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ABSTRACT

Gravid Golden Syrian Hamsters were injected with an antiandrogen
cyproterone acetate (a synthetic progestin, SH 71k4) prior to and during
implantation of their embryos. At term, the male pups were examined and
compared to controls. Neonatal body and testicular weights were reduced
two and three times, respectively, when compared with controls. The
testicular histology of the experimental pups was strikingly different
from that of the controls. Preferential periodic acid-Schiff's staining
for mucoproteins and glycoproteins sppeared diminished or zbsent in the
testicular sections when contrasted with the intense magental color seen
in the control sections. Mitotic figures were also absent in the testi-
cular sections from the experimental group. Furthermore, the spermato-
gonial and interstitial types of cells appeared increased in number and
hyperchromaticity, btut decreased in size when visually compared to
controls. The changes in PAS stainability and cellular division were
not found in non-reproductive, systemic tissues such as liver and small
intestines. The implication of these findings is that embryonic, male
gonadal differentation may be under andrcgen (i.e., hormonal) influence
since the differentiation pheromen was hindered by excgencusly

altering hormonal balances with administraticn c¢f cyproterone acetate.



TNTRODUCTION

Gonadal differentiation is defined for the present study as the
progressive development of the primordisl reproductive organ to its
adult state. The study of gonadal differentiation provides a basis
for understanding the normal as well as the abnormal aspects of mor-
phologic sex differentiation. In the past, investigations into
embryonic or fetal morphologic sex differentiation h,38,39,h0,8h,85
have been concerned with studying the developmental stages_of the
accessory reproductive organs, their associated glands (e.g., the
female Bartholin's glands and the male prostatic gland) and the
external genitalia. However, observations 50,51,60,66,88 of endo-
genous, aberrant gonadal differentiation stimulated the considera-
tion of experimental (i) alteration of gonadal sex 6,7,9,37,44,78
or (ii) postponement or inhibition of gonadal differentiation.69,78
It is emphasized that the present study was not concerned with al-
teration of the phenotypic sex of the animal as a whole, but was
specifically concerned with the alteration of normal testicular

differentiation.

Studies by Neumann, Elger and Kramer61 demonstrated that
administration of a Schering, synthetic progestin, cyproterone
acetate (10 mg/Kg body weight/da) to gravid rats from the 13th
through the 22nd day of gestation and to the pups for the ensuing

21 days induced the development of vaginae in the male animals.



In addition, such "induced" vaginae were cyclic in fesponse to
exogenous estrogen when the pups reached puberty. The administra-
tion of cyproterone acetate (also referred to as SH 714) furthermore
caused the pups to develop nipples and the potential for mammary
gland hypertrophy. The reproductive ducts and seminal‘vesicles,
however, did not differ from the controls; and, rudimentary prosta-
tic glands were present. It is important to note here, that the
testes of the neonatal, experimental group appeared histologically
identical to those from the control neonates. Treatment of gravid
rats with cyproterone acetate from the Tth through the 21st days of
gestation only accentuated the forementioned, developmental altera-
tions in the reproductive organs of the male pups.22 Similar find-
ings have been obtained from studies in the mouse, dog and rabbit62

and hamster.53

At this point it is pertinent to elaborate on the findings of

Forsberg and Jacobsohn.22

Their studies with cyproterone acetate
involved the administration of the compound (10mg/Kg body weight/da)
to gravid rats from either the Tth, 14th or 15th day of gestation
to the end of gestation (i.e., day 22). Their observations indi-
cated that regardless of when their treatments were begun, the final
effects seen in the neonates were essentially the same. In all of
the male pups, there were definite structural alterations of the
accessory reproductive organs and external genitalia. However, the

", . .normal

histology of the testes from experimental neonates had a
appearance" and "...was as in the controls." Where alterations were

found in the histology of the testes, these occurred in male pups

that had been additionally treated with SH 714 for the first 21



'postnatal days and examined three months after birth. This finding
was not inconsistent with their other data for the following reason.
Cyproterone acetate is known to affect the histology of the mature
(adult) testis in the rat52’72 and in man (C.G. Heller and M. Rowley
- personal communication). Since rat pups reach puberty 3 weeks
post-delivery, Forsberg and Jacobsohn's administration of SH Tik
during those three weeks should be expected to affect the testes
regardless of prenatal treatments. The common denominstor of the

61,62,6L

treatment schedules followed by Neumann et al., and Forsberg

22,23 was that all of their maternal injections were begun

Etgi‘,
after the implantation of the embryos(day 5 of gestation for the
rat) had already occurred. Apparently the presence or absence of

the placenta had little bearing upon the outcome of their treatmernts

(the vascularization of the rat placenta is complete about day 12.5).

From these observations of Forsberg EE.El'922’23 one can
assume “that the direction of the male gonadal differentiation is
fixed either before cor soon after implantation of the embryo in the
uterus. Perhaps it would be more nearly correct to state that the
direction of the primordial germ cell potential is fixed at this
time. From their post-implantation treatments, Neumann gﬁ_@l,,éz
have suggested that male gonadal differentiation does not depend
upon androgenic (i.e., hormonal) influence since their administra-—

tion of cyproterone acetate did not alter the testicular picture.

