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PREFACE

Tue Ciba Foundation, London, is an educational and
scientific charity founded by a Trust Deed made in 1947.
Its distinguished Trustees, who are wholly responsible for its
administration, are The Rt. Hon. Lord Adrian, O.M., F.R.S.;
The Rt. Hon. Lord Beveridge, K.C.B., F.B.A.; The Hon. Sir
George Lloyd-Jacob; and Mr. Raymond Needham, Q.C.
The financial support is provided by the world-wide chemical
and pharmaceutical firm which has its headquarters in Basle,
Switzerland.

The Ciba Foundation forms an international centre where
workersactive inmedical and chemicalresearch are encouraged
to meet informally to exchange ideas and information. It was
opened by Sir Henry Dale, O.)M., F.R.S,, in June 1949,

In the first six years, in addition to many part-day discus-
sions, there have been 87 international symposia, each lasting
two to four days, attended by outstanding workers from many
countries. Other symposia are planned at the rate of five or
six a year.

Early in 1954 the Trustees decided on special measures
designed to encourage, internationally, basie research relevant
to the problems of ageing. As part of this programme the con-
ference already arranged in that year on General Aspects of
Ageing was taken to be the first in a series of colloquia, to be
held annually. A second colloquium was organised in 1955, and
at the welcome suggestion of Professor E. C. Amoroso, this
one dealt with studies on the ageing of tissues, the normal life
of which is shorter than that of the organism as a whole.
It was hoped that inferences of more general value might be
made from researches on the ageing of the placenta, the repro-
ductive system, deer antlers, erythrocytes and so on.

This volume ins papers and di ions of this second

lloqui on Ageing in Transient Tissues, at which Professor~_
Amoroso graciously acted as Chairman.
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vi Preracr

The informality and intimacy of these mectings have per-
mitted discussion of current and incomplete rescarch and
timulated hively specnlation and arg . They have also
been the occasion for reference to much published and unpub-
lished work throughout the world. The proceedings nre issued
in full, with onty the minimum of editing, in erder to pass on to
a far wider audience the benefits of these meetings. It is hoped
that readers will not only gain information and inspiration
from this report, but will also feel that they share in these
frank and friendly discussions.
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CHAIRMAN'S OPENING REMARKS
E. C. Avoroso

I ax deeply conscious of the honour which is mine in being
entrusted this morning with the chairmanship of this Sym-
posium, the thirty-fourth I believe, in the CIBA Foundation
serics and the second on the problems of ageing. When about
& year ago the ageing of transient tissues was suggested
by Dr, Parkes as a possible subjeet for this Symposium and
having no alternative of my own to offer, I accepted the
suggestion with n procrastinator’s easy optimism. Only during
the past weck, when I reccived the complete programme from
Dr. Wolstenholme, did X begin to recognize the immensity of
the problem; and if I venture upon the task to-day of presiding
at this meeting, it is not beeause I have any special knowledge,
but only because I realise that among this audience there are
& number of experts from both sides of the Atlantic—many
of them friends of long standing-—whose function it will be
.'-0 Provide n picture of the present status of the subject, which
it is our business to discuss, My task will be, to offer, at a
somewhat later stage of the proceedings, some kind of general
synthesis combining the diverse views—which I imagine will
be frequent at this meeting—and not to attempt a speculative
review at this stage of what the succeeding papers will most
certainly present in great detail,

For any shortcomings that may become apparent in the
conduct of the business of this meeting which will take
us certainly very far beyond the confines of the problem of
ageing such as we normally concede it to be, I must ask for
Your indulgence, and I hope I may be permitted the same
fatitude which so many of the Symposiasts have taken with
Tegard to the interpretation of the title.

AGZING VoL 2 1 z



2 E. C. Amoroso

The subject we are to discuss comprehends a great variety
of problems, ranging from the physical instability and ageing
of red blood cells to the metabolism of senescent leaves. This
meeting, it is hoped, should help in combining these diverse
points of view. And so it gives me great pleasure to call on
Dr. Dorothy Price to present the first paper.



ORGAN CULTURE STUDIES OF FOETAL RAT
REPRODUCTIVE TRACTS

Dorotry PRICE AND RICHARD PANNABECKER
Zoology Department, University of Chicage

IN rodents, the question of the role of endogenous sex
hormones in the retention or loss of Wolffian ducts and Miil-
lerian ducts and in the formation of the primordia of accessory
reproductive glands has not been completely answered.*
The problem has been investigated chicfly by 1) administra-
tion of sex hormones to pregnant females (the most extensive
researches are those of Raynaud, 1942; Greene and his col-
laborators, reviewed by Greene, 1942); 2) transplantation of
foetal reproductive tracts into postnatal hests (Moore and
Price, 1042); 3) foctal d y by X-ray (Raynaud and
Frilley, 1946, 1947, 1950; Raynaud, 1950) and by surgical
castration (Wells and Fralick, 1951; Wells, Cavanaugh and
Maxwell, 1954).

Organ culture offered a technique for further analysis of the
problem by isolation of foetal repmductwe tracts from othcr
foetal endocrine organs in an env t free from
and placental hormones, and under conditions in which the
ponads could be removed with a minimum of traumatic
injury. It was ized that, if sex h were present
in the testes or ovaries, diffusion might be expected since this
has been demonstrated for foetal rat testes (Jost, 1948; Jost
and Colonge, 1949; Moore, 1953).

Methods

The methods will be described in detail elsewhere (Panna-
becker, 1956). In brief, about three hundred foetal rat

* Many of the problems of sex differentiation in the rabbit, & member of the
Lagomorpha, have been clarified by (he tesearch of Prof. Jost.
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reproductive tracts (equal numbers of male and female) were
cultured by the watch-glass method (Fell, 1910} at spproximate
nges of 15+5, 16-5, 17-5 and 185 days post-copulation. The
eulture period ranged from one to six days with transfer on
the second or third day. The tracts were dissected under
sterile conditions; the bladder, genital tubercle and, in many
cases, the posterior urogenital sinus and urcthra were removed.,
In some categories of cxplants, one or both testes were also
removed by scvering the efferent ducts and freeing the testes
without eutting the Wolffian ducts, The tracts were then
placed on large clots composed of cock plasma and chick
embryo extract, This medium had been tested and found to
have no stimulating effects on the differentiation of prostate
glands explanted {rom six-day-old rats (Price, 1951, 1953).
Some of the foetal explants were subjected to testosterone or
oestradiol, which was added to the clots in the form of miero-
pellets in saline suspension. The explants were observed daily
and the course of persistence or retrogression of the ducts was
followed. At termination of the culture period the explants
were fixed and studied, This report will be limited to the
results on male Wolflian ducts, seminal vesicles and prostate
glands.

The male tracts were explanted in the following eategories:

1} with both testes

2} with one testis

8) with one testis which had been detached nnd replaced
in position (the sccond testis was removed)

4) with no testes

5) with ovaries replacing the testes

6) with no gonads; testosterone in the clot

7} with no gonads; oestradiol in the clot

Categories 2 and 8 tested whether there was local action
from diffusing testis hormone. In addition, category 8 was
especially designed to determine whether any obscrved retro-
gression of Wolffian duets after testis removal was attribut.
ahle to surgical injury or to absence of the testis,
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Normal Development of the Wolfflan Ducts, Seminal
Vesicles and Prostate Glands

In the foctus at 15+ days the Wolllian ducts are continuous
from the efferent ducts to the urogenital sinus, During the
following day there is an increase in the diameter of the ducts
in the genital cord, and by 17+ days there is a definite
dilatation in each Wolffian duct (Fig. 2, A) in the region where,
by 18+ days, a seminal vesicle primordium develops as a
dorsal outgrowth with a free tip, which continues to grow
anterjorly (Fig. 2, D and F) and forms a cranial flexure. The
Wolffian duct diflerentiates before birth into the coiled
epididymis, the ductus deferens and the ejaculatory duct
opening into the prostatic urethra.

The prostate glands develop as dorsal, lateral and ventral
buds from the prostatic urethra and the coagulating glands
originate as paired buds from the dorsal region. A few pro-
static buds may be present at 18+ days but the pnmordm
of all the lobes of the p: lex and the lating
glands are developed by 194 days (Flg 8, A).

Results

The explanted reproductive tracts did not increase in length
but under certain conditions they continued to differentiate
at a somewhat slowed rate. The results from culture of
the young .pl were hat variable and necrosis
oceurred more frequently, particularly in tracts explanted
at 154 days. However, the results were clear at all ages and
the older tracts survived very well in culture.

Wolffian Ducts

In 15+ day-old tractsthat were explanted with testes(both,
one, or one that had been detached and replaced) the Wolffian
ducts persisted as continuous ducts for the longest culture
periad of 5 days (Table 1). The two ducts were about equally
well maintained when only one testis was present, and the
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Table I

Deveorsent or Wowrrian Ducrs, Seavaz, VESICLES anp ProsTars
GrLaNDs 3% Curreren REFRONUCTIVE TRACTS

ry
Expiants 2
Seminat {2 | Prostate
Age 3n days post- Volfflan 1§ esictes |S £| glands
Cate- coitum at totat]  ducte no. JE° B
govies Yornland| dermting- | " I
ation. tion S
154 {174 -20+f X4 { persisted { O 8 [ 1(104}
with | 18+ {204-2241 24 " o (2043} 16 314204
testes 174 194 -2 41 10 » 18{19-4)} 13 112194}
18+ 254 [ " ¢ L]
164 {174~18+] 4 | regressed | 0 e
no 16+ {194 -204) 9 " o 51 4¢204)
ganeds| 14 {294-2041 7 " o 6| 504}
184 {204-224+] 4 " P4 2| z(zt4)
154 16+ -~184 4 regressed o 3j o
with 164 164 2 " o 210
avaries| 174 [B4-214] 4 " o 24 2¢204)
184 {214-224{ 8 ” s 21 2(n4)
testo- | 154+ m+ 185} 0 | persisted | Y(IB4)] 81 O
| storome | 18+ 203 4 " 2{20+}} 41 4(204)
sterone gyt 104221} 6 " a{19+3} 53 4(194)
154 (W74 -~104 3 regressed o ajo0
,, partial
oestra- | 16+ 19+ ~204 4 istas 220+ 2} 0
g persistance
diol } o4y fo04-214| 7 " 2(204+}] 6| 5204}
184 {2+~224] 4 - 4{21+) 4§ 4214)

The nltd slauy way removed ab ex) tation in some cases,
e T e——
Lﬂ A h' , thmi ladicate tio age of the youngest explant ia which pemloal vesicles
or pmuw :hmg
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results were similar with a replaced testis and one left attached
indicating that surgical removal of the testis did not cause
Wolflian duet retrogression.

In contrast, in tracts with no testes the Wolffian ducts
underwent slow retrogression which involved successively,
reduction in diameter, loss of the lumen and then of the epi-
thelial component so that the ducts were discontinuous, and
finally loss of the ding sheath of hymal origin.
Retrogression was mainly antero-posterior and by 8 to 4 days
of culture the ducts were practically gone anteriorly, except
for & small segment connected with the efferent ducts; the
posterior segment persisted and joined the prostatic urethra.
Testosterone in the clots (1 or 2 drops of 4ug./drop or 20ug./
drop) prevented retrogression of the ducts after removal of
the testes.

The results of culturing explants at the three older ages,
with both testes on the tracts or without testes, were essenti-
ally similar to the results with 154 day-old explants. With
both testes present the Wolflian ducts persisted and developed
a slight epididymal coiling; without testes the ducts retro-
gressed. An important difference however, was observed in
tracts with only one testis (left in position or replaced).
Although both Wolffian ducts usually persisted, there was a
unilateral effect of the one testis if the tracts were spread in an
open Y-shape on the clots. It was apparent that the diameter,
and in some cases the continuity, of the gonadless Wolffian
duct depended upon its distance from the testis. Fig. 1
presents the results diagrammatically for explants cultured at
174 days.

In the gonadless tracts cultured at all four ages, testosterone
prevented retrogression of the Wolffian ducts. YWhen ovaries
were substituted for testes the ducts retrogressed as in gonad-
less explants, and the same result was obtained in tracts
cultured at 15+ days with oestradiol. At older explantation
ages, oestradiol (1 or 2 drops of 0-006yg./drop in the clots)
caused a partial retention and some cystic enlargement of the
ducts in 5 out of 15 explants.
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DAYS
POST COITUM
(75

i \é/ () € ¥

Fio. 1, Di ion of re ive tracts at
174 days. A:tract st the time of explantation; B, . D, E, F: tracts cultused
for 4 days. B; with both testes present the seminal vesicles and prostate
glands developed- C: without testes the WolTian ducts retrogressed, no seminal
vesicles appeared but a few prostatic buds developed. 113 with one testis (left
in place oF detachied snd replaced) the results were as in B in 3 aut of § explants.
B with one testis, placed at a greater distance from the apposite side of the
1ract, the Wolllian duct on the side be
seminal vesicle was Jaching or smaller in 8 out of © explants. Fs with no
testes but with testosteronie micropellets added fo the clot, the Wallfian
ducts were retained and the s:mgna};uicles and prostatic buds developed a5

inBa

B,

Mallerian duct; W: Wolffian duct; §: scminal vesicles; P prostate.

Seminal Vesicles

The development of seminal vesicles proved ta be related to
the age of the tract at the time of explantation as well as to
the presence of hormone. In explants with testes, no seminal
vesicles Joped in tracts eul 1 st 154 days; large
dilatations with only o slight indication of a frec scminal
vesicle tip appeared in 9 out of 24 explants cultured at 16+
days; well-developed glands were found in 18 out of 19
explants of 17+ day-old tracts cultured when dilatations were
present In the Wolffian ducts {Fig. 2, A), and within four days
of culture they reached a length, in the best cases, equal to
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3 A\ b and F illusteate normal foetal de\elopmm! of the seminal
s T 0 B e £ e moed bk b ] Ao med dramn [

l'jmulamry duet on the left, ductus Qeferens and seminal vesicle (yn the nght.
¥ normal foctus at 21 + daya; leagth of the seminal vesicles 1-
day-oll explant with testes; length of the seminal vesicles B 16 pising (% 00}

Joriag page 8
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that of norma glands st about 18 days {Fig. 2, B, D, G) but
no eranial flexures developed. Seminal vesieley were already
developed in tracts explanted at 184 days.

Aunilaters] effeet of one testis on seminal vesicle develap-
ment was observed. In 26 such explants in which seminal
vesicles developed, the glands were larger or present only on
the testis side in 20 but were bilateral and equally developed
in 3 explants in which the testis was near the gonadiess Wolf-
fian duet (Fig, 1).

lgx explants with no testes or with ovaries, no seminal
vesicles developed (164 and 174 days) or they femained
a3 1t explantation (18+ days). Testosterone stimulated the
dt\'dop.menl of seminal vesicles and was more effeetive with
edsanting age of the tract ot the time of explantation. As
in explants with testes, only the tracts explanted at 174 days
vere stimulated to produce well-developed seminal vesicles
{¥ig.2, E). Oestradiol stimulated seminal vesicle development
n 4 ont of 1) explants cultured at 16+ and 174- days.

Prostate Glands
Part of the ye

Yoo [ Urogerital sinus region and the urethra were
when the o Ome Teproductive tracts at explantation and
particu L:x Ixm.ux was explanted, it tended to undergo necrosis
the ny ¥ in the region of Milller's tubercle, Table 1 lists

mber of well-preserved sinuses and summarizes the
oecurrence of prastate glands.

o, ?l;mstn(ic.b s that developed were from the dorsal and
&he“ el segions and probably represented those pnrts'of
g]angmﬁ.'““ gland complex and possibly the congulating
dighy S},(Flg' 8,B). The removal of the bladder at explantation
al Uhed the ventral part of the sinus and urcthra and,
though healin

g occurred, no prostatic Luds were formed
SO that region, Only one prostate gland (of one or two short
ds) dev
with

cloped in explonts cultured at 15-4 days and that
" testes on the tract, At older ages, prostate glands de-
Veloped in gl categories of explants. There was v_urmlnhly in
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the number and size of the buds but, in general, the prostatic
buds were more numerous and larger in explants with testes or
with testosterone.

Discussion

The results of the culture experiments indicate that & hor-
mone from the foetal testes maintained the Wolffian ducts,
stimulated the formation of the primordia of the seminal
vesicles and their growth, and caused an inerease in the num-
ber of prostatic buds. These findings extend and corroborate
some of the observations of Wells and his co-workers (Wells
and Tralick 1951; Wells, Cavanaugh and Maxwell, 1954)
in castrated rat f They luded that testicul
androgen stimulates the prenatal growth of male rat accessory
reproductive organs but that they could not determine
whether this androgen caused the development of the pri-
mordia of these glands. They also ohserved absence of the
flexure of the seminal vesicles and loss of the epithelium of the
ductus deferens following castration and sttributed this to
two factors, the absence of the testes and impairment of
deferential circulation due to surgical injury (Wells and
Fralick, 1951). Testosterone treatment, however, prevented all
of the observed effects of eastration. In unilateral castration
they found effects on the ductus deferens and the seminal
vesicle on the operated side in some foetuses, but they con-
sidered that these results were due to circulatory impairment
and did not support the idea of local action of a diffusing
testis hormone.

Explantation of foctal rat reproductive tracts ot rges from
15+5 to 18+ 5 days gave results that suggest that the retention
of the Wolffian ducts ang the development of seminal vesicle
primordia may normally depend upon testis hormone. Under
culture conditions, this hormone reached other parts of the
tract by diffusion and produced local effects on Wolffian
duets and seminal vesicles in unil Ily castrated expl
Further, the results of detaching and replacing testes on the
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tracts indicate that surgical injury can be ruled out asa
significant factor in general Wolffian duct retrogression.

The question of the relation of testis hormone to the
development of the prostate glands cannot be definitely
answered,  Prostatic buds developed in gonadless tracts
which had been explanted before the appearance of the
primordia and this development was reported also for cas-
trated foctuses (Wells, Cavanaugh and Maxvwell, 1954). In
culture, these buds formed in only one tract (with testes)
which was explanted at 15+- days, but this result may repre-
sent only slowed develoy t. It seems probable that the
prostatic region of the urcthra is subjected to the influence of
testis hormone in the foetus as early as 154 days, and it may
soon be conditioned to produce a few prostatic buds even in
the absence of further hormone stimulation. The hormone, as
a diffusible agent, would act to bring out an underlying organ-
ization of the urethra. However, such an interpretation is
complicated by the fact that prostate glands developed in
foetal female tracts after explantation (Pannabecker, 1956).

The conclusions as to the significance of foetal rat testis
hormone in relation to the Wolflian duets, seminal vesicles and
prostate glands and the observation of local action of testis
hormone arc in agreement with the findings of Jost (1947,
1950, 1953} in his extensive studies on castrated foetal rabbits.
His results showed, however, that prostatic buds did not
develop when castration was performed at the youngest ages.
He and his collaborators (Jost and Bergerard, 1949; Jost and
Boznc, 1951) reported the retrogressmn of the Wolffian ducts
in of g s of foetal rats. Raynaud
and Frilley (1946, 1947, 1950) reported that following X-ray
destruction of the testes in mice, the accessory reproductive
glands were smaller or absent and a unilateral effect was
observed when only one testis was destroyed.

The direct stimulating effects of oestradlol on the Wolffian
duets and on seminal vesicle t in a few dl
explants is of interest, since it duplxcates the results obtained
i female 1o fork wheen e hers were njeated with
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oestradiol or oestradiol dipropionate (Greene, Burrill and Ivy,
1989, 1940). In the males, the results were variable and the
Wolffian ducts were normal in some foetuses but had retro-
gressed in others; the seminal vesicles were smaller and pro-
static buds were inhibited. These results suggest the possibility
of an inhibiting effect of cestrogen on testis hormone pro-
duction via the pathway of foctal hypophyseal gonadotrophin
and, possibly, a direct stimulating action of oestrogen on the
male tract. However, hypophysectomy by decapitation in
the foetal rat has not shown that the hypophysis produces

dotrophin, which is 'y for the seeretion of testis
hormone (Wells, 1947, 1950). Jost (1953 1954) has reviewed
the problem recently for several species.

Summary and Conclusions

The results of culture of foetal male reproductive tracts
indicate that testis hormone 1) maintains the Wolffian duets,
2) stimulates the development of the primordia of the seminal
vesicles and their further growth and morphogenesis and 3)
causes an increase in the number of prostatic buds. The
testis hormone diffused through the explanted tracts and
produced local effects.

It is suggested that these observations may apply to normal
sex differentiation in the rat and that foetal testis hormone
may be effective by local diffusion as well as by circulatory
pathways.
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DISCUSSION

L N e . .

no Wolffian duct persists.
Some years ago, we tried in my laboratory to confirm by experiments

in vitro the results obtained in vivo in castrated rabbit foetuses. Ishould

like to show you two slides taken from former papers (Jost, 1930; Jost

gressed and di while the ian ducts ped and pro-
Iiferated; so the ducts behave in vitro as they do in vivo in castrated
rabbit foetuses. These results soem 10 be in good agreement with
Dr. Price's more extensive experiment:

But, Dr. Price, yott did not discuss the point of the Mallerian ducts.
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Did you observe any inhibition of the Millerian ducts in explants with
the testes?

Price: 1.did not mention the Miillerian duets because of lack of time.
Our results on these duets are still being studied and will be reported
soon by Pannabeeker,

We found that explanted Miillerian ducts of both males and females |
were more difficult to culture at 15} and 16} days than Wolffian ducts.
They were actively growing and in a critieal period of development
at the time of explantation and they tended to become discontinuous
under all our culture conditions. As I say, they had rather a hard
time but they continued to develop and formed the prostatic utricle in
males and the uterovaginal canal in females.

When we explanted older tracts, the Miillerian ducts of males re-
gressed and the Millerian ducts of females were retained under all
experd 1 itil The Miillerian ducts of females were stimu-
lated, not inhibited, when foetal testes were placed against them or

Tt ot rer, 1 do not think that this

foetal testis hormone may

prostatic development of
tracts which were taken on day 16} and those taken on day 173? You
showed that some prostatic buds appear, but the testis begins to work
earlier than day 17} and by that time the testis has been able to act on
the urogenital sinus for about one day. I would also like to draw atten-
tion to the fact that in some of these cultures the effect of the distance
from the testes was very conspicuous; I observed some years ago such
a spatially M_strictf.gl activity of the testis én vivo under certain cireum-
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in spontancous occurrence of female prostatic primordia, ineluding
\):m’k\!cml lobes, on the basis of levels of foetal ovarian androgenic
ormone.

A o e . T ..
SR TS PP UEGL W GNP DR SR Y
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interstitial cell situation Is still being studied.
er: As I see it, the action of the foetal hormone in these cultures
ly imitated by and this suggests, as faras it
goes, that the foetal hormone is similar chemically or identical with
that of the mature testis.
Price: No, I do not believe that they are necessarily similar or identical.
Zuckerman: In your reply to Prof. Jost, you suggested that you might
be dealing with a “prostatic strain™ of female rats. Do most of the
females show prostatie rudiments?
Pri me years ago we established a stock of rats with an incidence
- Tea St o peeans  Ca e —ea e

ce.

"Price: 1 think that vatying levels of androgenic hormone may not
necessarily be the whole stary in the development of prostatic primordia
in females.

or the adrenal gland may produce some androgenic compound ¥

Price: Yes. It is certainly true in postnatal rats, and prostate glands
of males and females respond to such hormones. .

Jost: In some cases, fr instance in the mole, the ovary contains a very
Targe tedullary part which is like a testis, and in such an animal it seems
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likely that the ovary may produce some androgenic compound; and
indeed all the females of the mole are more or less masculinized. That
is a special case.

Parkes: Prof. Jost, are you referring to the adult or the embryo in
these moles?

Jost: Both, The mole embrye was studied by Godet (1949). He ob-
served hat the femsle fo n the mole y E"d\lblts swns of

o

masculinized female of the rat, for instance.

Parkes: That is why I asked whether you were referring to the adult
or the foetus.

Jost: It was done on the foetus.

Parkes: 1 imagine it can be taken as read that the adult ovary pro-

a seasonal cycle.

Parkes: You mean masculinization appears when the ovary has gone
back to normal?

Amoroso: 1 think it should be i that the ical
changes in the reproductive organs of the mole are so notoriously
different from the comparable events in the rat that the greatest caution
shonld be exercised when making comparisons between the two species.

But apart from this I would like to ask Dr. Price whether in fact the

Wolffian ducts may nof exert a on the
development of the Mullenan duets. It is known, for example, that in

fishes the Quots arise by longitudinal splitting
of the Wolffian duets and in there is good evidence

that the Wolflian ducts andfor Wolffian tubules contribute elements to
the growing tips of the Miillerian ducts.

Price: Yes, 1 think there is a real point here. Gruenwald (1941) offers
evidence for the chick and the human that the Wolflian duct may con-
tribute cells to the Mii duct or that the Mii
duct may split from the Wolifian duct,

n some of our explants we observed that the posterior end of a

age the ducts continued their growth to the sinus and joined it but
growth was Iess marked in othe'r explants. It is true that some of the
or changes

y b
in the \Vol!ﬁan ducts in culture.
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Villee; Dr, Price, I am interested in your expetiments In which the
testis is replaced by synthetic hormones added to the culture, and
I wonder if you can say anything about the quantity of hormone that
is present in the clot?

In some cases, lhe oestnuho] you uddcd will have affected orgnns

—= Apeban AT ghimaidasice tha nlanantal

. o
similar but qurxnlluhvdy different?

Price; We put one or two drops of saline suspensions of micropellets
in the clots. The testosterone suspensions were 4 ug. /drop and 20 g, /drop
and the oestradiol, 0-006 #g./drop.

With regard to the i in the sti ing effects of diol
on Wollfian ducts I doubt that chance local distribution of the hormone
is responsible, Greene and his collaborators found much the same
variability in foetal females when large doses of oestrogens were in-
jected into the pregnant mothers. Ido not think that thisis a significant
finding #s far as normal sex differentiation goes.

Vitlee: That would depend on whether these early organ anlage can
produce hormones typical of the opposite sex.

Price; That is true.
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THE AGE FACTOR IN SOME PRENATAL
ENDOCRINE EVENTS

ALFRED JoOST

Laboratoire de Biologic animale, P. €. B.
Facultd des Sciences, Université de Paris

It 1s EVIDENT that age is an essential factor in the study of
the.foetal endocerine correlations, since the endocrines cannot
be expected to play any physiological part before they reach
an udequate stage of differentiation. However, physiological

ion does not ily p'v.rallel morphological
organogenesxs A priori three points of view about the foetal
endocrine glands may be considered and were effectively sus-
tained: 1) the endocrines have no physiological importance at
all for the developing foetus; such a view is now difficult to
maintain, at least for some glands ; 2) they progressively acquire
a state of physiological activity which enables them to work
immediately at birth; this interpretation often, and more or
less implicitly, involves a similarity between prenatal and post-
natal endocrine processes; 8) finally, one may assume that
foetal endocrinology implies characteristic events occurring
at certain stages of foetal life, and which can be distinct from
postnatal function, even if they prepare postnatal life.

In connection with this last view it should be recalled that
some organs pass through a lxmlted phase of sensitivity to

For i ization of the female uro-
genital sinus by testosterone can be produced only during a
limited period of time (Turner, 1940; Moore, 1945). Moreover,
hormonal treatments may become teratogenic if applied at
certain stages: pitressin injected into the rat foetus produces
haemorrhages, necrosis and, finally, congenital amputations
of the extremities when administered before day nineteen and
not afterwards (Jost, 1953¢). In recent unpublished observa-
tions, I noticed that cortisone injected into the abdominal
cavity of rat foetuses (1-8 mg. per foetus) produced cleft

18
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palates only if given before day sixteen (this effect of cortisone
was discovered on mice by Fraser and Fainstat, 1951).

In such cases the response of the foctal organism to the same
treatment is strictly corrclated with its developmental age.
In the normal developing foctus, variations in the response of
the same target organ to the same endocrine gland may also
oceur nccording to the age. The efficiency of the endocrine
factor then becomes maximal at certain stages, and it scems
not unlikely that the hormonal release might also reach a
maximum at the same stages. Some facts presented in this
paper will show to what extent such speculations may be
suggested by experimental data; but no effort will be made to
give o complete review of the field.

Testicular function and sexnal structures

The testis is responsible for the develop of the mas-
culine sexual structures, as was observed in castration experi-
ments on the rabbit foetus (Jost, 1947, 1953a); the importance
of the age factor in these experiments will be recalled in con-
nection with two structures.

The Wolflian, or mesonephrie, ducts exist in both sexes at
early stages; in females they persist until day twenty-four
when they begin to regress; in males they develop as deferent
ducts and seminal vesicles under the stimulation of the testis.
They regress in males also, if castration is performed before
day twenty-two; after eastrating on day twenty-three only a
small seminal vesicle develops, and after castrating on day
twenty-four the Wolffian ducts persist and differentiate along
their whole length. They have been “stabilized” for the re-
mainder of their life; from transitory urinary ducts they have
developed into definitive male genital ducts. Under the in-
fluence of the testis, something happens between about days
twenty-two and twenty-four which changes the characteristics
of theducts and which enables them to differentiate as deferent
duct and seminal vesicle, even in the absence of the testis.
However, at that stage and still for a while, these ducts cannot
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be stimulated to glandular activity as in the adult, even by
large doses of testosterone.

The urogenital sinus provides another interesting example.
This part is identical in young male and female embryos.
Prostatic buds appear in the male if the testis has acted on the
undifferentiated tissue for a sufficient period of time. Early
castration, on day nineteen, completely prevents the forma-
tion of the buds; castration performed one or two days later
permits the development of two ight unbranched buds;

* castrating two days later still, en day twenty-three, when only
mere anlage have appeared, does not stop prostatic growth.
The buds continue to differentiate, although generally in a
somewhat reduced manner in comparison with control animals.

During the short period of time involved, the testis has
completely changed the properties of a special part of the
urogenital sinus, which has become the prostatic region. It
would be of great importance to know what happened in
these cells, what kind of change they underwent.

After day twenty-four the male rabbit foctus is definitely
marked as a male; the sexual structures have passed a turning-
point after which removal of the testis does not inhibit further °
differentiation. Even if the testicular function of the normal
male were reduced at late stages of pregnancy, the sexual
organogenests would be normal: something similar seems to
happen in the human foetus, in which the testicular intestitial
cells are very large and rich in cytoplasm from the stage of
8 cm. to a stage of about 15 em,, after which they almost
disappear (Gillman, 1948); masculine organogenesis was
already complete.

‘The age factor in pituitary function

Rescarch into hypophyseal function in the rabbit foetus
was initiated in 1047, in order to verify whether the pituitary
gland controls testicular activity. The foetuses were deprived
of their hypophyses by the decapitation method, the value of
which has already been discussed (Jost, 1951),
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Briefly, it was noticed (Jost, 1051) that in the foctuses
which were deeapitated before the initiation of somatic
sexual dilferentiation, testicular activity remained weak: on
day twenty-eight the prostate was ns reduced as in foetuses
castrated on day twenty-one, and likewise the external geni-
talia were feminine.

The importance of the age factor in hypophyseal function
was studied in two scries of foctuses; some were decapitated
early and killed at one-day intervals thereafter, others were
decapitated at one-day intervals and killed at the same final
stage (day twenty-eight). The analysis of the results indicates
that the testis has some activity even in the absence of the
pituitary gland. It works in a normal manner until approxi-
mately day twenty-two as judged from the first steps of differ-
entiation of the genital tract; afterwards, mainly between
day twenty-two to twenty-four, the pituitary gland is needed
for normal tcsticullar function; after day twenty-four it can
be removed without supp i i

Relationship between hypophysis and thyroid also indi-
cated that, until the twenty-first or twenty-second day, the
thyroid diffe iation and specialization proceeds normally
in the headless foetuses; afterwards the pituitary gland be-
comes necessary (Jost, 1953a, 1953b).

On the adult animal, the McManus technique (periodic
acid - Schiff) has been shown to give indications about those
pituitary cells which produce gonadotrophic or thyrotrophic
hormone. Therefore this procedure was applied to the hypo-
physis of the rabbit foetus (Jost and Gonse, 1953). McManus-
positive ial 1 in an i ing number of
pituitary cells from day nineteen until day twenty-two to
twenty-three and then diminishes in a significant manner;
this Jast point will be illustrated here only by one case eon-
cerning litter mates, two of which were studied on day
twenty-three and two others on day twenty-eight. The average
numbers per section of distinetly stained cells, counted in
three medial sagittal sections, distant 125y, were respectively
232 and 263 on day twenty-three in comparison with 65 and 77
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on day twenty-cight. It should be noted that the area of the
sections almost doubles in the same time, which reduces the
number of positive cells per unit of surface area in the oldest
group. Such facts, verified on a rather large series of foctuses,
strongly suggest that the activity of the pituitary gland passes
through a maximum at a stage at which the testes and the
thyroid request hypophyscal stimulation. Then the pituitary
gland would not progressively increase its physiological work
in parallel with the progress of its gross anatomical differen-
tiation, but would release a larger amount of hormone during
a limited period of time.

The incidence of the age factor on the relationship between
hypophysis and adrenal cortex was studied with Miss A.
Cohen on a small series of foetuses and some preliminary
indications were obtained which require verification.

The rabbit adrenal cortex provides a less favourable
material than that of the rat, its structure being less clearly
defined and more variable. On day twenty-eight the cortex
shows an external zone organized in large arcads and rather
irregular internal cords, which centrally more or less penetrate
into the medulla; other cortical cells are mixed with the medul-
lary cells. In foetuses decapitated before day twenty-one or
twenty-two and studied on day twenty-seven or twenty-
eight the zone of arcads is relatively larger and the internal
part markedly reduced. The ratio, width of the arcad zone to
width of the internal part, is definitely in favour of the areads,
while in controls the internal part largely exceeds the zone
of arcads. On the contrary, in foetuses decapitated on day
twenty-six and studied on day twenty-nine, the internal part
remained large. These preliminary observations seem to
indicate that decapitating the foetus before the cortex is
organized terminates in a more marked reduction than
decapitating at later stages.

In the rat foetus the adrenal cortex grows markedly from
day sixteen to day twenty-one; at about the age of nineteen
days, modifications in the lipid content of the cortex suggest

T probably an i in the physiol 1 activity
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of the gland (Cohen, 1951). Decapitation intreduces & striking
underdevelopment of the cortex (see Jost, 1954), A reduction
in size of the cortex and some shrinkage of the cells oceurs at
birth (Josimovich, Ladman and Deane, 1051); alteration in the
lipid content was observed by Miss Cohien (1955, unpublished
data) in a few foctuses which had not been delivered at 22
days of age. It might be wondered whether such changes
are correlated with a reduction in the adrenocorti hi
activity of the pituitary gland at the time of birth.

. Glycogen storage in the liver

1t is almost a hundred years sifice the discovery by Claude
Bernard that the foetal liver stores appreciable amounts

mgly
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Fio. 1. Liver glycogen content expressed in mg./g. of fresh tissue;
black points represcnt control foctuses; crosses Tepresent foetuses
decapitated between days 19 and 24 and killed on days 26 to 28; triangle
represents foetuses decapitated on day 26 and killed on day 29.

of glycogen from a certain stage onwards when sudd?nly
accumulation begins. In the rabbit foetus the turning-
point appears on day twenty-five (Lochhead and Cramer,
1908, and Fig. 1). Although the question bas not yet been
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submitted to biochemical analysis, one may wonder whether
at that stage the enzymic assortment of the liver eells under-
goes o change and becomes adequate for storing glycogen.
Studies were undertaken to determine whether the change
in the liver glycogen storage is hormonally controlled (see
Jost, 1954). Measurements were made on decapitated rabbit
and Tat foctuses, Only the former will be considered here.
It was first observed that in rabbit foetuses decapitated on day
ninetcen, the glycogen content was very low on day twenty-
cight in comparison with litter mate controls (respectively
1-58 £0-85 mg./g. and 20-0643-33 mg./g. of fresh tissue;
Jost and Hatey, 1949). The same result is also observed in all
foetuses decapitated before’or on day twenty-four and killed
on days twenty-six to twenty-eight (Fig. 1; Jost and Jacquot,
1954, 1955).
In attempting to discover what hormonal factor was
responsible for glycogen storage, different hormones were
dministered at the t of decapitation. The detailed
results will be presented elsewhere (Jost and Jacquot, 1955);
briefly, it was observed that ACTH (Osrganon), in a dose of
2 to 8 mg. inserted under the skin, permits glycogen de-
position in the decapitates, either at a normal or at a sub-
normal level, in fourteen out of sixteen treated foctuses. Two
of these fq were thyroid ized-decapitated, and
they also gave positive results. An attempt was then made
to obtain glycogen storape with corticotd hormones: no
positive result was obtained with cortisone (8-5 mg.), hydro-
cortisone (8:7 or 4-1 mg.), desoxycorticosterone acctate (2
mg.), or 9-a-fluorohydrocortisone (25 pg.; high doses seem to
be lethal), nor with the association of cortisone or hydro-
cortisone with DOCA or with 1 u. of insulin, or with 50 to
90 pg. of thyroxine nor with & small amount of growth
hormone. Although only a small number of experiments have
been carried out in each case, it is curious to notice that no
other hormone than ACTH was found to permit glycogen
deposition. If the adrenal glands are involved, one cannot
diseard the possibility that they produce some other com-




Ace Facror 1x SoME PRENATAL Expocrisy: Evexts 23

pound than those which were tried, or at other levels. Inany
case, the fact that giving ACTH can restore the physiological
condition in decapitates allows the supposition that the
glycogen storage in the Jiver is hormonally controlled.

It then would appear that endocrine factors introduce a
turning-point in the earbohydrate metabolism, as they do in
the properties of several tissues. In an effort to analyse the

ignifi of this turning-point, it should be established to
what extent the glycogen storage system has been changed by
the first initial hormonal impulse. Attempts were made to
study this point by decapitating after day twenty-five.

In four foctuses decapitated on day twenty-six and norm-
ally grown up to day twenty-nine, the mean value of the
liver glycogen was G-1mg./g. (range: 3 to 8-7), while in
controls the value was about 80 mg./g.; in eight 26-day-old
control foetuses the mean was 5-1 mg./g. (range 2 to 7-85)
e te e amaov e et YRR -

Fie 10

store new glycogen at about the level to which it was brought
before decapitation, since the values are expressed per g. of
fresh tissue and since the liver continues to grow.

Further study is necessary to solve the question under dis-
cussion exactly. It should also be determined whether a liver,
which has not been stimulated at the right time during foetal
life, remains able to respond to delayed stimulation. Such
problems involve implications for further postnatal life,

Conclusions

The aim of this informal paper was to draw attention to and
perhaps to raise discussion on some suggestions resulting
from experiments. Although many of the discussed problems
are not yet solved, it seems that a pituitary-controlled hor-
monal impulse introduces a turning-point in the further P"’;
perties of some tissues: the case of the sexual structures mus
be held as conclusive from this point of view. Other tissues,
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such as the liver, also pass through a physiological turning-
point, but the importance of this change for later postnatal
life is not yet established.

The study of the pituitary gland in the rabbit or of the
testicular interstitial cells in man, for instance, strongly
suggests that such endocrine glands could pass through &
period of maximal working at certain prenatal stages, fol-
lowed by a period of lesser activity. It would then appear that
the normal development of the foctus involves distinet endo-
crine events at appropriate stages.

Finally, although only one example of an actually transient
tissue was considered in this paper, namely the Wolffian
duct, the points which were discussed cannot be considered as
too far from the main object of this colloquium, if the idea will
be accepted that the term * foetus™ does not define o particular
state of an animal but covers a. ion of different ient
stages leading up to each other.
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Me:\lanus -positive cells which be dtmomtmied in the px!mmry. The
material is very abundant at a certain time and disappears relatively
rapidly at a cntical period when you say testicular hormone is needed.
Do you think there is & special release mechanism which is causing
the discharge Lfrom the pituitary at Jmat time, or do you thmk‘that the
Ao S PR S iy S Ao s e

that the same changes oceur in the pituitary gland of the female and
of the male foetus. The ovary does not seem to need gonadotrophic
hormone. The pituitary gland could perhaps function in a self-diffeven-
tiating manner.

Zucherman: Prof. Jost, in elaborating your thesis about turning-
points in the “determination” of tissues thay are conditioned by pxtui-
tary hormanes, it geeurred to me that yau might be able to alter their
time relations by giving bunndutmphm before the critical days on which
the pituitary hnmones act (22 to 24).

of your hypothesis.
Vl"tc In sny suc\\ system you huve wo pm‘i&—whmey er is ptoducmg

"sm}.mnan. Accepting all this, I am still wondering why in pursuing
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the experimental analysis of the tempoml p!lasu of gcv‘elopmcng, you

still have to be done, o0 R .

had a normal genital tract, another case which was doubtful, and two
cases which were negative. So I should not like to give too much
to these it
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throughout reproductive life is very insecurely based. Since
then, three sets of papers have appeared, stating the opposite
view (sce p. 86}, and it is necessary to see how the work done
in my own laboratory stands in the light of these newer
studies,

The more important of our own observations, all consistent
with the view that the female mammal usuaily begins her
reproductive life with ovaries that are already furnished with
a finite stock of odeytes, are the following:

1. The total number of obcytes declines sharply with age
(rats: Mandl and Zuckerman, 1951a; monkeys: Green and
Zuckerman, 1951, 1954},

On this point our observations merely confirm the careful
studics of the rat carried out by Arai (1920a), as well as the
impressions obtained by a number of other workers in some-
what sketchy studies of other species.

2. Obeytes without any cellular cover, or surrounded by a
single layer of cells, make up at least 90 per cent of those
present in the monkey and rat (Green, Mandl and Zuckerman,
1951). Given that proper care is taken to cnumerate all
obcytes, and that account is also taken of age and litter-
relationships, no evidence can be found that the total number
of obeytes fluctuates with the phases of the oestrous or
menstrual eycle (rat: Mandl and Zuckerman, 1950; monkey:
Green and Zuckerman, 1951, 1954},

The contrary view, which has been taken to mean that there
is a cyclical generation of otcytes in the mature ovary, has
been mainly based on impressions gained from the variations
that occur during the course of the menstrual and oestrous
cyele, not in the total population of obeytes, but in the num-
bers of, and in the incidence of atresia in, large and mediwm-
sized follicles. We have confirmed by numerical study that
the latter changes do oceur, but have also shown that no value
can be attached to views about the neoformation of obcytes
in the adult ovary, or about cyclical variations in the intensity
of obgenesis, that are basced on counts from which the primor-
dial germ cells are excluded. The same point is illustrated by
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certain observations reported by Simpson and van Wagenen
(1953), and in which purified FSH was administered to im-
mature rhesus monkeys. Histologieal preparations of the
ovaries gave the impression that this treatment stimulated
odgenesis in all its phases, and that *small ovocytes” were
formed in the germinal cords. Subsequent counts showed,
however, that the total number of obeytes present after
treatment was much the same as in the ovaries of normal
monkeys of comparable age. In a further sct of experiments,
in which FSH was administered to unilaterally-ovariecto-
mized immature monkeys, it was found that the numbers of
obeytes in the hormone-stimulated ovary was of the same
order as in the ovary that was removed before treatment
began.

8. The number of obeytes does not increase in successful
autografts of ovarian tissue, reimplanted after freezing at
very low temperatures (— 190° C) or after having been kept
at normal room temperature (Green, Smith and Zuckerman,
1956).

