ had to go all throagh that a good number of
years 2g0 1n relation to prostatic hypettraphy It was alleged that the
Ortentals had 2 very low incidence of prostatic bypertraphy. When
)"0;0 Ig;; ;mvn to the data, there 15 no such thing. It 15 2 question of

Stern ‘There 15 a report by Schaltenbran, is v
to mental hospitals mPChmay He saw the s::at‘izre:!::raf:c’l m:oh“ ‘tmt
and mnadence of schizophrenta as 1n the West, and so dldPK L9 l?’n
on;us orginal journey o the Oreent. ’ faepetin

Fremont-Sonth: Well, maybe i
st would ssolate one or mr:) ;}:;inllfs chg‘n;l;:(ﬂ;a:ﬁ:r:t:;dy cm;ld e made
um;; whi [};‘ would be very irapartant to knoor a real dufferentia-
ern But 1n the questio . .
patteen, the phn\oso?shy c‘sfnh‘;i C:n[g l:: a05:1u l::edxsease’ o the culousal
Yery important? 8o that 1f you compa , the speed of work, actually
Chimese 1n the mtenior of China, they [;rere C:uriese mn New Yok and
;’Ireryoml-s;v:ut That s just t)’;e it entitely different people.
eeler 1 think that i
proups el encugh, Y:’n ;fgg:t::‘r::ed,] If you really picked your
whether the development of arteroscley 2 ong way toward knowing
ar whether it was the re: ;:‘i‘: “’Z‘ 2 ractal charactenstic
who }:3 ma‘:::; ;mpt_esxed with
ttetioscleross,

and T thenk furf
urther s Belpful 1 am interested m this

tudy womd be
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plex association of proteins and lipids in the brain are called “proteo-
lipids™ instead of lipoproteins, because it is thought that the proteins
are on the inside of the molecule. This view seems to make good sense
to the electrophysiologists because if the nerve sheath is plated with a
polar and nonpolar molecule right together, it accounts for some of
the characteristics of the electrical transmission along the nerve.

If you don’t mind, I would like to return to what you think about
the possibulity of studying the occurrence of arteriosclerosis in different
racial groups, Even here 1n the city of New York, I think it would be
helpful to study groups that apparently have differences in the amount
and degree of arterosclerosis and to learn enough about their habits
and customs, chiefly, diet, to decide whether racial characteristics or
way of life was more important.

Engle: Before you go into that, I have a note here to ask you to goa
Iittle further and discuss the statistical problem as you see it for the
Orient. I was impressed with it a couple of years ago when I was on
duty at Hiroshima and watching the dret of the poor Japanese. 1
thought that was a perfectly wonderful place to go and see whether
low animal protemn and low animal fat in the diet had anything to do
with general cardiovascular-renal hypertensive discase. What do you
think about the statistics from those countries? Is there less disease
than in a general population like ours?

Steele: Well, T don't know. I suspect there is, but that is just the
pomt I should like to make; I think studies in the various countries
must be made, 1f not by the same people, certainly by a central control
agency so that the ages, the circumstances, and the techniques for mak-
ing the observations are 1dentical.

Now, everybody who comes back from China writes 1n an ofthand
fashion that they saw only one coronary thrombosis the whole time
they were there. They do not bung back figures for the age groups
seen. Therefore, 1t secems to me that until studtes are carried out by
identical techniques we will get nowhere. The welter of reports that
are brought back piecemeal do not help much

Shock: Does anybody have data on autopsy reports on Chinese com-
parable to the kind of thing you get m the German literature? 1 am
thinking about the reported difference in the incidence of sclerotic
changes between the North Germans and the Viennese. 1 think there
was at one time a beltef that those who had a lot of cheese and mulk
products 1 their diet showed a higher incidence  Am 1 correct in that,
Dr. Goldzieher?

Goldzieher: Well, so far as the Onentals are concerned I have only
hearsay knowledge. My friend, Dr. Frederik Reiss, who spent fifteen
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intesested in this area, but 1 Ii;x'\) t gh(ink t};;t \;:; :hron\.gge?g;nz’snt,o;:
e 1dea that they could be interested. :

;:e:\asd;ulz’enthyninted out byYDr Chisholm that the World Hgal}k‘h (l));g;f:d
1zation, as in the case of the other specxalxzed apencies of the el
Nationss, is very responsive to re(om:qendan'uns coming tg tdcm o
international voluntaty organizations in their pa.rucu\ar el : ot :x‘: >
and that they can be stimulated to take action in an area for waid
they have responsibility if an internattonal vobontary m?,_m\mhm(\ S’a‘;si
“Look hete, you should pay more attention 10 . . . Therefore,
bring this vp at thus pot, Dr. Cowdry, beeause of the fmthcnmﬁmg
Tnternstional Congress on Getontology, whith might very well make 2
fecomsmendation to WHO, that hete 15 an area in their genersl purview
which would be important to know mote about. .

Cowdry | agsee with yoo that they should and that ¢t is 2 healthy
thing for 77 :
auadful ¢
the geage

Fremont-smub: Lid that come to them from an mternational or-
ganszatton?

Cowdry* Yes, to some extent

Fremont-Ststhe 1 mean, a speafic recommendation? 1f you wanted
to get them to take new action, 1t was necessary for them to have the
recommendation come from an ternational organszation. 1 have a
very vivid example When the Intetnattonat Congtress on Mental Health
and the forthcoming World Federation for Mental Health made the
speaific recommendation that WHO should set up a section on mental
fiealth, 1t tesponded and stated Yhat 1t had done so as a result of this
recornmendation  Therefore, 1 think 1t would be worth while to con-
sider making a specific recommendation to them. Perhaps this group
tself mught informally suggest that the International Gerontological
Conpgess take this up and see whether the WHO is mterested  Al-
though we are not an action group, 1t could come out of these dscus-

sions 1n an informal way, or be brought to your atteatoon, str, as Presi-
dent of the Congress Certain)

no harm would be d
recommendation to WHO i one by 2 stiong

Cowdry 1 am alt for gving them an op) i
pottunity to do somethin,
worth while, and 1 think we ought to phrase this request very careiull%
tn terms of a concise statement as to what we want them to do,
Fremont-Snuth: 1 thunk perha; h

ps it could be -
icel Gongreas Pechops proposed to the forth:

We tan get the thin
¢ we tued vety hard not & g started

to have any of the Tounda-
Broups act as action groaps in any sense

ton's conference
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subject and have been talking it over with the New York Heart Asso-
ciation. We were wondeting whether some studies of this nature on
the various racial groups in New York City would be worthwhile.

Goldzieher: T don't think we can dismiss these differences by assum-
ing that they were not properly diagnosed. Leading German pathol-
ogists who have travelled abroad were so impressed with the geograph-
ical variations in the frequency and character of certamn diseases that
just prior to the onset of World War I they were about to found a
Soctety for Geographical Pathology. That there ate such differences
can testify myself for I had the opportunity to compare the patholog-
tcal material studied in Central Europe with the autopsy material 1
have seen here in the City of New Yotk and I must state that certain
conditsons which are extremely rare in Central Europe are rather com-
mon here, whereas others which we did see over there quite frequently
are rare here. 1 may mention as an example Gaucher's discase which,
looking back at my old material of about 20,000 autopsies, I have
come across only once with two surgical spectmens added. That was
three cases (including the surgical matenal) in a population of 20,000.
In New York, on the other hand, in about 1,500 autopstes I saw 7 ot
8 cases of Gaucher's disease As this could not be a question of diag-
nosts (the observer being the same), 1t must be due to the greater
frequency of the conditions in this geographical area. Several other
pathological conditions could be mentioned, the occurrence of which
15 similarly variable.

Cowdyy: Is there any organzation that would be interested in such a
study as there 1s an orgamzation which 1s interested 1n the geographic
distribution of cancer?

Frank. The World Health Orgamzation.

Fremont-Smith: There used to be a National Geographical Diseases
organization, [ believe, or an International Congress of Geography of
Disease

Cowdry: That 1s the one that McKinley was interested 1n, but the
movement has not progressed very fac

Fremont-Smnh: No, 1 think Mr. Frank 1s aght; that the World
Health Organization should be very defintely interested in this area.

Condry: 1 don’t think the World Health Organization svould be,
because this ts not a problem where you can, by use of some drug such
25 quinine, or by some means of diagnosis, influence large nambers of
the population for the better. This 1s a problem to discover the fre-

uency of something that probably may be very difficult indeed to tieat,

Fremont-Smath: 1 believe that they have shown evidence that they
ate interested 1 basic frequency problems. I am not sure they are



Cadiovatular Aspects 7t

rake note to what extent the data coming from any country

ﬂ\sl(}ﬂln:hc(- cntesia? 1 think you arc right, Dr. Steele, that it is going
to be a longtime affair before we will have comparable data, just
the bare, raw data, and 1t will be a2 much fonger time before we can
get comparable data under compatable cultural and dietasy conditions,
That is another issue, and a very difficult one. But just raw data on
age groups, of autopsy materal, 1n themselves would he a strting
point, because 1t would immediately call attention to gross discrepan-
cies which could then be explared as to their meaning

At the present time, it seems to me, we don't have raw data for
many of the countrics for which we need them, and that is the kind
of thing, for example, that WHO can call to the attention of the
countries involved, and that 15 one of the means by which they gradu-
ally build up the capacity and critena within those countries for the
colfection of thetr own data, Then WHO constantly sends teams
arqund from time to time, and m that way they also rase standards
But it 15 probably true that you couldn'’t get a large encugh team to-
gether ta go in and spend a number of years in 2 countey dong the
autopsies themselves. It would mean a gradual raising of the educa-
tonal standacds, the competence, and the cuterta of the people domg
the autopsies

Olswer There must be records at Pelung or Hsung Ya Medieal
School, Chang Sha, where for a great many years, there has been cate-
ful supervision  This sutopsy matertal would gwe the ncidence of
arteriostlerosis

Shock: What about Hawan as a source of reliable autopsy data?
There are groups of Chunese and Tapanese thete, 1 understand, with

medical records  Would the tecords of that
o o ecor at population offer any use-

S‘Ct’l’f ooy
on studies
here 1n the

[ F T

ly diverse lakic
Summs You would be mote g ' Ne
pt to get uniform diet B
a\\z\m};h even here, they eat different foods, i New York,
sugles The mses and isses eat diffes
oo The ner ifierent foods from the first genera.
Shock- 1 think that was shown very

that were done some years a,

strikingly 1o the growth stadies
P 20 by Pres
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Coudry: 1E we really want to get action by WHO, the Gerontological
Society, the International Gerontological Congress, this Conference
group, the Society for the Study of Arteriosclerosis and all the other
interested groups should likewise propose it to the Congress in order
to get the weight of scientific opinion behind it. This would strengthen
the recommendation of the Congress.

Fremont-Smith: What we are really after here is to get an expression
of opinion that a study of the geographic distribution of disease, and
particularly of arteriosclerosis, 1s something which we need for the
furthering of our research. That is all we need to state, just the way
you stated it, Dr. Cowdty, and if there is general agreement to that
as a propositton, that can be picked up. I think we would not address
it to anyone.

Engle: 1 think the major difficulty there is, perhaps, just in the
technical competence of the people i these countries who are to do
the work. The rarity of autopsy matenal m the Japanese hospitals is
something that completely astonished me; that 1s, since the war and
under American occupation. I have not worked in China but, certainly,
outside of the larger centers, I would suspect the same thing to be true.
It would take a complete team, set up to do the job by our own stand-
ards and methods, 1f comparable data are to be accumulated

Steele: 1 think that is right T don't want to belabor this, and I appre-
ciate, Dr. Goldzicher, that there are certamnly geographicnl differences,
but to follow them up with proper data so you can sort out the environ-
mental and hereditary influences is necessary The data have to be
exact and comparable Two years ago when I spent three or fo\{r
months 1n the Phxhppmes. T was told there was almost no rheumatic
fever there and very little arteriosclerosis and hypertension  Well, T
don’t know about artertosclerosts because [ didn’t have very good means
of documenting 1t But, certainly, the amount of hypertension was
incredible Dean Sison of the University of the Philippines has been
assembling data on theumatic heart disease for the last three years,
and 1t is clear that they do not seem to have attacks of acute theumatic
fever and they almost never see a rheumatic nodule  But the amount
of mutral disease is quite comparable to that of the Middle Atlantic
states, according to the matenal in the Hospital of the University of
the Philipptnes. That 15 the sort of thing which makes one doubt how
much one can rely on the information obtained unless one does just
what Dr. Engle said—assemble a team that 1s going ta get comparable
and intelligible data. .

Fremont-Smith: Isn't the World Health Organization, better than
any other, the one that can set up criterna for such a study and then
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i heme.
tting up an elaborate s
+ simply what ts known before sel cheme,
'I(: f: lrle)(t knosg'z how much informatton is wa the records at Peking
ation NOW,
o whetherg’ol;cc: , gi;::hti?fngfﬁomenﬂ 1 was very terested
¢ I turn back to so ? ]
mh[g? Stern’s rematk about the lack of correlation between cesebral
astensosclerosts, if Y understood him correctly~—
Stern; That's nght. . i
Steele: —and s%mle psychosis. 1 haven’t had much expenence :i\flt:h
it, of probably not as muth as he bas, but | have been impressed by
the fact that whether there was marked cerebral arteriosclerosts or
none, you could stll have behavior patterns that are diagnosed as
senl) .
Stern: Well, of course, 1n our expenence, absolutely no congluswc,
systematic wack has heen dome as yet but there are two d.xﬂ'erent
entnes; that 15, sende dementta and artertosclerotic psychosis. ‘The
maw posst, chinically, 15 that in semle dementia you have the so-callcc’!
otganic syndrome. By that, we mean smpairment of memoty, dzsyu'
entation, deteroration, and emotional fluckuations The whole chinical

cousse shows a general down-hill course with mnor fluctuations
- - AN - A

SUNURREE S

o

For instance, yau may have sudden changes 1n behavior I remember
one patient who was sitting 1o the admutting office of a mental hospital.
He looked completely well He was rational, he was well onented,
and he was neatly dressed ‘The commitment papers seemed to belie
hus state They spoke of a man who undressed in public, who was con-
fused and notsy, and so on  We almost thought there was some foul
play tn the admutting papers, but the same night, this man selapsed into
that psychotic state You would not find that sort of thing in a so-
called searde psychosts

From the pathologteal pomnt of view, senility of the bram, there
are two different types or, actuslly, two different trends,

one might say,
i the morphology  Fisst of all, 1 the sensle brain,
which ate chatactenstic of 2

you have changes

ny semle prgan; that s to say, increase of

iipochromes, the so-called brown pigment, and then, a diminution of

patenchyma and a relative or 2bsolute increass of myerstitial tissue, In

addution to that, you have something in man which, very straugel.y 15

typieal of the human bramn and apparently does not occur in any otiler
species 10 old age, and not only that but it 15 characteristic of phyl

genetcally secent areas of the human brain, s of

and those are changes of
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of inches taller. When they examined the data, they found that the
Chinese in San Francisco live in pretty much the same cultural pattern
and eat the same foods as they did in China, whereas the Japanese
who had moved in had shifted over entirely to Ametican diets. They
were eating Wheaties for breakfast and following the American dietary
pattern, and it showed up very, very matkedly in the growth rates of
the two groups.

Hapmilton: This may not be appropriate to the World Health Organi-
zation, but with reference to racial differences in some diseases, we have
a bit of data, and since maleness phenomena are, I suppose, of some
interest in eatly coronary thrombosis and such, it might be well to
bring them up now.

We have data for three things: baldness, acne, and color blindness.
Our data are from New York Chinese and some Pawnee Indians who
are supposedly as full-blooded as any Indians in this country now are.
The incidence of both baldness and acne is considerably lower. The
occurrence of color blindness 1s also considerably less frequent.

Steele: In the Chinese?

Hanlton: Yes, in the Chinese. It is lower than for the American
population; so there are racial differences, to be sure, in those three
things i people in this country.

Fremont-Smsth: So far as I know, and I may not know but I believe,
the Public Health Service is not restricted from getting information in
other counttes, provided the snformation is needed for research being
carried on in this country.

Cowdsy: The Public Health Service makes grants durectly to other
countries,

Fremont-Smuh: 1 know it does, but 1t does so under the restriction
that the grant must be for the purpose of research, which will be of
some durect help to research carried on n this country. Therefore, it
seems to be entirely possible that this suggestion could be brought in-
formally before the Heart Institute and, 1f 1t 1s of suffictent significance,
a grant might be made to assist some of the work. For instance, there
might be an exchange program, like that you were speaking of, Dr.
Engle, to bring back from other countues the data which would be
helpful to our own members working on Public Health Service grants.

Cowdry: The cancer group has done just that. It held a meeting in
Oxford last summer and recommended the establishment of a umt
which 15 now centered in the National Institutes of Health just outside
Washington. Active studies on the geograpluc distribution of cancer
ate going forward. I wonder whether we couldn’t follow suit.

Steeles Dr. Cowdry, your suggestion 1s a wonderful idea, starting out
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e vt miremseanin dhanmoe Lavn tha c1me degree of arterio-
e The only thing
the relationship
ceeq the parent artery and the artery which penetrates into (h'e
:Cx:ne;ut‘hat stm say, in the artenses which supply the hypotha\a;)mﬁ
area and the quadngeminal above it, you haye many exsracexfe 12|
anastomoses and you have a gradual dimunution of the size o the
astery from the lasge artery down into the area of the brain, wh.eéeas
in the vessel supplyng the mtemal capsule you have the middle
cescbral antery and immedsately, without any transition, one, lon{;‘
penctrating artery Now, whether that 15 really the explanation, 1 don’t
kaaw, and T would like to hear comments on this problem.

Engle: Dr. Stern, you have mtroduced much new material with your
cemarks 1 am delighted with it, and I am only sorsy that we don’t
have a specialist in neuropathology present, but we do have present a
man who has been perststently silent all day, a very wellknown pathol-
ogist Dr Oliver, would you pick up this problem?

Oliver The reason why 1 am often silent 15 that although 1 do have
certam smpressions that mght be offered in answer, since | have not
spearfically examined the problem 1t is a very general impression that
I'haye to draw on

Now, cestatsily, as Dr. Stem sad, this lenticulostriate artery—1 think
the anatomists have even given it a name, haven't they ?-—

Srern Yes

Olrer. Probably because it 15 so frequently mvolved as to deserve
speaal designation

These 15 no question of the fact The usual explanation 15 the one
Dr Stern has suggested. that the artery comes off from uts parent
vessel at 2 right angle and as there are no other branches to take the
strain of the blood flow, it suffers ANl thus seems quite logical. But
if that explanation takes care of one of the mysterses, there are simlar
ones  other places For instance, why do plaques form around the
onfices af the wmtercostals? The old 1dea was that the blood Row was

turting a sharp corner at thus powt, and so was impingi
s ing on the wal
and that, therefore, it was g ] "

an 2 matter of mechanical strain.
Wilens (41) has introduced ga much moare subtle exylazauzzaa‘:d ;:
'aps 2 better one; namely, that at the exit of the mtercostal attery the
wall of the 2orta 15 tied down by connective tissue but is more c:y 1
ioose elsewhere  When puleatinne anat - e
of the ntercostal 15 therefa '

fare anything, that 1 being

wll simply shaft down to the nogar pont of test and re‘;\,a;;\!‘)‘-::r)emir;
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the neurofibrds inside the nesve cells which form these beauttful, Tegu
lar networks normally, but become very coarse and come together and,
in the severe cases, become curled up in an irregular form, These
changes and these pecultar plaques of argentophile material, the origin
of which we don’t know, occur only in the costex, and partreulaely in
phylogenetic areas of the cortex, They look like artefacts, if you ate
not used to them. These two features are apparently specifically human
and do #o! occur in other animal species. In ammals who become old
1 wild life, they are also not found. Now, these changes, plus the
ordinagy semle changes of the bram, ase completely independent of the
state of the blood vessels. On the contrary, there seems to be almost
an mverse relationship, so 10 most cases where you see very marked
changes m the neurofibrls, the vessels look like vessels of young peaple.

In arteriosclerotic brains, you do not find these changes, as a rule
Chnically, too, there 1s a difference, as 1 sard. If we had an effective
therapy of the sclerotic bram, I think the differential diagnosts would
have been cut finer than we can do 1t so far

There is one pomt I would like to bring up for discussion and ask
the patholtogists about it; that s, 10 arteriosclerosis of the bram, there
1s something which we call local vulnerability The tendency to suc
cumb to ischemic or hemorshage necrosts or masstve apoplectic hemor-
rhage 1s not evenly distributed 1n the central nervous system. If arteror
sclerosis 1s ubsquitous or 1f the pressure within the arterioles were the
same all over the bram, you would expect hemorshages to occur with
the same frequency, distributed according to chance  But, as everybody
knows, the hemorrhages, not only the massive apoplectic hemorrhages
but also what one usually calls thrombosis—that 15 to say, the schemit
and hemorrhagic nectoses are more frequent in certmn areas than m
others. For example, there are arteries which ascend from the middle
cerebral wto the ternal capsule, where hemorehages occur with -
creased frequency, and there are other arcas which are extremely re-
sistant to hemorthage For example, even sf you cut seral sections,
you will hardly ever find ischemic areas i certam parts of the hy-
pothalamus or in the quadnigemnal plate 1 recall only one case T have
ever seen where there was an ischemic area 1 the quadnigeminal plate,
and there 1 am not even sure whether it had anythmg to do with arterio-
sclerosis.

We did a study many years ago, in which we compared the degree of
arteriosclerosis in these susceptible and resistant areas The peculiar
thing was that there was no difference in the degree of arterosclerosis
between the two areas. }n other words, the arteres which supply the
‘luadrigemmﬂl body, which hardly ever show any apoplectic changes,
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k
e is low, there is quite 2 tendency for hamqn\ﬂgc, and 1n shacl
El::iiui(s an excess of he‘;:ann in the blood. 1 thl.n'r(, 'yt(thsé thl(t n
blood vessels you have something tike 2 seifsealing innes tube of an
automobrle tie ‘The lving cell is that way. It seals itself when 1t is
broken, and this sealing mechanism is related to blood clotting. With
an excess of heparin, there may be a tendency for blood to escape when,
ordinarily, at the beginning of such an escape there would be a c}ot
that would seal it sn One can think of it that way ot one can think
of some substarce in the blood vessel wall as being hyaturonsc acd,
and it may be that some of the heparm-like substances that really are
present 1 the blood 1n shock tend to open up the blood vessel so it is
fmore sieve-like. It may be a naive idea, but 1t has been appealing to me
Horvath; However, you can keep an animal completely heparinized
for many days without seeing loss of blood or fluid through the vessel
walls Even 0 those ammals where you raise the blood pressure also,
there 15 no break 1n the vessel wall or escape of material, OF course,
toss of floud wall occur 1t anoxia 1s present in the small vessels. Anoxia
might be a better explanation.
Hedbranmn: No, lex me explain  Hepann 15 not a single substance.
There 15 2 large class of heparin substances. We have been working
weith them, and some of them act very strongly on the blood and not

50 steangly aa cells We have been tntesested 1n the effect of hepasin
apd of ket 135 a0
of oly-

Y S ' ;
oo weclids putysacchande doesn't wotk strongly on

blood clotting bet st works strongly on pratoplasmic clotting 1t also

cavses quite 2 lot of bleeding as well. As a matter of fact, hepartn

uself sometimes does cause hemotthage when used clintcally

. S:;m‘ May 1 pussue the discusston of cerebral artertosclerosis a little

urhet

Engle. Please do

mSlem: A geeat sousce of confusion 1n most discussions in the litera-
) rchonfthe pathogenesss of these apoplectic lesions n the bran ss due
: h“cﬁ act x:ml lstmrzelamth(m' seem to confuse the hemorrhage infarct
v 15 actwally only a modification of i ¢
s y of 4 necrosis, with apoplectic
“\;l;g:x:' src) two types of bramn hemorthages in arterioclerosis. one in
t““.m“:"cx\.\ have :u;‘ sschemic necrosts and ¥Ou may o may not have
25es 1o the sschemic area, which oft
o 3 en are confluent,
:\c()m %!‘;:c;ht cmjk}ncsslgn ?{E a massive hemorrhage, Hawever ﬂ;:yg }::v:
confined to the gray matter and i
- : and very often jmj

ray matter and will stop short, for example, i the c);udate ;‘:cl]t:\:
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might be that some such mechanism is operating in the cerebral artery.

I have had Wilens' theory amusingly demonsteated in my house.
There is in it an attic with a plastered ceiling which is supported by
sttingers that come down in pairs from the roof. On going up there
one day, I saw that a deposit of dust had produced two raws of spots
along the length of the celling with relatively Iittle elsewhere. I'was
completely mystified as to why that dust hadn’t spread all over the
ceiling until T remembered the pattern of interiosclerotic plaques in
the aorta and realized that the points of dust deposit were where the
stangers came down and fixed the ceiling so that it could not vibrate.
In other words, if one made a picture of the vibration of the ceiling,
the nodes would be at the point where 1t was fixed and therefore the
dust would naturally stay where it wasn't disturbed. Perhaps some such
mechanism as this operates in the pulsating artery; where 1t is fixed, fat
depostts and the fatty spot is the place that usually breaks.

Stern: There 1s another posstbility. Thus artery 1s also one of the
predilective arteries for embolism, and the explanation s that the
embolus, on its way from the heart, takes a pathway which has the
least angles Some people say, therefore, that perhaps 1n apoplectic
hemorthages, there is something like a wave going along the arterial
tree which also will have 1ts greatest impact in that particular area.
We see, for instance, that those areas which are highly resistant to
arteriosclerotic changes, like the spinal cord and the qundngemmal
body, are also extremely rarely affected by embolism.

Hoivath: Isn't this situation somewhat analogous to what happens
in coarctation of the aorta, where you have a very mice calerfied plaque
at the point of coarctation, yet a hypertension above, which 1s almost
sure to be a mechanstic type of hypertension, and when you remove
the coarctatron, the hypertension in the upper extremuty disappears and
yet there 1sn't a fixed point there? That 1s, 1t 1sn’t fixed 1 the sense
of the same thing that we see in the intercostals

Oliver. The coarctation might be fixed by fibrous adhesions.

Horrath It is relatively fixed, yes, but it 1s a pomnt at which you
have a high fevel of pressure, with practically no outflow from the end
of it, 1n other words, 1t 1s the same thing as where you have a nght
;mglc»—wcll, not a nght angle, but 1t 15 essentually a nght angle so far
as this 1s concerned.

Herdbeunn: May 1 say a word out of turn?® 1 am not a pathologrst
and 1 know nothing about pathology I have come to think that hemor-
rhages are sometimes caused not by excess pressure but by a dissolving
out of somethmng 1n the walls of the blood vessels [ have come to
think in this way because 1 shock in which, as everybody hnows, the
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i i v for hemorthage, and in shock
sure is Jow, there is quite 2 tendency for 0 c
S::e is an excess of bepatn i the blm)d.‘ ’I th‘mk, _pcrhaps., that ml

aly. at the beginmung of such an escape there would be & glot
?k:j:n\:rog‘d seal it mg Oneg can think of 1t that way or one ¢an think
of same suhstance in the blood vessel wall as betng hyaturonic aad,
and it may be that some of the heparinike substances that seally fre
present sn the blood in shack tend to apen up the blood vessel so it is
more sievedike, 5t may be a naive idea, but 1t has been appealing to me.
Horvath, However, you can keep an animal completely heparinzed
for many days without seeng loss of blood or fluid through the vessel
walls Even 1 those animals where you raise the blood pressure also,
there 15 no break 1n the vessel wall or escape of matenal. Of course,
foss of flurd will occur 1f anoxia is present in the small vessels, Anoxta
might be a better explanation
Heilbrunn' No, let me explain  Hepann is not a single substance.
There 15 a large class of hepann substances, We have been wosking
with them, and some of them act very strongly on the blood 2nd not
50 strongly on cells We have been interested n the effect of heparin
and of hepann-ltke substances on protoplasm  Hepana itself has an
effect on cell dwision but o 18 not neady so potent as a bacterial poly-
sacchande  This bactensal polysacchande doesn't work strongly on
blood clotting but 1t works strongly on protoplasmic clotting, 1t also
canses quite 2 1ot of bleeding 25 well. As 2 matter of fact, hepasin
1self sometimes does cause hemorthage when used linically.

Stern: May 1 pursue the discussion of cetebral asteriosclerosss 2 Little
further?

Engle Please do.

Stern; A great source of confusion in most discussions 1n the litesa-
ture on the pathogenesss of these apoplectic lestons 1n the bram is due
to the fact that some authors seem to confuse the hemacchage infarct
which 15 actually only 2 modification of 2 fleCrosts, w: ‘

hemorrhogs th apoplectic

l;rhl:rt ase two types of brawn hematchapes i arterodlerosise one in
which you have an schemuc necroses and you may or may not h
bemotrhages mto the tchermc ot

area, which often are ¢
they ginve the mptession of 2 massive h vy, o that

emorrhage How
i f_c;ndcnq: to bd: <onfined 0 the Zray matter ﬁnd verye‘;;tetr}:ei):n}:ta ‘;c
*t and wall stop shont, for example, 1n the candate I)ud:u:
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and again start in the lenticular nucleus, whereas the internal capsule
may be comparatively free.

The other type of brain hemorrhage in arteriosclerosis is entirely
different from the standpoint of pathogenesis. That is, the so<alled
massive apoplectic hemorrhage does not follow any distribution at all
in the actual structure of the nervous substance, but it is usually egg-
shaped and looks like a violent eruption from the artery into the tissue.
1 think that the pathogenesss of these two things is entirely different.

There were two Germans about fifteen or twenty years ago who did
a very pecuhar study in which they injected material nto corpses with
arteriosclerosts, under high pressure, at one and a half atmospheres,
and they were not able, wath this high pressure, to have actual Jeakage
from arteries into the brain, In other words, the textbook tradition
that these arteriosclerotic hemorrhages, these massive apoplectic hemor-
thages, are due to a sudden increase of intra-arterial pressure may not
even be true. Your explanation of the role of heparin and so on may
perhaps be correct in these so-called hemorshagic infarcts. But these
massive apoplectic hemorrhages which are so explostve, 5o to speak,
are an enticely different type of bieeding. I wonder how you feel about
the pathogenesis of that, Dr. Olver.

Olrer: I have always thought that there might be two sorts of intra-
cerebral hemorthage; one as you described it, beginning as an infarct
or a softentng of brain substance into which bleeding occurs, and the
other a simple blowing out of an arterosclerotic spot 1 a vessel, so
that the blood escaping under high pressure causes destruction of nerve
tissue  There have been those who have claimed that all apoplectic
hemorrhages are parenchymatous; that 1s, that there is tissue damage, a
softening perhaps, first and that then hemorrhage occurs secondarily
into the softened areas. This never struck me as very plausible. Dut
here, agamn, I haven’t given these matters anything more than the usual
attention that the general pathologist gives them, and so my impresston
might not stand up to critical examination,

Shock: Have any observations been made on cerebral blood flow in
pnticnts with arteriosclerosts?

Horrath: We did a few at Pennsylvanm but not enough to make any
real analysss. It doesn’t appear from the few that we have done that
there is a great deal of difference i cerebral blood flow. The diffes-
ence 1$ pn'mnrily n the cecebral vasaular resistance, which, of couse,
goes very high (18). But as far as the actual amount of blood going
into that area 1s concerned, 1t 1s still practically the same; at 1s still in
the neighborhood of 50 to 60 cc. per unit of mass, per umt of tune.
The other thing we found was the decreased utdization of oxygen by
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the bramn That, I think, is P:obnbly a more important finding than
15 the fact that the blood flow 1s not altered, In othes wotds, as the
blood goes through the area, there is less oxygen taken out than is
usually the case. We have not studied encugh cases yet to draw defi-
nite conclusions, but it appeass that there 15 some eyxdence of ineffective
wtilization of oxygen by the brain n arteriosclerotics .

Shock: But there was not a very Jarge range in the change in blood
fiow with changes in the state of consciousness, etther, was l!lere?.

Horeath, No, absolutely not (19) The only condttions in w}.uch
we found marked changes 1 blood flow were very deep depressions
with anesthesia (21). But we studted quite a number of cases of
schizophresa, and there 15 no appatent difference in those individuals
compated to normals {17, 21), so that it 1s a hittle difficult to say that
in tins whole mass the blood flow 15 altered, but simply thete may be
some alteration 1 the vtilization of oxygen, and that 15 the prohlem
we hiave been working on

Hetbrunn> Do you think that 1s cellular?

Horgath: 1 have no 1dea. It probably has to be, basically.

Steele: In the first place, how does cerebral blood flow remain un-
changed and yet the resistance go up without a comparable change i
pertuston pressure” You have to have tremendously high bload pres-
sute, haven't you?

Ho{t‘atb: Well, you do and, relatively speaking, the blood pressure
level is up, 1sa’t o2

Steele In all of these persang with ~~e-t--?

Horzath Well, 1n the patients ¢
pressures have been in the neigh
mercury, which 15 certainly much nigher thaa the 85 mm, Hg that we
have found 10 the normal young adults that we have studied, These
gressmts may not be as tugh as those observed m certain cases of

ypettension, buk they sbll are lagh  That has to follow, you see.

Steele: Yes, 1t does, but so mam
3 X y of these artenosclerotics
have perfectly normal pressures e

It must be pi
have seen with hygh pressures " spesiacd gronp you
}{arrarb Well, of course, those are the ones we get to study figst,
as gou well ’rtahzc It isn't always easy to select your cases. g '

Em::e((;(\“.e'\\. ancther thing 15 that 1 have yost heard S;ott (32
o surgi:aﬁi : :epanmcnt talke He has done a most rematkable pxcc)e

vtk on coarctation of the aorta in dogs, w i
, with
that he makes out of one of the arteries to the %mexcg al\l;;:e ?}l:m
8 » when
, th

coarctation falls almost more than does the pressur: (Pnl‘ thss: I:g:b&v;’the
05¢
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animals, so I am not a bit convinced that the hypertension of coarcta-
tion is a good example of mechanical elevation of pressure,

Horvath: Well, it is one of the possibilities, and certainly—and 1
haven't seen this particular work of his so I don't really know how to
analyze it at the moment, but at least the evidence that is avatlable at
the moment seems to indicate that the hypertension in coarctation is
closely related to some mechanical factor. There 15 some work pub-
lished just recently by Wiggers on the pressure waves in coarctation.
Tt was not a clinical type of coarctation. It was experimental coarcta-
tion, which seems to point toward a mechanical type of change. Now,
that isn't necessarily so because, after all, the coarctation that we see
1n man varies extraordinanly from one individual to another,

We saw a patient just a while ago who was 65 and had had a o
arctation, noted at age 15 but refused operation Here he was, with no
apparent damage despite the fact that his hypestension m his upper
extremities had been there for some forty-five or fifty years, whereas
there was slhight hypertension 1n the lower extremittes and yet there
was no apparent damage to that individual in any way. I don't know
what we can say abaout that, except that the data are confusing

Steele: T have been mterested in the mechanics of the hypertension fn
coarctation because it seems to me the best evidence lies on the side
that it 15 renal 1 ongm.

Horrath: 1 could extend the asgument a hittle bit further As far as
we can find out, there 15 no evidence of renal impatrment in these
patieats.

Steele: That 15 true  You don't have to have duminished renal func-
tion to develop hypertension I was interested 1n the discussion of the
localization of arteriosclerosis 1n the brain because the question is one
of general interest Why do the coronary arteries lying on top of the
heart become subject to an immense amount of sclerosis, and yet the
muscular branches that have comparable pressure by the muscle on
the outside, probably with some degree of protection on the extenor
surface of their walls, almost never have it?

1 come back to what T think is really a beautiful observation by Dr.
Dock (6) on the difference between the thickness of the coronary
intima, even at birth, in men and women, and the condition that s sct
up there with loose, thick intima that can be stretched out and then
folded back up when the heart contracts Stady of factors that go into
the localszation, 1 think, is another possible way in which we might
learn 2 good deal more about the actual stress and strain and effect of
1 think almost every one of us would agree that elevated

essure.
b ably not the decding or prmary factor in the produc-

pressure is prob
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tion of artensal lesions, but 1t must bea d.readfully m:po;tz;;\et :lesc(?ll\xi::z
T

i roper state ot 1a high enough - . )
m’?;ePot}ir expenment that Dr. \Wilens did was of F?nstde;abl:tllfl;ftly
et (42) He maintained rabbits 1n an ufxusua‘} posmin[aniong e
plaques deposited 1n wnusual sites. 1 think the worst les

down toward the lower end of the aorta.

Horrath: O cousse, the question 15, why do you see more comnarz’l
occlusions in the left coronary artery than you do in the "Sht:{ 3“7
yet they are in the same organ and they are under the same surface

Olrer: OF course, these vessels have a spot of an'enosclerosxs on
which the clotting occurs, but then the question 1s simply put back
further—Why do these vessels get the artenosclerotic spot?

Steele: In the pnmary branches, anyway, Ehrich, de la Chnppelhvz and
Cohn {8) showed that in the nght and left, and the arcumflex in all

- cam adanbiaal Tp was
tight
re in

the reght ventrcle 15 dilleenl LUl witaw a 50 s wane o right
and feft coronaties ongnate, obviously, at the same pressure, but be-
yond the three mitial branches differences become appatent.

Lngle: Well, fet’s go back to some of these problems of stresses and
strams on this well-known cardiovascular system. Dr. Steele hasn't
gwven us more than a small fraction of his expertence and reflections
#n bus presentation on this problem, so, Dt Steele, you pick it up again

Steele 1 am about nine-tenths milked dry. 1 would like, however, to
g0 back to some of the notions expressed about hemorrhage in the
brain 1 think we have, mn recent years, too often lost sight of the pos-
sibihty that cardiac nfarction—and 1t is an impoctant matter m view
of the present notions of therapy with the anticoagulants—may 1n part
be due to hematrhage of the attennal wall The work of Winternitz,
and more especially of Horne, whose estimate was that upwards of
60 per cent of cardiac nfarcts are at least in patt due to some kind of
abreak i the vessel wall, with hemorrhage, possibly followed by push-
ing the nternal ayer of the wall mwards, and final plugging of the
vessel with a clot or fibtosis  You don’t get many sutgical biopstes
:‘a ;;:r;;ry artenies, I imagine, and at autopsy 1t 1s too late to tell what

1 remember 2 meeting in Boston whe,
re Dr. Herrman 1. Blum,
{a‘::ic:led the ;:‘ondcrful wotk on the pig's heart aad then shogvaexé
umans who have had one occlusion hav ificati
the collateral circulation so as to ma et ocatons of

ke 2 complete and final occlusion
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animals, 5o I am not a bit convinced that the hypertension of coarcta-
tion is a good example of mechanical elevation of pressure.

Horrath: Well, it is one of the possibilitics, and certainly—and 1
haven't seen this particular work of his so T don't really know how to
analyze it at the moment, but at least the evidence that is available at
the moment seems to indicate that the hypertension in coarctation is
closely related to some mechanical factor. Thete is some work pub-
lished just recently by Wiggers on the pressure waves in coarctation
It was not a clical type of coarctation. It was experimental coarcta-
tion, which seems to point toward a mechanical type of change. Now,
that isn't necessarily so because, after all, the coarctation that we see
i man varies extraordinanly from one individual to another.