This point will be again considered in the "DISCUSSION".

Based on these earlier studies with cyproterone acetate, we

questioned what would happen to the normal differentiation of the



MATERTALS AND METHCDS

General

The classic studies by Graves,25 Bond,3 Ward,82’83 Venable79
and more recently of Hoffman, Robinson and Magalhaes35 on the

Golden Syrian hamster (Cricetus auratus), have facilitated the

basic understanding of this species for experimental embryologic
study. The animals themselves are generally of the good temper
necessary to sustain the trauma of consecutive injections and
they are a clean animal with which to work. Ward's work83 demon-
strated that the female hamster is sexually responsive and comes
intc heat every fourth night unless the particular strain exhibits
a seasonal control over its cycling. Regular cycles facilitate
the laboratory breeding of these animals. Also important and
convenient for this study is the short period of gestation (about
155 days). This characteristic obviocusly shortens the waiting

period for neonatal observations.

Sixteen mature, three month o0ld, Golden Syrian female hamsters
(Lakeview Colony, New Jersey) weighing lOO—le grams, were mated
with adult males. The probability of pregnancy was determined by
microscopic observation of vaginal smears obtained immediately
after a copulation interval of 15 minutes. The animals were housed
separately in wire mesh cages under conditions of controlled light

(6 a.m. to 6 p.m. - lighted) and room temperature conditions.



.Four days before the end of their gestation, the animals were
transferred to individual plastic boxes containing San.i.cel
(Paxton Processing, Portland, Oregon) bedding. Their diet con-
sisted of tap water and Purina Laboratory Chow supplemented twice
a week with leafy greens. Retaining the animals in wire mesh
cages until four days before delivery apparently did not éause
any ill effects as they readily nested in the plastic boxes with

commercial bedding.

At 70, 82, 94, 106 and 118 hours post-copulation, the exper-
imental groups of 11 female hamsters were given single, intraperi-
toneal injections of 10 milligrams per 100 grams body weight of
cyproterone acetate. The SH 71l had been dissolved at a concen-—
tration of 50 milligrams per milliliter in a 2:25 solution of
benzyl benzoate-castor oil. EFach hamster in the experimental
group thus received a total of 50 milligrams of cyproterone ace-
tate il one milliliter of vehicle. Each of the five control ani-
mals received an injected gquantity of the vehicle identical to that
for the experimental animals. The manner in which this dose level
of 50 milligrams was determined is discussed in the "APPENDIX -

PRELIMINARY STUDIES - DOSE RESPONSE."

The post-copulation injections in this study coincided with
approximately the blst, 29th, 17th and 5th hours before implanta-
tion, and 3 hours, post-implantation. In the hamster, following
successful impregnation, implantation occurs approximately 111
hours post-copulation. Obviously, this time is not absolute but

can vary within a limited range (i 7 hours) depending on the
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individual animal. In any case, our treatments were given essen-

tially before and up through implantation.

At the end of gestation (15.5 days) the animals of the control
groups delivered their young by natural birth. The cyproterone
acetate-treated mothers were anesthetized with ether and their pups
obtained by Caesarian section. Some control mothers were also ether-
ized and their offspring obtained by Caesarian section to determine
if the anesthetization and/or natural birth had any effect on the
results. The body weights were recorded and immedistely both testes
were removed and weighed while wet. (The term "testes" is used here
since these gonads were found in the suprainguinal region of the
neonates as opposed to the subrenal location of the neonatal ovaries.)
The accessory reproductive organs in the control and experimental

groups were too small to be readily dissected and weighed.

In addition to the testicular tissue from the neonates of the
sixteen females mentioned above, sections of liver and small intes-
tines were obtained from control and experimental neonates of other

females. These sections were stained with hematoxylin and eosin.

Following the observations made on the gonadal tissues (see

"RESULTS - Light Microscopy"), a subsequent effort was made to

obtain gonadal tissues from 12, 13, 14 and 15 day-old fetuses of
mothers similarly treated with cyproterone acetate. The purpose of
this was to examine any sequential effects of cyproterone acetate
administered prior to and up through implantation. Histologic prepar-
ation of these tissues was identical to that described below for the

neonatal gonads.



Light Microscopy

The excised, right testes from the control and experimental
pups were placed directly into Helly's fixative (Zenker's formol
solution). Subsequent dehydrations in ethanol, clearing in cedar-
wood oil and embedding in 6% Piccolyte S0115 Paraplast were carried

T0

out in the manner suggested by Rowley and Heller. Sections of
the testicular tissue were cut at a 5 micron thickness on an "AO
Spencer" microtome. The mounting of the control and experimental
tissue sections onto histologic slides and the subsequent, simul-
taneous staining procedure were also carried out in the manner
suggested by Rowley and Heller7o for the periodic acid-Schiff's
reaction. The only modification of their procedure employed a
decrease in the length of time suggested for the Harris' hema-

toxylin counter-staining from 1 minute to three seconds. Stained

sectlons were viewed and photographed with a Zeiss photomicroscope.