To the best of my knowledge, this study is the only one so
far carried out in which the numbers of odcytes werecounted
in ovarian grafts. The conclusion to which it points is in line
with what is said below about fragments of ovarian tissue left
in the body in situ.

4. Odeytes can survive for 2% months in ovarian homo-
grafts in rats, and for a year or more in autografts in monkeys,
in the absence of the germinal epithelium (Breward and Zuck-
erman, 1949; Mandl and Zuckerman, 1949).

Here, our observations merely confirm a number of earlier
ones made by other workers (e.g. Herlitzka, 1900; Marshall
and Jolly, 1907; Pettinari, 1928). The indication is that
odeytes may have a very long life.

5. The total number of odcytes in the one ovary of rats from
which all traces of germinal epithelium had been removed by
meansof theapplication of corrosive fluids wasnot significantly
different, over a period of nearly 1} years, from that in the un-
‘rexted normah ovaries of ¥ne same wxiarals, Correspondingly,

AGEING YOL. 2 s
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the total number of follicles in both ovaries of the treated rats
was only slightly lower than the expeeted number in normal
rats of the same age (Mandl and Zuckerman, 1951b).

The results of this experiment extend a corresponding study
reported by Moore and Wang (1947), and the conclusion to
which both point is that the cellular division which may be
observed in the germinal epithelium of adult ovaries bears no
necessary relation to the process of odgenesis.

6. X-irradiation of rats and mice leads to the disappear-
ance of all oBcytes from an ovary, without at the same time
causing any definable histological or cytological change in
the germinal epithelium (Humphreys and Zuckerman, 1954;
Mandl and Zuckerman, 19564, b).

These findings confirm many earlier observations (e.g.
Lacassagne, 1913; Brambell and Parkes, 1927; Everett, 1943);
Everett believes that the germinal epithelium of the mature
mouse, the animal on which he experimented, consists of
cells which are somatic in origin, as well as primordial germ
cells that originate in the gut entoderm, and which are set
aside during early embryonic development. Without provid-
ing any cytological evidence to support his view, he suggests
that X-irradiation destroys the germinal epithelium without
affecting the somatic elements.

7. Compensatory hypertrophy of an ovary is not associated
with an increase in the total number of odcytes, but the single
hypertrophied ovary contains as many follicles with antra
as do the two ovaries of a normal animal (Mandl and Zucker-
man, 1951c).

These findings confirm Arai’s (1920) earlier study of com-
pensatory hypertrophy in the rat. They also accord with
Lipschiitz’s observations (1925, 1928; also Lipschiitz and
Voss, 1925) on the cat and rabbit. These indicated that no new
obeytes are formed when an ovary or fragment of an ovary
undergoes compensatory hypertrophy, and that the number of
oticytes present in a small piece of ovarian tissue left in the
body is gradually and rapidly exhausted by recurrent phases
of follicular maturation,
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8. The conclusions stated in the preceding paragraph
have been confirmed (Mandl, Zuckerman and Patterson,
1952) in a more extensive series of experiments on litter-mate
rats which received the following treatments:

A, right ovary removed: more than half of left resected.

B. right ovary removed: left ovary untreated.

C. same as A, but remaining fragment of left ovary
painted with tannic acid in order to destroy the
germinal epithelium,

D. right ovary removed: surface of whole left ovary
painted with tannic acid.

Compensatory hypertrophy occurred in the ovarian tissue
left in the body, whether or not the germinal epithelium was
present, and was not associated with any increase in the
expected number of ocytes. At the same time a unilaterally-
ovaricctomized animal lost fewer odeytes within a given
period than a normal animal possessing both ovaries. But
the rate of loss was substantially greater than would be
expected to occur in a single ovary of a normal animal, and
increased inversely with the amount of avarian tissue left in
the body.

The Iatter observation suggests that the smaller an ovarian
graft, the more quickly will it become depleted of its odeytes.

9. The total number of obcytes does not increase after
hypophysectomy (Ingram, 1953).

This experiment was carried out in order to test statements
by Siwezy (1933) that stimulation by gonadotrophic hormone

the rate of o is in the adult rat, and corre-

spondingly, that the rate of odgenesis increases after hypophy-
sectomy. The hypophysectomized ammals which she used
were, in fact, younger than her control animals, and would
have been expected to possess more oficytes, regardless of
other physiological considerations. Her data merely suggest
that the number of obcytes decreases more slowly with age
in hypophysectomized rats than in normal animals.

These are the main observations bearing on the problem of
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obgenesis which have so far emerged from studies in my own
laboratory. It is necessary to consider them in the light of the
contrary statements that have been made more recently by
Aron, Marescaux and Petrovie (1952, 19544, b); by Van-Eck
(1955); by Burkl (1954, 1955}; and by Burkl and Kellner
(1954a, b, 1955).

The new observations reported by Aron, Marescaux and
Petrovic (1954b) relate to the apparent occurrence of differen-
tiating odeytes in the ovary of the mature guinea pig. They
present their findings in the context of a general review, in
which they refer to various statements made by other workers
in support of the alternative views (a) that odgenesis occurs
only during embryonic life; (b) that it continues for a variable
period after birth; (c) that all the obcytes formed during
embryonic life are destroyed shortly after birth, and are then
replaced by a new generation of odeytes; and (d) that new
obeytes are formed throughout reproductive life, Aron and his
collaborators come down firmly in favour of the last of these
hypotheses, and cite & number of papers which they believe
prove that obeytes can be formed either from the germinal
epithelium or from cord-like invaginations of this epithelium
within the substance of the mature ovary. Their selection of
the literature is, however, arbitrary; and they make little
attempt to analyse critically the papers they cite. Indeed, at
least a few are quoted in a sense different from what their
authors app ly i ded. For le, Nunes (1932) is
referred to as one who has helped establish * with certainty”
that obcytes differentiate from invaginations of the germinal
epithelium within the substance of the ovary. In fact, all his
paper records is that in the adult rabbit ovary follicles areoften
closely related to epithelial invaginations, and his own con-
clusion—"“on ne peut donc nier d’une manitre absolue la
néoformation ovigéne dans l'ovaire adulte”—is much less
categorical than is implied by Aron et al.’s references. Lane-

Claypon (1905) and Pincus and Enzmann (1937), who are
among many others who have studied the rabbit ovary, and
both of whom are also cited by Avon et al., reached quite
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different views about ofgencsis—Lane-Claypon that obeytes
were formed from interstitial cells, and Pincus and Enzmann
that not only was this not the case, but that few mitoses
occurred in the germinal epithelium, and that no primordial
odeytes migrated from this epithellum. In themselves, these
differences of view merely indicate that the so-called histo-
logical evidence of oSgenesis is anything but ¢lear-cut. But
the fact that they exist makes it reasonable to expect some
justification for giving greater weight to one rather than
another interpretation of the histological data. This Aron ef
al. do not do.

Matthews’ and Harrison’s (1949) observations on the seal
are also cited as cast-iron evidence that invaginations of the
mature germinal epithelium give rise to obcytes. But on this
point, these two authors are completely non-committal. All
they say is that “in many instances the smaller erypts, and
diverticula of the larger ones, are found to terminate as
primary follicles, the epithelium surrounding the odgonia
being directly continuous with the germinal epithelium lining
the Iumina of the crypts. . . . It is not yet clear whether the
obgonia arise directly from the epithelium of the crypts or
whether they have reached their position previously from
some other source.”

Other suthors, again, are quoted as stating that odcytes
may be present between the cells of the germinal epithelium
of the mature ovary, the implication being that they are
formed there. The observation is one which must be familiar
to all who have studied the ovary. It is, however, another
and purely arbitrary matter to infer that the presence of
ocytes in this situation indicates that they are derived from
germinal epithelium. Furthermore, it is not at all clear that
many of the authors cited by Aron et al. themselves regarded,
or would now be prepared to regard, their observations as
indicative of this particular conclusion. For example, all that
Deane (1952), one of the workers referred to, states is that
““small ova are oceasionally seen within the germinal epithe-
linm—more frequentfy they occur Just below it, accompanied
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by a cluster of satellite cells.” The further inference about
obgenesis, implied by Aron et al.’s reference to the paper, is not
even mentioned. The only paper cited in connection with this
particular issue, and which, in fact, bears critically on the
question of obgenesis, is that of Hamlett (1935) on the arma-
dillo, It does so, not because it emphasizes the topographical
relations of odcytes to the germinal epithelium, but because it
describes nuclear changes that may be indicative of odgenesis
{see later).

Observations about the position of cells in the ovary are far
too equivocal to sustain conclusions about the occurrence of
obgenesis in adult life. Odgenesis is a process, As I have
emphasized before (Zuckerman, 1951), to infer that it occurs
from a study of histological sections implies that separate and
distinet phases of the process, each necessarily viewed in
isolation can, as it were, be set in continuous motion by a
dynamic interpretation. This might be a reasonable exercise
if there were clear-cut and generally accepted cellular stages
which in the mature ovary linked an indisputable odeyte with
some other and equally well-defined cellular constituent of the
ovary, for instance, a cell of the germinal epithelium. But
this is not so. Some writers, for example Allen (1923) and
Bullough (1942), have merely assumed that if a cell of the
germinal epithelium divides, one or both of the daughter cells
will differentiate into an odcyte, and only a very few have
attempted to define the cellular stages which, in the adult
ovary, might link an obeyte with a cell of the germinal
epithelium, or with any other cellular component of the ovary,
The majority of histologists have completely failed to con-
vince themselves on this point.

T have elsewhere suggested an alternative, and far simpler,
explanation of the proliferative powers of the germinal epithe-
lium (Zuckerman, 1951), It is that the capacity of the cells
of the adult germinal epithelium to subdivide reflects the
extensive cyclical changes which occur in the shape and
size of the ovary as follicles matute and burst, and tear the
sutface of the ovary, and as corpora lutea develop. These
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changes could not possibly run their course in the way they
do if the germinal cpithelium was not able to proliferate {sec
also Schmidt and Hoffman, 1941; and Schmidt, 1942).

Other kinds of evidence bearing on the question of oogenesis
are referred to by Aron et al. in a non-critical, or at best non-
committal way, and apart from certain comments which are re-
ferred to below, these authors do not resolve the contradictions
posed by the work done in my own laboratory to the thesis
they support. They proceed to deal with the field of observation
in which they themselves have contributed. This concerns the
occurrence in the ovaries of the mature lemur, the armadillo
and the guinea pig, of nuclear changes which are suggestive of
the division of odeytes. The lemurs can be usefully considered
first, as they were the first to be described in this connection
(Gerard, 1919/20; Rao, 1927; and Gerard and Herlant, 1953).

The observations of Gerard (1919/20) and Gerard and
Herlant (1953) relate to adult specimens of the African Loris-
idae (Galago is moholi, G. ¢ 1 lemidoffi
and Perodicticus potto). In all these species “obgenetie cords®
containing primordial odeytes are found separated from the
germinal epithelium by a tunica albuginea of varying thick-
ness. Many of the cells in these cords are actively dividing,
and according to Gerard and Herlant can be regarded only as
obgonia. Other cells show chromatin configurations charac-
teristic of the leptotene, synaptene and pachytene stages of
meiosis. Cells correspondmg in all cytologxcal respects \vnh
obgonia were also r d in the
itself,

Rao (1927) studied the Indian spemes Loris Iydel-l.ermnm,
and noted that “tubular” invaginations of the
epithelium ramify in certain parts of the ovary of the pregm;nt
but not non-pregnant, adult. Rao was under the xmpressnon
that it had been firmly established that 06 in
continues throughout adult life, and he therefore tried to
decide whether obcytes are formed from invaginations of the
germinal epithelium, or as Lane-Claypon had suggested in the
case of the rabbit, from the interstitial cells of the ovary as
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well. Xis own view was that cells from the germinal epithelium
divide mitotically, and either give rise to granulosa cells or
pass into the interior of the ovary as interstitial cells, where
they may later become transformed into odeytes. He de-
seribes how the nucleus of an interstitial cell may enlarge, with
the chromatin filaments of the nucleus separating over the
increased area in the form of a loose meshwork interspersed
with chromatin nodules. This he regarded as the leptotenc
stage of meiosis. e then goes on to deseribe what he con-
sidered to be a synaptic condition of the nucleus, indicated
by the massing of the filaments into a Jump on one side of
the nucleus, A pachytene stage is also pictured, in which the
synaptic lump is resolved into coarser and more bulky fila-
ments. On the other band, Rao states that the diplotene phase
is either fugitive or does not occur, since the dual arrangement
of the filaments cannot be made out. All these interpretations
are based entirely upon an analysis of separate eells, and Rao
is careful to point out that he did not have the opportunity
of studying obgenesis, for purposes of comparison, in foetal
ovarjes.

Hamlett's (1035) observations of ofgenesis in the mature
armadillo relate to a single pregnant specimen which had “a
button of tissue projecting abnormally from the otherwise
smooth surface” of the ovary, His histological description
accords closely with that of Gerard and Herlant for the Jemur,
but Hamlett, nevertheless, regards his specimen as illustrating
not the normal state of alfairs, but * what must happen in the
rare instances” when the epithelium of & mature ovaryin
which the tunica slt is well developed “underg
proliferation”, *The cells are forced outward, not inward, for
they are incapable of penetrating the dense layer of connective
tissue and smooth muscle forming the tunica.” He goes on to
say that “any postnatal replenishment of oScytes™ from the
surface is normally impossible in the armadillo, as well a5 in
other animals whose ovaries are invested by a dense tuniea.

The odgenctic phenomena described by Gerard and Herlant
and by Hamlett seem, at first reading, to be similar to those







O3cyTES IN IMMATURE AND MATURE GuisEA Pi6s

Immature guinea pig. Nest of odcytes showing phases of meiosis,
probably pachytene and diplotene,

T'ubertal guinca pig. Nest of odeytes showing phases of meiosis,
including zygotene.

Mature guinea pig. Nest of oBcytes showing phases of meiosis,

including apparent zygotens.

014 guinea pig. Nest of obcytes showing phases of meiosis, including
apparent zygotene,

Normal obcyte, showing pachytene phase of meiosis.

Three stages of meiosis.

facing page 41
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which Aron and his collaborators now report in the guinea
pig, and which we can confirm from personal observation,
One often finds in the ovarian cortex of this animal, cells,
frequently crowded together in nests, which scem to be either
odgonia or odcytes. What appear to be phases of meiosis can
POCA et
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mitosis, their view being that odgonia, having been formed
by a straightforward metamorphosis of quiescent germinal
clements in the germinal epithelium, become directly trans-
formed into obcytes. Aron et al. also believe (a) that this
presumed neoformation of obcytes varies considerably from
animal to animal; (b) that until the animals are about 2}
years old, when it usually becomes negligible or ceases, the
process is independent of age; (c) that the process does not
vary eyelically; (d) that jts intensity is not affected either by
gonadotrophin or hypophyscctomy; (¢) that it does not occur
more vigorously in one ovary after its fellow has been removed;
and (f) that it is not affected by the injection of oestrogen.
What is significant about these observations is not that
Aron et al. were able to observe phases of meiosis in nests of
obeytes, but the fact that they failed to find any evidence of
mitosis of odgonia, and that they were consequently forced to
conclude that the latter are formed from the direct transfor-
mation of dormant cells in the germinal epithelium. Others
before them, as well as nurscl\'res, have alfo fai!ed to observe
& . e it et vnn nim avary
Y
seeap av inea pi havel
(e.g. nests of “odeytes”) seen in the guinea pig ovary have lent
themselves to a variety of interpretations, and that one group
of workers, following Loeb .(19051 1932) regard pax:then?-
genetic dcveloPmEI:E of ovar:a‘x‘lfuc tes as common in this

AL T IR R
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course, conceivable that the nuclear changes described by
Aron et al. in the ovary of the mature guinea pig constitute
no more than the meiotic changes which usually occur pre-
pubertally in most other mammals. For example, de Wini-
warter (1820) has noted that the reduction division of oseytes
may occur in the ovaries of cats which have just passed
puberty. To the best of my knowledge, however, active
meiotic changes are not usually seen, except in degenerating
follicles or follicles about to ovulate, in the ovaries of adult
rats, mice, rabbits, ferrets and monkeys.

None of these reports, indicating or suggesting that meiosis,
and in Gerard and Herlant’s case mitosis as well, may occur
in the germinal cells of the ovaries of mature females of
certain species, is furnished with a control account of the
histology of the foetal ovary, at those times when obgonia are
unquestionably multiplying. This deficiency was recognized
by Rao, but is not referred to by the other workers concerned.
Bujard (1947) describes the ovary of the immature guinea pig,
but nothing he records allows one to determine the extent to
which the presumed odgenetic phenomena in the adult ovary,
as outlined by Aron et al., and as confirmed by ourselves,
correspond with the histological manifestations of actual
oBgenesis, which presumably is still in progress at birth.
Obgenesis in the mature animal must by definition mean the
continued formation of several odcytes from some precursor
cell, in the same sense that a single spermatogonium is in the
end responsible for the production of & very large number of
spermatozoa. An essential criterion of obgenesis would, there-
fore, have to be the multiplication of odgonia by mitosis, in
the same sense that the occurrence of meiosis represents the
end, not an intermediate phase, in the process of formation of
the ovum,

The studies reported by Burkl (1954, 1955) and Burkl and
Kellner (19544, b, 1955) are in general of a more experimental
kind than those of Aron et al. In his first paper, Burkl (1954)
eports that oestrogen (hexoestrol implantatior.l) increases the
rate of neoformation of odcytes in rats, as judged by the
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“activity” of the germinal epithelium. This conclusion is
hardly borne out by the data that are published, since these,
in fact, show that the total number of primordial odeytes was
smaller in treated animals than in controls of the same weight-
groups. Results of experiments in which rats were fed the
highly toxie drug Myleran are also taken by Burkl and Kellner
(1951a, b) to support the thesis that obgenesis is a process
which continues into adult life. Some of the animals used in
this cxperiment died as a result of the treatment, and only
one normal and three experimental rats were left to provide
what in effect proved to be the basic thesis of the study, that
Myleran acts only on follicles whose odcytes exceed 88y in
diameter. This figure is used in a series of calculations de-
signed to determine the daily maturation rate of follicles, by
which is meant the number of obcytes over 38y in diameter
divided by the period of the experiment. By successive and
increasingly unconvineing t £ ions and parisons,
the conclusion is then reached that some 25 odcytes degencrate
in each eycle. Since the stock of obcytes at the onset of sexual
maturity is asumed to be 8500, it is concluded that neoforma-
tion of odeytes must occur if the ovary is not to be depleted of
obeytes too soon. Quite apart from various theoretical and
mathematical defects of the argument, the design of the whole

experi is totally inadeq to sustain any such conclu-
sion. It is worth notmg, too, that the average number of
odcytes at puberty in the Birmingham strain of albino rats is
6000, and that a stock of odcytes of this size would be sufficient
to sustain the rate of loss of odeytes ealeulated by Burkl and
co-workers without assuming that odgenesis continues after
sexual maturity had been reached.

In a later paper, Burkl (1955) again concludes, but on this
occasion without resorting to odcyte counts or a study of
nuclear changes, that oSgenesis occurs in the mature ovary of
the dog. This he does merely on the basis of the topographical
relation of odcytes to cords of epithelial cells which had
presumably been derived from the germinal epithelium. And
in a paper which follows (Burkl and Kellner, 1955), he
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purports to show that the rate of neoformation of odcytes in
albino rats increases after hypophysectomy. Obcyte counts
are given for this study, but their statistical analysis, again,
does not bear out the conclusion stated. In the first experi-
ment the mean number of obeytes for eight prepubertal
hypophysectomized animals was 8840+ 800, and for five
controls 8180 4 170. This difference is not significant statisti-
cally. In a second experiment, carried out on mature animals,
the corresponding figures for eight hypophysectomized animals
are 2650 4 230 and for five normal controls 2580 £ 230. Again,
the difference does not approach statistical significance.
Analysis of these figures, in fact, shows that the results of
Burk!’s experiments agree closely with those of Ingram (1953),
carried out in my own laboratory. They fail to demonstrate a
significant increase in the number of obcytes after hypo-
physectomy, but do indicate that the usual rate of decline in
the numbers of obeytes may slow down after the pituitary is
removed.

Van-Eck (1955) attempts to reach a lusion about the
oceurrence of odgenesis in the adult ovary of the rhesus
monkey from an experimental estimate of the time it takes
an obcyte to become atretic and to disappear. This work
is based on obcyte counts of fourteen immature (represent-
ing ten animals) and seven mature ovaries (representing four
animals). The time taken for a follicle to become atretic
was estimated from cxperiments on three young adult
monkeys which were irradiated with 1200 » (600 & on two
successive days) between the 19th and 22nd day of the men-
strual cycle, and ovariectomized 7, 10 and 14 days later
respectively. Obeytes surrounded by more than one layer of
cuboidal cells were not present after 7 days, and after 14 days
the only obeytes present were those surrounded by one layer
of epithelial cells. Van-Eck concludes that *“once atresia
oceurs in a follicle the process is invariably completed within
two weeks; for the small growing follicles the process takes less

than one week.” .
On the assumption that the time taken for atresia to oceur
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is the same “‘whether the damage is caused ph)snologxcall)
(from unknown factors) or artificially (by X-rays)”, and on
the basis of estimates of the total number of normal odcytes,
and the percentage of oScytes regarded as atretic, the fol-
lowing function

t, =a(l —r)*

in which t, = the number of o5eytes after n periods of atresia;
a =the originﬂl number of obeytes; and r the percentage of
atresia, is used to show that the ovaries would be practically
exhausted within two years if new odeytes were not formed;

consequently, odgenesis must occur in the mature ovary, two
years being the theoretical maximum life of the odcyte.

Once again both facts and are hardly ad
to support the conclusion. In the first mstnnce, Van-Eck
assumes that normally “atresia is of short duration for the
primordial and small primary follicles—the follicle is resorbed,
leaving no trace, and its place in the ovary replaced with
stroma,” To the best of my knowledge this contention is
arbitrary, in so far as no critical proof has ever been provided
that under physiological conditions atresia of young odeytes
is a rapid process. Estimates of the rate of atresia, inferred
from observations on single ovarum phases, are just as insecure
as are infe of p tal is from a picture
of an epithelial cord apparently budded from the germinal
epithelium. No-one knows how long an atretic odcyte or
follicle in & normal ovary can remain in the same apparent
state; nor indeed is there any agreement among students
about the occurrence of a high rate of degeneration in prim-
ordial odeytes.

A second weakness of the work is that it assumes that
atretic obeytes can be diagnosed sufficiently well to justify
statements such as: “t.he percentage of atretic ova was
constant for each group”. (Accordmg to her estimates 4-5 per
cent of all obeytes are atretic or in process of becoming so.)
Elsewhere in the paper, however, she noted that “for the
primordial oGeytes it is sometimes difficult to determine
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whether the cell is atretic or still normal”—and in such cases
she counted the cell as normal. Actually, anyone who has
tried to make successive counts of the atretic odcytes in an
ovary will know how numerous the marginal cases are, and
how difficult it is to obtain estimates which agree closely.

A third criticism of Van-Eck’s study is the unwarranted
assumption that the atresia which occurs as a result of X-ray
sterilization is identical in its nature, and in its duration, with
what occurs in the normal ovary. The only specific enquiry
into this point of which I know (Halberstaedter and Ickowicz,
1947), in fact, indicates that the first histological appearances
of atresia in the normal ovary are characteristically different
from those which herald atresia after X-irradiation. An ad-
ditional difficulty is that Van-Eck implicitly assumes that the
time taken for an odcyte to disappear after X-irradiation is
independent of the r dosage. The three monkeys which she
irradiated were given a total of 1200 » in two applications
through the dorsolumbar region of the body wall. It would be
extraordinary if the rate at which odeytes disappeared were
not increased if the same dosage were applied directly to the
ovaries, or alternatively, if a dose five times as great were
applied directly (see Lacassagne, 1913).

The question whether obgenesis does or does not oceur in
the mature animal has been so beset with equivoeal fact and
arbitrary interpretation, that it is essential that new observa-
tions on the topie, which clearly has important practical im-
plications, should be marked by observational and conceptual
precision if they are not to multiply confusion. The first
point that needs to be settled is whether the experimental and
biometric data summarized on pp. 82-85are consistent withany
thesis other than that odgenesis is in abeyance in the mature
rat or monkey. By *settling”, I do not, of course, mean the
‘matching of fact with speculati {i ple, disposing,
as do Aron et al. of the observation that obcytes can persist in
an ovary long after it has lost all recognizable signs of its

germinal epithelium, by suggesting that it is possible that some
unrecognizable or undefined derivative of that epithelium
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is still persisting within the substance of the ovary. What we
need to know is whether any thesis other than that o finite
stock of obeytes is involved ean be reconciled with such plain
numerical propositions as **the total number of odeytes does
not increase in an ovary undergoing compensatory hyper-
trophy”; or “‘the relative rate of loss of odcytes inereases
inversely with the amount of ovarian tissue left in the body”.
To some extent Aron ef al. appreciate this point, and their way
of dealing with it is to suggest, in effect, that the smaller the
amount of ovarian tissue left in the body, the more the work
it has to do in satisfying the body’s need for odcytes, and con-
sequently, the more rapid the decline in the odgenetic potency
of its germinal epithelium. The difficulty with this hypothesis
is not that it is arbitrary; it is unverifiable. The only tangible
measure of odgenetic poteney which one can conceive of
would be the numbers of oSeytes produced in the ovary at
any given time. As I have tried to show, any realistic analysis
of the differences which occur in the numbers of odcytes in
different experimental conditions, or as between different
normal physiological states, leads inevitably to a conclusion
which implies a primary stock of odeytes. The other possi-
bility is that odcytes are transitory structures, and that the
actual ones that ave seen, and which could be counted under
the microscope at any given moment, would have been re-
placed by another set of odeytes had the ovary been examined
on a later occasion (e.g. that the number counted on one
was the of & given odgenetic potency at that
moment; and a lesser number counted in another set of com-
parable ovaries on a physiologically later occasion was a
measure of 2 lesser obgenetic potency). This, in fact, is what
is implied by Aron’s suggestion, If it were accepted, no more
would be demanded of one's ¢credulity than would be from a
man who counted the apples on a tree on successive days,
and who held that each day he was counting a set of apples
which had miraculously replaced those that were there the
day before—and just as miraculously disappeared (there
being no fallen apples to account for the new ones that had
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suddenly appeared). To some extent it is a matter of taste
which view one accepts; my own is for the simpler proposition
that the identities of apples—and equally of ocytes—cannot
be so simply switched.

‘What answer should, then, be given to the question whether
obeytes continue to be formed in the adult ovary? If we set
aside for a moment some of the cytological evidence, the
experimental data undoubtedly support the view that as a
rule the mature lian ovary is incapable of adding to
the store of obeytes with which it is furnished by the time of
puberty. Most of this evidence has been derived from work
on rats, but the more fragmentary observations that have
been made on other species agree far more with this thesis
than they do with the contrary one. There appear to be
certain notable exceptions, and it may well be that odgenesis
ceases in some species earlier than in others, in which it may
continue for some time after puberty. But in general the ovary
appears to be a transient tissue which, so far as its main
function of obgenesis is concerned, has little or no powers of
regeneration once puberty has been reached. Compared with
the testis, the ovary is in this respect a structure which reaches
seneseence early, and which cannot be rejuvenated by any
known hormonal treatment.

Ovarian secretion

This limitation does mot extend, in any corresponding
measure, to the ovary’s powers of hormonal secretion. These
normally manifest themselves first at the time of puberty, and
in woman they fade out at the menopause. In the interval
between these two temporal events, the ovary’s capacity to
secrete hormone is under the control of the gonadotrophic
secretions of the pars distalis of the pituitary. Its capacity to
respond to this stimulation is often held to be independent of
the presence of germinal elements, but the evidence bearing
on this point is somewhat equivocal. Thus, in rats, an
ovarian graft that is apparently devoid of oSeytes may some-
times secrete sufficient oestrogen to provoke continuous or
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recurrent ocstrous phases in the host animal for periods up to
a year (Parkes, 1956). Similarly, mice which have been steri-
lized by X-irradiation, and whose ovaries arcdevoid of odeytes,
may still continue to experience recurrent phases of oestrus for
periods up to 69 days (Parkes, 1927). On the other hand, it
is a matter of common observation that the postmenopausal
human ovary, when depleted of its oGeytes, ceases to scerete
sex hormone. And it is also believed that it cannot do so,
even when subjected to the influence of gonadotrophin (see
Burrows, 1919). Because of the apparent conflict between
these two sets of observations, the whole subject has recently
been re-investigated in my own Iaboratory.

The first point which we (Mandl and Zuckerman, 19564, b)
re-investigated was the observation that a mouse ovary that
has been depleted by means of X-irradiation of all odeytes
and of all recognizable follicular elements may still produce
sufficient oestrogen to induce vaginal cornification and even
recurrent oestrous eyeles (Parkes, 1926, 1927; Westman, 1930).
Our technique differed from the earlier experiments in so
far as we irradiated the ovaries not through the body wall,
but directly. Only ovaries which were found on serial section
to be absolutely devoid of oScytes were regarded as sterile.
According to our observations on rats, the usual pattern of
oestrogenic activity after successful irradiation (2s judged by
the criterion of a total lack of obeytes) is that short periods of
vaginal cornification occur at increasingly irregular intervals,
and that after a minimum of five and usually within 40 days,
the vaginal smeark conti; ly ified. The period
of cornification lasts from 2 to 14 w eeks, and during this time
the animals, in our experience, will not mate. The vaginal
smear then becomes anoestrous in type. The hchaviour
of the X-ray stenhzed mouse also follows this pattern.
Signs of ion are not confined to the
vaginal epithelium, but can also be observed in the uterus,
which while smaller than normal, remains significantly larger
than in spayed control rats as long as 26 weeks after treat-
ment. On the other hand, changes occur in the weight of
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the body, thymus and spleen during the three months which
follow sterilization, which correspond to those that occur after
surgical removal of the ovaries. Further experiments showed
that these indications of oestrogenic activity continue after
bilateral adrenalectomy, but cease after removal of the X-ray
sterilized ovaries—which presumably are therefore responsible
for the secretion of the hormone.

In effect, what all this adds up to is that the capacity of
the ovary to seerete sex hormone is neither necessarily, nor
absolutely, dependent upon the presence of germinal elements.
Earlier histological studies of the ovaries of mice that had
been X-irradiated at birth or at the age of three weeks had
indicated that the cells which are responsible for the continued
secretion of oestrogen after the elimination of the follicular
system are those which are derived from what is described as
‘““the first post-irradiation proliferation” of the germinal
epithelium (Brambell, Parkes and Ficlding, 1927a, 8). The
tissue produced by this proliferation is “almost indistinguish-
able from true luteal tissue . . . the epithelial cells becoming
like luteal cells with connective tissue clements of the sheath
growing in amongst them like the thecal cells of the corpus
luteum.” Such proliferations do not occur in the adult ovary,
The X-irradiated adult mouse which continues to undergo
oestrous cycles was held by Brambell and Parkes (1927) to
be under the influence of oestrogen produced by “inter-
follicular tissue” and *“follicular derivatives”. The latter two
elements are, for all practical purposes, indistinguishable from
each other, and form the main part of the sterilized ovary.
Histologically they closely resemble the cells seen in mice
irradiated before puberty, and which are derived from the
cords of the first proliferation.

We have found that even when no luteal-likecellsare present
in rats sterilized before puberty, and when no cyclical changes
oceur in the vaginal smear, the vaginal closure membrane
nevertheless breaks down (Mandl and Zuckerman, 1956c).
Since treatment with oestrogen makes it do so precociously
{Allen and Doisy, 1924), the obvious inference would be that
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the sterilized ovary sccretes a small amount of oestrogen even
when noobvious luteal cclls nre present, and that the threshold
of oestrogenic stimulation responsible for canalization of the
vagina is lower than that at which cyclical changes in the
vaginal epithelium oceur. An alternative possibility is that an
X-irradiated ovary which is devoid of apparent luteal tissue
does not produce oestrogen but androgen, or some adreno-
cortical hormone, and that thelatter is responsible for the break-
down of the vaginal closure membrane (sec Burrows, 1949).
Vhichever hormone it be, there is httle likelihood that it
merely accelerates the canalization of the vagina, which would
otherwise take place, mdependently of hormonal action, as
development procceds, since, according to our experience, the
vaginal canal remains permanently closed if rats are ovariecto-
mized twenty days or 50 before the usual time of disappearance
of the closure membrane.

One further fact needs to be considered before returning to
the question of the dependence of the secretory function of the
ovary on its germinal clements. Is the secretory capacity of
the ovary after X-irradiation, whether slight or pronounced,
under the control of pituitary gonadotrophin, or is it auto-
nomous? The answer is not clear-cut, but inclines to the
latter possibility. e have found, in experiments on rabbits
and mice, that an ovary that has been effectively sterilized by
means of X-rays, and in which all odcytes and follicles have
been destroyed, does not undergo compensatory hypertrophy
when its fellow is removed (Humphreys and Zuckerman,
1954). This observation has been confirmed in a more exten-
sive series of experiments on rats (Mandl and Zuckerman,
1956a). These experiments have also shown that a completely
sterilized ovary not only fails to undergo compensatory hyper-
trophy, but also does not respond by an increase in size to
exogenous gonadotrophin. On the other hand, we also have
indications—they are little more than this—that the in-
tensity of oestrogenic secretion of the X-irradiated ovary,
however slight it may be, can be increased by gonadotr ophic
stimulation,
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These observations seem to leave little doubt that the
mechanism of scerction is different in an X-irradiated as
compared with a normal ovary. Not only does it not re-
spond to gonadotrophic stimulation like a normal ovary, but
at no time (to judge, for example, by the size of the uterus)
does it secrete as much oestrogen as a normal ovary. Since
neither recurrent periods of vaginal cornification nor per-
sistent cornification continues indefinitely after X-irradi-
ation, it is also clear that the X-irradiated ovary becomes
progressively incapable of secreting at all. This conclusion
leaves open the general question whether the decline in
secretory capacity is due to the elimination of the germinal
elements of the ovary, or to damage inflicted on other ovarian
cells by the X-irradiation, At the moment it is difficult to
see how this particular problem ean be answered. A decision
could possibly be based on experiments in which rats are
irradiated in a carefully graded series, so that their post-
irradiation behaviour could be related to the amount of
damage suffered by their ovaries.

Conclusion

From the fact that reproductive life in higher mammals is
of shorter duration than life itself; from the knowledge that
fertility in mammals, including man, reaches a peak in early
maturity and then gradually declines; from the observation
that the senescent ovary cannot be reactivated by any known
hormonal treatment; and from the experimental data reported
in this paper, one can only conclude that in general the ovary
is a transient tissue with Jittle regenerative capacity, not only
with respect to its germinal but also to its secretory functions.
The period over which the ovary is a regenerating structure,
in the sense that it is able to produce obeytes, may vary from
one mammalian species to the other, but, in general, it is an
organ which is more senescent, or potentially more senescent,
than the testis, both from the germinal and the secretory
points of view.
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Sce any convineing production of oéeytes sn mature monkéy ovaries.
This is in spite of Sw ezy’s account based in some part on some mis-
interpreted specimens from one of my papers. I do not think she ever
saw the specimens; she worked from my figures only.

In the recent work of Van-Fck done in part on some of the materialy
borrowed from me, there seems to me a possibility of a fundamental
error. She tried to wipe the slate off, so to speak, by irrdiating
the ovarics and then used deductions about the growth of follicles

ediately th without realising the ility that
the irradiation had done something to those folcles which grow and
degencrate in the next few days or wecks, So there again I find myselC
fully in doubt ns to the neogenesis of ova.

Zuckerman: 1 think the flaw in the Van-Eck papers is really a serious
one. Van-Eck has assumed, in the first instance, that the atretic
pllcn?mennn which occurs after irradiation is identical with natural
atresia. Because you can destroy an odcyte quickly with Xerays, she
therefore assumes that you can tell exactly how long it takes for an

[N A e = There s no

3

: s connection,
1 X ) al and pre:
pubertal seem to be fundamental. What constitutes puberty from the
Point of view of regeneration of obcytes?
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Zuckerman: In the context of odgenesis the term varies according to
species. If, for example, it is true that the lemurs ean produce obcytes
when sexually mature, I would be inclined to say that they constitute
one extreme in a range of mammals, the other being those species which
achieve their entire complement of oicytes before birth. In the case of
the rat we know that nuclear configurations of the kind which could be
interpreted as o0genesis cease to appear after about day 4. Some people
put it even earlier,

Parkes: That is Iong before the first ovulation?

Zuckerman: Yes, but even so it would not surprise me to find a few
otcytes being formed later.

Huggett: Tell me, have you any knowledge as to where these odcytes
come from?

Zuckerman: T have always assumed that it was true that the gono-
cytes migrate into the embryo. Bounoure, Regan, Wolff and Nieuwkoop

Corner:; Hurdig has been able to mark, m human embryos, the gono-
cytes with one of the This
seems to be quite clear. Do you not think 1t is quxte believable work and
that this corroborates the old story?

Strauss: Is it possible for the neoformation of ocytes in the adult
mammal to be 8 question of comparative embryology as well as one of
a ¢ytological nature?

Zuckerman: In what sense embryological?

Strauss: In the lower archaic mammals, like the Galago and Dasypus,
you will find some neoformation. Gérard, as well as Hamlett, claims to
have seen neoformation in these primitive mammals, in as distinct a
manner as one could wish.

Zuckerman: All these creatures started off on their reproductive life

& primitive phenomenon,

Matthews: In fishes, of course, there is entirely new production of
obeytes, but I don’t know what happens in the bird.

Parkes: Prof. Zuckerman, can you say whether or not endocrine
activity on the part of the ovary continues after the destruction of the
obcytes and, therefore, of the follicular system, and if so for how long?

_Zuckerman: I Jean only gwe you the Iscts for texpenmen‘ts on rals

recognizable Geyte in serial sections. Most animals entered a phase of
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continuous vaginal corniflention, the animals remained in that con-
dition for from twa to fourtcen weeks, and then became anoestrous, The
weight of the uterus, however, was higher than that in spayed litter-
mate controls, even 26 wecks after treatment. A smoll amount of
oestrogen was clearly being produced throughout the period of observa-
tion (as judged by the weight of the uterus) even though it was insufli-
cient to cause cornification in smears, except in the carher part of the
experiment. The vaginal mucosa showed some degree of oestrogenic
stimulation, and consisted of more than four layers of cells. Approxi-
mately the same results have been obtained on the mouse.

Parkes: That interests me very much because of the work 1did years
ianibrcia S c Yy Rwl

cmnrnn mermesr | AF that time we

is, I do not yet know.

Parkes: Then there is a further point; that if you put up the dose
of the X-rays too high you destroy the whole ovary in the same way as
a smaller dose destroys the odcytes only. R

Krohn: But of course, in the menopausal ovary you have no odcytes
Ieft and no hormone production apparently, The two do go hand in
hand there, .

Dempsey: In these experiments in which you produce continuous
oestrus after irradiation, will the animals mate? N

Zuckerman: No. In spite of a completely cosnified smear they willnot
mate.

-—-mst-n ¢hair continuous oestrus

N N in which continuous
oestrus Is produced by eonstant illumination and in which as Jong as the
animal is maintained under lights, the vaginal smeat will be in a cornifl
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state. Iere, however, the continuous ocstrus may be interrupted by
a variety of devices, by mating or by administration of gonadotrophin
or progesterone, in which case the animal will run a cycle or two and
then go back into continuous oestrus again. I was wondering if perhaps
part of the phenomenon of your animals ceasing ultimately to be in
oestrus was not merely o matter of exhaustion. After all, fourteen weeks
of continuous oestrogenic secretion in the life of a ratisa long penod

Parkes: In our experience, rats in which cyclic cornification is passing
into persistent cornification will quite often mate, and they will certainly
mate under conditions where the ovarian tissue they possess does not
have any follicular system.

Zuckerman: We specifically tested the animal's readiness to mate, but
failed to observe it on any oceasion. I do not know why the intermittent
cormﬁcahcn m thc |mmcdmte pnst m-udmtion penod fades lnto con-

. N

you do not interfere with the eyclic phase? I was thinking that you
might get hypertrophy or overactivity of the adrenal later and this might
account for the loss of cornification,

Zucherman: The experiments on the removal of the adrenals were
done when we knew the animals were so many days in continuous
oestrus, and from previous experience, could predict they would con-
tinue until cornification faded out altogether.

Huggett: What is your index of oestrus?

Zuckerman: We do not call it “ocstrus™; we refer to wngmal
com\ﬁ«mon T should like to ask Dr. Pﬂrkes w]\ether he believes there is

between the likelih graft of
teshcuhr as compared with ovarian hsslle.

Parkes: For the gametogenic property or the endocrine one?

Ziucherman: Gametogenic, although I do not imply the complete
formation of spermatozoa.

Parhes: Well, the situation is quite different because unless the testis
praft is put in a position where it would normally have a chance of

showing spetmatogenesis you won't get it, of course.

Zuchemmn. I du not mean complete gamctoaenesls, I mean the

differentiation, I was under the i impression that it is easier to make a
suceesstul geaft of testicular than of ovarian tissue, as judged by the
continuation of the eartlier stages of gametogenesis,



THE HISTORY AND FATE OF REDUNDANT
FOLLICLES

P. C. WiLLiaws
Imperial Cancer Research Fund, London

T{IE fate of redundant follicles, so far as I am capable of
dealing with it, is easily summarized, I believe that follicular
fl('gc.nemlion or atresia has been observed as a normal happen-
Ing in the ovary of all mammals that have been studied. It
certainly occurs in all laboratory rodents and I am only
going to deal with these—primarily with the rat with a side-
glance at the guinea pig. Of the many follicles that start on
the path of development towards ovulation in these animals,
OHI).’ a small mingrity reach the goal—most fall by the wayside.
It Is stated that degeneration may sct in at any stage in
follicular development, but again I am confining my remarks
lo. atresia of medium-sized and large follicles—broadly, those
With an antrum, This is because it is the most striking form
of atresia to observe and much the easiest to study. The
course of that atresia is familiar.

In the guinea pig, atretic follicles show initially (Fig. 1) a
Pyknosis of the nucleus, and disintegration, of the granulosa
cells bordering the antrum. The granulosa layers rapidly
degenerate and, as the follicle shrinks, the inner thecal cells
proliferate and take on a fibrocytic appearance (Fig. 2).
Meanwhile the ovum also degenerates and finally only the
theca retains its structure—it remains unaffected by the
secondary degeneration of the fibrocytic tissue, so that thecal
nodules (Fig. 8) persist giving the interstitial tissue a nodular
appearance before merging into general uniform interstitial
tissue (Fig. 4). There is much less fibroeytic proliferation from
the theca in the rat, but otherwise the process is exactly the
same. In both specics, the interstitital cells so constituted.

59
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although retaining an endocrine function as shown by histo-
chemistry (Dempsey and Bassett, 1943; Claesson and Hillarp,
1947; Deane, 1952) and X-irradiation studies (Brambell and
Parkes, 1927; Parkes, 1927), are not so prominent as in other
species, for example in the rabbit, where they hypertrophy to
form an interstitial gland. Thus the fate of the redundant
follicle is partly to disappear completely, partly to persist to
form part of the endocrine tissue of the ovary.

Now to come to the history of atresia. It has been stated
that atresia oceurs in cyeles in the guinea pig (Aron and Aron,
1953) and mouse (Engle, 1927), being most marked after
ovulation in the guinea pig, and during the first day of di-
oestrus in the mouse, though no such cycle has been proved
in the rat (Mandl and Zuckerman, 1950). If there is such a
correlation, then it is some evidence that atresia is conditioned
by hormonal changes and it is this aspect of the subject I wish
to discuss.