We saw a patient just a wlile ago who was 65 and had had a co-
arctation, noted at age 15 but refused operation. Here he was, with no
apparent damage despite the fact that his hypertension in his upper
extremities had been there for some forty-five or fifty years, whereas
there was slight hypertension m the lower extremities and yet there
was no apparent damage to that individual in any way. 1 don't know
what we can say about that, except that the data ate confusing.

Steele: [ have been interested 1n the mechanics of the hypertension in
coarctation because it seems to me the best evidence lies on the side
that 1t ts renal i origin.

Horrath: 1 could extend the argument a hittle bit further. As faras
we can find out, thete is no evidence of renal imparrment in these
patients

Steele: That 15 true  You don't have to have diminished renal func-
tion to develop hypertension 1 was interested in the discussion of the
focalization of arteriosclerosis m the brain because the question is on¢
of general intetest Why do the coronary arteries lymg on top of the
heart become subject to an immense amount of scierosis, and yet the
muscular branches that have comparable pressuee by the muscle on
the outstde, prnbably with some degree of protection on the exterior
surface of thetr walls, almost never have 1t?

1 come back to what I think 1s really a beautiful observation by Dr
Dock (6) on the difference between the thickness of the coronary
sntima, even at birth, 1 men and women, and the condstion that is set
up there with loose, thick intima that can be stretched out and then
folded back up when the heart contracts, Study of factors that go mto
the localization, 1 think, is another possible way n which we might
Jearn a good deal more about the actual stress and strain and effect of

ressure. 1 think almost every one of us 4\\ould ngrtc‘tlmt clevated
pressure 15 probsbly not the deciding ot primary factor in the produc-
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is whether you think there 15 any relationship between coronary
tir\‘:::,“ ésq ;Esh:‘nd tz‘ ese sludges that Knisely has been studying in the
ion (22)?

m?tll:;:?‘?ﬂ(m Zs 2 good question 1 hadn't really thought of st and do
not hnow whethet there is any connection between t}xe two. plood

Cowdry: You can see these studges, of cousss, in the retnal
vessels
Olizer Tt would have to be a pretty big sludge to close up a cotonafy
artery, a
Coudry: T want to keow about the tuttle studges that go around,
whether they are more {requent 1 sndividuals who are likely to get
or have gotten coronary thiuribosis, . .

Steele: ‘That would be a good way of studying the subject but I
Lnow of no studies so far

Cowdry: 1 thought the work of Kasely excelleat, and 1t was pub-
Wshed at considerable feagth, you will recall. When you see these
masses of red blood cells circulating in small vessels, you can easily
imagne that they may have some relationship to occlusion

Hedbrann: 1 think 1t 15 2 clot  Knusely, himself, has suggested that
sludge might be due to a clotung. I think everyone is pretty well
agreed that m the blood there is 2 constant equilibrium between the
clotting factors and the anticlotting factors

Olrer: Is there fibrn in these sludges?

Cowdey That is the pount

Olirer: The mmportaat question 15 whether the sludge is an actual
clot or fust an agplutmation of red cells.

Horath: Tt 15 yst an agghatsmation, but there is fibnn in i

Heilbrunn, Well, Kouely himself thought that the celis might be
held together by traces of, say, fibnn,

Eremont-Smith: Isn't there some evidence recently that thete are
sd:vcml sndermediaty stages between fibtinogen and fbrin, or several
fesent molecolar species concerned, and that posstbly—and this is
o my iterposition and 1 don't know that this has been suggested—
at th: t?rhcst chanpe from fbwinogen towards fibnn, it rght be re-
x?m te? That woud it in with what You were saying Some recent
\:{:xk{ c;n:e :ut n our Yast conference on anticoagulants (10}, to the
et that there were several n
e e steps in the moleaular change from fibrig-
Coudsy, Yes, 1 thunk
e ik 1 heard something about that, but T am not
fHedbrunn These stud, insi
ges aze inside the vessel, "t i
how 1t can be proved wheth: i o ] don't quite
er there Toks See
is fibtin 1n them or not, unless 4
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with infarct less probable in the region around it. Fuller Albright
asked if he was advocating prophylactic ligation of the coronary arteries
in the fifties. Dr. Blumgart did not rise to the amusing side of it.

Bat it does seem to me that this line of work would be a very profit-
able one for pathologic study. If it is really true that many closures
of vessels begin as hemorrhage, ot even if they begin otherwise, hemor-
rhage becomes a secondary or even a tertiary event, one wonders very
seriously about the liberal use of the anticoagulants.

We set out with some such putpose in mind a Jittfe while apo, but
have not gone very far. A large number of sections of the coronary
arteries from about four ot five patients were examined In old fesions,
however, it is almost impassible to pick out of the pathological picture
what occutred first. When one is dealing with relatively recent in-
fascts and with considerable amounts of blood in the myocardsat tissue,
one still cannot be certain whether blood got into the atea of softening
from the ruptured artety or whether it mught have leaked through
badly damaged capillaties due to anoxia from the sudden plugging of
an artery. On the other hand, many of the things you sec in fresh
coronaties could have resulted from a damaged artery that subscquemly
was ruptured, particularly from the smaller branches as they begin to
dip into the myocardium.

1 would like to ask Dr. Oliver what experience he has had with this
process In the mad rush to study disease of the acteries metabolically,
we may have overlooked some of the prior notions about what might
happen to arteries besides lipid deposits. I sard before, Dr. Lansing
and his group (27) have taken the viéw, and there is good evidence
for it, that chronological changes may prepare the vessel for subsequent
injuries,

1 don’t know whether you have run across the work, but there was
an article by Dr. Irving S. Wright, who gathered statistics on the usc of
dicumarol 1n coronary thrombosis from many ddferent hospitals and
clinics under different regimes, and who tned to collate the data from
them (43). Doscher and Pondexter (7) ponted out that age was not
well differentiated and that the number with hypertension was not
clear, a factor of importance in the hikelihood of recrudescence. It
was shown that in groups of people with and without hypertensiont,
in males and females and 1n old and young groups, much greater vari-
ation in the rate of coronary thrombosis — much greater intergroup
variations — might ocaur without introducing dicumarol than was
shown to be the case in the thousands of mdividuals that Wright

ted.
rq?(:rﬁa’ry: May 1 ask you a question at this point? What I want to
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d “1t i fibrn.” “1f
what 1 always love, are semantic diffesences It is not i
:ﬁn i ﬁbram, jtis n)ot real fibrin; at least, 1t is nat the ﬁbm; tf\rit I mz:ll;:m
1 think we have to say, then, fibtin with respect to what is is
3 to 1ereversihility. .

M%f;::??;uch a me:mingv has a real, practical importance to the
fogsst, at Jeast. L
Pn;slr(:rggn:kmill): “The chemist has a different fibrin which he identifies
by ts molecular size and shape and weight and other aspects. But on
most of these misunderstandings, ¥ imagine 1f we had the right people
here, 2 ternfic tow could statt up nght now “It s ﬁhnix, it 15 not
fbrin™ 1 think that ths ailustrates the kind of speatfication nee§cd
1n scientific discussion 1 think 1t is perfectly clear that we are talking

about different kinds of fibrn.

Horeath: 1 have forgotten exactly where I saw this or whom 1 talked
F O P R v

[ORUIG TR TN

Ofirer: Globubhn — if T may add 2 comment which will clanfy at
least my concept as to the difference between apglutinated clumps of
red cells and clots composed largely of red cells and the sefation of
these two aggregates to globulin, fibanogen and fibtin - Although these
two sorts of aggregates appear temarkably simtlar to the eye, I think
there 15 a very practical and therefore signdficant diffecence in therr
make-up

In the agglotinated clomps the red cells are held together by electro-

static forces which i turn are dependent on celt susface layers com-
posed in part of a globukn which may be very similar to fibrinogen.
The electrostatic changes on these surfaces vary stk sha vtom 0,

apsivtnated, Al thes ha oy iy e readily dispersed or again
“;‘;% su:mims ey s been demonsteated by appropniate physteal
n the clots the constituent red cells are bound toy
by threads of fibnn. Since the fibrn 15 sn xrrev:l:t&j}c‘(i:n:ce\cx‘:in;c}:l‘x{
(‘;f enzyme action, the clot is a relatively permanent agg(egate‘ The
hn‘f;;:!mce wn the pathogenetic sigmificance of solid aggregates in the
streamn of such different nature ts cbviaus
LI regaed to Dr Keusely's studges, he states (22) that there are
s of blood sludges” and the fact that he finds

them it such a variety of clinucal states as “hystena” and “gonorrheal
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test is made in riro. There is fibtinolysin in the blood and in the
tissues, and that can dissolve these things.

Srecle: Well, these sludges do disappear right under your ejes; they
move on and dissociate.

Heilbrunn: Oh, yes, there is this constant equilibrium between the
factors that make for clotting and the factors that tend to prevent and
severse the clot.

Fremons-Smuth: The statement that it was not fibrin, I think, is based
on assumptions which are not altogether clear, namely, that fibun
doesn’t dissolve again once it is formed within the blood vessel.

Heilbrunn: But it does.

Cowdry: It would be nteresting for Gofman ta discover whether
there 15 any relationship between the sludges that Knisely has been
studying and his macromolecules which he can separate out by centrifu-
gation.

Stecle: How would you go about dealing with these sludges of
Kusely? You can't get them out of the vessels to study them.

Olsrer; A good many years ago, we produced what would now be
called “sludges,” I think, by mjecting arsphenanine nto animals in
large amounts (30). One could expose the mesentery of the animal,
before death or after, and actually see the clumps with low magatfica-
tron or the vessels could be cut and the blood allowed to flow out on 3
glass plate  These clumps of red cells cestawnly were not “clots” in any
real sense of the word ~ There was no fibrin 1n them. The siudge or
clump was made up only of agglutmated red blood cells that could
be dispersed or brought together again 1 1ro.

Fremont-Snsth: Wouldn't the statement that there was fibrin m them
requure further specification? That 15, could one actually say that? It
would take a chemical analysis or some physical analysis, wouldn't it,
to prove 1t? It was the fact that studges could be dispersed agamn which
was accepted as proof of the absence of fibrin, wasn't t?

Oliver: Yes; immeduately dispersed and immeduately returned to an
agglutinated clump at will.

Fremont-Smnh: But if a ittle bit of fibrin were there to help to hold

them together—
Qlirer: Well, that would be something the pathologist doesn't call

fibun.

Fremont-Sunth: That 1s the point I mean  When s fibnn fibrn?
Olrrer: There is a practical reason for distinguishing what the pathol-

ogsst thinks of as “real” fibrin, because 1ts physical state certamnly can-

not be reversed in any easy way or under any usual circumstances
Fremont-Smith: That 1s a very interesting thing. What we have now,
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examuned histologically the vessel of the bramn, he tho\x.ght h; lfouit’\d
tiny vessels that had been closed, with scars in the brain, and he e;
ered that al) of these accidents had heen due to multiple closures of

minute vessels. 1 thunk that is very comparable to what you may see
in thrombosis. .

N SI:rn: To come back to cerebral arteriosclesosis and the ih]ngs 1 men-
tioned before, it may nterest you to know that in the brain we have
a dose parallel between symptomatologies when 1t comes to certatn
functrons; for instance, pyramidal symptorns, 1€ you have a case, for
example, where you know that durng, life there has i}ten a plantar
extensor on one side, you can be sure that there 15 a lesion somewhere
in the internal capsule on the opposite side. Now, when it comes to

~ 1t . 5

gy

descabed as certain lestons which he called “#tat criblé” These are
tesions 1 which you have multiple small ischemic areas, for instance,
n the pons, and charactensstically, in the base of the pons. You have
1 here these small lesions. He found in many patients with arterso-
sclerotic Parkinsonism many small ascherruc lesions with small, micro-
scopically bately visible, holes m the basal gangliz Now, somebody
has pointed out, and 1 have seen this, too, that people who have not
shown any Patkinsonian features at all w life may have similar lesions;
10 other words, the parallel between arteriosclerotic lesions and symp-
b logy 15 not s math ily accurate, you might say, as in
prramdal symptomatology  The most striking thing of this type 1
have ever seen~—and 1t 15 too bad that we daa’t actually publish nega«
tive cases~—s the following. One of the typical lesions that has been
studied e b mocdore Tl L of the
;‘3‘ . f you

: - e wu sla, YOU get hems-
chotea n the oppastte side of the body, n attesosclesotic ndwviduals

Lesions Like that have been described by Vogt, by vatious French
people, in the Enghish literarure, and so on T once saw 2 case of 2
»\n&n:u whom 1 had known chincally literally to the last day of her life,
:;:‘ g!(\ilppm:d 1o study hee bram T did a post-mortem on her, and
o :: b aofa:n:(d hn;}monhagxc cyst on the basis of antetiosclerosss in the
e 2 on Dca‘t;‘ ate Now, if that woman had happened to have
et b’:““nc h § nvpposne side, T would have published her as 2 case
NI c‘ua;ymm?d :{; ;:::D;t\);n[;arﬁnv:ly }:nterestmg cases, but she
] at al, m other words, yon 2
I‘:'i;l"ﬂ =sp:w!mfm{n Iosion and symptom, some third “kaipaffc‘igy
e nstitutional predxspcsiuon or something like that o
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examined hstologically the vessel o{ the bmf\, he tlgought h; lt;tzué\i
tiny vessels that had been closed, with scass in the bram, a;\ e oe
freved that all of these acadents had been due to multiple closures o

moute vessels 1 thnk that is very comparable to what you may see
10 theorbosis .

Stern: To come back to cecebral arteniosclerosis and the things I'men-
tioned before, 1t may interest you to know that in the brain we ha\fe
a close paraliel between symptomatologies when 1t comes to certain
functions; for instance, pyramidal symptoms. 1f you have a case, for
example, where you know that duting life there has been a plantar
extensor on one side, you can be sure that there is a leston somewhese
 the wternal capsule on the opposite side Now, when 1t comes t0

prramidal symp 15 symp a1 2} hip is much
more obscute “There 15 the so-called astertosclerotsc Parkinsonusm, for
mstance, which ongnaily Pierre Marie, the great French neurologist,
described as cectain lesions which he called “état cnblé.” These are
lesians 10 which you have multiple smal) sschemic ateas, for instance,
i the pons, and charactersbically, m the base of the pons, You have
it kere these small lesions, He found 1 many pattents with arteno-
sderotic Parkinsonssm many small 1schesnic lestons with small, micro-
scopically barely visible, holes in the basal ganglia. Now, somebody
has pomted out, and I have seen this, too, that people who have not
shown any Parkimsontan features at all in life may have similar Jesions;
in other words, the parallel between arteriosclerotic lesions and symp-
tomatology 15 not as math ally accurate, you mught say, as m
prramudal symptomatology. The most strking thing of this type 1
have ever seen—and 1t 15 too bad that we dor't actwally publish nega-
tive cases—s the fotlowing  One of the typicat fesions that has been
studied for the patholopy of chorea was the Jesion i the head of the
caudate, caused by either artenosclerobic infarct of hemorshage 16 you
have 4 fesion 1n the head of the caudate on one side, you get hemi-
chorea m the appastte sude of the body, i arterosclerotic mdivaduals
Lesions like that bave been descehed by Vogt, by vations French
people, in the English literatuce, and so on | once saw a case of 2
woman whom 1 had known clinscally Uterally ta the last day of her ife,
ﬁgd; happened to study her brain I did 2 post-mortem on her, and
:\:a ; :u\f an old hemorrhagic cyst on the basts of artenosclerosis 10 the

of one candate  Now, #f that woman had happened h:
hemichorea on the apposite side, I would have publ, et e o e
report, because th 3 published her as a cage
had no extmpymn:{l:\r:):gtl Cﬂm}:uxnlh\wly interesting cases, but she
oms at ail, m other wonds, you 2
;::;3‘ S:ritt from (esmE\ ani symptom, some third un};cm:gp fl::tto‘y
predisposition ot hing hike that ’
Jid
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All of these ideas are rather vague—a sensitiveness of the nervous
system to lesions, something hereditary, 1 think, constitutionally. But
if it comes to a pyramidal lesion, then I think there exists an absolute
mathematical lesion-symptom relationship. I think that certain phe-
nomena in the pathology of heart and kidney are analogous,

Steele: 1 would like to ask whether you think there is any way
physiologically or histologically that temporary spasm can give you
these vascular accidents or attacks or paresis,

Stern: Oh, yes. Tirst of all, there have been true permanent hemi-
plegias, actual apoplectic stroke with permanent hemiparesis, and that
has been described in the French literature. The French pathologists
have cut the vessels in serial sections; for instance, let's say the middle
cerebral astery and the branches of the cotresponding area, and they
could not find any occlusion  In other words, they assumed that even
a transicnt constriction or stasis or something like that might produce
1 some hypertensive individuals a permanent ischemic necrosis. For
instance, patients who have multiple small 1schemic areas in the brain,
I think, often have in their history such things as a few seconds of
blackout and dizziness and things like that, and these are probably sub-
clinical apoplectiform msults  There is one ophthalmologist who
claims—I have forgotten the reference—to have watched the retinal
arteries during one of those flecting hemiplegic attacks, and there was
an actual constrictton, which means that there may be a constriction of
brain artertes, too.

Fremont-Smuth: Dt Richard Brichner has reported, [ believe not
too long ago, constriction of the retinal arteres, but this problem of
constriction of cercbral artertes has been one that has plagued us, has
it not, Dr Stern, for a long time, with great varation of opmion?

Stern; Ob, yes.

Fremont-Smth: And the best physiological experiments that I know
of have failed to produce construction 1n cerebral arteries, with the
exception of one—and that produces a general constriction—and that
is overventdation or alkalosts  In antmals that are overventilated, where
the CO, is blown off (and there 15 evidence in the human also of that),
there is constriction but 1t 15 a general constriction that is not severe
enough to produce definite 1schemsa (11)

Horvath: Tt is very munor, isn't 1it> It 1s a minor constriction The
reduction in blood flow after hyperventilation has beea very small (20)

Frenront-Smith: 1 think the reduction 1n bload flow 1s quite consider-
able, because the flow is so cnr?rmously influenced by a relattvely small
change mn calibre of the arterioles. But you really know more about
this than I do. 1 wish you would speak of 1t



oY
Cardiovascular Aspects 7

. i jon in biood flow

Honath: My 'ec.‘)“;cmn';;b‘:t:a:dt:? tlg‘teoxﬁ“;: cent, in contrast

ypertension is in the nes; g
;’; T}’zfct:smen dons meseases that you can get, for instance, by carbon
dionsde inhalaﬁr;’n‘B . con
-Smith;: INCIEASING 28

};{':;]:Z;ll: Yes. Tl?e tevetse change 15 much, much grtate;‘- YO\;‘ i’;ﬂ
produce 2 greater amount of vasodutation or greater flow ¢l dKI;‘gl " bc
brain than you can obtamn reduced flow. It has been verfy i oy ’e ii
any of the physmlogical alterations, to praduce much oh a ] gtme
flow without changing the general systematic flow at the Sam;ff"mu'
1 j0u keep the general systematic Jevel fairly constant, st 15 dt y
fo Jower the flow through tt agan. Of course, gross techm'quesnsuc
as we have used only tell you past of the story. They don't tell you
what happens 1n any one spedific area, and therefore may not a{xs‘\l!er
the question that you have raised, as to what happens 10 one particular
area You may have intense vasoconstriction sn one area, because we
do \now some of those vessels under, say, local epinephnne of some-
thing like that, can constrict, Therefore, we can’t answer the question
But the geaeral pictuse 15 the small physiological change with relatively
latge increases of flow.

Fremont-Smuth: For many yeass, 1t was believed by a good many
prople, and I myself included, that epileptic convalsions were precipr
21ed by a vasoconstuction ‘Then the effort was actually made to
demonstrate that, and 1 thunk the evidence now has proven that ths
isnotso I stadl like the idea that where there may have been an injury
such as 2 post-traumatic head njary, those vessels may tarn out to be
frore sensitive to cizculating adrenalin, hypersensitive, as we know, @
Ragnaud's disease or other conditions whete there has been a denerva-
ton, and there may possibly stilt be a basts for a temporary vaso-
constriction i an myured area of the bram that could precipitate such
an attack But that s a2 longmg for an old wdea, and certasnly the best
enidence that Gsbbs 2ma others ave against that (12)

Uthink we are stall not clear as to whether these transient losses of
consciousness an elderly people, from which they recover without any
restdual clindcal symptom, could be due to a constriction or whether
they have some other mechamsm,

! sould Tihe to go back to the question that you rassed, sir, a few
minutes agp, when you ashed whether there was a relationship between
the antenoscleross of the heart and heatt function. I wonder if one
could come closer to an answer to that by asking whether there is 2
relatonship between the acterosclerosss of the heart and the heart
weight? — because increase w heart weight would certamly be an indi-
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cation, would it not, of at least a compensatory need on the part of
the heart, If one showed a correlation between arteriosclerosts of the
heart and increase in heart weight, that would be an indication that
the arteriosclerosis had, in fact, interfered with the function. Would
you agree?

Olirver: 1 don't know.

Freniont-Smith: 1 mean, 15 that a reasonable approach to the prob-
lem?

Oliver: 1t is a reasonable assumption. I don't know as to the facts.

Steele: Wasn't there an old paper by Fahr (9) comparing hyper-
tensive with nonhypertensive arteriosclerotic hearts? There was a very
minor increase in weight in those hearts that had arteriosclerosis.

Fremont-Sniith: Without hypertension?

Steele: Without hypertenston, but it was very small compared to the
ones with hypertension, It was just a 10 per cent, a marginal increase.

Fremont-Smith: It would seem, for one thing, that there certainly
wouldn’t be any one symptom corselation, because the position of ar-
tertosclerosis on the coronary vessel will determine, as you pointed out.
so much more the nterference with functional capacity than just the
degree of arteriosclerosis, which might be quite marked in certain places
but never lead to disturbance in function because it didn’t produce any
occluston

Steele: 1 think that is right, and the fact has always interested me
I have heen looking for a long time for somebody who actually has
the signs of clinical, congestive heart failure, n an initial coronary
occlusion, I have seen heart farlure only when there seemed to.be
repetitive insults to the heart, with the electrocardiogram continuing
to change over a pertod of six months or so. Also after two, three, ot
four coronary occlusions over several years, at some spectfic tume, the
heart may begin to fail.

Goldzieher: This question is a little more complicated than it seems,
because if you equate heart stze with artertosclerosts, you omit another
significant factor, namely the relation to heart size, 1rrespective of
arteriosclerosts  That brings us back to what Dr. Stern said and 1t
seems to me a rather important posnt, namely that there is no correla-
tion between arteriosclerotic encephalopathy and senile changes of the
brain. The same holds true also 1n respect to other organs and tissues
including the heart. Many years ago, I investigated the various tissucs
of aged people. In the course of these morphological studies, I was
1mpressed by the observation that semle changes were p:mculnrly
marked in individuals who had reached a fipe old age without much
evidence of arteriosclerosts. This group included people who were
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in their 90's and whose arterfes would have been accepted gladly by
most middle-aged peaple. Yet the heart of these oldsters was of excep-
vonally small size and showed marked pipmentation of petinuclear
distribution similar to the brown pigment in the brain cells In other
words, the motphological evidence clearly denoted sentle atrophy which
had developed in the absence of atterial changes. One might draw the
conclusion from these observations that irrespective of the signtficance
of atteriosclesosis 1n general, senescent changes do develop and seach
an extreme degree without the contrbution of arterial disease.

Shack: The phrase "carduac function” has appeared 2 good many
times in this discussion, but no one has defined what they mean by the
term Do we mean “stroke volume,” or the ability to increase cardsac
outpot under increased demand? How do we judge “cardsac function®”

Steele: Well, of course, my judgment of heart function was a very
simple and a very crude one —~ namely the occurrence of symptoms of
msufﬁnent cardiac output for whatever that person was trying to do,
L think to go through the business of high output failure and low out-
put fatuse is not worthwhile, Whether you happen to be hyperthyroid
sad need much more blood and your heast consequently fails to meet
):ur needs with fess damage to it than somebody who 1s not hyper-
’m)f";)'g,hzic{:megu?flxrzportanﬁe 1 knowing how great the damage is
fonion excephes now of no other way of distinguishing heart
d’gf:‘::;csn“l: iﬂ:i ltaw; have anby f(cchnk‘ues for evalnating sndindual
datet ey s Cf unctxc;n efore frank failure ensues? Can't we

Steele ges of mpending falure?
know 48 saunds hike threatened pocumonia to me, but 1 don't

.o -
in
m . -
W wee Sudills ot tnuce, whese you could take a bt of cardia
MS:::'! ’M‘i ';;,{ put it m some other place where 1t doesn’t have to pum;

t sact of aging changes go on mn this tissue, 4 f i
Sadiac function i ctw? Bas tiy be - apact from jts
sc':S“hI:t i £0ing on in the tissu:;e e that sott of an approach to
etle: Well, vou temember Dr .
hmhd.w every yeart fora q\mner[zf zC;::l:y heact, that celebrated s

Hanulton. ¥,
of \h:':m{:‘;’ )\:5. but Tam speaking of cardiac muscle Wikl the course
o o rlant in inbred mice be able to be followed m a site
Condy Qr&C\c l\;ca\mn and funchion? apnst
Coudry: Wouldn ¢
sy, bt mot gm:\" : ou expect that o would transplant perfectly
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cation, would it not, of at Jeast a compensatory need on the part of
the heart. 1f one showed a correlation between arteriosclerosts of the
heart and increase mn heart weight, that would be an indication that
the artertosclerosis had, in fact, interfered with the function. Would
you agree?

Olirer: 1 don’t know.

Eremont-Smith: 1 mean, 15 that a reasonable approach to the prob-
fem?

Oliver: It is a reasonable assumption. I don’t know as to the facts.

Steele: Wasn't there an old paper by Fahr (9) comparing hyper-
tensive with nonhypertensive arteriosclerotic hearts? There was a very
minor increase in weight 1 those hearts that had arteriosclerosis.

Fremont-Smith: Without hypertension?

Steele: Without hypertension, but st was very small compared to the
ones with hypertension It was just a 10 per cent, a marginal increase.

Fremont-Smith: Tt would seem, for one thing, that there certainly
wouldn't be any one symptom correlation, because the position of ar-
teniosclerosis on the coronary vessel will determiae, as you pointed out.
so much more the terference with functional capacity than just the
degree of arteriosclerosts, which might be quite marked in certain places
but never lead to disturbance i function because it didn’t produce any
occlusion,

Steele: 1 think that is rght, and the fact has always interested me
I have been looking for 2 long time for somebody who actually has
the signs of clinical, congestive heart farlure, 1n an imtial coronary
accluston I have seen heart failure only when there seemed.m.be
repetitive 1nsults to the heart, with the electrocardiogram continuing
to change over a peniod of six months or so. Also after two, three, of
four coronaty occlusions over several years, at some specific time, the
heart may begin to fail. .

Goldzieher: This question is a little more complicated than it seems,
because if you equate heart size with arteriosclerosis, you omit ar}olhﬂ
significant factor, namely the relation to heatt size, irsespective O
arteniosclerosss  That brings us back to what Dr. Stern said and it
seems to me a rather important pomt, namely that there is no corsela-
tion between arteriosclerotic encephalopathy and senile changes qf the
brain. The same holds true also 1n respect to other organs and t}ssucs
including the heart. Many years ago, I nvestigated the various tlss\fCS
of aged people In the course of these morphological studms,_ 1 “75’
impressed by the observation that senile changes wcxe_pnmculnr)
marked in individuals who had reached a ripe old age without much
evidence of artertosclerosis, This group included people wha were
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n their 90's and whose atterics would have been sccepted gladly by
most middle-aged people. Yet the heart of these old‘srcrs was of excep-
tonally small size and showed marhed pigmentation of perinuclear
dtnbution sundar to the brown pigment in the brain cells. In other
werds, the morphological evidence clearly denoted sensle atrophy which
bad developed in the absence of artenal changes, One might deaw the
conclusion from these observations that urespective of the significance
of asteciosclerosts in general, senescent changes do develop and 1each
“n extreme degree without the contnbution of acternl disease.

Shock: The phease “cardiac function” has appeared 2 good many
tunes in this discussion, hat ng one has defined what they mean by the
fem. Do we mean “stroke volume,” or the abilaty to increase cardiac
outpat under jncreased demand? How do we tudge “carduac function 2™
| Steele: Well, of course, my yudgment of heart function was o very
simple and 5 very crude one — namely the occurrence of symptoms af
insufficient cardyac output for whatever thay person was trymg to do,
Thunk tg gy theough the business of high output faduse and fow out-
put faidure 35 noy worthwhile, Whether you happen to be hyperthyrod
nd need much moge blood and your heast consequently fals to meet
Jour needs with Jogs damage to 1t thay somebody who 15 ot hyper.
thyroud, becomes of iportance in knowing hoy, geat the damage 15

to the heart, Byt 1 koow of ng other way of d:sungmshmg heart
function except—

!}waé But don't we haye a0y techmuques for evaluating individugt
€tences in cardiae fanction before frank faidure ensues? Can't we
detect eatly stageg of mpending failuce ?

kné':rels' That sounds f(ke threatened Preumona to me, fyyt J don't
oW

Hamslton- Lsas wonder,
8 as this discuston Was poing on, not by
: lh!xs ﬁe[dl; whether anybody has studied Fonts o gt beng
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oo - by a1 of mce, where You could t5
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Steele Wyt
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cation, would it not, of at least a compensatory need on the part of
the heart. If one showed a correlation between arteriosclerosss of the
heart and increase in heart weight, that would be an indication that
the artertosclerosis had, in fact, interfered with the function. Would
you agree?

Olsrer: 1 don’t know.

Fremont-Smith: 1 mean, is that a reasonable approach to the prob-
lem?

Oliver: 1t is a reasonable assumption, I don't know as to the facts.

Steele: Wasn't there an old paper by Fahr (9) comparing hyper-
tensive with nonhypertensive arteriosclerotic hearts? There was a very
minor increase in weight 1n those hearts that had arteriosclerosis.

Fremont-Smith: Without hypertension?

Steele: Without hypertenston, but it was very small compared to the
ones with hypertension. It was just a 10 per cent, a margmnal increase.

Fremont-Smith: It would seem, for one thing, that there certainly
wouldn't be any one symptom correlation, because the position of at-
teriosclerosis on the coronary vessel will determine, as you pointed out.
so much more the interference with functional capacity than just the
degree of arteriosclerosis, which might be quite marked in certain places
but never lead to disturbance in function because 1t drdn’t produce any
occluston.

Steele: 1 think that 1s right, and the fact has always interested me.
I have been looking for a long time for somebody who actually has
the signs of clinical, congestive heart farlure, 1n an initial coronary
occlusion. T have seen heart failure only when there seemed to be
repetittve insults to the heart, with the electrocardiogram continuing
to change over a pertod of six months or s0. Also after two, three, of
four coronary occlustons over several years, at some speciﬂc time, the
heart may begin to fal.

Goldzieher: This question is a little more complicated than it seems,
because if you equate heart size with arterioscleross, you omit another
significant factor, namely the relation to heart size, irrespective qf
arteriosclerosis. ‘That brings us back to what Dr, Stern said and it
seems to me a rather unportant pomt, namely that there is no correfa-
tion between arteriosclerotic encephalopathy and senile changes of the
brain. The same holds true also in respect to other organs and tissues
including the heart. Many years ago, I investigated the various tissues
of aged people. In the course of these morphological studies, 1 w:IlS
impreSSEd by the observation that senile changes were particulatly
marked in individuals who had reached a nipe old age without much
evidence of arteriosclerosis. This group included people who were
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Hamilton 1 just throw it in as a possibility; getting a look at this
tissue apart from its ordinary stresses.

Coudry: Tt seems to me, Dr. Steele, that, when you talk about cor-
relating the behavior of the heart with its structure, there has been so
lamentzbly little done in the histochemistry and the straight chemistry
of the myocardium, in the quantitative analysis of munerals and of
amuno aads, and in the dustribution of enzymes, that there is not much
to correlate

Steele: 1 guess you can count such studies on the fingers of one hand.
Lean think of only a few in and out of heart failure,

Coudry' There have been some studies, of course, on the size of the
cells and theie nuclei but only by the simplest possible techniques. The
more tefined methods that have been applied to the nervous system, to

&hel blgod vessels and to the reproductive system just haven't been
utilizer
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Hamilton: But to be maintained,

Cotdry: Yes. However, there would be edges which would be sub-
jected to phagocytic action and, gradually, the cells that are most pro-
lific under those circumstances, the fibroblasts, would take charge of
events and you would get a scar.

Hamilton: Has it been tried, say, in the anterior chamber of the eye?

Codry: No, this is pure prophecy.

Engle: Dr. Simms, have you had some experience with chick hearts
along with your chick aottas? .

Simms: No, only the embryo heart muscle grows.

Steele: Not adult?

Simms: No.

Lingle: 1 think 1t would be completely fibrosed, just as Dr. Cowdry
said. The cardiac muscle couldn’t be maintained separately.

Steele: Of course, just recently, I think about a month ago, in Science,
somebody cultured a chicken’s heart and -had beautiful growths of
endothelial as well as connective-tissue cells, When he applied desox
yeortssterone, he damaged the fibrous tissues much more than the endo-
thelial cells

Hamdron: 1 know a whole hair follicle will continue to grow and
produce structures

Cowdry: Are you going to take the myocardium of a very young
animal that 1s stidl growing, or are you thinking of taking the myo-
cardm of an adult ammal?

Hamilton- 1 had in mind the embtyo of an mbred strain of mice,

Cowdry: You would take embryonic tissue?

Hamtlton: Yes.

Condry: Well, possibly you might, but I think the 1dea 15 that the
myocardiam of the adult does not grow It may increase m size, but
the cells do not multiply

Hamulton: 1 was just wondering 1f there were some way to sepatate
what 1s the result of changes in the heart as the result of 1ts function
in sitn from what might go on if this tissue could be kept in a rela-
tively—

E‘Zuvdry: Perhaps you wouldn’t get the distinctive structural features
of muscle to develop unless you had tension, 1 don’t know; yon might.

Fremont-Smith: That 15 a good pomnt TI¢ probably wouldn't differ-
entiate into muscle 1n the absence of a contracting opportunity.

Heilbrunn: The muscle tissue gets stefation. .

Coudry: You get some striation in tissue culture but you are talking
about taking muscle and transplanting 1t, which s a different propo-

sition.
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i wn aping and m what aspects
find out bow mang pe0§ [:’l}l::rlenl‘\caﬁs}!;ec‘in tmp‘lit{‘\e emphass, some of
fé lftelttheznntr}iec::)?br;:ﬁo;;ma] and nonfinancial nspocrks of ﬂS:“é; ¢ (he

: ing the first meeting o

1 say that, secogmaing that last June, during ¢ "
planmyng committee on the Resenrd} Scct'mn, 1 had‘ \‘(]1 de(tri&cl 2\\\‘; i?l:\
sion to snvite only fosty or fifty biological reseatc Y’“’i" wescarct
total of eight hundred, and 1 also say 1t, Tecognizing that the \
group at the Conference felt that there has been very little research
done on the aging processes. While that is undoubtedly tm?. :l(ymh;
250 0Ot a single prece of sesearch was under way on the topic of the
selatonship of puvate pension systems to retirement poficies, which is
certainly one, ust one, of the very entical problems in this ﬁcldf A\so,‘
to the best of my knowledge, there neser had been up to that time any
senious, concetted effort to do any research on the subject of ylwmg
armngements ot housng for older people 1n this country. We felt
that while there had beent a good deal of progress made in the area
of financing the later years and in the area of medical research, jt was
time o give people n the other areas an opportunity 1o catch up. So,
we sought to stimulate more interest in those arcas

We had no 1dea how many people would attend the Conference
Actually, there wese more than eight hundred  After the Conference,
there wese quute & number of letters of commendation sent to Mr.
Ewing That was prohably to be expected, but some of those lettess,
1 felt, realfy went out of thewr way and were mote than meee pestures
of recogastion or gratitude for the Conference. The people who had
attended conferences all their lives mnsisted that this was the best one
they had ever attended

Now, 1 don’t know why these people reacted that way. We have
two hypotheses one s that 1t was the subject matter People actually
wete waiting for an opportuntty to get together and discuss aging and
its vanous samifications  The other, ¥ think—zad s may have been
the more important one—was that this was a discassion conference,

We undertook to set up the Canference so that there were not more
than twenty-five people m any of the discussion geoups throughout the
three days It was also a public forum, and many of the decisions were
made by people outs;de the government who actually had responstbility
for plannng the content and techniques  As a result some of the sec-
ons met in Yarger groups.

f( have bad o privilege that T think no one else
0



SUMMARY OF ACTIVITIES OF
FEDERAL AGENCIES

CLARK TIBBITTS
Tederal Security Agency
Comnnttee on Aging and Gertatrics

IN s opening remarks this morning, Dr. Fremont-Smith made some
observations about the difficulty of finding a unwverse of discourse in
which people from vanious disciplines could make themselves wnder-
staod. As I have sat here today, 1 have not been able to observe any
difficulty in communication among the participants with the exception
of mysetf. I have appreciated the opportunity to be here today because
part of my job, as ¥ understand 1, 15 to try to be somewhat ax comant
with what people in various fields are doing n the broad area of agmg.

Dr. Fremont-Smuth asked me 1f T would say something this evening
about the National Conference on Aging and what has happened since
that time, and what the Federal Security Agency's plans are, That Tam
very glad to do, although I warn you that I'am gomng to toss the biggest
tmmediate problems mnto your laps and seriously request your assistance.