Quantitative data were also obtained with respect to com-
paring the number of nuclei per microscopic field in control and
experimental tissues. A microprojector was used to magnify the
microscopic fields with a high-dry objective lens for counting
nuclei. The actual image projected onto a white screen was a
circular field. Because of the tediocus nature of the counting
process, only one-guarter of any circular field was used for quan-
ti?ative purposes., As the circular microscopic field image re-
mained constant in area, it was also possible to keep constant the
quarter portion size of any projected image on the screen by means

of a cardboard frame attached to the microprojector lens. Several



kodachrome slides of the microscopic fields were also employed for
similar quantitation. However, because of the technical dxfEiculitn
in taking kodachrome slides of large microscopic fields, the actual

areas counted by this latter method were limited.

DNA determination

The left testes from the control and experimental pups were
removed and excess connective tissue and fat were carefully removed
from around the organ. The testes were then individually weighed
on pre-weighed powder paper and placed into 0.7 milliliters of
distilled ice water in glass centrifuge tubes. A crude homogenate
was obtained by freezing and thawing the solutions of ti;sue and
water 6 times in a dry ice-acetone bath to promote cellular auto-
lysis. DNucleic acid extraction was carried out with 0.6 milli-

liters of the homogenate using the method described by Schneider.'3

(See "APPENDIX")

The DNA determination was carried out on the nucleic acid
extraction preparation according to the method described by Burton.8
(See "APPENDIX") DNA standards were prepared each time and their

optical densities read along with those of the extracts on a

Beckman DB-G spectrophotometer,
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RESULTS

The body and left testicular weights of the control and
experimental neonates are shown in Table 1 ("APPENDIX") along
with their p-levels of significance. Both the body and left
testicular weights of the experimental pups were significantly

less than those of the control pups.

In the uterine horns of every cyproterone acetate—treated
mother, there were indications that implantation, some develop-
ment and subsequent resorption of a number of fetuses had occurred.
These indications were the gross findings of amorphic entities
attached to the lumen walls. Moreover, these entities were evenly
and linearly spaced relative to the amniotic sacs present with
completely formed hamster fetuses. The total numbers of pups
for each of the cyproterone acetate-treated mothers were less than
those for the controls, i.e., control pups numbered from nine to
fifteen in a litter per mother compared to experimental pups who
numbered from one to four per mother. It is g reasonable consid-
eration that the difference in litter size between the two groups

was a consequence of the cyproterone acetate treatment.

Light Microscopy - control sections (Figures 1,2,5,6,7)

The prominent feature seen is the moderate intensity of the
periodic acid-Schiff's (PAS) magenta stain in the basement mem-

branes of the seminiferous cords and in the interstitial ground



11

substance. This phenomenon is as would be expected.since some of
the sﬁructural entities making up these tissues are mucoproteins
and glycoproteins sensitive‘to the PAS reaction. The relative
differences between the intensities of staining throughout the
sections reflect the variable amounts of connective tissues present.
Also evident in the interstitial fields are outlined gaps that could
bé attributable to the extraction of lipids during the ethanol
dehydrations required for clearing and staining the tissue sections.
Lipid staining itself was not done. Many ovoid, mesenchymal cells
(fibroblasté?) are present in the interstitial areas along with
occasional, fetal Leydig cells. The distinguishing feature of the
latter is their prominent, eccentric round nucleus with a prominent,
dense nucleclus. These cells are considered to be of the fetal
type because (i) the cytoplasm appear sparse or absent as would be
expected if cytoplasmic lipids were present in the fetal Leydig
cells;65 and; (ii) the adult Leydig cells do not normally appear
until puberty is reached (when the pup is three weeks old). Occa-
sional mitotic figures are also found in the interstitial areas.
Whether they represent dividing mesenchymal cells or Leydig cells

cannot be discerned at this tinme.

The basement membrane (the membrana propria) surrounding each
seminiferous cord contains long, flat, dark nuclei. This membrane
is also generally considered to have constituents of reticular and
elastic fibers. The internal architecture of the cords is well
organized. Along the inner margin of the membrane an occasional
Sertoll cell is encountered. The SBertoli cell is distinguished by

its large, dark nucleolus, dustlike chromatin and a few chromophilic



clumps along the nuclear membrane., The nuclear membrane also
exhibits one or more infoldings and the cytoplasmic processes are

in contact with adjacent spermatogonia.