First of all I should like to recapitulate some old work on the
direct effects of oestrogen on the ovary (Williams, 1944). If
an immature rat is hypophysectomized the ovaries atrophy.
This atrophy can be at least partly prevented by treatment
with oestrogen starting at the time of operation. Table T

Table 1

QvamiAN WEiGRT 1 Isnstarure Rats arrcr Hyroroysecrony, on Iyro-
PHYSRCTOMY AND THE IMPLANTATION OF A STILROESTROL TAnLET

TPeight of ovaries (mg.)

Days aftet operation
Hypo. Hypo. 4atilh.

-
PoredSon-t
eAdGno®

E LT

o

—

6 13t per group. Ovarian welght in 20 normal fmature fats~8-2 mg.
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progressively decreases and there is a reduction in the size of
the largest follicle.

I have recently studied some of this old material from
the point of view of follicular degeneration. Some interesting
points arose. The normal immature rat ovary contains about
40-50 follicles more than 200 p in diameter and of these about
half are in the early stages of atresia. My impression is that

‘Table 1I
EfFECT OF TarL Ar O ox tae HIsToLocy
of Tur Ovarics ™ IMvaTUre, HyPoraysecrosnzen Rars
‘7 Follicles > 200 . M .
. in diameter = | Mean marimum
Animal ’;;{:uﬁ{,’:' follicle qu‘amdtr
Tolal | Solid
Normal — 49 4 399
Hypophysectomized 2 33 5 312
5 25 8 258
10 [ 6 218
15 7 7 216
Hypophysectomized 2 52 15 12
and stilboestrol- 5 85 53 376
treated 10 85 48 318
15 67 38 377

this process is a very rapid one; certainly almost all the
follicles in the later stages of atresia are smaller than this, and
so are not included in the counts. These is little change in the
total count during the first five days after operation but the
proportion of atretic follicles is greatly increased. Only 6~10
of the follicles are normal at this time and 20-30 are atretic.
The proportion of atretic follicles has increased from 40-50
per cent to 60-80 per cent.

At this point we have to reckon with the observation of
Aron and his colleagues (Firket, Petrovich, Marescaux and
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Aro 333
2 (’:l;dlco‘i;;::;m and Aron, 1953) that a single injection of
certain (](;sc e ;ll' bccf nntcr.mr hypophysis produces at a
ovary of the ve n!rcs.m of virtually all the follicles in the
theoe effeots nfc\llncn‘ pig. As the dose injected is inereased
Jarger dose. ot pl.’t)(. uc‘.‘d; ﬁr\ll.y, follicle stimulation; with a
and with tl’mnl l:v:;m, with a still larger dose, luteinization;
producing nmlg; hest dofcs, atresia again,  Within the limits
At Birst o ;’;, the lnghcr.thc dosc the quicker the cffect.
inerease ir[:”a‘n his observation scems to confliet with the
immature mt—’i‘;sm produced by hypophyscctomy in the
I beieve that tl}x:t Iam not sure that there is o conflict.
gonadotrophin i c operation of hypophyscetomy releases
suggest thzt o mt.n ll\c. circulation, The figures in ‘Fable T
on the 3;(] dl"cr'c is an interruption in the ovarian weight Joss
ovary weight ni tf!\]f'tm' l'lyp?physcctomy. The dilference in
T think Gt e o is point is not statistically significant but
similar obsern r'(:al one, nnd'Lnnc and Greep (1935) made 2
the Suggcstionnn:on' Tlxcrc is some supporting evidence for
weight is rea] at this temporary, slight recovery of ovarian
When a sinat :lmd a reflection of endogenous gonadotrophin.
serim is gigve osc of the gonadotrophin from pregnant mares’
rats, the Ov:f} 34 days ul"ter hypophysectomy te immature
is made bcrnrmn response is grcater than it is if the injection
may well b l’? or after this hnfc (Williams, 1915). I think it
which ccrtc‘t hat gonadotrophin hastens the follicular atresia
after hypn :nly oceurs, however, in its absenee—21 days
and so}r:] physcctomy there are still some follicles in the ovary
tion (0“]9 of these are undergoing atresia though the propor-
Wi y about 15 per cent) scems to be subnormal.
b en we study the ovaries of the ocs?.rozcn"“‘"‘f‘d'
t}Jl’lwphysectmmizul rate there is o different picture. During
e first four days after operation there are less atretie
FAMiAlas 2% 4lonen ave in the untreated animal—there are
. \ pomde mtmosing
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stimulates the proliferation of the membrana granulosa, but
even in the continued presence of oestrogen the degenera-
tion of this tissue is not prevented—it is only delayed for at
most several days, I think that there is evidence too that
the degeneration may be hastened by gonadotrophin, perhaps
acting by the liberation of ovarmn nndrogen Apart fmm thxs,
the ageing process in the is

obscure. Histochemistry has revealed some mterestmg facts
about the degeneration process once it has started but no-one
can yet tell whether a follicle is proceeding to ovulation or will
undergo atresia until the degeneration starts.

Postscript

The observation recorded by Professer Zuckerman in his
communication suggests to me that all the ovarian tissues are
transient. He has certainly convineed me that obgenesis is no
langer a function of the ovary in adult Jife. The transience of
the membrana granulosa I have just discussed, and that of
the corpus luteum is well established.

Professor Zuckerman’s findings in rats with X-irradiated
ovaries suggest that the thecal tissue and its successor, the
interstitial tissue, are transient too, He has confirmed Dr.
Parkes's earlier observation that eyclic vaginal cornification
may continue in the complete absence of odicytes and fol-
licles and has extended this finding by observing that such
vaginal cycles do not continue indefinitely. After a number of
weeks the vagina reverts to a continuous di-oestrous condition.
This suggests that the function of the interstitial tissue is
limited in time unless the tissue is continually renewed from
the thecal cells of degenerating follicles and corpora lutea.
Such a hypothesis would explain the lack of cyclic activity
in the postmenopausal woman, in whom, as Professor Krohn
pointed out, lack of eyclic ovarian activity is not accompanied
by persistence of eyclie vaginal ehanges.
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DISCUSSION

Amoroso: Before putting Mr. Williams® paper open to discussion
1 would like to ask him one question. Are these atretic phenomena
equally well expressed in the adult ovary as in the immature ovary?

Wiltiams: That I do not know,

Al Yo e ot

. A

Juteum.

Rowlands: I can confirm, from my limited experience with the guinea
pig ovary, that the egg does seem to be preserved in a good eondition
for a very long period of time in an ptretic follicle and the zona
pellucida remains recognizable in a corpus luteurn atreticum for a large
part of the pregnancy. ) . .

Strauss: 1 would like to ask if you think that antrum formation is
dependent on an endocrinological process?

¥¥illiams: Yes, I think it certainly is.
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night later, or a month Iater?
Williams: 1 do not think you ean, except from counts. The follicle
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follicles luteinized, and we have seen a number of cases where only a part
of the small follicle was luteinized, forming a little partialaccessory
corpus luteum one side of a tiny follicle. The other side of that follicle
was in full atresia.

Thave formed the notion that a process of partial atresia, or something
very much like it, is an essential step in the conversion of granulosa
cells into granulosa lutein cells.

Amoroso: That may also be the case in the ovary of the foetal giraffe
where atresia is d and is ied by the ion of

atresia that cccurs after ovulation in the guinea pig ovary it is my
impressign that the egg shows changes very rapidly indeed. So, is
it possible that we are confusing perhaps two different physiological
mechanisms?

Williams: The process of atresia in the oestrogen-treated animal is
obscure to me. You don’t seem to see the intermediate stages. Un-
fortunately my material is very scanty between the fifth and the tenth
day after hypophysectomy and oestrogen treatment. You do see what
are obviously remnants of atretic follicles, which have obviously under-
gone atresia since treatment started. The general appearance 15 rather
different from those in the normal animal. I think this is a different
form of atresia.

Strauss: Is not atresia the normal fate of an egg follicle, and matura-
tion and ovulation only the exception? In humans, for example, the
400 eggs, approximately, which ovulate during the fertile period are
unimportant compared with the 400,000 primary follicles. Therefore,
there are many more atretic follicles than ripening follicles. VWhat sig-
nificance do such atresia and atretic follicles have?

Harrison: T was interested to hear you say that you thought granu-

a few days but no longer. Perhaps there is an analogous situation in the
ovarian interstitial cells in Prof. Zuckerman's X-irradiated animals.
1t may be that these cells too have a limited life, and in fact vaginal
cornification may cease because there is no continual r'enewal of
interstitial tissue from atretic follicles in the X-irradiated animals.



THE CORPUS LUTEUM OF THE GUINEA PIG

1. W. RowraNDs
Agricultural Researck Council
Institute of Animal Physiology, Babraham, Cambridge

Tite salient morphological and histological features of the
avarian changes in the guinea pig have been known for half a
century. In 1906, Loeb described its early development and
drew attention to the early closure of the rupture point of the
follicle, the formation of a fluid-filled central cavity and to the
occurrence of haemorrhage before the obliteration of the cavity
by luteal tissue. In a later paper, Loeb (1911) gave a compre-
hensive account of the histology of the ovary during the di-
oestrous cyele and pregnancy, taking into account the corpus
Juteum and follicnlar activity. He noted the greater size of
the former during pregnancy and that it remained a large
circumscribed organ until parturition. Nevertheless, eyto-
logical evidence of regression was obtained which seemed to
be associated with loss of vascularity. A rapid and complete
degeneration of all vesicular follicles was noted in unmated and
pregnant animals for a short period of about four or five days
after ovulation, after which follicular growth was resumed,
and by the 10th day large healthy follicles together with
others showing signs of recent degeneration accompanied the
corpora lutea, A number of the healthy follicles soon undergo
very decisive changes which are best described in Loeb’s own
words—**These follicles are characterized by an increase in
cytoplasm of the granulosa cells. The nuclei of the granulosa
cells are not so densely packed in these follicles as in the ordi-
nary large follicles; this peculiarity being due to the marked
development of the eytoplasm. They can easily be recognized
in sections stained by haematoxylin and eosin insomuch as
they appear stained more reddish in contradistinction to the
ordinary large follieles in which the blue colour of the nuclei
predominates, while in the mature follicles the red stain of the
cytoplasm is a distinguishing feature”.

60
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I have confirmed the presence of these large follicles in the
guinea pig ovary during pregnancy and their staining reaction,
as noted by Loeb, forms a ready means of their distinction
from any other follicles that are present. They are, quxte
clearly, follicles that are und the ck iated
with the pre-ovulatory phase of development In no single
case has any evidence of spontaneous ovulation been found
during pregnancy. The object of the present work has been to
discover if ovulation can be induced during pregnancy and to
study the growth of the resulting corpora lutea in the presence
of those associated with gestation. However, before embarking
on this experimental procedure it was necessary to make a
quantitative study of the development of the corpora lutea of
the eycle and of pregnancy for, to my knowledge, no work of
this sort has been published. The experiments form part of an
investigation into the capacity of the guinea pig to maintain a
second concurrent pregnancy.

Material and Methods

All the guinea pigs were of the Hartley-Dunkin (M.R.C.)
strain, of which eighty were used to establish the normal
growth of the corpus luteum of the cycle and after mating
with a sterile or fertile male. A vasectomized male was used
to effect sterile mating. All observations were dated from
the post-partum oestrus to ensure that every animal was
fertile and that each one contributed to the replenishment of
the stock before being put to experimental use. The times of
parturition and post-partum mating were accurately recorded
for those animals used to obtain early developmental stages
of the corpus luteum, but for later stages the occurrence of
mating was presumed by the discovery of a vaginal plug or by
sperm in a vaginal smear.

Chorionic gonadotrophin, used to induce ovulation, was
injected into one of the small ear veins and the result observed
by ination of tubal hings for eggs or by the serial
section of the Fallopian tubes. The ovaries and the repro-
ductive tract were fixed in Bouin’s fluid overnight and serial
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sections cut at 7 p; every 5th section was mounted and
stained in haematoxylin and eosin.

Measurements of the corpora lutea and the mature follicles
were made acrass three diameters. One of these was got by
counting the number of sections in which the organ appeared
and the other two by ing with a mi ter eyepi
the largest section of the organ; measurements were made at
right angles through the centre of the section. The product
of the three diameters in mm.? (D3) has been used throughout
to express the dimension of these organs from which true
volume may easily be calenlated.

‘The Corpus Luteum
Quantitative observations
At ovulation, which occurs about fifteen hours after parturi-
tion, the mature follicle measures about 1 mm. in diameter, by
which time changes suggestive of luteinization have already
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D3 of the corpora lutea in 25 unmated guinea pigs and in five
which were mated to a sterile male, and Fig. 2 is a similar
representation of the same organs in fifty pregnant guinea
pigs. The regression lines ealeulated from the data are given
in Fig. 8.

The growth rate of the corpora lutea in mated and unmated
animals is very similar but the period of growth differs. In the
latter it ceases on about the 12th day and the organs then
rapidly regress; the regression is not inhibited as the result of
sterile mating. In the pregnant animal the corpus luteum
continues to grow until the 18th to 20th day and is maintained
at this size for the rest of pregnancy, but after parturition it
rapidly becomes disorganized. Its involution occurs when the
new corpora lutea are actively growing in the same ovaries.

Microscopic observations

This investigation is not primarily concerned with detailed
cytological changes in the corpus luteum, but a general de-
scription of the more gross histological features of the ageing
organ is required sinee it is on these grounds that the distinc-
tion between the normal and the induced corpora lutes is
made. The mature follicle protrudes only slightly above the
surface of the ovary and after its rupture forms only a small
crater over which the germinal epithelium is re-established
in 48 to 72 hours. Both the granulosa and the theca interna
contribute to the luteal tissue which at three to four days
consists of a narrow band enclosing a central cavity as de-
scribed by Loeb. The cells are small and fairly closely packed;
they have a small dark-staining nucleus surrounded by clear
cytoplasm of irregular shape. Mitotic figures are not common
at this stage. Possibly because of compression set up in, the
cavity by the ingrowth of luteal tissue, haemorrhage occurs
very commonly and in some of the corpora lutea the cavity
becomes packed with red blood cells for as long as the 20th
day in some pregnant animals, but in others where bleeding is
less severe strands of connective tissue encroach and obliterate
the cavity by the 7th day or soon afterwards. The luteal cells
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meanwhile expand; the cytoplasm enlarges and the nucleus
becomes spherical in shape. At this stage the corpus luteum
has a good blood supply. Changes up to the 12th day are
approximately similar in unmated and mated animals, but
afterwards, the corpora lutea in the former gradually undergo
regressive changes which become intensified when ovulation
recurs on the 16th to the 18th day.

Meanwhile in the pregnant animal, the corpus luteum shows
little change until after the 20th day when the luteal cells
gradually enlarge and tend to a polyhedral shape. Mitoses
are seen more commonly and the gland has a very rich blood
supply. This condition of apparent high activity persists
until about the 85th day when a very gradual ageing process
sets in; the outline of the cells becomes less distinct, the cyto-
plasm is more coarsely granular and vacuoles appear, and the
nueleus becomes elliptical in shape. Nevertheless, a small
number of the luteal cells appear which have all the characters
of those in a young, functional corpus luteum. The amount of
fibrous connective tissue increases, which probably serves to
maintain the size and shape of the gland. The most striking
change which occurs over this period is the restriction of the
blood supply due to a progressive closure of the vessels.

The gland as a whole, however, remains circumseribed until
parturition after which it collapses. In so far as a similar
change occurs in the corpus luteum of the unmated guinea pig
when a new set of follicles rupture, it may well be that the
final collapse of the gland at parturition is associated with
the recurrence of ovulation at the next oestrus, fifteen to
eighteen hours later, rather than from the withdrawal of
placental hormones or the evacuation of the uterus. *

Follicular Activity and the Induction of Ovulation
in Pregnancy

At the time of post-partum mating, all follicles other than
those destined to ovulate twelve hours later are undergoing
atresia, and for the four days after rupture no healthy
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vesicular follicles are to be found. But as Loeb noted, a new
wave of follicular growth then takes place and by the 8th
to 10th days mature follicles are present, and in the series of
0\ nncs examined st least onc of these structures was found

No evi of ovulation

was obtained.

A few initial experiments indicated that a dose of 50 i.u of
chorionic gonadotrophin was sufficient to induce ovulation in
pregnancy. A summary of the results obtained in 83 guinea
pigs, given in Table I, indicates that the follicles in early

Table 1
Toe Fn:ﬂumcy OF OVULATION Nnuczn BY AN INTRAVENOUS INJECTION OF
50 L.u, oF Cs T DIFFE; StAcEs oF F
In]tttwn No. of No. of Averase mo. of
eriod animals animals Jollicles
(daya) injected ovulating ruplured
8-20 10 5 2:0
2140 16 18 2-8
41-62 k4 7 3.9

pregnancy (8 to 20 days) are less sensitive to the action of the
hormone than are those occurring in late pregnancey, when the
average number of follicles that rupture is nearly doubled.

‘The Fate of the Ruptured Follicle

Guinea pigs were injected with chorionic gonadotrophin on
the 8th, 20th and 85th days of pregnancy; they were killed
8, 14, 20 and 28 days later and the induced and the normal
corpora lutea were measured as described above. Classification
of the two sets of corpora lutea was based on qualitative rather
than quantitative differences shown, By these means the
induced corpora lutea at 8, 14 and 20 days of age are readily
distinguishable from those of pregnaney, but in some ovaries
the differences between the 28-day-old induced eorpora lutea
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and the aged corpora lutea of pregnancy are not great.
Although they may be different in size it was felt that this
criterion was no certain means of classification, and to enable
the writer to be unaware of their size at the time of histological
examination, he was shown only a high-power microseopic

Table 2
Tue Growrr oF CorpORA LUTEA INDUCED AT DIFFERENT STAGES IN
PREGNANCY
v fean D? (mm?
Ll Ho.of corporututen | Mean Dy
IoP, | Preancy
day) Preqrancy| Induced | Pregnancy] Induced

11 8 8 16 T 1 4-96 1-62
18 8 8 16 4 2 601 3:05
b3 8 14 22 L 2 672 210
10 8 14 2% 6 1 5:63 2-32
12 8 20 28 2 2 6-28 1-94
14 8 20 28 4 4 755 2-57
21 21 8 29 8 3 3-41 1-49
23 21 8 29 L] 1 5-89 228
28 21 14 a5 5 2 634 8-51
24 21 14 35 8 3 493 | 250
26 20 20 41 8 2 4:05 $-87
22 21 20 41 & 4 801 3:53
25 21 28 490 K 1 7-00 4-93
27 21 28 <9 € ks 5-21 2.08
17 85 8 42 9 3 698 3-03
15 33 8 43 4 4 928 2:63
38 35 14 49 5 3 8-20 410
31 83 14 49 5 5 6-60 2-89
16 83 20 55 8 3 9-09 463
1% 85 20 53 6 1 5-88 4-39
38 35 28 63 5 4 8:39 3480
20 35 28 63 10 4 7-81 4:38
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field upon which classification was based. A very close agree-
ment between classification based on the results of micro-
scopic examination and size of the gland was obtained. The
most reliable criterion used to separate the two sets of glands
was the degree of vascularity but when at a later stage of
development closure of the blood vessels had occurred in the

s
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Fi0. 4. Mean D! in mm.? of corpora lutea induced on the 8th (O); 215t x) and
35th day (@) of pregnancy compated with the normal structures In unmated
and pregnant guinea pigs.

induced corpora lutea as well, the distinction was made on
eell size, nuclear shape, vacuolation of the cytoplasm and the
estimates of the numbers of mitotic figures present. The data
obtained are presented in Table 2 and Fig. 4 on which lines
fitted by eye, illustrate the trend of growth of the corpora
lutea induced at the three different stages of pregnaney. The
first wave of follicles to mature, when ruptured artificially
on the §th day of pregnancy, form very small corpora lutea
growmg at a very slow rate, but although they do not attain
the size of those in the unmated animsl, they are maintained
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at their full size for a longer period. It would seem that the
later in pregnancy that ovulation is induced, the more rapid
is the growth and the greater is the size attained by the cor-
pora lutea. The follicles ruptured on the 85th day form corpora
Tutea of similar size to those produced during the di-oestrous
cycle but unlike the latter they remain at their maximum
size, as do the corpora lutea of pregnancy. Histologieally, the
induced corpora lutea r ble those of the d animal
for they do not undergo the changes characteristic of normal
structures during the 8rd to the 4th week of pregnancy.

The corpora lutea of pregnancy in the ovaries of the
guinea pig in which ovulation was induced on the 85th day
{mean D% = 7-70 + 0-68 mm.?) were significantly larger than
those (mean D? = 5-65 4.6+ 87 mm.%) in ovaries containing n set
of corpora lutea induced on the 21st day. Enlargement does
not seem to be related to the number of induced corpora lutea
co-inhabiting the ovaries, although in one animal (10P/19)
it did not oceur when only one of the latter structures was
present.

Functional Activity of the Induced Corpora Lutea

‘The inhibition of follicular activity

Six pregnant guinea pigs were injected with chorionic
gonadotrophin and killed 24 to 96 hours later. All follicles
present at the time of injection which failed to ovulate became
heavily luteinized and were recognizable as small Iuteal cysts
containing an egg. No normal vesicular follicles were found
in ovaries up to 96 hours after injection, but in other guinea
pigs killed after eight days they were as plentiful as in a
normal animal after mating.

Capacity to sensitize the uterus to decidual reaction

A few attempts were made to test the capacity of induced
corpora lutea to sensitize the uterus in this way. Unilateral
pregnancy was established by ligation of the left uterine horn
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or the left-Fallopian tube in eight young guinen pigs, and at
various stages after post-partum oestrus they were injected
with chorionic gonadotrophin. Six days later silk threads
were inserted through the sterile horn and the sites examined
histologically six days afterwards. No evidence of a decidual
reaction was obtained but in two animals in which ovulation
was induced on the 58rd day of pregnaney the infertile horn
was enlarged around the site of irritation. It should be realized
that the horn sterilized by ligation at its cervical end is a large
flaceid structure containing a fluid and bears no resemblance
to the uterus in the early luteal stage. Thelatter condition was
more closely obtained in animals that were semi-sterilized by
ligation of the Fallopian tube, but in two of the eight animals
treated in this way there was no sign of a decidual reaction.

Effect on parturition

Two guinea pigs were injected in very late pregnancy to
observe the effects of the presence of induced corpora lutea on
parturition. One, which was treated on the 5ith day, gave
birth to a litter at the expected time, fourtcen days later.
No evidence of post-partum mating was obtained but when
killed three days afterwards the ovaries contained eleven very
young corpora lutea. The second animal, injected on the
62nd day, produced a litter seven days later. She was killed
six hours after parturition and the ovaries, which contained
six induced corpora lutea, also had numerous mature follicles
awaiting ovulation. There is little to suggest, therefore, that
the induced corpora lutea affect the time of onset of parturi-
tion or the recurrence of post-partum ovulation.

Discussion

The corpus luteum is an endocrine organ whose main
function in unmated animals is the regulation of the di-
oestrous cycle by means of its capacity to inhibit ovulation. Of
all the structures in the body, it is probably the ane which
has the shortest life, for in normal circumstances it remains
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active for periods ranging from a few days to about two weeks
according to the species. Its life becomes extended in the
process of reproduction and it assumes important functions
in the maintenance of gestation. The extent to which it is
prolonged and its relative importance to the needs of gestation
varies greatly from one species to another. Reynolds (1949),
in summarizing the evidence for the role of the corpus lnteum
in the maintenance of pregnancy in different animals, places
the guinea pig in an intermediate position between those
species in which luteal tissue is required for foetal survival
and those in which it plays no part in the second-half of preg-
nancy, for the reason that abortion dees not invariably oceur
after odphorectomy in late pregnancy. The observations
reported above have shown quite clearly that I:he corpora
lutea persist as well-organized bodies throughout pregn:
in the guinea pig. But mere existence does not necessanly
imply retention of functional activity, and in this connection
reference must be made to the work of Loeb and Hesselberg
(1917) showing that pregnancy was initiated and maintained
in some guinea pigs for as long as thirteen days after o8phorec-
tomy performed as early as the 8rd to Gth day after mating.
In others, treated similarly, abortion occurred. That some
fundamental change in the function of the corpus luteum takes
place at this very early stage of pregnancy is suggested by
the renewal of follicular growth and maturation in the guinea
pig ovary on about the 4th to 5th day after ovulation. It is
difficult in this species, therefore, to establish the precise
relationship between the corpus luteum and the maintenance
of gestation.

1t would seem, in general, that there are two factors closely
associated with the prolongation of the life of the corpus
luteum. First, in some species, for example the rat, the
duration of Juteal activity is prolonged by cervical stimulation
at mating. Inthe guinea pig, however, it has beenshownabove
that mating with a vasectomized male fails to prevent the
regression of the corpus luteum which normally occurs on the
12th day after ovulation. Secondly, many lines of enquiry
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suggest that luteal growth is stimulated at the time of implant-
ation of the blastoeyst, This is shown by many species which
exhibit the phenomenon of delayed implantation, for example
many species of the Mustelidae (Wright, 1912) and the
Pinnipedia (Harrison, Harrison Matthews and Roberts 1952;
Rand 1955}, and in species in which implantation is delayed
by concurrent lactahon, for instance the bank vole (Cleth-
riomys g 1 d by Brambell and Rowlands (1936).
Inall these there is evidence that the growth rate of the corpus
luteum slows down or may even stop when the blastocyst is in
the free-living state in the uterus, but when attachment takes
place luteal growth is resumed. Experimental evidence of the
16le of the uterus in prolonging luteal activity has been pro-
vided by Nalbandov, Moore and Norton (1955), who have
shown that distension of the uterus of sheep by insertion of a
bead 8 mm. in diameter delayed the onset of the next oestrus
by about eight days. In the sheep, however, no difference in
size exists between the corpus luteum of the cycle and that in
the pregnant animal, so that it is not possible to show whether
the uterine stimulus is able to enlarge as well as to prolong the
period of its activity. Clearly, an experiment of this nature is
desirable in the guinea pig.

Attachment of the blastocyst to theuterine epithelium in the
guinea pig occurs on the 6th day after fertilization (Blandau,
1949) at which time the uterus is sensitive to stimuli producing
the decidual reaction. There is, however, no suggestion in
Fig. 2 of a change in the gmwth rate of the corpus luteum at
this time and if attack is responsible for the
of luteal growth from the 12th to the 20th days of pregnancy
(over which period the corpus luteum is regressing mn the
nof g animal) it b clear that the cffects of the
stimulus are not apparent for some time later. It would seem
probable on the basis of the work of Velardo and colleagues
(1953) on the quantitative relationship between the decidual
response and extension of luteal function in the rat, and from
Nalbandov’s experiments on sheep (loc. ¢it.), that the stimulus
for the continued growth of the corpus luteum of pregnancy
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is provided only when & certain threshold amount of decidual
development or uterine distension has occurred.

It has been made clear that not only is the life of the corpus
Iuteum prolonged in the pregnant guinea pig but that it is
also significantly enlarged. Are these two features different
expressions of a response to the same stimulus or are they
controlled independently? It is well known that in many
species prolongation of luteal activity is not accompanied by
enlargement of the gland, which may be an indication that
these characters are controlled separately. The observations
made on a set of corpora lutea resulting from ovulation induced
at different stages during pregnancy confirm this view for,
although these structures never attain the size of the normal
corpora lutea of pregnancy, they have a longer life than those
of the unmated animal.

Summary

The corpus luteum of the guinea pig reaches maximum
size on about the 12th day and regression, which sets in
immediately, is accelerated when ovulation recurs four to six
days later. Sterile mating does not prolong its life-span. In
pregnancy, the corpus luteum grows at the same rate for
eighteen to twenty days and is maintained at maximum
size until parturition, but histological evidence of ageing
occurs in mid-pregnancy. Regression is very rapid after
parturition.

Follicular growth is resumed on the 4th to 5th day after
mating and mature follicles are found at all times after the 8th
or 10th days. Ovulation does not occur spontaneously but
may be induced by chorionic gonadotrophin (50 i.u.) injected
at any time after the 8th day. The number of follicles that
rupture and the size of the corpora lutea that are induced are
greater in late than in early pregnancy. Those produced on
the 53th day grow to the size of the corpora lutea in the
unmated animal, They never reach the size of the co-existing
corpora lutea of pregnancy but, like the latter, they are
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maintained at their full size for a long time. The corpora lutea
of pregnancy are enlarged when they co-inhabit ovaries con-
taining another set induced on the 35th day, but not when
ovulation was induced on the 21st day.

Follicular growth is inhibited for four to five days follow-
ing the induction of ovulation in pregnancy. The induced
corpora lutea are mcapuble of sensitizing the sterile horn of
unilaterally pregnant guinea pigs, and their presence in very
late pregnancy does not interfere with parturition.

A factor iated with decidual growth is idered to be
ponsible for the additional growth ing in the corpus
luteum of preg y and which is di from that main-

taining the size of the corpus Juteum until parturition.
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R { No hi investigations have been made, but
with the limited number of ovaries examined by ordinary histological
methods there is nothing to suggest that the eatly development of the
induced corpus luteum is abnormal.
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Rowlands: T have no information to offer about mink, but in various
species of seals in which implantation is also delayed for some months
after mating, Prof. Harrison has deseribed changes in the corpus luteum
colncident with implantation.

Harrison: My impression was, in examining that material, that the
corpus luteum of ovulation, if you like to call it that, was not properly
vascularized, and that at the time of implantation, perhaps some two or
three months later, the corpus luteum became revascularized, and that
before implantation there was an outbreak of vacuolation of the luteal
cells, which went when implantation occurred.

Matthews: Something similar seems to oceur in the badger also.
Ammw. \hth n-gan.l to the persls!ence of corpora !utea. thc cat

* is actually entering the endometrium.
Accessory corpora lutea, such as are found in the mare, are sometimes
encountered in the ovary of pregnant cats during the seventh week of
gestation.
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Formation of the acrosome and head cap

The large juxtanuclear body of the spermnhd which is
commonly referred to as the idi
under the clectron microscope as an nggregnuon of mmute
vacuoles and broad, flattened vesicles (Figs, 2 and 8). The
Intter are often closely approximated in parallel array and
hence, in section, have & lamellar appearance. The small
vacuoles seem to arise by being budded off from the edges of
the flattened vesicles. With cytological staxmng methods, the
parallel arrays of b are apy
mote heavily with osmium or silver than is thc rest of the
complex and they are identified with the light microscope
as rod-like or crescent-shaped Golgi bodies (dictyosomes).
"The masses of minute vacuoles, staining Jess heavily, have been
designated the idiosomal material {archoplasm). Inasmuch as
the Golgi complex in all other cell types examined to date also
contains both the minute vacuoles and the parallel arrange-
ments of membrane-bounded vesicles, there appears to be no
reason for retaining, in the case of the spermatid, the special
terms “idiosome”, “archoplasm” or *sphere” for a part of
this structure. Instead, the whole body is to be regarded as a
particularly well-developed Golgi plex, differing in no
essential respeet from that of other cell types.

Early in the diffe iation of the sp id one or two
large granules are formed within separate vacuoles of the
Golgi plex. These pr are moderately
dense to electrons and are generally homogeneous with present.
resolutions. Coal of the les, and of the granul
which they contain, results in the formation of a single
sizeable acrosomal gmnule within a rather large acrosomal
vesicle, The Jatter is & ded by a distinet it and,
in life, probably has a fluid content but this is represented in
the electron micrographs only by a faint, flocculent precipitate
seen in the vacuole around the acrosomal granule (Fig. 8}
The acrosomal vesicle approaches the nucleus and adheres
1o its anterior pole and at the same time the geanule in its




Fic. 1. A parr of spermatids (Spd) joined by an mntercellular bridge

{at arrow) through which there 1s free commumeation from one cell to the
other. The spermatids are completely surrounded by Sertoli celts (Se C).
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interior becomes fixed to that portion of the wall of the
vesicle that is attached to the nuclear membrane, The Golgi
complex thereafter remains closely npphcd to the surface of
the acrosomal vesicle {Fig. 8) and gives rise to numerous
vacuoles which are believed to coalesce with the vesicle,
contributing in this way to its progressive enlargement. The
acrosomal granule also grows, seemingly, by addition of
material to its surface from the surrounding fluid. The
granule at first is almost spherical in shape and projects well
into the vesicle, but later it becomes flattencd and frequently
occupies u shallow depression in the end of the nucleus (Figs.
2and 8). As the area of contact between the enlarging acro-
somal vesicle and the nuclear membrane increases, a layer of
dense granular material is deposited on the inner aspect of
that part of the nuclear membrane which is covered by the
vesicle (Figs. 4, 5 and 6). The vesicle gradually extends down
over the end of the nucleus like a double-layered stocking
eap and, as it does 50, its lumen is reduced ta a narrow cleft
(Figs. 4 and 5). Meanwhile, in the elongahon of the spermatid,

the Golgi plex and the cytopl migrate to
the posterior pole of the nucleus and the plasma membrane
at the anterior end of the cell is brought into close contact with
the outer \é wall of the 1 vesicle or head
cap. The substance of the granule, which originally was con-

this stage, therefore, consists of outer and inner membranes
which are continuous at the posterior margin of the cap, and
between these is a thin layer of homogeneous material derived
from the substance of the acrosomal granule (Figs. 6 and 7).

Thus, the study of electron micrographs has clarified the
nature of the idiosome and has reaffirmed the origin of the
acrosome from the Golgi complex; it has established that
the acrosomal vacuole or vesicle is not a fixation artifact but
is a real structure which has an important réle in the forma-
tion of the head cap of the spermatozodn.
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Condensation of the karyopt

After formation of the head cap a sequence of striking
changes is observed in the nucleus. Throughout the early
stages of differentiation, the karyoplasm of the spermatid
eonsists of closely-packed fine granules (circa 100 4) of rather
low density, interrupted here and there by coarser granules of
somewhat greater density (Figs. 4 and 5). The nucleolus is
inconspicuous and indefinite in outline. During the period of
clongation of the nucleus, the fine granules in the karyoplasm
are graduaily replaced by coarser granules, These probably
arise by agglomeration of the pre-existing fine granules.
However, more seems to be involved than a change in the
state of apggregation of the nuclear material for, associated
with the increase in granule size, there is a marked increase in
their osmiophilia (Fig. 7). This must reflect an increase in the
number of unsaturated linkages. As differentiation continues
and the coarse granules become more closely packed, some
sperm heads show sizeable clear areas of irregular shape
which, no doubt, correspond to the *“ vacuoles” that have been
observed with the light microscope in the heads of human
spermatozoa. These have not been seen jn the other species
studied. Late in the maturation of the spermatids, the coarse
dense granules (300400 1) coalesce into a smooth homo-
geneous mass which once again displays only a moderate
affinity for osmium, Concurrently with these changes in the
fine structure of the karyoplasm there is o steady reduction
in the size of the nucleus and a change in the shape of its
sagittal section from obtuse to acuminate,

The electron mieroscope finding, that there is a waxing and
waning of the osmiophilia of the nucleus, is reminiscent of the
earlier reports in the literature to the effect that there is a
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spermatozoa are maturing.
The inerease in intensity of nuclear staining in the course of
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spermatogenesis has generally been looked upon as the result
of a concentration or dehydration of the karyoplasm. The
electron microscope observations reported here suggest that
the process is not as simple as this and that it involves not
only profound alterations in the state of dispersion of the
nuclear chromatin but, very likely, changes in its chemistry
as well.

Observations on the interstitial cells

Appearance with the light micrescope

Human interstitial cells occur as groups of elongated,
rounded and polyhedral cells of diverse cytological character.
The marked differences in their appearance are interpreted by
some investigators as representing different phases in the life-
cycle of the Leydig cells (Hooker, 1944; Williams, 1950).
Since mitotic figures are not observed in mature Leydig cells,
it is commonly assumed that they arise by differentiation
from spindle cells present in the interstitium, but it remains
unsettled as to whether these cells of origin are common
connective tissue fibroblasts, or whether they are primitive
mesenchymal cells which persist in the adult along the blood
vessels and in the lamina propria of the seminiferous tubules.

When the young interstitial cells are still relatively undif-
ferentiated, they have a plump, fusiform shape with a nucleus
of infolded or irregular outline, a finely granular chromatin
pattern and a small nucleolus. Although they resemble
fibroblasts in some respects, they are generally larger,
often contain a few lipid droplets (Montagna, 1952) and,
with some fixatives, their cytoplasm has a fibrillar texture
{Sniffen, 1950). In the course of their metamorphosis into
typical Leydig cells, the nucleus is said to become round in
contour, eccentric in position and to develop a very distinct
nuclear \ and a large Teol The cell volume
i and the eytoplasmic filaments gradually give way
to fine acidophilic granules. In the mature Leydig cell, the
cytoplasm becomes increasingly heterogeneous and contains
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coarse, as well as fine, acidophilic granules, golden-brown
lipochrome pigment and lipid droplets of various sizes. In
addition, many of these cells contain large angular inclusions
known as the crystailoids of Reinke (Reinke, 1896). These are
visible in the cytoplasm of unfixed interstitial cells as highly
refractile, pale yellow bodies which are usually rod-like,
rectangular or trapezoidal in shape, but are often rounded
at the ends. They arc peculiar to the human testis, and their
origin, chemical composition and physiclogical significance are
unknown.

Appearance with the electron microscope

The electron microscope reveals an even greater variation
in the fine structure of the interstitial cells than was appre-
ciated with the light microscope, and provides additional
evidence of a transition from spindle celis to Leydig cells. The
spindle cells in the lamina propria of the seminiferous tubules
have elongated nuclei and a homogeneous cytoplasmic matrix
of low density to electrons. Their cytoplasm is traversed
by a few canalicular strands of ergastopl which show
vesicular dilations along their length. Mitochondria are
few in number and simple in their internal structure. The
only cytoplasmic inclusions observed are a few small lipid
droplets.

The Jarger fusiform cells that are found along the blood
vessels and interspersed with the Leydig cells have round or
jndented nuclei and their cytoplasm is characterized by the
presence of large numbers of extremely thin (50 4) flaments of
indefinite length (Fig. 10). These are most abundant in the
interior of the tapering cell processes where they gencraily
run parallel to the long axis of the cell. The mitochondria and
endoplasmic reticulum tend to be near the periphery of the
cell. Many small vesicles (300-500 4) are found just beneath
the plasma membrane and these sometimes appear to open at
the cell surface. Some of these cells contain sizeable agglomera-
tions of dense osmiophilic granules clustered around vacuoles
of lower density.
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Fre. 14 Electron micsograph of a segment of a crystalloid of Reinke
(Cr) diveloving o bighly ordered internal structure which presents a
a fabric-like pattern.

Fic. 15. The end of a erystalloid of Reinke at high magnification
showing a pattemn of densitics spaced n umform distance apart
(186 A} in precise rows interseeting at npproximately a right angle,
This pattern is interpreted in the diagranmatic overlay as the orderly

2

of protein wles in @ crystalline lattice.
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The maturc Leydig cells are cpithelioid in shape but their
membranes arc not closely coherent as in epithelial tissues.
The nuclei are round nnd have prominent nucleoli. The
cytoplasm is not_fibrillar, but, instead, has a vesicular
character, owing to the presence of very numerous small
membrane-limited vacuoles 100 to 200 miilimicrons in dia-
meter (Fig. 11). Some of these scem to have a content of very
Jow density but the majority appear quite empty. Their
origin and significance is by no means clear. Their mem-
branous wall is sometimes observed to be continuous with the
plasma membrane in a manner which suggests that they
either are formed at the cell surface or discharge their con-
tents there. In some Leydig cells these minute vesicles are
present in moderate numbers, while in others they are so
closely packed that little background eytoplasm can be seen
between them. Tt is easy to speculate that they are somchow
related to the specific function of the Leydig cells and that the
variations in their abundance from cell to cell reflect different
states of physiological activity.

The mitochondria are not particularly abundant in Leydig
cells and are quite variable in shape. Some are clongated,
some spherical, and others have a bizarre, swollen appearance.
This pleomorphism is consistent with reports, based upon
light microscopy, that the mitochondria of interstitial cells
are especially labile and very apt to assume enlarged and
distorted forms as a result of delayed fixation (Duesberg,
1918). The mitochondrial matrix is of very low density
and the folds of the membrane projecting into the interior
of the organclle are fewer and more irregular in their dis-
tribution than in the mitochondria of most other tissues. In
keeping with the acidophilic staining of these cells in ordi-
nary hlstnloglcal preparm‘.lons, the endoplasmic reticulum or

" is poorly developed and the small particles
of 1i 1 in, which are responsible for cytopl:
basophxlm (Palade, 1955), are present in small numbers.

Lipid oceurs in the Leydig cells in two forms: homogeneous,
moderately osmiophilic droplets (Fig. 8), and heterogeneous
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aggregates of i philic, lar material {Fig, 9).
The former are interpreted as droplets of neutral fat, while
the latter are believed to belong to the group of acewnc-
uble lipid pl often referred to as lip

pigments or ceroid. The i ly iophilic
material is often aggregated around the penphery of vacuoles
of a homogeneous substance which does not reduce osmium.
Sharp angular clefts which sometimes oceur in the midst of
these conglomerations are interpreted as negative images
of crystals which have been dissolved out during specimen

preparation. The signifi of these p masses is not
clear, but they are of very common oceurrence in the cells
of most steroid-producing endocrine glands. The amount of
lipid present in the mature Leydig cells is highly variable,
Some of them are virtually devoid of droplets of neutral fat
but contain considerable pigment. Others have large amounts
of both.

In electron micrographs, the crystalloids of Reinke have a
complex and highly-ordered internal structure which presents
a regular pattern bearing a superficial resemblance to that
of a woven fabric (Fig. 14}. The pattern varies, depending
upon how the object is cut, but in crystals which are most
favourably oriented with respect to the plane of section, it is
possible to resolve a pattern of densities 100150 4 in dia-
meter, uniformly spaced sbout 190 4 apart along two axes
which are approximately at right angles to one another (Fig.
15). The length of the period along the third axis has not been
determined. This pattern is thought to represent the arrange-
ment of macromolecules in the lattice of & protein crystal.
A few of the crystals are rectilinear, with straight sides and
sharp angles, but the majority have rounded contours, parti-
cularly at the ends (Fig. 13), There are indications that they
are almost as soft as the surrounding cytoplasm for, when
sectioned, they cut pesfeetly smoothly without tearing or
setting up vibrations in the block. Protein erystals are apt
to be rounded at the ends rather than sharp-angled and, in the
“wet” state, they are quite soft,
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Heretofore, the ption that the crystalloids of Reinke
are protein has been based entircly upon their solubilities and
staining reactions as studied with the light microscope. The
present study presents additional evidence of their protein
nature in their rounded shapes and soft consistency, and it
provides the first visual demonstration of their large molecuiar
size and erystalline intcrnal organization. It is apparent that
the erystals of Reinke are entirely different from the erystal-
loids of Spangaro and Lubarsch which are found in the epi-
thelium of the seminiferous tubules.