In order to talk about the Conference, I woufd fike to go back briefly
to the time hefore 1t was held. I don't know whether or not you alf
kaow 1t, but the Agency 1s a kind of holding company for the Socsal
Securtty Admimstration, which operates the financial programs that
benefit the older people and other groups, the Office of Vocational
Rehabilitation, the Public Health Service, the Office of Iiducation, the
Food and Drug Administration, and five or six smaller units

The Agency set up a Committec on Aging some time ago, and that
commuttee met perrodically 1 wasn't in the Agency then and I don't
know how often 1t met, but I did get there at about the time the com-
mittee came up with the notton that the Agency was not concerned on
a sufficiently broad basis with the problems ausing from the aging of
our Populanon. It was pamcularly active w the held of fnaactal aid,
of course, and somewhat 1n the medical research field. But the com-
mittee became convinced, and the Admirustrator did also, that those
problems sepresented only part of the total area mn which agmg was
pulation and a good many of our sstitutions  Jt was

affecting our n
decidedgto hofl’:i? a conference that would be broad in scope, partly to
96



fe vy
Autreities of Pederal dgendies vy

. . i have tahen
Well, here are just some indications of \hf k(h‘sgxs :th::tioml level,
lace since the National Conference in A\)g;; States has now decided
the Adult Education Association of the Unit e ferenees il be
that one of the principal features of lhm:j ‘z}nn&:am‘ Association had
the subject of agng. Tbe'Amenc.nn Y“\;q e‘; att, they plan ta have
onc paper last gm’otle‘;ht‘r;ﬂk\}yﬂ:‘;\\;!];;‘\% North Casolina called tagether
siverl sessnonss ir?m that state who patticipated in the Conference, and
e e e il hold 2 starenide conference patterned pretty
i May of thrs year will hold a sta 3 ol desl
Jargely after the National Conference. They are spen m}(i 3B There
of time, about seven or eight months, in Pit!’ﬂﬂ\mn‘ or 8, ‘fl :

have been other states, sach as Georgia, Mchigan, Minnesota, any
think Dr Cowdsy mentioned Nebraska this noon, whese, not a compre-
hensive conference, but conferences that are statewide n patnse ase
bemng called by educational agencies or welfare agencies of heatth
agencies, and 50 on Some of them have been held .:md others ate
bemg held right along. Thinols appomnted a State Commission on Aging
jost 1n time to be announced a day or twe prior to the National Con-
ference In Micngan, the govemor has a commitie, and the fast 1
heard plans to appomt a statewide Commssion on Aging. Just two
weeks 280, the governor of one of our New England states called a
sumbes of us i for 2 discussion with Some of the members of the Legs-
latute, and he intends to ask the Legistatuse to set up a State Commis-

san an Ag\“g this S}&“\'\g

In communities, there have been simidar activities In Philadeiphia,
there has been 2 Commutter ar Agmg sponsosed by the welfare and
health organszations for a number of yeats, aad that commttee decided
to get the conference delegates together—1 thunk there were about
twenty from Philadelphia—to do some further planning 1 the field.
At the same time, the adult education grougs t the aty decided to da
the same thing These two groups together drew up 2 five-year plan
of objectives in the field of health, welfare, education, recteation, em-
ployment, and housing services, and they are asking the governor to
et up a state commiussion  Milwavkee 1s another place that has had
2 genenal meeting of people from a good many different fields, with
2 teport on the Conference and discussion of problems s Mutwaukee
iaes; : f’:ﬁg‘"&l dFlﬂfldﬂ. the health officer was strnulated to expand
Esox Cf)us ‘& er people Richmond, Virgiata; Savannah, Georgya;
where ac(\:t\):'& ew Jersey, Denver, and Puttsburgh are other places

Thete \s‘ms:: }f’;"‘"S on. 1 mught also snclude Kansas Cuy,
they ate doumg T; Qx::ery' actually set up for people to teport what
18 1o effort on our part to get any systematic
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way through. [t 1s almost possible in these secordings to see thinking
and development take place. I remember one instance partioulady,
where, 1n the Income Maintenance Section, there was 2 man who under-
took to defend the retirement policy of his organization. He got up
and said that when a man gets to be sixty-five they have a dinner for
him and he has an opportunity to invite any of his friends that he wants
to and they see him get the gold watch that they give him, He actuatly
thought that that was sometlung, untit some of the other people began
to tell about how that may be a shock to the individual from which he
doesn’t secover, or at least spends a long time recoverng. They went
to the other extreme of describing the functional retirement program;
retitement based on capacity to petfarm, such as is beng operated
successfully m some places. Well, that, as I say, is merely one of the
impressions that has come out of some of the correspondence that
came 1n and some of the records that were Jeft by the people who pac-
ticipated.

There 15 another kind of thing that I would like to talk a httle about;
that 1s, the teports that we have had of activities that have taken place
around the country since the middle of August, and the requests that
the Federal Secunty Agency has had from various kinds of orgamza-
tions, communities, and so on, [ certaniy do not wish to give the {m-
pression that the National Conference on Aging last summer was
responsible for all these activities, Some of them, I think, have existed
for a long time and we are hearing about them now merely because
the Federal Security Agency has established or announced its mterest
in the field. I think some of these things were going on and, perbaps,
have been extended or stepped-up because as soon as there was national
recognition or governmental recogmtion of the aging field, that con-
stituted approval for some of the people who were mote or less feeling
their way along, with the result that they have gone ahead faster. |
think also there have been some things that have actually been stim-
ulated by the Conference

Dunng the fall, 1 had occasion to make a summary of some of the
cctrespondence we had had, m the Conference office alone When we
made this summary (which was along in November, [ think), we then
had more than nine hundred fetters. Now st is considerably more than
that. Those represent letters that were properly handled in our office.
1 have no accurate count, but I know that there have been many, many
addstronal letters, recerved by vanous units i the Public Heath Service
and Sacial Security Administration and other pacts of the Agency and

also other governmental departments, such as Aguniculture, Labor, and

50 on.
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jati i § man-
g e do 1 the way of mobilization and xpcrcased use o
‘;:\a\'[:zv:ll‘tie beneficial tg ouc efforts in the aging field over fa»im\g
time There may be a two-way relationship and fecognition of t; .
may also be that a good Jeal of intetest 10 aging was generatc t
that mobitization brase't hut us hard enough yet to aut off the :mclu's in
makimg mose adequate opp ity of p for older people. ]

1 thnk 1t wvas Dt Horvath who asked me today whether there was
any tendency for peoplc to think that with sacreased cmploymfnl l:)p-
postunities, there would be 2 tendency for people to say,‘wel .l cll;
1obs ate gotng to be available for old people and that \\:xll solve g
theie prablems, and s0 we don't need anything else. That i5 a question

that has been ratsed 2 tyme or two, but, snterestingly, we have had only
one letter on 1t

1 am nclined to think that 1t 15 beng mereasingly recognized {hat
the manpower reserve at the present time ts not very large, certainly
1n terms of males Tt 1s nowhere near as large as it was at the beginning
of World War II Nobody knows exactly how many older men there
are who can be brought back mnto the labor force  Certainly, the num-
ber of employed 15 almast at a long-time maximum rght now, and we
do know that «f there are any sigmificant numbers of males to be brought
back in, 1t 15 gomg to mean rehabditaton pragrams for a good many
of them We also knaw that, certainly, if there 15 a shaoting, war, we
wiil not have suffictent manpower without drawing on the ten or twelve
or moce mullion women who have passed middle age, and that to draw
them ate the labor force s certainly gomg to call for mote than just
apening, obs  Many of those women niever have worked and others
baven't wosked for twenty years or so, and 1t 15 going to be necessacy
6ot only to change their attmde toward work outside the home but
also to provide traning for them,

Well, that 1s one of the questions that 15 giving us some concern, and
n0 one knows yet how may

ny of the people are going to have to be
brought into the labor force, or when or where, The ﬁgency 15 under-
taking to define 1ts role in the freld.

The section 1 which most of you who are here were present last
summer recommended that the Agency set up an advisory commttee on
gerontology. Thete were four or five other secttons that recommended
that the Agency should set up a unit which would serve as
house of mformation 1 the whole aging field and perfy
other functions There were, B

orm cectain
on the other hand, some groups that felt

2 cleating:
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reportting, but at the time 1 made this tabulation, we did list a number
of states from which we had had indications of activity. At that time,
there were twenty-four. I assume that there arc more that have not
reported to us.

Those are state and city activities. T have been vety much interested
to see in magazines of the Presbytenian and Lutheran churches, ie, of
their national organizations, that they are now recommending to their
constituents that old-age homes should not be located out 1n the country
but within the community, where the residents can maintain contacts
with their friends and relatives and the institutions in which they have
spent a good deal of their time. It may or may not be an outgrowth
of the Conference, but those people were present and that 15 one of
the points that was recogntzed there,

The General Rederation of Women's Clubs of the United States
has set up a Division on Aging, and Dr. McCay was telling me today
that the New York State branch has simifarly set up a dwviston Iam
not going to be here tomorrow because the Tacoma Park, Maryland,
branch of the General Federation is having a meeting on aging, so it is
seeping down through their organization 1to their smallest units.

There have been several new research actwvities announced duting
the summer and fall The Twentieth Century Fund, as some of you
probably know, has two outstanding economusts working on the ques-
tion of private pension systems. The Rochefeller Foundation 1s sup-
potting the University of Chicago m a study of the retrrement prac-
tices of industry and there 1s an mvestigator making the rounds. 1
haven't seen the schedule that she is using but she read st to me over
the ‘phone the other day, and 1f industry co-operates, she will have a
tremendous amount of mformation regarding the attitudes and prac-
tices of industry with regard to retirement of older workers

The University of Florida, according to the fast T heard, 1s still organ-
izing a gerontological research conference to be held sometime before
next summer *

Well, that 1s just a sample of the kind of thing that 1s going on
around the country at the present time  So far as I know, I think every
single field of actavity 15 represented and active  Now, one of the ques-
tsons that concerns us 1s why has this nterest expanded, or, if not ex-
panded at least persisted, duning a period when we are supposed to
be thinking about mobilization for total defense? 1t 1s possible, of
course, that people are tymng the two together and recognizing, as the
Department of Labor and the Federal Security Agency are icreasngly

¢ was held 2t the Unnersity of Flonda, Ganeswille, on March 19+

*Eduec's note This canferenc
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ko vesy well that, whule theve is much talk of the desirability and
of the essentsality of setting up interdisciplinary or interagency Broups,
thete ate few successful examples But once it a)v\y\c there does oc;
cur 2 demonstration of people from vatious disciptines, ot of several
vigenzations getting together and working together, “f‘d e are 5?‘;“3'
to try it. The Committee on Aging and Genatrics will be gsscqtl? y
a working, committee meeting faitly frequently nr{d exchanginp infor-
aation and ideas, much the way you have done it around this table.
The representatives will carry back to their own organizations some
of the 1deas developed in the meetings, thus, we hape, stimulating
aew activity,

Then, we wete thinking of an advisory committee, which is the kind
of thing, I believe, that was recommended by sevetal groups at the
Conference—an advisory commutee of nongovernment people. 1 think
the general practice ;n Washington 15 that a committee of this kind
usually has somewhere from ten or a dozen up to bwenty or pechaps
twenty-five members  That is about the number that can be managed.
1t 15 not very many members, however, for a commuttee 1n the field of
aging, since aging covess so many aspects of life. That ss one reason
why our thinking 1s directing us toward a larger group. Another 15
that we discovered, through the Conference, that by involving a preat
many people w1 1t, we stimulated 4 good deal of interest around the
countty About two hundred nongovernment people partiapated
the Conference and probably made an mvestment of interest that has
a carsy-over value Our thought 15 that 1f we can set up an advisory
committee rather latge m terms of numbers, we may help to sustain
the tecest m aging among more people and across a larger part of
the country
) th?[t we ate thinking about, therefare, is a committee that might

ave fifty members or sixty ot peshaps even a hundred or more, which
committee probably would never meet as a total group but wéu(d be
consulted by mail, as the advisory commttee for the National Confer-
ence lw:ss consulted, and from which 1t would be possible to bung 1n
SA“?} ’SlW"gj'“g dg“’“P‘ oa a patticular problem at 2 patticular time

Y, this advisory commuttee sdea ts 1 the thinking stage, and w
would certanly like to have your views on it, as well as ye ¥ ‘d ;
the klﬂﬂ of thmgs the N “,o;k‘n e as your a V]Cc.on
aﬂdvGeéiatrics should undertske to do. € on Aging
€ do not v;
O e e s 8 lr ot gy el
m toral ¢ and . IS 2fed 15 gong to be done
Fi t

and
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then, and still fecl, that the Agency should not extend its interest be-
yood that which is already represented by the Public Health Service and
the Soc'ial Security Administration. However, the communications that
I mentioned a few minutes ago were not sent to us merely to tell us
what 15 going on. They were sent because people wanted help on plan-
ning conferences. They wanted the names of speakers who could be
brought into their conferences, They wanted suggestions on how to
organize local groups, where to build old age homes, what kinds of pro-
grams to set up in them, how to set up recreation centers and educa-
tional programs, and so on. Some wanted bxblxogr:lphical material. For
three months, I have been referring them to the comprehensive bibliog:
raphy Dr. Shock has prepared (1).

They want information on standards for building homes for older
people, and statistics on varwous aspects of the problem, and so on.
Therefore, actually, we have been serving, i a very small way as
cleatinghouse of information i this field, and the announcement of
the appointment of a2 Commutee on Aging and Genatrics, was the first
step in trying to provide a cleatinghouse for information in a morte
systematic way than we have been able to do it so far. The Committee
will provide, we hope, some consultation service of a technical nature,
largely to states and commumties and organizations that request it

Another function that I neglected to mention was that we have had
quite a number of requests from newspapers, magaziaes, radio sta-
tions, and now televistoa for matecial that can be used in acticles ot
programs, and we undertake to cooperate with them because we feel it
1s impostant to get more and more people thinking in this area

What other things we will be able to do, I don’t know, and when we
will be able to do them, I don't know 1 think that the announcement
that the committee has been set up will probably have a intie bit of the
same value that the Conference did, that is, the mere knowledge that
the Federal Government has recognized the importance of aging will
provide encouragement for others to go ahead with their own pro-

rams.

Actually, the committee is just now bemng set up We are calling to-
gether a group of people at the operating or wosking level 1 those
federal agencies which have some direct concern at the present time
with the problems of aging. It will include the several units of the
Fedetal Security Agency, several of the unts (three or four, ] believe)
in the Department of Labor and s the Department of Agniculture, as
well as sepresentatives of the Federal Housing and Home Fnance
Agency, and perhaps the Veterans Admxmstfatmn, and the Census
Aarean. Jt will be an interdepnrtmenml committee.
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the country and that our function will be largely one of helping to
spread infarmation and helping to expedite matters for othess.

Naow, just one more word, and then I will stop. We are concerned
that interest in this subject should hold up, and for that reason we are
very happy to know that Dr. Cowdry and his group have planned to
ga on with the Second International Gerontological Congress despite
the fact that there may be difficultics—~perhaps there are already diffi-
culties~—in making it broadly international. Those of you who wese
present will recall that at the final session, Mr. Bwing urged Dr. Cow-
dry to go ahead, and promised help. I am glad to say that we have
been able to be of some little assistance i some aspects of the planning
for that conference. I think Dr. Cowdry plans to say something more
about it now.

DiSCUSSION

Cowdry: 1 have beea mterested in aging for a long time, and it is
very nice to sce the Federal Gavernment coming fato st in such a com-
prehensive, well-planned, and far-seeing fashion. 1 think 1t must be
gratifying to the officers of the Macy Poundation especially because
you will remember that the Unit on Geeoutolagy of the Pablic Health
Service was almost unique i that it was started by co-operation between
the Macy Foundation and the United States Public Health Secvice back
mn 1940, The Macy Foundation, as I recall, paid the salanes—is that
right?

Frank: Yes. The Macy Foundation gave the money for the Unit on
Getontology in the Public Health Service for the first year, and also
for the meetings of the advisory committees

Cowdry: Well, my memory is not so bad as 1t might be. then. It
is vety pleasing, I am sure, to the Macy Foundation—and 1 am sorty
De. Fremont-Srmuth 1sn't here to listen to this statement of how well
it is tumning out. We are scemng a hmdling of mnterest pretty much
throughout the country 1 the subject of agmg It 15 dulferent m a sense
from the kindling of mterest i cancer, but it 15, I think, almost as
widespread since st affects so many different groups. There are probably
as many metings on aging at the present tune as there are on cancer
1 want to congratulate Dr Tibbitts on making such a £ood presentation
without the use of the word, “gerontology,” which ah\'.xys' sticks 1
my crop. [ think it is one of our handiaps. However, we've got 1t
and we have to use it for our international congress, because 1t was
ey T Teen Hhe book that we published on aging some years
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10 may take credit because “ageing” was spelt properly and because
e didn’t use the word, " gerontology.”

Frank: We dropped the “¢” thts time, Dr. Cowdry.

Cowdry: Yes, I noticed that. Anyway, we are friends together and
little self-cnticism isn't a bad thing at times.

REFERENCE
L. Shock, N X' A clussefied bibliography of geromtology amd gerr-
atgngu Stanford University Press, Stanford, Calif,, 1951, xxvn +
PP



FORECAST OF THE SECOND
INTERNATIONAL CONGRESS
ON GERONTOLOGY

EDMUND V. COWDRY
Department of Anatom)
Washington University Sehool of Meducine

BuT Now a word about this congress, or several words.

This congress is the resuit of a meeting at Liége last summer (1, 2}
at which the Gerontological Societies of about a dozen different coun-
tries got together and recommended that a Gerontological Congress
be held i this country in September of this year (3).

The organization of this congress has not been easy. It has been
difficult for several reasons One of them s the failure of angbody,
or most people, to see anything 1n the nature of an emergency about
aging. Aged people are, however, under a sentence of death whach is
more immediate than that of young people. It 15 just as definite as the
sentence of death from cancer and there is no avoiding it, whereas
most of us manage to escape getting cancer.

Our problem in this congress is mainly and almost entrely to assist
foreign governments and individuals to attend, that ss, to make it inter-
national. To that end, we have adopted a number of devices to raise
money for the congress

First, we wrote to aif foundations in this country, with the exception
of the Ford Foundation which we are reserving for a more direct and
specsal approach. All of these foundations, except the Macy Founda-
tion, declared in writing that 1t was agawnst their policy to foster inter-
national congresses.

The Macy Foundation has generously contributed $5,000.00 to the
congress. The Public Health Service first turned down our request for
aid and then suggested that we make a second request, which has been
done, for $10,000.00 * Coupled with this $10,000.00 request is the
statement from Washington Unuversity that it will duplicate the Gov-
ernment’s grant. We are attempting to raise money 1n St. Louis,
and had 2 meeting recently. I was informed by Mr Howard Young,
who is the president of the largest lead company 1n the country, that

art Counenl thit grant has been activated by

¢ che Natioral Advsory He
O o esarch Grants. stional Institutes of Health,

the Division of Rescarch Grants and Fellowships, N
anz
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he thought we would be able to ratse $10,000.00. We have P“’““Shf‘lt
Dy, Broll, who 15 president of the international organization, tha
Washmgton Unwvetsity, from its $10,000 00 grant, will pay to as many
as twenty people attending the congress, $500 00 for their expcr}scs'fﬁ
this country on their arswal in New Yorl.\'. We hope that this wil
encoutage them to use their own funds, in t}}eu own currencies, to
purchase trans-Atlantic travel, We think it will,

Lord Nuffield has Pmrmsed £7% 1t possible we may get mote.
The Journal of Gerontofogy is saving us a fot of money by agtecing
to punt the program containng absteacts of all the papers and the
descnptions of the exhubits as a special supplementary issue of the
Journal, which will be distbuted to all those registering at the con-
gress. The registration fee will be ten dollars. Of that, we shall pay
the Journal of Gerontology only a doliar a copy for these programs.
recall that the program for the cancer congress cost us about §6,000 00,
One t d copies of the g logy prog despite the increase
1 cost of matersals and Yabor, of about the same size, will cost us only
a thousand dollars, which ts a great saving.

We think that we are gowg, to be able to get good foreign repre-
seatation  The peaple abroad have sent us a fine list of papers, which
they would fike to present if they can be helped to defray the costs
of travel We aren’t saying who comes on their money or who comes
on ous money That 15 for them to say We believe it 15 better for us

not 1o try to pick and choose We shall follow closely Dr Brull's
recommendations

A senies of exhubats 15 bemng planned which we think is gowng to
warthwhde The chasrman of the Committce on Exhibits isg Dr‘gA\b}:t
I Laasing He approached certam industrial firms and has thus far
recerved a thousand dollars and the promuse of another thousand We
do ;;yect 1o pet more
e %o great (ssues, 10 additon to financing, are, first

the State Department to help us with thss congr%:ss in the s’a::: f‘:sel'xf‘
that 1t hefped the cancer Congress some years ago? We think that wn
can  You may recall that for the cancer congress, the State De rte
ment, thanks to the kindness of Dr Scheele, transmitted our 1, t: F’a .
to all foreign governments to attend the congress  This mady 2 grem
deal of difference especially in Secutiag co-operation from SouehﬂAgwﬂ
xSca, Altogether forty-four nations were represented. In addk e

tate Depactment, at the conclusion of the clnce; om, the
summary of the yesults Hormnl 3 * congrese ee-s -
ments and ¥
af the gove

4 wvag e people at home
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we would be able to rase $10,000 00. We have Pmmlsed
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as twenty people attending the congress, $500.00 for their exp;mcsvllr:
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they did a good job. We want to get similar help from the State De-
pattment now with this International Gerontological Congress at the
eatliest possible moment, because time is short.

What the State Department has done thus far is to say that it will
transmit the names of all those planning to attend the congress to the
heads of American missions abroad, so that the obtaining of visas may
be facilitated. This is a very different thing from calling attention of
foreign governments to the fact that the congress will be held and that
they will be most welcome and that we want to have them officially rep-
resented.

To help us 15 in direct line with the policy of the State Department,
which is to strengthen international relations by all possible means,
despite the clouds that may appear on the horizon.

Another ambition is that this congress 1n St. Louis shall be a direct
extension on an international basis, of the National Conference on
Aging so ably directed by Mr. Tibbitts 1n Washington last August, and
I am making every effort to induce the powers that be to permuit Mr.
Tibbtts to be the official director of this congress in St. Louis. I think
it is very important that he should be * We want to grow from the
strength already established and become stronger through use, and we
want to recewve these people from abroad nto a development already
well under way, thanks to the Nattonal Conference in Washington.

I have told you our ambztions, our aims, and our difficulties. We are
trying to carry on. We want help  Just now, there is a kind of a plan
matunng for some of these people attending the congress from abroad
to make a tour through this country, to visit Canada, the Pacific Coast,
come back through Mexico City, and out again through New York—
perhaps half a dozen of them When we can make a list of first-rate
scientists who ate good speakers and have messages to deliver of inter-
est to unwersity and other circles, we propose to circulate ths list in
an effort to provide a sort of touring set of minstrels to toot the im-
portance of the problems of aging Stock 1n the importance of the
problems of aging will go up and there our welcome visitors will, we
trust, receive generous honoraria which will take the edge off the cost
of travelling so far.

We are now trying to get people mterested and to appomnt a com-
mittee which will make the arrangements ¥ These arrangements would
have to be binding because those coming over would count on a cer-

+Mr Tibbucs way subsequently appointed Vice President of che congren
snge lecture engagements for those sttending the congress from abroad
r:;fb::::.’:d’:a’:!lfm‘}:' 19gn O J. Kaplan, charman, € 0 Leake, T Moore and £ finman,

merbers
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rain amount of revenue from this tour, and it would be. T.osl embar-
rassing if they came ovet and the revenue did not materia qde. .
We are helped by action of the Dutch Airlnes in providng V! ?1
cheap transpostation Tt amounts, 1 think, to $400.00 for the :gun'
trip, The only difculty is that travel to the Umted‘ States must 1? I‘n
July and the retam in September which leaves the individuals 2 little
e than 15 necessary.
hni%::st‘l\:e: task is to obtain for our visitors possible Fulbright grants
“Thus Professor Albertini, from Zurich, who would fike to attend fh}s
congress, has been 1avited by Washington Unsversity to serve as visit-
g professor of pathology for three months Though Swnzexlgnd is
not a Fulbright country we expect to get belp for hus travel. We are
attempting to secare Fulbright grants and accompanying vmversity 2p-
pomtments m the United States for several others We must pass up
no opportanuty, however small, 1o give asuistance to our foresgn col
leagues 5o that they may zttend the congress

DISCUSSION

Frank: Mc Tibbatts rased a question about an advisory commuttee
and the wosking committee and what they do and what we could
suggest s worth their consideration, and then what suggestions you
might have about the ifemanonal congress. One point § would Jike
to fead off with 15 tis: Thete 15 going o be increasing nieed, not only
for a clearinghouse to answer mquisies, but alsa some sort of an
atrangement whereby you can sead out competent cansuftants to com-
muntties and states  Within the varons agencies of the Public Health
and other agencies, you have people who could be very helpful to
communities +f they could actually go out and advise them, I should

thunk these consulrants would be vesy useful, hecause there 15 nothing
bike baving somebody who can go and sit down with a group that 1s
plantung & medical care program ot public health care ot day center
cate for older people

Tibburs The principal problem there 15 to

get the vagous umts to
rcwg}r)uze that this 15 2 field to which they should pettnut these staff
mem
meP ldl;is to devate tune 1 am hopmg that that will proceed rather

Frank: Another point would be to ¢

1y 10 get up a panel of po:
;onsultams who ate not 1n government services, t?y re,imns, th:) Z:;:llrel
p; s:l:;ddm far :dvxsory services. The Gerontologieal Society could
y do sometl

QObtl‘Shlps mething to help to budd up such a panel from its own
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Tibbatis: In a case ke that, who would compensate these people for
thetr expenses?

Frauk: The organizations using their services would have to pay
them directly. 1t could be orgamzed possibly, through the Geronto-
logical Soctety, as 2 way of providing that kind of centralized service,
with standard fees, plus traveling expenses.

Tibbitts: What, specifically, about this question of a small group
that could be brought together penodically, versus a really good-sized
aone that would probably never meet?

Cotvdry: To have a group of advisers sufficient for your conference,
or as we have for the congress, would be the best way. We call on
these advisers repeatedly for suggestions, and get very good ones. They
feel active, which 15 a good thing. If you call the advisers a “com-
mittee,” you almost have to nvite them to attend meetings, which is
not necessary if they remam a group of advisers at your disposal indi-
vidually

Frank: There could be a panel of advisers from whom you can call,
as you say, special small groups. They could be utilized when you
have specific things you want to do  One other aspect of this T am
concerned about, namely, that different commumities and states are
gowng to feel the pressure for very speafic programs in their atcas.
That 1s where the new commuttee could be useful, by pointing out that
no plan for the aged can be done effectively in 1solation, without re-
alizing sts implicatsons and the need for the various other services and
facshities. That may prevent these one-sided programs that may be
attempted, with just a medtcal program or just a financial program
without the necessary concomitants More and more we are realizing
that study and care of the aged is a multiprofesstonal, multdiscipline
job  Somebody will have to keep repeating that and keep calling ther
attention to 1t; otherwise they will forget about it

A number of communities, such as Michigan, Chicago, and Calr
formua, have established seminar programs for the coming summer.
Perhaps some of the visitoss to the International Congress could be
used tn these programs.

Cowdry: We espect that the University of Chrago Round Table
radio broadcast on the Sunday before the congress will provide a good
start  We greatly need advice on publicity begmming soon. Are there
any suggestians? .

McCay: 1 should think the dates for the congress would be very
good for summer schools All we need at our school 1s abaut twa
months’ advance notice to apply for lecturers July 1s very gaod, be-
cause the suminer schools are opening about July 1
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1 wonder if you have tried Anheusex-ﬂu.sch ot Borden for support.

Both of them have some intetest in the subject of aging.
dry: We aren't forgetting them.

gIO:LCa;Z 1 hope not. % alsc? wonder about Borden. They gave &
$1,000 00 award for teseatch on old people to Miss Olsen of MlchtS““f
State College last year, you hoow. As 1 think about the breadth o
yout commttees, we have several operating, you know, We have Sen-
ator Desmond’s comnuttee in New York State, and now we h:\\'? a
new advisory comrmutee fot the Federated Women's Clubs. We think
ad for the aged hasn't been suffictent in the past; that thete 15 need
for much better legal advice for older people, and certamly for advice
on thetr mvestments and securtties, We have also adwised the women's
cluhs on the need for reasonable facihities in hibrartes of variaus stzes
in out state We have suggested that they set up lists, varying with
the population, and then see that their Iibraries have a reasonable
Iterature tn this feld, 1 think, on any commuttee like that, we need
good advice on librarses, and {tbranes of various sizes, as an instial
step to the Federated Women's Clubs 1n our state And then, 1 thetr
operations, 1 should think, again on committee cooperation, we might
suggest that now, of ever, there 15 great need for impraved basic faods,
because of the inflation that is certasnly catching the old folks. You can
see it n New York You see the old folks eattag mostly catbohydrates
m the restaurants, We suggest that they ally themselves with the
Home Bureau operations on better food for the older people i the
community, and we also try to get them to ally with the State Nutes-
ton Committee
ha-\l::]::e:ls 'C:::iu'\‘lel‘]iij sieed for a co-operating housing service. We
time
o stall We don’t know what

i nwhog veld genecally,

food altowances right now Iam

there 15 much need for reviewing
attowances are based on compost|

working in our local area. Our food
te prces, which go into the state and
::tn are retusned to us as allowances At presmg, for oid people, the
dmmum 15 $24 00 per petson per month, We are begmnung to \,vun-
er whether this st too low.
fn;l“l;;x; s certaunly much need for consideration of church interests
d‘mss‘:‘ pneoptle I‘\am a }Elmtanan and we are holding 2 roundtable
ext week on the general 1
Gl vy e {hg problems of aging and what the

¢ ssmation  The other nipht
Seminar meenng at the Torch Club 1 Elmira, which, a§ ;o\\xv in}:i/d :
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2 businessmen’s (lub  That was the sccond meeting they had concemn-
mng aging. I am just thinking of the interests that are arising that we
are little aware of, but we do need stimulation from some central
group such as you are developing

Tibbitts: That 1s one of the things we want—what kinds of interests
and what kinds of people should be on such committees?

Hamilton: Dr. Cowdry, when one thinks of aging, one sometimes
thinks of cosmetic and simtlar concerns. I was charged with raising
money for the hair conference the New York Academy of Science held
last winter, and we found various concetns like Lever Brothers and
others more than receptive to helping support the conference costs. I
think aging might have been a better appeal to many business concerns.

Cowdry: Where would you direct 2 request to Lever Brothers?
Chicago?

Hamilton: Amos Light of Burioughs-Wellcome can give you a list
of those who contributed to the hair conference

Shock: There 1s another possibility for obtamning financial support—
from the drug and pharmaceutical manufacturers

Hoivath: Have you tried the fraternal organtzations like the Moose,
the Elks, or the Masons? Perhaps business clubs, like the Rotary or
Kiwanis, would help out.

Cowdry: The St. Lows Krwants will contribute $50.00 to a geron-
tologist attending the congress who will grve them a lecture.

Frank: 1s there any place where we can find out the practices, the
conditions, the charters, the arrangements under which they are oper-
ating homes for the aged, such as the Elks, the Actors, the Moose, and
5o on?

Shock: The Department of Labor has put out two publications, with
a detatled description of the admusston policies and so on, for all homes
for the aged 1n the Umted States (4)

Hanulton: May 1 ask 1f your vistting scientists would be available
when school 1s 1n sesston? You spohe of the period from July to Sep-
tember.

Cowdiy: They could be

Hamilton: The reason 1 ask 1s that m our school, there are vanous
arrangements for visiting profcssors who can speak English and who
are of the caliber that the phystologrst, say, would like to have in
physiology. o

Cowdry: One of the people 1s a codiscoverer of vitamin K, a Nobel
Prize winner, who is most eager to come. It ought to be possible to
get him in somewhere.

Hapmlton: 1f you had a list of those people, I am sure 1f we brought



International Congress on Gerontology 13

it up to the Committee of Adminsstration, we could see which names
on the hst would interest the various people who control these visiting
professorships. But they would have to go during the school year
rather than a three months’ period.

Coudry: Wl they contd come at the beginning of the conference
and then extend their stay.

1see lots of work ahead of me.

Frank: 1 think we ought to say that 1f you have any further sug-
gestions, send them to Mr, Tibbitts by mail or otherwise, and he will
be very glad to have them,
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AGING OF THE INTEGUMENTARY
SYSTEM

EDMUND V, COWDRY
Department of Anatomy
Washington Unsrersity School of Medicine

1 AM GOING to try to present the subject of “Aging of the Integumentary
System,” as it has been phrased.

First, it 1s desirable to acquire an appreciation of the conditions of
cell life i the epiderrmus, 1 believe it 1s fundamental to distinguish
chemically between the eptdermis and the dermis beneath, and so 2
method was devised whereby we can loosen the epidermis from the
dermss merely by slight heat, and strp st off and study 1t chemically
by analysis or microscopically as an entire sheet of tissue, Microscopic
observation shows an irregular line of empty-looking spaces where the
grip of the dermis on the epidermis has been relaxed by liquefaction
of the collagenic fibers (1)

It 1s important to get an 1dea of how very different the chemucal
composition of epidermis is from that of other better known tissues. 1
would draw attention especially to the difference in calcium content
(Table I). There 15 actually more calerum per gram of epidermus than
for any other tissue tn the body except bone and teeth  Another com-
ponent present 1n €normous amounts 15 urea.

McCay: Is this human skin, Dr. Cowdry?

Cowdry: No, this 15 mouse skin.

Oler: Are there species differences?

Cowdry: The species differences are very slight We haven't been
able to make as complete analyses of human skin because we haven't
been able to get sufficient samples 1n switable condition, but those we
have made approximate very closely the analyses of mouse shin Table I
was prepared by Dr. Carruthers and published mn my textbook (10).

Shock: Can you get enough skin from a btopsy specimen for analysts,
or do you need Jarger samples?

Cotwdry: No, you cannot  You have to get more than a single
biopsy. You usually get human specimens at surgical operations. If
the operation involves a laparotomy, you can usually get a goad deal,
because the edges of the long incision are d’mwn together so that the
person can't tell when he has been robbed  You obtain most shin from

amputations, of course; but 1ts normality is questionable
114
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TABLE 1
Chemical s ition of Epidermis Compar d with Liver and Muscle
P

Eptdermis Liver Muscle

800 ¢

Cytochrome owdase Qo 2; g 32;(7) : l36 o
N .

ix;)ﬁr:;;dehydmgemse Qo' 44 T e

Arginase® 320 24530

m —
Cyiochrome c—pg /g w W 520 900 ¢ 910 r
Jma—pg/gw w 7700 3000 ¢ —

G 4400 920 1202 :\‘
M w 190 1900 b 270

NE /e 1680 3050 b 720 h
X 3470 720 b 3{;5 0 h
Ascorbic aad—~pg/gw W 2400 3200 m 30 m
Buotin v/ 019 187 m 00861
Choline bR/R 24710 52800 ¢ -
Tnositol dry wesght 5260 9330 m 4660 ¢
Pyridoxine 245 466m 303¢

| Qo~onygen uptake pec g drv wr. per br

2 yo T Weraed under staodaed aseay condiuions.

5 g vees bberaned under standard asssy condsvions

4wy —wet weight of tssue
A8 epdermis analyzed 18 from mice The sources of the liver and moscle are indicared by the
fecters homhuman, m—mouse, t—rat Table prepared by De C Carruthers

Repranted from—Cowdry, E VA textbook of bisfology
Les ¥ Febyger, Phuladelphia, 1990 {p 9213

It 15 important to reahize that no matter what you do, there 15 oiny
to be consuders™'- - * :

The shnnkage

Engle: Is the., iy wos U1 water, L1, Cowdry? C
Coudry' No, 1 don't think 1t s 1 thunk 1t 1s partly due to the fact
that the young skin ts highly elastic and the old skin is less elastic.
You know that 0} trck of placing the hand relaxed and palm down
on the table and telling the age of the person by pulling up the skin
and toting how 1t subsides when released  When you do that with 2
seaile person Uke me, 1t siks back slowly and with dignity, but 1f you
take a young person and put hus haad on the table and pull the skin
it s;:'tapls b:{‘c(k lwnh the speed of youth, '
ngie” Well, De Cowdsy, tus ts surface acea then, and thete wanld
ien'-: &1:!\:;)}?5)0} the skin a5 ¢ shrank in so far as 1t wasa’t water loss,

CGowdry Yes, that's nght,
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Engle: And the loss of weight would be a water loss primarily?

Coudry: Yes.

Fremont-Smith: Is there a difference in the loss of weight in the
young and the old?

Cotdry: 1 think there is some,

Hamilton: 1s there any direct evidence of actual differences in elastic
tissue 1n young and old skin?

Cotwdry: Yes, there is. That is what I was going to discuss later, but
there is no reason why we shouldn't discuss it now.

Hanilton: T withdeaw 1t until [ater.

Cowdyy: We are trying to discuss first the aging of epidermis and
then that of dermis.

The thickness of young and old cprdermis is not very different, a
mean of 33.8 microns for the former and 27.3 microns for the latter.
The reason why there sn't a great difference mn thickness 1s that the
specimens were taken from the antecubital space where age changes
are not very conspicuous because the region is protected. All samples
of skin show to some extent layering of epidermis as well as the con-
nective-tissue fibers that constitute the basement membrane, There is
a concentration of blood vessels i little projections upward from the
dermis. Skin samples from the sole of the foot show maximal layering,
and a typical absence of the granular layer and a tendency to split
along definite layers.

The cells of the follicle show a negative Schiff reaction, while the
cells of the epidermis, continuous with the outstde, show a positive
reaction.

One of our graduate students in St Lours has found it possible to
remove the granules from the granular layer of the skin, collect them
en masse, and study them chemucally. This has not been published, of
course. This is an example of methods whereby we can collect parts
of the epldcrmls n quantities sufficiently large for chermcal analysts.

Whole nucle: of epidermis can likewise be collected en nutsse, This
is more of an achievement than the separation of the nuclei of liver
cells because the eprdermal cells are so much tougher and are more
nghtly bound together. It was first done by Dorothy Zacgler Kramer
1n our laboratory (31)

You can go further 1n fractionating parts of the skin and take out
the chromosome threads from the eprdermis They make a mass of
surprisingly untform individual threads when observed microscopically
Such masses have been analyzed by Gopal-Ayenpar and by me (19).
This, Jike the collection of kcfamhynlmc granules and of whole nud(v.‘l.
was made possible by employing the techmque of dufferentsal centufu-
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gaton Trisabo s relatively sihmple task to temove the mitochondria
idermis and to analyze them, too. .

holirl‘of‘{“ii: continuation of)this exammnation of the problems involved
in the investigation of aging epidermis, 1 want to emphasize tegional
differences  Table 11 lists some of the regional differences 1 the
primary location in the epidermis of various lesions The ptmary
localization of a good many of them is faily sharp and not always
eastly explamned. Coasider, for instance, the first appearance of vita-
min A defictency lesions on the extensor surfaces of atms and legs and
of nboflavin deficiency lestons on the sides of the nose, oral angles
and caathi

Sheets of whole epidermis may be separated by dilute acetic acid
and prepared for microscopic examination by simply staiaing with
hematoxylin, placing the inner side uppermost, and mounting n bal-
sam  Skin taken from the neck (suprasternal notch) shows clearly the
ducts of some sweat glands and a piece of a harr follicle with attached
sebaceous gland  When you compare the epidermis of the newborn
and the eighty-year-old man, there are profound duffecences, which are
presented briefly as a basis for discussion  The first thing you notice 15
that the ndge-hike thickenings of epidermss appear to be jroned out in
the older person, and the sweat glands ate very preatly seduced in

TABLE II

Primary Location af Skin Lesions

Lesion

Primary Location
Vitamin A defictency

—_
IExtensm surface of the arms and
Viamin B (riboflavine

) deficsency  § i
Hypeihdrons T Ttk 2l ot
Acrochordon (cutaneous tags) Neck, axilla, upper patts of the
Amylordosis cutss :{I:t‘:rxula{cul surface of the |

ce 0
Semvle angiorma Anterior chest and abd &
Nevrodermatitis i

Agt«nbnal and

stdes of neck

Trythema multiforme and icthyoss  Extensor sxcnfa(c of the acm and
forearm n

Acanthosis ngr,

Proniases ERicans Mouth, axally,

Acne

poplueal areas and

o, navel,
Scalp, elbows, fntes €
Face

Repeineed from—Cowd,
ry, E V., Coopee, 2 X,
e 3geing of she Grv;:l“.d es";‘;l'«\ LopeoRram of reseach
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Enple: And the loss of weight would be a water loss primarily?