Within the seminiferous cords are the light or dark nuclei of
three of the presently known types of Spermatogonia.Tl According
to the earlier classifications of Leblond and Clermont,h6 Clermont -
and Perey,lo Perey, Clermont and Leblond68 and Clermont and
Huckins,ll these three are type A, type In (intermediate) and type
B. The former two line the inner aspect of the basement membrane
and the latter type constitutes the core of the seminiferous cords.
Type A and type In are similar in that they both have ovoid nuclei
and one or more hyperchromatic nucleoli. Their cytoplasm is diffi-
cult to distinguish; but where seen, is weakly positive to the PAS
staining. These two spermatogonial types differ from each other in
the densities of their chromatin granulations. The In type has a
nuclea; membrane, well delineated by the adherence of deeply stained
clumps of chromatin. The nuclear membrane of type A is not as well
delineated. Therefore,the In type nuclei appears darker than those

of type A.

Type B spermatogonia are easily distinguished from the other
types by their large, spherical nuclei. Here, the chromatin granu-
lation is so fine that each nucleus is homogenously dark. Delinea-
tion of their nuclear membranes by clumps of chromatin is not as
evident as that of type In. Nucleoli are dark and peripheral or
eccentric., The cytoplasm is weakly PAS-positive and appears

vacuolated. The cell borders are evident.

1.2
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Various stages of mitosis are present within different semi-
niferous cords. These represent the normal, mitotic replication

of the spermatogonia. Spermatocytes are not evidenced.

Light Microscopy - cyproterone acetate sections (Figures 3,4,8,9)

The histology of the experimental sections is quite different
from that of the controls. The PAS reaction is seen as a very
pale pink (i.e., weakly positive). As these sections were stained
simultaneously with controls, this color difference, contrasted
with controls cannot be considered an artifact of histologic
technique. The large, clear, interstitial gaps are again present.
Mesenchymal cells (fibroblasts?) are prominent in the interstitial
fields and some have very hyperchromatic nuclei. An increase in
the number of Leydig cells is seen. These Leydig cells exhibit
an acidophilic cytoplasm. Presumedly, ethanol dehydration during
the histologié process did not effect their cytoplasm as it did

those of the control Leydig cells.65

The basement membranes of the seminiferous cords appear in-
tact. However, the germinal epithelial architecture is poorly
organized. Gaps are evident between single spermatogonia and
between groups of spermatogonia. The marginal, spermatogonial
cell types are difficult to differentiate from each other because
of their hyperchromicity. It is noteworthy that the central
spermatogonia appear smaller than their counterparts in the controls.
Spermatogonium type In is seen as being more prevalent than type A.

Type B, as described above for the controls, cannot be specifically
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demonstrated. Either it is absent from the cords or too closely
resembles type In. The Sertoli cells can be distinguished from
the spermatogonial types by their infolded nuclear membranes. No

mitotic stages are evidenced throughout the microscopic fields.

Light Microscopy ~ quantitative

Table 2 ("APPENDIX") compares the data obtained by counting the
nuclei in control and experimental tissues as described in the
"MATERTALS AND METHODS" section. ‘P—levels were not calculated since
the control and experimental values were of obvious difference and
significance. The ratio between the two groups was 1 to 2.47, control
to experimental. The ratio between the two groups obtained from counts
made from the kodachrome slides of smaller microscopic fields was 1 to
1.8%, control to experimental. The lower ratio obtained in the koda-—
chromé counts may be attributed to the smaller sample number availa-—

ble for counting from the smaller fields on the kodachrome slides.

Light Microscopy - nonreproductive, systemic tissues (Figures 10 & 11)

When our observations of the gonadal tissues indicated.that
the lack of mitotic figures and the loss of periodic acid-Schiff's
staining sensitivity were prominent histologic features of the ex-~
perimental testes, it became neceséary to determine whether these
phenomena were limitéd to the testes or also found in non-reproduc-
tive, systemic tissues. Following a microscopic examination of
liver, small intestines and other tissues of hematoxylin and eosin
stained, serial sectioms of 12 through 14 day-old fetuses, we

determined that mitotic figures were present in both the control
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and experimental tissues. The intensities of PAS stained sections
were comparable between the two groups. These observations seem
to imply that the mitotic inhibition by cyproterone acetate was

limited to the testicular tissue.

Light Microscopy - 12 to 15 day old fetal gonadal tissues (Figures

12 through 19)
12-day old fetal gonad - control (Figure 12)

The histologic picture seen is that of the indifferent or
undifferentiated gonad; In a transverse section of the fetus,
the gonads are positioned ventromedial to the fetal kidney and
covered by a layer of coelomic epithelium, the "germinal' epi-
thelium. The internal architecture of the gonad consists of a
loosely arranged epithelial mass. The nuclei seen in the epithe-
lial mass are those of primordial germ cells and mesenchymal or
fibroblast cells. The primordial germ cells are distinguished by
their large, round nuclei and prominent centric or eccentric nu-
cleoli. Some cells also have a clear perinuclear space, probably
representative of cytoplasmic organelles. Periodic acid-Schiff
positive strands extend among groups of cells of the epithelial
masgs. These strands probably represent the earliest stages of
intercellular material separating primitive sex cords which ex-
tend from the surface epithelium and become associated with the
primordial germ cells. Mitotic figures are particularly evident

in the germinal epithelium.
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12-day old fetal gonad - experimental (Figure 13)