In addition to the spindle-shaped interstitial cells and the
typical Leydig cells just described, many cells are observed
which appear to be intermediate between these two cell types.
These transitional forms have some of the cytological charac-
teristics of both. Thus, one may find bundles of delicate
ﬁlaments, typxcal of the spmdle-shaped mtershhal cells,
int with of
the sort commonly found in mature Leydlg cells (Flg 12).
The occurrence of such cells seems to support the contention
of earlier workers who | lated a gradual phosi
of the spindle cells into mature Leydig cells. Moreover, the
striking variability among mature interstitial cells with
respect to the degree of vacuolation of their cytoplasm and
the abundance of their lipid droplets, pigment granules and
protein crystals, strongly suggests that they are of very
different ages or that they are in different phases of a cycle of
physiological activity. There seems to us to be little to sup-
port the contention that the Leydig cells clear themselves
of these accumulated inclusions and revert to spindle cells
{Rasmussen, 1932; Williams, 1950), but there is some reason
to suspect that they age and ultimately degenerate. Certainly
many cells are seen which are crowded with lipid and pigment
and have grossly swollen, distorted mitochondria, and some
of these also show large angular areas which, at high magni-
fication, are pale, poorly defined and devoid of visible internal
structure, a8 though they were “ghosts” of erystals which had

it Although d dable criteria for the
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Tecognition of senility in cells at the electron microscope level
have not yet been established, it is difficult to escape the
conclusion that some of the Leydig cells are maturing while
others are no longer physiclogically active and are, perhaps,
in o state of impending degeneration.,
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DISCUSSION

Montagna: I have scarcely recovered from the breath-taking beauty
of these preparations. Before I make any comments (which unfortu-
nately have very little to do with Dr, Fawcett’s presentation) may 1 sa
that I have been accused of dealing only with the testes of feeble-minded
individuals. This is largely true because they are the only people we



Discusston 97

can convince that castration is a good thing! YWe have supplemented
our studies with specimens of testes obtained from volunteer prisoners.

Ageing In the human testis is n very gradual process. There is no

riod at which ageing processes are really precipitous, The testes from
a man, 72 years old—the oldest individual we have—still look pretty
good, and still have a certain amount of spermatogenesis going on.
Beginning from about 45 years or so, and this is variable with indi-
viduals, spermatogenesis gradually slows down and together with this
there is an increase in the number of cells which look tike Sertoli cells.
I call them Sertoli cells because their nuclear morphology and eyto-
plasmic inclusions, such as plycogen and lipid granules, are identical with
those of Sertoli cells.

‘The oldest testes usually contain numerous Ser‘wli cells an:i sper-

SEILOIL Cels ATe DWNEIOUS #0U BOL HNUIYed WILI 80 Lie spernatogeme
cells, one can see, even with the obsolete methods of the light or
phase contrast microscope, a fairly distinct membrane between the
individual cells.

oue gomg towarus Lhe UDTOLIASLS ANG vne gowy LOWaIUs LLE Leydiy
cells. T would like to hear Prof. Fawcett express his opinion on this
matter.

Fawcett; Up to a year ago I was doubtful of the reported transition

savIvG YoL. 2
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believe that these cells are transitional forms between fibroblasts and
mature Leydig cells. In the course of this study, therefore, 1 have
become more receptive to the suggestion that has often been made in
the literature to the effect that fibroblasts or fibroblast-like cells are
transformed into Leydig cells during adult life.

Zucherman: Would it be possible to arrange any experimental con-
ditions in which the relative frequency of the transition from one to the
other type of interstitial cell could be studied? T recall that when most
cells which could possibly be spermatogonia disappear from the semini-
e ule, and the ccgs of Sertoli become defined with considerable

L0
varies histologically—in different 1s. It ‘would
be mtcres(mg to examine different types of interstitial tissue with the
electron microscope. I recall that in rodents, for example in mice and
rats, that the cells are more fusiform or spindle-shaped with fewer
epitheloid cells of the Leydig type than one sees in man, or, to tite
uno:.her" ex'n:npli. in the testes of deer. Thus there is o range to be

RSP SOV JRR aatael

cated the presence of steroid compounds in the cells. "I wonder whether
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h the electron microscope have any bearing on the
b 6 Jatnrtomnirle ineha aabie $eoti

the findi
NSt RN

L . 1

must include (1) the primary spermatocytes and spermatogonia, and
{2) the Sertoli cells as sites of these substances. These elements give
reactions identical with those found in the Leydig cells.

Faweett: By electron microscopy, the Sertoli cells contain an abund-
ance of neutral fat droplets but pigment is relatively uncommon. e
have very rarely found either lipid or pigment in spermatogonia or
spermatocytes.

2Aontagna; Judging only by the osmiophilia?

Fawcett: Judging by their appearance in electron micrographs of
osmium fixed tissue. Osmiophific pigment aggregations are easily dis-
tinguished from neutral fat in such preparations.



MITOCHONDRIAL CHANGES IN DIFFERENT
PHYSIOLOGICAL STATES

Epwarp W. DEMPSEY
Department of Anatomy, Washinglon University Medical School, St. Louis,
Missouri

MirocroxpRIa, defined by light microscopy as organelles
stainable by selective stains and intravitally by Janus green,
have been identified in sections examined with the electron
microseope. They appear after osmic fixation as ovoid or
elongated structures with an outer limiting membrane.
This membrane is & double one. Its inner lamina is folded or
extended into many inward projecting folds, each of which
is composed of two closely apposed membranes. Enclosed
by the limiting membrane and between the inner folds is
2 homogeneous, moderately dense matrix, in which there
occurs oceasional dark granules. The number and complexity
of the internal laminar folds, the density of the matrix and
the size and number of the granules all exhibit variations from
tissue to tissue, but are reasonably similar from cell to cell in
the same tissue.

We have examined mitochondria from several tissues in
d\ﬁ'erent physiological states, or after various experimental

These organelles prove mslly susceptible to
nltcratmn They swell rapidly if fixation is delayed after
the death of the animal. This post-mortem swelling can be
prevented, however, by subjection to hypertonic solutions.
Mitochondria behave, therefore, somewhat like osmometers.

After intravital exposure to several forcign or toxic reagents,
wmitochondria appear to concentrate the foreign substances
and to become nltered in the process. In rats, to whose
drinking water silver nitrate had been added for long periods
of hme, deposits of dense granules occurred in basement

and in phages throughout the body and,

100
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in addition, in occasional parenchymal cells. In the liver and
pancreas, mitochondria, identifiable by their internal folds,
were observed to contain silver granules. Further deposi-
tion of silver causcd dlsruptmn of the internal folds and the
formation of int les. Similar changes in
mitochondrial appearance have been noted in our Iaboratory
by Dr. Jules M. Weiss after intravital administration of neutral
red. We have also seen occasional macrophages from normal
animals in which granular aggregates were segregated within
mitochondria.

The endodermal epithelium lining the yolk-sac cavity is a
transient tissue in that it, like the rest of the placenta, lives its
life only during the period of gestation. Moreover, in many
animals, the yolk-sac is a flourishing organ early in pregnaney
but becomes reduced in size and relative importance after
the blist of the chorioallantoic pl At mid-
gestation in the gumca pig, mitochondria in the yolk-sac
epithelium are normal in appearance and have well-defined
internal membraneous folds. Near term, however, the mito-
chondria are swollen, their internal folds have vanished and
many seem to have been converted into pigmented structures.
In the mare’s yolk-sae, which becomes reduced in size during
the middle span of pregnancy, numerous cells become de-
tached from the basement membrane. In these effete cells,
swollen and disorganized mitochondria are the rule. These
changes are not ascribable to poor or delayed fixation, since
adjacent cells may contain mitochondria of normal size and
structure.

The adrenal cortex can be regarded as a transient tissue in
that moribund and dead cells are frequent in the inner, juxta-
medullary zone, whereas mitoses are ordinarily encountered
only in the outer zones. These and other cytological con-
siderations lead to the assumption that cells in the outer
portion of the zona fascxculata are in an active secretury
phase; those in the inner fasciculata are b i
and those in the zona reticularis are dying. The electron
microscopical appearance of these zones has recently been
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studied in our hbomtory by Dr. Jelfrey D Lever. In the
outer portion of the f: Tata, mitock are

and closely packed, they frequently have bizarre shapes and
are closely associated with a system of membrane-lined
vacuoles or tubules. Their internal structure differs from that
exhibited elsewhere; the internal membranes here are tubular
rather than laminar in configuration. The density of the
mitochondrial matrix varies greatly, some mitochondria
being excessively osmiophilic. In the zona reticularis the cells
are smaller and the mitochondria are less closely packed;
thus, it appears that with exhaustion of the cells, there is a
loss of mitochondria.

Upon st\mulatmn of the gland by exposure to cold or
by istration of ndrenocorticotrophic hormone, the
mitochondria initially become less osmiophilic and their
membranous structures become more sharply evident. More
pmlonged stimulation rcsults in a restoration of the original

hilia. In prol Jation, bizarre forms become
more common and their structural alterations are more
extreme. The limiting membranes ore frequently rc-duph-
cated and the internal folds become more complex. “Open”
forms have been encountered in which the internum of the
mitochondrion is i with the cytoplasm through
pores in its limiting membranes.

These observations in various tissues and in different
physiological states suggest that mitochondria are labile
organelles, easily altered by changes in their physical environ-
ments. The experiments on vital staining show that the
inclusion within cells of foreign agents is of considerable
consequence to the integrity of their mitochondria. Ageing
and moribund cells, exemplified by the yolk-sac and the zona
renculans of the adrenal gland, contam fewer and degcncrat-
ing mitochondria. The experimental cha duced in
mitochondria in the secretory zones of the adrenal gland
offer hope, with further study, of understanding the manner
in which they arc formed and their relation to secretory
processes.
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DISCUSSION

Montagna: I would like to ask Prof. Dempsey whether or not he con-
siders the mitochondria as fixed rather than labile structures. I find it
diflicult to reconcile the idea of mitochondria as rigid structures with
the observations of Frederic and Chévremont and with those of the
Lewises. These investigators all abserved living mitochondna undergo
numerous vicissitudes sround the nucleus.

two ago and confirmed Densley's results, e then continued by re-
feeding the animal a normal diet, after the exhaustion of the mito-
chondnia, and was able to show that the organelles regenerate with
extraordinary rapidity, Vithin a matter of hours after admmistration
of protein materials in the dict, the pancreatic cells again have their
normal complement of mitochondria. In this kind of experiment it
seems to me perfectly clear that they arc labile structures. Also, in the
adrenal cortex, there are many more mitochondria in the secretory zones
than there are in those cells in the degenerating zones. If one permits
the assumption that these are two different phases in the life-cycle
of the same cell, then it would sppear that mitochondria had been
exhausted from the coll during its Life-span.

Wislocki: This paper raises many questions about mitochondria; for

provide answers to many of these questions.

chondria but arise from some other structure in the cell.
Wislocki: That is & possibility.
U Thatfs e, i N
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chondria divide or are formed anew from other components of the
cytoplasm; but I have been disappointed in our own work to date, in
that we seldora obtain pictures that provide clear-cut evidence for one
or the other of these alternatives.

Dawes: 1 was puzzled by the use of the word “membrane™; could you
explain that, Prof. Dempsey? It scemed rather like the story of Frankie
and Johnny--that some of the membranes had no beginning and no
end. Are they partitions?

Dempsey: Well, they are thought to be membranes in that mito.
chondria may be shown to be active osmotically. I quoted part of the
evidence. It can also be shown that they can be swollen and shrunk

e S gl t g

some kind of terminology, and *membrane ™, in view of these two facts,
seems to be tentatively reasonable.

Wislocki: We shall have to experiment with the effect of fixatives
upon the preservation of the mitochondria in their most natural state.
Besides artifacts introduced by fixation, mitochondria ate subject to
functional as well as age changes which must be recognized. It is
di‘mc:xlt, with just :.‘he.cne or two fixatives now at our disposal, to say

the matrix, one obtaing an enhanced contrast of the essential skeleton

fonges fization g0 that the membrahes stand out in sharper contrast.



MORPHOLOGICAL ASPECTS OF AGEING IN THE
PLACENTA

George B, WisLockr
Department of Anatomy, Harcard Medical Sehool, Boston, Massachusetts

By 310D1FYING & previous definition devised by Flynn for
vertebrate placentas, Mossman (1937) proposed that *‘the
normal mammalian placenta is an apposition or fusion of the
fetal membranes with the uterine mucosa for physiological
exchange”. Thus, the mammalian placenta is not a unified
organ composed of homologous units, as the liver and kidney,
but consists of several membranous structures which enter
varjously into relationships with one another in different
groups of mammals. In any given animal, these membranous
tissues collectively form the placenta, although some differen-
tiate and function early in gestation, while others develop and
assume placental functions later in pregnancy. Hence, the
study of the ageing of the placenta is 2 matter of investigating
not a single structural unit, but a variety of organs which
may function either successively or concurrently. Thus,
while some of the placental structures of a given animal are
degenerating, others are growing and undergoing differentia-
tion. One need only mention the successive or concurrent

bi in Is of a bilaminar yolk pl a
choriovitelline placenta, an inverted yolk-sac placenta (com-
plete or incomplete), a chorionic placenta and a choricallantoic
placenta. The combinations and sequences of these structures
in various placental types are catalogued and described in
masterly papers by Mossman (1937) and Amoroso (1952).

Many of these placental structures are provisional or
transient and serve only temporarily to support the growing
conceptus. Thus, the bilaminar omphalopleure and chorio-
vitelline membranes may be eventually completely resorbed

105
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(tree-shrew, vespertilionid bats, lemurs (Loris, Galago),
horse, coney (Hyrax)), Following complete inversion of the
yolk sac (lagomorphs, many rodents), its parietal wall, as
well as the chorion and the decidua capsularis associated with
it, degenerate completely. In the pig’s placenta the unvas-
cularized ends of the choriome sac wither. In the human
placents, the chorion Jaeve and decidur capsularis are pro-
visional in nature and disappear completely by the fourth
month of gestation. The majority of these transient foctal
structures are functional and subserve physiclogical exchange
untif regression sets . Moreover, in most mammals, the
uterine endometrium undergoes various degrees of destrue-
tion and resorption during the course of gestation as a result
of being invaded by the trophoblast of the choricailantoic
placenta. The degenerating endometrium forms an {mportant
source of nutrient material (histotrophe) for the growing
placenta and conceptus. From all of this it is evident that
considerable portions of the placenta undergo ageing and
ultimate death long before pregnancy is over. These losses are
compensated by other parts of the foetal membranes which
differentiate into the definitive placental structures which
mediate physiological exchange until the end of gestation.
The definitive parts of the placental membranes of Euthe-
rian mammals, which include a chorioallantoic placenta and
somctimes a yolk-sac placents, undergo progressive histo-
logical and eytological changes which have been the subject
o!‘ numerous mveshg'ztxons {cf. Amorosa, 1952). Histo-
H hanges in the | have also been investigated
in a varicty of mnmm'\ls including the sow (Wisloeki and
Dempsey, 1946a), sheep (Wimsatt, 1050, 1951), eat (Wis-
locki and Dempsey, 19468), shrews (Wisloaki and Wimsatt,
1947}, bat (Wirnsatt, 1648, 1949), rat (Wislocki and Padykula,
1953) and man.
The human placenta of the sccond and third months of
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sey, 1948; Wislocki, 1933). It has been compared at the two
periods with respect to the localization and amount of nucleo-
proteins, enzymes, carbohydrates and lipids which it contains.
Electron microscopy has also revealed significant cytological
differences between the placenta of the first trimester and at
full term (Wislocki and Dempsc), 10a5a)

The cytological and cytoct hanges in the human
placenta involve both the nuclei and cytoplasm of the
trophoblast (Wislocki, 1955). Mitotic division .decreases and
various eytoplasmic structures and substances diminish in
size and amount. The lipid droplets and mitochondria of the
trophoblastic syncytium decrease both in size and number.
The brush border of the syncytium seen with the daylight
mieroscope, and the equivalent microvilli observed with the
electron mieroscope, dxmlmsh in length Glycogen gradually
disappears {rom the foctal y
protein, seen in the syncytlum as cytoplasmxc bascphxha in
the daylight mi pe and as erg ic vesicles in
the clectron microscope, decreases. On the other hand, acid
and alkaline phosphatases increase, The stroma of the villi
becomes less cellular and more fibrous.

Biochemical methods afford another means of determining
the amount and direction of placental changes during gesta-
tion. Thus, in the human placenta, Villee (1955) reports a
gradual decline in the amount of placental glycogen, in the
degree of anaerobic glycolysis, and in the rate of oxygen
consumption. With respect to the decline in glycogen, the
histochemical and biochemical observations are in agreement.

A recent study of the enzymatic reactions of the rat’s
placenta from the 18th day of gestation until full term
reveals a number of changes (Padykula, 1955, 1956). Adeno-
sine triphosph and gly P (pH 9-4), acid

hcsphalase, esterase (Pearse’s method) and succinic dehydro-
genase (Seligman and Rutenburg’s method) were investigated
in frozen, cryostat sections, Homogenized visceral yolk sac
was also assayed bmchemlcally for succinic dehydrogenase,

triphosphatase and gly p ase activities.
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The several enzymatic reactions were lowest at 13 days in
all parts of the rat’s placenta. In the visceral endoderm of the
yolk sac, alkaline glycerophosphatase reached a s at
17 days and declined to almest none by 21 days. Adenosine
triphosphatase rose to & maximum at 19 days but then de-
clined somewhat by the end of gestation. Acid phosphatase
activity rose steadily until the end of pregnancy. Esterase
activity reached n peak at 15 days and diminished slowly
thereafter. Succinic dehydrogenase activity was maximal
on the 16th day and then declined rapidly. Assays of homo-
genates of the yolk sae confirmed the histological findings for
adenosine triphosphatase, alkaline glycerophosphatase and
succinic dehydrogenase. In the chorioaliantoic placenta,

denosine triphospt activity i d markedly in the
spongy zone between the 17th and 16th days, as did also acid
phosphatase between the 15th and 19th days.

Various eytological snd cytochemical changes have been
reported in the placenta of the rat (Wislocki and Padykula,
1958). For example, glycogen begins to accumulate in the
visceral endoderm of the yolk sac on the 15th day, reaches &
peak on the 18th day, and declines thereafter, A mucopoly-
saccharide, demonstrable by the periodic acid-Schiff reagents,
increases from the 10th to 16th days and then declines (38th
day), but increases ance more by the 21st day. In the tropho-
blast of the placental labyrinth, where glycogen is never
abundant, it increases up to the 18th day and subsequently
diminishes, In the spongy zone and the subplacental myo-
metrium, glycogen is extremely abundant up to the 18th day
but then declines rapidly.

The deerease of some substances in the placenta may be
related to the assumption of functions by various foetal
organs, especially the liver. From study of the rabbit's
placents, Claude Bernard (1895) advanced the idea that the
placenta serves as a deputy for the synthesis and storage of
glycogen until the foetal liver begins to function. In confirma-
tion of this, glycogen first appears in the liver of the rat on the
10th day of gestation when it has begun to disappear from the
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placenta (Padykula, 1955). Similarly, it has been suggested
(Wislocki, Dempsey and Faweett, 1948) that the intense
cytoplasmic basophilia of the early human placenta, which is
attributable to ribonucleoprotein, represents a provision for
the synthesis of proteins necessary for foetal growth until
such time as this function is taken over by the foetal liver.

A progressive increase in permeability of the placental
barrier has been reported by various investigators. In rabbits,
placental permeability to antibodies (Rudolfo, 1934}, phenol-
sulphonphthalein (Lell, Liber and Snyder, 1932), neoars-
phenamine (Snyder, 1943) and radioactive sodium (Flexner
and Pohl, I911a) increases during the course of gestation.
Similarly, in the rat there is a gradual increase in permeability
to insulin (Corey, 1932) and radioactive sodium (Flexner and
Pohl, 1941b). Moreover, Flexner and his associates have
observed an increase in the rate of transfer of heavy water
and sodium across the placental barrier in other mammals
{sow, goat, cat, man). These increases in the rate of placental

ge have been ascribed t gressive reduction in the
number of layers of the placenta accompanied by a diminu-
tion in width of the barrier, 8 combination of changes which
has generally been regarded as favouring a progressive in-
crease in placental “efficiency ”.

Aside from these gradual phological and physiologi
changes, the question arises as to whether, beginning some
time late in gestation, the definitive placental structures
undergo regressive, terminal changes which have an unfavour-
able effect on placental exchange, limit the length of gestation,
or influence the time of parturition. Such changes, if present,
would comply with Lansing’s (1952) definition of ageing as a
process of unfavourable progressive change which becomes
apparent after maturity, is inversely related to growth
and involves a decrease in efficiency of the mechanism for
reconstruction.

There are relatively few substantial morphological grounds
upon which to evaluate to what degree the definitive placental
structures undergo unfavourable terminal changes which

1
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depress physiological fer or infl the onset of labour.
In the human placenta, in which more attention has been de-
voted to this problem than in animals, unfa ble, terminal

morphological changes have been described. These include
the accumulation of fibrin, “fibrinoid” and calcinm (Hertig,
1946), the “ hyalinization” and loss of the syneytium covering
a variable number of the chorionic villi (Tenney, 1936), and
haemorrhagic infarcts invelving the complete sclerosis of
placental villi (Thomsen, 1955). However, to what degree
and how these changes actually limit or decrease the overall
efficiency or individual functions of the human placenta is
mainly a matter of conjecture.,

With respect to animals, the epithelinm of the visceral layer
of the yolk-sac placenta of the guinea pig, investigated with the
electron microscope {Dempsey, 1933), reveals that the mita-
chondria at full term are swollen and some are degenerating.
Furthermore, the cell cytoplasm is more granular than earlier
in gestation and some of the ergastoplasmic structures are
swollen. In the rat, however, which has a much shorter
gestation period than the guinea pig, similar degenerative age
changes have not been observed (Wislocki and Dempsey,
1955b).

These differences between the ageing of the yolk sacs of the
guinea pig and rat raise the interesting question as to whether
the defimtive placentas of animals with long gestation periods
show more terminal age changes than those with short perjods.
The shortest gestation periods for Eutherian mammals are
16 days for the golden hamster and 17 to 19 days for the
short-tailed shrew, whereas the longest periods are aver 600
days for the elephant and between 420 and 500 days for the
giraffe and rhinoceros. Perhaps the most rewarding compari-
son of the degree of terminal ageing with the length of gesta-
tion could be carried out in rodents. There, differing from
most orders, the length of gestation varies greatly in different
species, whereas the definitive choricallantoic and yolk-sac
placentas are rclatwcly similar in thexr basic structure, One
might profitably It the terminal placental histology of
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species of rodents which have the shortest gestation periods
(hamsters, mice, rats) with that of members which have
periods six to seven times as long (porcupines, beavers).

A sharp decline in the last decile of pregnancy has been
observed by Flexner and Gellhorn (1942) in the rate of transfer
of radioactive sodium across the placentas of various mammals
(rodents, rabbit, cat, goat), excepting the sow in which there
is no diminution. A similar decline in sodium transfer has
also been reported in the human (Flexner ¢t al., 1948), which
Flexner (1955) attributes to the deposition of *“fibrin over the
villi” and to *thromboses”. This unfavourable terminal
change in placental transfer of sodium would seem to be valid,
although there are no morphological expressions of terminal
senescence, presently known in the animals cited, with which
to correlate the results,

Of the various eyt phic and biochemical changes which
oceur in pregnancy, it is difficult to say specifically which
are progressive and which regressive. The terminal change in
sodium transfer found by Flexner in various mammals and
the changes in the mitochondria recorded by Dempsey in the
guinea pig’s ageing yolk sac might well be regarded as regres-
sive. The decline in adenosine triphosphatase and of succinic
dehydrogenase noted in the rat's yolk sac by Padykula might
also be thought of as signalizing regression, especially since
adenosine triphosphatase plays a r0le in general energy
release. But for the majority of changes no definite clues
exist as to whether they exert favourable or unfavourable
influences upon placental exchange.

Premature and pathological age changes have been de-
scribed in the human placenta, but they differ only in degree
from the normal terminal regressive changes alluded to. Asa
consequence of the difficulty of measuring or assaying quan-
titatively the differences between normal and pathological
placental ageing, it has proven impractical to distinguish
ordinary terminal changes from premature and pathological
ones.

The toxacmias of pregnancy and eclampsia have been
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variously aseribed to a variety of placental lesions. Premature
and excessive degencration of the syncytial trophoblast has
been held responsible for these conditions (Tenney, 1536;
Tenney and Parker, 1940), and, since the syncytium is re-
garded as the site of formation of placental ketostercids
(Wxs]ackl and Bennett, 1948; Wislocki, 1955), the observed

ink teroid baolismn in the t: ias have been
ascribed to syneytial degeneration (Smith and Smith, 1848;
Sommerville, 1950). Bartholomes and his associates (1932,
1934, 1936} have attributed the toxaemias to spastie constric-
tions of the foetal blood vessels of the chorionie vill, resulting
in the formation of red infarets with necrosis of the villi in the
infarcted areas. Thomsen (1955) agrees with him, exeept that
e regards the placental lesions as secondary yather than as
the primary precipitating cause of eclampsia. Many other
speculative explanations of the toxaemias of pregnancy have
been advanced (cf. Diec} 1852). Schneider (1950}, for
example, attributes these conditions to the toxic effects of
thromboplastin liberated from pathological haematomas
which frequently occur between the decidua and the basal
placental plate late in pregnancy. Page (1953) offers a theory
involving an unidentified vaso-toxic substance produced in
the placenta, combined with a high sodium intake and the
presence of large quantities of placental steroids.

In two cases of pre-eclampsia, Flexner and his associates
found a marked reduction in placental permeability to radio-
active sodium, In toxnemia the ability of the placenta to con-
centrate amino acids is also deereased (Crumpler, Dent and
Lindan, 1950; Villee, 1955).

One avenue of investigation of terminal placental ageing

* remains to be mentioned, namely, the postmature retention of
foetuses in ultro induced by inhibition of parturition. This was
first lished experimentally by producing a fresh set of
corpora Jutea in the rabbit on the 28th dny of pregnancy
{Snyder, 1984), and Inter by others as the result of m]cchng
progesterone, Following this procedure, the foetuses remain
alive and continue to grow for 4 to 6 days beyond the normal
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time of parturition, but eventually die when they become
too large to be delivered. It would be interesting to investi-
gate both the eytology and the functional capacities of the
placentas of such postmature rabbit foetuses. In connection
with postmaturity, Masters (1952) cites three cases in women
of intra-abdominal pregnancy which were terminated by
Caesarean section at or near term, and the placenta allowed to
remain in the sbdominal cavity; for three weeks thereafter,
active chorionic gonadotrophin and sodium pregnanediol
excretion was present.
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DISCUSSION

Hamilton: I was very interested to hear what Prof, Wislocki had to
say on the placenta. Anything he has to say concerning the placenta is
always rel:cncd wnlh very great mtercst . e



Discussiox 115

Th the eatly stages, the enddthelium, of course, 1s quite thin but as

gestation proceeds it becomes thickened in many places and indeed
many-layered. Why this occurs is not very easily answered but it is a
ey B

. lli in the early
advances the
ot i peivd

been described by the pathologist
1We also found that syneytium invades the mouths of endometrial
‘vessels, both veins and arterics, that are opening into the intervillous
spaces, or what we would rather regard as labyrinthine spaces than
purely intervillous spaces.
moroso: In your allusion to the endometrium, are you making a
distinction between the maternal part of the placenta and other parts
af the endometrium?

Hamilton: I am.

Harrison: One of the points I would like to raise is the question of
increase in surface area of the placenta as it ages or as it grows. Prof.
Hamulton and I have been working on a series of Fallow Deer which
have been obtained thronghout pregnancy and we have specimens
covering extensively the period of gestation in this animal. We find
R P e e e + Vo fnamancace mab anl that

to make on that in other mammals.

Wislocki: That question was extensively discussed at the First Con-
ference on Gestation of the Josiah Macy Jr. Foundation, 1955. It was
stressed that unit weights do not form a valhd basis for comparison
of the relative rates of placental exchange in different mammals. The
respective surface areas through which metabolic exchange occurs,
involving cither the effective surface of the placental membrapes
(trophoblast, vitelline membranc) or the surface area of the placental
capillaies, would seem to be the most important factors.

Daxes: In the whole animal perhaps what matters is the total amount
of exchange. If you define “efficiency™ in terms of surface ares, you



CHRONOLOGICAL CHANGES IN PLACENTAL
FUNCTION

A. St. G. HuGGETT

Phyriology Department, St. Mary's Hospital Medical School,
Unirersity of London

PracenTaL functions can be examined in two aspects,
permeability effects and endocrinal functions. The first covers
transmission of oxygen and nutrients from the mother and
of carbon dioxide and waste products from the foetus. The
second covers the well-recognized synthesis of reproductive
endocrines which affect the mother and possibly the foetus.
It also includes production of materials of metabolic import-
ance which may be demonstrable in placental cells before
disappearing and are to some extent the basis of Claude
Bernard’s dictum that the placenta is the liver of the foetus.

Unfortunately, while many different aspects of placental
function have been studied, there are only a limited number of
investigations effected at different coneeptional ages and it is
only possible to mention a few in the time at one’s disposal.

Gellhorn and Flexner (1942) studied the passage of radio-
active sodium across the placenta of the rabbit and other
species (Fig. 1). These show increasing permeability until
within 10 per cent of full term but a fall off in the last 10 per
cent of intra-uterine life. Whether this last 10 per cent is
the effect of postmaturity is a point of debate, as is also the
standard of reference.

Rodolfo (1934) found that the amount of antibodies passing
during gestation increased, but the rate of increase was
progressively diminished. There was no falling off. Barron
(1851) has investigated the oxygen passage across the placenta
in the sheep, There is evidence of different degrees of transfer
at different placental ages and inereasing oxygen tension in
the umbilical vein blood in the last few days.

My colleague, Dr. Wilfred Widdas, injected into pregnant

118
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Fic. 1. Transfer of sodium across unit weight of placenta in unit
time in different species. {After Gellhorn and Flexner, 1042.)

rats an amount of ®Fe adequate to produce a constant specific

activity in the mother which may possibly also have been the

maximum saturation. There was a rise in the total iron in

the litters and an inereasing percentage of labelled Fe was

recovered from the litters (Fig. 2). But when the iron/foctal
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weight was calculated it was seen that a relative anaemia
was produced (Fig. 8). This, however, was not due either to
shortage of iron or inefficiency of the placenta but to the foetal
growth being disproportionate.

At the risk of overlapping with Professor Wislocki’s
approach, one would draw attention to the weights of the
human placenta given in Adair and Thelander’s classical
paper in 1925. In no case is there any suggestion that the
placenta loses weight as the foetus grows (Fig. 4). In the goat,
however, Elliott, Hall and Huggett (1934) found evidence of
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Fic. 3. Ratio Iron/Weight in foetal and newhorn rats. (Huggett and
Widdas, 1940.)

a slowing up or flattening out of the placental weight curve.
On the other hand, umbsilical blood flow through the placenta
in the foetal shecp has been shown to rise rapidly as term
approaches (Fig. 5) (Cooper, Greenficld and Huggett, 1949).
When considering the production of materials by the
placenta one should draw attention to the production of
carbohydrates within it. Mammalian allantoie placentas can
be divided into two classes, those whose foetal blood has one
sugar, glucose, and those whose foetal blood has two, glucose
and fructose, and in these, fructose is always in excess. These
latter are all Ungulata or Cetacea. Glucose can flow back to
the mother il the gradient is reversed experimentally but
fructose never does. This fructose is synthesized by the
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Placenta, a function not possessed by thefoetus. This synthesis
appears to be a steadily increasing function, as shown by
Table I All the other mammals have no foetal fructose and
always appear to have much glycogen at some stage in the
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Fiq. 5. Umbilical blood flow in the foetal sheep at different
sges, (After Cooper, Greenfield, snd Huggett, 1939.)
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Table T
ToraL FRUCTOSE SECRETION BY THT. PLACENTA
Tolal Corvecltd
Foetal | Ilooa | Miood | %7 et ,Z:‘;f‘;ﬂe fructore | by
age Jructose | volume tlood space in fructose 111113 :nc}-
2.9 . 9
(days) | tmg.%) | (ml) (mg) (L) :g&t; ((mg‘))
60 150 15 22:5 130 195 225
80 125 50 62-5 200 250 ane
100 100 10 110 300 300 375
120 75 230 187 430 323 408
140 50 500 250 1800 500 nszs

placenta. All placentas have deposits not only of glycogen
but several other materials which all have dates of maximal
deposition differing with the material and the species (Table
II). It would appear that as the placenta ages it takes on

Table 11

ENDOPLACENTAL COMPOSITION IN THE RoODENT

DATES OF Maxiyust CONCENTRATIONS
(Full-term: Rabbits, 30 days; Rats, 21 days)

Day of
Substance "'c‘f;l'c’;‘:_"‘ mg.o; Reference
tration
Rabbit
Glycogen (foetal) 1 1-54 g./100 ml. | Lochhbead and Cramer
(1908)
Glycogen
(maternal) 21 5-57 g /100 ml. | Lochhead and Cramer
(1908)
Rat
Glycogen (whole
plg:eol’?m) ¢ 18 830 Huggett (unpublished)
Rabbit
Thospholipin 30 1500 Boyd (1933)
Free cholestrol 30 275 woow
Cholestrol ester 21 400 "
Neutral fat 17 970 » " J
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different functions, not only as a whole but in different parts
of the placenta and in different species.

The peak of placental glycogen in the rat is at the 16th
day, after which it decreases. Some years ago my former
colleague, Professor J. J, Pritchard, and I investigated the
cffect on the placenta of experimental foetal death in the rat
(Huggett and Pritchard, 1945; Pritchard and Huggett, 1947).
Ocstrogens caused decidual necrosis and foetal death but

DOSE ;=
©0-4img.L day for 7 days

2-8mg spread over 7 doys
PROGESTERONE A
IMPLANTED —*

NORMAL CONTROLS

GLYCOGEN mg. .

o1t 13 T 1a 15 1 17 18 e 30 a1 22
RAT FOETAL AGE DAYS

Y10, 6. Daily averages of placental glycogen in the last
1hird of pregnancy in normal pregnant rats and rats un-
planted with progesterone during the previous 7 days.

Average absorption 0-28 per day.

progesterone had no such effect; rather the foetus thrived.
An extension of these experiments has demonstrated that the
implantation of progesteronc during a period of 7 days in
the pregnant rat with an average absorption of 0-41 mg. per
day per rat produces an accelerated decrease of the glycogen
in the period of placental glycogen decrease (Fig. 6). It also
causes a decrease of placental weight accompanied by an
increase of foetal weight (Figs. 7 and 8} .
In summary, therefore, the placenta changes composition
not in a regular sequence to old age but sPasmogncally,
suggesting that different functions are exercised at different



3

H

PLACENTAL WEIGHTS mg.
3§

3
g

A. St. G. HugcETT

NORMALS~—_____
4
4/ PROGESTERONE
—IMPLANTED
10 [T} “ " ) 20 x

RAT FOETAL AGE : DAYS

¥16, 7. Daily averages of placentsl weights in these

FOETAL WEIGHTS in gme,

288 -

same experiments,

!
i

PROGESTERONE  MPLANTED— |

o w W 10 31
FOETAL AGE : DAYS

Fic. 8. Daily averages Tof foctal welghts in
thesc e nts.

xperimet



CiiroNoLoGICAL Ciances 18 Pracestal Fuxcrioy 125

ages, and there is evidence that its “efliciency ", certainly for
some functions when considered in relation to foetal growth,
is increased in its old age; in fact, it might be said to be
abruptly expelled in the prime of life.
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DISCUSSION

Amorosp: Tt is evident that Professor Huggett does not feel inclined
to accept Lansing's definition of the ageing process. As [understand it
from what Professor Wislocki has said, Lansing considered the absence
of the powers of reconstruction in an ageing tissue to be an important

eriterion of sensescence. .
Daces: I wonld like to say ho h 1 enjoyed Prof. Huggett’s
PP St Ay +a T ihinl that in anv dis-
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placenta rose progressively during pregnancy. Now, blood pressure
also rises during the latter half of pregnancy, and it would seem that
this rise in blood pressure is in fact due to the development within the
foetus of vascular reflexes and the sympathetic nervous system. I
wonder, therefore, whether we should not concentrate attention, in
future work, on trying to find out what happens to the vascular re-
sistance on the foetal side of the placenta. So far as the little evidence
available suggests, we may find that the vascular resistance is the same
throughout the latter part of pregnancy, and the increase in umbilical
blood flow may be due 10 an increased cardiac output and to changes
in the foctus rather than the placenta,

In any discussion of the transfer of material across the placenta,
there are obviously three variables we have to take into aceount, first,
the foetal placental flow, secondly the diffusion coeflicient of the pla-
cental tissues, and thirdly uterine blood flow, Now, as to uterine blood
flow there is practically no data available. Barcroft made some ob-
servations in rabbits but the numbers of rabbits were rather small.
T know that there is great technical difficulty in i 1

efliciency has been firmly established, but in order to investigate it,
uterine flow must be measured.

Amoroso: Were you comparing the sheep with the rabbit in respect of
maternal flow?

Dumes: No, the only published work is on the rabbit.

Amoroso: Y raised that point beeause we might get into difficulties if
we try to relate results derived from the rabbit to sheep and vice versa.
1 think that point was raised, or at least was hinted at by Professor
Wislocki when he referred to the maturation of the foetus. The sheep
foetus is: 8s we all know, a very much more mature organism at term

domina) pregrancies in castrated rabbits by opening the uterus at the
fevel of & nidation, and castrating the female on the same day. The
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intra-uterine foetuses died quickly after castration, the abdominal ones
survived and grew. Progesterone is necessary only for the intra-
uterine development.

Castration in the pregnant mt docs not abays stop development of
all foetuses. Some may survive, but they are often deformed by uterine
pressure. In o series of personal experiments, the weight of such
foetuses found slive on doy 21 was about 4 4 g., with controls of the
same strain of 40 g, Despite the uterine impairment, foetal growth was
not very much reduced by the absence of the corpora lutea.

Amorosu: Of course, you make the assumption that there is no extra
gonadal source of progesterone there.

Jost: Yes, but in the rabbit and in rats there 15 not too much pro-
gesterone present; at least it has never been detected.

Amoroso: There is enough, nesertheless, to maintain abdominal preg-
naneies fn i its. . I believe that both
Professor Courriet and Professor Klemn would dispute your point.

Huggett: May 1 just comment on these two points; first, I entirely
agree, 1 do not think progesteronc is necessary for the groxth of the

function?
\-Duplessis: The foetal-maternal Since these foetuses
are still alive 3 or 4 days after term and are bigger than normal we may
assume that the placenta does function correctly.
moroso: A considerable amount of work has been carried out on the
brolongation of pregnancy in these animals by Hill and Parkes, and by
P'rufessor Wislocki and his associates which antedates the work of
it Joseph Barcroft.
Hugget1: Yes, and they showed that if the foetus does go on too long,
then it asphyxiates itself.
Amoroso: For my guidanee, mght I ask Professor Huggett what
[Tt Sl A i .o AR ONE Yot
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the chorjonilantoie membrane, 50 what was weighed were the caruncles
and placentomes and not the placenta.

There are two points; first, Dr. Fahmy and T pgave a paper at the
Federation in Atlantic City last year (1854) in which we showed x‘hat
Rttt e AN N A Ere

Secondly, as the placenta gets thinner, then it is more elficient;
diffusion goes on. As far as one ean see from the work being done, the
yphysio-chemical diffusion as such plays practically no part at all. It is
only between thinning and diffusion so that it is almost a facilitated, 8

described and are figured in Brit. Med, Bull. (1955) vol. 11.



BIOCHEMICAL EVIDENCE OF AGEING IN THE
PLACENTA

Craupe A. ViLLED

Department of Riological Chemistry, Harcard Medical School, and Rescarch
otalorics, Boston Lying-in Hospaltal, Boston, Massachusetts

. Tue concept that the placenta undergocs regressive changes
in the latter months of gestation and that pregnancy is termi-
nated when the placenta can no longer provide an adequate
supply of nutricnts to the child was origmnally stated by
Hippocrates (Reynolds, 1949). Careful histological and histo-
chemical observations (Wislocki and Bennett, 1048; Wislocki,
Dempiey -and Fawcett, 1948) have provided evidence of
thickening and hyalinization of the walls of the blood vessels
and of the presence of thromboses in the last two or three
months of gestation. Decreases in the rates of oxygen con-
sumption and of anacrobic glycolysis as gestation proceeds
have been reported (Loeser, 1932; Wang and Hellman, 1941;
Page, 1048; Hellman, Harris and Andrews, 1950). The
Present paper describes the results of investigations of the
intermediary metabolism of slices from placentas ranging in
age from six wecks to term. The metabolic activities of the
Placenta decrease as gestation proceeds, but the decreases
are not general and uniform. The decreases in activity are
gradual, without sharp change near term, and the placenta
at term is still quite active in many respects.

Term placentas were obtained directly from the delivery
Teom and were used within five minutes of delivery. Earlier
Placentas were obtained at Caesarean sections performed for
delivery or for therapeutic interruption of pregnancy and
were used within five minutes of their removal from the
Patient’s body. Placental slices, about 0-5 mm. thick.and
weighing about 200 mg., were cut with a Stadie-Riggs micro-

_tome or with fine scissors, Care was taken in preparing the
slices to avoid areas of necrosis. The slices were incubated

AUEING YOI 2 120 6
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in Warburg respirometer vessels at 37° in an oxygen atmo-
sphere. The composition of the incubation medium, expressed
in millimoles per litre, was K* 50, Na+ 80, Mg* *+ 10, phosphate
40, Cl- 100, pyruvate 10 and glucose 11-1. In alternate
vessels, cither the glucose or the pyruvate was labelled with
UHC, The initial pH of the medium was 6-8 and the pH after
incubation was 6-8 4 0-1 (determined by glass electrode).
Other slices of the placentas were used for determination of
initial glycogen content and of wet weight: dry weight ratios.

After a two hour incubation, the slices were removed,
weighed, and analysed for glycogen. Aliquots of the incuba-
tion medium were analysed for glucose (Nelson, 1944),
pyruvate (Friedemann and Iaugen, 1043), and lactate
(Barker and Summerson, 1941). The respiratory CO, was
recovered from the alkali in the centre well and converted to
BaCO,, then its ¥C content was measured with a windowless,
proportional flow counter (Robinson, 1950). Glucose was
isolated from other aliquots of the incubation medium, after
the addition of 10 mg. of earrier glucose, as the glucose
phenylosazone. This was washed, recrystallized, washed
again, and its radioactivity was measured with the flow
counter. Pyruvate was isolated from the other aliquots, after
the addition of 10 mg. of carrier pyruvate, as the 2 : 4-dinitro-
phenylhyrazone. This was washed seven times with alcohol
and water, then its radioactivity was measured with the
proportional flow counter. Aliquots of the glucose obtained
from the tissue glycogen were converted to glucosazone for
radioactivity determinations.,

From these measurements one can cstimate the net amount
of glucose utilized or produced, the net amount of pyruvate
utilized, the net amount of lactate produced, the amounts of
plucose and pyruvate carbons metabolized to CO,, the net
amount of glycogen produced or utilized, the amounts of
glucose and glycogen made from pyruvate, and the amounts
of glycogen and pyruvate made from glucose,

Preliminary experiments showed that there was no detect-
able difference in the metabolism of slices from the chorionic
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and decidual surfaces of the placents and that slices cleaned
of blood by exhaustive washing with cold saline and those
cleaned by blotting on filter paper showed similar rates of
metabolism. Slices prepared from placentas which had been
standing 60 minutes at room temperature showed metabolic
Tates 20 per cent less than those cut immediately.