Cowdry: Yes.

Fremout-Smith: 1s these a difference in the loss of weight in the
young and the old?

Cotwdry: 1 think there is some.

Hapnilton: Is there any direct evidence of actual differences in elastic
tissue 1 young and old skin?

Cotvdry: Yes, there is. That is what 1 was going to discuss later, but
there is no season why we shouldn’t dscuss it now,

Hamifton: 1 withdraw it until {ater.

Cowdry: We are trying to discuss fiest the aping of epidermis and
then that of dermis.

The thickness of young and old epidems is not very different, 2
mean of 33.8 microns for the former and 27.3 microns for the latter.
The reason why there isn't a great difference in thickness 1s that the
specimens were taken from the antecubital space where age changes
are not very conspicuous because the region 15 protected. All samples
of skin show to some extent layering of epidermis as well as the con-
nective-tissue fibers that constitute the basement membrane, There is
a concentration of blood vessels n little projections upward from the
dermys. Skin samples from the sole of the foot show maximal layeting,
and a typical absence of the granular layer and a tendency to spltt
along definite layers.

The cells of the follicle show a negative Schiff reaction, while the
cells of the epidermss, continuous with the outside, show a positive
reaction.

One of our graduate students i St Louis has found it possible to
remove the granules from the granular layer of the skin, collect them
en masse, and study them chemucally, Thus has not been published, of
course. This 15 an example of methods whereby we can coflect parts
af the epxdermxs n quantities sufficiently large for chemical analysis

YWhole nuclei of epidermus can hikewise be collected en masse, This
is more of an achievement than the separation of the nuclei of lver
cells because the eprdermal cells are so much tougher and are more
tightly bound together. It was first dane by Dorothy Ziegler Kramer
in our laboratory (31).

You can go fusther in fmctxona(mg pasts of the skin and take out
the chromosome threads from the epidermis  They make a mass of
surprisingly uniform mdwvidual threads when observed muwmscopaily
Such masses have been analyzed by Gopal-Ayengar and by me (19).
This, like the coltection of keratohyaline gr‘anules and of whole nucler
was made Possiblc by employing the technique of differential centnfu-
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i 3
a sentle keratotic areas. In senile keratotic Jesions the decre&se;ut\“ ;};ﬂ
minetal ressdue is mamly in caicium and/or magnesium. I 18 1

{ .
m‘;‘:r:ny stody of epidermus one should fealize that an\‘ng;clease in
aumber of cells by sself does not tell us very much. We reman
ignorant as to whether the increase 10 aumber of cells is dve to aS
increase 1n fate of mitotic division, to longer hife span, of to decrease
death rate In such a large cellular population it is always possible
that 2 few mdiwidusl cells may exsst 1n condstions of life entrrely dif-
ferent from those of the vast majority

Horzath, Dy, Cowdry, may [ ask you a question?

Cowdry: 1 want you to.

Horeath ‘These changes in epidermus that you ate showing here are
primardy of the face, which is an exposed arez Do you see sumilar
changes, say, 1n the back or the abdomen with age~—refemng now
smply to age?

Cowdry, You see changes there, too, but they are less marked. For
example, in the skin of the back and of the sbdomen, it is easy to
detect a decrease 1n the number of sweat glands with age. The expo-
sure to the environment, of course, 1s comparatively slight, and the
apmg tn such protected areas 15 not so marked  Our study did include
these other reguons, too

Horzath: was yust wondening whether these were just a little more
marked

Cotrdry: T avenant
course, In ¢ B
spreads fra N comd s ouLIELS, 43 10 xeroderma p;g,;m:
tosam.,

Letan: In your analyss of the mineral canteat of skin, you pomted
out the large increase n calcium I was wondenng if there is any dif-
ference m calcum content in the various fayers of the epidermus as
you go brom the mside out My feeling 15 that as you progress out-

ward and increasing k and T w

100, ould also expect
inceeasing dehvdration, that possibly the minerals would be more Eon-
:‘c‘x{\‘lr,:\::l 1;1 the vcry}'] or‘tstde layers of keratingzed cells, as compared to

7 layers, which are i i
e dﬂ‘; - presumably more viable, less keraumized
Coudry: You are perfy i
4 petfectly correct in your thought that there w,

matked differences in the amounts of mneral if the d.ﬁpmno\l:&‘f




118 Prablems of Aging

number The clanty of the background is noticeable in the young as
contrasted with the density in the older person, In the latter the glands
and hairs are greatly reduced in number. Different regions of the body
exhibit the features of aging rather differently. Dr. Zola Cooper, Dr.
W Smith, and 1 have studied them in cooperation (11).

Ofjver: What is that clanty ar the lack of clanty due to?

Coudry: I think the clasity in the very young or the newborn 1s partly
due to thinness; but there is more to it than that,

Sheets of epidermis from the forehead do not show quite the same
age differences. Some hairs may still be seen projecting out of the
follicles, though many are lost 1 the old man.

Comparisons of the eprdermis from the temple of the fulltetm
newbom and the eighty-year-old man are mterestmg  Skin from the
old man shows thickening of eptdesmus and a curious pattem of dis-
trbution. The background seems to be bleached out in some cases
and doesn't have the unsformity that 1s evident 1 the newborn,

Nelson: What does that pattern result from?

Cawdry. It 1s due to localized thickenings of the epidernus, a hind
of hyperplasta, Precancerous epidermal festons are fastly common in
this asez of skin of old people. The earliest ones should be studied
m whole mounts lske these.

Before 1 go on, I would ke to summanze for you what, 1t scems
to us, 15 wnportant about the aging of the epidermus, as you sce
microscopically. There are many imstances of processes which seem to
balance yet are subject to displacements i one direction or n the other.
There 15, for example, atrophy and hyperplassa in the eprdermus There
are areas whuch are thinner, and there are areas also which are thickes,
as you know These can be sharply ciscumscribed or they can be rather
diffuse. There are areas in whuch there s hyperprgmentation and kypo-
pigmentation. We see this i alf old people The hars may drop out
and disappear, which 1s 2 common event, or they may, i some areas of
the body, develop gigantic sizes, a kind of a localized hypertrophy or
hyperplasia.  For instance, you have all noticed m‘older peaple the
gigantic hatrs that appear i the eyebrows and also in the nose. John
I Lewis 1s an example of one having eyebrow hairs that present a
sort of visor effect. Why, we don't quite know

To continue this discussion of balancing, 1t 1s necessaty to refer to
the mmneraj components of the eprdermis, as you see them i micro-
\ncineration prepasations There 1s 1n a general way a hypermmeral-
izatron with age, but tl}crc ase also areas where we find a hypo-
mmeralization or reduction w thc| amount of uncral. The foct of
reduction n the amount of are often ole in the gross
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Al for it but thus far n my laboratory we have not overcome the

[ cultres. - .
(eczll‘ji: ;‘,‘g‘“ comparisons appear to be of two varieties of skin, d:!osc
of the newborn and of the eighty-year-old man. Do you have any data
25 to when the changes occur? Is it at senihity ot approaching ;:“‘1‘}?'
or is it at puberty, or when m the h.fe span? 1 should think ¢ »t]l e
newbow 15, perhaps, a very ne thing to study but that somewhere
along about puberky or yust afterwards wauld be also a good point to
tavestigate

Coudry Agam, I agree with you completely. We studied too few
spectmens, and we divided them into the very young group and the
very ofd group, not including the intermeduate group, as we should
have done But our diffhculty was to secure spectmens. We can't obtain
spectmens from the face even at autopsy because of dishgoration, and
50 we had to Limit ourselves to specimens excised from pessons who
had been frozen solid for thusty days, which is the pertod necessary in
the state of Mussoun before you can use the materal for saentific
purposes,

After treatment with the carcinogen, methylcholanthrene, dissolved
m benzene, many chromosome abnormalitses are met with as Buesele
and T have found (3)

The calorum content duntnishes in eprdermal cancer (5). It 1s least
tn buman epidermal cancer (0.008 mg /100 mg tissue), and about
the same 10 mouse eprdermal cancer (0009). For embryome mouse
epidermus and pormal human epidermis about the same values wese
obtaned (0016) In normal adult mouse eprdermis there was more
caleum (0044) and m old mouse epidermus, still more (0 054). Thus
the calaium content of the epidermis tncreases with age
Cz'rm‘tt.ms and Suntzeff (5) have faund hv antavmme- ot

) 4be ddiduopgenests progresses, at twend
days and at thirty days, v ' o

s nd 2ttty and 1n the resulting squamous cell carcinoma,
¢ uptake of radivactive calcum s absent Thaea - - -
the uptake of u ctically no
P
[ s do, unbe were adult mice
Suntlarfy the uptake of radtoactive

<calemm 13 very marked n oy
Upltakc 1s alsa greater by the dermus and by the h\)'e: than by b\ogg.
nteresting age d;gdcrenc;s with respect to the uptake of calcum by
caled  The young ammals exhibit 2 marked
of bound alowm gnd but little wptake of free calcium, \vhere\;gtt::
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But what actually is the case, as fac as we can determine, is that theee
1s noticeably mare mineral matter in the basal layers. There is fess in
the spinous layers and very much more, again, in the granular and
corneal layers.

Nelson: That 1s also illustrated by the low calcium content in the
keratotic areas, to some extent, isn't it?

Cowdry: Yes, but, you see, we agree entrely, Dr. Levin, except that
the microincineration preparations indicate a faurly large amount of
mineral in the basal layer.

Marked changes extend through the whole width of the epidermis,
as a preliminary to cancer development in 1t. There is a loosening up
of the nuclear structure, so that materials in the nucfeus can be dis-
placed, with the uitracentnfuge, though, befarehand, in the normal
state, they could not be displaced. This suggests a reduction in intra-
nuclear viscosity, or an alteration 1n spccnﬁc gravity of certain nuclear
components.

Goldzeher: Dr. Cowdry, did T understand you correctly that in the
precancerous lesions the calaum content is low?

Cowdry: Yes.

Goldzieher: Compared with other parts of the sentle skin?

Cowdiry: But 1 am including there only the senile keratoses as pre-
cancerous lesions. 1 am not mcluding the nevs.

Goldzieher: Yes. 1 was talking about the hyperkeratotic lesions Is
the amount of potassium the same or s 1t increased® One mrght sus-
pect that the calcim goes down and the potassium goes up.

Condry: That would be the logical assumption, but 1n our micro-
mcineration prepnmtions. we can't estimate the potassum at all accu-
rately; 1n fact, they arc of practically no vafue for potassam. It has
been said that the potassium gives a finer ash, an ash that s shightly
bluish when viewed i the datk field compared with the calaonm of
magnesium ash, but to tell them apart 1s not feasible T admut that the
technique of microincineration 1s trcky, but it 1s the best we have for
the intracellular localization of muneral residues after incineration at
about 600° C.

Simms: Dr. Cowdry, 1 might mention, afong that line, 1n connection
with the calcium, that we found in tissue cultures of adult skin epr
thelial cells, the best growth occurs when the calaum s fow and the

is high in the culture medium (27) It would appear that
ave an unusual affinity for calcium, and the maximum groswtlt
bout a third that normaily present 1n

phosphate
the cells h n
occurs with a caleiom content al
the blood plasma or serum.

Couwdry: Certainly the culture method can be very useful, and I am
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speed of development of eprdermal cancers are approximately the same.
That is, 2n age factar does not appear.

On the contrary, a similar expesiment on old and young New Buf-
falo muce yields entuely different results, Both the incidence and the
speed of development of the tumors are definitely greatet in the young
than in the old. 'The age factor 15 not suppressed by the genetic factor
or factors,

These obsesvations are summanzed 1n Table IV. Examination of
this table shows that the influence of genetic strain 15 also greater than
dut exercsed by the difference in the amount of mineral in the epi-
dermys (10).

One major difficulty with studies on eprdetmis 15 that the cells are
spread 1n layers It 15 necessary m the epidermis to determine as a con-
trol the relative proportions by weight of the keratinized layer, of the
pranutar fayer, of the spinous layer, and of the basal layer before one
can interpret changes m the results of chemical analyses since altered
chemucal composttion of the whole could anse from an alteration n
the propartions of the vanous layers and not be indwatwe of any
alteration 1n the condtions of cell Iife i any particular layer, This
check has been made by one of our people from Stam, Dr. Banyen.

TABLE IV

Influence of Age and Genetic Strain on Epidermal Carcinogenesis

Young old Young Old

NB CBA CBA
23 Mo 1213Mo  23Mo 1213 Mo
¢ Tumor Production 928 615 69 645
L oo

Average Time 1 Months 33 46 63 57
4t Squamous Cancer 956 85 97 97
Normal ogm Ca b

100 mgm epiderms 0043

0034 0040 a9 055

Reduced to 0022 0021

0031 00
“t Reducion 2

58 61 23 40
Mgm ||‘\Idd‘\et 100 mgm
_4n »t eprdermig except? 32%% 322 293 322
r .
educed to 323* 101 150 47
€& Reduction 58 69 48
60
T bd proceis, satogen sarg,
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old show a considerable uptake of bound calcium but no uptake of
free calcium. This, again, is the wotk of Lansing and his associates
Table III summarizes briefly the properties of squamous cell cancer
compared with those of notmal epidermis of mice. In some properties,
such as ascorbic acid content, there is no noticeable difference. In
others, like water content, there is an increase of fess than 50 per cent,
In still others the increase is greater than 50 per cent. And there ate
also decreases listed in the chart of less and more than 50 per cent.
Stated differently, the properties of the squamous cell cancer ate
strangely askew compared with those of normal epidermis (9).
The properties of epidermal cells in neoplasia, i aging and with
respect to hereditary control of their responses are very much involved.
In old CBA mice and young CBA mice treated i evactly the same
way, 1.e, with methylcholanthrene and benzene, the incidence and the

TABLE It
Properties of Squamous Cell Cancer Compared With Those of Notmal
Epidermis
INCREASE: Lipid phosphorus:  dry wt ratio, sucanic detiydro-
{30%6 ot more) genase achvity, adenylpyrophosphatase activity, atgen-
ase activaty, lysine, tryptophane, ssofencine,
INCREASE Water content, choline, leucine, methionine, valine,
(less than 50%%) phenylalanine, threonine
No Cuangt Ascorbic acd NP ratio, specific activity of PS: in

phospholimd fraction, inositol (wet wt basis), fitsti-
dime, glutamic acid, cystine, arginine

DECRFASE Potassium' NP ratio, sodium NP ratio, magnesium
(less than S0%7) NP rano, cytochrome oxidase, desoxyrsbonucleic aqd
(wet wt. basis), qtachrome ¢, paramnobenzoic acid
(wet wt basis), vitamin By complex (wet wt basis)

DECREAST Caloum NP ratio, won NP ratio, copper NP ratio,
(50%% or more) zinc NP ratio, nonprotein ttrogen (wet wt basis),
,

urea (wet wt, basis), ammonia (wet wt basis), tatal
free amino acds (wet Wt baws, chromatography),
biatin (wet wt. basis), Ca*¥ uptake and retention, free
calcium

NP = Nudleoprotein Phosphorus

e

m=—Ca v 2 wich
wdiy, E, ¥, Propesties of squamous sell caner compare
?):::";;dng?nﬂ :an:rm):: Toutifest Acsds Sct Scripts Yarme, = 173380, 1949
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. orrelation between the
from sixty to ninety, we founi : P'r:.tt,'il %,oﬂ,ogrcwmas, with increasing
age and the width of the eptdermis; ermal cells were seen with
tvely fewer layers of the epidermal c
age, PrOgressively 1d group (17,18). In the course
the lovest vajves m] e e;ghgéy: r(-:; th%i:: gatien’ts we noted an ap-
of chinico-endocrinological studi . s dermal
parently close cotrelation between ketcste;}oxdﬂe}:;crgtl:?aaz: :E:ualrly '
bty subscquﬂt\}!lly, e {ufm(‘:’ hoa\:i:-nir!;n; tthe lzetostexoid excretion,
een the age of the Y
;\l:;:; :’::Y:oerrelationgbehveen e;idermal width and ketosteroids 1s an

irect one. R
meur expetience seems to be somewhat at variance "&vxth data P{}Z
sented here according to which there is not much difference in
width of the epidermss between the older and the younger gmug.

[ 2m ready to admut that the skin of every old person doe§ not si m\v
thinning out of the epidermss commensurate to the age, but in genera]i
in the older group, the epidermus thins do‘\{n to ‘th‘ree or four cel
fayers  Moreover, the thinning out of the epidermis is usually assoct-
ated with disappearance of the epithelial cones which project into the
cutis and help to form the paptllae. Hence the baseline of the epidermis
appears to be perfectly strarght T wonder whether that corresponds to
your cxpcuence .

Couwdry: To some extent, 1t does, As you mentioned, we did not find
2 marked and very uniform decrease 1n thickness with aging Our
measurements were limited to epidermis from the antecubital space.
We did find, however, a constderable difference between tadividuals.
There was one old gentleman, 1 think he was eighty, who had a young
shin, believe 1t or not It was definitely a young skin. That is one of
the remarhable things about studtes on aging—the perststence of youth-
ful properties  All of our biopsies were made from apparently healthy,
yet mentally defective, people

Hamilton Ds Cowdry, with regard to growth, we were studying the
effect of aging upon the rate of growth and the sregenerative interval
which can be tested tn has rather eastly, and I wondesed haw these
data compared with those for the eprdermis as a whole First we
couldn’t see any effect of aging upon the regenerative mterval, that fs,
the snterval between the plucking of a hair and the reappearance at the
shin sur(a(e‘of the regrown hair

Be ramnnte .

s 2 dimunution with age, Have you

. . wish we had The studies on
dermis are complicated, because m

epi-
aging there 15 2 decrease i number
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Nelson: \What is the fate of the nuclear material in the cpidermat
cell, that is, after it ages and passes outward from the basaf fayer? fs
it lost completely or is it simply disorganized? The comified fayers
have no statang properties?

Couwdry: What happens is that i the basal layer, the nuclei are
robust, rather small, and contain a lot of nuclear chromatin; in the
spinous layer, they are larger, and are staned less strongly; in the
pranular layer, they ate smaller, flattened, seem to have more chromatin
in them because they are shranken; while in the corneal layer, the nuclei
disappear.

Stern: Did you do any particular studies on melanin?

Corndry: No, we haven't made any particular studies on melanin.
The only thing we have been doing with melanin has been to make an
experiment or two which scems to indicate that you can collect the
melanin vesy easily by washing it out and centrifuging it.

Levin: I should thiak that the calcium uptake, which is so marked in
the epidermis as compared to the liver and other tissues 1s a most
nteresting phenomenon and I am sure you are probably following it up

Coudry: Yes, that 1s being followed up

Lerin: And also the differences 1n bound and free calaum. T cer-
tainly would like to know why the skin is taking up all this calcium.

Cotrdry: 1 would like to be able to supplement these studies on
calcium by studies on magnesim, but we haven’t got that far yet. Thes
uptake work that I am trying to explain has been done by Lansing and
his associates. Carruthers and Suntzeff (5) deserve credit for the
polarographic determinations and Roberts and Frankel (28) for the
amino acid studies It 15 difficult for me in this mformal presentation
always to give the proper credit where credit 15 due to the people who
are working 1n our laboratory

Olsver: May 1 ask a techneal question > We are at preseat separating
and counting nucler m the kdney and lives, T wonder 1f, just sn a word,
you could say how your prepare yout cell suspensions

Cordry: It depends, Dr. Ottver, an whether or not you want to mfnkc
4 chemicat analysis of the nucler. If you want to make a chemical
analysis of the nuclet, you can’t use the atrie aad that we employ for
some of our preparations. The only thing you can do 15 to qufsnfy
the tissue in a homogenizer and try to separate out the auclei by cen-
tri[uga!ion in a fluid which gives you as bitele loss of nuclear substance
* g’z;filz!ccbcr 1 should Jike to ask two questions: One pertains to the
width of the cpidermls, h} our studies which were c;\mcd Inut 03
biopsies removed from the inner surface of the thugh of people age
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hat were done, but T
rath 1 don't tecall the type of anquses t N
knlwf;{'xey) wese done. 1 think Benedict did some on that a long time
ago; | think prumanty lié)o-gmteirlld ot

i Yes, that 15 what 1 would expect. o .

Ilile;l‘;:m: sl'hexe is a cunious point, 1t seems to me, In this ca\c}:u{n
thing that 1 haven't quite puzzled through, and Pexha}:s you can help
me out, With age, you get an wcreased calcium concentration in
epidermis— Lend

Coudry Total eprdermss, R

Nelmr{' That's r?ght, and, 10 general, whete you get 2 hype.rkcmtotxc
type of tesron, wath lots of cornification, you get 2 {ow calcium.

Condry That's nght ,

Nelson: Now, sf you take that at sts face value, this suggests that
vidbility z0d rapid growth ase associated with high calcum, But that
doesn't cacey through to the age sttuation What does that result from?
Do you have m aged epidermis, for example, a higher proportion of
nucleated cells, with a greater vishlity but a stower rate of turnover?
Do I make myself clear?

Coudry Yes, you make yourself clear, but T just can't answer you
That's the trouble

Nelson: Agam, in cancer growth, you find a high rate of regenera-
tion and a Jow calemm

Cowdry Yes Of coutse, 1n the senie keratotic lesions to which you
jast refesred, of they ate ke those that we have studied, there has been
some ¢ 1 We should, of ly, make ous i
more comprehensive and wclude the different types of semle keratosis
as well as the nevi

Nelson 15 there any way of esumating the rate of epidermal cell
teplacement? T mean, what 15 the “half-hfe” of epidermis cells from
young, as compared to old antmals?

Coudry: 1 thought that was the sort of thing Dr. Jacobson was going
to tell us about, 1n relation to cell division

Nefson, Does the epdermal cell in the youthful skin have a shast
halflife and 15 ¢ replaced quickly, and quickly reach the penphery as
compared to aged? To some extent, #t scems to me that you tmght
seconatle the calcm figures with that, but 1t 15 a tenuous bat of
feasoning,

C»uv{ry' It could be. I wish I knew about
mpressive W,

that. Our ignorance 1s
function of &

e dot't know how much the increase or decrease 15 a
death rate or of burth rate of cells 1 am eager to find out
Nelson We are planning, and ¥ don't know if it 15 gomng to be
successful or not, but we are hopeful that we can get a sulfur Jabel 1n
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of hair follicles. The hair follicles are growing outward at a definite
cycle but not in unison, as you know. With the dropping out of hair
the substance of the hair follicles shifts to the surface and becomes
hair of the epidermis. We wish that we could obtain data on the
composition of hair follicles. One difficulty is that thus far we have
not been able to coflect them en masse in a condition suitable for
analysis.

Hamilton: 1t brings up another question, if I may continue, with
regard to these waves of hair growth which, as you well know, come
periodically in the mouse but at longer intervals with aging as Buicher
(4) and Pamell (26) have worked out rather well. As I was sitting
here, I was wondering, could there be any similar growth waves 1 youc
data? The reason I ask that 1s becausc of the Scandmavian work, where
cancer tendencies are greatly pronounced at the time of these growth
waves, Could the growth waves mflucace many of the things you are
doing?

Specifically, I think they affect far more than skin  The second hair
growth wave in a rat, for example, accompanies the maturation of the
reproductive system, that ss, the appearance of ovarian folficles, and
to some extent the appearance of sperm. Apparently some bone changes
also occur sumultancously. I was wonderng how these cyclic waves of
growth n epdecaes enter wto this pictuce

Cowdry: You are speaking about eprdermis and not dermis?

Hamulton: Yes, but I think 1t 1s a general body-wide phenomenon.

Cowdry: It could be. We must bear m mund the twenty-four-hout
thythm 1 the multiplicatron of eprdermal cells, the number of dividing
cells bemg approximately double by mght what 1t 1s by day, so we
take the tissues for chemical analysis at the same tune always.

Hamdton: No, the waves I had in mind were many days apatt. They
occur at about the 17th, 36th, 55th and 8Uth day in the rat, for ex-
ample 54)

Cowdry: We haven't taken them mto consideraton  We should.

Hamilton: They are tremendously unportant  They throw all of our
calculations out of gear when they happen.

Couwdry: It 15 not going to be easy, but we want to check everything
we can.

Lern: Before you go o, may I ask one more question? Have you
ot ;\nybody else made muneral analyses of hair and narls #

Cowdry: We haven't.

Horvath: Several people

Lersn: Is there any nota
Cowdry finds in cpidermis?

have made analyses of nands. Benedict did.
ble amount of calaum there such as Dr
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glands, especially the young, but nevertheless, the ch;mical hazards
ate 5o preat it is ot segprising that we have modifications 1 the cell
ife, peshaps smatatioss, same of which are possibly malignant.

What 15 recaatkable 15 that the layer of basal cells continues to pro-
duce epidermss for such a long, long time. These basal cells are a very
widespread fountam of youth 1 the body.

And now we can pass to the dermis, 1f you think we should, Mr.
Chairman, or we might~—

Olirer: Just one more question, please Have you made any study
of the transformation of the granules to keratin, the maturation, one
mmght say, of the granular matensal?

Cowdry No That 1 the puspose of collectng the keratin and
attempuing ta 2aalyze it en masse, i telationship to the condstion and
the age of the epidermis,

Goldzeber: May T say hing about the | hyaln granules?
In que studres (17) we found a pretty good correlation between the
dimimution of kesatohyalin granules and the width of the eprdermis
of the senile skin When varous sterord hormones werte applied
lopxca'\ly to the skin, some steroids produced regeneration of the epi-
desmmis as expressed by increased width and reformation of epithehial
cones between the papdlae This was accompanted by a great increase
1 the amount of keratohyalin granules approachung the normal level
The amount of keratohyalm present was estimated not anly histoloy
wally 10 sechons but also by spectrophotometry of reﬂcctnnyce S| ectrs
The data obtamed by the two techniques were 1n good N and
seemed 1o shoms ih Jues | good agreement and
j;mﬂm\:: Srgcwst :tdgmnu)e formation is an mtegral part of the re-

e 3
o d; Iccd o };m\;d :ln s:g)r:s‘:a;sp:;‘ ;uncuon of the epidermis which s
scnh:s e‘;;eI: thete no; (‘s(;)me work that \va(xs done 1n ﬁ‘xe past that de-
tam very ipnorant in the matter, of hese ° into keratun?

“Lc.f\u'f{p' Jthink in that classical volume nf Tawn 4308 -

Loudry’ No recent work
?f keratin here and 1t 1 A 4

are two :
AAAAA [ECESSARY b ~nmn dac st different kinds

cwbes et owhere Vishiity is h h“ wat 18 1 down? Is ot in the

amanly th A tgh, and then succeed
P ¥ those of a physical natuse, let's 2y aed ml:legm ;}:'a::‘gle’s ate
e
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some of these basal cells and get a measure of the rate of dilution
of that sulfur as 1t moves outward. Whether or not that will help us,
I don’t know.

Cowdry: That is exactly the kind of information that should be
brought before this group, if you can get it.

Nelsons: That is only in prospect, however.

Condry: Well, most of this work is in prospect.

Lerm: Couldn't you get an idea as to the mate at which the cells
move out by adminsstersng a test dose of radioactive calcium and then
makng radioautographs of selected portions of the epidermis at timed
intervals>

Nelson: 1 thank one can. 1 think it is worth a trial.

Cordry: It 15 2 good suggestion.

Horvath: Do you find more calcium in the nuclei than in the cyto-
plasm of cells? You have separated out some of the nuclei af the cells
and analyzed them, too, haven't you?

Cowdry: No. We have not made calcium deternunations of naked
nucler en masse. We have perhaps been unduly fearful that in the
collection of the nuclei, calcium would be fost.

Nelson: Well, does your mucromncineration give you enough sesolu-
tion to answer that?

Cowdry: The mictawmameration reveals some mineral withi the
nucler,

Nelson: You can't localize it with respect to the cellular clements.

Cotedry: Not well enough to say definstely. 1 think that in some
conditions, there 1s more calcrum 1n the nucler than there is in others.
But [ am not able to give an accurate answer to your question,

Oliver: By and large, the nucle: have less calcium.

Condry: Yes, by and large, they do. Now, befote we go an to the
derrus, T would ltke to recall very buefly the condstions of cell hfe
wn this epidermis We have to fook upon the epdermas aver most of
the body as a sheet of tissuc, about as thick as a sheet of carbon paper.
Carbon paper measured m St. Lows 1s about 40 microns thick

The outer half of the epidernys 55 dead; the taner half ss alive. Thus
we must not forget. The naer hiving cells are exposed to hazards far
greater than those to which any other cells of the bady are exposed
These hazards do not need to be mentiosed because they arc so obvi-
ons These are mechancal hazards; there are physical hazards such as
radiation, sanhight, and 5o on, and there are temperatuse haza rds The
15 subject to a greater range of heat and cold than any athec
he body. Thete are hikewise chemical hasards, The eprdermus
protected by the odly matestal derved from scbatcous

epidermis
tissue of ¢
1s somewhat
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immunochemistry of the skin, we thoupht we ?vogld have aflothof
conceen, with particular epidermal patticspation in it, but t’he‘ urther
we go, the more we feel that the epidermis 15 merely an incident in
the whole affair and 15 only one of the shock tissues, to use @ term the
dermatologists use a good bit, and may not play nearly as vital 2 role
in the whole picture as we once thought. As you know, in the past 2
great many people have believed and stall believe that the epidermis
itself may be the point of origin of antibody. Also, it s been thmg\?i
that it may be the pomt of linkage of the hapten with suitable projein
10 become antigensc. It can be shown experimentally that the epidermal
proteins are not required to form an effective antigen, so from that
standpornt, the epidermis falls out of the picture to some extent,
1t can be shown, 1 beheve, also expenimentally, that thongh antibody
15 produced i the epidermus, st 15 at least not the only site of produc-
tion of antibody  You can produce 2 comparable response so far as
the biotogical evidence of reaction is concerned by a vasety of different
pomts of mtroduction of hapten, This, together with some of the
i for ex:

P D ple, that have been done, support this
view | am thinking of Haxthausen's work with identical twins, 1
which he took a sensitized individual, one of 2 patr of dentical twins,
and transplanted comparable areas, that is, did a cross-transpfant. He
discovered that sensitized eprdermis or skin m the unsensitized host
became nonsensttive, and, as the revesse of that, the unsensitized skin
from the other sndividual, transplanted to the sensitrzed twin did be-
come sensitive ‘Therefore, more and more we are coming to believe

that pethaps we are dealing prmarnly with a visceral source of anti-
body produtuon,

¥ dor’t think we can exclude the epidermis as at Jeast one point of
production, but i may not be an essential one  Also, we have found
ways of modifying the type of reaction so far as tissue changes are
concemned, depending on whether you put the matenal on percutane-
z!:sly or m:rager?:lly‘hso We are coming moce and mote away §mom
t onginal thinking that the i i
o mﬁ, o ffaors, {1\, epidermis 1s anytheag but 4 reflector, if

¢ have found very lsttle
old view that the epidernus 15 2 sour W evidence far the

e that the 2 source of antibody production and that
nm\:s‘ {apn‘ 4 throughout the eptdermal tissues by some
- ha?e(cm y :ﬁ;\ed process of tercellular transmusston. Therefore

ome to the conclusion that we i
with the possibility of amede - st maintain s b
more ~

andtt - -

Coptoive LSsue !

I, :
> wund, of course, m aged people, that many of them give o
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in a chemmcal sense? Certainly, the granules become apparent fairly
late in the hife cycle, but that does not mean necessarily that, metabolic
ally speaking, that 15 where the chief production of keratin substrate
accurs,

Cowdry: 1 don't think it does. To my opinion the substrate could
extst for quite a loag time,

Nelson: Much earleer, yes.

Coudry: In this basal layer, of course, these cells are mtermatotic.
Therr life extends through to the next cell, and they don't become
sentle and die. The protoplasmic stream 15 continuous, The cells out
in the sptnous layer, too, become senile and die; so there 1 2 difference
0 the manner of Life of the cells.

Nelson: The elaboration of such an extensive protein as keratin and
keratohyalin matersal must have occurred farly early, it seems to me,
mn the life cycle,

Cowdry, Yes, and also we have to reflect on the fact that ous mcro-
scoprc preparatons tell us extraordinanly litle about the chemical
composttion of the tissue we are studying. ;

Hamidton: Dr Cowdry, Professor Giroud was tn America for this
conference on harr, held by the New York Academy of Sciences, and
his asticle will appear i that monograph (16). He dealt with histo-
togeal defferences between what he calls the hard and soft keratins,
and that 1s correlated, appasently, with these alpha-beta keratin diffeee
ences studied by Astwood It 1s descrbed at length, with prctures, 10
hus asticle

Cotedry: That will be very helpful  Have you any more remarks jou
would itke to make about this, Dr Nelson?

Nelsarn: No

Jacobson: Dr. Cowdry, may I ask you a question about the chemical
nature of the keratohyahn granules? Do you thunk they contain a
nbonucieoprotesn, as has been suggested previously ?

Coudry: 1 don't know yet They mught It 15 for Updyke who can
collect them en masse to find out I think they have a good deat of
sulfur. 1 would like to ask Dr Nelson whether studies such as he 18
carrying on in immunochemustry could, perhaps, give us some indica-
tions for aur work on the aging of the eprdermus

Nedeon> It should be stated that the work gomg on i our fabora-
tory* 15 not directly related to aging, but 1s concerned with the im-
rmunologic mechanisms of cellular sensitivstics and, i pasticular, with
skin sensitwvities. This work 15 bong done by Dr. Herman Lisen, not
by me. When we first became concerned with the problem of the

*Supported s part by x gram from che Standsrd Od Company of New Jeawy
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smmunochemistey of the skin, we thought we would have 2 lot of
concern with particular epidetmal patticipation 12 it, but the further
we go, the more we feel that the epidermis 15 merely an mcident 1
the whole affatr and is only one of the shock tissues, to use a term the
dermatologists use a good bat, and may not play nearly as vital z role
1n the whole picture as we once thought As you know, the‘ past 3
great many people have belreved and still beleve ‘that the epidermis
wself may be the point of ongn of antibody Also, it has been thought
that it may be the pomt of linkage of the hapten with sutable protein
to become antigenic. It can be shown experi 11y that the epidesmal
proteuns are not required to form an effective antigen, so from that
standpoint, the epidermus fals out of the pictute {o some extent,
It can be shown, 1 believe, also experimentally. that though antibody
15 produced 10 the epderms, st 55 at Jeast ot the only stte of produc-
tion of antbody You can produce a comparable sesponse so far as
the biologucal evidence of reaction ts concerned by a vanety of different
pants af intsaduction of hapten Thus, together with sore of the
pl p for ple, that have been done, support this
view. | am thinking of Haxthausen's work with identical twins, in
which he took a sensitized indvidual, one of a pate of dentrcal twins,
and transplanted comparable areas, that 15, did a cross-transplant He
discovered that sensitized epidermus or skin m the uasensitized host
became nonsensttive, and, as the reverse of that, the unsensitized skin
from the other jndividual, transplanted to the sensttized twin dud be-
come senssthive  Therefore, more and more we are coming to believe

that perhaps we are dealing prmanly w.
bty N 1ng pumanly with a visceral source of antt-

Iddm! think we can exclude the epidermis as at least one point of
&rﬁu\‘ su:go:[:{oi\‘:(t ::‘ m:xg tm'( be an essential gne. Also, we have found
A ang ¢ type of reaction so far as hssue changes are
Gty o n‘ntr{l g on whether you put the matenal on percutane-
oy o :hcrgmlly, S0 we ate coming more and more away from
o ““g‘ w thm uf]g that the epideratss 15 angthung but a seflector, 1
e, o (;sc z:!tms We have found very little evidence for the
e s ot e epidermis 15 4 source of a;lnubody production and that
€ 100 5 the 1 tissues by

r:r: h:?edc?:cy :icﬁ;md process of xntercellular‘transmxsslon Tth:?g:z
i ghe o ‘otfu-f conclusion that we must mamtam side by side
— lmp‘;omnt‘ 1ty Db ‘cpxdcrmzl production of antibody, the probably
il thags 56551 thity that we are concesned with a visceral sonrce,
o foundP‘o [em\\s 1s merely 2 responsive tissue. ’

+ O cousse, in aged people, that many of them Bive a
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different response in terms of the efficiency with which one can produce
sensitization with simple haptens, and, as compared to young people,
there may be a considerable difference in terms of the clinically or
histologically observed reaction thereto. I don’t think, however, [ am
competent to discuss that.

Condry: The epidermis is a kind of happy hunting ground for
vituses. Are antwviruses or antibodies for the viruses to be included or
not included in our concept of epidermal function?

Nelson: I don't think we have anything to contribute to that, Dr.
Cowdry. We had felt originally, probably because it is one of the
currently accepted thoughts, that the epidermis must be a greater source
of antsbody generation than, perhaps, it 1s.

Cowdry: Of some type.

Nelson: Yes, of some. We see no reason to believe at the moment
that 1t is the only source or even the most important source.

Cowdry: Is there any discussion of what Dr Nelfson has just said?
If there is not, we shall go ahead with the dermus. If you think of
anything later, please bring 1t up.

The dermits is a muxture of cells and fibers and tissue flurd n which
both are located. There are present n the dermus also blood vessels,
Iymphatics, and some sense organs. The dernus shows marked regional
differences m structure, as does the epidermus  In general, we could
contrast the dermis with the epidermis by saying, first, that it 1s not so
richly cellular. The epidermis is, perhaps, the most cellular tissue 1n
the body. The dermis 1s relatively easily separated. The cells of the
epidermis, being extremely closely bound together, are very difficult to
separate. The epidermus 1s avascular and alymphatic, whereas the
dermis has both of these kinds of vessels Above all, the epidermis
does not possess the large amount of ntercelfular matenal that the
dermus has. In this intercellular material we recognize intercsting
components.

Before we take up the two categories of components, the fibers and
the substance between them, the tissue fluid, it mught be well to say
that there 1s a considerable vanety of cells in the decmis  They are ex-
tremely difficult to uaravel. They are mostly of the meseachymatous
type, and the mesenchymatous cell is like an actor who changes his
appeacance depending upon what he wants to do. These mesenchym-
atous cells change their appearance depending upon whether or not
they are applied to a surface, and in relation to a great many other
events in their lives, They change their appearance, so that there is
really no agreement cven as to the classification of the mesenchy matous
cells. We can't collect them in large numbers from dermis for chemical



Imtegumentary Syssesm 133

fysis because they are refatively few, and because to sepasate the
zr,‘g;cim{ b;?ﬁ is not) easy. There is only one type for which we ha{"e
pretty definite information, and that 1s the mast cell. The mast cle s
a3 you know, is charactenized by having large basophilic granu esé
Kulonen has recently published a paper on the decrease i number o
mast cells with age in the epidermis (23). Wis ftssumtd that \hc_s:
mast celts have something to do with the ptoduction f’( the material
which cccupses the space between cells and fibers It is also assumed
that the fbtoblasts have a good deal to do with the production of this
materal. We need more information.