The histologic picture of the indifferent gonad is similar
to that of the 12-day control described above. However, the
periodic acid-Schiff positive strands interspersed among the cells
of the epithelial mass are not as evident; and, mitotic figures

are absent.
13-day old fetal gonad - control (Figure 1k4)

The gonad continues to exhibit the histologic appearance of
the undifferentiated state. The picture is not muqh changed from
that of the 12-day gonad except that there is an increase seen in
the presence of the mesenchymal or fibroblast components. Their
nuclei are primarily seen in the branching and anastomosing strands
between the primitive sex cords previously described. Mitotic

figures are present.
13-day old fetal gonad - experimental (Figure 15)

The absence of mitotic figures and diminution of the periodic
acid-Schiff staining distinguish this gonad from the control. The
presence of the elongated nuclei of the mesenchymal or fibroblast
cells, interspersed between the cells of the epithelial mass, is

evident.
14-day old fetal testis - control (Figure 16)

Grouping of primordial germ cells and of spermatogonia type

A, transformed from primordial germ cells, has occurred and is

|
|
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easlly demonstrated by the periodic acid-Schiff staining of connec-
tive tissue strands éurrounding these groups. After the indifferent
gonad has begun to differentiate towards the male direction, the
strands, previously described for the 13-day old gonad, contribute
to the formation of the tunica propria surrounding each seminifer-
ous cord. In a transverse section of the testis, the seminiferous
cords are seen as not having yet developed tortuosity because their
crogs~sections are round or oval in shape. Such fortuosity would
represent an obvious ¢onsequence of longitudinal growth of the

cords within the space limited by the capsule of the testis. Within
the seminiferous cords are the nuclei of the Sertoii cells and of
what are probably spermatogonia of type A. The Sertoli cell nuclei
are seen predomiﬁantly in the "parallel" position.h6 Leydig cells

are not evident in the interstitial area.
lh—day 0ld fetal testis - experimental (Figure 17)

The early configuration of the seminiferous cords is not as
well demonstrated in the sections of these testes because of a
diminution in the periodic acid—Schiff staining of connective
tissue strands and the early tunica propria. Also apparent is the
hyperchromaticity of the nuclei both within and outside of the

seminiferous cords.
15-day old fetal testis - control (Figure 18)

The histologic sections demonstrate an increase in the inter-
stitial spaces between the seminiferous cords. Evident within

these spaces are the elongated nuclei of the fibroblast cells and
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adipose cellular outlines. A slight tortuosity in some of the sections
of seminiferous cords is present. Within the cords are the nuclei
of the Sertoli cells and spermatogonia types A, In and B. Mitotic

figures and periodic acid-Schiff staining are present.
15-day old fetal testis - experimental (Figure 19)

The histologic picture of this testis differs from the 15-day
control sections by its lack of mitotic figures, diminished to absenﬁ
periodic aicd-Schiff staining and the hyperchromaticity of nuclei
within and outside of the seminiferous cords. Slight tortuosity of
the seminiferous cords and the increase in interstifial spaces are

present as in the controls.

DNA Determination - testicular tissue level (Table 1)

Analytic procedures were carried out on the control and
experimental testicular tissues in order to determine whether or
not a gross correlation could be demonstrated between the presence
(controls) or absence (experimental) ofvthe mitotic figures in
the histologic sections and the total DNA content per control and
per experimental testes. The mean total DNA content per experi-
mental testis (14.5 ug + 5.5) was not significantly different

from that of the controls (14.9 ug + 4.0).



DISCUSSION

Cyproterone acetate (sH 71&) has been characterized as an
antiandrogen as well as a progestin because of its ability to
efficiently antagqniZe the effects of exogenous androgens upon
the reproductive organs of the hypophysectomized male rat.6h
Neumann and Kramer63 postulated that the mechanism behind SH T1lh's
antiandrogenic effect involved a competitive antagonism by
SH 714 for androgenic receptors in the end organs (i.e., strue-

tures sensitive to and influenced by plasma levels of androgené).

Evidence for this mechanism was demonstrated by Bloch and
Davidson's study2 in which the implantation of cyproterone pel-
lets within the basal hypothalamus of intact, adult male rats
elicited a hypertrophy of the seminal vesicles, prostates and

12

testes. Previous studies by Davidson and Sawyer had indicated

", ..site

that the median nucleus of the basal hypothalamus was the
of inhibitory action of testosterone on gonadotropic secretion.”
That is to say, this site in the basal hypothalamus was sensitive
to the plasma levels of testosterone. Such sensitivity, in turn,
would dictate the secretion level of gonadotropin-releasing fac-
tors in quantities inverse to the plasma levels of testosterone.