Oxygen Consumption
A gradual decrease in the rate of oxygen consumption of the
placenta as gestation proceeds has been reported previously
(foc. cit.). The present series includes thirty term placentas
s

5 10 L] 20 23 30 33 40
WEEKS OF PREGMANCY
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and thirty-three earlier placentas, ranging in age from 6 to 37
weeks. The decreasc in oxygen consumption with age is lincar
until a gestational age of about 80 wecks, after which the Qo,
(microlitres of oxygen utilized per mg. of dry weight of tissue
per hour) is relatively constant until term (Fig. 1). The values
for oxygen consnmption reported here are slightly lower than
those reported by Hellman, Harris and Andrews (1950),
probably because of the differences in the method of determin-
ing the dry weight of the tissue. In their experiments the
tissue was removed from the medium at the end of the incuba-
tion period, dried and weighed. We have found that the wet
weight of the tissue recovered at the end of the experiment is
only GO to 70 per cent of that put in originally. To avoid this
source of crror, the dry weight : wet weight ratio for each
placenta was determined from adjacent slices. The placental
slices recovered from the incubation medium at the end of the
experiment were weighed and their glycogen content was
measured. The ratio of dry to wet weight of the placents
almost doubles during gestation (Fig. 2).
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FiG. 2. ‘The ratio of dry to wet weight of the placenta as  function of placental
age. The arrow at 40 weeks indicates the range of the values obtained for
term placenta,
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Glycogen Coutent and Metabolism

The glycogen content of the placenta was estimated by the
method of Walaas and Walaas (1930). The glycogen was
isolated and purified, hydrolysed to glicose, and the glucose

80
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was measured by tl\c method nf Nc]scn (1')41-) There is a
= Rk ~='--~opta with
' 1 glycogen

12 to 15

weeks of pregnancy.
From the measurements of glycogen content before and
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after incubation, the net change in glycogen content was eal-
culated and expressed as micromoles of glucose units per g.
of wet tissue per hour. The placenta carly in gestation has »
marked ability to synthesize glycogen in witro {Fig. 4). This
ability begins to decrease after 10 to 12 weeks of pregnaney
and decreases steadily to term. The average rate of glycogen
utilization of the thirty term placentas was —1+92 miero-
moles per g. per hour, and only one of the thirty showed a

+a

5 Gveosen p moles/afhr:

s 0 ts 2o 25 30 33 4
WEEKS OF PREGNANCY .

Fi6. 4. The metabolam of glycogen by the placenta as a
function of age. Positive values indicate net glycogen
synthesis; negative values indicate net glycogen utiliza-
tion. The values are expressed s smoles of glicose umts
et g 0T wet tssue per hour, ‘The arrow at 40 weeks
indicates the range of vahues for term placenta.

net production of glycogen (4022 micromoles per g. per
hour), Corroborative evidence was obtained from the radio-
activity measurcments of the glucosazones derived from the
tissue glycogen after incubation, These showed that term
placentas have a just barely detectable ability to incorporate
[PClglucose into glycogen in vitro. In contrast, 8 to 14 weck
placentas have a marked ability to incorporate ¥C from both
glucose and pyruvate inte glycogen in vitro. This ability
decreases with gestation and was absent from two of the three
placentas aged 22 to 23 weeks.
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‘The Metabolism of Glucose
The ability of the placenta to utilize or produce glucose was
caleulated from the difference in glucose content of the incuba-
tion medium before and after incubation. Some of the earliest
placentas tested showed a net production of glucose during
the incubation (Fig. 5). From 15 weeks until term, however,
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tissue per hour. ‘The arrow at 40 weeks indicates the range
of values for term placenta.

the average net rate of glucose utilization proved to be about
—7 micromoles of glucose per g. wet tissue per hour. From
the difference in the specific activity (c.p.m. per millimole
glucose) of the glucose in the incubation medium before and
after incubation, one can estimate the amount of glucose
produced by the placenta and secreted into the medium and
the true amount of glucose utilized. These caleulations showed
that the placenta at 10 weeks has a glucose production of
about 412 micromoles per g. per hour and a true glucose
utilization of about —17 micromoles per g. per hour. The net



136 CrLavpe A, VILLEE

glucose utilization is, therefore, —5 micromoles per g. per
hour. At term, the true glucose utilization is —7-5 micro-
moles per g. per hour, glueose produetion is zero, and the net
glucose ubiation 1s also —7-5 micromoles per g. per hour.
Hence, although the average nct utilizatwon of glucose is
fairly constant from 15 weeks to term, this is in fact due to
concomtant decreases m hoth the production and utilization
of glucose,

The production of ghicose by the liser has been shown to be
mediated by the enzyme glucose-6-phosphatase (de Duve,
Berthet, Hers and Dupret, 1949; Swanson, 1950), a reaction
m which glucose-6-phosphate is converted to glucose plus
inorganie phosphate.  The glicoe-G-phosphate s derived
from glycogen via phosphorylase and glicose-1-phesphate, or
by gluconeogenests from other carbon compaounds by a reversal
of glhicohars  The human foctal Iiser gains the ability to
seerete ghicose only after 12 to 16 weeks of development
Vilfee. 1953¢) Before that time it 1s unable to regulate the
concentration of glucose m the foctal blood stream.

The placenta daes have the abibity to secrete glucose easly
in pregnancy but joses this ability as gestation proceeds.
The placenta thus conld regulate the concentration of glucose
in foctal blood early in development hut not later.

The abibity of a tissue mweubated in vifro to secrete glucose
into the mcubation medutm may be tested mn three ways.
First, of gincose production excecds glucose utilization, direct
chemical analysts of the medium will reveal the net fncrease
in the amount of glucose present. Second, whether or not
there is a net increase in glucose concentration, glueose
production can be detected by using “Cabelled glucose in
the incubation medinm and measuring the specific activities
of glucose isolated from the medium before and alter incuba-
tion. I the tissue prod glucose, the unlabelled glucose
molecules produced will dilute the labelied moleeules of glucose
present in the medium and the specific activity will therefore
deerease as incubation proceeds. Third, the tissue may be
incubated in the presence of MC-labelled pyruvate, or in the
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presence of any substance which is readily metabolized to
glucose-G-phosphate. Glucose is isolated from the medium at
the end of the incubation period, and its radioactivity is
measured. In this way the production of glucose can be
demonstrated directly and its rate of formation from the given
precursor can be estimated. By all three methods it was shown
that the placenta can secrete glucose early in pregnaney.
However, it gradually loses this ability, presumably by a loss
of the enzyme glucose-6-phosphatase (Table I).

Table I
Tnu MeTanoursy oF GLrcoss By PLacENTAL SLICES
molex]g. tiswue hour
gz | No.of
(rweehs) | cxp. Glucose Glucose Glucose produced
whiczed produced | from pymnate
8-10 4 ~—17-740-53* +11-941-5 +0-2740-01
11-12 () —19-341-1 + 95415 »19 4
13-15 5 —18-613-6 + 00428
19-23 5 —22:34+1-9 +14:34+2:1 o
28 2z —~15-9 +11-7 ]
82 1 —12-8 + 0-0 [
36 2 —~11-2 0 [
40 12 — 8:640-08 0 0

* mesn  standard erro of the mean.

These experiments demonsh‘ate that the placenta early in
gestation has the bioct y for the
storage of glycogen and the secretion of glucose. It eould
funetion to regulate the glucose content of the foetal blood
stream. Claude Bernard demonstrated the presence of gly-
cogen in the sheep placenta and in 1858 made the suggestion
that the placenta may act as an *accessory liver”.

‘The Metabolism of Pyruvic and Lactic Acids
The net utilization of pyruvate, calculated simply from the
difference in the content of pyruvate in the medium before
and after ineuk by ¥ ok stages of
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gestation is given in Fig. 6. There is a considerable amount of
variation between placentas of the same age. A slight de-
crease in the net utilization is evident after 10 weeks of
development. The amount of pyravate produced during the
incubation period can be caleulated from the dilution of
the radio-pyruvate in the medium by uniabelled pyruvate
produced by the cells. The true utilization, ie, the net
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funetion of age. The values are expressed s pmoles per 4.

of wet tissue per hour, The arrow at 40 weehs inditates
the range of valoes for term placenta.

utilization correeted for the amount produced, can then be
estimated. Both produetion and true utilization of pyruvate
increase from 7 weeks to 24 weeks and then decrease at term
{Table 11}, The net utilization based on these caleulations
{cotumn 5 of Table 1T} is maximum at 10 to 12 weeks and then
gradually decreases to term. The rate at which pyruvate is
produced from glucose remains essentially coustant from 7
weeks to term (column 6 of Table 11}, The fact that Jabelled
carbon from pyruvate can be incorporated into glycogen
indieates that the glycolytic cyele can operate in reverse,
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‘Table IT
METABoOuISY 0F PYRUVATE BY PLACENTAL Suicks

umoles's tissue/hour
Age [ No.of -
4 ryrutate
(weeks) | e | pyrcate Pyrucate | yr\u e | produced
produced utitized | fyrcate g{‘:,z:e
79 8 | 4182010 | ~106:17| — 78 | 457053
101z | 15 - —25-5219 25 | 480213
1815 | 8 266328 0% | +6-0%11
e [ 7 —27 7+2-7| — 87 | 43-520 5
a0 | =2 —22331-1| — 3838 [ +5.0x023
* mean £ standard ertor of the mean
bly via gl G-phosphate. This 15 evidence that

the inability of thc term pl’lccn!a to secrete glucose is due
to the absence of the enzyme glucose-G-phosphatase and not
to the failure of some part of the glycolytic cycle.

The production of lactic acid by placental slices was cal-
culated from its rate of appearance in the incubation medium.
As with pyruvate utili there was iderable variation
in the values obtained carly in gestation, but there was a
gradual decrease in lactate production from 10 weeks to term
(Fig. 7).

The source of the lactic acid was determined by experi-
ments in which slices of term placenta were incubated in
media containing different substrates (Table I1I). When no
substrate was present in the incubation medium, lactate was
produced at a rate of about 5 pmoles/g./hour. This lactate
1s denvcd pnm;mly from the breakdown of glycogen, for
d at the rate of 2 to 3 pmoles/
g /hour. Each nucromole of glucose unit in glycogen yields
two micromoles of lactate. The presence of 10 pmoles pyruvate
per ml. of incubation medium resulted in the production of an
additional 2 to 8 gmoles of lactate per g. per hour. Glucose in
the medium at a level of 11-1 pmoles per ml increased the
production of lactate 6 to 7 pmoles per g. per hour over that
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made when no sulntrate was added. Sinec glucose is meta-
holized to lactate via pyruvate, the greater production of
lactate from a glueose substrate than from pyruvate itself ean

Cravnr A, ViLLER
30

20 . - .

.
.
« e -

LAGTATE PRODUCTION M/ gm /™

3 0 1] 20 2% » 33 A

WELKS QF PREGNANGY
¥ T Ihe producton of lactate by the plwcenta as
tanetion of age. The saliies are eapressed as psnoles per g.
uf wet Lesee per hour, The asrow ab 38 weeks mdicates
the runge of vatues fot terrm placents,

Tabte
Tup PRobie ooy oF LACTASL BY Stivks 0t Toiu PLACENTAS
Substrate
Gy lex of tactute produced ?
e yanedes of lntaie produced per g. fissue per hour
None Lgurowe Pyrurate steetute Gralacedate
ER T e (8t
496 108 6 8
3N 258 321
T-06 6 48 303
110 253 124
903 21 958
259 131 611
430 8- 0
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be ascribed to the greater abundance of reduced diphospho-
pyridine nucleotide produced in glycolysis. Under anaerobic
conditions lactate production in the absence of added sub-
strate was about double that found aerobically. Lactate
preduction from glucose was similarly doubled. The incre-
ment in lactate production on the addition of pyruvate under
anaerobic conditions was small, again suggesting that the
limiting factor was the amount of reduced diphosphopyridine
nucleotide present. The presence of acetate or oxalacetate,
at levels of 10 umoles per ml., decreased the accumulation of
lactate.

Previous experiments with Y(-labelled glycerol had shown
that it can be utilized by liver (Tang ef al, 1958) but not by
muscle (Villee, White and Hastings, 1952). When slices of
term placenta were incubated with MC-labelled glycerol, it
was found that the placenta is unable to utilize glycerol in
glycolysis (Villee, 1953b). The evidence favoured the con-
clusion that term placenta lacks the enzyme which phos-
phorylates glycerol to form «-glycerophosphate, the first step
in its metabolism.

Effects of Hormones

In another series of experiments, tests were made of the
ability of slices of term placenta to respond to hormones added
in vitro. The presence of msulin (0-5 unit per ml.) inereased
the utilization of glucose and the synthesis of glycogen; it had
no effect on the utilization of oxygen or the production of
lactic acid (Villee, 1958b). Insulin also increased the rate of
the utilization of glucose by slices of decidua from a six-
week pregnancy and by slices of hydatid mole (pure chorionie
villi). The addition of insulin to slices of early placentas
increased the rate of glucose utilization to such an extent that
the net production observed in the control was changed to a
net utilization of glucose in the vessels to which insulin was
added, The addition of cortisone or of an aqueous adrenal
extract decreased the utilization of glucose and oxygen.
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Term placenta also retains its abihity to respond to oestro-
gens added 1 1utre (Villee and Hagerman, 1958). The effect
of ocstradial-178 or oestrone has heen shown to he & stimula-
pion of isonitriec dehvdrogenase, an enzyme which requites
dipbosphopyndine nucleotide (DPN) as coenzyme (Villee,
1933; \illee and Gordon, 1935; Gordon and Villee, 19538},

The Metabolic “Ageing” of the Placenta

From the mesent expenments it mayv be coneluded that
i all of the metabohe functions tested, the activity of the
placenta deereases as gestation proceeds. I we may equate
deereanng metabolic actinity with agemg, then the placenta
undergoes agemng. The changes sheersed include: an merease
i tie soltd fraction of the fissue, a deerease m oxygen con-
sumption to ahout haudf the rate carlier, 8 marked decrease in
the ghvengon content of the tissie, a loss of the ability of the
placenta to synthesze ghengen 1n zitro, a decrease mn the rate
ot ghieose utihzation, a lwss of the abihty to produce ghueose,
and o marked decreases 1 the rates of pyruvate ubilization
atid lactate production,

A caleutation of the fmaction of the respiratory €O, derived
frons the Jabelled substrate, obtamed by comparing the speeific
activities of the centre well (0, and the substrate, showed
that there was no change m this. The percentage of €O,
derived frow the glucose of the medinm was 3.7 4 0-6 in the
early (1D week) placentas and $-040-76 at term, The
percentage of CO, demved from the pyruvate of the medium
was 20°8  1-31 i the carly placentas and 18:141-03 at
termr. Thus, althongh the alsplute pmounts of glucose and
pyruvate metabolized by term placentas were decreased, the
relative proportion of the CO, derived from each of these
substrates was unchanged.

Fight expentments have been performed with placentas
from women with toxsemmm. The ages of the placentas
ranged from 32 weeks to term. In all resperts tested, the
wtilization of glucose, oaygen, glycogen, and pysuvate the
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production of lactate and CO,, and in initial glycogen and
water content, these placentas did not differ significantly from
normal placentas of a comparable age, These results confirm
and extend those of Hellman, Iarris and Andrews (1950).

The data presented make it clear that the decreases in
metabolic rate are not uniform. Some functions decrease
more rapidly, and begin at an earlier time, than others,
Glycogen synthesis appears to be one of the first to decrease
markedly.

The term placenta, as judged by its metabolic activities in
zilro, s still quite active. It would seem inaccurate to speak
of it as ‘“senile”. There is, furthermore, no sharp change at
term which could be used to explain the initiation of labour.
One could postulate, perhaps, that labour is induced when
some critical ratio between the demands of the child for
nutrients and the ability of the placenta to supply them is
exceeded. The change in the ratio would be brought about,
however, more by the rapid inercase in the demands of the
child as its mass increases than by the decrease in the ability
of the placenta to supply nutrients,
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DISCUSSION

Tluggett The Qung that T was totorested s s question of ghueose
prodution It wonld scon that glutese an be produced metabotically
suthin the phacute and t weuld be dearabhe to distinguish that glucose,
3Pt goos anto the fuetal blood from the glucose whuch is passed from
the mother 1o the focdns So far as one tan see that must be going on
right s Wttt Lo whon the metabof production of plucose within
ht placdls ceavin Now the poiat that interests me there s that in the
cant of Al “haop where e have been able tn study the passege of
AUgats woross the placesita, this passage of glicose from the mother to
the fortus Gan B aeversed by seserung the gradient, but 1t 15 not in pro~
porten to the gradend fhie amount that moves 1 more than can be
acconntid for by the gradient, and equilibrations do not take place,
We have to postulate that there 15 a cellslar actinity by the sheep
Placenta wn noward to the passage of that partieular monosaccharide.
Yo there are two things  the metabobo praduction and the transs
apswion ¥ do tot kuow £ Dr Vdlee would agree witdy that, but it seems
ta me A pinnt that we hate ta keep elear i any anahvis.

Vallee T would certwnts agree with that, and 1 tnk there is no
necessars sorrefotion between the two, they may be quite different
processes Whcn 1 am speakmg uf the metabolic production of glacose
1 am, of cource welornng to the production of new glhieose molecules
fram something (he, and 1ts acimal seeretion mto the meubation
mediure Whete the afujuots are taken, Now the transport of glucase,
either 1080 & cell or ¥e o or throngh a cell, may be an entirely diferent

rocess, one whith does not imvebie the formution of 8 phowpharylated
glucose intermeduate, Of entrse, i the buman betng 8% welf 68 in the
sheep, ghicose 1 obs jously passtyg aeriss the membrane, and ¥ think
it is in part, 51 leant, by some sctive pracess though 1ot necessanly one
which invelves phasphoryiation,

Fluggett: The only other paiat ¥ would emphasize 15 the mteresting
fnding that there 35 mo difference between nezmal and tovaemic
placentas. That 1 ruther unexperted.

Yillee: You may renember that Hellmin was unable to find any
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differences between normal and toxaemic placentas either., He had
3or 4 tcmxenuc phoencng, nnd a3 )au ;.nmv they nre not (ou easy to
l (g Se vt

stimulate an extra production of glucose?
Villee: 1 do not know if we ean speak in terms of peed. I think
Prof. \Vls!ocki mcndnned th idence that the foetal

Viliee: I really do not know.

Villiams: What happens, for instance, in a diabetic pregnancy 7

Villee: We have tested quite a few diabetic placentas and they were
no different from the normal ones.

Williams: But, of course, they are controlled anyway by the insulin

incorporation into glycogen? Does the glycogen dectine result trom
higher rate of breakdown or slower rate of synthesis
Villee: Early in gestation there is a very active incorporation of
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radionctive glucose into glycogen, whereas at term this accurs at a yate
which js just Dasely detectable. I think this is primarily the result of o
deereased rate of synthesis rather than an increased rate of breakdown.

Huggeti: 1 was pomp to ask whether Prof. Jost could advise us whether
the foetal endocrines affect plcental metabolism. Do you know
whether they actually vet on the placental metebolism as apart from
the foetal organ metabolism?

Jost: ¥ know of no evidence tn this field. It has been assumed that
the placental glycogen is necessary for the foetus until the tims the liver
takes on the same function; such an assumption might suggest that
there is some correlation between the changes cecurring in the placenta
and in the iver of the foctus stself, Some results obtained on decapitated
rabbit fostuses do not support this idea since the placental glycogen
drops even when the liver does not store glycogen. But the foeto-
placental endocrine relationship needs further study.

Dempsey: X want to on the point which Dr, Viflee
used for the determinations he made, You refer your determinations
finally to the dry weight of the slice?

¥rillee: Only for oxygen, as it is gererally done that way, The rest of
the determinations ure referred to the fresh weight of the tissue.

Dempsey: In ether case 1t is a reference to & weizht determination.
But jsw’t there a considerable change in the solid components of the
placents a5 it goes on to term? My & ion is that there is icd
ably more collagen, for example, in the placenta at term than there wonld
be in some of the earlier placentas.

Vllee: The amount of solids goes from about 8 per cent up to about
13 per cent of the total weight.

Dempsey: And some of that solid must be metabolically inert.

Villee: Yes,

Dempsey: So you have as your teference o shifting scale. Would it
be possible to have for some other inati which is
carrelated more sharply with the viable metabolieally active tissue, with
the living cells, for example, nucleic acid, phosphorus, or something
of that sort ¥ Would you think that this would be s good or 8 worse
reference point than the weight?

Villee: It would be at least as good, and perhaps better. Since these
changes are gradual and not partienlarly marked, I have plotted them
both as wet weight and ss dry weight, and the changes sre evident in
efther ease.

Dempsey: Yes, but I was thinking that of there is an sccumulation of
metabolicaHy inert solid material during the eourse of pregaancy, then
the changes in the determmations which you observed would actually
be greater than your figures show, would they not?

Villee: That would be 50 if our slices were representative of the whole
placenta including the coliagen. OF course, as collagen is a fttle dift.
cuft to slive we try to find a villus 65 free of {his connective tissue as

ssible.
mDrmp.wy: Even in the terminal villus, one of the very thin areas,

which T think Prof. Wistocki showed on the soveen u little while ago,
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there is a considerable number of collagen fibres. So I do not think you
can avoid it that way.
Veillee: No, all we can do Is minimize it.

T am suré that there are n great many functions which persist at o
S A T e Ry O Y T LD

Lave Lo U0 NIosUy Wil W 1etesse Of eLelgy, and 1 e tial i we Wi
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radioactive glucase into glycogen, whereas st term thiz otenss at a rate
which 1 just barely detectable. I think this 15 primarity the vesultofa
decreased vate of synthesis rather than an increased rate of breakdewn,

Huggelt - ¥ was gowng to ask whether Prof. Jost could advise us whether
the fuetal endocrines affect placental metabolism. Do you know
whether they actualiy act an the placental metabolism s apart from
the foetal organ metabolisin?

Jost: 1 know of no evidence i ths field. It has been assumed that
the placental glycogen s necessary for the foetus until the time the liver
takes on the seme funation; such an assumption might suggest that
there is some correlation between the changes occurring in the placenta
and in the biver of the foctus itsel, Some resudts obtatned on decapitoted
rabbit foetuses do not support this idea sinre the placental glycogen
drops even when the Hver does not store plycogen. But the foeto-
placental endocrine relationship needs further study.

Bempsry: ¥ want to comment on the reference point which Dr. Villee
used for the determinations he made. You refet your determmations
finally to the dry werght of the shee ?

Fdiee: Only for osygen, 85 1€ s generally done that way. The vest of
the determmataons are referred to the fresh weight of the tissue.

Demprey: In ether case it 1s a refe to n weight determd
But su't there a eonndersble change i the solid components of the
placenta as it goes on to term? My unpression is that there is consider~
ably more collagen, for example, in the placenta at term than there would
be in some of the eartier placentas,

¥ullee: ‘The amount of solids goes from about 8 per cent up to abont
13 per cent of the total weight.

Bempsey: And some of that solid must be metaholieally inert.

Vitlee: Yes

Dempsey: So you hase as your reference a shifting scale. Would it
be possibie to have for sure other d inati which iz
eorrelated more sharply with the viable metabolicadly active tisse, with
the living coll, for example, nuelese acid, phosplinrus, or something
of that sort ? Wonld you think that this weuld be as good or 4 worse
reference pot than the weight?

Viltee: 1t would be at least as good, and perhaps better. Swce these
rhanges re graduat and not particularly marked, I have plotted them
both as wet waght and as dry weight, and the changes are evident in
either case.

Dempsey: Wes, but 1 ssas thinking that if there s an aceumulation of
metabolically mert solid matertal during the course of preguancy, then
the changes in the which you ot would actually
be greater tham yout figures show, would they not?

$'illee: That would be s05f our shices were representative of the whole
placenta including the colfagen. ©Of course, a3 collagen is a fittle difli-
eult to slice we try to find a villuy as free of this connective tissue ag
possibile. B B

sey: Even in the tesminal viflus, one of the very thin reas
which 1 think Prof. Wislocki showed on the sereen a little while ngo,
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there is a considerable number of collagen fibres. So I do not think you
can avoid it that way,
Yitlee: No, all we can do is minimire it.

RN QY SN

aged, because I think one might also say that an 80-year-old man can
still do a great many things.
N e T

I am sure that there are a great many functions which persist at &
perfectly normal rate in an aged organism. That 13, there are some

what we mean by ageing in the case of the placenta.






K Urraxn sy TISSUES IN PREGNANT ANIDMALS 149

stages of pregnancy in rats and guinea pigs. A series of goats,
pregnant between 35 and 142 days, were subsequently used
for further experiments and the relevant results, together with
those on the rodents, are given below. The collection of
material from a series of gonts allowed histological and histo-
chemical observations to be made on the changes occurring
in the placenta during the advancement of pregnancy.
These observations are riefly summarized below.

Materials and methods

Female albino rats weighing between 170 and 290 g. were
used; the animals were killed at times varying from the 11th
day of pregnancy until term. Female goats, mainly of the
British Saanen breed, were used; the goats were mated at
known times and were killed at intervals from the 35th day
until just before term. The portions of the uteri and placenta
not used for the estimation of radioactivity were fixed in
various fluids for subsequent histological and histochemical
examination by a variety of methods.

Irradiated *‘Specpure” K,CO; was converted into an
aqueous solution (2 per cent or 02 per cent w/v) of #KCl, as
indicated by D'Silva and Neil (1951). In rats the amount of
K ion injected in cach experiment was 0-3 to 1-2 mg., and in
goats 60 to 90 mg., an amount insufficient materially to alter
the total amount of K in the extracellular fluid. Descriptions
of the technical procedures carried out in order to estimate the
radioactivity of the tissues will be found in the paper by
D’Silva and Harrison (1953). The potassium content was
determined by means of a direct reading flame photometer.

Experimental results

In a series of rats pregnant for 11 to 18 days the distribution
of #K in the uterus, placenta, kidney and foetuses was
studied 5 minutes after intravenous injection of @KCL Tt will
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be seen from Table I that with the smallest foetus (<9 mm.)
the radioactivity in the uterus was less than that in the
placenta. When the foetus was 9-18 mm. long the reverse
was true. The results of a larger number of experiments,
carried out near term and involving the sacrifice of the animals

Table I
Tz Activiry oF Tiveugs i tin Preovant Rat § MiNurss
arTeEr INvravevous Inseevion or “KCH

Dura-
| ton of | Foewt
Rat No. | pregs | length | Kidney | Uterus | Placenta | Foetus
Hancy | {mm)
in days
55 13 o 5 08 113 —
& i3 # 3 0463 05342 -
a3 14 6 0-300 G910 o-g22*
a4 14 8 3. 0-313 0:391 | 0-030%
43 14 9 3 0509 0304 —_
14 [ 2- 0501 0-315 -
it 18 4 0660 -518 —
86 14 10 4 1-140 0-639 0-0315°
i 14 19 5 0757 © 601 —
46 s U] 40 0-365 0-322 —
88 13 123 5 0-822 0§35 -
39 13 12 5 0-693 0-500 -
61 17 X1 5 0-568 0-350 —~
0 7 b 4 0-500 ©0-383 -
Mean - - 559 0-630 0-583 -
S.D. ~ - £ 14§ $0-210 § 20242

* Includes fostal fuids,
Aztivity of uterus, placenta and fortuses at varions tmes after tnfection of #K(1 Into raty
Resolta a7e expressed 2o porcentage (1) of total Tacucactivity X s defed by the expresian,
sountefmla fg tstea oo
et ted CORAEAT T
where D {3 2 rorrection factor allowing for decuy.

xm o

at intervals of 5 minutes to 24 hours after injection of 42Kl
are deseribed in the paper by I¥Silva and Harrison (1933).
The activity of the labyrinthine placenta near term falls from
0-58 per cent (per g. of tissue) of the total radioactivity after
5 minutes to 6-20 per cent after 24 hours. It is suggested that
these results could be explained on the assumption of o slow



2K Urtaxr By Tissurs 1v PrioNavt ANnnars 151

rate of blood-flow through the uterine vessels (Bareroft and
Rothschild, 1932; Bareroft, Herkel and Hill, 1933) together
with a rapid rate of exchange of K fons.

A further series of experiments was carried out on goats
of various breeds, pregnant from 83 to 142 days, into which
radioactive #2KCl was injected 15 minutes before death, In
almost every animal portions of the kidney and liver were
removed and the radioactivity determined. In all but two
animals the activity of the plasma was also determined and
this allowed calculation of the relative potassium activity
(R.P.A.). The latter is calculated according to the following
expression:

Activity of tissue  mg.K/g. of plasma

RPA = Activity of plasma © ‘mg.Kj/g. of tissue

where the activity is defined by the expression given in the
footnote to Table I.

Table IT shows that the radioactivity of both the kidney
and liver varied widely in different animals, but there was no
systematic change in relation to the duration of pregnancy.
On the whole, the radioactivity of the tissue was directly
related to its potassium content which is shown by the rela-
tively small variation in the figures for the R.P.A, of kidney
(column 7) and of liver (column 10),

The membranous chorion was remaved from portions of the
uterine wall and areas of mucosa carefully stripped from the
underlying muscle. The radioactivity and K content of the
uterine musele and mucosa are shown in Table III. There
were large changes in the radioactivity of these tissues in
different experiments but these were roughly paralleled by
changes in K content. Therefore the R.P.A. values for uterine
musele (column 5) and mucosa (column 8) were much less
variable than either the radioactivity or the K content.

In each animal either a whole placentome, or a portion of
one, was removed and examined for its activity and its
potassium content. In several animals a number of placen-
tomes of varying shape and size were examined ndividually;
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there was no significant difference in their activity, Different
slices (about 0-5 g.) of the placentome gave results similar to
those ebtained from a whole placentome removed from the
same animal. The activity of the placentome was ¢-0058 per

Table I

Tur Acrviry or Tissers v TuE PREGNANT GOAT 15 MINyTES
Arres INTRAVENOUs [NrEeTION O0F GKCI

Plasma Kudrey Liver
Goat § DY
350, ,'”57 et P np.d. P nr.a
" {nan erivs .| Activ. o etive o
v fraRe] AR Lorg e T e
52 33100012 ]0-37 } 0018 § 231 11030008 | 3-30}% 0-33
¢ 2010-0016 {021 {0023 ¢ 273} 6-75{ 0083 3860 030
7 451 0-0012 £ 040 § 0 Q14 | 31D 1433 0000 1 4-33 | ©0-72
59 451 0-0014 024 f 0-012 [ R-32 ) 0-83]0.0153| 317 ] 0-50
a7 50180018 £03G {0 G235 F220] 098106010 320¢ 0-27
& o002 0B 008268 1-02]0012] 445} 0-41
13 5 — — 0022 ) — - | 0012 § 5-50 —
12 87 | 0-001 08D 70010272 140 1 0-006 | 4971 0-47
46 b1 {00013 10-151 0-020 | 2 60 1-15 1 0016 | 3-87 | @48
58 92 £ 0-0011 { 024§ O-008§2-50] 1.0 0-014¢ 5.26{ 0-B%
13 Led — ~ ] 0:010 ] 2-82 — £:004 | 3-30 —
82 {100 { G-0011 [ Q22 {07017 | 271 1-20 { 0:010 { 3-41 (B
36 twrjoongjewio-ow {240} 07510012 | 5367 082
88 {136 { 0-0022 { 0-14 } G-032 1 3-15 ¢ 0800030 §3.72] 0-52
13123100037 § 02210011 [ 2-00) 020 — - b
48 112510002t [ O-Y8 fO-020 {106} ©-85}{0-0I161 416 0-3%
38 11361 0-00¥5 { 0-28 § 0 022 { 803 140 10 01513471 0-83
20 1142100608 §0-30]0-014 f2-82) 083 0008 § 5-07} 0-97
20 {12 (0003 {016 § 0-@24 | B-31 100 [ 0-015 | 5-81 037
Mean 161 a-48
8D, +0-30 +0-20

L Actisity determined sy ehawn fy fogtaote to Table I
® Patagium content expreswet 82 mg Of K. per g. A wet tiasue

cent at the 85th day and 0-0083 per cent of the total injected
radicactivity at the 142nd day of pregnancy. The average
activity of the placentome throughout pregnaney was 0-0099
per cent; the lowest figure being 0-0023 per cent on the 82nd
day and the highest €-032 per cent on the 0lst day, The
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extreme figures were associated with a correspondingly de-
creased or increased potassitun content. There is thus no
evidence that the uptake of radio-potassium per g. of placen-
tome 15 minutes after injection varies during pregnancy.

Table III
Tue ACTIVITY oF Tissurs 1n THE PRLGNANT GOAT 15 MINUTES
AFTER INTRAVENOUS INJFCTION oF “K

Dage Uterns Mucowa
Gont | Preg- . rea [ RP.A.
| et | g e | g g
52 ooz | 2 oo | 205 | 130
a 00075 | 2 — s P
7 oovas | 2 0005 [ 2o | 098
50 oonz| 2 0.007 | 200 | 0-3s
ar 00063 | 2 o015 | 212 | o0-03
o 0004 | 2 0007 | z1t | 0-51
1 0004 | 2 o0z | =208 —
12 ooos | 1 00057 | 220 | 101
16 000t | 1 o015 | 161 | 1-04
58 oo | 2 0-0082 | 250 | 014
13 0-0021 | a 00015 | 3-10 —
32 00058 | 2 o0-0082 | 449 | 037
36 00027 | 2 00036 | 213 | 0-33
33 0017 | 2 0-029 ( 302 | o6l
1 0000 { 1 0-020 | 100 | 0-50
13 00073 | 2 0021 { 380 | 0-37
18 0008 | 2 0002 | 203 | o018
20 G-0037 G 0-0038 —_ —
21, 0006 | & 0010 | 281 | o047
Mean 0-35 063
S.D. 019 +0-32

2 Activity determined as shown tn footnote to Table I
+ Potassium content expressed as mg of K per g of wet. tissue.

The membranous chorion was rich in potassium, but the
quantity present was usually less than that in the placentome
(per g. of wet tissue). The radioactivity of the membranous
chorion was less than that of the placentome, except in Goat
14, where it was slightly higher. The activity of the mem-
branous chorion per g. was 0-0004 per cent at the 35th day,
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and 0001 per eent of the total radioactivity at the 142nd
day of pregnancy. The average of all the estimations of the
activity of the chorion was one fifth of that of the placentome
15 minutes after injection. The R.P.A. of the membranous

Table IV

Tag ACTIITY OF TISSUES IN TAE PREGNANT GoAT 13 Mrvurrs
AFTER INTRAVENGUS INJECTION OF #HCH

Placentome 2
Goat | Dot -
Ao, p:!rg; P RP.A. o E.P.4.
nan clte- Aeliv-
S mere | me i
52 25 {0003 | 1as 061 oot | a-g6 0-06
6 % fooors) 14y 041 | 0-0013 147 0-08
7 45 {0018 4 10 102 1000043 ] 1-42 -1
59 4 e oo 2 20 0-35 [ 0-00007 { 3-39 0-04
8 32 10010 253 035 | 9005y 11t 032
2 66 10006 | 3 58 032 | -00063 | 102 ©-10
14 5 {0006 | 236 —~ {9011 237 o
12 &7 {0 0otsl 278 0-83 {0.00034 | 254 0-03
45 21 too3z | 780 Q.44 {Q-0013 1-45 010
5 82 {0.0023 | 1.83 027 | 0-0013 1-58 o319
13 86 {00023 | 315 Rt ¢ 00026 1-03 oot
32 § 100 !0o007T4] 576 028 {00020 | 1-90 031
107 |0 009 — —~ 100003 | 2433 0.05
£ 118 {0017 2-80 038 {0-0020 1-30 033
1 123 100 ] 50 ©-38 P ODORM | 198 909
48 125 {0013 | 2 0-41 {0-0011 1-71 a-g7
18 | 196 fooom | 2.28 078§ 0-0011 | 1-49 014
142 {0-005 230 043 | 0-0004y | 540 0-02
» 21 142 {00083} 3-07 -3¢ { 0-0011 2-87 a-e3
Mean 043 0213
Sh. 4022 4.0-00

2 Adtivity determingd 8¢ shown in footnote (o Table 1
* Dotsselum content expressed as mg of K per g of wet thssue

chorion was considerably less than that of the placentome,
which suggests that the chorion exchanges its K at a slower
rate than the pt 1t is possible that this diffe is
due to the lack of opportunity for exchange between the blood
and the eells of the chosion,
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Morphological observations

The experimental observations outlined above made
available material from a series of animals killed after a
known period of pregnancy. Material from other goats, also
of known gestation age, has resulted in the examination of
over sixty animals killed at different stages of pregnaney.

Recent papers on the developmental changes in the
placenta of the Artiodactyla include those by Wimsatt (1950,
1951), Harrison and Iamilton (1952), Bjérkman (1954) and
Harrison and Hyett (1954). A full review of earlier papers
on the placenta of the cow, sheep and pig has been given by
Amoroso (1952).

The placenta of the goat is polycnty]cdonary with from
120 to 180 cup-shaped or (PL 1, Fig. 5)
arranged more or less in rows. The p]accntomes on the meso-
metrial aspect of the central portion of each uterine harn are,
for the first third or more of pregnaney, substantially the larger.
As pregnancy advances the cranially placed placentomes
increase more rapidly in size than those centrally placed, but
do not reach a comparable size, Occasionally flattened, sessile,
oval placentomes are encountered together with the concave
variety, and in several animals killed during the middle of
pregnancy only the flattened, oval variety was present. It
should be noted that the uptake of radioactive potassium
by the two types of placentome was not significantly different.
Tt is not yet clear if this morphological difference is genetic in
origin, or a manifestation of change in the form of the placen-
tome during development.

Primary villi are present and have penetrated deep into the
caruncular tissue even by the 39th day of pregnancy (PL I,
Fig. 4). The primary villi are at first straight and simple,
but active division at their tips results in the formation of
secondary and tertiary villi, each fitting into a corresponding
maternal crypt. From the earliest stages studied (35th day)
it appears that the trophoblast has considerable powers of
attrition and the maternal epithelium is destroyed not only
in the erypt walls but also in Jocalized areas in relation to the
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membranous or intereotyledonary chorion (PL I, Figs. 1 and
3). Near the edges of the developing caruncles the chorion is
thrown into folds or intermediate villi, the areas thus resemble
the arcade formations described by Assheton (1906) and
Bjorkman {1954). The maternal epithelium also shows signs
of impending degeneration in the septal walls surrounding
the intermediate villi (PL 1, Fig. 2). Only in the regions of the
mouths of the uterine glands docs the maternal epithelium
display the characteristics of healthy tissue, and where the
chorion comes into contact at the edges of the gland mouth
localized areas of cellular attrition are present (PL I, Fig. 3).

The powers of attrition apparently possessed by the
chorionic cpithelium may be reflected by the inerease in
density of the sub-epithelial stratum compactum to a degree
greater than that observed by Hamilton and Harrison (1951)
in the non-pregnant uterus of the goat. This increase in
density appears to be due not only to changes in the cellular
population but also to increase in the quantity of connective
tissue and changes in its staining qualities and also in those
of the intereellular substance. It is noticeable that the de-
struction of maternal tissue attributable to the chorion is
eapable of eausing localized haemorrhages between foetal and
maternal tissues. Such haemorrhages can be seen in early

PLATE 1
Fio, 1. P o show of the maternnl epithelium
during the enrly stages ot prvgnnnq The. ummnl Tind been pregnant for 39
days. Section stained by the P.A.S. method. X 70,
¥i6, 2. T i h to show the ion of fold+ in the chorion at the
edge of the developing caruncle, The animal had been pregnant for 30 days.
Haematoxylin and eosin. x 70,

Fic. 3. Photomicrograph of a membranous chorion in relation to the mouth
of a maternal gland. The animal hiad been pregnant for 39 days, Haematoxylin
nd eosin.  x 73,

Fio. 4. P h to show the of the young villi in the
developing caruncle at Yhe Bth day of pmgmnrv. Haematoxyhin and eosin,

X 4

Fio. 5. The appearances of the pl.\cenlomﬂ on the 50th day of pregnancy,

showing haemorrhages on the sutfaces of the placentomes.

Fio. 6. Photomicrograph of & small accessory’ placentome on the Goth day

of pregnaney, showing an extravasation of blood hetween the maternal and
foetal tissuee.
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is frequently to be observed a narrow layer of pyknotie,
heavily staining nuclei separating the chorionie cells from the
maternal stroma, not only in the region of the membranous
chonon (PL. 11, Fig. 1) but alsoin the placentome (PL I1, Fig. 5).
This layer may represent the attenuated and dying maternal
epithelium, but it is also possible that it is the remnants of
foetal cells which have invaded and destroyed the maternal
epithelium and have themselves subsequently died {(Harrison
and Hamilton, 1952},

Trophoblastic giant cells, p ing the histochemical
characteristics so clearly described by Wimsatt (1951) in the
sheep, are observable ot the edges of the villi (Pl I1, Fig. 3).
Similar ceils can also be observed in situations which strongly
suggest that the glant cclls pass across and become inter-
calated within or even replace the maternal epithelium, It is,
however, difficult to decide whether these cells can exist for
very long in their close relationship to the maternal stroma.
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DISCUSSION

Wislochi: T should like 1o a5k Prof. Harrison whether, besides the
transfer through

the yollc-sac placenta, and what differeaces he found?

IHarrison: We made a few estumations of that. The uptake after
15 minutes and one hour were negligible. The uptake was 5o small that
it was not significant in comparnison with the uptake of other parts of
the placenta,” And that frankly did surprise us. I would have evpected
that there would be considerable uptake, but there was not—but that
was not near term and it may be that that is relevant to Prof. Dempsey’s
comments earlier on.

Hugget: There are two_points, First, Cloette observed in the

The second point. is, Dr. Seoras Morrison has been orking with me
during the last few months on the uptake of [“Clglucose, given to the
mother, by glycogen in the rabbit placenta and there we find quite
definite differences between the decidual glycogen and the chorionic
glycogen. They do not behave mn the same way. I was also very
interested in the general finding you had that the placenta compared
with the liver hasa very. latenc aclne uptake—I hope I mayuse that term.

Harrison: Yes—the cup. have a -
tent and an uptake of rsd.oacme potassium equivalent to that in the
flattened plncenmme'i Both hver and placentome are rich in potassium,
but the uptake of radi by the is not as
great, therefore one thinks of difterences in the blood supply, and the
rate of flow and thus the opportunity for exchange.
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Strauss: § wonder if Prof. Harrison found any potassium in the walle
of the foetal blood vessel of the placenta. A couple of years ago we
found some potassium in human mature placentas. The potassium is in
the syncytiotrophoblast as well us in the walls of the foetal blood vessels.
We found about the same distribution of the calejum. Have you any
experience of that?

Harrison: We have not done any quantitative estimations on that.
We have only made some autoradiographs, and one can detect the
potassium in the chorion, but we have not looked carefully or made any
companison with the amount in the walls of the blood vessels. We have
estimated the uptake in the umbilical cord and that is insignificant
compared with the uptake by the placentome. So it was from that
experiment that we thaught we could argue that the connective tissue
in the placenta did not take up potassium to a degree parallel to the
chorionic epithelium,

Huggelt: You are not distinguishing between Wharton's jelly and the
vessels of the cord?

Harrison: We simply took a chunk of the cord.

Ifamilfon: How early do the hxmorrhages occur, I'rof. Harrison?
1 have not seen those before in any of the ungulates,

Harrison: That picture I showned was, I am almost sure, 41 or 42 days
oid, but we found such localized hazmorthages right from the start of
the formation of the placentomes. It is quite different from the state of
affairs that we found in the deer. We did not find any hamorrhages,
as far as I can remember, at any stage in any species of deer we looked at.