The matenial between the fbers i the tissue fluid is subject to great
Tocal or regional differences It also dffers with age. In one of these
papers, some of the differences with age have been mentioned; that is,
the increases with age. We would Tike to get further information
about 1t. According to McMaster, you cannot get free flud from dermis
sithout profound mjury 1o the demms. The matenal 1s present ta the
form of agel T thunk the best intraduction to this material is contained
isr: the se(m:s of papers published by the New York Academy of

iences (13).

To my mind, the discovery of this gelatinous matertal between the
cells 15 very nterestng. | have particalarly in mind the work of Dr.
Sjivia Horton Bensley (2)  She created an increase i the amount of
tissue flurd, and traned paramexia, so that they could stand the change
m environment that took place on entry into this tissue flud from
water, As they moved around in this tissue fud, she noticed that they
occasionally came up agunst obstructions in the flud which she could
not see microscopcally. From this ohservation she deduced the exist
ence of areas of tissue flud of gel-like consistency.

h‘n“ presence of 2 gel impedes lkewnse the spread of matepals in
l\i :n ;li::;f;‘; gfhzt);e decmis and consequently to some degree condr-

At about the same time came the very stgarficant work
{Ia_ic’tms}.l done peinapally by Dmani(g‘nli {13) and h?sn :Ssr:caxi;g
bmlzg-; Z‘(‘;‘e“i ‘t;t::t eré\::l.r:‘e:c ?};;]:kgm\md of connective hissues can be

. 1 vy huat. 1

acting on hyaluronse acid. Mark:d‘ differen :ﬂ?\ﬁe :: 4
the ability of matenal to spread. With :Ad\$ e o n oned i
the spreading 15 Jessened  There ancing age of the dermus
abilety of matenl 1o spread inﬂ; aée also regional differences in the
Ing to incuminate ctxt:m types ;;ce;lsmxl‘s.lh.ro S nanize, we are Ury-
cellular matenal which is 2 complex (!3 @ production of this inter-
saccharides, and to study the :1?1 polysacchande, or gsoup of poly-

ye of enzpmes which break down
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different response in terms of the efficiency with which one can produce
sensitization with simple haptens, and, as compared to young people,
there may be 2 considerable difference in terms of the clinically or
histologically observed reaction thereto. I don't think, however, I am
competent to discuss that,

Cotedry: The epidermis is a kind of happy hunting ground for
viruses Are antiviruses or antibodies for the viruses to be included or
not included in our concept of epidermal function?

Nelson: 1 don't think we have anything to contribute to that, Dr.
Cowdry. We had felt originally, probably because it is one of the
currently accepted thoughts, that the eptdermis must be a greater source
of antibody generation than, perhaps, it is.

Cotedyy: Of some type.

Nelson: Yes, of some. We see no reason to belseve at the moment
that it is the only sousce or even the most important source

Cotedry: Is there any discussion of what Dr, Nelson has just said?
If there s not, we shall go ahead with the dermis If you think of
anything later, please bring 1t up.

The dermis is a mixture of cells and fibers and tissue flusd in which
both are focated. Thete are present i the dermts also blood vessels,
Iymphatics, and some sense organs. The dermus shows marked regional
differences in structute, as does the epidermis In gencral, we conld
contrast the dermus with the epidermis by saying, first, that it 15 not so
richly cellular, The epidernus is, perhaps, the most cellular tissue m
the body. The dermus ss relatively easily separated The celfs of the
eptdermus, being extremely closely bound together, are very difficult to
separate, The epidermts is avascufac and alymphatic, whereas the
dermis has both of these kinds of vessels. Above all, the epidermis
does not possess the large amount of mtercellular matersal that the
dermss bas. In this intercellular material we recognize interesting
components

Before we take up the two categonies of components, the fibers and
the substance between them, the tissue fhud, it might be well to say
that these is a considerable vanety of cells in the dermus, They are ex-
tremely difficuit to unravel. They are mostly of the mesenchymatous
type, and the mesenchymatous cell is hike an actor who changes his
appearance depending upon what he wants to do. These mesenchym-
atous cetls change their appeasance depending upon whether or not
they are applied to a surface, and in relation to a great many other
events in their lives. They change therr appearance, sa that there 15
really no agreement even as to the classification of the mesenchymatous
cells. We can’t collect them in large numbers from dermss for chemical
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alysis because they are relatvely few, and because to §epame the
:ﬂgxint l;ypcs is noty easy. There 1s anly one type for \’\;-hxch we h:nl:le
pretty definite information, and that 15 the mast cell. !15: mast clc '
25 yon koow, 3s chamctenzed by having large basophilic granules
Kuionen has recently published a paper on the decrease in number of
mast cells with age in the epidermis (23). It is assumed that these
mast cells have something to do with the poduction of the material
which occuptes the space between cells and Bbers. Tt is also assumed
that the fibroblasts have a good deal to do with the production of this
matenal, We need more information.

The matersal between the fibers in the tissue fluid 1s subject ta great
local ot regronal differences. It also differs with age. In one of these
papess, some of the differences with age have been mentioned; that js,
the increases with age. We would like to get further mformation
about it According to McMaster, you cannot get free flud from decmis
without profound tnjury to the dermis The materal is present 1n the
form of a gel T think the best introducnion to this matenal is contained
w the series of papers published by the New York Academy of
Sciences (13)

To my mund, the discovery of this gelatinous materral between the
cells 55 very 1nteresting 1 have particularly 1n mund the work of Dr,
Sylvia Horton Bensley (2) She created an mcrease 1 the amount of
tissue flud, and trained paramecia, so that they could stand the change
m environment that took place on entry 1nto this hissue flud from

water  As they moved around mn this tissue flund, she noticed that they
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the barrier and in so doing increase the permeability of the dermis.
Much has been written on these subjects. They constitute one of the
most active fields of mvestigation we have at the present time.

To continue, I would like to refer to the fibrous components of
dermis. The fibers in the dermus are of two main types. The fst is
collagenic, and the second is elastic. There is a supplementary type
cailed reticular, which 15, we think, really 2 modification of the col-
lagenc,

Now, mentioning the work done by Lansing and Rasenthal and
Roberts and Carsuthers and others, 1t 15 possible, as you know, to
analyze or to extract the elastin from the artenal walls (24). The
same methods have been used to extract elastin from dermus ln the
arterial walls, the young and the old elastic fibers appear different
(15). They are straight and anastomosing, they are phstenmng, and
they are water-clear in the young In the old, they are frayed, senile,
yellow and dull, and tend to clump. The tinctorial methads are faitly
obvious, but perhaps not of as great value because they are not so
discumnating, that is, specific Age differences n the properties of
human artenal elastin are sammarized in Table V.

The chemical differences are also shown in Table V. Artersal clastin
from the young is substantially mineral-free In the old, «t 1s heavily
mneralized. It 15 phosphorus-free, too, n the young, but m the old
there are large amounts of phosphorus  That brings up the question
that was asked of me n regard to phasphorus in the epidernus The
amino acids are rather stakingly different There 15 a trace of asparti
acd and 1 per cent of glutamic aaid 10 young elastm  Paper chromato-
graphic methods do not show the aspartic acrd but the plutamic aud
appears In older elastin, the chromatogeaphtc records demonstrate
slutamic acd consprcuously, and aspartic acd 1s dearly revealed

Stmms: What are the age groups?

Cowdry: The age groups ase gaven in Lansing’s paper (24) Tam
not quite sure, but they are between young aduits and persons of sev
enty and eighty. There was a considerable age difference

Simms; Dut the young are adult?

Cowdry: Yes, the young are adults  That bungs up this question
of whether the elastic fibers of a young adult are mneral-frec 1 have
my doubts about whether that s the case throughout the arnulatony
system, but 1 think st might be the case i some arcas My impresston
is that minerals, particulasly calaum, come w fauly carly n young
adulthood.

Oliver: May 1 ask, how you get the elastic tissue aut of the )wan of
the aorta? Is it an extract, the result of a chemicat extraction
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TABLL V

Propetties Young
Physical

appearance

Straight, anastomosing
threads or nbbons

Glistening, refractile,
water clear.

Tinctorial

3 Resoran-fuchsin, orcein,
"Van Giesen” positive

1 Mineral-free

2 Phosphorus-{ree

3 Amno Acads®
a) trace of aspastic 20d
b) 1¢¢ glutamic aad

Chemical

e
1 Not stamned by hema-

toxylin
2 Rea color with Congo 2.
Red

Pt At
1 Severely minesalized,

Some Properties of Human Arterial Elastin

Serle

e
Frayed, fragmented, thin
strands and granules
Tend to clump, yellow,
dull

-
1 Take up hematoxyhin

Yellow-orange with
Congo Re

3 Stain more densely with
resorcin, et

Contains as much as
1465 calcium.

2 Large amounts of
phosphorus

. 3 Amino Acds
1) appreciable amounts
of aspartic aaid
b) 456 glutamic aced

Physicat Dry 1solated elastin,

has specific gravity less
than 1 30

Dry 1solated elastin, has
speafic gravity greatec
than 130

g;m'dr)lv Yels(, 1t 15 by chemcal extraction
ern s 1t known of what nature or what type that phosph is?
Is 2t known 1 what compounds st appears? " Fhophorus B
gﬁu'dryB 'tl'he d(alta hexlempresented were for total phosphorus
. But you do not know whether 1t 15 £
whc;“ et o oL £ 1t 15 from lipsds mainly or from
oudry: T think that 1s made clear 1n L: $
ansing's papers Thi
i;r‘!am amount of lipid, especially 1n the older arteril’esp There ‘esrc :)k:l
"I{'ht I:;(‘turc cfdall kinds of lipids, including cholesterol P
no aad comnposttion of artenal elastin ch
5 i changes
§n :n)m’:::;:rel 1s 2 significant increase 1n the aspattic acxd,gwh:[h‘ tlhh:[\;r:
e ; teady In the young, 1t 1s about 14 per cent, and in the
per cent That 15 approximately a tenfold increase The in-

crease in the glutam: O al On ou:
1c acid, too, 1s rather
hit the o y . X lc sprcuous It as nteresting

grams, do not
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the batnier and in so doing increase the permeability of the derms
Much has been written on these subjects, They constitute one of the
most actwve fields of investigation we have at the present time.

To continue, T would ike to refer to the fibrous components of
dermis The fibers in the dermis are of two matn types. The fist is
collagenic, and the second is elastic. There is a supplementary type
caffed reticular, which 15, we think, really a modification of the cob
lagenic.

Now, mentioning the work done by Lansing and Rosenthal and
Roberts and Carruthers and others, 1t is possible, as you know, to
analyze or to extract the elastin from the arteral walls (24) The
same methods have been used to extract elastin from dermus In the
artental walls, the young and the old efastic fibers appear different
(15). They are straight and anastomosing, they are ghstening, and
they are water-clear in the young In the old, they are frayed, senile,
yellow and dull, and tend to clump The tunctossal methads are faidy
obvious, but perthaps not of as great value becanse they are not so
discriminating, that 1s. spectfic. Age differences i the properties of
human artenal elastin are summarnzed i Table V

The chemical differences are also shown in Table V. Astertal elastin
from the young is substantially mineral-frec  In the old, st 1s heavily
minerahized. It 15 phosphorus-free. too, in the young, but i the old
there are large amounts of phosphorus  That brngs up the question
that was asked of me i regard to phosphorus m the eprdernus The
amino actds are rather stubkingly different  There s a trace of asparti
aad and 1 per cent of glutamic acd 1 young clastm Paper (hramato-
graphic methods do not show the aspartic acid but the ghatamie aud
appeats. In older clastin, the (hromategraphi records demeonstrate
glutamic acid conspicuously, and aspartic acd 15 clearly revealed

Ssmms: What ate the age groups?

Cowdry: The age groups are gven m Laasing s paper (24) 1am
not quite sure, but they are between young adults and persons of sev
enty and eghty There was a considerable age difference

Ssmms: But the young are adult?

Cowdry: Yes. the young are adults. That brngs up this question
of whether the elastic fibers of a young adult are muneral free 1 have
about whether that s the case throughout the anulaton

1 think 1t might be the case n some areas My impression
come tn fauly carly 1 young

my doubts
system, but
is that minerals, parncularly calewm,
adulthood

Oliver: May 1 ask, b
the aorta® Is it an extract, L

ow you get the elastic tissue out of the wail of
he result of a chemical extraction?
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nanly, 2nd to the cells thersio, the fibroblasts, the mast cells and
others That breags us to the fibroblast, )

If anyone can distinguish 2n old ﬁbro}:lnst from a young fibroblast,
it 15 only a superficial kind of dﬁtmgﬂon and an mdividual matter
between different fibroblasts and the tissue cultute. If we take from
an aged person fibroblasts and grow them, and take from a young
person fibroblasts and grow them, the fibroblasts which grow m both
instances are perhaps indistinguishable. We would hike to get moze
data on that sost of thing, and possibly same slight differences in their
appearance ate due moe to environment than to inherent differences.
In our problems of agmg, we have to admat, 1 think, that some kinds
of cells in the body retan their youthfulness as long as the body lasts.
We are refernng to kinds of cells, not indrvidual cells. The cells in
the bone marrow that produce the formed elements and the hemo-
globin-containing red cells, apparently retain these youthful properties.
The cells 1n the epidermss, in the basal layer and sn the spmous layer,
perhaps, retain their youthful properties ‘That is, again, the kind of
cells do, not the individual cells Some epithelial cells of the intestinal
trace do likewsse In aging, therefore, we think that the tissues com-
posed of cells which do age and which don't age form an interesting
contrast

The difficulty 15, agam, to separate the groups of cells which show
differentiation and aging from the groups of cells that do not To
collect fibroblasts, for example, 1n a manner suitable for chemical
analyss has been something that has defied us for 2 long tune and
still defies s We don't know how to go about . 1f you have any
suggestions, they would be most welcome

Now, T have completed, as far as I can, the presentation of the aging
of the Intepumentary system You will see that I have not included a
great many things 1 have not mcluded the integumentary appendages
2 I should like to call them, namely, the sweat glands and ths Is)ebaccgnu;
ﬁ\nnds 1 have not included the hair because we have a spectalist on
fél: present here aad 1 don't want to expose my gnorance too acutely
N t)o\\ to see It seems to me that there are few structures 1o the body

o :mifc?“l‘i ha‘s‘b_enuuf?\ly adapted for studies on apinm aed oL -
havea f

means o L U
¥ou ctery en, Dr Hami\tcn;w ’ i

(h::‘al:mh;m.i Well, T don't kaow that T am a speaialist 1n hair 1
fhat d\:\ hittle bit Iike the physicist who finds that the physicists b
emist and the chenusts say he 15 2 mathematician aad the -iiynie

ject of these conferences. Wyl
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show alterations with age of the same order of magnitude at all, The
glycine, valine, proline and so forth remain faisly uniform. Therefore,
as far a5 amino acids are concerned, there is an asymmetricat kind of
alteration,

Now we come to the problem of what this means, and your inter-
pretation is of great interest to me and also to Dr. Lansing, There are
so many factors involved that it is difficult to speak with assurance
about anything. Probably the best way is to get some distinguished
individual and disageee with hum and then let him convince you that
you are wrong and he is right. Then you sort of bring out the facts.
What Lansing thunks, I believe, is that m the artenal wall and also to
some extent in the dermis, where we have the same twa types of fibers
{the elastic tissuc and the collagentc), there 1s a change in the concens
tration of these amino acids that is in some way linked up with the
fixation of caloum; that the calaum then is bound and incorporated
mto the substance of the elastic fibers, as can be seen m histochemucal
preparations. Why this should accur with age is not so clear, of consse.
And why it should occur i certain segments of the cureulation mech
more markedly than m other parts of the drculation is also not clear.
There was a httle discussion about that yesterday  What 15 primary
and what 1s secondary here we cannot tel} except that st scems to us
that the protein changes are hikely to be the forerunners of the mmeral
changes. But agan that 15 3 lutle difficult to be sure of.

So much for the elastic tissue  Let's consider the collagenie tissue
now Collagenic fibers have been subjected to study by Schmatt and
others (20, 29) with the electron migroscope, and 1t s been found
that mstead of being homogeneous, they are banded: that the mterval
between bands 15 definite and can be measured; that by means of the
electron micsoscope one can therefore acquire some formation as ©
the quality of the collagen which was not feasible before, just as one
can acquire informatson about the quality of steel  The whole subject
of the coliagenc fibers, 1t scems to me, 15 extremely ateresting and ripe
for development (n any program on agng,

There are the individual differences that we know m physical state,
in hifc expectancy, and m a geeat many other thngs  These may be
partly due to differences in both clastin and collagen, Perhaps we can
be said to have good coltagen as we have been said 1o have good or bad
rubber. Certamly, it should be pnssnblc to make progress i this direc-
ton by contsasting the physical properties and chemucal properties of
the collagenic fibers 1 different pasts of the bady where aging 15 ”T'd
and where the agmg is slow, and at the same time ta give consuderable
attention to the tissue flusd hackground, which we thunk s a gel, ordr-
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nauly, and to the cells thexzi;, S;e fbsoblasts, the mast cells and
tnps us to the fibroblast.

m‘;?:n;‘r\\?:’m isunguish an old fibroblast from 2 young fibroblast,
1t 15 only a superfiial kind of distinction and an individual matter
between different fibroblasts and the bissue cultuze. If we take from
an aged person fibroblasts and grow them, and take from 2 young
person Sbroblasts and grow them, the fibroblasts which grow in both
instances are perhaps indistnguishable. We \\:ould }1ke to get more
data on that sort of thing, and possibly some slight differences in their
appearance are due mote to environment than to inherent differences.
In our problems of aging, we have to admut, 1 think, that some hinds
of cells in the body retam theur youthfulaess as long as the hody lasts.
We ase refernng to kinds of cells, not individual cells The cells i
the bone matrow that ptoduce the formed clements and the hemo-
globin-cantaining red cells, apparently retain these youthful properties.
The cells 1n the epdermis, in the basal layer and in the spinovs Jayer,
pechaps, retain their youthfal propesties ~ That ss, again, the kind of
cells do, not the indwidual cells  Some epithelial cells of the ntestinal
tract do Idewse In aging, therefore, we think that the tssues com-
posed of cells which do age and which don’t age form an intetesting
contrast

The difficulty 15, agam, to separate the groups of cells which show
differentiation and aging from the groups of cells that do not To
colect fibrablasts, for example, 1 2 manner suitable for chemical
analysis bas been something that has defied us for a long time and
stll defies ws e don't know how 1o go about 1. 1f you have any
suggestions, they would be most welcome,

; mOW, Thave completed, as fat as I can, the presentatson of the agiag
ok the integumentary system  You wall see that 1 have not included 2
great many things 1 have not mclud
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matician doesn’t know what he is. As regards hair, precisely, we would
be more interested in its genetic and endocrine and aging relations than,
perhaps, 1n the structure itself. As regards aging—

Cowdry: Just a moment, about the genetic. It scems ta me that in
the epiderms, we have a tissue which is most exposed to the external
environment and also is pretty firmly in the grip of genetic factom,
wheteas, with the internal tissues, we have fairly adequate protection
from the cxtesnal environment coupled with genetic control. To con-
trast them may bring out the effects of environment.

Hamilton: T might, +f you care to have me do so, Dr. Cowdry, throw
out an sdea for discussion here.

Couwdry: Please do. That is what we want you to do.

Hamilton: \We have been interested in baldness  Chronologically our
work progressed as follows: We found that the cunuchs who wete
our subjects did not develop acne if they were castrated before pubcrt)‘,
but some of them would 1f they were treated with male hormone sub-
stance. It was a very clear-cut phenomenon, because scbaceous secre-
tions wauld increase, st was histologically cvident, and you could collect
samples from the skin that showed an increase. Papules would form
and become pustules. We never saw the big, mdurated lestons that
one sometimes sees 1n acne, but the small acneform lestons did appear,
and they were related to androgens, because, first, one could get 2
papule to develop, then stop androgenetic treatment of the cunuch and
get that papule to become wizened and fade away. If treatment were
wstituted again, say, in two or threc weehs, the papule would again
perk up and go on and become pustular

Then baldness was found to have a simlar relatton to androgens.
As it worked out, there were three factars  The first was a geactic
factor. The subject had to have the proper ancestry. No amount of
androgens wonld produce baldness of the subject didn't come from 8
baldness-susceptible family.  The second factor was andragens, and
they were not effective without the genctic aspeet, and the genetic
aspect was not effective wathout the andragens  One could have a per-
son from a famuly n which all the male members became bald but of
these people didn't mature sexuatly, they did not become hald: so there
were two nterdependent factors The third factor, equally dependent,
was aging. If a young cunuch, say, a man in s twenties who was
castrated prior to puberty, 15 given androgenic treatment an the third
decade of Tife, he will get bald at about the same rate that young men
will aver the cousse of several years On the other hand, of one treats a
man who is sixty years old, and has been castrated since prior to puberty.
he will get batd very quackly, if hie s gomng to develop this wondition
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Withi six months atmost all the hair that he \'vxll losc 15 gone "Ihcr'c
s a very interesting example thcrc‘of the storing up of greater senst-
trvity in the absence of the actwal stm\\!\i\.h“g agent.

Welt, here are three factors that I think ace the same factors, per-
haps, plus some extraneous eavitonmental ones that may be operative
in many of these geneticandrogen aging condmo{ls; namely, an aging
factor, a genetic factor, and a sumulating factor, in this case an andro-
pen 1 started thinking about this, stnce 1t prohably wasn't happen-
cance that two of the most commeon diseases known, acne and bald-
ness, would have a strong male factor in them, and I started wonder-
ing, “Well, just what 1s maleness? What 15 this quality, or what 15 1t
concemed with?” and thay ed to the guestion of fongevity and male
selecting pathological conditans

To summanize briefly, there 15 now a sex difference of about five or six
years in life span n this country, the male bemg that much shorter-lived
than the female, and 1 think it 15 due, 1 some part at Yeast, to a male-
ness factor T wonder i€ these same three wfluences that 1 mentioned
for batdness might not be found—and that 1s what I would like to hear
discussed—n some of these other male-selecting condations  Frest, what
aze the male-selecting conditions? We have a list now, from rather
casual reading, of over several hundred of them We picked out the
female-selecting conditions, and there ate three facts that fit jo thece
3:{6 ﬁr(:ftefm‘:mltld tiﬁc many hundred conditions that appeas in one
L e ) s o
third affect chiefly females s predominanily, and only about one-

Olive( What are some of them?
mg:zl;'af C::ncer o{ L‘the lgwez !ff” HOSr of the mouth and tongue,
the tendency of most of these ?cx-:ekctm dT‘h ¢ fust fact was
selecting condibons The soeodl fa il g conditions to be male-
ost solely in one sex, namel act is that the conditions ocous al-
@ ral > namely, over 90 per cent of the cases occurred

s We found only two conditions which
females ch occurred primanly in
Z.’n:;: \Wh-;'c}? were they?
amtilon ey were H
crease \\mknesz of the(;)gii:;m silocation of the hp, and an 10-

bone
f]l:fuig ¢ Hyperostosis frontalis mserna
nrlanm on” Yes Thme were the antr .

out females
y and farge,

) When one
weere s PRT cent or more of the cases necur
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in one sex, they are almost all male-selecting conditions.

The third factor that strack me as rather interesting was that it
didn’t seem to matter which organ system was involved, whether it was
circulatory, genitourinary, osseous, or muscular; it seemed to be a gen-
eral effect, with two exceptions: the conditions that affected primarily
the integumentary system were about evenly divided in the two sexes,
and those that occurred an the endocrine system (due chiefly to thyroid
and pancreatic disturbances) tended to be found mare in females than
in males, I am talking about the number of conditions The thied
fact, therefore, scems to be that this 15 a general phenomenon and nat
primarily related to the circulatory system or to any other one system.
Now, I thought, “That is all very well” —

Sinms. Ate you talking about mortality or morbudity?

Hamidton. 1 am talling about mcdence, or morbidity. 1 thought,
“That's all very well, just from a little casual reading, and perhaps
somebody else doing casual reading would find something quite dif-
ferent,” so I turned to the Census Burean reports — m other wotds,
mortafsty, now — and I found that almost alf the clucf killers, m terms
of tme of appearance, were those that mvolved prsmarnily the males
That work 15 by Cioceo, published in the Quarterly Revsew of Biolog)

8). Therefore, we are dealing here, really, not with just casual things,
but with the ones that are the major causes of death

The next powt 1s, what s responsible for this? Is it something that
cames at the time of maturation in atself 1 males? Is it of endownne
natute, ot 15 1t not? The fiest thing of nterest 1s that thus lesser viabibity
of males extends all through hfe 1t 1s found prenatally, apparently,
but the great difference in the mcrdence of these conditions comes after
pubesty, so that it does scem to be at least accentuated by sevual
maturation.

Eugle: Dr. Hamulton, have you looked nto that problem of prenatal
loss for these sex-selecting factors of yours? The conception rate, for
instance, 1s given as about 140 females to 100 males. What about the
prcnatal toss? Ate there these same selecting factors operating pre-
natally ?

Hamalton: U'm glad you asked that, Dr Togle T ihnk there are 104
males to 100 females, by and large

Engle: At birth?

Hatalton: Yes, at buth; but there 15 a muh Ingher percentage, as
Dr. Engle mentioned, of males among abortsons and miscarssages
Ciocco (7) has analyzed that, and he dissdes the census matersal, for
whatever dependency you wish to place upan it ito thirteen causes of

death. All of those thiteen were, with one cxception—the exception
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bewng congesutal malformation—ones that affect males much more‘tht\
females, 50, again, the effect of maleness is a general one. 1f oneb ooks
up the accdental deaths, deaths as 4 result of tranma and such, one

PRREIER Poe

zal, The male

between birth
and one year of age, and [ don't think the boy 1s 2 swasnbuckler at six
months of age, .
Oliter: The dufference, perhaps, 10t as great in th}t peniod. .
Haemsron: The dufference between the sexes mn accidental deaths is
about twenty-five per cent between brth and one year of age. R
Oliwers Well, what 1s 1t when they are older and exposed 10 acti-
dents?
Hamdlson: 1 don’t think a boy 15 more likely to get dropped on his
head when he is six months of age than a gul.
Engle: O, suse he 13, He is gong to fall off a table much more
oftenthan 2 gl A ginl won't climb up on a table so frequently.
Hamilton: Well, let's just examme that question. It is generally
constdered that males have a much tougher hife, work at the office 1s
much more troublesome than, let's say, the work of the wife who has
to meet the bills and pay the butcher and so on. Therefore, all these
early tendenctes 1n males come from their greater exposure to troubles.
Ddisagree 1 think there 15 2 general—
Oltver: Most accidents, I am told, occur n the home,
Hamadton* Yes, but 1 think there 15 a general lesser viabiity of males
than of females at all stages of Life, begtnaing m wtero.
Stern But there are cultural and psychologscal factors that contrib-
ute 1o sex differences 1h mortality.
Hantlon. Absolutely, but T don't think one should explain that by—
Stern It seoms more or less proved that the ratio of pepttc ulcer 1
the two sexes was essentially different sixty years ago from what it is
::r:'e f:t ;l::re are definte psychological differences or factaes which
il vt ds bt covsnmens) s 3 1o
Hor
2
hx%?l:;. han ot males vy sarl piouably WOINed 35 hard, 1f not
atess st males ever worked? Do they have higher mortality
}Iarfxillor:~ We have no such data By
10 which inherent susceptibility might

ut I might point to one smstance
be blamed wrongly on environ.
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mental factors. Syphilis in the very young—I forget the exact figutes,
but let's say before three years of age—follows as much a sex-differing
course as in the adult male. One explains the worse course of syphilis
in the adult male than in the adult female, if you want to use environ-
mental explanations, on the basis of reinfection of males, but the higher
mortality rates in males than in females occurs also in the very young
boy, in the infant, who s not sexually active.

Horrath: Well, there are more young boys, then.

Hanzilton: So that one would have to multiply all these eaviron-
mental explanations to fit each of hundreds of pathological conditions
that affect males preferentially, If you want to adopt that attitude,
you have to say, “This causes this, and that causes that.” Instead, I
think st is much more Jogical, and it fits the facts better, to see if there
is a lesser viability on the part of males May I give onc other hit of
evidence?

We have tried to look up life-span data for various animal species,
and I think on the fast count, we had something over 2 hundred. About
80 per cent of these showed lesser life span in the mafe than in the
female This holds for nematades, molluscs, crustacea, insects, arach-
nids, buds, reptiles and mammals (21). Now, maybe the nematode
has a harder life at the office, I don't know. Maybe his syphilis, of
whatever hie has, is worse.

Engle: Dr Hamulton, may I interrapt, because Dr. Heilbnunn ovet
here 15 getting very restless?

Hamadron- 1 would like to hear what he has to say.

Engle: You stay right up there because you have to defend yourself.
Dr. Halbrunn, you know atl about nematodes.

Helbruun: Not very much  There aren’t as many data as you might
expect  If you take the lower animals, you have to take special cases.
For instance, the male bee has a nuptial flight and then dies immeds-
ately after flight, wheteas the female has to lay epps for twelve years.
There 15 nothing general in that phenomenon It is a rather special
case. The data that we have are made up of a lot of such special cases.
The Ufe span of a lower ammal 1s detesmined by the necessity for
reproduction Once reproduction 1s achieved in an insect, the insect dies.
1 think these things should be interpreted rather carefully  Actually, as
Dr. Hamilton knows, the total data on life span in ammals are very
meager, and many of the data that have been presented may be viewed

¥ uspicion.

A ‘;‘;mguli‘l‘l:;r: l[;grcc, and I think a great deal more data should cer-
tainly be obtained. As far as the F\'ldmcc goes, though, the hie span
of females 1s longer in these various species throughout the ammal
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ini vell, teason
¥ingdom, not ;u}t n vextcb'tatef, but in \‘ \:e'x’tefmtes‘ e.s‘ w g\l The ea‘

anmal kingdom s geaetal, .

Engle: You really mean lesser protoplasmic resistance.

Handion: Exactly. . . N

Engle: 1 am very much intrigued by the sex differences in mortality,
but you must always keep 1n mind, as has slready beea smentioned, the
cultural factors a5 well. % thank De. Stern mught have something pet-
tinent to say

Stera: Thete are two othet pouts on which 1 should like to com-
ment with regasds to Dr Cowdry's presentation. Fasst, to come back
to what § began to duscuss yesterday, thete 1s this questton of local
agng, m which we ase 5o mderested. w the central nervous system.
That bings up the whote problem, which 15 almost of 2 phiosophical
natute, as to what extent these morphotogicat changes are, seally, 1o
dicative of aging, 2nd what Is theur functionat significance? For ex-
mn;;:]c, 1 mentioned yesterday, to take a very marked contrast, the
Purkige cells et us say, take one morphological index, that is
to say, brown pigment, which is generally recognized as a mark of
25w m the centeal nervous system I we take two very contrasting
azess, the Putkinie celis, let vs say, and certain cells w the spinal cord,
we have o endence chingcally that the cerebellat functioa s better
preseroed sn very old people than centain functions of nevrons with a
bigh amount of brown pigment  3f we take, for mstance, the thoracic
¢ord in the anterior horn cells, these 35 a tremendous amount of Yipo-
chrome m old people, 1 the Jaterat horn cetls which ate just 1 the
neighborhood and which have something to o with the sympathetic
tnnervateon, there ts very Istle brown pigment, and yet there 1s o
chnat evidence that antesior bora cell functon s mote impatsed m
senility than lateral hom funchion of the sympathetic snervation

When you take another morphological phenomenon, let's say the
accomulation of ghial fibers i the cottey, under normal circumstances,
ulmPt for fayer 1, they don't occur at all fu senuity, you see some
iul fibsous astrocytes, but the merease of fbrons astrocytes in the
Cntmor horn, m the card, 1 ouch more matked than 1n the cort

Imically speaking, there 15 actually more evdence of seniltty of :}T .
catex 1 seae people than thete is of seadity of the antesior b .
“’l‘: ;‘{\f‘ porat §€ view of acuat Function or hom

er wosds, how far are we allowed to take

va v any one

f1ous mosphologseal and chemical factors and conduyde ftoorxf ::2:
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mental factors. Syphilis in the very young—1 forget the exact figures,
but let’s say before three years of age—follows as much a sex-differing
course as n the adult male. One explains the worse course of syphilis
in the adult male than in the adult female, if you want to use enviton-
mental explanations, on the basis of reinfection of males, but the higher
mortality sates in males than in females occuts also in the very young
boy, in the infant, who is not sexually active.

Horvath: \Well, there ate more young boys, then.

Hamilton: So that one would have to multiply all these environ-
mental explanations to fit each of hundreds of pathological conditions
that affect males prefecentially. If you want to adopt that attitude,
you have to say, “This causes this, and that causes that.” Instead, I
think 1t 15 much more logical, and it fits the facts better, to see if there
15 a lesser vaability on the part of males. May I give one other bit of
evidence?

We have tried to look up hfe-span data for various animal species,
and 1 think on the last count, we had something over a hundted. About
80 per cent of these showed lesser life span in the male than in the
female. Thus holds for nematodes, molluscs, crustacea, insects, arach:
ntds, birds, reptsles and mammals (21). Now, maybe the nematode
has a harder hie at the office; I don’t know. Maybe his syphilis, or
whatever he has, is worse.

Engle: Dr Hamilton, may I wteerupt, because Dr. Heilbrunn over
here ts getting very restless?

Hanitiron: 1 would like to hear what he has to say.

Engle. You stay ught up there because you have to defend yourself.
Dr. Hedbrunn, you know all about nematodes.

Heslbrunn: Not very much There aren’t as many data as you might
expect If you take the lower animals, you have to take special cases.
Tor instance, the male bee has a nuptial flight and then dies immedi-
ately after flight, whereas the female bas to lay eggs for twelve years.
There is nothing general i that phenomenon. It 1s 2 rather spccial
case. The data that we have are made up of a lot of such special cases.
The life span of a lower animal 1s determined by the necessity for
xepmduction. Once reproduction 15 achieved in an insect, the 1nsect dies.
1 think these things should be mterpreted rather carefully Actually, as
Dr. Hamilton knows, the total data on life span in animals are very
meager, and many of the data that have been presented may be viewed

1 uspicion.
ngi‘aftri}:f;nf Is}’agree. and 1 think a great deal more data should cer-
tainly be obtained. As far as the evidence goes, thaugh, the life span
of females ss longer in these various species throughout the anmmal



Integumentacy System 145

1d really be most intrigning to doa pamllel study.
w&i'er: Oythe( than matg;w}{,; are both black, is it known that they
are the same chemical substance?

Sterns: That this 15 melania, you mean? .

Oliver: Yes, melanin—malacial pigment is called “melapin” by some.
Tt onfy means “plack”

Ster: No, This, as far as § know, has actually been proved to be
melanin, the same melanin.

Oliver: In the same chemical sense, that 15, contaming sulfur?

Stern Yes

Engle: Dr. Stewn, for my information, aid you say the substantia
negea s as present only in bumans?

Stern No, no, only the melanm in these cells The substantia nigra
15 2 nucleus of the mudbrai that appears very early i mammals, §
have forgotten just when.

Engle: Yes, but the melanin, you say, does not occut 1n apes?

Stern' Not in anthropotd apes.

Hamuton: Ate you sure of that?

Stern: Absolutely

Hanulton: James Brown of Jefferson Medical College tells me 1t 15

in the orangutan and chimpanzee
Steppe Lm0 2 00 '

1 have ne

Hamlt | ., . way 2aun vg young chimpanzees?
Stern: 1 don't know.

Hammlton, Tt comes late 1n hfe i the chumpanzee, according to
Brown
ZOS;eru- 1 was at one time consulting neuropatholagist to the Loadon
z and T saw the most extraordinary things there 1 saw mid-
izradms of apes, but I don't recall what the history was. But Monakow
J;E”utnhrers who Snve worked on comparative neuralogy say that the

atia mgra does not contarn melanin 1 apes B i
nls;i loolic too young ansmals F o perhsps the

anutton’ Brown's work on that 1s the onl

ton ¢ y report T know of
dnirg:glﬂb What about the size of these cells inpthe areas which ate
B, ¥ aging a little faster than others? Are they larger cells i that
e ; far;t:e{' sr'nall!eé cells? For instance, we know that in certain
ological disorders, like pol, i
: 3 poliomyelitss, for instan
:c?I;: C;sll:’:;e ;nuc(h m(:c susceptible to damage tl;an ate thz scx:a&,a:
also true hete? Do we have 4
n these vatious tracts ver T e el
sus small cells, aad is th

cells are more susceptible or 15 that just— 7 where the large



144 Problems of Aging

that there is a diminution of function? I am speaking here from the
point of view, at least, of the central nervous system. Sometime ago,
there was one of those newspaper clippings in The Netw Yorker maga-
zine. Jt had the heading, “A Thought For This Week,” and it was
taken from the advertisement of a shoe firm which said, “A man js as
old as his feet.” The same thing applics here. You cannot say, for
instance, 1n the central nervous system, a man 15 as old as his inferior
olive, for instance, because the inferor olive is heavily laden with
brown pigment It so happens that other areas do not take the brown
pigment to such an extent,

Another pomt I want to bring up is that about melann. 1am par-
ticulasly snterested sn melanin becanse of something which some people
do not realize  Melanin i the mside of the central nervous system, as
we know particularly with respect to the substanita nigra and the other
melamn-beanng areas like the nucler of the tenth and certan areas in
the hypothalamus which are not studied as well, 15 specifically human
The substantia nigra (which is called nigra because it is black) is not
black cven m anthropoid apes. Not only does the melamn’ appear
fate phylogenetically but also ontogenetically. A newborn is bora with
an unpigmented swbstantia nigra. The substantia mgra develops a biack
pigment with increasing age, and it is because the nerve cells in this
area contar a tremendous collection of melamn  This melann not
only 1s spectfically hurnan, but 1t appears (n man, [ think, only around
the thied or fourth year of ife. This has not been very well studsed 2s
yet.
1 have also been interested, mcidentally, in the melanin m senilty. I
have always had the impression that you find  lot of the melamn pout-
ing out from the nerve cells, free tn the tissue, and also n scavenger
cells around vessels and so on, 1n sentle brams. But [ think that should
be studted systematically  Nobody actually knows anything about the
role of the melanin here. If something 15 specsfically human in the
brain and appears so late ontogenetically, and 15 associated with im-

ortant endocrne functions, it should have some significance, but we
don't know what 1t is.