2 gattri-

Therefore, the hypertrophy reported by Bloeh and Davidson
buted to an increase in gonadotropin-releasing factors from the

basal hypothalamus consequent to a blockade by cyproterone acetate

of the hypothalamic sites sensitive to plasma levels of androgens.

19
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Recent studies with 3H—testosterone and its prostatic metabo-
Tite, 3H-dihydrotestosterone, by Stern and EisenfeldTS have lent
additional clarification to the mechanism Neumann and Kramer63
postulated for cyproterone acetate. In their studies, adult male
rats, castrated 3 weeks previously, were injected intravenously
with 0.1 ug of 3H—testosterone in aqueous solution per 100 grams
of body weight. Prior to receiving the radioactive testosterone,
the experimental males intravenously received the cyproterone
(1 mg/100 gms body weight); control males received the ethanol
vehicle alone. From the subsequent chromatographic and scintil-
lation counter data, Stern and Eisenfeld determinéd there was a
significant 20% and 15% decrease from control values in the con—
centrations of the SH-testosterone and 3H—dihydrotestosterone levels ,
respectively, in the seminal vesicles from the experimental group.

No significant difference was found between the ratios of labeled
testosterone to labeled dihydrotgstosterone from the control and
experimental groups. Because of this unchanged ratio, Stern and
Eisenfeld suggested the cyproterone did not decrease the labeled
concentrations in the seminal vesicles by selective, direct inhi-

3H-dihydrotestosterone. In-

bition of the enzymatic formation of
stead, they proposed that cyproterone had competed with3H-testosterone
for the androgenic receptors in the seminal vesicles, and thus, the

3

subsequent decrease in the metabolite, ~H-dihydrotestosterone. Stern
and Eisenfeld also studied this system of androgenic receptors in
the seminal vesicles in vitro and proposed that these receptors

were of macromolecular size. This latter suggestion was based upon

their findings that, following the addition of 3H-testosterone, the
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radioactivity was located in the macromolecular fraction of the super-
natant from seminal vesicle homogenates. Furthermore, when plotting
the reciprocal values of total 3H-testosterone concentration versus
the radioactivity bound to macromolecules from the seminal vesicles in

T

the presence and absence of 1 x 10 'M cyproterone, the cyproterone was
shown to reduce the binding of the 3H—testosterone to the macromolecules
in a éompetitive manner. Thus, Stern and Eisenfeld reasoned that cypro-
terone may function by competing with testosterone fér macromolecular
binding sites. Similar findings concerning competition for receptor

sites between labeled androgens and cyproterone in the rat ventral

prostate were obtained by Fang, Anderson and Liao.lg

As the nature of cyproterone acetate is to compete with androgens
for receptor sites, some explanation is in order at this point with
regards to androgen-receptor sites. The character of an androgen-recep-
tor complex has been determined in vivo and in vitro by Mainwaring55’56
-and . later by Fang and Liao.20 Mainwaring55 studied the nuclear and
cytoplasmic binding components for 3H—testosterone and its main meta~
bolite, 3H—5G(—dihydrotestosterone, using several analytic proéedures,

3

Digestion of prostatic nuclei, lébeled with “H-testosterone, with en-
zymes of narrow substrate specificity (RNAse, DNAse ana trypsin)
indicated that trypsin released an amount of radioactivity 12-13 times
greater than that releésed by the other two enzymes. Mainwaring postu-
lated; therefore, that the nuclear receptor was a protein. PFractiona-
tion of labeled prostatic nuclei into neutral, basic and acidic sub-

fractions revealed that the greatest labeling was in the acidic sub-

fraction and suggested that the receptor was an acidic nuclear protein.
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Extraction of the receptor complex from nuclei in 1M NaCl and
fractionation of the extract on an agarose column determined the
molecular weight of the complex to be 100,000 - 120,000. Mainwaring
suggested the precise intranuclear location of the receptor protein
was éither the nucleolus or chromatin. He further speculated that
the overall specificity of the androgenic receptors might depend

on additional receptors in the cytoplasm. From a later study,
Mainwaring56 determined, by sedimentation and chromatographic
methods, that these cytoplasmic receptors were fhermolabile pro-
teins in the non-sedimentable, 105,000g supernatant fraction (i.e.,
cytoplasm) of prostatic cell homogenates. Mainwaring proposed
that the receptor complex was an acidic protein since both cysteine
and tryptophan residues wére necessary to maintain the functional
configuration of the receptor. Fang and Liaogo later subclassified
the cytoplasmic protein receptor complex into Complex I and Complex
IT, speculating that Complex I could be a precursor to Complex IT.
The function of the cytoplasmic androgen-receptor complex may be

to metabolize testosterone as it enters the cell and to trans-

port its metabolite to the nucleaf androgen-receptor cbmplex pre-

19,20,55,56

viously discussed.