Iamilion: 1 take it that the trophoblast is eroding maternal blood
vessels in same way or another,

Amoroso: T have no doubt in my own mind that the trophoblast is
endowed with erosive properties. “That it may destroy the maternal
capillary endothelium is o real possibility. A< to the question of the
two types of placentomes to which Prof. Harrison has drawn our atten-
E‘lfm' lhesl:, hs\,\'e been figured in the uterus of the sheep by Cloctte and
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degradation, : )
Montagna; A great deal has been said sbout the efiiciency of the

judge of efliciency.

Amoroso: Are you suggesting that it is the quality of the embryo at
the end af gestation winch is the criterion?

Montagna: 1 am saying that the placenta iy always efficient it the
embryo is going to survive.



MODIFICATIONS IN THE FOETAL DEVELOP-
MENT OF THE RAT AFTER ADMINISTRATION
OF GROWTH HORMONE OR CORTISONE TO
THE MOTHER

HERBERT TUCHMANN-DUPLESSIS AND
Lucerte MERCIER-PanoT
Facuty of Medicine and Ecole Normale Supérieure, Univernity of Paris

“The art of living,” said the Greeks, “‘consists in dying
young, but as late as possible.” This, surely, is the goal that
gerontology has set for itself.

When one considers the problem uf ageing, whlch is among
the most fascinating for the ¥ one at once
arises: are the development, functioning and evolution of
the organs in the course of life unalterably fixed by heredity
or do they also depend to a certain extent on internal and
external factors over which we may have some influence?
The second alternative is the more probable, if not the more
desn'able The increase m longevity which we have witnessed

an in this respect.

For the past century it has been affirmed that the endoerine
glands are capable of delaying or hastening ageing, and it is
this idea that has been the basis of hormone therapy and
the great advances in endocrinology. If the over-optimistic
theories of the early workers in endocrinology have unfortu-
nately not proved correct, it is nevertheless probable that the
endocrine balance does play an important part in the growth,
functioning and ageing of the organs,

Numerous authors have carefully analysed the morpho-
logical processes in the ageing of the endocrine glands.
Loeb (1941), who has made a very detailed study, has de-
scribed the progressive modification of the different endocrine
glands with age; he has also shown that depending on the
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experimentsl conditions certain hormones, such as the oestro-
gens, are capable of delaying or, on the contrary, of hastening
the ageing of the endocrines. It seems, therefore, as if modi-
fications in hormonal equilibrium are capable of influencing
the gencral process of development and ageing. During the
last two years we have tried to examine the problem of the
relationship between the endocrine glands and the somatic
development by modifying the endocrine balance of the
pregnant female. The results of two series of experiments are
given here, one on the action of the somatotrophic hormone
(STH], the other on that of cortisone.

Somatotrophic Hormone

The well-known part played by the anterior pituitary
in somatic development has led many authors to eonsider
omatotrophic h as a stimulant not only of postnatal
growth but also of embryenic development. That, at least, is
the conclusion reached by Teel (1026), Hain (1932), Sontag
and Munson (1934) and Watts (1935), who observed that the
injection of crude extracts of the anterior pituitary into
Ppregnant rats gave rise to foetal gigantism, Using the purified
hormone Hultquist and Engfeldt (1949), Engfeldt and Hult-
quist (1953), Nixon (1954) and Cotes (1054} also produced in
rats enormous foctuses weighing up to 7 and § g. However,
the injection of ST into pregnant females of other species,
such as the dog and the cat, gave inconsistent results {Young,
1946).

The question of the foctal gigantism obtained with STH
has often been raised in conncction with the Jarge children
born of diabetic mothers, and highly ingenious interpretations
have been put forward to explain the cxapgerated foctal
growth. However, it scems improbable that STII, due to its
high molecular weight, could cross the placental barrier, and
the possibility of stimulating embryonic growth with STII
scemed astonishing, and therefore we repeated the experi-
ments on the rat.




FiG. 1. Newborn rats; left, control;

¥i6. 2. Ratembryos removed on the 20th da;
nght, off-pring of an STil-treated of gestation. _Lelt, control; mght, embryo o
STII-treated mother.

Fio. 8, Above: left to right, embryos of control rats at the 20th, 19th and
18th days of gestation; helows two 20-day embryos removed from STH-
treated mothers.

Juerng page 162
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revise our ideas of “foetal gigantism of pituitary origin”. In
actual fact, if one compares the weight of the newborn of
STH-treated mothers which are born between the 24th and
28th day of pregnancy with that of young rats of the same
actual age, that is to say two te six days post-partum, one
observes that the latter are always the larger. The greater

10,
9
8
¥ N
3
: |
z® i
! §
3 N §
2 § § £S5 controls
1 N I ST.H.
20 13 28
Age in days

Fi0, 5, Comparison of the weights of the oftspring ot
STH-treated mothers with tho<e of control rats of the

weight of the eontrols is, as shown in Fig. 5, of the order of
40-50 per cent.,

Thus when one compares the weight of the foetuses, taking
into account not the weight at birth but at their actual
age, one observes that the increased weight of the newborn
is in fact merely an apparent one and due solely to the pro-
longation of intra-uterine life. Contrary to the generally
accepted opinion, the administration of somatrophic hormone
to the mother not only does not stimulate the embryonic
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growth of the rat but inhibits it and makes it possible to
obtain embryos of younger appearance than the normal
cmbryos of that age.

These observations led us to examine two other aspects of
this problem: the possible mechanism of the action of STH
and the part played by the maternal pituitary in embryonic
development. The causes of the inhibition of embryonic
development observed with STII are difficult to explain. We

Controls.

Weght i g

6 ki

Day treatment commenceq

¥16. 6. Average weight of embryos removed on the 20th day of

gestation; the differences in weight are only sigmfieant when

STH is administered before the 5th day of gestation

were tempted to explain it by an inerease of maternal protein
anabolism. This could in fact deprive the foetus of part of the
nutritive substances intended for it. However, a comple-
mentary experiment, in which we commenced STH adminis-
tration 4, 5, 6, 7 and 8 days after conception, showed us that
foetal growth is inhibited to a significant degree only when
STH is administered before the 5th day of gestation (Fig. 6).
This fact suggests another mechanism, for example an early
enzymatic disturbanece, which has a deleterious effect on the
development of the embryo, as has been clearly shown by the
work of Warkany (1948) and Giroud (1954).
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With regard to the problem of the influence of the maternal
pituitary on the development of the embryo, our experiments
with hypophysectomy on the 12th day of pregrancy, that is,
when the placental secretion is sufficient to make up for the
hypophyseal gonadotrophins, show that hypophysectomy at
this stoge is generally well tolerated, and we had only a few
postoperative abortions. The progress of pregnancy is in
most cases normal, The foctuses removed on the 20th day
are normal and their weight identical with that of embryos
from control rats which had undergone a spurjous operation.
The average weight of the offspring of hypophysectomized
mothers is 2-12 g. as compared with 2-20 g. for the controls,
Our results confirm those of Campbell, Innes and Kosterlitz
{1953), and in no case have we observed any diminution in
weight like that reported by Knobit and Caton (1953). More-
over, when pregnancy is allowed to procced to term and after,
it is observed that foetal growth continues. With the excep-
tion of two rats which gave birth on 22nd-23rd day to live
foetuses of normal weight, the others showed difficulty in
giviag birth and we bad to have recourse to artificial deliveries
between the 24th and 25th day in order to recover the
factuses. It is interesting to note, on this point, that with the
pralongation of gestation, the weight of the foetuses inereases
even in the absence of the pituitary, and that those removed
on the 24th day weigh 5-6 g.

Discussion
These observations show that the development of the
embryo is relatively independent of the pituitary control,
When one compares the results of our experiments with
hormone therapy and hypophysectomy, one is led to con-
clusions which are directly epposed to frequently expressed
. opinious on the part played by somatotrophic hormone in
embryonic growth. In point of fact, taking as a basis the
experiments with STII administration in course of which
foetal gigantism was thought to be observed in the rat, Young
(1953) admits that the somatotrophic activity of the pituitary
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is increased during gestation. Moreover, the author belicves
that the foctal gigantism which oceurs in certain pathological
conditions, notably with diabetic and pre-diabetic mothers,
could be brought about by a somatotrophic hypersecretion of
the maternal pituitary.

However, the somatotrophic hypersecretion in the pregnant
female, postulated by Young and often accepted by clinicians,
has not been demonstrable. The results of our experiments
make the suggestion that the influence of STH is the causc of
foctal gigantism, hardly credible. Moreover, the fact that
maternal hypophysectomy does not inhibit foetal develop-
ment also shows that embyronic growth is not pituitary-
controlled. This interpretation is supported by the fact that
the destruction or ablation of the foetal pituitary (Raynaud
and Friley, 1947; Jost, 1947) does not appear to slow down
foetal growth 1n the mouse or rabbit. It also Iinks up with
clinical observations an the children of acromegalic mathers.
Neither Jackson (1954) nor Huant (1955) have observed the
stigma of gigantism in the children of acromegalic mothers;
in one case, Huant even noted signs of marasmus and under-
developrnent.

Thus these experimental results and clinical observations
confirm each other and that somatotrophic hormone does not
enter into the embryonic development of mammals,

Nevertheless, the inhibition of the embryonic growth of
the rat, which we observed with early administration of STH
and which is probably indirectly caused, is worthy of our
attention, for the possibility of consistently obtaining embryos
of more juvenile appearance may provide an interesting
method of studying the metabolie factors conditioning em-
bryonic growth.

Cortisone

The inhibition of embryonic growth by somatotrophic
hormone led us to examine the influence of another hormone,
cortisone. It is remarkable that whilst samatotraphic hormone
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increases protein anabolism, cortisone increases protein
catabolism.

When pregnant rats are treated from the 6th to the 16th
day of pregnancy with cortisone in doses of 20 mg. per day,
disturbances of gestation and delivery are observed. Courrier
and co-workers {1951), like Robson and Sharaf (1952), have
similarly observed in the rat and the rabbit disturbances
of gestation, abortions and difficulties in delivery under the
influence of cortisone and ACTH.

With the doses of cortisone which we have used (Tuchmann-
Duplessis and Mercier-Parot, 1054), abortions in our breeding
rats are relatively rare. The foetuses are, in the majority of
cases, live, of normal appearance and their average weight is
only 10 per cent lower than that of the controls. We have not
observed malformations like these reported by Fraser, Fain-
stat and Kalter (1953) in mice.

Nevertheless, in spite of their normal appearance, these new-
born rats are extremely frail. Although appearing to nurse
normally, that is their milk intake is normal, the majority
of the young rats die between the 3rd and 4th day. The
growth of the rare survivors is, as shown in Fig. 7, considerably
stowed down or completely arrested. Sickly, rapidly becoming
senile and wrinkled in appearance, these animals do not
generally survive for more than 12 to 18 days.

Thus, if the administration of cortisone to the pregnant rat
only slightly delays embryonic development, it almost com-
pletely arrests postnatal growth.

Two series of experiments were carried out in order to
investigate the possible causes of the inhibition of post.
natal growth: (1) the exchange of newborn between cortisone-
tréated mothers and control mothers, and (2) the treatment of
control mothers with cortisone after parturition,

In the first scries of experiments out of 10 attempts we have
only succceded so far with one exchange of newborn rats.
However, the result seemed noteworthy, for, after an initial
delay, the few newborn from the cortisone-treated mother
and reared by the control mother, developed relatively well.
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Conversely, the offspring of the control mother suckled by
the rat treated with cortisone during gestation, are retarded
in growth and show dorsal alopecia as well as markedly
delayed sexual development. Although in both cases the milk
intake of the newborn appears to be normal, the result of the

Controls
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FIG, 7. Growth curves of young rats born of mothers treated
wath cortisone during pregnancy.

exchange of mothers indicates that cortisone has an unfavour-
able effect on lactation,

The results on two sets of animals obtained at a six months
interval prove this. The rats in the first set received 20 mg, of
cortisone for 5 days following parturition and 10 mg. after
this; those in the second set received 20 mg. of cortisone for
15 days following parturition. The cortisone treatment of the
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nursing mothers considerably delays the somatic develop-
ment of the newborn and inereases their mertality (Mereier-
Parot, 1955). The course of the growth of the young rats
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¥Fio, 8. Crowth cuteves of young rats nursed by rothers treated with cortisone
after parturition.
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shows two characteristics, as shown in Fig. 8. During the
first phase of 4-6 days, the retardation in growth compared
with the controls is slight, being of the nature of 15 to 20 per
cent. From the 6th day the arrest in development is accent-
uated and on the 10th day the difference in weight compared
with the controls is from 50 to 60 per cent. The majority of
the young die between the 12th and the 15th day. Of 50 new-
born, 5 reached the age of 80 days and only two have survived
two months, Although these two rats partially made up their
delay in somatic devclopment durmg the second month, the
genital organs ined their i

Thus at first sight cortisone proves ]ust as deleterious to the
growth of young rats when it is administered during lactation
as when it is administered during gestation.

Conclusions

The two series of experiments that we have described here
show that, in spite of its autonomy, foetal development can
be dified by disturk in the endocrine balance of the
mother,

Contrary to the long accepted opinion, it does not seem
feasible that foetal gigantism can be accounted for by the
maternal somatotrophic seeretion. Although hypophysectomy
in the mother on the 12th day of pregnancy does not influence
the development of the embryos, the early administration of
STH unquestionably inhibits the embryonic development.
At the same age, the weight of the foetuses of STH-treated
mothers is about half that of the controls, and these embryos
are more juvenile in appearance. At 20 days the surfaces of
the nervous system and of the visceral organs of these embryos
have scarcely reached the stage of development of control
embryos of 19 days. IFf the causes of this growth inhibition
still remain unexplained, the fact itself is interesting for it
opens up new possibilities of research into the metabolic
factors capable of influencing somatic growth.

The results of cortisone administration show that, in spite
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of the slight difference in weight at birth~10 per cent lower
than the controls, the postnatal development of these young
rats is greatly inhibited or arrested. Although we have been
able to show that this inthibition appears to be connected with
disturbances of lactation, the great frailty of the offspring of
cortisone-treated mothers scems to indicate the existence of &
mote or less reversible change in their constitution.
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DISCUSSION

Jost: The two kinds of experiments which were shown seem to be
rather diffcrent. In the first one, pituitary extracts were used and the
quesﬂcn immediately arises \vhcther the extracts were completely free

othe; e glands, such as the adrenals
or. lhe ovary. Itis well Lnown that materms] hormonal imbalances may

average size of rat foe'r--=~ mfem A
pounds to the mother. .
on day 21 is about 5
Ppropionate, testostero:

philic cells will directly determine the sexual development of the embryo.
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Jast: ¥ wish to introduce a remark about some papers claiming that
growth b injected into ats foctal giganti

¥ must say that a careful examination of the published tables often
leads to other conclusions than those expressed by the author in the
text accompanying the tables. I know of no clear demonstration of
foetal gigantiem induced by growth hormone,

T.-Duplessis : No, they got a very large foetus of about 8 g. and they
dd tr d work in ing the dilf 14 nds, snd
where these glands were larger and so forth, they tried to explain that
also by growth } jon or path feal aspects, for instance
in & dinbetic mother, But I think that they were always dealing with
older embryos.

Huggett~ At the end of the war, Dr. Deryk Fraser and 1 were interested
in foctal growth and the relationship between growih hormone and
diabetogenic hormone and the effect on growth gonadally, so we injected
growth horinone, which we got from Prof. Frank Young, and we found,
as Prof. Tuchmann-Duplessis has found, that the foetuses were smaller.
But we also found, as ke did, that if you injected not at the beginning
<f cenceplion but after & days, i kad na elfect, and that gave ug the
clue and we warhed aut that in fact what we were dealing with was
delayed mplantation due to the presence of impurity, We praved this
because later Prof. Young produced a very pure growth hormone,
completely free of gonadotrophin, snd we found that it was eompletely
inactive and Liad no effect whatsoever,

Like Prof. Jost, we came to the same conclusions on reading some of
the published papers—that our conclusions differed from the authors’s

Strauss: I would like to hnow where the growth hormone catne from?
Is it a pure hormone or a complex one?

~Duplessis- We tried two types of growth hormone, s crystailine
one prepared by Li in California and a cemmercial brand (Choay
Labaratories) in which there may have been gonadotrophins, I think
we have to bear in mmind that these hormones only modify the environ-
ment of the mother—they do not cross the placental barsier, It was
demonstrated by many people that pituitary hormone, which, like
ACTH, hasa Jower molerular weight does not cross the placentat barrier.
Strauss: But f growih b does eontain
then g i may be Ly the placenta itself

T~fluplessie; But the results were the same whether you have
prepasation which you are quite sure does not contain gonadotrophin
or one which does. It is enly the mortality or akortion xate which &
higher if you have a mixture of both, This is very significant in the
experiments reported by Nixon.

Tluggett: Swyer nod K Bams aho b i d this same
problem using pure growth hormone, and got the same result as we got,
namely the entire negative effects.

Williama: ¥ growth hormone only acts if it is given before the Sthday,
you can conceise that his is the period when pituitary luteotrophin is
Betive and Lhat by inhibiting production of this you delay implantation.
It you are giving very high doses of growth hormone you may depress
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contains no

hair follicle itself begins to grow no growth occurs in spite of the applica-

tion of stimuli which would normally initiate growth. This 1s the reason

T asked if we are sure that it is due to delayed implantation and not to

some other condition.

Huggeu Tha; is quite a valid point.
IR Y t

licated the problem of delayed

Ty Duplessis’ ort i lnrlh.
7.-Duplessis: 1 do not know why the embryo is protected, though I rlo
not think it is as well pmtected as it would appear to be, becaus

\




THE GROWTH CYCLE OF DEER ANTLERS

Georce B. WisLockr
Department of Anatomy, Harcard Medical School, Boston, Massachusel(s

Tae antlers of deer are deciduous, being annually renewed.
In the Virginia deer (Odocoileus virginianus) in its natural
habitat, they begin to grow visibly in April or May, reach
maturity in August and the velvet is shed in September. The
mature antlers, consisting of bare, dead bone, remain in place,
firm{y attached until mid-winter when they are shed.

Antlers grow by the addition of new material at the ex-
tremity of the beam and at the tips of the tines as they arise.
The growing tip moves away from the antler pedicle, deposit-
ing a column of bone which, once laid down, does not increase
appreciably in diameter as it matures. All stages of growth
and maturation can be seen in a single growing antler; the
bone nearest the antler base is the oldest and most mature,
whereas that at the tips is most recent and in process of
formation,

Microscopieally, the mode of bone differentiation at the tips
of the growing antlers is observed to be intermediate, in &
number of important respects, between intramembranous and
endochondral ossifieation {Wislocki, Weatherford and Singer,
1947). In the growing tips beneath the velvet, germinal,
preosscous and osseous zones are visible. The germinal zone
lacated immediately beneath the velvet consists of large fusi-
form and stellate cells with extremely basophiliceytoplasmand
showing numerous mitoses. The cells of the preosscous zone
lie in Incunae contained within # matrix. The matrix consists
of o dense meshwork of reticular, collagenous fibres and of a
ground substance; the latter is metachromatic following
staining with toluidine blue and gives an alkaline phosphatase
reaction, Each lacuna is enclosed by a capsule’ which is

178
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strongly basophilic when staincd with methylene blue and in-
tensely metachromatic withtoluidine blue, and givesanintense
reaction for alkaline phosphatase. The basophilia and meta-
chromasia of the lacunar capsules bespeak the presence of a

Iphated acid polysaccharide and a bl to
cartilage. However, on other grounds, including the presence
of & dense meshwork of collagen, the arrangement of the cells
and the pattern of the blood supply, the preosseous tissue
differs markedly from ordinary hyaline cartilage and endo-
chondral bone formation as scen in the growmng epiphyseal
regions of long bones. Unlike endochondral bone formation
where the cartilage cells perish, the preosseous corpusclesof the
antlers appear to become directly converted into osteocytes.

Throughout their entire period of growth, the antlers are
supplied with blood by the arteries of the velvet (Waldo,
Wislocki and Fawcett, 1948), Venous drainage occurs at
first internally through the pedicle (April, May), but by July
this pathway has been completely supplanted by a series of
efferent veins which are located in the velvet. Recurrent
arterioles at the growing tips of the antlers connect the
arteries of the velvet with the capillaries and venous channels
of the antler shaft, A ligature tied around the antler base in
mid-June produced no permanent interference with either
the blood supply or growth, whereas ligation in July caused
cessation of growth and death of the antler. These results
indicate that in June there are enough internal vascular
channels to by-pass the blood around the site of the ligature,
whereas in July such internal channels are no longer available.
Natural shedding of the velvet appears to be associated with
ossification of the peripheral zone of the antler shaft, a process
which restricts the venous return from the interior of the
antler and obstructs the circulation.

With respect to the mode of growth of antlers, in recent
interesting experiments two fallow deer were injected with
radioactive phosphorus (Bernhard, Brubacher, Hediger and
Bruhin, 1953). In a stag with growing antlers, a radiogram
showed a gradient of phosphorus deposition which was
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maximal in the tines and declined taward the antler base.
Ancther deer with mature, dead antlers which had shed the
velvet, was given radioactive phosphorus. The radiog

showed no activity whatsoever in the antler, but some
depasition of phosphorus in the pedicle, which ceased abruptly
at the Jine of union with the antler. Alkaline phosphatase
activity in Virginia deer as measured biochemieally, shows a
similar gradient from the antler tips to base {(Aub, 1940).

The antlers are well innervated by branches of the trigeminal
nerves {Wislocki and Singer, 1946), Numerous small nerves,
located in the vascular layer of the velvet, extend outward to
the growing antler tips. The dermis of the antlers is supplied
with sensory endings for touch or pain. One antler was
denervated experimentally in each of two deer just as growth
had started. The denervated antlers grew, but became some-
what dwarfed and deformed compared with the normal
antlers; they lost their velvet in normal fashion and were
ultimately shed. We attributed the somewhat irregular and
retarded growth of the denervated antlers to traumatic
injury attendant upon loss of their sensory receptors rather
than to a less of a direct trophic influence upon growth,

‘The nerves supplying the antlers are probably collaterals
which grow out from fibres normally innervating the antler
pedicles. The fibres supplying the antlers are destroyed
annually when the velvet is lost, but they regenerate seven
months later upon renewal of the antlers. In the largest
species of deer (elk, caribou), the rate of growth of the nerve
fibres must exceed half an inch a day, establishing a record for
the rate of growth of nerves.

More vecent observations indicate that, after the velvet is
shed, the proximal portions of the nerve fascicles remain dor-
mant over winter in the skin of the pedicles until they regene-
rate in the following year (Wislacki and Waldo, 1958). In the
dermis, close to the distal edge of the pedicle during the period
of dormancy, sizable nerve fascicles are encountered, each
of which is enclosed in a heavy sheath of epincurium. The
suggestion is offered that these heavy sheaths protect and
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shelter the nerve faseicles during the long quiescent period.
The protection afforded explains, perhaps, why neuromas are
not formed during the extensive period of latency.

Besides the annual eycle of the antlers, male deer exhibit
scasonal changes in their gonads and accessory reproductive
organs, Thus Virginia deer show seasonal differences in the
size and histological picture of the testes, epididymides and
seminal vesicles (Wislocki, 1913, 1949). Spermatogenesis
begins early in July, becomes maximal in October, declines in
December and January and is in complete abeyance from
then until July. Similarly, the interstitial cells of the testes
are more active in the fall than in the spring, as gauged by
various cytological reactions for lipids. The seminal vesicles
also reach a peak of scasonal activity in the fall as judged
by size and sceretory activity. The annual growth cyele of
the antlers is controlled by endocrine factors. The effects of
castration, reported by numerous previous investigators upon
various species of deer, have shown quite conclusively that
(1) castration in the first eight months of life results in complete
suppression of antler growth, (2) castration after the appear-
ance of the first set of antlers, if they are in the velvet, results
in the permancnt retention of the velvet and failure of the
antlers to be shed, and (3) castration in the presence of antlers
which have lost their velvet, results in immediate shedding of
the antlers and their subsequent renewal and permanent
retention in the velvet. These results rest upon the observa-
tions and experiments of Caton (1877), Nitsche (1898},
Rérig (1899, 1907), Tandler (1910), Tandler and Grosz (1913)
and Zawadowsky (1926), to mention a few.

The present investigator and his associates have confirmed
these previous results and have extended the endocrine ana-
lysis of the factors controlling antler growth by the adminis-
tration of testosterone to a series of Virginia deer under various
experimental conditions (Wislocki, Aub and Waldo, 1947;
Aub, Wislocki and Waldo, 1950; YWaldo and Wislocki, 1951).
An airgun was devised with which slugs of testosterone pro-
pionate and other similar materials could be shot into deer.
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The following results were obtained:

(1) Administration of testosterone to bucks which had never
had antlers, as a result of castration as fawns, induced antler
growth,

(2) Administration of testosterone to bucks, which had been
castrated as yearlings or later and which bore permanent
antlers in the velvet, induced prompt shedding of the velvet
and subsequent shedding of the antlers (tendency to restore
the antler cycle).

{8a) Administration of testosterone to normal bucks during
the period of antler growth induced shedding of the velvet.

(8b) Its administration to normal bucks, subsequent to the
shedding of the velvet, inhibited the normal easting off of the
antlers and led to their retention for many months,

(4) Administration of testost to ovariectomized
female deer caused the growth of well-developed antlers
(masculinization).

The information gained about the seasonal changes in the
antlers and gonads of Virginia deer, combined with the
observed effects of castration and administration of testo-
sterone upon antler growth, led to the conclusion that the
phases of the seasonal antler cycle in Virginia deer are con-
trolled, on the one hand, by testosterone and, on the other
hand, by an “antler-growth stimulus”, the latter probably of
anterior pituitary origin (Wislocki, Aub and Waldo, 1947;

Waldo and Wislocki, 1951). The effects of castration of adult
deer indicate the existence of a non-gonadal (hypophyseal)
factor responsible for antler growth and of a tesutular factor
mainly responsible for the d dening (internal
reorgnmzutmn) of the antlers and loss of the velvet. Mating
takes place in the autumn, during a time when the testosterone
fevel is high and the antlers consist of bare, dead bone.
Afterwards the testosterone levet declines, whercas the antler-
growth stimulus reappears, In the opinion of thesc investi-
gators (Waldo and Wislocki, 19513 Wislocki and Waldo, 1958},
based upon histological studies and observations on living
deer, shedding of the antlers is due to the reappearance of
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the growth stimulus. Thus, growth rather than death of the
tissuesat theantler-pedicle junction representsthe major factor
causing the antlers to be shed. The observed proliferation of
fibrocellular connective tissue at the antler-pedicle junction
which accompanies the resorption of the osseous connections
appears to be primarily responsible for the separation of the
antlers from their pedicles. Furthermore, the hypothesis
was advanced that the proliferation of the dernus surrounding
the antler base exerts an upward thrust upon the underside
of the flange-like osseous burr, causing the live tissues in the
pedicle to disengage from the dead auntler, whereupon minor
trauma and mere weight of the antlers hasten their final
separation. In a less well-documented study, Gruber (1927)
advanced a somewhat similar concept of the process of
antler-shedding in the roc deer (Capreolus capreolus) and the
European stag (Cervus elaphus); nevertheless, Bruhin, as late
as 1953, still adheres to the older view that shedding occurs
during a period of quiescence or latency.

The relation of the phases of the antler cycle to seasonal
changes in hormone levels in Virginia deer, as elucidated by
the studies cited, are illustrated diagrammatically in Fig. 1.

In 1943, Wislocki pointed out that the growth phase of
the antler cycle is initiated and completed in the spring and
summer during a period of increasing and maximal daylight,
whereas the shedding of the velvet and rutting (increasing
gonadal activity) occur in the autumn during a period of
diminishing daylight. Experiments were planned at that time
to test the possible réle of light in regulating the antler cycle,
but these were subsequently never carried out. Meanwhile, a
single experiment on a red deer (Cervus elaphus) has been
reported by Jaczewski (1952). A stag in which antler growth
commenced early in March, was confined daily, beginning on
April 1, in a dark stall, from 400 p.m. to 8:00 a.m. On June
11, while still confined, the velvet was shed and the stag
beecame apgressive. He was thereupon released and placed
out of doors, and on July 12, shed his antlers, New antlers
began immediately to grow and by wmid-August haddeveloped
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two points, Although Jaczewski placed a different interpre-
tation on this sequence of events, the present writer suggests
that the reduced daylight from April 1 until June 11, caused
both premature shedding of the velvet and rutting, events
that would normally have oceurred with diminishing daylight
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n the Jate summer and autumn. Moreover, upon return of the
animal to full daylight, growth was again stimulated, with
1oss of the antlers (July 12) and the immediate appearance of
anew set of antlers. The complete sequence of events in this
stag indicates the stimulating effect of withdrawal of light
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upon differentiation of the antlers and gonadal function
(pre-mature shedding of the velvet and rut) and the growth-
stimulating effect of increase of light by the subsequent
resumption of antler growth.
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DISCUSSION

Bourliére: Prof. Wislocki, what is the influence of the age of the
animal on the antler cycle? Is the cycle modified in any way in the
very old animals?

Wislocki: Senescent changes do occur in deer antlers as Tevealed by
observations on the antlers of old deer and, particularly, by several
series of shed antlers which have been collected annually from captive
deer. 'These series reveal a progressive anmual increase in size a_nd weight
of the antlets up to 8 or § years of age, after which there is a rapid
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diminution in sntler size. A picture of such a serjes is presented by
H. E. Anthony (1929). In view of the concept I have outlined of the
control of the antler cyc[e, 1 attribute the ‘dec\ine of the antlets in

toa of the ion by the gonads
and antenor pituitary.

removal of the gonads of adult deer. On the other hand, the diminution
in their size points to decline in the pituitary factor.
[ NS R NI LA ST S TERY

\ .

induced the growth of antlers of incredible size {Vogt, 1937).

Deer ordinarily consume grasses, leaves, shrubs, lichen, berries and
other plants from which they usuaily obtain sufficient minerals. If their
needs re ?oz fully met, they may ‘adopt peculiar habits. Murie (1035)

[

Let e @antlana Tan haam thab

in ‘ch\lfmd, therr jaws do not fit and there may be complete mal-

When the g

g season starts again the tooth again
becomes held in the afveolus.

[P N NI PSR S
L P .
panied local ification, to a h 1 *“antler-g h"
stimulus, probably of pituitary origin. Thus, the shedding of the antlers
does not appear to be a regressi solefy on
paor autrition, as would seem to be true of the changes in the tecth of
ewes. I 2 in jon with it should be
P SRR e T ENER Cataep tboacm
L o . . . . -,

changes in calelum and phosphorus should have oceurred durimg the
course of gestation.
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In thi: i to ite deer may be of interest.
in Capreolus, the European roe
dccr(llung, 1800 1007) and in Odocoileus, the white-tail and rule deer
of North America (wislocu, 1053; 1030). Besides oceasional true

, which i possess
fairly well de\clo[wd “antlers associated with minute, atrophic, intra-
there isa large number of deer

with normal fetnale genital tracts, which have nothing abnormal about
them except that they possess small, deformed antlers shich are often
permanently in velvet, These animals usually appear to have been
pregnant and they are often lactating. I should infer from this that,
during the course of pregnancy, either the ovarics andjor the adrenals
had capable of the of

ry antlers, The i um such antlers may be induced
by the activity of or u have been
(Wislocki, 10533, with literature),

Strauss: Prof. Wislocki, you said that the antler bone is softer than
the normal bone, does it depend upon the phosphorus content of the
antler bone?

Wislocki: It is well hknown to naturalists that the antlers of deer are

capable of constriction so as neatly to obliterate the lumen. The largest
arteries_appear to have a broad inner, circular cont and an outer,

R P e SAeia e et

JAUOS DULK {LUNNE DmE) ALCOFIING 10 LI, SUELUGS ins spoes
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glands in the velvet were innervated by both myelinated and un-
myelinated fibres. Nerve ends were also abundantly demonstrable in
the corium, epidermis and on hair follicles, The arterics received
medullated and unmedullated fibres with terminations localized in the
sdventitial and inedial coats. Pteviously, 1 had assumed that the arteries
of the velvet, because of their similarity in strueture to umbilical arteries,
might be devoid of any innervation.

We also denervated an antler in each of two white-tail deer (Wislocki
and Singer, 1946), in late sprmg and followed the subsequent antler

o repeated Druises and several fractures which they sustained because
of the loss of sensation in the velver,

Boyd: ‘There were no superior cervical sy mpathectomies—chronic
ones?

e e N .t

. .

_,‘1{“‘"{“‘?" One or two points: first of all, if the injtiating of the growth

hormones.

Dempsey: Could it be the pituitary or could it be the end-organ that
is tripgered ¥

w ulorkl Well, there is always the possibility of the ¢cnd-organ, We
have considered that but we have »a fittle evidence that they ever gat
1he direct effect on the endworgan,
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Zudtrmm:.' Is it possible that you can get other effects in the end-
et e IO LI CRES Al

that?

Matthews: Yes, that is 50 but 1s it a very close observation? The fact
is that the animal has a deformity in the same place every vear, but it is
merely guesswork to soy that it was caused in the first instance by
damaging.

Zucherman; That is certainly true.

Matthews: Of course, there is another wonderful yarn that goes around
among deerstalkers and that is, if an animal gets accidentally uni-
laterally castrated the horn on the opposite side is alnays deformed or
even absent.
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AGEING OF THE AXILLARY APOCRINE SWEAT
GLANDS IN THE HUMAN FEMALE

WiILLIAM MONTAGNA
Department of Riology, Breun Universily, Providence, Rhode Island

Tuts work is based on a large number of biopsy specimens
collected with a high-speed rotary biopsy punch, 5 or 10 mm.
in diameter, from the axillae of normal volunteer subjects.
For the study of normal adult glands, specimens were obtained
from women 21 to 86 years old; two biopsy specimens were
excised at weekly intervals for four weeks from each of the
subjects. Fiuctuations, if any occurred, in the morphology
of the glands during the menstrual cycle conld thus be fol-
lowed. Specimens were taken at monthly intervals {rom
several pregnant women and for two months after parturition,
Agelng changes were studied in a scries of specimens from
subjects 41 to 78 years of age. Fewer but eomparable speci-
mens from men were also studied.

Apocrine sweat glands occur in most mammals. In the
Primates, the lemurs and the Platyrrhines have only apocrine
glands, whereas the Catarrhines have both eccrine and apo-
crine sweat glands, In the anthropoid apes, the chimpanzee
has more ecerine than apoerine glands, but the orang has
more apocrine glands (Schicfferdecker, 1922), In the human
body apocrine sweat glands are found in the axilla, the mons
pubis, the external auditory meatus, the circum-anal area, the
areola and nipple of the breast and the labia minore of the
fernale, and in the prepuce and serotum of the male. Some
glands may be found on the face and around the umbilicus.
Negroes have mare apocrine glands than do Caucasians, and
the glands are more numerous in the female than in the male
of hoth races (Homma, 1926). According to Schielferdecker
(1922), the human races can be segregated on the basis of
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abundance of upocrine glands; Europeans, having the fewest
apocrine glands, belong to the highest order, but the Australian
Negroes, with the most glands, belong to the lowest. Actually,
the frequency and the distribution of apocrine glands have
much the same variety in all races (Woollard, 1930).

Apocrine axillary glands develop in the fifth foetal month
as adventitious buds from hair follicles. At the end of foetal
life they open into the funnel-shaped depression of the pilo-
scbaceous canal; they are incompletely formed at birth and
their characteristic properties develop slowly, Growth, final
development and activity are closely related to sexual develo-
ment and maturity. The glands attain full development at
puberty, and they are said to undergo involution in senescence
(Ito, Tsuchiya and Iwashige, 1951).

Axillary apoerine glands are compactly coiled, tubular
glands (Horn, 1935; Sperling, 1035), with adjacent loops
joined by shunts or terminating in blind sacs. The deepest
portion of the sceretory coils extends into the subcutaneous
fat, The single, or, rarcly, doubled, duct of the axillary
gland, imbedded in the loose connective tissue around the
hair follicle, is perfectly straight. It runs near and parallel to
the hair follicle and opens inside the pilosebaceous orifice.
When ducts open directly onto the surface, the associated hair
follicle may have degencrated.

The secretory epithelium is composed of irregularly colum-
nar cells (Fig. 1), with the terminal portion often elongated
and projecting into the lumen. The free border of these cells
terminates in very fine cytoplasmic processes which give the
surface of the cells the appearance of a cuticular or brush
border. Occasionally, segments of individual tubules, or
entire tubules, are lined by simple cuboidal epithelium. ¥When
the tubules are excessively dilated, the epithelium is reduced
to cells so flat that they resemble endothelial cells. The
epithelial cells rest upon a mesh of myoepithelial cells aligned
roughly parallel to the axis of the tubule. Outside of the
myoepithelial cells is a thick, hyalin basement membrane.

In order to understand senile changes it is necessary to
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deseribe first the histolagical features in normal adult glands.
In discussing the ageing processes only a few of the more
striking morphological features will be considercd.

The Glands of Young Adults

The axilla contains rows of coiled apocrine glands, ench
associsted with an axillary hair follicle. In histologieal sections
cach gland appears as o jarge nest of tubules cut at various
planes (Figs. 1, 8). Connective tissue trabecnlse separate
adjacent nests; the counective tissue around the gland itself
is very delicate. Although every section within each nest'is a
segment of the same coiled gland, the secretory epithelium of
the different segments may be extremely different. In some
segments, the epithelial cells are very tall; in others they oay
be low cuboidal. Some tubules have a small lumen, others
have a wide one, Pigment is abundant in the cells of some
segments and nearly absent in those of others, These dif-
ferences seem to record the differences in the state of activity
of the various segments, Particularly in the axilla of women
over 86, onc or more segments may be distended and the
cpithelium reduced ta squamous cells (Iigs. 2, 8). In contrast
to the lumen of normal tubules, which contains a elear
colloid that does not stain with cither basic or acid dyes, the
lumen of dilated tubules contains a flocculent fluid which
stains with basic dyes and often stains a strong metachra-
matic colour with toluidine blue, The seeretory epithelial cells
of axillary glands usually contain pigmented granules, but the
amount of pigment varics from onc individual to another.
All of the biopsy specimens removed from the same individual
at weekly or monthly intervals show the same characteristic
amount of pigment.

In different individuals the pigment granules may be nuroe-
rous or scant, barely visible or as large as the nucleus. Pig-
mented granules are aggregated around a clear juxtanuclear
region; the terminal cytoplasmic extension of each eell is
always free of granules, Some cells may he full of pigment,
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Pigment may be found in the tall eells or in the flat ones, and
it may be absent from either of them, Neither type of pigment
is affccted by lipid solvents and both are relatively intact
even in paraffin sections. Neither pigment is argyrophilic.
The larger, brown granules stain with basic dyes; the small
yellow ones arc acidophilic, When stained with Altmann’s
aniline acid fuchsin-methyl grecn, the small granules, like the

itochondria, are fuchsinophilic; the medi ized 1
stain green, and the large ones remain unstained.

‘The larger ph d les are autofl and emit
a yellow to orange light, even in paraffin sections (Bommer,
1929; Montagna, Chase and Lobitz, 1958). The small yellow
pigment granules are either nonfluorescent or emit a pale
yellow light of very low intensity. The secretion fluid in the
lumen of the tubules emits a very pale autofluorescence.

The dark pigment contains some lipid and can usually be
coloured with sudan black, The sudanophilia of these granules
can be demonstrated in paraffin sections (Fig. 7). The yellow
pigment is not sudanophilic. Many of the larger pigment
masses, but not the small yellow pigment granules, are acid-
fast and can be stained with carbolfuchsin and di iated
with hydrochloric acid. The larger pigment granules are
mildly positive with the plasmal reaction, indicating the pres-
ence of compounds containing aldehydes, ketones, acetals or
compounds containing unsaturated groups (Bunting, Wislocki
and Dempsey, 1948),

The large pigment granules are reactive to the periodic
acid-Schiff method. The reaction is not diminished by pre-
vious treatment with diastase or saliva (Fig. 5).

The epithelial cells of axillary glands characteristically
contain ionic iron (Bunting, 1948; Bunting, Wislocki and
Dempsey, 1948; Cavazzana, 1947; Homma, 1925; Homma,
1926; Iwashige, 1951; Montagna, Chase and Lobitz, 1953;
Zorzoli, 1952), Homma reports that the glands in 70 per cent
of the specimens obtained from cadavers and from surgery
contained iton, and Manca (1934) found it in 26 out of 27 speci-
mens. Some speeimens abound in iren, but others may have
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traces or none at all. Iron is said to be normally more abun-
dant in speeimens from middle-aged subjects. The distribu-
tion of iron is erratic; adjacent tubules in the same specimen
or separate coils of the same plandular unit may show dif-
ferent amounts of iron. Some celis may abound in iron whereas
morphologically identical cells may possess none. The pres-
ence or absence of iron is an individual characteristic. Iron is
nearly always in the form of small granules; large iron granules
are very rare (Bunting, Wislocki and Dempsey, 1948; Homma,
1925; Homma, 1926). Iron may be present in the tall,
apparently secretory cells, as well as in the low cuboidal ones.
Regardiess of the amount of iron in the epithelium, the residual
secretion in the lumen of the tubules contains none (Montagna,
Chase and Lobitz, 1953; Zorzoli, 1930), unless the epithelium
is collapsing and undergoing obvious degenerative changes.
Tron is found as a part of, or together with, the small yellow
pigment granules; the large dark-brown granules rarely
contain it. When they do, only a thin film at the periphery
is reactive to the iron tests, and the brown pigment shows
through unchanged. The amount of pigment in the cells is no
indication of the presence of iron, but iron is found only in the
small yellow granules snd only if the large brown ones are
also present in the same cells, This has led Manca (1931) to
call the pigment which contains iron, hacmosiderin, the one
which does not, wear-and-tear pigment. However, the yellow
pigment cannot be called haemosiderin since it may or may not
contain iron. Perhaps an iron-containing substance may or
may not be associated with the yellow pigment (Zorzoli, 1850).
It is possible that whether or not iron is present, the yellow
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PLATE I,

Fic. 4. Low power field of the dilated tubules of the glands from the axilla
of a 74-year-old woman. The epithelium in nearly every tubule was cuboidal
or low columnar,

Frc. 5. Seerctory cells from the glands of a 26-year-old woman. Stained with
the periodie acid-Schiff method showing Schiff-positive granules.

16, 6. Perfeetly normal cells from n gland jn the awlla of a 61-year-old
woman. Stained with the periodic acid-Schulf method. Compare sith Fig. 5.
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pigment granules could develop into the brown ones. When
Shcy contain iron, the yellow pigment granules gradually lose
iron, or perhaps the inorganic iron is gradually transformed
into organic jron. However, there might be two yellow pig-
ments, only one of which contains iron. Ionic iron is never
found in the terminal cytoplasm of the cells.

Not all axillary spocrine eclls contain pigmented granules.
In the glands of some individuals the secretory cells possess
only traces of pigmented and lipoidal granides, In their
places, the supranuclear cytoplasm has usually chromophobie
and fonally stightly basophilic secrction spherules. In
some subjects these spherules are the only secretory elements
present; in others they may be admixed with pigmented
ones, With Heidenhain’s h vlin the * hobie”
spherules stain a clear blue-black. They are Schiff-reactive
but resist digestion with diastase or safiva.