1 think it would be very interesting to study melanin 1 the skin,
since skm and central nervous system denve from the same matrix
gmb;yologicnlly, and in many ways it has even maintained certain
features duting hfe swhich would serve for paralicl study ~—of the
smelanin in the human nervous system dunng the life span and also
s the skin, because in the skin, too, we have these changes like local
1 collections and so on, and change of melanin distebution

elani ot o
o And since there is a connection with preuitary function, it

with age.
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\he collagenous fibers lose thesr sepatate catity :{nd [T
:1;;5 ;nd\:‘:(;\y;“dn mas% These changes, however, are not specific fgar
the aging tusue of the dermis fot they are fnmllm.r 'to the pathologist
who obsetves them in a vatiety of tissues and condmgns. These hya‘h'r’x
changes of the collagenous fibers wete referred to as edema sclerosis’
by Krompecher who matntained that they ate pxcteded by an acsum“.‘\-
Yaton of inkerstitial fluid of long standing. The fibrls bathed in the
flud undergo physico-chemical changes—their substance is eventually
transformed into byalin

1t 15 not unprobable that an alteration i the distribution of intes-
stitial flud in the skin occuts also in the course of the agng process
and accounts for the charactenstic changes of the collagenous fibess of
the aged sk,

Anather constituent of the skin, the elastic fibnls, also show charaf-
fenstic changes 1 the aged These fibers can be studied in the skin
almost as well as 1n the aotta We have studied them with the help of
tus tecimques  fustofogy and spectrophotometry. Histological studies
deatly show that the fibds 1 the aged tend to break up and become
fragmented Thus 15 accompanted by changes 1n structure and outhne:
instead of long, wavy, fine fibtils we find short, straight and 1ll-defined
elements, some of which end 1 dumps  Finally, the tinctoral quality
of the fibrds afso changes inasmuch 55 the staining spreads to adyacent

il matersal, 2 pt referced to by the dermatologust
2 basophulic degeneration It 15 quite anteresting that these changes
ate reversible to a considerable extent, for instance, upon topical ap-
pleation of estrogentc hormone. This was shown by histologscal
methods 1 our studses {17, 18) and by Esben Kurk and hus co-workers
(6 22) by actual measurements of skin elastiaty  Direct spectropho-
fometty of the living humaa skin also costoborates the histologeal find-
ngs $0r 1t shows 2 decteased absorption 1 that part of the spectrum
n which the absmgmon bands of etastin are found.,
mHezI[:rumz: { believe that 1n the fature there will be more work on

¢ Physiological changes 1 2ge The anatomscal work comes fist,
and then the histochemical and the chemucal, but it 15 possible to
\s,u:“ data on changes in funcuon with age That can be done cven
(:étnes\b:;morgf of my studens, for example, took pieces of the skin

s and was able ta measuce the rate of s
successfully W,

© made no study of agng,
hese spsvems tg make N P

studies in hustochern,
Covdry: ¥ am g
803} we have 1o

estoration very
but 1t 15 possible 1n some of
physiological studies as well as more static
sstey and marphology

L fac these physiologieal stadhes. 1 think that the
mind 5 to determine how functian g modified by
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Stern: Fitst of all, there is no rule for that. Fot example, the cel
of the column of Clarke in the spinal cord, which are Jaden very carl
with this lipochrome or brown pigment, are very large cells; wherea
for instance, in the subthalamic nuclens of Lups, the cells are ves
small, and they have a strong tendecy to accumulate lipochrome. O
the other hand, 1n Purkinje cells, which are much larger, thete is n
tipochrome—well, there is no cotrelation with size of cells but, on th
other hand, I would not call this damage. It is not damage in th
sense that, for example, the cell changes in poliomyelitis are indicativ
of damage, because it 15 actually a physiological process.

Horuvath: But suppose even in these very specialized areas wherse yo
have different sized cells, that 15, one being very small in one grouj
and very large in another, there 35 still a certamn statsstical variation i
size of those cells, Do the larger cells have a greater amount of thi
pigmentation or are the smaller cells involved in 1t also?

Stern: 1 don't think anyone has really studied this quantitatively, but
naturally, 1n a farger cell you sce st much better.

Horvath: Oh, yes, of course

Goldzteher: Can we get back to the skin for 2 moment?

Engle: Sutely.

Goldzieher: Dr Cowdry has raised a question of fundamental sig
nificance; namely, whether a celf 15 aged as such or only by virtue of
its environment? This question should be considered n telationship to
the problem of regeneration. Some cells of the animat body ate capable
of regeneration in the adult orgamsm whereas others ase not. The
nerve cells of the central nervous system and of the eye, for example,
do not regenerate but the fibroblasts, the epidermal cells and many
aother cells do and they do st quite rapadly Such regeneration is ob-
served in the aged as well as m the young though, of course, at &
slower rate 1 the aged.

It would seem to me that if this power of regeneration is nhereat
in most of the cells of the body and certamly in all cells of the integu-
ment and 1s matntained even in ofd age, we have to postulate some
extracellular factors which are responsible for the changes of aging It
seems Jogucal to suspect that the fault fies in the wntetnal environment
in which the cells live or in the humora forces which after this environ-
ment adversely These environmental influences act or fail to act upon
the metabolism, ot more spgciﬁcally on the anabolism of the cells,
hence with decreased anabolism the power of the cells to regenerate
decreases, and morphological of funchional signs of aging begin to

appea 1.

Another point I wanted to raise concerns the collagenous fibers In
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Hamilton Well, 1 don't know of any spectrophotometric evidence
that showed that melanin in the neurologucal tissues 15 or is not like
that in the skin. But in the skin, Edwards showed a melanoid in the
oute fayers of the epidermis which had this different spectrophotomet-
e appeasance from what he called melanin which was located deeper
1 the epiderms

Stern: [ always had the mpresston that the one in the central nervous
system 1 argentophibic  When you do, for instance, 2 Brelschawsky
stain—of course, you don't do it for that purpose, you do 1t to see the
neurofibrils—then the melanin in the midbrain stands out very beauti-
fully, But that, agam, has never been studied spearficatly,

ffauv{ry‘ The melanin in the epidermis is argentophilic, but 1 don't
think that means very much; at least, T would not put too much em-
phasis on it

Shock: 1 should fike to ask one question about skin. As a physiolo-
gt T think of skin as being one of the major places for the stosage
of water 1 wonder if there 15 any information about whether water
Eees in and out of skin 1o the ald anumal at 4 lower rate than in the
)(Zf:f:\g;‘g:?has the ofd animal lost part of 1ts potential storage capacity
X E:g{:g;dY;‘:s:en;embeb: the wock that Lowry and Hasting did (23).
o of us, because they found that 1n some tissues there
ke thet 1 Sta;e tn watet but an tncrease, with age Now, I don't
e sk ese etexmx:}ahons for skin amount to very much, because
! skin of different regions 13 so very diff Therr d
b;:g’(:‘égm‘nagmns of epidermis alone, or of dermus alone, but of
Wakex%_‘ ec But the view 13 generally held, following our fnend,
o, thcaltzig’,::m the detmis 15 the place of storage of water. How-
Wil age. ments semain to be made 1n respect to the changes

Shock: 1s

there any evidence tha
: t there are age diff
byalucomdase content of tissue? ge ffeences m the

otdry:

m?b{; :I'g’.oflt“t\l‘\“k thete s, The evidence is fanly good, because you
of younp and I:I difference tinctorially between the ground substance
ctia sprend D{ skin In addition one can measure differences 1n the
telaton hes bo substances put wto young and old dermss Some cor-
w the sppd 'Iec‘f‘ reached between this and the number of mast cells
15 substantal renemd fo earlier (23}, so the evidence, 1t seems to me,
Ciuse there lSn'tut thege ate always difficulties 1n mtespretation, bci
ably te prups Iqlf;t C:rr:‘; lC:}(mgIn[:x po:‘ysa%chande but there are ;‘nob.
s olysaccharides, o :

utfut, and varons mixturey of t);'xe two. The t;‘:g:’efe t:ft:ﬁ:iﬁ‘;";’%
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aging. T was, unfortunately, absent at the time when this question of
melanin was raised by Dr. Stern, and I don’t know how you settled st.
Was it stated that melanin 15 an expression of the changes that had
taken place in aging but is not stself an active component of the cell?

Stern: No.

Oliver: 1 naised the question as to what melanin ss, that is, whether
it was the same chemical substance in the brain as in the skin.

Cowdry: My impression is that there are a whole series of melanins

Oliver: Well, T was told by someone that these pigments were essen-
tially identical in the skin and brain.

Stern: Incidentally, I once intended to play around with the dopa
reaction in the midbrain, in infantile brains, just before metanin ap-
pears, but 1 mentioned it to a neuropathologist—this was when I was
still in London—and he told me he had tried it and didn’t get any-
where, so I did not do it. Jt would be interesting, I think, to attempt 1t
still. But, my man point was that I felt that the fate of melanin in the
skin as well as in the central nervous system might be an interesting
morphological study from the point of view of aging. I just want to
throw it in as a suggestion

Coudry, Yes, I think 1t would be a very imteresting study

Oliver: 1 would like to know, if I may persist in my question,
whether they are similar things or quite different or only related chem-
1cally? Obviously, if st is just a word meaning “black,” 1t means very
httle

Hanrlton: The wnformation that 1 have on that, Dr. Oliver, 15 that
of John Peters and of Edwards and Duntley (14) at the Massachusetts
Institute of Technofogy. In one case, the approach ts chemical, and In
the other, spectrophotometric. There are two different kinds of melanin
that can be identified spectrophotometrically One form 1s called me-
lanoid, the other melanm, There is evidently a group of substances,
not chemmcally spec:ﬁc, so that no one particular entity is melanin.

Olver: Well, one could perhaps call them a famuly of pigments.
Have they many similarities or are they quite different? That 15 my

oint.
P Hamilton: ‘They are different enough to have diffetent spectropho-
tometric qualities.

Oliver: They mght still have biotogical simdarities

Cowdry: There are cestamn general similarities, such as cellular ar-
t, size of the granules and, in a crude way, the solubility of
tes. They ate pigments and they are probably produced by
f the same type, but there are supenmposed upan these
ividual differences. Isn't that what you would

rangemen
the granu
melanoblasts o i
general similarities ind
say about them?
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the tendinons material and the collagenous fibers, too, as representing
almost a pure extracellular phase.

Cowdry: Thete 15 another claim, that it is intracellular to start
with, and becomes extracellular,

Stern: May L ask one more question, please? Does anyone hete know
whether these chalesterol-ltke deposits in the skin, as one sees them,
for mstance, in the bags under the eyes, are a direct reflection of
cholesterol level 1n the blood or atheromatotis or things hke that? Is
there any direct correlation between cholesterol deposits in the skin
and in other tissues?

Oleer: 1 think it would be generally doubted that there was any
dueft or simple cotrelation.

Simmis: Ave you referring to the arcus semihs?

Stern: No, these xanthomatous deposits under the eye.

maies and temales, seems to me to have considerable significance for
:n :z:m’npy to understand aging  That 15 why I wanted to make sure
“t ;!xz{ £ pass 1t over. Here we have two organisms (male and female)
rof:s : bt?w much the same environment, maintaintng this constant inter-
i, hcth eekl:n the ternal and tl:.e external environments, mediated
ellmuzx;a(o ¢ skin and ail the other intakes and outlets- air, water, food,
P :h nt, etc Now, what T am concerned about 1s this. as we frac.
i maﬁ o;gamsyn mto different organ systems or different processes
a fo?éektj i t;pecxﬁc factors and variables and so on, are we in danger
A sysre:,g fath 2 dynamic theory of aging has got to consider the
et ou the organism that 15 functiontng, and that st 15 the
importmt%{ac wities of those two organisms as a whole which nay be
B syt ia:\;c expect t;) orche;trate the contributions comung from
e (;r studies? That is important for a theoty of aging
e Pu b'; oubt @y perplexity about st As I understand it, the
oy thet of;m rty; ?gms to go through a monthly cycle which 15 not
AT shm.i'm <ycle, the gonadat activity, but also the physiological
Hat ind th: tat }{,’refater degree of fluctuations than the male Does
55 oty : at;ne\lfe OIganism, as a system, 1s more elastic or
o, g L havePa Vty or mamtammg equilibrium than the male?
the femye 1 ety profound significance on our evaluation of
and so on But then the female
n}z:ﬂutmn at menopause and yet
 think 0 seems to me that f we bepi;
those dynamic terms, of & system marntained i cquihbl;eug;:

B0¢s on apd J
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the tissues 1s subject to variation. There are, indeed, so many variable
factors, it is extraordinarily difficult to make definite statements.

Oliver: In the discussion of elastic fibers, no one mentioned the ung;
only the vessels and the skin have been metioned. There are elastic
fibers that can be very nicely studied in the lung, and there is also the
advantage that they form a large part of the tissue. One fiber will
even be a considerable part of the tissue of a thin alveclar wall, They
certainly age and degenerate and rupture.

Cowdry: 1 think the lung should be investigated, by atl means, and
by chemical methads, too, to get out the elastin and see whether it is
different, because there may be several different elastins. Dr. Jacobson,
have you anything to add to this discussion?

Jacobson: Well, T don’t think I can contribute anything on the elastic
fibers, though I would like to know whether you found any changes in
the aldehyde reaction whuch is given by elastic fibers. You can stain
them with Schff's reagent, and 1t would be quite interesting to know
whether the aged elastic tissue gives a different reaction compared to
the young elastic tissues.

Cowdry: 1 have the fecling that it does, m respect to the Schiff re-
action, but I can't put my finger on the evidence just now.

Engle: Well, gentlemen, it is tume to adjourn for luncheon. Iam
very sorry that we didn't get time to pick up this male-selective factor.

Cotrdry: Can we have one more idea?

Nelson: 1 have a question, that's all Do you cytologists consider
that collagen fiber is entirely intercellular?

Cowdry: Oh, no.

Nelson: Bxtracellular? I wondered about Dr Goldzieher's question,
in speaking of the intracellular environment’s playing a role n the
change with age Tendinous matertal, for example, has a distribution
of electrolytes very much the same as the extracellular phase does
1 should think that the extracellular phase would be the most stable,
really, of the mternal mdieu

Goldzieher: T was talking about the collagenous fibnls, not the elas-
tic fibrils.

Nelson: 1see. Well, is that intracellulac? T always thought of it as
being primarily an extracellular component, bemng exposed essentially
to an extraceliular environment.

Goldzieher: The collagenous fiber ts mtracellular,

Cowdry: Well, there is differeace of opinion on that

Goldzieher; These is a difference of. opion, yes, but a considerable
body of students claims that their ongin 15 mtracelfular.

Nelson: It immediately interested me because I always thought of
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the tendinous material and the collagenous fibers, too, as representing
atmost 2 pure extracellular phase . .

Cowdry: Thete is another claim, that it 18 intraceliular to start
with, 20d becomes extraceflular.

Stern May 1 ask one more question, please? Does anyone hete kaow
hether these cholesterol-like deposits in the skin, as one sees them,
fot instance, in the bags under the eyes, are 3 direct seflection of
cholesteral level in the blood ot atheromatotss o things hike that? Is
there any direct correlation between cholesterol deposuts 1 the skin
and in other tissues?

Olster 1 think 1t would be generally doubted that there was any
duet or simple cotrelation,

Stms: Ate you refernag to the arcus seutdis?

Stern* No, these xanthomatous deposits under the eye.

Engle: Let's tatk about them later. Dr Frank has been trying to get
awosd in for the last twenty minutes.

Frank: The powt Dr. Hamulton raised, about the difference between
males and females, seems to me to have considerable significance for
a0 attempt to understand aging, That 15 why 1 wanted to make sure
we don't pass it aver. Here we have two orgamisms (mafe and female)
esposed to much the same environment, mamntainng this constant nter-
Cguxsc between the internal and the external envitonments, mediated
i l:\\}gh .khe skin and all the other intakes and outlets: ni}‘, water, food,
mm:?“;gn’ etc Now, what 1 am concerned about 15 this: as we frac-
md{e ' 3; orgausm nto diffecent organ systems or different processes
o {o\;Y c:)n nd ;pecnﬁc factors and varables and so on, are we mn danger
o s “ng (Eat a dynamic theory of 4ging has got to consider the
fumh?:mm ou the orgamsm that 15 functioning, and that 1t 15 the
‘mPDrtantgi Ea; anities of those two organisms as a wbole which may be
the specia £ t= expzc} (’c orchestrate the contnbutions coming fsom

T cnct»r studies? ‘That ts tmportant for a theory of aging.
Yemale gﬁ;m °“l: my perplextty shout it As 1 understand it, the
onlythe hormontayl ?cglms }t]o go thmugh‘a monthly cycle which 15 not
Oclt tha hows cycle, the gonadal acnvxty.‘but also the physwological
Bt indicre "ma! Erefater degree of fluctuations than the male Does
bas more dynamic c: ﬂ:ﬂﬂl;t OrBanism, as a system, 15 More elastic or

%0, that oy huc}:‘mty o maintaining equilibrium than the male?
the female i ;ery profound sigmificance on our evaluation of
appacently loses that A C;S%a;e. tz aging, and so on  But then the female
£9¢5 on and lves longer ‘t?:alxty g nrolution at menopavse and yet

1 the male. It seems to me that of we begin

fo think 4 .
those dynamic terms, of a system maintamed in equilibrium,
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a dynamic equilibrium, being self-repasative, then we wilf not be
tempted to look exclusively for one particular factor or variable as
important for understanding this system.

I am putting in a plea for consideration of the dynamic aspects of
aging and asking what significance comes out of this contrast between
female and male, because here we have an experiment. We have two
arganisms ot systems carrying on with the same protoplasm. (That
1s what I objected to when st was said "different in protoplasm.") The
protoplasm is probably the same, but there are two systems that main-
tain themselves and operate and function in somewhat different ways.
Now, can we evaluate those in terms of viability, susceptibility, and
aging and so on? If so, then we envisage the problem of aging in
larger dimenstons.

Engle: 1 am sure you can’t ignore that kind of concept.

Lern: During the discussion a while ago 1 wanted to call the atten-
tion of the group to some work at Columbia about which Dr. J. W',
Blunt recently told me, It seems to me their results may have a beating
on the relationship between behavior of the collagenous fibers and the
problem of water inhibition in the epidermis, and also, incidentally,
this introduces the endocrines agamn, The Columbia group reported
that 1o studies of healing of experimental wounds made m a standard
manner, when they treated the animal with cortisone, the epidermis
formed a continuous layer, much as in the normal healing, but the det-
mis did not, because the collagenous fibers did not form the unton as
they normally do  The fibers remained there apparently static, the
blunt cut ends appeaning just as they did at the time of incision, whereas
normally the fibers first begin to taper off as though losing a portion
of ther substance and then start regenerating or being laid down again.

Horvath: That is the same type of repatc that is supposed to occur
in vitimin C deficiency—supetficial and not deep.

Levm: Well, as you ate aware, the adrenal cortex 5 related to vita-
min C, too, in a manner of speaking Maybe this accounts for the

simulanty.
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have some chemical data, of course, on the composition of the chto-
matin of a resting nucleus, which is composed of fine threads or chro-
monemata, the precursors of the chromosomes. In addition to the
ordinary chemical analysis of this material, 2 number of histochemical
methods are also available. These methods are summarized in Table L.
The Feulgen method will reveal the presence of desoxyribonucleprotein,
which we formerly called the thymonucleoproteins. Then we have the
methyl green-pyronin method The methyl green will statn the desoxy-
ribonucleoproterns, and the rbonucleoproteins will be stamed red by
the pyronin However, we found, as I shall show you later, that when
both nucleoprotetns are present, the red component 1s not sufficiently
strongly absorbed and 1t requires other methods to reveal, under those
curcumstances, the presence of nbonucleoproteins. Pyronin alone, in t.he
absence of methyl green, will, of course, pick out nbonucleoproteins
wherever they are. Then we happened to find that with an old histo-
logical method, the May-Grunwald and Giemsa method, as it has been
used by hematologists for many years, the cells will stain differently.
The desoxyribonucleoproteins will appear in a purple red, and the

osteoblasts grown m eitro for 21 or 48
Giemsa stains P = prophase, M = meta-
T = telophase x 300

Fioure 1. Chick embryo

May-Grinwald and
hours ’phase; A = anaphase;
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ribonucleoprateins in a blue color. o

1am gong to discuss the different stages of mutosis st.amed by the
May-Grunwald and Giemsa method. Figure 1 shows a tissue culture
of chuck embryo osteoblasts, which we chose to demonstrate the changes
in the chromosomes, not because chick embryo osteoblasts show any-
thing in particular but because they present us with material which
has 2 very Jarge number of mitoses 1n the field A prophase is shown
# P Figure 1 We will see those cells under high power later on.
Metaphases are illustrated at M, anaphase at A, and there 15 one telo-
phase at T, We might also notice that the resting nuclei appear reddish
purple The nucleoli are stamned dark blue, and the cytoplasm is biue
as well, a5 you can see in cells anywhere in the field,

Figure 2 ilfustrates these cells under higher power. We can see that
the resting nuclei are reddish purple, due to the desoxyribotucleo-
proteun, and blue stained ribonucleoprotein 15 found only m the nucle-
ol Very rarely do we find one of two vety fine additional granules
of nbonucleoprotein in the nuclear material 25 in the cell marked R 1n
Figue 3 Otherwise, the nucleus retams nothing but the red purple
f;ﬁm olf‘ desoxysibcnuclcopro(ein The cytoplasm of these young grow-
an C(: 35 ;omams large quantities of nbonucleopmtein stained blue
. Ex\zh h: o\g: cells 1n prophase "The nucleolus and the chromosomes
(hmmmc":t Sn f(f)rmed by the thickening of these extremely fine
ey Thesf:( s of the resting nucfeus are alsq demonstrated 1n Fig-
phase contcast r;le:;secsotan ::S(‘)vbe s;en . :,he i‘wlx‘ng o praceas with
These strands ace thlckegzd n maj"s.\?:\:[:,..z 5 .a?d H‘u‘gl:nes ().
With the avanes = ¢ » '
deta)}
neces
Bte 2 130 snows cells of the nucleolus Fig-
since bath <omponent;
00 the chromosomes
stain dxffercnﬂy from
each require about ten

in metaphase whete the chy
s, the reddish purple and
in metaphase The chror

benucleoprotens,

irg‘em ng““‘m 2 and the whole area of the spindle 1n metaphase
)

p -si“b:;e:\“\ ha:d 51 show cells 1n prophase The cell shown iq Figure
exemely dug carliest stage of the prophase you can fecognize The
nucle, siipe l:::]:hsr:mm:tm network of chromonemata, 1n resting
thicher, Yo . };urple In catly prophase the strands be

3 <o
beze is hardly any black or bluish stained mm:
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FIGURE 4. Sce legend for Figure 1. x2800

o > g s

FIGURE 5 See legend for Figure 1 x2800

terial on the chromosomes They still contain practically nothing but
the desoxyribonucleoprotein. Nearly all the ribonucleoprotern 1s gath-
ered in the nucleoli except for five or six munute areas of the chromo-
some which appear black 1n Figure 4. The cell shown in Figure 5 1s 1n
late prophase. In it the nuclear membrane 1s just disappearing The
chromosomes prachcally everywhere have synthesized dark blue stain-
ing rbonucleoproteins. Thus at thevend of prophase, the chromosomes

contain both desoxyribonucleoproteins and rxbonucleoprotem‘s”nnd‘ alz

peat nearly black. Some short strands of chromosomes are sti staine:



in 1i s,
FiourE 2. Chick embryo osteoblasts grows én tifre fo:lii c:,:i::; *
" a i ins, P = prophase; M= "
Grinwald and Giemsa stains.
Yo i A ~ apaphase; T = telophate- xA25.

Toure 3 Chuck embryo asteoblasts grown 1 tarvo for 24 or 48 hours
May-Grunwald and Giemsa sruns R sndicates cell with fine granules
of nbonucleoprocetn 1 the nuclear matenal. ¥913
o s Noce  Dioe to Limearions 10
Bantoned

methods for calar repradurtion tome of the derarls
10 & = and sbernbls 3n she projecuon of the onginal phatdmicrogy:
oo Corrly demOAEREd . the <olox plamr T sl phatmictogrphs e
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FIGURE 4 Sce legend for Figure 1. x2800.
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terial on the chromosomes They still contan practscally nothing but
the desoxyribonucleoproten. Nearly all the ribonucleoprotern 15 gath-
ered in the nucleoli except for five or six munute areas of the chromo-
e which appear black in Figure 4. The cell shown in Figure 5 15 in
the nuclear membrane 1s just disappeating. The
ally everywhere have synthesized dark blue stain-
s. Thus at the end of prophase, the chromosomes
bonucleoprotetns and ribonucleoprotens and ap-
hott strands of chromosomes are still stamed

som
late prophase. In it
chromosomes practic:
ing sibonucleoprotein
contain both desoxyri
pear nearly black. Somes
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purphish ony. These have not formed enough ribonucleoproter to
cover themsehves
Retusning to Figuces 2 and 3 you see 2 metaphase at M. “The chromo-
somes are black. In ansphase, {Figure 2, A) the chromosomes aie of
the same coloning, again, bot in telophase (T) the chromatin §tr:md$
are reddish pusple again. They have fost the sibonucleoprotein. An
anaphase takes about seven to ten mioutes, and during this process
of the 2naph , while the ch move through the
qtoplasm of the cell—there 15 no ouclear membrane here, of course—
the chromosomes leave behind them a trail of blue staining nbonucleo-
protem which is left 1n the cytoplasm. When the nucleac wmembrane is
being reconstututed in telophase, this blue material, which has come off
the ck and is tbonucl stays in the cytoplasm.
TFiguce 6 15 a mucrophotogtaph of three anapt and the biue
matersal appeacs black tn the figure  You see how this tral of blue
staning nbonucleoprotewn 15 found in the cytoplasm, while the two
sets of chromosomes move apart. The spindle fibers themselves are
the highter strands, and may not be staned by this method  They Jdo
fiot contan nbonucleoproten
A cell 10 anaphase 15 shown under high magnification in Figure 7.
The dark material 15 the nbonucleoprotein which has come off the
chromosormes, while they maved through the cytoplasm. We assume
thfat 1t 13 chromosomal material which has been formed towards the end
Ol prophase while the nuclear membrane was still ntact and the nucle-
ol \:is was stll pesent It has been formed on each of the chromosames
a‘r: 15 now bemng shed, about fifteen or twenty minutes later, during
the anaphase movement In telophase, the chromosomes will contain
practically nothing but the desoxynbonudeopmtein They have fost
P“‘é““uY all their nbonucleoprotein duning the anaphase stages
“““‘S“tde 2 shows at T two telophases The lower group shows two
iom;% QQ“B:“‘ cells You can see here already pasts of the chromo-
mosomalmt; s, (s;amed reddish purple only, but some parts of the chro-
e o {e:l\7 ‘s 1n this early telophase still contain ribonucleoprotein
o the o }:xc The same applies to the daughter cell You can
areas Bo\hmav at corled strands of chramasomes containing 1 some
o blue and reddish purple matersal
¢ nd nearly exclusively, 1 showld say, m the nucleol
very small remnants of bl . cleolus There are
a fow seatiored 4 ue matenal 1o this part of the nuclews, with
el st :;n ot‘s‘ In thus phase of the cell division, 1 the daughter
nucleots | practically ail ribonucleoprotein 15 now to be found m th
cleoly, with desoxynbonuclmpm(em m the chr n the
omatin only, which

Ribonucleoprotein 15
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contauns o blue material. The cytoplasm stains blue, 85 2‘ d§5 ‘“l:;l_
these young cells, which have a considerable amount ©f 5t r\uch
protein in the cytoplasm. Aseas in the cytoplasm of the two daughter
cells (Figure 2) contain thelmatenai which as jusk come off the chro-
mosomes, 3 few minutes earlier.

Now, I want to give you the proof for this statement that the sed-
dish pusple mateqsal i desovyribonucieoprotein, and the blue matesial
s nhonucleopratern This wack was done together with Dr. M, Webb
at the Strangeways Research Laboratory (8}, and we used four dufferent
methods to show that this color scheme holds true  Firstly, we tn;d
the pute substacces in ttro to sex what color reactions we could obta'xn
Secondly, we used the specific enzymes to digest away either the reddish
purple component with desoxyribonuclease or the blue component with
nbonuclease Thurdly, we treated the cells with lanthanum or berylltum
1ons which form insoluble complexes with desoxy- and with nborucleo-
protesn This made them considerably more resistant to attack by the
enzymes Fourthly, we used specific enzyme inhibitors to prove that
the disappearance of this matenal, when we treated the cells with the
enzyme solutions, was really due to the activity of the enzymes them-
selves,

Table 11 summanzes the results of these expersments on the sub-
stances we tested m 1170 thus, desoxynbonudeop:orein denived {rom
herning sperm and desoxynbonuclechistone from calf thymus stain
purple red The free desoxyrbonucletc acd without the histone stains
bright blue

Oluter May 1 ask just how you do this? Was 1t a solution of these
substances that was tested ?
Javobson A solutton of the uolated substance 18 put onto 3 shde,
1tis dued, and then treated as if 1t were the cellular material,
) The protamine 2ad histone by stself stams pink If you mix the free
yauclee acid with p or hustane in vitro, as we did here,
and thus form the desoxyrbonucleoprotein complex, you get, again
the purple wed color  Sumitarly, the nbonucleoproten, for wnstance
panceeas nbonucleoprotern, stars dark blue, whereas the free wha-
nudeic aad (yeast nbonuclese 2cid) stass blues so this method a5 suck,
\f\m\ld l;ar aHow us to distiaguish betwen the tibonucleoprotemn and the
(:\t;“ r:“ mstlm acid or the free desoxynbonuclerc zad However,
o mmv‘“ ‘;sc;:f:‘n‘ :xpmmems {which T will come to presently), we
et ol irc::s oxhg chEmt_ml evidence for 1t, that we don't
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TABLE 111
Digestion of Blue Staining Materal by Ribonuclease

Untreated Treated
e =
Cytoplasm blue colorless
Nucleolus blue grey
Chromatin purple-red purple-red
Chromosormes
Prophase guxple-red purple-red
Metaphase lack pucple-ted
Anaphase black purple-red
“Telophase purple-red purple-red
Cytoplasm between
anaphase chromosomes biue colorless

dish purple steands 1nstead of stamning black as they do in untreated
specimens,

Conversely, if we digest cells with desoxynbonuclease, we find the
opposite effect, that 1s, all the blue matenal stays untouched i the
qtoplasm (Table IV) On the other hand, the resting nucles are re-
duced to a faint pink nearly colorless appearance except for the dark
blue stained nucleols. The chromosomes of prophase were colorless,
and st was extremely difficult to detect prophases because theur chromo-

somal matertal had been temoved and only very famt buts of chromo-
somal strands were left  Metapt phase ch

and were

TABLE 1V

Drgestion of Purple-Red Statning Material by Desoxyribonuclease

Untreated Treated
Cytoplasm blee
blue
g:l; en?:::‘ biue blue
Chromosomes . pucplered “T;lsrl\?;;
I;\mphnc Eurple—red colorless
fetaphase fack blue
%:\-lg*){;sc black blue
S
Crops rg e e purple-red colorless

anaphase chromosomes blue Hlae
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TABLE I
Calor Reactions of Desoxyribonucleoprotein and Ribonucleoy
Type Material Color
Hesting Sperm Desoxynbonucleoprotamine  purple-red
DRNP { Calf Thymus Desoxynbonucieshistone purple-red
§ Herting Sperm Desoxyribonucleic scrd bright blue
DRNA 1 Calf Thymus Desoxyrbonuceic acid bright blue
Protamune 1ok
Protein { Thymus Histone gink
Hernng Sperm Desoxynbonuclec acd -
DRNA <+ Histone Complex purple-ted
Protein ‘Thymus Desoxyribonucierc aaad -
Protamne Complex putple-ted
RNP Pancreas Ribonucleaproten dark blae
RNA Yeast Ribonuclewc Acd datk blue

DRNP == Desoxynbonucleoprotemn
DRNA = Desoxynbonuderc aad
RNP = Ribonucleoproteia
RNA = Ribonuclere acid

by many mvestigators previously, showed that the blue matertal of
the eytoplasm was completely removed withn thuty munutes {Table
IiT). The blue matersal of the nucleolus was changed to a colorless
gray ot a pink-gray color, within thuty nunutes  The reddish purple
desoxyribonucleoprotemn-containing matenal of chromonemata in rest-
g nucler stayed unchanged in sts purple red color. The prophase
chromosomes were not changed m any way at all by ribonuclease, which
digcsts away only the biue matenal, whereas metaphase and anaphase
chromosomes changed color and appeared purple red, having been
deprived by the emvyme of thewr mbonucleoprotein. In telophase, the
chromonemata stayed unchanged Now, the cytoplasmic arca between
the anaphase chromosomes, which contained the blue-stanmg nibonu-
deopmtcin, which we assume has come off the chromosomes, was
colotless. In fact, ten munutes’ digestion with abonuclease semoved
this matesial, which seems to be rather tabite Ttis very readily attacked

by ribormciease.

)Aﬁct rhonudease action the chromosomes have a reddish purple
color, whereas the cytop!asm has become quite colorless. The nucleels
disap'penr from the nuclei, and the chromosomes appear as thin, red-
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Traumis 8 and 9 Cluch embryo osteoblasts grown 3 1tro for 24 or 48
hours  May Grunwald and Giemsa stauns  Tifteen munutes after treat-
men: wath | 2000 ammoptenn Py == early prophase, Pr =1lste prophese,
M, = carly metaphase, My = late metaphase, T = telophase  x 915
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deprived of ther purple-ied staineng material duc to digestion by the
desoxyribonuclease, and they stained bright blue, The telophase ma.
tenial has also become colorless. The interchromosomal blucness in the
cytoplasm due to the ribopucleoprotein, is preserved.

Now, there was one technical difficulty. Desoxysibonuclease has
not been used very successfully so far in histochemical investigations
because the pure, or so-called purest, desoxytibonuclease contains very
small traces of proteolytic enzymes, enough to digest away a quastly
of cellular protein within a few minutes The only way we could make
the desoxynbonuclease work specifically was by addmg an inhibitor
of the proteolytic impurity, which s there in infinitesimal traces We
found quste effective proteofytic inhibitors 1 © 1 molas solutions of
cystetne or hydroxylamine  Both of these substances completely infubit
the action of the proteolytic mmpurity, and allowed us to stady the
action of the desoxyribonuclease only

When tissue cultures are treated with desoxysibonuclease, the cheo-
matm disappears from stained shides, The nuclei appear as punched-
out areas but the nucleols may be seen as blue dots. The background
15 staned shightly pmk but there 13 nothing of the red pusple color
present  Cells 1n anaphase often show blue stained material bct.\mﬁ'
the two groups of anaphase chromosomes; it stays there pmchcnﬂ)
unalteted, even after forty-five miutes’ digestion with the desosyribe-
nuclease  The cytoplasmic blueness 15 preserved In faterstage “l‘s
phase, the nbonucleoprotein may remamn in the nucleofus unaltere
but the chromosomal matersal disappears  There is hardly nn;thms;
feft to prove the presence of prophase chromosomes. They are reduce
to ghosts It 15 smposstble to demonstrate them, really.

It 15 quite an interesting point, that chromosomal nbormdf"’i’mi““
goes from the chromosomes 1ato the cytoplasm during the permd “1’“;
the chromosomes are not separated from the cytoplasm by 2 nuc ‘NL
membrane  The function of this materd is not known, but 1 1}3“.{
it 1s certamly worth while to mvestigate what 1t does. \‘V‘c stadie :
only 1 cells which show a faitly good growth rate, for practical !ﬂ"ﬁo;;;
Far nstance, we use chick embryo ostcoblasts or fibroblasts. We “,,c
stuchied 1t 10 bone marrow cells, from ammal and human matesial. | .
saw gt 10 wmntestinal cp:theh':x! cells, but i 1s quite poss;blc that th;; ”
stll a charactenstic of fast growmg cells only, and st ;s.possxble .
cells which have a much slower growth rate or cells which 00 long: ‘
divide, after this division, may not show the shedding of "b"“““;‘
protemn from the anaphase chromosomes, 1 think this pbf'"?;”e:ut
must have some meaning  What its meaning is, of course, is ¢
to say
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M, P,
Ficunts 8 and 9 Chucl. embryo osteoblasts grown 1 1110 for 24 or 48
hours May.Grunwald and Giemsa statns ifteen mnutes after treat.
meat with 1 2000 amuinopterin P, = early Erophasc; Py = late prophase,
My = early metaphase; My = late metaphase, T = telophase  x 915
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deprived of therr purple-red staining material due to digestion by the
desoxyrbonuclense, and they stained bright blue. The telophase ma
terial has also become colorless. The interchsomosomal blucness in the
cytoplasm due to the nbonucleoprotein, is preserved.

Now, there was one technical difficulty. Desoxyribonuclease has
not been used very successfully so far n histochemical investigations
because the pure, or so-calied purest, desoxyribonuclease contains very
small traces of proteolytic enzymes, enough to digest away a quantiy
of cellular proten withn a few munutes The only way we could make
the desoxyribonuclease work speaifically was by addmg an mhibitor
of the proteolytic impunty, which 1s there 1 mbfinitesymal traces We
found quite effective proteolytic nhibstors in 0.1 molar solutions of
cystesne or hydroxylamme Both of these substances completely tubit
the action of the proteolytic smpurity, and allowed us to study the
action of the desoxyribonuclease only

When tissue cultures are treated with desoxyrbonuclease, the chro-
matin dxsnppenrs from staned shdes The nucle: appear as punched-
out areas but the nucleoh may be seen as blue dots. The backgm“ﬂd
s staned shightly piok but there 15 nothing of the red purple color
present  Cells 1 anaphase often show blue stained materal between
the two groups of anaphase chromosomes; it stays there practicaly
unaltered, even after forty-five mmutes” digestion with the desoxyriba-
nuclease  The cytoplasmic blueness 1s preserved In later-stage telo-
phase, the rbonucleoprotem may remam 1n the nncleolus unaltered
but the chromosomal materral disappears. There 15 hardly anything
feft to prove the presence of prophase chromosomes They are reduced
to ghosts Itis 1mpossxble to demonstrate them, really

It 15 quite an mteresting pomt, that chromosomal nibonucleoprotem
goes From the chromosomes mto the cytoplasm during the period when
the chromosomes are not separated from the cytoplasm by a nuclear
membrane The function of this matersal s not known, but I think
it 15 cettanly worth while to mvestigate what it docs  We studied it
only in cells which show a fairly good growth rate, for practseal reasons
For mstance, we use chick embryo osteoblasts or fibroblasts We also
stadied 1t 1n bone marrow cells, from anmal and human matensal, We
saw 1t in ntestinal epithelal cells, but 1t ss quite possible that this 15
stdl 2 charactenistic of fast growing cells only, and it 15 possible that
cells which have a much slower growth rate or cells which no longer
divide, after thus division, may not show the shedding of ribonucieo-
e anaphase chromosomes | think this phepomenon

rotein from th
P What its meamng ss. of course, 15 defficult

sust have some meaning.
to say.
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nizable {Figure 8, Mo Tl\c'chmmosomc§ form a thick c‘lusm' of
material and stick togsther. It is practically instantancous in its action.

Fran: Do you know the pH of this substance? .

Jacobson: The pH of this materral was 74 ot 7.3, that is, the amin-
opterin in Tyrode's sofution  Figute 8, T, shaws two telophase cells
which are unaffected

Figure 9, P, sllustrates a very carly prophase where a fc\\.' strands
of the reddish putple chromosomes are already staincd bluish .bhck
due to the tibonucleopraten synthesized by them; so this process is not
affected by the folic acid antagonists. A later prophase is shown at
P, (Figure 9) and a metaphase with clumped chsomosomes a¢ M. This
cdumping of chromosomes 15 also shown at M in Figure 10. This is
not a pycnotic nucteus. It is a cluster of tightly packed metaphase chro-
mosomes At M (Figure 10), 1s a metaphase which was caught just
at the moment when the folic acid antagomst was dropped on the
cells. A group of chromosomes have slipped away but the bulk of them
got stuck in the center of the cell.