In light of the above discussion concerning androgen-receptor
complexes and the antiandrogenic character of cyproterone acetate,
one could speculate the histologic alterations of the testes in
this present study were a result of cyproterone acetate inhibiting
hormonally-induced, gonadal differentiation by competing for recep-

tors in the target organ (i.e., the differentiating gonad). Such



an interaction could alter the differentiation of the potential
male gonad towards one or some combinqtion of the following: (i)
differentiation towards the female type of gonad; (ii) a postpone-
ment or inhibition of the normal differentiation; or, (iii) an
augmentation of the testicular differentiation by a mechanism
similar to that proposed in the forementioned work of Bloch and
Davidson.® It is bnly possible at this time to make conjectures
on such directions since the controlling impetus behind the dif-
ferentiation of the bipotential gonad has yet to be demonstrated

and clarified.

Though the scope of the present study was limited to fhe
induced histologic alterations inthe developiﬂg hamster testis?
the interpretation of our findings may be reasonably based upon
existing knowledge of the phenomenon of hormonal interaction in
body systems. In the present study, administration of cyproterone
acetate to gravid hamsters prior to and up through implantation
induced several gross and microscopic changes in the male neonates.
As indicated in Table 1, the average body weight and averagé left
testicular weight of the experimental group Wefé 56% and 33%,
respectively, of those values obtained for thé control group.
Androgens have been known for some time to cause nitrogen reten-

tion of body growth with a positive nitrogen balance.l6’2h’h5’86’8T

If the forementioned studies63
of cyproterone acetate are to be taken seriously, the decreases

in body and testicular weights seen in this present study may be

considered a consequence of cyproterone acetate inhibiting the

regarding the antiandrogenic capacity

23
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normal androgenic stimulation of metabolic factors such as nitrogen

retention necessary for normal body growth.

Normal litter numbers (9 - 15 pups) were not found in any of
the uterine horns of the mothers in the experimental group. As
described in the "RESULTS", the gross findings of amorphic entities
attached in linear fashion along the luminal walls of these horns
suggested that implantation, some development and subsequent re-
sorption of a number of fetuses had occurred. Hafez and Pincusg6
and D:'Lckma.nnlh’15 demonstrated from studies in the rabbit and the
rat that survival of the early stages of embryonic develcpment was
dependent upon a proper balance of estrogen and progesterone, other-
wise pregnancy would be terminated. ‘For example, in the adult,
pseudopregnant, ovariectomized female rat (Holtmann strain), Dickmann15
demonstrated that progesterone (2 mg/100 grms body weight/day)
administered from the second through the twentieth day of pseudo-
pregnaicy plus estrone (1 ug/100 grms body weight/day) from the
seventh through the twentieth day was necessary for the survival and
implantation of morula transferred on the_fourth day of pseudopreg-
nancy. It is conceivable that the pharmacologic, total dose levels
(i.e., 50 mg/100 grms body weight/2.-1/2 days) of the progestin,
cyproterone acetate, employed in this present study upset the proper
balance of estrogen and progestercne in the gravid hamster. In this
manner, the administration of cyproterone acetate could be directly
responsible for the abnormal findings described in the uterine horns
of the experimental group. As discussed in the "PRELIMINARY STUDIES-

DOSE RESPONSE" (APPENDIX), the higher dose levels employed in the
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preliminary study either prevented implantation (e.g., dose levels
TO and T5 mg) or caused resorption of all the implanted fetuses
(e.g., dose level 60 mg). Here again,‘disruption of the proper
balance of estrogen and progestefone induced these errors in im-

plantation and embryogenesis.

The quantitative light microscopic findings (Table 2 - "APPENDIX")
demonstrated there.was a significant increase in the numbers of nuclei
per unit microscopic area in the testes of the experimental group when
compared with controls (i.e., a ratio of 2.47 to 1). From the data
in Table 2 and a comparison of control and experimental tissue sec-
tions (FIGCURES 5 - 9), it would appear that there was an actual
increase in numbers of nuclei (and therefore, cell numbers) in the
experimental tissues over the controls. Such an increase, however,
is made less plausible because the experimental gonads were smaller
and one-third the weight of the control gonads (Table 1). The pos-—
sibility that the nuclei in the experimental tissues could be more
closely packed together, giving the semblance of increased numbers
must also be considered. As already indicated, Table 1 shows that
the control testes weights were 3 times greater than those of the
experimental group; and, Table 2 indicates that the mean number of
nuclei in the experimental sections was 2.5 times greater than that
for the controls. Had this value for the mean number of nuclei
been closer to a factor of 3 times instead of 2.5, such findings
would then suggest, in a very gross manner, that the total numbers
of nueclei for the control and experimental gorads were similar.

In such case then, the increase in numbers of nuclei, seen per unit

microscopic area, in the experimental secticns would be more apparent
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than real, i.e., merely representing a compaction of tissue.