The base of ench apacrine cell is usually stippled with nume-
rous fine hasophilic granules, which often gives these cells a
fongitudinal striation. The eytoplasin Inters! to aud above
the nucleus is weakly basophilic. In cach cefl a spherical
region above the nuclens, which corresponds tu the segative
image of the Golgi apparatus, is free of busaplule granuls,
The apical and terminal eytoplasm of apoernne vell 18 almost

PLATE Y
Fi. 7. Sudanophilic pigment grasules in an axillarg glond o 28-gensihd
woman, Paraffin section coloured »m,“ﬂml,m lark,
Fro, 8, Normat distribution of swfanppiufic plment fcd(luk’l in an sxillesy
gland from a 78-year-old woman. Compare with ¥ig 7, Parafia section
oured with Sudan him b
Fie, 9, Tron in the axillary gland of & 78-yesr wht wowat, The Jare ply-
wented granules are Unreactiva to this test. Rectlan Yisated with the Prusbizy
lue method of Cumwst,
Fio. 16, Epithelial cells from a ditated gland from the axtiie of 2 75 ]4.» )4
‘woman, ‘The lumen i3 to the feft of the oelts, ‘Fhe granules fn the pyfuf<ysuzy s
tained metachromatically whh toluldine blae,
Fio. 11. Flattened epithelial cells from an sxillary gland of ¢ 44 e ¥
womss, The eytoplasm contains glycogen grunales.” The finecub st 1,54y ,’
the tumen is Schiff-reactive. Stained with the periodic nelf 8olilf o/ ji
Fia. 12, Intensely stained colloid in an sxlliacy gland fross 4 47 Jiss 108
‘wornan, Section treated with the periodac achd Hidasf pudf sy 4

Avuxg $Us. 2
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chromophobic. The basophilic granules, as swell as the nucleoti,
are no longer stainable with basic dyes after the sections have
been incubated in ribonuclense, and they must therefore con-
tain ribonucleic acids. The intensity of basophilic staining
in the cytoplasm of secretory cells is inversely proportional
to the number of gmizable secretion g les present.
Thus, nucleic acid may be involved in the synthesis of the _
secretion g les, pig d or ck phobi

Normal axillary epocrine glands contain no glycogen
{Montagna, Chase and Lobitz, 1858). However, Schiff-
reactive substances other than giyeogen are numerous in the
apocrine cells and have already heen described (Fig. 5).

Spindle-shaped myoepithelial cells are hed bet the
single layer of columnar or cuboidal cells and the basement
membrane. These cells are 5 to 10 ¢ in the widest diameter and
50 to 100 i in length. In transverse sections of tubules they
appear as triangular cells between the bases of the secretory
cells. The axes of the cells are oriented roughly parallel to that
of the tubule. Myoepithelial cells are best developed in those
tubules which are lined with the tallest epithelium, When
tubules are dilated and the epithelial cells are flat and elong-
ated, myoepithelial cells are very delicate or impossible to
demonstrate.

The Ageing Glands

In the glands of women around 80 years of age, a few seg-
ments of tubules become dilated and the secrctory epithelium
is reduced to cuboidal ar sq cells (Fig. 2). This is
actually the onset of ageing changes. Between the ages of 84
and 44 there is o very gradual increase in the number of dilated
segments in the entire axilla, and in a group of women 40 to
44 years old, entire glandular units have a flattened epithelivm
with or without an accompanying dilatation of the tubules
(Fig. 8). The dilated tubules are lined with squamous cells,
Although these atraphic changes can be found in nearly all
specimens from the late thirties to the late forties, or up to
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the pencd just before menopause, they are not numerous, The
majority of the glands are normal and their secretory cells are
tall columnar. In specimens from progressively older women
more tubules are lined with a flat epithelium and a larger
number of tubules is dilated. The lumen of the tubules lined
with the atrophied epithelium contains a flocculent residue,
in contrast to the [umen of normal tubules, the content of
which is always clear. The most marked ageing changes in
the axillary organ occur in the early fifties. At this period
many entire glandular systems become atrophied. Atrophy
and dilatation of the glands progresses very slowly from here
on. We have not found a single specimen, regardless of age,
in which there were not at least a few apparently normal and
functional glands. This point is subject to great individual
variation. In some individuals the glands become ineffective
much more rapidly than in others. Many of the tubules in the
axilla of a 78-year-old woman appeared normal,

The assumption that the epithelium of these glands is
normal is drawn from. several criteria. The epithelial cells,
although subject to variations, are usually tall columnar, with
some cytoplasmic extensions projecting from their apices,
The cells contain variable amounts of brown and yellow pig-
ment granules. The small yellow granules often contain iron
(Fig. 9), and the brown granules are usually sudanophilic
{Fig. 8), acid fast, autofluorescent, and Schiff-reactive (Fig. 6).

In contrast with the glands which remain intact, the epithe-
lium of the glands which show atrophic changes has lost most
of the characteristic features found in apocrine cells. Morpho-
logically, the cells have lost the resemblance to secretory cells.
They may be so flat as to resemble endothelial cells (Fig. 10).
They rarely contain granules and pigment, lipid or iron. In
contrast with normal glands, which never contain it, glycogen
may be found in the epithelial cells (Fig. 11) and in the
myoepithelial cells of the atrophied tubules. In addition to
these granules of glycogen, the cells may also contain saliva-~
resistant, Schiff-reactive granules. These same granules also
stain metach ically with toluidine blue (Fig. 10). This
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combined staining property is identical with that of mucus.
Also, the curdled luminal content of these glands stains like
the granules just deseribed. This, too, is ke mucus, and is
strikingly different from the serous content of normal glands
which is clear and nearly achromie.

As soon as the epithelial cells become flattened, the myo-
epithelial cells become very thin and inconspicuous. In the
tubules lined by squamous cells myoepxthelml cells cannot
be d t The p of myoepithelial
cells, then, is a property of the funct\onal glands.

The duct is the most resistant structure of the axillary gland
and it is never changed morphologically. All of its features
are like those of normal mature glands, even in those subjects
in which the glandular tubule is reduced to a series of thin-
walled cysts, This point is of some interest. Perhaps in spite
of the changes which the glands suffer with ageing, they still
retain some secretory activity, although the type of secretion
is considerably altered.

Mitotic figures are not infrequent in the glandular epithe-
lium of aged subjects. It must be recalled that mitesis is not
common even in the glands of young women. In the glands of
women 50 years of age or older mitotic figures may be found
even in the flattened epithelial cells, If these are self-propagat-
ing cells, then the changes that they have undergone are not
degenerative,

Axillary glands are inactive in children, become functional
at puberty and remain active thmughout the sexual life. In
old age axillary odour scems tod gad
and final cessation of apocrine secretion. In women the glands
ore believed to undergo periods of greater or lesser activity
correlated with the menstrual eycle and with pregnancy.

Authors generally agree that the glands are small and in-
active during the intermenstroum and become swollen and
active during the premenstruum and during the menstruum
(Loeschcke, 1025; Schaffer, 1926). Cavazzana (1947) believes
that during the premenstruum and menstruum the glands
are actually larger than during the intermenstruum; their
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lumen is dilated, and the secretory cells average taller. The
myoepithelial cells are believed to be swollen and farther
apart during the menstruum. During pregnancy the changes
are like those which occur during the menstruum but they
are much more pronounced (Talke, 1903; Waelsch, 1912).
Contrary to all others a few authors (Cornbleet, 1952; Loes-
cheke, 1925; Richter, 1932) believe that during pregnancy the
axillary glands are in a resting state or that their function is
depressed. Although these concepts are aceepted unquestion-
ingly, evidence to the contrary deserves some scrutiny (Klaar,
1926).

Unlike the other authors, all of whom studied apocrine
glands in autopsy material, Klaar (1926) obtained biopsy
specimens from the same women at weekly intervals during
the menstrual cycle. He found in normal women no changes in
the axillary organ which correspond to the eyclic menstrual
changes, and concluded that there is no correlation between
functional activity and the diameter of the gland, and that the
differences in the height of the secretory epithelial cells and
their content of iron in no way corresponds to the menstrual
cycle, During pregnancy and in puerperium the glands ex-
hibit individual range of variation similar to that found in
non-pregnant women. In women after menopause, the glan-
dular epithelium exhibited a wide range of variations; they all
had some characteristic dilated or “cystic” tubules lined by
flattened epithelial cells and surrounded by a thick connec-
tive tissue capsule. Normal glands, however, could be found
alongside of the eystic tubules even fifteen years after the onset
of the menopause. In castrated women a general slow regres-
sion of the apocrine glands is similar to that seen after the
menopause.

Our observations are in complete agreement with those
of Klaar. We have been unable to correlate any changes in
the axillary glands with the menstrual cycle. Similarly, no
changes have been found in biopsy specimens removed at
monthly intervals from pregnant women. Thus, there do not
appear to be definite eyclic changes in the axillary apoerine
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glands which parallel those of the gonads. The contradietions
between these reports and those of others may be the result of
the use of improper and insuffcient materials by others. It
scems possible that most authors have lacked an appreciation
of the full range of variations which oceur in the glands even
in the same individual. Although it is customary to believe
that axillary apocrine glands have a cyclie secretory activity,
we have not been able to detect cyelic changes in their
morphology.

Usually everyone assumes that the glands become fune-
tional at the onset of puberty. It cannot be denied that
gonadal maturation largely coincides with the onset of strong
axillary gland activity. Yet the glands of infants are clearly
recognizable and larger than the eccrine glands. The glands
of female children or juveniles which are not yet menstruating
are often large tmd functional (Klaar, 1926) The glands,
then, do not resy ifically to ovarian h 1 stimula-
tion; this is also reflected in the sgeing processes. Although
castration and menopause bring on some ageing changes
quickly, many entire glanduler units remain intact and
apparently normal for years after these events, In some of the
glandular units, regressive or ageing changes take place in
some coils of the tubule while others remain normal. Thus,
ovarian hormones play an obvious role in initiating their
maturation and maintaining in part the functional state of the
axillary apoerine glands, but other hormones, perhaps from
the adrenal cortex, are probably much more closely impli~
cated in this. What makes this assumption more probable
is the fact that in ageing men the glands show far less striking
regressive changes than those of swomen.
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DISCUSSION

framework, I do not know whether his serial biopsy technique would
veveal such a pracess if it occurred; but if there were a progressive
deterioration in the replacement power of these glands, that might at
least account for the fall off in the number of functional units in the
population,

Montagna: It is evident from our material that some glands become
aged more rapidly than others, I do not know whether or not the same
R Ty O e, o A T

e nally nf

evidence of that?
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gna: This is a conti tal point. We d sp onca
2 month from eight women from about the third month of pregnancy
1hrough i 3 10w, until their cycle had been

2}
restared. We found nothing in the axillary glands that we could say
correlates with these changes, .

‘The anly other person who has collected repeated hiopsy specimens
from tbe same subjects over the menstrual cyele, is Klaar. We have
confirrned his work and we are the only ones who agree with him. We
are in dissgreement with all others, who have relied entirely upon
avtopsy material.

Strauss: Prof, Montagna’s magnificent paper is a very important

phologi ibution to the ding of the life curve of
the human sex appeal! He mentioned very btiefly, but vesy importautly
for the anatomist, that he does not like to call the glands “apoerine
glands”. X would like to ask him why not?

JMontagna: This is & matter of definition. In apocrine glands the head-
portion of the secretory cells should pinch off and disintegrate to form
the secretion. Whereas this takes place in some cells, most cells secrete
by giving ot little globules of secretion at the brush-border, I think that
that i3 the way most of the secretion takes place.

Strauss: You would call them eccrine glands?

Montagna: Nol Since one cannot combat terminology by creating
new terms I stick with the old termst

Amorosa: An essentially similar view has been propounded by
Richardson in respect of the secretion of milk.

Ifuggett: I nm interested in certain points. I gather that you bave
not been able to test these more mysterious portions on animals~—y
might get onimal material. I was wondering what Is the distribution
of these glands in animals and whether you might not be able to satisfy
—shall Isay that sex appeal—by getting animals who are prepared to
supply their skin?

Monfagna: Although we have done o great deal of work on other
mammalian glands, they are not nearly so interesting. Most tubular
glands in other mammals are fairly duil; they secrete very deliberately,
with the exception of those of the harse and the pig which scerete fairly
profusely. The inguinal glands of the rabbit are large but they secrete
only {races of a musky smelling substance.

Huggett s This is a species stary?

Montagna: ¥ sm afraid it is.

Huggeil: And you have not got an animal species you can use o5 an
experimental subject ¥

Montagna: No. Even among the Primates, the lemurs and the
Platyrrhines have only apocrine, whereas the Catarrhines have both
eccring and spoetine. The chimpanzee has more ecerine ~* "5 then
apocrine, aud the orang has very few snics .

Huggett: Towhatevs— ' 7 2 0 n ° You
spoke of the male - e 2 ww not know
what the ward “del " ™' v loul vontext.

Montogna: The tuange 13 very much slower, I mentioned that in
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women at menopause there seems to be a precipitation of these changes
whereas there is no event in the male which is comparable to that.
The changes are all very slow, graduul ones.

Huggett: Well, you mentioned that in the girl the apocrine gland begins
to show its differentiation about 8 or 0 years of age; does anything
similar happen at that date in the boy?

Not as These were all made
with our noses! Most parents, and particularly the mothers, probably
know this. This is an empitical observation and I have nothing to
substantiate lt. I was talking nboul this wuh Dr. Rothman and he
made the were not aware of
this.

Zuckerman: Among Primates you looked at, did you examine the




204 E. W. Yexmm

The rapid formation of amides in ageing tissues may repre-
sent a gradual alteration in the balance between synthesis and
breakdown,

There is now much evidence that the proteins and other
nitrogenous constituents of plant tissues are maintained in 2
continuous dynamic equilibrium. The operation of inde-

dently controlled of synthesis and breakdown
was earlier suggested by Mothes (1933) and by Gregory and
Sen (1937), and the use of isotopie nitrogen (**N) has provided
direct evidence of the dynamie state of leaf proteins. The
experiments of Hevesy and others (1940) and of Vickery,
Pucher, Schoenhei and Rittenberg (1940) 4 ated
the incorporation of the isotope into tissue proteins in con-
siderably greater quantities than could be accounted for by
primary synthesis. More decisive evidence has been obtained
from the experiments of Chibnall {Chibnall and Wiltshire,
1954} with leaves of runner bean and from our own experi-
ment with barley leaves. Yt has been shown that, even under
conditions in which & net loss of protein occurs in detached
and senescent leaves, there is appreciable synthetic activity
indicated by the active incorporation of BN into the tissue
protein.

Some of the results of an experiment, in which a dilute
solution of ammonium phosphate, containing about 80 atom
per cent excess of BN, was supplied to the cut surface of
detached barley leaves, are summarized in Table ¥. The
protein separated from the leaves was subjected to group
analysis by methods similar to those described by Yemm
{1950} and the abundance of BN determined in cach group.

Under the conditions of this experiment a net loss of about
20 per cent of the tissue protein oceurred during the period
of 24 hours over which the experiment extended. Neverthe-
less, it is evident from the data of Table I that considerable
synthetie activity continued in the leaves; a significant
incorporation of isotopic nitrogen was detected in each of the
main groups of amino acids into which the protein was

enalysed. The highest abundance of UN was observed in the
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dicarboxylic amino acids and in the amide N, again emphasiz-
ing the high activity of glutamie and aspartic acids and their
amides in the protein metabolism of the leaves.

It may be concluded from the evidence outlined above that
the protein content of leaves is the result of continuous

Table I
INcoRPORATION OF BN INTO PrOTEING 0P BARLEY LEAVES

Protein separated from leaves 21 hours after supplying them with
004 3-NH,H,PO, containing 20-8 Atom 9, excess *

Atom %, Excess UN

Total N 0 183
Dicarboxyhie amino acid 0 z10
Basic amino acids 0-080
Other amno acids 0-160
Amide N 0-431

synthetic and catabolic activities. In ageing tissues the loss

of protein is attributable to a decline in synthetic capacity,

leadmg to an adverse balance and the predominance of
ges as yellowing of the leaf p d

Respiratory Activities of Senescent Leaves

The changes of respiratory activity in yellowing leaves
have been recently reviewed by James (1953). Much of the
available data with leaves of different species has been ob-
tained with detached leaves often kept for long periods in the
dark. As already noted, senescence occurs rapidly under these
experimental conditions, but in the present context it is of
interest to examine briefly the general relation between the
rate of respiration and yellowing of the tissues. The pioneer
research of F. F. Blackman (see James, 1953), carried out
with leaves of Cherry Laurel and Tropaeolum, showed that
during yellowing of mature leaves a marked increase in the
rate of respiration took place. In leaves of different species
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the time seale of these changes varies widely; the rise in CO,
production and rapid yellowing occurred after about 25 days
in Cherry Laurel and after 8~10 days in Tropaeolum leaves.
With mature leaves of barley and of grasses the changes are
much mare rapid and yellowing often occurs 2-8 days after
detachment from the plant. Despite these wide differences in
the rate of ageing, wany of the same features can usually be
recognised; during yellowing relatively high or rising rates of
respiration are generally observed with detached leaves of
different species. More limited data are available concerning
the respiration of leaves when they undergo normal senes-
cence while still attached to the plant. However, Arney
{1947} in experiments with attached strawberry leaves has
shown that an appreciable rise in rate of CO, output oceurs
during yellowing,

A detailed interpretation of the respiratory drifts in ageing
leaves will not be attempted here. There is strong evidence
that the respiratory hani are iderably modified;
with detached leaves of barley and other species, chemical
analyses indicates thot during yellowing a substantial part of
the €O, lost from the tissucs is formed by the oxidation of the
earbon skeletons of amino acids. Godwin snd Bishop {1927)
found that a loss of relatively stable glycosides and probably
polysaccharides took place during the senescence of Cherry
Lawrel Jeaves, High rates of respiration seem, therefore, to
be closely related $o the breskdown of proteins nnd other
complex constituents in senescent leaves. Soluble metabolites,
such as amino acids formed in this way, may be important
respiratory substrates which sustain the cellular oxidations
associated with the rapid release of CO, from ageing tissues,

In addition to leaves, some other senescent plant organs
show an aceeleration of respiration during ageing. The so-
called climacteric rise, observed in apples when they ripen
and become yellow {Kidd and West, 1930}, has been shown to
oceur in many other ripening fruits. The metabolic changes
swhich take place in apples have been extensively studied (see,
for example, the review by Pearson and Robertson 1054);
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the high rates of respiration in the ripening fruits are associ-
ated with the breakdown of starch to sugars, although a slight
synthesis of protein can be detected during yellowing,

The experimental data briefly considered above mdlcate
that the catabolic in plants are
associated with lugh rates of cellular respiration. It is uppro-
Ppriate now to try and distinguish some of the basic changes in
cellular metabolism which accompany ageing of plant tissues,
and to bring the data into relation with some current views on
the regulation of respiration and its coupling with synthetic
activities.

The Relation between Cell Respiration and Protein
Metabolism in Ageing Tissues

Gregory (1937), Richards (1936) and their collaborators
have demonstrated a close connection between respiration and
protein metabolism in leaves of barley. In a tentative hypo-
thesis Gregory and Sen (1987) suggested that a continuous
protein cycle operates in leaves and that under normal cir-
cumstances much of the respiratory CO, arises from the oxida-
tion of the carbon skeletons of amino acids. The hypothesis
has been further developed by Steward and his collaborators
(see, for example, Steward and Thompson, 1954), and, along
these lines, the rapid respiration of senescent leaves may be
related to the high levels of available substrate, resulting from
the breakdown of tissue proteins to.amino acids.

There are, however, other cellular mechanisms which may
link respiration and protein metabolism and which seem to
offer a more comprehensive interpretation of the catabolic
changes in ageing leaves. It is now widely recognised that
Phosphorylation and phosphate carner systems constitute
important hani: regulating glycolysis and respiration
and coupling them with endergonic synthesis. Experimental
work with both animal and plant tissues indicates that the
rate of respiration may be strongly influenced by the
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availability of free phosphate and/or phosphate aceeptors, both
of them essential components of the enzymic systems engaged
in glycolysis and oxidation. The general importance of phos-
phorylation in regulating cell respiration in plants has een
diseussed by Lardy (1952), by Millerd and Bonner (1953) and,
with particular reference to protein metabolism, by Folkes and
Yemnm (1054) and Yemm (1954).

Evidence that the level of phosphorylation may regulate
the 1ate of respiration in plant cells rests mainly upon the
action of so-called uncoupling agents, such as dinitrophenols.
As reviewed by Simon (1953), these reagents at low concens
trations strongly inhibit phosphorylation, whereas enzymatic
oxidations are but little affected: under suitable conditions
synthetic activities, particularly protein synthesis, are pre-
vented, while a marked increase in eellular respiration gener-
ally oceurs. Thus treatment of the tissues with nitrophenols
and other pling agents prod expert ally chang
in metabolism similer to those associated with senescence.
QObservations such as these have led to the view that ageing in
plant tissues is associated with o partisl failure of the linkage
between phosphorylation and cell oxidations. As a result of this
foilure, the regulating action on cell respiration is impaired
and there is a decline in the synthetic activities whereby
the proteins and other complex constituents of the cell are
maintained.

Pearson and Robertson (1954) have reviewed some evidence
that changes, such ns those ontlined above, oceur during the
ripening of apples. They bave shown that the relatively low
rate of celt respiration during the pre-ripening stages could
be substantially i d by 2 : 4-dinitrophenol, but that
after the climacteric rise and yellowing similar treatment had
little effect. Some further evidence that changes of the phos-
phorylating mechanisms were assotisted with ripening was
obtained by Biale (1954) from a study of eytoplasmic particles,
probably witochondria, y d fram the avocado fruit.
But, a5 yet, no comparable data have been obtained concern-
ing the metabolism of senescent Jeaves.
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Conclusions

With regard to respiratory activities and the metabolism
of proteins in ageing leaves the following conclusions may be
drawn from the data:

1. The predominance of eatabolic changes in the tissues
results, in part, from a decline in synthetic activity, and not
solely from an increase in hydrolytic breakdown of complex
constituents,

2, Tigh rates of respiration are generally found in yellow-
ing leaves; much of the carbon dioxide may arise from the
oxidation of the carbon skeletons of amino acids.

3. It is possible that both the high rate of respiration and
the loss of synthetic activity result from changes in the phos-
phorylating mechanisms of the cells.
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DISCUSSION

1ue gecond one: ecological factors and leal senescence reslly ave
extremely important. One of the things which increases the rate of
of leaves very kedly in cereal p!ants, which I have been

in!orcsttd m partmularh & rentar eremede gets much earlier
' - 's under conditions

other factors—the
1 ; under conditions
<! . ‘breome sepestent

Huggm. \\‘qut abaut kmes on tmpxcal plants in humid climates like
Nigeria?
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Yemm: Most of these leaves are not deciduous. They have quite a
long life and are commonly relatively resistant leaves of the type of

rtant. I made some

va nhearvation when
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diverted from its normal course and cansequently plastid structures and
pigments in the cells tend to break down, so that yellawing is here B
logical effect ting from the diversion of protein bol
rather than extensive catabolism of protein.
Villee: 1 would like 1o congratulate Dr. Yemm on his work; it is

very elegant nod I was in the com-~
panisons which ean be drawn between protein metabolism in animal
tissues and plant tissues. Inoted from your 3N data that the picture is
quite similar i the two, that the highest rate of incorporation was jnto
nspartic and glutamic acids, other than the amide N, and that the basie
amino acid lysine had e very low rate, suggesting that, as in animals,
lysine probably does not exchange its nitrogen. You stated that gluta-
mitre Accumulates rapidly, more than can be sccounted for by that
present in the protein; is that as ine or as g plus gl i
aci

Yemm: As glutamine alone. Practically the whale of the soluble
glutamie acid in these tissues is combined as the amide.

Villee: T see. It would suggest a de novo synthesis of glutamic acid
and the formation of the amine from that.

Yemm: Yes. The deviation of these data depends upon a knowledge
of the compasition of the leaf proteins. We bave separated tissue pro-
teins from the leaf and esti their average position in terms of
amino acids. We then measured how much protein disappeared aver &
geven period of time and also the amount of glutamine that aceurnulated.
When the two are compared, it is found that glutamine geenmulates in
much greater g ies than can be for simply by hydralysi
of the proteins, A similar resuit was obtnined for the other common
amide of plants, asparagine.

Villee: This, of course, is quite understandable biochemically because
of the amination of the corresponding keto acids. Now, I was also
interested in the increase in respiration which occurs, Since we know
that substituted phenals are secelerators of respirstion, I wonder
whetber the brea of pi such as anth ins might in some
way release cither nitrophenols or chlorophenols which could be a
stimulating factor at this time. The coincidence of this with the yellow-
ing of the leaf suggests that perhaps in the yellowing, some of the pig~
ments themselves break down and telease physiologically active
substances.

¥emm: X have no comment on it. X think that it is difficult to account.
for its occurrence in different types of leaf, very different in composition
and In their anth in pi; yet the lerution of irati
seems to be a general phenomenon in senescent leaves and is closely
correlated with yellowing and with protein metabolism.

¥illee: 3ave you made any tstimates of phosphorus and oxygen
ratios to see whether there is, in fact, a change In this ratio which would
be the crucial point as to whether phospliorylation has altered later on?

Yemm: 1 can only say that we have tried it without success. The
situation in plants, I think, s here perhaps a little more complicated
than in animals, It seems that there are, in 8!l probability, a large




photosynthesis. : )
emm: Yes, but of course all the respiratory data are obtained in the
dark, The two processes are separated in that way. In point of fact,
:vith barley n:\d  some of the other leaves, respiratory quotients have

. “ . 1
may come from many different things. And, of course, the oxygen
which leaves the plant as CO, does not necessarily come in as gaseous

oxygen,

WWilliams: T would Iike 10 go into the question of ageing in genersl.
Dr. Yemm seems to be dealing with the ageing of transient tissues but
&s for as I can gather it seems to be rather for the benefit of the per-
s IR A e for e bt r e

organism.
ha

Frmnnd maints ¥
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wiral snfections and pathologicst conditions which leads to the gradual
decline in the vigour of the plants. 1 think that many plants can
duce th 2} getatively for 8 very Jong time without showing
“genescence ™ in the clone as & whats
PN

of R
1: .
mi . '

)
words, replaces ‘

Yemm: Nott ~unans syatheses become more
obvious, but wheuser 1t 1s u result of a change mn the whole balance of
metabolisre gne does not know. The one I was mentioning—glutamine
~—now ihis 15 5 synthests which becomes much more conspicusus in
older Jeaves, but 1 our view the increase of glutamine may result from

an alteration in the balance betw een synthesis and breakdown of protein
as the leaf ages.

Huggett. Ava .
yellowmg? - . . . .

there are ¢ . awu eIt TA B
correlated

Yemm: 42 e
that
senese: . i .
inge " . PO
cope . . Lo . P



THE PHYSICAL INSTABILITY OF HUMAN RED
BLOOD CELLS AND ITS POSSIBLE IMPORTANCE
IN THEIR SENESCENCE*

J. E. LovELoCK
National Institute for Medical Research, London

Accorpine to Comfort (1954) in a review of the biological
aspects of senescence: “All theories of senescence at the pre-
sent time must be based on unwarrantable assumptions in the
absence of concrete answers to the essential questions of
fact”. One assumption which seems generally acceptable
however is that senescence is in some way connected with
“‘wear and tear”, or in physical terms with the natural tend-
ency for disorganization or entropy to increase with the passage
of time.

The notion that senescence is due to wear and tear in a
mechanistic sense, namely, that living organisms wear out as
a result of their continued activity, is probably erroneous but
lies behind the widespread belief that the slowing or arrest
of metabolism at low temperatures would lead to suspended
viability. In recent yearsa iderable body of inft jon
has accumulated on the effects of low temperatures on living
cells, and this resulted primarily from the importantdiscovery

e = . R

in the frozen state for periods greater than their normal life-
span. It is found, however, that living cells do not necessarily
survive for long periods when their temperature is lowered to a
level ient to reduce metabolism to & igible value,
The progressive loss of red blood cells stored at —78° has been
reported by Mollison, Sloviter and Chaplin (1952), and at this

* This paper was presented by Dr, A. S. Parkes on behalf of Dr. Lovelock,
—Ed.
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temperature ovarian tissue may also fail to survive even one
wecek, although under otherwise similar conditions it survived
a year or more at ~190° (Parkes and Smith, 1958). The
survival of red blood eells at —20° is poor corepared with that
at ~78° although at both temperatures glycolysis has stowed
1o a point where there is a negligible consumption of glucose
during the survival of the cells (Chaplin &2 al., 1954).

The notion that the cessation of activity would lead to
the suspension of vital processes assumes not only that the
harmfid effects of wear and tear result directly from activity,
but also that the cell is stable in a physical sense in the absence
of acivity.

Nowadays it is more usual to regard living eells as dynamic
entities, It is thought that their contents, and possibly also
their structures, are maintsined at a constant level by &
balance between the aceretion of synthesis and the losses due
Yo chemical change and Yo passive diffusion. If a cell, which
is in dynamie equilibrium at its normal temperature, is cooled
to a temperature where metabolism ceases, or is greatly
slowed, it will cantinue to suffer the loss and disorientation of
its comp by random molecular movement and by dif-
fusion, for these physical processes are only slightly affected
by a fall in temperature. It follaws that the life-span of a cell,
which is normally in dynamic equilibrium, will be short if it is
stored at o temperature where the balance between synthesis
and diffusion is no longer on the eredit side. It may well be
significant that the suceessful cold storage of living cells has so
{ar only been achieved under conditions where diffusion itself
is greatly slowed, namely at very low temperatures, in the
presence of viscous substances such as glycerol, or in the dry
state,

The concept of the living cclf as a steady state system is
helpful not only in emphasizing the inadequacies of the purcly

hanistic approach toth i jons of entropy, butalso
in suggesting the more probable nature of the wear and tear
process suffered by the coll, namely, the loss and disorienta-
tion of its substance by diffusion. Diffusion s usually regarded
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as a relatively slow process, but at cellular dimensions it can
proceed with considerable rapidity. This is illustrated by a
caleulation (Ponder, 1948) showing that 90 per cent of the
haemoglobin of a red cell can diffuse in four seconds through a
hole oceupying only one thirty-thousandth of the cell area.

In comparison with the information available concerning
the metabolism of various types of living cell, little is known
of the spontaneous diffusion processes to which they are con-
tinuously subjected. One exception, however, is the red blood
cell; it is well established that its internal contents are not
in thermostatic equilibriur with the environment but are
maintained at a steady level by active processes. While some
of the structural p and the h lobin are appa-
rently inert (Muir, Neuberger and Perrone, 1952), it has been
shown that the cell lipids are in & condition of rapid turnover
both by metabolism (Muir, Perrone and Popjak, 1951; Altman,
1953), and by passive diffusion (Gould, 1951). The integrity
of the red cell depends upon the presence of the lipids, and
since these substances are free to diffuse away, then to some
extent the cell itself can be regarded as a steady state system
maintained intact by its metabolic activity.

This information, together with the knowledge that the
normal life-span of the red cell is known with considerable
precision and the fact that it is particularly convenient for
experimental purposes, decided the choice of this cell for the
investigation of its physical stability, even though it was real-
ized that the red blood cell is highly specialized and cannot be
considered representative of living tissue.

This paper describes some experi on the diffusion of
components from the red cell and its ensuing dissolution.
A detailed account of the experimental material and methods
is described elsewhere (Lovelock, 19553). The loss of sub-
stance was accelerated by suspending the cells in a medium
maintained unsaturated with respect to the components of the
cell \: This was achieved either by rep d washing
or by including in the medium a neutral adsorbent substance,
namely alumina. A few observations are also included on the
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dissolution of red cells during their storage at low tempera-
tures. The progress of the dissolution is described and the
structure and state of the ecll membrane discussed in the light
of the experimental observations. The pOSbe)e relevance of
these observationstothe probl £ \!

‘The dissolution of red cells in the temperature range
0° to +40°

The suspension of human red eells in 016 x-NaCl is fol-
lowed by a loss of lipid components from the cell membrane
and to a lesser extent by haemolysis (Lovelock, 1952). The loss
of lipids is rapid at first, but after 3 minutes an equilibrinm
level is reached, and the rate of loss falls to a low value. The
equilibrinm concentration of lipids does not appear to repre-
sent a simple saturation of the medium with these subst
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but depends upon the previous treatment of the cells. It
increases with the length of time the cells have been stored in
vitro and decreases with the number of times they have been
washed,

The effect of repeated suspensions in 0-16 3-NaCl is shown
in Fig. 1. Even after 20 washes only 6 per cent of the cells
have haemolysed, and the proportion haemolysing was con-
stant for each washing. During the first 7 washes, however,
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a considerable amount of the cell membrane was dispersed
in the medium and shrinkage of the cells took place. There-
after the losses of cell components proceeded at a rate equi-
valent to the loss of cells by haemolysis.

Figs. 2 and 3 show that the effects of exposure to alumina
are closely similar to those of repeated washing. The haemo-
Iysis of the cells is directly related to the time of exposure and
concentration of alumina. The loss of lipids, however, bears a
direct relationship to the time and intensity of exposure only
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after a considerable proportion of the membrane has been
removed. This proportion appears to be more or less inde-
pendent of the concentration of alumina.

The results suggest that the dissolution takes place in two
steps. First, there is a rapid loss of superficial or surplus
material which is not immediately harmful. Thereafter the
rate of Joss of membrane components is closely proportional
to the rate of haemolysis. This suggests that any further loss
of material from individual cells leads to their rapid and
complete destruction.

Figs. 4 and 5 show the effect of temperature upon the rate
of loss of lipids and the haemolysis of cells exposed to alumina.
Between 40° and 5° the rate of haemolysis proceeds in a
manner consistent with a process governed by simple diffusion,
that is, with an activation energy of 5500 calories. Below
~+5° the rate of haemolysis and loss of lipoprotein begins to
increase, but the loss of cholesterol and phospholipid continues
to fall,

Previous experiments (Lovelock, 1954) indicated that the
loss of components from the red cell is not reversible in a
simple manner. Cells which have been denuded of membrane
components regain very little of their lost material after one
hour in fresh plasma at 37°

The experiments just described were carried out using cells
stored at 4° in “acid citrate dextrose” media for from 8 to
10 days. During this period of storage there is little or no
change in the viability of the cells, as judged by their survival
on transfusion (Loutit, Mollison and Young, 1943). It was
noted, however, that the deleterious effects of both repeated
washing and exposure to alumina increased during this period
of storage.

The experimental evidence shows that a considerable pro-
portion of the red cell membrane is easily detached by washing
or by exposure to alumina. The proportion detached does not
appear to be a defined superficial layer or capsule, since the
proportion lost varies with the temperature and duration of
cold storage. The removal of this layer is not immediately
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harmful, and cells so treated de not heemolyse more rapidly
than normal cells when suspended in 0-16 3-NaCl. The loss of
I ts is, however, panied by a loss of volume.
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This could result, fur example, from changes in the internal
composition of the cell duc to alterations of its permeability.
Recent preliminary measurement of the eleetrolyte and water



HusaN Rep CeLL INSTABILITY AND SENESCENCE 223

content of the red cell, after treatment with alumina, suggests
that no alteration in the internal composition takes place. If,
however, the lost volume is snmply that which was occupied
by the detached components, it is possible to calculate the
ion of these p in the detached layer. The
results suggest that the concentration of the removable
layer is equivalent to that of a 2 per cent lipoprotein gel.
This agrees well with the value suggested by Mitchison (1958),
based on birefringence measurements, for the concentration
of lipoprotein in whole 1 Ponder (1954), however,
suggests that the membrane is much less hydrated than this
and gives an estimate of 33 per cent for the concentration of
membrane material from observations of the volume of
fragmented ghosts.
It seems “orth considering the posslb:hty that the concen-
gh

“tration of is not thr
its thickness but increases mdmlly inwards from the surface
This could explainth f detact of thet
layers, and to some extent resolve the discrepancies between
the estimates of the ti hick and
The classical view of the structure of the red blood cell
t implies & f k of stroma protein surrounded

by a bimolecular layer of lipids, with a sprinkling of antigenic
protein at the surface. It seems unlikely that a cell possessing
such a structure could lose a sut ial part of its b
and still remain intact. Among the recent views upon the
architecture of the red blood cell, that of Moskowitz and
Calvin (1952) agrees best with the expenmental results above.
They envisage a posed principally of fibrils of a
lipoprotein, elenin, orientated parallel to the cell surface and
cemented together by ether-soluble lipids.

If the structure of the red cell membrane suggested by
Moskowitz and Calvin is accepted, then the physieal dissolu-
tion of red cells might proceed as follaws: when the cells are .
suspended in a fresh saline medium the surface lipids will
dissolve or disperse in the medium; the lipoprotein which was
held in position by the lipids will then become detached and
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Qiffuse away. In a medi intained conti: ly un-
saturated with respect to the lipid components of the celt
membrane this process will continue until so much of the
lipoprotein has unravelled that the intact existence of the cell
is no longer possible. The increase in the rate of haemolysis
belaw &° could result from a hardening of the cementmg lxplds,
if the repair of small breaches in the d on
their ability to flow. Recent investigations of the - effects of
thermal shock on red cells suggest that such 5 hardening of the
lipids may in faet oceur (Lovelock, 19555).

The free energy of the lipid comy ts of a highly organized
strueture such as the red cell membrane is likely to be higher
than that of the same components in their saturated solution.
It follows that the red cell membrane is probably unstableina
physical sense, and its intact existence may well depend upon
the continuous synthesis of lipid components, and upon the
P of a iderable reserve of brane material,

The effects of cold storage

The experimental evidence so far shows that the red eell
will disintegrate rapidly if kept in a medium which is not
turated with the s of the cell membrane. In
their normal environment and during cold storage in their
plasma the cells swim in the presence of a considerable excess
of lipid and possibly other membrane components; in these
circumstances it might be thought that damage by diffusion
would not take place. The chemical analysis of red cells, after
storage for a few months at 20%, indicated that changes very
similar to those following exposure to alumina take place
.(Lovelock, 1954). Unless a physiologically abnormal medium
is used for their storage, namely one which is acid and which
contains a salt such as sodium citrate or lactate, » rapid dis-
solution of the cells takes place. The beneficial effects of the
seid citrate medium used for the routine cold storage of red
cells are directly attributable to its poor solvent action towards
stroma lipoprotein.

Even in this medium, I , adverse ch do oceur

4
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and are made app by a p ive i in the ease
of detachment of membrane mnterml by washing or alumina
and by the ultimate failure of the cells to survive when trans-
fused. These changes can occur at all temperatures between
0° and — 78° and are therefore presumably physical in nature,
for bclow — 20° metabolism has effectively ceased. In a

ication Dr. A. Richardson Jones reports that
it is possible to produce a specifie anti-serum for the human
red cell envelope by i izing rabbits with alumina powder
after its exposure to red cells. The anti-serum has the remark-
able property of haemolysing freshly drawn cells but not eells
which have been exposed to alumina, repeatedly washed, or
subjected to prolonged cold storage. The experimental result
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strongly supports the notion that the changes in the cells
during cold storage are similar to those induced by enforced
diffasion.

If the dissolution of the cell during cold storage is preceded
by the diffusion and dispersion of its membrane, it would he
expected that the rate of dissolution would be inversely
related to the viscosity of the medium and directly related to
the solubility of the membrane material, Some confirmation
of this is provided by the results shown in Figs. 6 and 7 where

> o @ 3
o Q o

CELLS SURVIVING (%)

N
o

DAYS

Fi6- 7. The ennntansmia hasmahireic of wad pslly =6 a0

the spontaneous haemolysis of red cells in NaCl at 0° is seen
to be inversely related to the viscosity of the medium and
directly related to the NaCl concentration; the solubility of
stroma lipoprotein bears a direct relationship to fonic strength,
The effect of storage temperature on the rates of diffusion,
metabolism, haemolysis and the death of the cells, as judged
by their failure to survive when transfused, are shown in
Fig. 8. The rates of glycolysis of the cells which are an index of
their metabolism are taken from the data of Chaplin et al.



Humax Rep CELL INSTABILITY AND SENESCENCE 227

(1954), s are the death rates of the cells. The diffusion was
calculated from the formula given by Einstein (1926),

_ BT

~ G

where D =the diffusionrate, Ttheabsolute temperature, R the
gas constant, v the viscosity of the medium, and r the radius
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of the diffusing molecule. For a given molecular species this
relationship indicates that D is proportional to . The

relative rates of diffusion shown in the diagram are for the
values appropriate to the glycerol concentrations| and tem-
peratures used. The viscosities of glyeerol at
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temperatures below 0° are taken from the datn of Miner
and Dalton {1953) and of Blum and Kauzman {1954).

The diagram illustrates how very much more rapidly the
rate of metabolism slows than daes the diffusion when the
temperature is Jowered, At — 20° assuming the relative rates
are equivalent at -+ 40°, diffusion proceeds 20 times more
rapidly than metabolism.

Both the rate of death of the cells and their spontaneous
haemolysis show a cubic type of relationship with temperature.
The rates of death and haemalysis decrease at first with falling
temperature until in the region between + 5° and ~— 20° there
1s a halt in the death rate and an increase in the rate of

it At still lower temperatures both ratesresume their
decrease with deereasing temperature. At the lower tempera-
tures both rates fall approximately as fast as the ealeulated
rates of diffusion. In the region between — 20° and §°
metabolism proceeds at an appreciable rate and its heneficial
effects may be responsible for the observed temporary de-
crease in the rates of death and haemolysis as the tempera-
ture rises.

More direct evidence in support of the notion that the
structure of the red cell is in dynamic equilibrium comes from

iments on the transfusion of red cells after storage and
c!hcr treatment iz vitro. Burnett (1951} has shown that red
eells, exposed to enzymes which modify their surface sothat
they are o longer able to absorb virus particles, are restored
to their normal condition within o few days after their
transfusion. Gabrio, Stevens and Finch (1954) have shown
that red cells reeover from damage suffered during cold
storage after they arc transfused into a recipient. They have
also shown that the damage suffered during cold storage
can to some extent be reversed én vitro, which suggests that
the capacity for repair is posscssed by thc ccll rather than
the recipient. These experi dingé seem sufficient to
justify the speculzmon that the factor detcrmmmg the survival
of the cell, cither iz vivo or nfter storage, is its ability to repair
Josses by diffusion or other changes, In addition, it would
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seem not unnatural that those parts of the cell which organize
the repair are themselves more resistant to the attrition of
physical agencies than the components they repair. An
interesting and somewhat paradoxical support for this notion
comes from the experiments of Gabrio and Finch (1954).
Thcy find that the survnal of red cells dunng storage at 4°

emmmte L taidan .
i

resistance to diffusion,

Conclusions

In accord with the best principles of serendipity this investi-
gation has established some unsought facts on the structure
and status of the red cell, but the goal, the solution of the
problem of its senescence still lies ahead. Nevertheless, two
conclusions which appear to be relevant to the general problem
of ageing can be drawn from the experimental evidence.
The first of these concerns cold storage; the use of cold storage
as a method of suspending viability is now well established in
practice and may increase in importance as an experimental
technique for research on ageing. For example, the work of
Billingham and Medawar (1952), and Billingham (1953) has
shown that the reimplantation of cold-stored infant tissue
into the same adult animal is technically possible. The experi-
mental results suggest that the success of cold storage as a
method of suspending viability results from the arrest of
diffusion processes and not, as was commonly thought, from
the cessation of metabolic activity alone. Should cold storage
become established as a technique for the investigation of
ageing processes, then the proper understanding of the
mechanism of its action is necessary both for its theoretical
implications, and for defining the optimum conditions of
storage.