A mytotic count on this matersal shows that the distribution of the
different phases of mutosis 15 affected 1n the following way. whereas
in the control cultures, about 20 per cent of the dividing cells ase in
prophase, 35 per cent are in metaphase, and roughly 20 to 25 per cent
are 1n anaphase and 10 telophase (Frgure 11). Fifteen minutes after
aminoptersn 1:2000 has been dropped onto these cells i order to re-
place as much of the folic actd or 1ts denvitives as we possibly can, we
find that there ts just over 30 pet cent of the cells 1n prophase, nearly
60 per cent have been able to proceed up to metaphase, but none ot the
celfs was able to perform an anaphase movement, and those cells which
were 1 anaphase went into tefophase It 15 the step from meta- to
anaphase which has been blocked by ammopterin This compound pre-
vents folic acsd or #ts deetvatives from functiontng 1n the cells. In other
‘t"°;d§r we conclude that folic acd, or a substance: very closely related

2‘; a; hl;iad‘ 15 actually functioning duriag metaphase and throughout

?ow;iry‘ Does colchicine do the same thing?
acobson. Colchictne will do the same The only differ

‘ k ence ts that
with colchicine we have no idea what 1t blocks, \thereas with folzi‘c

acid antagonssts we can assume that the
y replace esther the folic acid
::;Dlie‘a;;: r::t:’ :e[y{) sn;ula}rl coﬂllpound The Folic acid antagonists give
abo 3 i
g o ut physiologically functioning molecules in’ the

Heilbranp: How con
: you assume 1t has ng
usIng 1t un farrly hugh concentration. ? other efiet? You ace
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We are very much interested in the mode of action of folic acid
antagonssts on the cells. The reason for that is twofold. Folic acid
is a growth factor and foltc acid antagonsts are, perhaps, the most
effective means of prolonging the life span of cases of acute Jeukemia,
We wanted to know how these substances act, so we studied their eftect
on cells grown i ert10 as well as on normal and leukemic bone marrow
cells, and I feel that there is perhaps, some small justification for put-
ting these data before you, because cell growth, I think, is intimately
connected with the phenomenon of Isfe, and, as such, is mtimately con-
nected with the phenomenon of aging.

Folic actd is a factor wheh plays an active role duning the brief
period of mitosis. The action of folic acid antagonists on cells is of
complex nature. If you drop onto a tissue culture a folic acid antap:
onist such as aminopterin which blocks the avaidabisty of folic acid
and its derivatives, you will find that within fifteen munutes the follow-
ing changes have taken place (Figures 8, 9, 10): a) The resting cells
are hardly affected. T am not sure whether the nucleoli are reaily fasger,
but 1 don't thunk there 15 vesy much change in the sesting cells. b) The
prophases occur fairly normally, although perhaps they are not quite
normal ¢} There is interference i passing through metaphase Fig-
ure 8, M shows an carly metaphase, Later metaphase 15 hardly recog-

c— e
v
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v T {e . .
e
- . A x
»7,;:':«. Yalt
A &
L T M

M
Fiourrt 10. See fegend for Tiguses 8 and 0. % 91%
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ick f

able (Figure 8, M,). The chromosomes form a kluc‘l C'luﬂﬂ" o
fn(:tbbncal(ang:tlck togeg]cr. It l-? pfra;timl])‘; nrsr::ngznmus in its action.

ravk: Do you hnow the of this substance? X .

;mbmu.- ’I)he pH of this x!:ml:nnl was 7.4 or 7.3, that lls, :]hc Bn:llr]ls
opterin n Tysode's solutron. Figure 8, T, shows two te ophase ¢
shich are unaffected, foe ds

Frgure 9, P, illustrates a very early prophase \vhgrc a fow st{:‘n .
of the reddish purple chromasomes are already stained bluish blac
due to the nbonucleaprotein synthesized by them; so this process 1s not
affected by the folic 2ad antagonsts A later prophase is shown at
P, (Figure 9) anda metaphase with dumpcd chromosomes at M. Thls
dempiag of ‘chromosomes 1 alsa shown at M in Figure 10. This is
Rota pyenotic nucleus 1t is 4 cluster of tightly packed metaphase cheo-
mosomes At M (Figure 10), 15 2 metaphase which was caught just
3t the moment when the folic aad antagonist was dropped on the
cells & group of chromosomes have slipped away but the bulk of them
Bot stuck 1n the center of the cell,

A mitotic count on this material show
different phases of mutoss js affected 1n
i the contro) cultures, about 20 per cent of the dividing cefls are in
Pprophase, 35 per cent are ;m metaphase, and roughly 20 to 25 pers cent
2t€ 10 anaphase apd 1n telophase (Figure 11) Frftcen minutes after
aminoptern 1 2000 fas been dropped onto these cells in order to re-
place a5 mucly of the folic acid or s dertvitives as we possibly can, we
€re is just over 30 Per cent of the cells n prophase, nearly
60 per cent have been ahle tg proceed up to metaphase, but none ot the

movement, and those cells which

s that the distribution of the
the following way. whereas

m [unmonmg n the cells, In other
words, we conchude that folic acd,
to folic acd, 15 actually funcncnmg
anaphase.

Coudry Dioes colchicme do the same thing?

Jacobson Colchycine Wil do the same The only difference 55 that
with colchicine we have no tdea what ¢ blocks, whereas with folic
acu; antagonssts we can assume thap they teplace exther the folic acid
?so ]e:(;;: ‘:;ta v:r){) siroalar Ompound  The folic acid antagonists prye
O (elllson about physmlagncally funcnonmg molecules in the

Herlbruny, How ¢y yo

T Can you assume b
wsing it o faudy gy concentengr has no other effect? Yoy ape
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We are very much interested in the mode of action of folic acid
antagonists on the celfs. The reason for that is twofold. Folic acid
is a growth factor and folic acid antagonists are, perhaps, the most
effective means of prolonging the life span of cases of acute leukemia.
We wanted to know how these substances act, so we studied their cffect
on cells grown # vit10 as well as on normal and leukemic bone matrow
cells, and I feel that there is perhaps, some small justification for put-
ting these data before you, because cell growth, I think, is mtimately
connected with the phenomenon of life, and, as such, is watimately con-
nected with the phenomenon of aging

Folic acid 15 a factor which plays an active role duning the brfef
period of mitosts The action of folic acd antagenists on cells is of
complex nature  If you drop onto 2 tissue culture a folic acid antag-
onist such as ammoptena which blocks the avaslability of folic acid
and sts dersvatives, you will find that within fifteen minutes the follow-
ing changes have taken place (Figures 8, 9, 10): a) The resting cells
are hardly affected I am not sure whether the nucleoli are reaily larger,
but I don't thuk there 1s very much change n the resting cells. b) The
prophases occur fairly normally, although perhaps they ate not quite
normal ¢} There 1s interference 1n passing through metaphase. Fig-
ure 8, M shows an early metaphase. Latesr metaphase 1s hardly secog:

5 X

T gt
[ Py M,

M
FiuRe 10, See legend for Figures 8 and 9 x 913
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waable (Digure 8, M,). The chromosomes form a thick cluster of
material and stick together, It 15 practically mstantaneous in its action.

Frank: Do you know the pH of this substance? . .

Jacobson The pH of thus matersal was 7.4 or 7.3, that is, the amin-
opterm in Tyrode's solution. Figure 8, T, shows two telophase cells
which are unafferted,

Figure 9, P, il a very carly prophase where a few strands
of the teddsh purple chromosomes are already stamed bluish Black
due to the tibonucleoprotein synthesized by them; so this process is not
affected by the folic acid antagonists A later prophase is shown at
P, (Fgure 9) and 2 metaphase with clumped chromosomes at M, Tlus
dumping of chromosomes is afso shawn at M 1 Figure 10. This 15
nota pyenotic nucleus. 1t 15 a cluster of tightly packed metaphase chiro-
mosomes At M (Figure 10}, 15 a metaphase which was caught just
& the moment when the folic acid antagonist was dropped on the
&lls & group of chromasomes have slipped away but the bulk of them
8ot stuck m the center of the cell,

M‘? milotic count on this material shows that the distribution of the
lerent phases of mitasts 15 affected in the following way. whereas
i the control cultures, about 20 per cent of the dividing cells are in
5::?’“‘% 35 per cent are in metaphase, and roughly 20 1o 25 per cent
ant % anaphase and in telophase (Figure 11). Fifteen minutes after

nopterin 1 2000 has been dropped onto these cells i order to re-

to folic aqyd . , Or a substance very closely related
naphaee 15 actually functxomng during my

etaphase and throughout
Cowdry: Does caleny

" ] ‘chicine do the same things

. |{h Z;Z;:‘.ﬂ(;:khm}x‘)e will o the same. Thi only difference 1 that

2 antagomstsv:f 2Ve no idea what it blocks, whereas with folic

mleagle e;an{ assume that they rc};lacc etther the folic acid

B informmgteny ?\’; s ur;n at}rl compound  The folic acyd antagonists give

Qs ding ey physiologically f\mctxomng molecules in the
Herlbruyy, How ¢

5 A2 you assume j
using 1t gn fainly hugh COn);entxnﬁo‘:,\E it has no other effect? You are
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Figure 1y Percentage distribution of cells in Praphase (P), meta.
phase (M), naphase (A), apd telophase (T 1 chick embryo oteq.
blasts EEOND 11 tatyg for 24 of 48 hoyrs

------- Centrol cultuges
B mimutes yfger Treatment with 1 309 2tunopeerin
Figures n the eighe wpper o par IS the averige number of coifs
™ AVS0R Per figsue cytonr

Jacobson, Tiys 15 a very high COnCentration in order 1o replace in
the cell cvery amount of folc aad avaidaple 55 Quickly as possible.

Hedbruny: Byt 130t 1t assumeq that it has no ather effect than to
antagomize folic acyd >

Heilbrunn: | may be slow to understand, byt o Fou mera a substance
may certainly be an antagonsst of folic acd and may have other cffects
as well?

Jacobson: You can reverse the toxic effect of amunoptern wath folynge
acid or Lenconosto “cHrerorum factor The Lewion, o501 pram
factor seems to be the substance into Which folsc agsd s converted sn
the cell; so if you replace folic acsd or antagomze the avarlabeity of
folic acid by the folic aced antagonist and then Btve the end-product of
this process, namely foltnic actd, so that the cef} 1s no longer requred
to convert folic acid into this factor, you cap completely counteract ghe
action of amunoptesin o any of the folxc’and antagonsts,

Lerin: In your pasticular system here?
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Jasobson: We haven't tried folinic acid on this type of m;‘»:“(cac):c::

We know 1t from other cxpcnment\s,v be&a:s:ﬂ;}:‘: r)fmmml
v synthesized after my arnvalm tht y- .

waﬂ?ﬁ‘z ;Xes, T asked that chause this is the cspc{\\s:mt l d‘:‘:‘;t?::
would have to perform in order to answer Dr. Hc\‘ unn's ql mnré

facobson. The experiment has been pu(mmefl by athers 1:3t o
generaf way, by grong aminoptesin ta anumals in 3“d1 quanti : fha
the 2nmal would have died withun @ few days. When given the :‘ 4
conostac-cilrogorum factor simuitaneously, the animal not on\)v" -
velops normally but no tissue change 15 observed and sts growth is
ev nced (2, 3, 10).

\el-‘;z:?b}::nn: \V/(h:\talnter)csts me 15 that 1n tissue culture the effect 15 so
immedsate, whereas, the effects on anwmals require days.

Jacabson. That 15 because you can't give 1 2000 anunoptens to an
anmaj

Hesfbraym: Do you think you need ¢ Uy to do the exp t
durectly?

facobson: As soon as 1 am back in Cambridge § will try the effect
of simul

with ptetin and the L toc-
curororum factor on tissue cultures

Engle Dr Jacohson, what formation do you have as to the role
of oxygenation at ths point? This action occurs 10 terms of seconds—
does it interfere with oxygen copsumption?

Jacobson No ¥ you posan the cells with cyanide, 1t affects the
itosss very hittte Duning the actual matosts, dunag, the formation and
movement of chromosomes,—and hete 1 conld quote expenments by

Dr Hughes (6)~—the oxygen uptahe 15 not essential for the cell 1n
this system, for this effect

Heudbrunn, That 1s true of frog €5gs, too
Jacobson This effect, of course, comes from nlarine vha ent -
dirarsle ~m 01 .

n ) Sk wam juige We don t make staned prepa.
fations but we do study the protoplasmuc viscosity The palysacchades
prevent mitosis, and they have no selation to folic acd

Jacobsan: Ob, you can stop mutosis 1n many ways The reason why
1 seport s 15 that the effect of aminoptenin reveals to us the part that
folic acid plays i thys process I am not reporting this to show that
:‘;eaml:;g S:DVC mlmsis‘ T&;xs 15 really used as 2 tool o show that there

substance normally fun

reted and Substal)xce ‘scmr‘\cmg 0 the mitosts of every cell we have

acd or a close denvative of folic aci
Vike the Lewronastac-cuiror prum factor cocid,
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Heilbrana: In ordes to prove that, you would have to show 'th:lt this
concentrated solution of aminapterin has no other effect than its effect
on folic acid

Jacabsan: Ot the Leuconostor-citrovorum factor—

Hedlbrunn: Yes, o that N

Jacobson' ‘_which 1 a derivative of folic acid.

Heilbrann: And that would require real proof

Jacobson Well, let me go on with the story, to show what uthers
effects we have observed

Tor instance, 1f these Lssue cultures ace observed about thirty minutes
after 3.1 10,000 solution of aminoptenn bas been dropped on the cells,
the effect of the amnoptenn 15 very much less mathed (Figure 12).
Already a fow cells go through the 2naphase stage, However, hwenty-
four hours later, 1 1:2000 concentrations of aminopterin, the cells
divide nearly normally (Figure 13).

A-methoptern, which 15 a folic acid antagonist 1n which two molec-
ular groupings are substituted, so 1t has two points s the molecule
where it 15 ddfferent from folic acid, 1n concentrations of 1:400, is not
a5 effective an imbabrtor 2s is 1.2000 aminopterin, The most powerful
whibgtor for this system s ammoptenn, as we know already from clia-
1cal and other expermental work In the less powerful antagonist,
A-methoptenn, two groups are substituted tm the folic acrd molecule,
the hydroxy} group in position four and the hydrogen atom in position
ten of the molecular formula

Twenty-four hours after the addition of aminopterin in concentra-
tions of 1 2000, there 15 hacdly 2 difference between the control and
the treated cultures, 1o other words, the fibroblasts or osteoblasts are
capable of completely g the inhibitory action of in
tn contrast to ather cells which cauld be treversibly dz\maged'. Itis
e g that another ist, A-meth in, which has in
additon to the 4-amuno group i the AminOnEare - -

1
evbees s 1

PPN 1
wunts of the control cultures. Thg a:t‘;g\oxn?;tu [:f l(?)'l)lctep‘rsse,:ts -
opterin, which was inttially very monch Yaes - he acid, A-meth-
prolonged inhibitory

Sumtlar changes we . ou ¢
wnstance, 2 Seukemic wouse, 1 milligram of 2 opterin andkl th
i:;lﬁsmxlntw:; h:\ns Later, then you \vﬁ’l find the‘::r;stsetril\‘l‘ :nntrl:l%lerthl;
150, AC Vi i o pioredstines chromasoncs (Fgur
o n:eta P gure an abnotmal metaphase is shown, At M t%u .

Phases, whete the chromosomes zse dumn}:d mupnf:f
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Bislagy of Cell Dit ision

FIGURES 15 and 16 Smear of bone marrow of leukemtc mouse 2

boues after sub of 1 mg i ay-

Gruonald and Giemsa stun  x 915 P = prophase, M and M, =

mataphase, A = anaphase of lymphoblasts or stem cells  Figuse 15
shows three metaphases,
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24% ASETHOPTERIN { 400 e
CTONTROL A

o/o -~ -287

Figure 14, Sec legend for Figure 11
....... Control eulsures
24 hours afeer treatment with 1,400 A-methoptenin

and at A there is an anaphase, a stage which has become very rare in-
deed.

In the sntact ammal, we see the same effect a5 1n explants  In Figure
16 thete are four metaphases 1n a single field of bone marrow taken
two hours after a mulligram of ammoptern had been given subcutan-
cously to a leukemic mouse Mitotse counts made on such matenal
demonstrate the following changes; arrest m metaphase and very few
anaphases {Figure 17).

In control bone marrow, we find that out of all dividing cells, some
20 per cent are in prophase, over 40 per cent 1 metaphase, 20 per cent
in anaphase, and about 10 per cent in telophase Two hours after amno-
pterin bas been given, we find an increase 1n metaphases, and very
few cells have p:occcdcd through anaphase into teJophase  The data
shown 1 Figure 17 are based on 16,000 cells counted  We find that out
of all nucleated cells, 0.63 per ceat were i mutosis i the untreated
leukemic bone marrow, and 379 per cent i the amuoptenn-treated
{eukemic bone marrow, The reason for this apparent sncrease 15 that
4 mitosis takes about forty minutes and 3 times 40 mmutes 15 about
120 minutes or two hours, and we find that 1 89 per cent carrespands
appmxima!dy to 063 per cent multiplied by 3 In other words, the

« into mitosis at about the same sate Junng the two

have enteres u

;;:c}ll\is after the injection of aminopterin as they would hase duse nor

mally, but most of them are stopped it metaphase by the action of the
y

folic acid antagonist.
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Ticunes 15 and 16 Smear of bone marrow of levkemic mouse 2
hours after subcutaneous administratyon of 1 Mg aminopterin  May.
915 P = prophase, M and M, =
mphoblasts or stem cells, Figare 13
Shows three metaphases.
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LEUKAEMIC MICE, BONE MARROW,
2h Ing AMINOPTE R mmere § 199
CONTROL 0 81

© ? (0 0 T

FIGURE 17 Percentage distrsbution of cells in prophase (P), meta
phase (M), amaphase (A), and telophase (T) 15 bone marsow from
leuhemic muce.

b of 1 g, )y

= Two hours after
----- Unereated feukemic anmmals
Data based on 16,000 cells counted. Figuses sa the right upper
corner gave the pescentage of nucleated wclls divsding

Sunilar results are found i human leukemia. Eveatually m human
bonie marsow, you find that all deiding cells can be wiped out if
you are not careful with folic acid antagonssts, or the bone marrow
may show severe megaloblastic changes  Apast from the plasma cells
which have a very low rate of divssion indeed, and thus survive, and
the reticutum cells which have also a very low rate of mutosrs, enly a
few scattered cells may be left over and the bone marrow eventually
becomes severely depleted. The dividing cell, therefore, 15 affected by
these types of compounds,

In conteast, «f you give folic acd antagomsts i very low concentra-
tions, such as usuatly are employed in human therapy, mutosts may pro-
ceed mote normally in bone marrow

We have now investigated, with Dr Farber m the Children’s Hos-
in Boston, a farge number of bone marrows from patrents trested
folic acid antagonusts. We find exactly the same effect, provaled
h material has been given, These 15 a very marked accumu-
\ation of cells in metaphase, and, 30 fact, we find 1 some bone marrows
betwen three aad cight umes as many metaphases as anaphases  If
we were to draw the curve of the distribution of the different stages

pital
with
that enoup
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of mitosts, the prophases would be about 20 to 25 per cent, ;h:::‘ﬂ:&
phase sbout 60 to G5 per ceat, with less than 10 per cent ar;“P ““ o of
mﬁP}y_\sey A very chatacteristic paktem is obtained hy the achion
folic acid antagonists.

Engle D ]gacobmn, I take 1t from your remarks that you feel all
of these cells which are arrested at metaphase are at'rcsted only very
tempatatdy, and, m & matter of some minutes, they will go ahead and
complete: therr diviston,

Jacabsan No, we. 1 think, for instance, 1 the bone marrow, many
cells will be unable to overcome the inhubition with folic acid antag-
onust, and they will eventually die and disappear. That must be the
effect of the therapy because we find 1a about 30 to 40 per cent of these
aases, eventually all the fast-dividing leukemic cells have been wiped
aut. In contrast to thus, for instance, the fibrobfasts have mechamsms in
their cytoplasm by means of which they can avercome this antagonist.
You see, the antagorst ammopterin differs from the molecule it an-
tagonices by one amino group, and it 15 quite feasible that the cytoplasm
has enzymes to deaminate this materal. However, not all cells contain
t, 50 that is why we onginally thought that folic acid was only required
1 the life of certain types of cells, because we couldn't show an effect
with falic acd antagonists an many cell types. But 1f yau look at the
cefls immediately akter you apply the antagomist, you see quite a dea-
matic effect on every divading cell, before they have time to convert
the antagonsst mto somethng else.

Engle \Well, then, in your osteocytes, you are developing embryonic
bone cells What would be your estimate of the length of time required
for this cell nucleus to deamunrze the aminopterin?

Jacobson: To overcome, for instance, the anunaptetin effect, [ should
say might require anything between two and six hours

Engle: Oby, so long?

Jacobson, Yes 1 have observed, after one hour, there may still be
 wonaked effect, but after twenty-four hours, there 15 none at all. With
another antagomst, A-methopterin, which cannot be so readily con-
verted imto an indsfferent substance, as can amnoptenn, there was a
h‘:‘tmg effect, and even alter twenty-four hours, there w'as a consider-
?vh:r:‘!:ei; SX“SC‘;?"}?::S:, ;:::d b:(mny cells never reached that stage

Lonne ” Lain, because they degenerated metaphase,

112 In the case of the A-methoptenn you started with a higher
‘D;’:Z::‘““’“ 1 believe you said five tmes a3 great as of the amm-

Jacolisan: Yes, witally the concentration of 1-400 A-

did not do as much as 1:2000 aminoptern, 5o 1t 45 ]es}; ;ﬁtsﬁ: le X‘:‘
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FiGurT 18. Normal small mtestine of the mouse.  Haematonlyn-cosin,
x 135.

estine of the mowse 3 days after subxutaneotrs

IGURT Small int
Tiouer 19. S nopterin Hemuoylyn coun x §38

injection of 02 mg ami
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hibstor per moleuule, Lut 3t 15 & much more lasting intubitor ju these
cells.

“Ln o What you ate actually postulating, then, is that the ﬁbr'ob\;\sts
have 4 better deamnating mechamsm than does the animal iu fofo.
This 1s 2 Ittle surprising; to me. § would expect the itact ax\’m\al which
possesses its Liver, Kidneys, etc. to be rather good at deaminization.

Jacobson: Yes ‘The point 15 that some cells don’t seem ta have this
property at all. Opce the amunoptenin molecule has replaced the folic
acid molecule n these cells it stays there, That is why we find the
great sensitivity to folic acid antagonists in bone marcow and also, sur-
pusingly enough, in the intestinal epithelial cells, as 1 will show you.

Figure 18 shows 2 normal mouse intestine, and I want you to nohice
that the glands are quite notmal, short ones  There ate about a hundred
epitheliat cells required to cover a willus, o1 something of that otder.
1€ you give 2 mouse 02 mg of amnopterin, three or four days later,
the intestine shows a dramatic change (Figure 19). The villt are now
maumally contracted because there are only about ten cells available
to cover the villus and each of the cpithebal cells 15 extraordinanly
large and swollen  You see, in the stroma, how the whole villus is con-
tracted The epithelial cells covening the villi are enormous 1 size.
The glands are limed by an epithelium which shows considerable pleo-
marphism, thin cells and large ones, and, under high power, we find
these large swollen epithelial cells (Figure 20} Thete ate also others,
very thin and elongated, which fine the gland (Figure 20, E), Figure
21 shows at M a pycnotie cdluster of chromosomes i metaphase, 1t s
act & lymphocyte nucleus One can see it 15 really composed of very
tightly packed metaphase chromosomes

In Figure 21 these large nucler are well dlustrated. At T of ths
figute there are very Jarge epithelial cells The very large swollen cells
will depenerate 1 another day,

In Figure 22, A illustrates one of the few anaphases we have fouad
{)r; sl:ehc;{'mplasm bfm'eenbzhe two groups of chromosomes, dark stained

philic matenal may be seen which has come off the chromosomes

At E in Frgure 22 are these large, swollen nuclei

3 clet, 1 show this beca
folic acid or 1ts denvatives 15 required by the dividing intestinal e“ S:
thelial cells as by other dviding cells £ these substances are re \apd
by aminoptena, we find vesy severe disturbances * The sam }I: e
may occut 1n the human intestine, © changes

Figure 23 shows the testine about three or four days aftec the

“Lavn 14} e wbared s
antagonus changes 1y thy

e wtestisal ghinds i wupcton of £ g
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FIGurE 20, Sec legend for Figure 19, Note the sariaton s the size
of epithelial cells covening the vibh and lining the glands. x 400,

i ™
ol gt
K : 3 f_' Y Jz,&
e AA'SI\: “..tf?(’a’ﬂd‘. K
TigURE 21, Sce legend for Digure 19 Note farge epdthichial colhy

d aecested metaphase with dumped hromosomes
the glands (E) and an o x{’mo
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FIGuRL 22, See legend for Figute 19 A = anaphase, E = some of
the farge epithelial cells ing the glands, May.Grinwald and Gremsa
staps. x 400.
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FIGURE 20, Sce legend for

Figure 19,
of epithelial cells covering

Note the variation in the size
the villy an,

d Iining the glands, x 400. ,

FiGure 21, See k:fcnd for Figure 19. Note large epithelial cells 1n

hase with clumped chromosomes
the glands (L) and an arcested mmP/t’oé,c ped

M) x
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e depntrated completely, The snice grow and are “"“h‘l"_" ”"‘:
o1 can g on g them atnmoptern, provided you give at the sam
{ine suficient. amounts of either folic aad or the Lenconostor-citro-
sorum factor, The Lencanostou-citrororum factor can neutralize amino-
e, according to the wortk of Jules (2) and others (3, 10) in the
70 of 2bowt 1 o 1. But i€ you work with such hughly lethal con-
centrations of fole acid antagonists and you try to counteract the eflect
of amnopterin With folic and itself you have to give about 2 hUnd{cd
tmes mdve ot even four hundied times mote, to prevent the blocking
efect of aminopterin

Cotrdry: I other words, if you stasn intestinal mucosa fot basement
membiane, would you find the basernent membrane mtact all around?

Jarobson: Wel}, not intact at the tip of the witls because there ate

heady, at this stage, some destructive processes gowng on, slthough
the ammal was sacnificed before 1t died of sephicerma, But near the
base of the willi, you would be able to find the reticnlar fibers of the
basernent membrane intact, particatarly down below in the glands.

Cowdry' The basement memdrane would be required for regenera-
bon, weutdn't it?

Ixcobons Yes, but at this stage there 1s no epitheimm left on the
sl The whole of the eprthelium 15 gone We have seen the same 1n
bumans, too ‘There are patches in some areas where a few cysuc
ghands are st teft, n which we could visualize that segeneration could
oaur, 1f the condition were compatible with life. But once 1t has
weachied thyy stage, there are reatly mches of mtestine where there 1sn't
2 simgle epithielal cell Veft any mose  OF (ourse, the life span of the
epithehal cells of the vith seems to be of the order of about four to
five days and then, after that hime, 1f they are not replaced, the animal
dies wth » bacteterma

New, as the pomt has been rased of how far folic acid 15 bemng
teplaced by folic acrd antagomsts, ¥ mught mention the relation of this
b oo e b s ey e
aad  PBue if you would rather not— g lation ta folie

Engle: No, please do,

favabson. There daes not seem to be 2 divid .
require folic aad, ot the dervative of folc ;:i,cigcwz‘;};oi‘;?gt
ctrotorum factor 1t 1s called the Leucanostoc-extyororum factor b:_

¢t Of yeast contained a
tes streptococcus The
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TGURE 24 Small ntestine of the mouse 5 days after subcutancous

injection of 02 mg anunoptenin, Haematoxlyn-costn  Upper parts of

the villi (V) denuded of epithelium and covered by a ftbrtnous mem-
brane with bacterta and cell debns, x-100

injection of ammopterin  The breaking down of the eprthebum, the
process of degeneration (D), pyenotic nucles, and generatmpg cells are
well tllustrated. There 1s still a marked pleomorphism in the glandular
epithelium  Subsequently, the whole epithelium breaks down (Fig-
ure 24). This 15 not a post-mortem change of the mtestine  The villt
(V) become completely denuded of epithelim and are coated with a
fibrinous membrane with bacterial and cellular debris. The antmal will
die of bacteremia, the whole epithellum having degenerated within
three to five days.

Engle: Dr. Jacobson, T have seen precisely this type of change m the
intestinal mucosa of mice two or three days after they have been given
radioactive substances.

]acalzmm Yes, you can produce somewhat stmular changes with x-rays
or nitrogen mustard or folic acid antagonists What I find so nter-
t with the folic acid antagonist, which is 4-ammo folic
tead of an hydroxyl group n position four on

idin ring, you can roduce this  You can counteract this effect
th‘ilpt:rt;lel:‘liv:::%e}()f fnltLP:lu'd, tetrahydroformyl folic aud (folnw
W"d‘ “That has been done on the cells shown You are getting these
:lcx‘nnglcs which may be reversible unless, of course, the eprthelial cells

esting is tha
acid, with an amtno ns

—
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on chromosomes, without using folic acid or the citrovorum factor,
but for the coming off of nbonucleoprotein from the chromosomes Ot
the shedding of nbonucleoprotein tnto the cytoplasm, this molc(fnl:,
folic acid or the Lenconostoe-titrororuns factor, seems to be essential,

Heilbrunn: We have been studying marine egg cells and came to the
concluston years ago that the actual mechanism of cell dwision was
not necessarily tied to the nucleus at all, because 1t is quite possible to
get cells to divade withont a nucleus. You smd this was necessary for
all cells, and T was wondering how inclusive that statement was meant
tobe For instance, would it apply to the root of an onion?

acobsons This matersal, 1 should say, precisely, was required for
all cls rested.

Hedlbrann: Daes that include plant cells, root cells? Marine egg
cells?

Jacobson: Tt certainly 15 essential for amphibsan cells, as far as it has
been tested; for avian cells; and for mammalian normal and tumor
cells, as far as they have been checked. We haven't found any dividing
cell that we could lay hands on and on which we could drop ammno-
ptern which did not show this effect.

Hedbruny Yes, but when you use gmunopterin 1 one patt in two
thousand, you are really using a concentrated mixture. In some of these
expetsments we do, we use substances 1n concentratrons of 10 molar.

Jacobson: Dr. Heilbrunn, what we want to achieve with this concen-
tration 15 to replace the folic acd or folimc acid at the site where it
functions—dunng anaphase, a process lasting anywhere between seven
and ten munutes If you use lower cancentrations, fos example, 1 mg
per 100 g mouse, you get the effect which we showed in the bone
marfow ‘Two hours later you find this enormous delay, but not the
complete interruption of the anaphase process

Hedbrunn: My own feeling 15 this; 1 have seen a good deal of
tesearch on mutosis, and over and over a

ain people han

stmulated by the advances m organsc c%xemgtrypand Zz&te{g:{l\?:}g‘g
some molecular configuration is necessary to incite cells to dvide, d
that some shight deviauon from that molecular configuration w, 1l o
vent the action, and then, when more sad mare research has beel dprb
1t has been found that these patticular molecular conﬂgulationsn o
so spectfic as was once thought, so that it goes a httle apa ar: nl?t
grain—it 15 a matter of preyudice, possibly—to concerve of o
nm; pmbuh:r ]x}m;\ecular configuration as essential for mxmsxas pasticular

acobson’ But you may re;

which s \\'mkmé n {hz :e?\ar::!ng :1:‘ if(;st:z::: &;201“: P o un e
stance Hete, we may be dealing with 2 prosthy t‘P e emical sub.
whuch achieves something, P etic group to an enzyme
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growth-promoting action could not be replaced by folic acid itself o
by vitamin B,,, nos by any other substance. But they noticed also that
human wrine contains some of this growth-promoting factor, and whea
they administered folic acid to humans the amount of the Lenconostor-
citrovosumi factor excreted in the urine was considerably increased {11).
This expesiment proved that the factor must be closely related to folic
acid; otherwise, the human, fed quantities of folic acid coutdn’t excrete
more of this matetial, It has now been synthesized, and 1 will discuss
its stracture as far as we now know it

The pteridyl ring is present, just as in folic acd. The presidyl riag
is very closely related to the purine ring. The one difference is that
two nitrogens ate dinked by one carbon in the pusine ring but in the
pteridyl ning they are linked by two carbons, and carhon atom four
carnes an hydroxyl group and carbon atom two cassies an amino group.

Heilbsunn: Arve these substances normally acid unless you neutralize
them?

Jacobson: Yes. Past of the molecule contains glutamic acid and an-
other part contains folic acid.

Heilbrann: And ss the aptagosust also ap acid?

Jacobson: Yes. The zategomst which I desceibed was aminopter,
which carses, i the four position, 2n amino group instead of the
hydroxyl group. The other antagonst, called A-methopterin, carnes at
the ten position 2 methyl group m additwon to the amme group in
position four.

Now, let's ga back to the converston of folic acid to the Lenconotior-
cissorosmm factor, which requires two steps  The mitrogen numbered
tens caccies a Formee acid residue, instead of hydrogen as in folic acd.
Thus, there (s 2 formyl group there, and then some of the double
bonds in the ptenn nng are replaced by hydrogen, so1t is a tetrahydro-
formyl folic acid. It 15 not quite certan at which pomnt the hydro-
genation of the pteridyl ring takes place

1t is very infesesung that an enzyme, like xanthine oxidase, can fe-
duce the ptezidyl ting, but 1 don’t want to go into that now (7). The
functioning molecule in the cell seems to be the cxrororum factor ot
Solinic acid, as it has heea called by Shive (13), who synthesized at.
De. Parker and his colleagues (1) of the American Cyanamid Com-
have also synthesized the citrovorum factor. Jt is interesting to
erial is not sequsred for the cell to enter wto mitosis
to metaphase. The ccll can da that withour folic
factot being available. But during the anaphase
olecule is required  That means, in other
hie of synthesizing nibonucleopratern, even

paay
think that this mat
and to proceed up
acid or cifroromm
movement, this type of mi
words, that the cells ate capa
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on chromosomes, without using folic acid ot the citrovorunt factor,
but for the comung off of ribonucleoprotein from the chromosomes or
the shedding of nbonucleoprotein into the cytoplasm, this mo\:gu\e,
folic 2cid or the Lexconostoc-ctirotornm factor, seems to be essential.

Heilbruns+ We have been studying marine egg cells and came to the
conchusion years ago that the actual mechanism of cefl division was
aat necessarily tied to the nucleus at all, because it is quite possible to
get cells to divide without 2 nucleus. You said this was necessary for
afl cells, and T was wondenng how incluswve that statement was meant
tobe For sstance, would it apply to the root of an onion?

Jasobson: Thus materz}, 1 should say, precisely, was required for
all cells tested,

[He;lbmmz: Does that include plant cells, root cells? Marine egg
cells

Jatobson; It certainly 1s essential for amphibian cells, as far as 1t has
been tested; for avian cells; and for mammalian pormal and tumor
cells, 25 far as they have been checked We haven't found any dividing
cell that we could lay hands on and on which we could drop amino-
pterin which did not show this effect.

Heifbrunn: Yes, but when you use aminoptenn 1n one past 1 two
thousand, you ate really using a concentrated mixture, In some of these
<xpenments we do, we use sabstances 1n concentrations of 10 molar

Ia’mh{nn: Dr. Heilbeuan, what we want to achteve with thss concen-
tration is to seplace the folic acrd or folinic acid at the site where it
functions—during anaphase, a process lasting anywhere between seven
and ten minutes 1f you use lower concentrations, for example, 1 mg.
Bet 100 g mouse, you pet the efiect which we showed i the bone
marrow  Twa hours later you find thes enacmous delay, but not the
complete nterruption of the anaphase process ’

Hedbrunn® My own feeling 1s this I have seen a good deal of
research on mitosts, and over and over a

am

stimpulated by the advances m o1ganic Eg}xm}z:{:;l:nga;:ieef::::‘:ély

some molecular configuration 15 necessary 1o naste cells to divid d

that some shght deviation from that molecular configuration w'fl, N,

vent the action, and then, when more and more research has b n done,

1t has been found that these particular modecular conf o ee:ione‘
not

so speafic as was once thought; sa that it i
st 155 matier of preppes 1t goes a little against the

sthly— 4
and pc;u\m ‘x\no\tcu\zr mnﬁguraug‘:alsb lt’ss:;?l:lm;(c)er‘:‘:’(ﬁt particular
w ‘1:’5\" ‘:"z‘ m\::\)":‘ m;\\y 16827d 1t a5 a prosthetic group of an en;
stance  Here, \\'egrm e eo.and not 28 & nonspecific chemical oy
3 Y be dealing sth a progtheti cal sub-
which achieves something elic £roup to an enzyme
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growth-promoting action could not be replaced by folic acid itself or
by vitamin By,, nor by any other substance. But they noticed also that
human urine contains some of this growth-promoting factor, and when
they admunistered folic acid to humans the amount of the Lenconostac-
citravornm factor excreted in the urine was considerably increased (11).
This experiment proved that the factar must be closely related to folic
acid; otherwise, the human, fed quantities of folic acid couldn’t excrete
mare of this matersal, It has now been syathesized, and 1 will discuss
its structure as far as we now know it.

The pteridyl nng is present, just as m folic acid. The pteridyl ring
1s very closely related to the purine ring. The one difference is that
two nitrogens are linked by ane cacbon m the purine ning but in the
ptendyl ring they are linked by two carbons, and carbon atom four
carties an hydroxyl group and carbon atom twa carres an amino group.

Hedbrann: Are these substances normally aced unless you neutralize
them?

Jacobson: Yes. Part of the molecule contains glatarmic acid and an-
other past contams folic acid.

Hedbrann: And is the antagonist also an acid?

Jacobson: Yes. The antagomst whnch | described was ammopterin,
which carries, mn the four position, an amino group instead of the
hydroxyl group. The other antagonust, cailed A-methoptern, carries at
the ten position a methyl group m addition to the amino group in
position four

Now, let's go back to the converston of folic acid to the Lenconostor-
citrovoram factor, which requires twao steps. The mitrogen numbered
ten carnes 2 formic acid restdue, instead of hydrogen as i folic acid.
Thus, there is a formyl group there, and then some of the double
bonds s the pteaa diag are replaced by hydrogen, so it is a tetraydro-
formy! folic acid It is not quite certaa at which point the hydro-
genation of the ptendyl nng takes place

It 15 very interesting that an enzyme, like xanthine oxidase, can re-
duce the pteridyl ring, but I don't want to go mto that now (7). The
functioning molecule in the cell scems to be the citrororum factor or
folinic acd, as it has been called by Shuve (13), who synthesized it.
Dr. Patker and his colleagues (1) of the Amencan Cyanamid Com-
ave also synthesxzed the eitrorornm factor, 1t is x'ntcrestu}g to
4t this matertat is not sequired for the cell to enter into mitosis
to metaphase. The cell can do that without folic
factor being avatlable But during the anaphase
f molecule is required. That means, in other
ble of synthestzing ribonucicoprotem, even

pany
thank th
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Ohter: 1 didn't appreciate the fact that the nucleoli persisted, ot that
the accumulation occurred while the nuclear membrane was intact.