Comparison of the photcmicrographs of control and experimental
testicular sections (Figures 1-9), as rrevicusly described, indicates
that in the experimental group, the normal pattern of gonadal dif-
ferentiation was altered as a consequence of the cyproterone admin-
istration. The marked difference in periodic acid-Schiff's staining
between the controls (FIGURES 1,2,5,6,7) and experimental (FIGURES
3,&,8,9) sections of testes indicates an alteration in the normal
connective tissue matrix of the experimental gonads. It has al-
ready been stated that the mucoproteins and glycoproteins in the
connective tissue matrix are sensitive to the periodic acid-Schiff's
reaction. Thus, sueh alterations seen in the present study might be
attributed to either an inability of the mucoproteins and glycopro-
" teins to react with the periodic acid-Schiff's dye cnce they had
reacted with it. In either case, an alteration has occurred at the
molecular level of the connective tissue matrix to cause the dif-
ferent appearance in stained material when compared with controls.
During the histologic processing of the tissue sections, the peri-
odic acid is employed in order to oxidize the carbon to carbon
bonds when they are present in the form of adjacent 1:2 glycol
groups (CHOH - CHOH), turning them into aldehydes. Introduction of
the Schiff's reagent (a colorless derivative of basic fuchsine) to
these aldehyde groups permits attackment of the reagent to the
aldehyde groups and reconstitution of the reagent's color. Thus,
the sites of PAS reactive groupings are seen as a red to magenta

color.Ts1T ag little or no magentsa color is seen in the connective



tissue matrix of the experimental gonads, alterations at the mole-
cular level of the matrix must have occurred. Either the oxidation
by the periodic acid was inhibited or oxidation did occur but the
Schiff's reagent was blocked in some way from attaching to the
aldehyde sites. A third possibility may be that the molecular
bonding between the aldehyde and the Schiff's reagent was weak and
would not retain the Schiff's reagent throughout the completion of
the histologic proéessing. In any case, there was a disruption

in the make—ﬁp of the connective tissue matrix consequent to the

cyproterone administration.

The disorganization of the cellular elements within the semi-~
niferous cords is attributable to alterations in the matrix similar
to those discussed in the previous paragraph for the connective
tissue matrix. This disorganization was not an artifact of histol-
ogic technique because the surrounding tunica propria (basement
membrane) of the seminiferous cords are seen as being intact and

in order.

The absence of mitotic figures from the sections of experi-
mental gonads (FIGURES 3,4,8,9) is of particular interest for two
reasons. First, the presence or absence of mitotic figures (in a
growing tissue) can be considered a gross indication of the level of
cellular metabolic activity.5’13’57’58’59’67’76’90 Second, the pre-
sence of mitotic figures gives some gross indication as to the
state of progressive spermatogenic development.3o’33 It may be
concluded that the administration of cyproterone acetate induced a

negative effect upon the normal process of cell division in these

f
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testes either by an inhibition of chromosomal division or a failure
of the normal nutritive support by the Sertoli cells for continued
spermatogenesis. DNA synthesis occurs during a limited period of

the cell cycle designated "S8". The absence of mitotic figures in

the experimental tissues of the present study may be a consequence

of cyproterone acetate inhibiting the occurrence of the "S" phase

or preventing the-subsequent mitotic stages, post-"8" phase. Quanti-
tative measurements of the nuclear DNA by Dr. Cecile Leutchenberger
(See "PERSONAL COMMUNICATION" - APPENDIX) indicated no significant
difference in the nuclear DNA content of individual cells of the
contrcl and experimental tissues. This finding suggests that the
inhibitory action of cyproterone acetate occurred prior to the "g"
phase. Determination of the cellular specifics of such interaction
warrants further studies. For example, those cell stages of sperma-
togenesis where DNA synthesis and mitosis occur (i.e., spermatogonial
and primary spermatocytic stages) might be investigated more throughly

with regards to their cellular metabolic and physiologic levels.

As no data have been found in the literature with respect to the
influence of cyproterone acetate as a synthetic progestin upon mitoses
and DNA content in tissues, studies by other workers on such effects
by progesterone itself should be discussed for comparison. LlodeLt
was the first to show that prcgesterone could stimulate cell-division
of the uterine epithelial tissues. He demenstreted this by injecting
oophorectomized rabbits with 0.5 mg. progesterone per day for three
days and subsequently observing the numker of miteoses evident in the
uterine epithelial tissues. The ratio of mitoses in progesterone-

treated to control tissues was 50:1.
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£0,81

Of more recent date, ven Berswordt-Wallrage and Turner
published their data concerning the influence of progesterone upen
placentomata formation as méasured by total DNA content per 100 grams
of uterine horns. The animals they studied were ovariectomized rats.
Their study demonstrated that progesterone in graded doses stimu-
lated a graded increase in the mean total DNA per 100 grams of
experimentally traumatized uterine horns. At their maximum dose level
of 6 milligrems of progesterone per day for U days, the mean total
DNA content for the experimental groups was 2.4 times greater than
the control groups'. Von Berswordt-Wallrabe and Turner attributed
this phenomenon to an increase of the polyploidy normally seen in
placentomata formation, Thus, the increase in total DNA was repre-
sentative of nuclear multiplication rather than of cellular multi-

plication.

Additional investigations along similar lines have been those
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