The experimental results also offer confirmation for the
notion that the red cell is in fact a steady state system in
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which active synthesis maintains the cell at a constant com-
position in spite of the dispersion and disorientation of its
substance by random molecular movement.

It is possible to demonstrate physwnﬂy that tha canrmrence

of a cell, so constructed ig frerite? " orm-~
ation i« - 7 . Coe aeacelt
ont , -sueas structure, the interpreta-

tion ... senescence in terms of physical dissolution remains
speculative. In the subject of senescence, as in astronomy,
the lack of essential facts is not usually a serious objec-
tion to the discussion of a theory. This precedent, and also
because further experiments are suggested by the theory just
qutlined, seems to justify the discussion that follows.

It is at first sight perhaps surprising that a model cell,
which is supplied with unlimited quantitites of energy and
which has the means to repair damage suffered as a result of
wear and tear, should be subject to inevitable dissolution.
There are scveral ways of formulating this problem in physical
terms, but the simplest of these makes use of “informstion
theory™ {Shannon and Wesver, 1949), Information theory is
primarily d with the y of messages, It is
well established, in both the theory and practice of this subject,
that it is impossible to convey information without some loss
or distortion taking place, and this is entirely attributable to
the universal tendency for disorganization to ocenr, Or in
other words, to pose a z thing whick is dis-
tributed at random must be ized and this organization
inereases its content of energy. The normal and inevitable
degradation of this energy with the passage of time results in
an equivalent degradation of its content of information.

In order to preserve its identity in the face of wear and tear,
a Yiving cell must possess af its formation a considesable
quantity of information to direct the course of ite »~=-"r

functions. “‘hatever part of tha ~att- v
is itself o=~
mover o aulies

tion. . s < 1 vpen to the criticism that it
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states the obvious in different words. Nevertheless it has the
advantage of directing attention to that part of the cell which
is most vulnerable to the effects of physical dissolution,
namely the part which conveys its specification and which
alone cannot be repaired if damaged. Furthermore, it would
suggest that even the non—nucleated mammalian red cell
p all the inf y to preserve its identity
during its life-span. This suggestion is in accord with the
observed ability of the cell to repair itself after damage during
cold storage, and by the constancy of its composition in its
normal environment.

Finally, there is an analogy which illustrates the relevance
of this particular physical approach to the general problem of
ageing, In the practice of information theory, which is called
communications engineering, there is & device for rejuvenating
messages which would otherwise have become unintelligible
during their tr ission over a great di: . This “ageing”
of messages can be overcome if the same message is received
simultaneously over several different, but closely adjacent,
paths and then combined. The probability of losing the same
items of information along each of the paths is small, and so
the combination is usually a faithful replica of the original.
There seems to be more than a casual resemblance between
this device and the natural process of conjugation,
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AGEING IN HUMAN RED CELLS

P. L. MoLnisox

Medical Research Councils Blood Transfusion Research Unit,
Postgraduate Medical School of London

AGEING in red cells suggests at least three processes, all of
which may be quite unrelated. First, there is the transition
from characteristics displayed by red cells in infaney to those
displayed by the same cells in adult life; secondly, there are
changes occurring during the life-span of individual red cells;
and thirdly, there are changes which occur when red cells are
stored outside the body.

It has been shown that the red cells of newborn infants
differ in several respects from those of adults; for example,
they are larger and contain a considerable proportion of
foetal haemoglobin. It seems probable that the character-
istics of the cells of newborn infants reflect changes during
the evolution of the species or, in some cases, represent
adaptations to foetal life; for example, the weakness of the
A antigen at birth may help to protect the group A infents
against the A antibody which may cross the placenta from its

creALaw cfeedattan A s nmp ahnsca aheorirad in wad nalle

the kind ing within the life-span of a given population of
red cells.

The life-span of red cells in many species has been exten-
sively studied in the past 20 years, The most direct evidence
has been obtained from experiments in which red cells formed
during a limited period of time are labelled. For example, if
radioactive iron is injected into dogs the iron is incorporated
into newly formed haemoglobin. Provided that the animal is
given an adequate amount of non-radioactive iron, radioactive

233
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iron liberated from breaking-down red cells is not reutilized,
and so the disappenrance of cells from the circulation
is panied by a disapp of radioactivity. Such
experiments show that most red cells in the dog live for about
110 days; they also show that the standard deviation of life-
span is guite small—about ¢ days (Brown and Eadie, 1853).

When red cells are transfused from one normal subject to
another, a very different type of curve js found because the
bleod then contains labelled red cells of all ages. Since red
cells live for rather more than 100 days, each day slightly less
than 1 per cent of the cells are expected to reach the end of
their life-span and leave the cireulation. Transfusion experi-
ments lend sclid support to the idea that red cells have a
definite life-span which, in man, is about 110-120 days.

Dornhorst (1950) has aptly compared the red cell to the
V-1 pilotless bomb, starting on its journey with a definite load
of fuel and crashing precipitously to earth when the fuel is
exhausted.

At one time it was suggested that red cells were slowly
battered to pieces in the circulation (Rous and Robertson,
1917). However, this view is more in keeping with the idea
that red cells are inanimate particles rather than that they
are actively metabolizing cells. There is some direct evidence
against the idea that cells are battered to pieces after a finite
number of collisions in the circulation. For example, if red
cells are transfused to a patient with double the normal
cardinc output so that they travel faster and further than
normal red cells, they survive for the same time as in 2 normal
cirenlation (unpublished observations).

In fact, it appears that red cells are capable of a limited
amount of self-repair; for example, they can synthesize
phospholipids and thus replace lipids lost from their surface
(Altman, 1953). It is of some intcrest that red cells which
have been washed a dozen or more times in normal saline, and
have presumsably lost some cell lipids, survive normally after
re-injection into the circulation (Hughes Jones and Moliison,
1056).
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It scems probable that what red cells cannot do is to
synthesize enzymes. It is known that the cholinesterase
activity of reticulocytes is two to three times higher than that
of mature cells (Sabine, 1951). It has also been shown that
the cholinesterase activity of rat red cells increases following

h and then gradually declines (Pritchard, 1949).
Recently, Allison and Burn (1955) have shown that the
cholinesterase and catalase content of transfused red cells
diminishes progressively with time.

It thus seems very likely that the fuel of the red cell which
becomes exhausted with time is its content of enzymes.
When the enzyme content falls to a certain level, the active
processes upon which the integrity of the red cell depends
cease and the red cell disintegrates. It is known that the red
cell derives most of its energy from anaerobic glycolysis.
However, it is not known how failure of the supply of energy
determines the death of the red cell.

One possible experimental approach to this problem would
be to treat red cells with various agents which might enhance
or destroy a particular enzyme system, and then study the
effect on the survival in vivo of the treated cells. This possi-
bility is suggested by the observation that when red cells are
treated with more than a certain amount of sodium chromate
their survival is interfered with, YWhen a certain dose is added
the red cells at first survive normally, but then after about
14 days in the circulation the death rate suddenly rises and
within 10 days almost all are gone (Hughes Jones and Mollison,
1956). A study of the way in which this premature ageing
of red cells is brought about might be very rewarding. Itis
possible that the damage is not due directly to chromium but
rather to oxidation. When sodium chromate is added to red
cells mixed with A.C.D. in amounts of the order of 50 pg,/ml.,
sufficient methaemoglobin is formed to turn the suspension of
red cells brown. A]though the presence of methaemoglobin
in red cells in ia does not alter
their life-span (Hurley snd Welsman, 1954), it is probable that
the addition of ehromate oxidizes other substances in the red
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cells besides haemoglobin and in this way may cause irrevers
ible damage. .

Although in principle it is possible to obtain samples of
young and old red cells separately, comparatively little work
has yet been done upon differences between them. A popula-
tion of very young red cells ¢an be obtained hy repeatedly
bleeding an animal, or by allowing red cells to sediment in
vitro and separating the more slowly sedimenting cells. A
population of old red cells can be obtained from an animal in
which erythropoiesis has been temp ily supy d

Qqe approach is to label a population of young cells with
radioactive iron, and then to take samples at intervals during
the life-span of the labelled cells. Tt is comparatively easy to
discover whether the labelled cells differ from the recipient's
own eells in various respects. For example, blood samples can
be mixed with a series of hypotonic saline solutions and it
can be determined whether an undue proportion of old cells
have been haemolyzed, judged by radioactivity liberated
from labelled cells. Using such a method Cruz, Hahn, Bale and
Balfour (1941) showed that old red cells are more resistant to
hypotonic haemolysis. Stewart ¢t al. (1950) confirmed this
and showed that old red cells were less resistant to mechanieal
trauma.

Because so little is known about age changes in red cells
in vivo, it is worth considering changes occurring on storage in
vitre and discussing whether these throw any light on the
normal ageing process.

If blood is mixed with citrate and stored at - 4° C the red
cells stowly deteriorate. ““Deterioration” is used here to mean
a Joss of the ability of the red eells to survive normally in the
circulation. The rate of deterioration can be slowed by the
addition of dextrose (Rous and Turner, 19186), or by acidifica-
tion (Loutit, Mollison and Young, 1048), ‘The rate of deteriora-
tion can be vittually arrested by storage in the frozen state.
For example, red cells stored at — 79° C for periods up to two
years show no progressive Joss of vinbility with time, apart
from & small loss observed after a few weeks’ storage {Chaplin,
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Crawford, Cutbush and Mollison, 1956). Notice that no ageing
in the ordinary sense has occurred since such cells are still
capable of surviving for three months after transfusion.
Even when red cells are stored at — 20° C the rate of deterio-
ration becomes very slow after the first six months (Crawford,
Cutbush and Mollison, 1955).

Many of the changes that occur in red cells during storage
are reversible in vivo. For example, alterations in osmotic
{ragility evidently depend to a large extent on the electrolyte
content of the storage medium. At - 4° C the normal active
cation transport across the red cell membrane is virtually
arrested and thus there is a slow shift towards osmotic
equilibrium. In media containing citrate this may lead to a
considerable loss of base from the red cells. These changes are
reversed after transfusion although it may take more than
four days for the reversal to be completed {Crawford and
Mollison, 1955).

1t has been shown that there is a rough parallel between the
decrease in ATP content of red cells and post-transfusion
survival (Rapoport, 1947). Finch and his co-workers (Gabrio,
Donohue and Finch, 1955) have shown that when adenosine
is added to blood, the ATP content of the cells is better main-
tained and viability is retained for a longer period.

However there is considerable evidence that deterioration
during storage is very different from ageing in vivo. For
example, when red cells stored in A.C.D. at + 4° C for two
weeks are transfused it is found that about 10 per cent are
removed from the circulation within a few hours and the
remainder survive as well as fresh red cells. Note that it
cannot be the oldest red cells which have been lost since the
survival curve cuts the time axis at the same point as the
curve for fresh red cells (see Mollison, 1951).

If red cells stored for three weeks are transfused to a subject,
then removed from the circulation, stored for three weeks and
again used for transfusion, they survive in the same way on
the second occasion (Gabrio, Stevens and Finch, 1934).

Evidently, then, ageing in vivo and deterioration at + 4°C
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are different processes. It has already been mentioned that
changes in the sodium and potassium content of red cells
during storage are reversible after transfusion. It has been
shown that changes in the content of organie phosphate com~
pounds are reversed within three hours of transfusion but are
not reversed by incubation for 24 hours in vitre with fresh
plasma (Gabrio et al., 1954).

It is possible that ATP plays an important rdle in the main-
tenance of viability of normal red cells, It has, for example,
been shown that in hereditary spheroeytosis, in which the life-
span of red cells is greatly reduced, the rate of ATP formation
is diminished (Prankerd, Altman and Young, 1954). Itisalso
known that reticulocytes contain two or three times as much
ATP as mature red cells (Granick, 1049), However, work in
this field is still in on early stage.

All that we can say at the present time is that ageing of red
cells almost certainly consists in the gradual using up of an
initial supply of ** fuel™ that cannot be replaced, and that
changes occurring in red cells during storage probably tell us
very little about ageing in vivo.
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DISCUSSION

Krohn: I have got three questions altogether; two for Dr. Mollison.
The first is; do the red cells of infants and children or young animals
age or have a different life-span from the mature cells of the adult
person?

The second one was: in the slide you showed of the chromium-treated
red cells, the cells seemed to be normal for some length of time and
then suddenly were destroyed; is 1t possible that your treatment with
chromium altered the proteins of the cells so that they became im-
munologically incompatible and that this sudden removal of the cells
was the development of an immumity reaction 50 many days after their
introdaction ?

And the final question, for Dr Parkes, was that I wondered whether
the choice of red cells was very convenient? They have not got any
nuclei and they are not really very good cells in a sense, I should have

ety

chemist is its sharp end-point in haemolysis.
Mollison: I was not, quite clear what you meant by “not good for
ageing experiments”, Dr. Krohn. In what sense?
Krohn: It is so atypical a cell that it seems to me you want a cell
which has got a nucléus inside it. A lot of these changes that take place
In the red cell may depend on the fact that it has not a got nucleus.
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Moltison: Yes, but it does scem to have a sufficiently complex meta-
Dolism; it may be better to start and understand jt and then go on to
o more complicated cell,

Rowlands: T suppose the other possibility would be to use avian blood
cells,

f

Montagna: Perhaps, but suppose one were to take Ur. Krohns
ion and use & ion of epi eclls, they migm‘ﬂo a

demonstrate thermal shock?

Parkes: Yes, that is true. -

Krohn: Is that again a possibility that thermal shock depends on the
presence of the nucleus?

Parkes: I do not know about that, It shows thermal shock only in
abnormal media—in hypertonic media.

Hauggett: Are there any essential points of fundamental difference
between the mammalian non-nucleated red cell and the avian nucleated
red cell, Dr. Mollison?

MuI,I’is.uni I lhznk one very important point is that the non-nucleated
ot fn Ahineanbis dn =ik 262 b D b mn Lt ATeioTentn ey

. . p . . .
ol ey

Mollison: T do not know. I know only that it has been shown by

Maizels that in nucleated red c‘tlls cation transport depends upon
o Ve fow NS . - peeanida

o e

synthesize enzymes. .
Amoroso: But then you say that reticulocytes have a greater capacity
to do this?
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Mollison: Yes, but once the reticulocyte stage is over, apparently
they cannot do it any more.

red cells?

Mollison: It is merely that they synthesize haem while they still
have got some reticulum, for example, and once they have lost this they
cannot synthesize haem any more,

So the reti is i in respect of that particular

roperty ?
Mollison;: Yes.

long time. __ ) K i
A nucleus may then be ! back into that cell and

show holes in the red cell membrane.

micrographs. .
‘While we are on that point, there is one other thing and that js that
Dr. Mollison showed a slide of the effects of repeated washing, and
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Lovelock had the same kind of result, in that to start with there wass
ropid loss of lipoprotein from the cell without anything very much
. St S e e .

2 loss of lipids is important. Lovelock, I think, was using fresh cells in
the experiment quoted. WWhen he dealt with stoted cells, he found much
greater Joss of lipids, We have recently done some experiments where
we have seven times washed cells stored for about five weeks and we
have abtained just the results we expected with unwashed cells. 'Sa
1 still do not know how irnportant this loss of lipids is in practice,
Similatly, in some of the ceses of ours in which Lovelock sctually
estimated Nipids on the stored cells, we sometimes found paor survival
‘when there was very little loss of lipids, So that although of course
1 do not doubt llkxc fact lhn’t red cells do lose Lipids, ¥ am not sure
FERPrR ARt vl St P

sehothaw +hin iqa

. . . '

phate is a surprising thing for a dead celi to do? )

Tl immgs | e il f e e e e . stem
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e . . . . one

aceing W ue perenny
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e . -nee it has lost {ts reticutum it does

in; in fact 1 do not think it ean

e ee. Jiun se uves lwl, Lecduse us life-span eao be estimated from
the in

3 i 31 in,
e ince 2;01’:_‘ \21: 2'( anin cids into the protein part of the globin
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because work in a certain type of experimentation is applicable to the

living cell the biophysical system in that experimental technique is
living too? X think what it really comes to is that Lovelock only claimed
to have a very useful biophysical system to work on.

Parkes: That is exactly what it does mean.

Huggeit: 1t does not deny Williams® point, that it may be deed in the
biological sense of the sword.

Trillee: I think we could settle this only if someone can give u definition
of life which is acceptable to all of us and then we might decide whether
the red cell does or does not fit that definition.

Dempsey: 1 thought we were having that trouble with the concept of
Bgeing!

Ameroso: Ts there any evidence that nerve cells grow and multiply?

Krohn: Grow, but not multiply,

Amoraso: Are they alive, according to Williams, or sre they dead or
only pastially alive?

Walliams: 1 should think they have synthetic activities,

Fislocki: With 't to the ing of cells, I find the question
- AR B

theless, at the molecular and atomic level of structure, all cells and
interstitial substances appear to be repeatedly renewed. The nature
SN Al pevaie. A ity s

POyt pra

Parkes: May X ask Dr. Mollison, when the fed cell is about to fade

swhich has emerged from recent work at Oxford, is that it looks as though

its content of enzymes is getting low, but that evidence is rather in-

complete at the moment,
Tplcte b the moment. ettt e e e

Huggett: Mollison, you said a few minutes ago that the red cell hasan
anaerobic metabolism. If you have fresh blood, its cell reduces. YWhere
2nacrobic metabolisn
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Mollison: T do not think so; I think the main thing is anaerobic
glycolysis; red cells use dextrose quite rapidly. N

Parkes; I gathered from what you said, Dr. Mollison, that in your
Iater experiments you have got the red cell apparently stable at low
temperature. Is that right?

Mollison: It ooks like that; of course, it is for periods only of the order
of one year.

Parhes: Two years, 1 tho_ught: .

ot *+ =t -onths
- - loss,
FETI e e e T a seopn

there is nn eatly period of fairly rapid deterioration, followed by only
very slow deterioration,I cannot believe random molecular movement is
the chief or only factor responsible.

Parkes: Not as compared with diffusion.

Mollison: No. We do not understand at all well what is happening;
8t — 20° C, for example, we do not understand why there should be
8 progressive drop for three months and then, apparently, so little change
alterwards,

Parhes: How then do you explain the fact that altering the medium
l.ms2 ;eto&?ed the slight but steady loss which previously occurred at

Mollison: I think the red cells were bursting, We mixed them with
saline glycerol and thus there was, inside the cell, haemoglobin exerting
an osmotic effect, and outside, effectively nothing. Now we use citrate
which Is a non-penetrating anion outside, which acts as a balance to the
haemoglobin. We find that the eells actually shrink in this medium.
T think in the other medium they were simply bursting.

Parkes: They were swelling up at low temperature?

Mollison: Oh yes. We know that potassium and sodium shifts across
the red cell membrane go on quite rapidly at — 20° C and oceur even st
—79°C.

Parkes: Of course, that s just another form of physical dissolution
at low temperature, is it not? Physical instability ? .
Mollison: Yes, it is physical instability but not dissolution, .
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Mollison: No.
T.-Duplessis: I just wanted to ask you if there is some relationship
Yoa Vifn oo PSP S g Pt TP

span of the red ccll?”
Meollison: I do not think I can be very useful on that. I showed the
o, bt My vl e L LR

LL-PUI—1UU-12U U,

Pillee: 1t might also be interesting to study red cells of a hibernating
animal before, dunng and after hibernation.

Mollison: Yes. In the last year or two somebody studied red cell life-
&pan in the hibem:\ting animal, I believe the results were published in
Blood last year,

Parkes: 1 think when you visit our laboratory, my colleagues will be
able to tell you something about the effect on the red cells of freezing
the whole animal,
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Amoroso: We now came to the group discussion on the significance
and limitations of the work discussed eatlier from the aspect of

P R '
him to open the discussion?

Huggett: I wondered whether we could perhaps start at the be-
ginning with simple definitions and see wl?xether we can sgree on
those and then afterwards we could amplify into more general
interchange.

Amorosg: 1 should have thought that in the course of our de-
liberations we have used the word ageing in every one of its possible
connotations, so that I am a little doubtful whether we can define
it more precisely than Dr, Parkes when he says it is the changing
chronological events in the kife history of the individual.

Corner: Is it not necessary to put the word ‘irreversible’ into
Parkes' definition? If my arms are extended one moment and
retracted the next, that is o change with time but it is not ageing.
I am suggesting that in your definition that ageing is a change of

[

time change.
¥

M

1 - '

£ ,s

sudden”  * T ) Tt e © t fertiliza-

tion? 3 : ' o
Wit . - shich it is

used, : " L ea et " ., including

growth, differentiation, maturation and senescence. For many pur-

poses, however, the term ageing is better defined as senescence, by
218
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which is meant a process of unfavourable, regressive, terminal
changes which ensue after maturity (Lansing. Problems of Ageing,
The Williams and Wilkins Co., Baltimore, 1952). Ageing, as thus
defined, is inversely related to growth and maturation and involves,
insl‘cnd. a dcgmase in efliciency of the mechanism for reconstruction.

e Y R sl S

time?

functions. In growth we have got greater functional usage gnd that
N W - g £ 3 i

phorus,

Amorosg: It is possible, however, to maintain speculative doubt
whether the changes of senescence are wholly inherent and inevitable
in the course of life. In the first place there is, as Professor Montagna
remarked this moming, considerable variability in the time of onset
of these changes. Secondly, in certain forms of life * agemg';,“

Lo Banols wmatom han,
. "ou have the
‘orget that if
+ vertebrates,
Deihra

both Nshes And snakes. WAIMIFLIOOAEU HIM LU w10V +on
thus do not age in the same way,
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Wislocki: It certainly is important, in order to achieve clarity,
to define what one means by apeing. With respect to the
placenta, which I di: d y day, X distinguished between its
growth and di jation, which ref the initial phases of
ageing, and of senescence which is the terminal phase. The
Iatter, furthermore, which is regressive, may be either normal
or pathological. I also raised the question of the difficulties of
ascertaining the degree of senescence which the placenta actually
undergoes.

S i . Loy,

growth, senescence begins?

Bourliére: May { remind you that Prof. McCay’s experiments,
started more than twenty years ago, have beautifully shown that
growth and ageing processes, although somewhat ‘opposed, are
nevertheless mutualty interdependent? At least, in cold-blooded
vertebrates it is now quite obvious that when one slows down
the growth rate, one increnses the life-span, In other words, the

;‘\rxicker the growth of a poskilothermous vertebrate the shorter its
\fe-span.

igna: In McCay's i , on the other hand, many
factors complicate the picture; for instance, these animals are not
sexually mature and 'remnin 'infm\ﬁle. Who knows how many other

SRS DU SRS SRt TR RS e <

- ' - Lo
hamster—as I believe he can do now for some weeks—does that add
to its life-span?

Parkes: It is a shallow-freeze for only an hour or so,

Wislocki: I see. However, do you know, if a hamster were sub-
jected to extensive periods of ordinary hibernation at a low tempera-
ture {as could be arranged experimentally) whether the time spent in
hibernation would be directly added to its life-span and hence
modify'it:s ageing?

Bl O

PR Thmt 2t mpaatle swlint hncann o mcbonnnd oos 2t to
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that Rhinolophus ferrum-equinum and Miniopterus schreibersi could
reach at least 14 and 15 years!

Wislocki: Then you helieve that one can prolong the fe ex-
pectancy of a mammal by reducing the metabolism?

Bourliére: 1 think so.

Krokn: Have attempts been made to keep animals, that normally
hibernate, out of hibernation during each ordinary hibemating
period? Would that shorten their life-span?

Bourliére: As far as I know that experiment has not been done.

Krohn: That would be relatively easy to do.

Parkes: The trouble is, I think, that not enough is known about
the hibernating mammals to know what their hfe-span would be
without hibernation.

Krohn: We know little about the natural hfe-span of any animals,
come to that,

Wislocki: 1t could, perhaps, be fairly readily found out with a
colony of hamsters.

. Parkes: 1 suppose, yes, if they could be frozen for a significant

time,
Wislocki: If one group could be induced to hibernate to the
maximum degree during their hfetime and another group kept

and ceases to breed in the winter but it does not go into a proper
hiby i can see technical difficulties there. X
Williams: Tt does not necessarily stop breeding either, I think.
Certainly in some of our colony we have been selecting those for
winter breeding; you can do that, . .
Yemme: It seems to me that there is some difficulty in tg'nunology
and that we should make the term ‘ageing’apply to fhe ll{g—spnn of_‘

useful discipline to reserve the term ‘ageing’ for the orgamsm as a
‘whole, as & logical relation in its lopment an geny s
and *senescence’ as a term referring to the physiological condition
of its different tissues or organs. ) R

Villee: I think that is & very good point. Prof. Montagna’s figures
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this morning showed how with cells lying side by side in the same
v Hrah e e R S

orgar in one
and . .
K . 8 local
ennans b mawanad anace
'~ i ! ow, the
. ' he time
' : of the

individual; probably muscle does the same. In contrast to that,
there are many tissues in which there is a continuous growth and
continnous destruction of the cells going on simultaneously, so in
one organism you can have a cell, the age of which is equivalent to
the chronological age of the individual, or conversely you can have
a young cell in & young person or an old cell in a young personars
young cell in an old person, in fact, all the combinations and
permutations.

Villee: This implies that you can date a cell from the time of the
last eell-division, that it is then a new cell, and I wonder if you really
mean to imply that?

Dempsey: Well, 1 think you have to have some data to operate
with and 1t seems to me that the two possible phenomenathatyou
can use for dating are: (1) the last previous mitosis and {2) the last
previous fertilization.

Villee: Yes, those are two useful ones.

D{mpuy: But are there any others?

‘_’tllu.: 1Well, T am not at all sure that you can set up, other than
arbitrarily, some point at which to speak of a new cell, Certainly
the protein snd other compounds in the cell are constently being
renewed, but 1 do not think there is any time when they start com-
pletely afresh.

Dempsey: But X am thinking of the fact that, in tissue cultures,
most cells are potentially immortal and that they continue to divide
and, therefore, so long as the process of division is maintained the
cell remains visble and does not become senescent, whereas post-
itotically the cell does then begin to age and become senescent and
ultimately dies.

Mitosis is rather ordetly in the intestinal epithelium in that it
cceurs at the base of the villi, and the older cells occur at the tips of
the villi, and there is an orderly progression.

Fazreett: Ys not one of the best examples to be found in the eartil-
age columns of the epiphyseal plate?  There you have 2 row of
chondrocytes of all nges. At one end are cells that have just divided,
then a series of cells in various stages of maturation, and finally,
4 the other end, are cells that are ageing and dying. It is essential
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BT it f oaTacabad and thic reenfts In A Drematute
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1 slightly different con-

as the accumulation of

e e

development? In other words, can you get an amutosisi how fwctt
does it exist; how much does it come into the picture?

e £t e mne in +ha literature to ami-

smes do not form,

normal cells ever

s, . * Lo due, E. L. (1945).
Amer. J. Anat.. 82, 853).

Hugeat; 1 roised this R AT
been looking at cuttings Now,
though the whale foetus ) . th:

v i

primate foetus in ulero, *

may be we have not sampled early enough; but for the moment,

it looks as if the simplest thing about this fast-growing organism is
F 1t Chcnman of mitneic

" . 10 index

‘ ‘he tissues

" I been re-

iitosis had

« fact that

T

liferative zone, or matrix, is very small. As tite ceus livve up savn
the matrix they increase many hundreds times in volume; this is a
very important factor in growth., Hollander found that after he
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washed a dog’s stornach with eugenol, which completely denuded
the mucosa of the stomach, the mucosa was repaired within 24 hours.
This provisional repair takes place without the occurrence of mitosis.
The cells of the foveolae and the neck-chief cells sinply expand; they
glide aver and very quickly repair the denuded stomach, Mitotic
sctivity comes much Iater, after the damage has been largely covered
over, and final Tepair of the damage takes place.

As far as amitosis is concerned, I rather suspect that there is no
such thing.

Huggett: 1 should not be the Jeast bit surprised.

Jost: I should like to retumn to embryonic problems. X feel that
ageing of a tissue involves a very jmportant period during which
the potentialities of the cells are limited—what the embryologists
call “determination of o tissue™. The time at which cells become
specialized for & special function is certainly a great event in a
tissues I believe that in ageing of a tissue this is an important part
and s first step towards senescence,

T hope that the biochemists will define “senescence™. Perhaps
the difference between synthetic and catabolic activities, a5 we were
told this marning for leaves, may be used.

Williams : T do not want to take that point up but can we pethaps

think th: escence is o quality correlated with sexually repro-
duced ~ e ar ot PERRN e .
is intri LI .
tively . . .

1 can . e .
reproduced is the transplanted tumour which is also in‘f‘rinsicall}
immortal,

Corner: Jenmngs, who made o int of
not in the individual protozoan, e.g. Paramecium, but in the clone
(the totality of cells derived from @ single mating between two
Paramecia), said that the offspring of a pair forms a kind of unit
which undergoes senescence in that its cells finally lose the power
to reproduce by division and the clone dies out unless one of them
mates ngain,

I think ke had a poetic notion that the clone of Paramecium is
i e muiticellular bod): of 13 hi‘gheir organism; in that sense the
ACSN et - R AL ST -Su SO e

< lorahl

Krohn: Sonreborn has been working on this recently, has he not?
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He relates the ageing of the clone to interference with thenormal
division of the micronucleus; once that starts to go wrong the strain
dies out,

Dempsey: T think there are some species of invertebrates which
reproduce parthogenetically and in which sexual stages never have

been observed,
N A T I LR FR t SR e
began.
. . . . . «
. e e e s LAt i

cussions. 1n domng 50, 1 SHall HIUWCALE LU yUL LU suar LAy ooy
education on the ageing of transient tissues has been improved and
to what extent hiatuses still remain which must needs be filled.
1, therefore, any part of this summary fails in its allusion to major
points whilst emphasizing minor ones unduly, please ascribe this
not to any discourtesy but rather to my own limitations.

1 shall first take advantage of having the last word by defending
myself in respect to not providing a definition of ageing in my
opening remarks. To anyone who has listened to our several dis-
N - - 1 e mpd amlece  cbmaishtfarward ctatement

H - used

s, yet

we have, none of us, succeeded 1n formulating a sunpie aeunition
to cover all the facts,

Having thus defended my own rear, I pass on to summarize the

contributions.
- w2 hue Tie Dhine Prafeccnr

sider the effects of ovariectomy in genetic females 15, nowever, W e
regretted, since such procedures might well have provided informa-
tion on the much disputed question of the manner of growth of the
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Millerian duets. In mammals, the Millerian system is derived from
both phric and phric rudi s, whilst in el branch
fishes it arises by longitudinal splitting of the Wolffian ducts. Con-
sequently, the part played by the ovary, in furthering Millerian
differentiation whilst suppressing Wolfl: develor t, might
repay further study. Furt} the empl of the method
of tissue culture, using synthetic media, should as Dr. Price rightly
emphasizes, greatly advance the study of ageing and differentiation,
Jost gave numerous data on the effects of decapitation on mam-
malian foetuses, especially rabbits and rats. In particular he called
attention to the importance of the pituitary for testicular develop-
ment and for controlling liver glycogen, The stepwise utilization of
hormones by the growing foetuses, as well as the limited period of
action of the foetal endoerines struck me as points of particular
interest. Perhaps the manner of utilization of hormones ate neces-
sary evolutionary steps and their abolition would prevent evolution.
However, while it is impossible to deny the importance of the foetal
endocrines, I am convinced that their limited petiod of action and
the further fact that they act during periods of great sensitivity of
the target organs, are in some way implicated with the endocrine
functions of the placenta,
A NN
biol
alw | . .
the: . Lo, .
for a moment minimize the importance of genetic factors in the
of 1 ab lities, it must be realised that de-
velopmental processes can be aitered by environmental disturbances
as well as by sbnormal genes. Thus Jost demonstrated certain
teratological effects in rats which result from the administration
of pitressin and corti 3 pitressin producing nmp ions if given
before the sixteenth day of pregnancy and cortisone producing cleft
patate. T do not believe that these are specific effects, nor should

IR TSNP 3 S R

- . -

Lue LwenLy-uilis duy L preguancy, 1ot 4s Prol, sWistocss retmhas us
Claude Bernard was the first to propose that the placenta was a
deputy for the foetal liver, until such time as the latter was physio-
logrically capable of forming and storing glycogen. Consequently,
since glycogen stornge in rabbit foetal liver may be postponed by
decapitation, it would be pertinent to know whether the placenta
still retoined its glycogen storage functions when the foetal tiver
was so influenced.
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dem ion that growth h inhibited foetal growth only

during the period of the normal gestation time and that there-

after the embryos grew at an accelerated rate. We may infer,

therefore, that the rabbit placenta which is commonly regarded as
RIS R PO i

havir " y-first day of
pregy s fficiently and
with . . criteria the

placenta ean scarcely be regarded as senescent.

Zuckerman, Williams and Rowlands dealt with difTerent aspects
of ageing in the transient tissues of the ovary. Zuckerman boldly
and appropriately opened with a discussion of the germinal epi-
thelium, He argued that the regenerative capacity of the germ cells
was poorly de\;eloped, and the ten points which he advanced in
P vl o e gy

anne that

problem of ageing of transient tissues as can at present be made.
Moreaver, Rowlands® observation of the inability of induced corpora.
lutea to prolong pregnancy in the guinea pig merits further investi-
gation, since induced corpora lutes have long been regarded as a
reliable means of extending the duration of pregnancy in some
animals, It is possible that the time of induction may be the
deciding factor.
. =z TeaL el e Paesion
ind

ore

ere

associated with profound changes in morphology and biochemical
stability. However, the results that have been presented can hardly
be said to support this view, for as judged by its biochemical ac-
tivities and by its structural characteristics at term, the pl;acer;m
. . ana 2 - - i SR

osis. In each case the electron microscope has been used to provide
the most elegant series of electron micrographs that it has been my
privilege to see, Their studies are as valid a contribution to the study
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of cellular differentiation as is Wislocki’s contribution to the grgwtll
eycle of deer antlers. When a doeen studies of similar amplitude
z B T LUl ) Anfesd heanch of cerontor
ageing in transient tissues as can at present be made.

Montagna’s paper was useful in prescnting results derived from
the human 1‘ema¥et in ciramstances which permitted a freer and
cooler discussion than is often possible, His was an extensive analysis
of & problem p y to the i ive analysis of the Ted
blood celis by Lovelock and Mollison,

Evidence from botany was presented by Yemm, Thad hoped that
he would have told us why monocarpic plants mature seeds byt
once and die. This he did not do. Nevertheless, his view that even
in senescent leaves there is an appreciable amount of synthesis and
Tespiratory activity, suggests that ageing in plants may be a very
laggard process indeed.

Drawing these various lines of research together, I feel embay-

k S, N, b o)

like the apeing process itself, must advance in steps and X feel that
this symposium has made a definite contribution to the solution of
the problem of ageing.

lt' is true, as Professor Zuckerman once said, that genius, luck,
fashion and expediency always seem to underlie man’s greatest
achievements. Luck, yes, but having heard Dr. Parkes’ remarks
T am sure that * Fortune only favours the prepared mind”.

The coming years wilt bring new observations and insights, be it
in the directions indicated above, or atong other lines, In some years
hetice we may again be wondering where we stand and what progress
we have made; let us hope that we may meet again at the Ciba
Foundation in London.
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during pregnancy, 187

fluorescence, 191

gross structure of, 189
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lipid content of, 191

mitosis in, 196
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myoepitheliat cells of, 194

Apocrine sweat glands
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tein metabolism in, 203-207
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Cell respiration and protein meta-
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Cells, living, cold storege of, 215, 216
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156~158
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151, 153, 154
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237
technique n investigation of age-
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Corticold hormones, eftect on liver
glycogen in foetus,
Cortisone, effect on liver glycogen in
foetus, 23
on placenta, 141
on rat foetus, 18
foetsl development of rat after
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187-
pmvmction of clett palate in foetus

by, 18,
Crystalloids of Relnke, 02, 04, 05
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in foetal rat, 12
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BB L of, Liv-180
growth of, 177,178
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Instology of, 176, 177
Innervation of, 178
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Dlabetlc 'mothers, children of, 162,

mnyosomes 83

Diphosphopyridine nucleotide, 142

DOCA, effect on liver glycogen in
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of mitochondna, 106-102
of placenta, m
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apeing process, 161, 162
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ectomy on,
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preservation, 215, 216, 236, 237
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Glucose_,metnbo\lsm in placenta,
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Glucose-8-phosphate, 138, 137
Glycngm content of placenta, 133,
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Goat, development of placentome in,
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uptake of radionctive potassium by
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Golgi complex, 88, 89
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secretion, 4¢

Growth hormoue. foetal develop-
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Guinea plg, corpus luteum of, 69-85

ffead cap, formation of, 58, 60
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sex (see Sex hormones)
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Hydrocortisone, effect on liver gly-
‘cogen in foetus, Z4

“ypuphyseal functfon, in rablit

ﬂypophyuctomy, effect on embry-
onie gmwm, 166, 167, 171
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Mole embryo, studics o, 16
ducts, réle of

88
1dlosome-Golgl complex, 88
“Information theory*’ and ageing,

230, 231
Insulin, effect on placenta, 141
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sex hormones 1 development
of, 3-17

réle of endogenous sex hormones
in retention or loss of, 3

O of

electron 92-06
appearance with light miero-
scope, 91, 92
observations on, 91-06

Karyoplasm, condensation of, 90, 01

Lactic acld metabolism in placenta,
137-11
Leaves, senescent, catabolism of
proteing in, 202205
metabolism of, 202-214
relation between cell tespiration
and protein metabohsm in,
207, 208
respiratory activities of, 205-207
yellowing of, 202, 208, 207, 209
Leydig cell, development and ageng

changes, 91-96
Light, téle of, in regulation of antler
cycle, 181-183
Liver, glycogen in foctus, 23-23
mitochondria of, 101

Maseulinization in deer, 180
Membranaus chorion (sce Chorion,

membranous)
Metabotism, regulation of, in ageing
tissues, 207, 208
Microscopy, electron {sce Electron

microscopy)
Mitochondria, after intravital ex-
posure to foreign or toxic agents,
100, 101
in adrenal gland, 101, 102
in liver, 101
in pancreas, 101
in yolk sac, 101, 102 .
observations With electron micro-
silver granules in, 101 5
Mitochondrial changes in different
physiological states, 100-104

rdle in
reproductive tract, 3-17
Oestrogen, cffects on follicular
atresia, (0-03
seeretion of, 43-52
Oestrogens, placental responsc to,
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Obcytes, effect of X-irradiation on,

formation of, 3143
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in ovanan grafts, 33
number of, after hypophysectomy,
35
in relation to age, 32
in relation to_oestrous or
menstrual cycle, 32
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survival 1n ovaran homografts in
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Obgenesis, theories of, 3143
Organ culture studies of foetal rat

reproductive tract,
Ovarian follicles (see Follicles)
secretion, mechamsm of, 48-52
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81--58
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weight in rats after hypophysec-
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stilboestrol, 60, 61, 63
Ovary, compensatory hypertrophy
e " oest treated
Iustology of, i ocestrogen-
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secretory eapacity after X-irradi-
ation, 49-52
{transcience of component tissues of,

64,
weight of, afterh hysectomy or
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trol, 60-63
Ovulation, induction of, in pregnant.
guinea pig, T+-83_
Ofygen consumption of placenta,
131, 182
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pxoducmg haemeorrhage in foetus,

Pim(mry. nnd tmbryomc develop-
ment,
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Placenta, bLiochemical evidence of
ageing in, 125-147
eytology of, 106, 107
effects of hormones on, 141, 142
effect of imsulin on,
electron microscopy of, 1
enzymatic teactions of, m'! 108
fructose secretion by, \20—12"
glucose metabolism in, 133-137
glycogen content and metabolism
of, 121-123, 133, 134
histochemistry of, 106-109
(nl\uence of progesterone on, 123,

k‘ngﬂl of gestation and, 110, 111

metabolic “ageing” of, 142, 143

morphological aspects of ageing in,
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oxygen consumption of, 131, 132
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permeabilsty of, 109, 118, 1
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premature ageing of, 111, 112
production of carbohydrates in, 120
pyruvic and lactic acid metabolism
in, 157-141
regression with age, 109, 111
relation to foetal fiver, 108, 108
response to oestrogens, 142
toxaemias of pregnancy in relation
1o, 112, 112
uptake of radioactive potassium
by, in rat and goat, 148-160
weight of, in relation to foetal
weight, 120, 121
Placental barrier, permeability of,
109, 118, 119
function, changes with npe, 118-128
chronclogical changes in, 118-128
structures, definitive, 100, 109, 110
transient, 103, mﬂ
villi in goat, 155-158
‘Placentome, de\'zh]\m('nl of, in
goat, 153~15
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123, 72

Prostate, testicular control of, fn
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cullurcd reproductive tracts,
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normal development of, in at, §
rﬁ]e of enlogenous sex hormom:
in development of, 6,
Pratein metabolism and c:ll Tespir-
ation in ageing tissues, 207, 208
Pyruvic acid, metabolism in pla-
centa, 137-141
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Rat, foetal, decapitation in, 12
development of, after adminis-
tration of growth hormorne or
cortisone to the mother, 161~
175
hypophyscctomy in, 12
organ culture studies of repro.
ductive tract of, 3-17
history and fate of redundant
follicles in, 5908
sex differentiation in, 3-17
uptake of radivactive pokns.!lum by
uterus and placenta la, 148-160
Red blood cells, ageing in, 233245
cold storage of, 215, 216, 238,
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diffusion of components of,
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physical Inst.nblmy of 217
problem of ageing of, 220-231
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storage of, 236-2
Relnke, crystalloids of, 92, 94, 05
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7éle of foctal sex hormones in de-
velopment of, 3-17
Reproductive  tract, relation of
1 sex hormones to diffeventi-
atlon of, 8-17
Respiration and protein metabolism
in ageing tissues, 207, 208

Semlnal vesicles, development of,
in cultured reproductive tracts

0
normat development of, in rat, 5
réle of endogencns sex hormones
n development of, 8, 9

Sertoti cells, o7, 88,

Sex hormones, foeul relation to
differentiation of reproductive
tract, 3-17

Somatotrophic hormone, _foetal
development. of rat after adminis-
tration of, to the mother, 161-175

Spermaud, differentiation of, 87-91

electron microscope in study of,

87-91
Spermnmcyte divisions, 8
Spermatogenesls, Comdensation of
he karyoplasm, 90, 91
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Stllbneslml. effect_on ovaries of
hysectomized rats, 6004
Swite gland, apocring (sez Apocrine
sweat glands)
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clostron  mictoscopy of, 86-99
Interstitial cells, observations on,

in human foetus, 26
in rabbit foetus, 19, 2
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Testls hormone, ¥le in differenti-
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effects of endogmous sex hor-
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Uterus, uptake o rediosctive potas-
sium by, in rat and goat, 148-160

Vaglinal cornification, 49, 58
Vilil, placental, in goat, 155-158
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ured reproductive tracts,

effects of surgical injury or
absence of testis, 4-8

normal development of, in rat, 5

r8le of endogenous sex hormones
in development of, 3-17

réle of endogenons sex hormones
in retention or loss of, 8

testicular control of, 19

X-irradiation, effect on odeytes, 34
effect on_secretory capacity of
2

Ty, 40-52
of mouse ovary, 49, 57
of rat ovary, 49-52

Yolk sac, mitochondria of, 101, 102
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