Engle: Dr. Jacobson, 1 should Iike to ask whether you have vestl-
pated the effects of aminoptera on dinding cells of the testis tubules.

Jacobson: No, we have not mvestigated the gonads at all as yet.
That is being done by somebody else.

Engle: 1am disappointed. That 1s the first thing 1 would have fooked
at. Then yon wouldr't be able to gwe me any information at all as to
whether the same process was true of meiosis, for mstance, as it 15 10
somatic mitosts?

Jacobson: T should have made 1t quite clear nght at the begining,
that what 1 talked about was the somatic mitosis and not metosss, 1 am
sotry [ forgot about that,

Heilbrynn: Can you buy this material, aminopterin?

Jacobson. Oh, yes. Even more, 1f you want 1, [ should be delighted
1o give you some

Hedbrunn: 1 should very much like to tey tt.

Hamdton What 15 the mimmum dose, or 1s there any mintmum
dose, of aminopterin or any of the other antagonssts that can be given
penedically and in nonlethal fashion to the whole ansmal?

{acobson: That 1s bewng worked out. In the human, for nstance, you
fum nto difficulties 1f you gave a mulligram per day. In a mouse, 1
think you have to give about 002 milligrams per day, and there you
might run into dificelties after about three weeks

Lugle De Jacobson, wor't you please stt dowa and be comfortable
with the rest of us® In this country, one of the first bits of work that
li‘?)uéht aminopterin to my attention was the work of Roy Hertz

ashington, who, using the oviduct of the chick, trdicated that amino-

pt:rlm sen‘rfd as the estrogen mhibitor, and went along with fucthar
analvere ehas -1

tract
geve Jr eeoAw anuon URL WODID f .
, . you have any tusthe
comments to make on that 1n the light of your general expe}x,\es\cﬁ ’
Jacobson Yes, 1 saw some of the lantern shdes, which D Hert:
wsed to Wusteate hus talk, and ¥ was steuck by the number of cell, in
metaphase  Agam celfs were byt at the moment when they hads iﬂ
profiferate and while they were dwiding 1 think he meationed £ ho
time that mutosis does not seem to be affected rofating out the n.‘:m:et
LI T -
1t doesn’t mean that

' » some of the ti

s seaeastu pelcentage i the number of mtoses, but :et;ss(‘-:j
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Hedbonn: Tt acueves it by relation to the chromatin in the nucleus,
you think?

Jacobson: 1t bas something to do with the coming oft of ubonucleo-
protein from the chromosomes during anaphase, and the movement of
this material into the cytoplasm.

Heilbrann: And yet, the chromosomes are not necessary for dvision?

Jacobson; \Well, there 15 no mammalian cell and no avian cell and
no amphibsan cell, 1 think, that divides normally unless it has a nuclens.

Heilbsunn: 1t was shown first for the salamander egg, 1 believe, that
it could divide without a nucleus.

Jacabson: Cytoplasm of an cgg cell can undergo “segmentation,”
but not the somatic cell.

Stern: Is the chemical constitution of colchtcne known?

Jacobson: Nat absolutely accurately. It is still under discusston  As
far as the molecular structure of st has been suggested, it does not
allow you to draw any conclustons as to what chemical process 1s inter-
rupted by colchicine.

Hedbrunn: e have some very clear evidence on colchucine  Before
the spindle forms, there 15 a gelation, which I call the mutotic gela-
tion Colchicine has been shown by Beams and Evans, and also by 2
student of mune, Karl Wiibur, to prevent gelation. Under those condi-
tions, there 1s no mitotic spindie formatson,

Stern: 1 was just wondering whether colchicine 1s chemically related
to aminopterin

Jacabson: Not at all, as far as we know

Olirer You used the term, “synthests,” i speaking of the accumu-
lation of this niboaucleoprotem, Do you mean that literally® Why
couldn’t it be an absorption from the cytoplasm or from the nucleoly?

Jacobson: Well, the nucleolt are stil present when thss materal
appears on the chromosomes duning prophase and 1t doesn't appear on
the chromosomes it continuty weth the aucieatus.

Oliver: That is ruled out, then,

Jacobson: Duting early prophase some chromosomes contam a bt of
rthonucleoprotesn, quite like a little istand of nbonucleoprotein away
from the nucteolns It appears on the chromasomes before the nuclear
membrane disappears. Now, ethonucleoprotern ss a very Jarge molecule,
t wonld be difficult to think that this could d((fus_c through th_c
muclear membrane, We can’t be absolutely sure about it, but I don’t
think we have any evidence to suggest that st 18 crther th‘c mere absorp-
won of cytoplastic nucleoprotein, or that it is all derived frorr} the
nucleolus.  Actually, there must be some new syathesis sometimes,

because—

and o
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is mechanism is exhausted the cell stops dividing. )
ﬁ“éou dr): May 1 state that a little diﬂtere‘ml?'? .\‘(’ould. it be;! sa}felto s:x)?
that the end of the sequence of intermitotic life is terminated ¥ :a. way

Jacobson: Yes, 1 think that sounds to me like an extremely impor-
tant pont. 1 can't answet it, though. . .

Olirer: 1 wanted to ask, is it implied that the action of she amino-
ptetin is to mtetfere with the synthesis or ’the accumulation of the
tbonucleic seid and that this is the mechanism of the disturbance to
mitosis? .

Jacohson- Well, I should say that the synthesis of .nbonuclcopmScm
on the chromosomes does not seem to requure folic acid, because amino-
pterin does not intecfere with that process But 1 think 1t has some-
thing to do with the catabolism of ribonucl Let me give
jou another example for this. 1€ you have a patient, for instance,
who suffers from folic acid deficiency and has, on the basis of the folic
acid deficiency, a megaloblastic bone marrow, you find that the cyto-
plasm of the early megaloblast contains mare nbonuclcoprotein, more
blue-starming basophilic material, than the notmal bone marrow, The
nucler are [arger, so the shortage of folic acid has not iterfered with
the increase of desoxynbonucieoprotein It has not interfered swith the
synthess of cytoplasm nucleoprotein  But st has interfered with the

bolism of the mucleop I you give to such patients 75

mulligrams of folic acid, within eight houts the cytoplasmic basoplulia
of many megaloblasts has disappeared, to such an extent that st would
be difficult to show a true megaloblastic picture. The cell can synthesize
nucleoprotem, nbo- and desoxynbunudmpm\em, withour necessatily
tequinng folic aad or 1ts dervative, the Lexconostac-citrovarnm factar
But the catabolism of nucleoprotein certainly requures folic acid ar
the Leuconostoc-cttror orum factor

Hamifton 1 am stdl impressed with the action of ammoptenn di-
rectly on the cell, and 1 am wondering if there 15 any way to promote
such an effect in a long-lasting fashion by topical admunstration Agan,
1 am back to skin. Is there any way that some of these antagonusts
could be locally utilized at intervals and for protonged effect?

Jacobson: Well, they have heen vsed long-tetm expenments on

ammats, and you can produce megaloblastic changes

1 the bone mar-
tow with this matenal, for instance, b3
fully ever a tong

provided you grve it very care-

atee e 3 tong penod ls\‘. some I\c\lktrmc chitdren, of course, we
RN There 15 one very
Strangen has filmed at the
prophase

. . which enter into
4w ek embryo fibtoblasts—and then proceed into
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cells ever went into telophase because they were accumulating ot piling
up in metaphase.

Levin: 1 should think this work by Hertz would fit in very beauti-
fully with what has been reported here today, because in a way estragen
is 2 growth stimulator, If one inhibits growths by means of these folic
acid nhibitors then one hibits also the growth stimulating effects of
estrogen.

Engle: Yes. I think it is a perfect corselation. Estrogen is the growth
hormone of the genital tract, and it promotes sts effect on the epithelium
in the genital tract theough mitosis of the epithelium. That we know.
And with this other suggestian, that an estrogen effect 1s mediated by
the use of folic acid and perhaps some other enzyme system, I think 1t
fits your story perfectly.

Cowdry: T should like to ask 2 questron somewhat similar to yours,
Ds. Engle, when you attempted to get information about the sequence
of events in spermatogenests. You have been studymng the bone mar-
row, and you have the primitive cells as well as the erythroblasts and
normoblasts. Is there a progressive difference as you pass from the
primittve celf to the normoblast? In the materials present in the meta-
phase, is there a deprivation gradient?

Jacobson: I can’t answer that question completely for the following
reason: the basophilic erythroblast, the eacly erythroblast, still shows
quite clearly the same distrtbutton of ribonucleoprotein on the chromo-
somes. Some of the material comes off while the two sets of chromo-
somes move apart, provided you haven’t lost any of this material in
the process of treatment. But I don’t know whether, for mstance, an
early polychromatic erythroblast, which would undergo its last drvision,
might not have lost this ribonucleoproten altogether and thus come to
an end of its mitotic life and begm to differentiate into red cells.

Cowdry: Your concept is an interesting one. I was wondenng, per-
haps, whether there would be differences m the granular feucocytic
series of the bone marrow

Jacobson: Yes. I agawn have to make this reservation In the myelo-
blast, which can go on dwidiag, you have the same metaphase .and
anaphase distribution of nbonucleoprotein, but in the myelocyte, it 1
very difficult to see nbonucleoprotetn on the chromesomes, and I am
not sure, when I don’t see it, whether 1 have lost 1t or whether 1t has
never been there, but it 15 present in neighborng cells T think this 15
h really requites full attention, to decide whether the
¢ life of the cell 1s 1 any way connected with the occur-
e metaphase chromosomes, and the
ring the anaphase, or whether when

something Whid
end of the mitoti :
rence of phonucleoprotein on th
shedding of ribonucleoprotein du
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is mechanism is exhausted the cell stops dwviding. .
‘hléxfdry: May T state that a fittle diffecently? Would it bcd sa}fett:, :ay;
that the end of the sequence of intermutotic Ilfq is terminate tl at way

Jacobson: Yes, I think that soux}]\ds to me like an extremely impor-

int 1can’t answer it, thow, X .

‘mél[::rrf 1 wanted to ask, 18 it 1Ir;nphcc\ that the action of the amino-
ptenin s to interfere with the synthesis o the accumulation of the
Hbomudeic 20d and that this is the mechanism of the disturbance to
mitosis? .

Jacobson: Well, 1 should say that the synthests of nbonucleoprotein
on the chromosomes does not seem to require folic acid, because amino-
perin does not interfere with that process. But think 1t has some-
thing to da with the catabolism of nbonucleoprote:n  Let me give
you another example for this 1f you have a patient, for mstmc?,
who suffers from fohic acid deficrency and has, on the basis of the folic
acid deficrency, a megaloblastic bone martow, you find that the cyto-
plasm of the early megaloblast contams more ribonuclecprotein, more
blue-staining basophiic material, than the normal bone marrow, The
nucles are larger, so the shortage of folic acid has not intecfered with
the mcrease of desoxynbonucleoprotein It has not interfered with the
spathests of cytoplasm nucleoprotetn  But 1t has interfered with the
catabolism of the nud ins, 1 you give to such patients 75
milligrams of folic aced, within eight hours the cytoplasmuc basophilia
of many megaloblasts has disappeared, to such an extent that it sould
be v.zx!ﬁcult to show a true megaloblastic pictute. The cell can synthesize
R

P

ribo- and desoxyribonuc without necessarily
tequectng folic acd of ws detwatwe, the Lesconostor-rits ovoram factar.

But the catabolism of nucleoprotein certainly requires folic acid or
the Lenconostor-cstrororum factor

Hanniton 1 am still impressed with the action of ammopterin di-
tectly on the cell, and I am wondening f there §s any way to promote
such an effect 1n a lon,

5-dasting fashion by topical adrmtnistration, Awa
T am back to skin Is there any way thatP et s

some of the! i
coutd be Yocally utidized at mtervals and for pmlongcc{1 ei’feccat?agomm
Jacabson: Well, they have been used 1n fong-term experiments on
amimals, and you can produce megaloblastic changes 1 the bone mar-
row with this matenal, for instance, provided you pive st very cace-
fully over a Yong perod ln some feukemic children, of cou!;’;e we
also see megaloblastic changes in the bone marrow, Tilere 15 Ony “very
.sn:uc;m:g pointb;\ hich my colleague, Ds Hughes, has fitmed eatvflz'
rangeways Laboratory; thay i :
prophase—those ase d::d, emb:u)%‘;x;ab?a;::—cﬂs yhich entec o

then proceed into
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metaphase 1f you are Jucky, you can sce the same cell reconstructing
eventually a resting nucleus again, which s kirger thaa usual, In other
words, the cell was capable of altering the normal mitotic process,
having advanced first from prophase into metaphase and then instead
of dividing, re-forming a resting cell. Now, this sounds so surprising
that Dr. Hughes took actual films of it, and [ think he showed one of
them in New Haven at the International Congress of Cell Biology.

Heilbrunn: That is the same thing that happens with culture cells,
isn't it?

Jacobson: Yes, the reconstruction of the resting cell nucleus s very
wteresting, of course, because a larger cell may result from blocking
the availibility of folic acid, and 1t 15 obvious that one might think of
similar changes occurning when we talk of a megaloblastic bone
marrow.

Hanulton: With regard to local effects, 1s there any possibility of
topscal administration of amunoptenn to avord some of the general
body disturbances? Can 1t be used locally on the skin?

Jacobson: Well, I don’t know whether anybody has done it, but the
growth of the hair follicle is affected by folic acid antagonists, and you
can produce temporary loss of harr in Jeukemic cluldren and patients
under treatment with ammopterin.

Hamudton: But, agan, this is a systemic effect. I am just wondering
1f it would work through the skin,

Jacobson Oh, yes You can apply it locally. It ss very water-soluble,
and there 15 no reason why one shoulda’t make tt up 1 a paste. The
skin actually has quite a content of folic acid It needs folic actd for
its growth, so ammoptenin can be used. There ss no reason why it
shouldn’t be, but T don't know of any expenment where 1t has been
used on hair

Levin: Wouldn't you get the effect that you are thinking of on the
skin as well as on the hair?

Engle: Don't forget, you might produce changes in the mtestinal
mucosa, too. Dr. Jacobson, there 1s one further question I am still
concerned about these cells that are interrupted m metaphase and do
not complete division  Under the crrcumstances when those metaphases

did go on and camplete, 1 the i toto treated mouse, was an mcreased
aumber of abnormal cells produced® Did you begm to get hetero-
chromotosts and phenomena like that?

]uuzlunﬂ: 1 haven't seen heterachromosomes, but abnormal cells cer-

tainly are produced; for instance, cells with large nucler and a large
amount of cytoplasm. 1 have a suspicion that those cells were actuatly
cells that pmcceded nto metaphase and then reverted mto a resting
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stage, but 1 can't say that, of course, from t‘Exc h15‘0\0¥1t3\ s’;ﬁ;mn [I
only mtecpret 1t that way from Dr. Hughes' observations, The o'y
chromosomal abnormality 1 have noticed, apart from the (\umpm%‘.zf
metaphase chromosomes, Was accasional aberrent chromosomes Wiicih
stipped away from the metaphase plate and stuck m the center.

Heibrann+ 1 would like to bring up another thing that might ha‘.m
some relation to this We have been satesested in the :ﬁfct Df.heP"‘““
and hepann-ike substances on mitosss. Now, heparin is ordinanly &
stronger acid than naclerc acid, and 1t has been shown recently by
Wibur and Anderson that 1f you treat nucleoproteins with hepann,
the rucleic aud 15 freed  Also, very recently, one of my students told
me that m the egg of the clam, he was able to detect metachromatic
staining substance 1n. the nudleolus Hepann, of cousse, 1 metachra-
mate. Now, there may be a telaton between hepanin, nucleic acid,
and protein Both hepartn and nucleic acid compete for the same basic
proteins  We have been very much interested in the effect of heparin
on the stages of mutosts concident with the appearance of the spmdle.
This 15 2 rather vague statement, but perhaps 1n another year or two,
we will know more about it

Jacobson: That 15 certanly very mnteresting, and there is one other
powt which I should like to mention  When you talk of the snherited
amuaterial which one cell carries on to the daughter cells by this mecha-
nism of mutosts, we think of desoxyubonucleoproteins  But the protein
moiety of the desoxynbonucieoprotein 1s not a very interesting one. It
has a rather monotonous amino acid composton, hike histones and
protamines  Relatively few, primatdy basic, amine acids are 1nvolved
0 o, whereas the nbonucleoprotein molecule contamns sl ammo aads,
as far as we know, and the nbonucleoproten would, as such, be very
m\llch more susted as matertal to transfer iherited qualities from one
cell to the other, as 1t has the means of expressing 2 much greater
vauation in chemical structure.

This 15, of course, just 2 thought The possible vanatons of the
desoxynbonucieoproten molecule ase more restricted and remind m
of 2 situation in which I should have 1o write a novel with oaly ab :
fifteen letters of the alphabet available It would be diffi ly o do.
But 1f you have all the twenty-sx letters, you can ex ressm tlio do.
and every thought you have From that point of v.ewP th fla v any
fucleoprotein appeals to me as somethng which mean: m g e nbo-

Crudry 1 thynk that i Jou were to use the G, e ot
the May-Grunwald, the pictures would be even ;emsa stamn without

Jacabson Tt would be cleater for the blue mat ¢ fl?:\rex

Cottdry But not for the red? aterial, yes.
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metaphase. If you are lucky, you can see the same cell reconstsucting
eventually a resting nucleus again, which is larger than usual. In other
words, the cell was capable of altering the normal mstotic process,
having advanced first from prophase into metaphase and then instead
of dividing, re-forming 2 resting cell. Now, thus sounds so surprising
that Dr. Hughes took actual films of it, and I think he showed one of
them in New Haven at the International Congress of Cell Biolagy.

Heilbrunn: That is the same thing that happens with cultore cells,
isn't it?

Jacobson; Yes, the reconstruction of the resting cell nucleus is very
interesting, of course, because a larger cell may result from blocking
the availibility of folic actd, and 1t 15 obvious that one might think of
simslar changes occurning when we talk of a megaloblastic bone
mMarrow.

Hamilton: With regard to local effects, is there any possibility of
topical admunisteation of amwoptenn to avoid some of the general
body disturbances? Can st be used locally on the skin?

Jacobson: Well, 1 don't know whether anybody has done t, but the
growth of the hair follicle is affected by folic acid antagonists, and you
can produce temporary lass of hair in leukemu chiddren and patients
under treatment with aminopterin

Hamilton: But, again, this is a systemuc effect [ am just wondenng
if 1t would work through the skin.

Jacobson: Oh, yes  You can apply 1t locally It 1s very water-sofuble,
and there 1s no reason why one shouldn’t make it up i a paste The
skin actually has quste a coatent of folic acid It needs folic 2ad for
sts growth, so aminoptern can be used. There 15 no reason why it
shouldn’t be, but T don’t know of any expeniment where it has been
used on har

Levin: Wouldn't you get the effect that you are thinking of on the
skin as well as on the hase?

Engle: Don't forget, you mught produce changes in the mtestinal
mucosa, too, Dr Jacobson, there 1s one further questron I am sull
concemned about these cells that are mterrupted m metaphase and do
not complete division Under the circumstances when those metaphases

did go on and complete, the in 10fo treated mouse, was an increased
number of abnormal cells produced’ Did you begm to get hecero-
chromotosss and phenomena fike that 4

scobson: 1 haven't seen heterochromosomes, but abnormal cells cer-
ced; for instance, cells with large nucles and a Jarge
tasm. I have a suspicion that those cells were actually
ded into metaphase and then reverted mio a resting

tainly are produ
amount of cytop
cells that procee:
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tological section 1
sage, but | can't sy tha;, ;:‘fo :‘BS’C }f;:g"}‘m':.’eo:s‘;vnfon& The only
onfy interpret 1t that wa . clumpin ()(.
chromosomal sbnormality l have nnhc:ejinngr[:n?tir:‘xc::\eosomef wél;\ich
metaphase chromosomes, was 0CCaston - 1o the center
slipped away from the metaphase plate and stuck 1n Bt have

Helbranne 1 would like to bung up another thing that might Iy
some relation to this. We have been mtesested in the.cﬂ"ect o‘g‘hepilm
and hepanin-like substances on mitosts Now, heparin is or max{l )’b“
steonger acid than nucleic acd, and 1t has been shown recently by
Wikne and Anderson that f you treat nucleoproteins with hepatin,
the nudec 2cid 15 freed, Also, very recently, one of my smdents told
me that m the egg of the clam, he was able to detect metachromatic
stang substance 1o the nucleolus Hepana, of course, 15 me'tachfu-
matic. Now, there may be a relation between heparin, nucleic 3‘“}»
and proten Both heparin and nudleic actd compete for the same basic
peoteins We have heen very much mterested in the effect of heparm
on the stages of mitosts comncident with the appearance of the spindle
This 15 2 sather vague statement, but peshaps 10 another year o two,
we will know more about 1t

Jacobsor: That 1s certawly very interesting, and there 1s one other
pomt which 1 should ke to mention  When you talk of the inhersted
materat which one cell carsies on to the daughter cells by this mecha.
msm of matoss, we think of desoxynbonucieoprotesns  But the proten
matety of the desoxyuhonucleoprotesn 15 not a very snteresting one &t
has a rather ammo acd o ke histones and
protamines  Relatively few, pumanly basic, ammo acids are involved
1n 1, whereas the nbonucleoprotetn molecule contawns all amino acids,
as far as we know, and the ribonucleoprotein would, as such, be very
touch mose susted as matertal to transfer inhented qualities from one
cell to the other, as it has the means of expressing 2 much greater
varation n chemmcal structure

This 15, of course, just 2 thought The possible vatiations of the
desoxynbonucleoprotein molecule are more restucted and remind me
of 2 swtuation in which T should have to wrte 2
fifteen letters of the alphabet avaitable
But 1f you have all the twenty-six letters, YOU ¢an express really am
and every thought you have From that point of view, the blue ribo-
twicleopiotew appeals 10 me as something which means more

Caudry 1 thank that of you were to use the Giemsa statn without
the May-Grunwald, the pictures would be even cleater
Jacabson Tt would be clearer for the blue material, yes,
Couwdry But not for the red? - yes

novel with only about
It would be difficult to do
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Jacobson: The purple-red doest’t come out so nicely. But the riba-
nucleaproteins stain very clearly with the Giemsa dye.

Engle: Did you apply the May-Grunwald-Gremsa stain to a film of
your tissue culture, as living cells, as you would bone marrow cells?

Jacobson: No. The technique was extremely simple, and all you do
15 take the whole culture as it is, and place it in absolute methy! alcohol
for five to ten minutes. Then you ltft 1t out of that and put st into
May-Grunwald for ten minutes and It€t tt out of that and put it into
diluted Giemsa for twenty minutes, and you wash it quickly in glass
distilled water followed by acctone, acetonexylene, clear in xylene,
and mount It is so simple a procedure that at the tissue culture con-
ference in Cooperstown, they taught it to the begmners of tissue cuf-
ture work as a so-called short method.

Oliver: Is the method described in the literature?

Jacobson: Well, evesybody who attended this congress sn Coopers-
town could use jt The dyes are readily available as it 15 an established
method for the staining of blood films. There are little technical tricks,
such as the ones I yust mentioned.

Lerin: Which one picks up, yes,

Jacobson: Yes, in domng st But T would be delighted to give you all
the details if you wish to have them.

Goldzieher: What fixation 1s used?

Jacobson: Methanol.

Goldzieher: Another method of fixation woulda’t do, for mnstance,
for sections?

Jacobsan: The methanol, which, as a hustologust, one always consid-
ered to be 2 most dreadful fixative, turns out to be, for small pieces
of tissue, and provided you use absolute methanol, one of the best fixa-
tives. If you compare the chromonemata structure of the resting nucleus
under phase contrast mictoscopy, in the lving cell, with the methanol
fixed celf, there ss little diference between them  Other standacd his-
tological fixatives which are used for larger bits of lissue are not swst-
able. I think the whole pont is that you need to get as rapid a pene-
tration and dehydration of the nucleoprotemns as possible. The methanol
seems best for small amounts of tissue

Goldzicher: 1 was asking this question i reference to material that
one would Jike to stam with this method after it had been fixed at-

ready in a different way, for instance, 1 Boun's solution. Would that

suitable? i )
be acobson: Well, no, due to tts acid content, it would dissolve out

i d this labde
actically all nucleoprotein from the chromosomes, an
?x::ecr‘clkc::oéosomal nuEIeoprotein would have disappeared practically

completely in Bouin’s solution.
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Oliters We have had dificulty staining riboaucleic aud which we
know is in the rodlets of the kidney cells in chromicrzed mate.nal.
When we fixed the tissue with Giemsa mixtute we found they stained
quite micely. The chromicized hiptd 1n the rodlets 1o some way obscured
ot occluded the reaction, apparently. .

Jacobson: Yes, 1 have seen it quite nicely preserved in some fixed
material The method also wotks very nicely on smears I have done
smeats from the cut surface of the kidney and liver, and then you can
see beautifully the distributton of the ribonucteoprotein

Qliver. Yes, but the smeat method distapts the pattera of the tods,
n which we are particularly interested

Jarobson: Oh, yes, 1t does.

Steele- May I ask a perhaps irrelevant queston? The article in
Scrence on tissue cultures, 1 think st was a chicken heatt, from which
endothelial celfs and fibroblasts had grown, showed that the addition
of desaxycorticosterone stopped the growth of the fibrous-tissue cells
to a much greater degree than it did those of the endothelial celis
They wete rather nice results Do you know what desoxycorttcosterone
drges Itlo the rate of mutosts in general? What daes 1t do to the growth
of cells?

Jacobson: 1 did some work on that question 1n Dr Farber's depart-
ment in the Children’s Hospital 1n Boston, where we had a number of
ases of acute levkemia undes treatment wath ACTH or cortisone. The
bone marrows from these patients were very nteresting Agan, this
has not been published, but costisone and ACTH in the whole patient
seem to depress the mitosss in alf stages among the leukemic cells. It
dud not have any effect on the normal erythroblastic cells nor on the
normat myeloid cells, but the mutotic rate of leukemic cells changed;
1found 1t at a rate far below anything 1 had ever seen before, and no
phase of mutosss was specifically affected, 1 other waords, the 'cgn was
prevented from reaching a stage where 1t would normally divide again
1t 15 a completely dbnﬂ'ﬁren! mechanism BN

Goldzieher Probably just as differen: y
terone, which 1s showrz to have a tmtot e mechanism of testos

cells genetic effect on the epidermal
lacabion: Oh, yes Well, testostesone snd
stage where— nduces the cell to reach that

Guldzieber Tt tas the apposite effect of conusone
Jacobson Yes
Letm May U ga back to your mtery i
retation of
tissue culture "‘{ escaped from the trSJlment withﬂa‘:ﬁr:ss?:riw?yla
thes confiection, | would first Vike to ask whether an anml:nl tr:eateg
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Jacobson: The purple-red doesn’t come out so nicely. But the ubo-
nucleaproteins stasn very clearly with the Giemsa dye.

Engle: Did you apply the May-Grunwald-Giemsa stain to a film of
your tssue culture, as hving cells, as you would bone marrow cells?

Jacobson: No. The technique was extremely simple, and all you do
1s take the whole culture as it is, and place it in absolute methyl alcohol
for five to ten minutes. Then you lift it out of that and put it into
May-Grunwald for ten minutes and lift it out of that and put it into
difuted Giemsa for tweaty minutes, and you wash it quickly in glass
distilled water followed by acetone, acetone-xylene, clear m Xylene,
and mouat. It is so sumple a procedure that at the tissue culture con-
ference in Cooperstown, they taught st to the beginners of tissue cul-
ture work as a so-called short method.

Oliver: Is the method described 1n the literature?

Jacobson: Well, everybody who attended this congress 1 Coopers-
town could vse st. The dyes are readily available as 1t is an established
method for the staintng of blood fitms. There are little technical tricks,
such as the ones I just mentioned

Levin: Which one picks up, yes.

Jacobson: Yes, in doing it But I would be delighted to give you all
the details if you wish to have them.

Goldzieher: What fixation 15 used?

Jacobson: Methanol.

Goldzieher: Another method of fixation wouldn't do, for mstance,
for sections?

Jacobson: The methanol, which, as a histologist, onc always consid-
ered to be a most dreadful fixative, turns out to be, for small pieces
of tissue, and provided you use absolute methanol, one of the best fixa-
tives. If you compare the chromonemata structure of the resting nucleus
under phase contrast microscopy, in the living cell, with the methanol
fixed cell, there is little difference between them. Other standard his-
tological fixatives which are used for farger buts of tissue are not suit-
able. I think the whole pomt is that you need to get as rapid a pene-
tration and dehydration of the nucleoproteins as possible. The methanol
seems best for smafl amounts of tissue. .

Goldzieher: 1 was asking this question 1 reference to material that
one would like to stamn with this method aftc':r 1t had bcm:n fixed al-

ready in a duffecent way, for instance, 1 Boun's sotution. Would that

itable? .
be i‘;obmu.‘ Well, no, due to its acid content, it would dzssglvc out
I rotein from the chromosomes, and this fabile

i it nucleo ;
&rtaecrtc‘;igéoiomal nuSeoprotem would have disappeared practically

completely in Bouin's solution.
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Oliger: We have had difficulty staining nbunuclencialcid which we
know is in the rodiets of the kidney cells in chromicized matc'nal.
When we fixed the tissue with Giemsa mixture we found they stained
quite picely. The chromicized lipid 1 the rodlets i some way obscured
or occluded the reaction, apparently. X

Jacobson: Yes, 1 have seen it quite nicely preserved in some fixed
matenst The method also works very nicely on smears 1 have done
smears from the cut surface of the kidney and liver, and then you can
see bezutsfully the distribution of the ribonucleoproten.

Oliver: Yes, but the smear method disrupts the pattern of the 1ods,
n which we are particularly interested

Jacobson: Oh, yes, it does

Steele: May 1 ask a perhaps trrelevant question? The article m
Science on tissue cultures, 1 think it was a chicken heart, from which
endothelial cells and fibroblasts had grown, showed that the addition
of desoxycorticosterone stopped the growth of the fibrous-tissue cells
to 2 much greater degree than it did those of the endothelial cells.
They wete rather nie tesults Do you know what desoxycorticosterone
d?cs l(lo the rate of mitosss in general? What does it do to the growth
of cells?

Jucobson 1 did some work on that question in Dr. Farber's depart-
ment m the Children’s Hospital i Boston, where we had a number of
cases of acute leukemta under treatment with ACTH or cortisone The
bone marrows from these patients were very interesting. Again, thts
bas not been published, buk cortisone and ACTH 1 the whole pattent
seem to depress the mutosts 1 all stages among the leukemc cells. It
did not have any effect on the normal erythroblastic cells nor on the
normal myelotd cells, but the mutotic rate of leukemic cells changed;
T found 1t at a rate far below anything I had ever seen before, and 0
phase oidmnos‘s wai spectfically affected, in other wards, the cell no
prevented from reaching a stage where 1t woul ! et .

It 1 2 completely d\ﬁ;rgm me!c;hanism 4 normally drvide again.,

Goidzeber Probably yust as differen y
terone, which s shm\rt t,o have a mitogle::txtc}]‘;ﬁze:z?xn:;m o st

oo e epidermal
acabion Oh, yes Well, tests i
. :’;‘c o ) + testosterone induces the cell to reach that

Goldzeber Tt has the opposite effect i
pucnbson” Yes Ppo of cortisone.
Levn May 1 go back to your jnt N
erpretation of the
tissue culture (cl{ escaped from the treatment wth a:n :::s:t)n AW?Y a
this connection, 1 would first fike fo ak whether an :mml: Tntn 1‘:
al treat
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with one of these folic acid antagonists and at the same time, or shortly
thereafter, is given a large amount of folic acid, will this relteve the
disabdity brought about by the antagonist?

Jacobsen: Up to a certan level, it will. If you give a large amount
of folic acid antagonist, you have to step up the amount of folic acid
a hundredfold to overcome 1t.

Levin: All right. Now, if I heard correctly, you used 1:2000 sotution
of aminopterin on the tissue culture and you used 2 milligrams in the
satact mouse, which I assume to weigh about 20 grams?

Jacobson: One mulligram, yes

Levin: Well, that is even less and would calculate out to be a con-
centration of 1.20,000 n the mtact mouse or wm actuality only one-
tenth as concentrated as the solution you put on the tissue culture. I
would think that the mntact mouse, even though some cells may not be
able to dearmunate the material, would be able to deaminate a certain
amount of this i cells which are capable thereof, and then overcome
the effect of the remainder with 1ts supplies of folic acrd rtsetf which
the mouse presumably still has. So 1 still wonder why the tact mouse
could not overcome the antagomst as well as did the tissue culture.

Jacabson: Well, the reason 1s that the connective-tissue cells do not
show any leston at all under those circumstances in the intact animal.
The fibroblasts and fibrocytes and osteoblasts, even in a post-mortem
of an animal which was given a lethal dosage, appear quite unaffected.
Another thing 1s—1 am worrying about the same problem, too, inct-
dentally~that you can quantitatively overcome your aminopterin with
the Leuconostoc-ctisororum factor.

Oliver: In tissue cuiture?

Jacobson: Well, that T can’t say In the whole amimal,

Levmn: That 1s exactly the point If you can overcome it then |
should think the mntact animal would be at least as able to overcome
this constderably more dilute dose that you adminustered to 1t

Jacobson: One has to assume that the aminoptesin ties up with 2
protetn, just like folic acid, and then a deamiase might not be :{b)c
to reach the tied-up amunoptenin. However, this 1s purely speculative.

Goldzieber: Would 2 selective affinity of certan cells for the folic
acid antagomist be concetvable, i the sense that they would, so to

speak, colfect this substance so that more would be comuag ta them
than thetr pmgomonnl share? .

Jacobsan: 1 should say one has to assume something of that sort,
hecause some cells grow fast :uvld others do not grow fast, m?d I do
not see why 2 tissue that doesn't grow very capudly §ll\mu)ld :altc t l’llp
at the same rate, unless it actually stores folic acid, like the lver cclls
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ot hidney cells, which contatn fohic acd. T think one has to assume
that 1t \syn'k ev;nly distributed over the whole body. The muscle, for_
\nstance, contains relatively little folic aad, anc} so one can assume
that the antagonust also will take a simtlar dustribution

Goldzeher: Selective distribution ) .

Jacobson: Yes. In a way like carbon monoxide which is very firmly
bound to hemoglobin and requires three hundred times more oxygen
to replace 1t A sumilar mechanism must be thought of far the fixation
of amnoptena in the tissue. .

Lerm: Except that 1f the relationship is such as your data certainly
seem to 1mply, we must take nto account that the sibonucleoprotern s
found all over the body.

farobson: Yes, but, of course, there 15 very little synthesis of nbo-
nuceoprotemn tn any tissue that ssn't actually growing or secreting.

Lugle: Are there any Further questions, comments, or new points of
view? If not, Dr Jacobson, we wish to thank you most heartily and
sincerely for your beautiful presentation, which certainly opens up
more problems than 1t solves, as a tesearch atbeit should do  And
since Dr Fremont-Smith has already given you his thanks and appre-

cation for your attendance hete, 1t 1s merely my simple daty to call
this Conference adjourned
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with one of these folic acid antagonists and at the same time, or shortly
thereafter, is given a large amount of folic acid, will this relieve the
disability brought about by the antagonist?

Jacobson: Up to a certamn level, it will If you give a large amount
of folic acid antagonist, you have to step up the amount of folic acid
2 hundredfold to overcome it.

Lerm: All nght. Now, if 1 heard correctly, you nsed 1:2000 solution
of aminoptenin on the tissue culture and you used 2 milligeams in the
tatact mouse, whch I assume to weigh about 20 grams?

Jacobson: One milhigram, yes.

Levmm: Well, that 1s even less and would calculate out to be a con-
centration of 1:20,000 in the intact mouse or in actuality only one-
tenth as concentrated as the solution you put on the tissue culture. |
would think thar the mtact mouse, even though some cells may not be
able to deamnate the material, would be able to deammate a certain
amouat of this in cells which are capable thereof, and then overcome
the effect of the remainder with its supplies of folic actd wself which
the mouse presumably still has. 5o I sull wonder why the intact mouse
could not overcome the antagonist as well as did the tissue culture.

Jacobson: Well, the reason is that the connectrve-tissue cells do not
show any lesion at alt under those circamstances 1n the intact animal.
The fibroblasts and fibrocytes and osteoblasts, even in a post-mortem
of an ammal which was given a lethal dosage, appear quite unaffected.
Another thing 5—I am worrying about the same problem, too, mct-
dentally—that you can quantitatvely overcome your amuaoptertn with
the Lenconostoc-ntrororum factor

Qliver: In tissue culture?

Jacobson: Well, that I can’t say In the whole animal

Lersn: That s exactly the pomnt [f you can overcome it then 1
should think the intact animal would be at Jeast as able to overcome
this considerably more dilute dose that you admunistered to 1t

Jacobson: One has to assume that the aminoptenn tics up with a
protem, just like folic acid, and then a deammase might not be able
ta reach the tied-up ammoptenn  However, ths is purely speculative

Goldzeber: Would a sclective affimty of certam cells for the foli
acid antagonust be conceivable, mn the sense that they would, so to

speak, collect this sublsta;\ce :o that morc would be commng to them
i oshional share

tha[‘;cg})esl;lfr?}’shculd say one has to assume somethung of that sort,

because some cells grow fast .lr‘ul others do not grow fast, ﬂ;:d 1do

not see why a tissne that doesa't grow very rapidly s;mu:d z]a’c it ;xlp

at the same rate, unless it actually stores folic acid, Iike the hver cells
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ar hidacy cells, which contam folic acd 1 think one has to assume
that it i;)r'\’t evélxly distributed over the whole body. The muscle, for_
wnstance, contains relatively lnttle folic 2aid, and so one can assume
that the antagonsst also will take a simulas distribution

Goldzicher: Selectve distribution

Jacobson: Yes Tn a way like carbon monoxtde which 1s very firmly
bound to hemoglobin and requires three hundred times more oxygen
to replace it A sumilar mechanuism must be thought of for the fixation
of aminoptesin 10 the tissue .

Letin: Except that 1f the relationship 1s such as your data certa.ml‘y
seem to imply, we must take 1nto account that the nbonucleoprotein is
found all over the body.

Jacobson: Yes, but, of course, there 15 very little synthesis of ribo-
oucleaprotem 1n any tissue that sa't actually growing or secreting

Engle: Are there any further questions, comments, or new points of
view? 1f not, Dr Jacobson, we wish to thank you most heartily and
sincerely for your beautiful presentation, which certainly opens up
mose problems than 1t solves, as a research atbeit should do. And
since Dr Fremont-Senith has already given you hus thanks and appre-

cition for your attendance here, 1t 1s merely my simple duty to call
this Conference adjonrned
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