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ABSTRACT Young adult male rats were treated with clomiphene citrate, a 
non-steroidal inhibitor of gonadotropin release in the rat. They were ad- 
ministered 2.5, 3.5, or 5.0 mg/lOOg/day for intervals up t o  12 weeks. 
The weights of the sex accessory glands were less than those of control rats, and 
decreased with increasing dose and length of treatment. At the longer intervals, 
the weights of the testis and epididymis were also less than those of control ani- 
mals. Microscopic alterations in the testis included a scarcity or even absence of 
late spermatids, the presence of necrotic cap-phase spermatids, and accumula- 
tion of lipid droplets and large lysosome-like structures in Sertoli cells. In rats 
treated for the longest interval, 12 weeks, testicular changes were even more ex- 
tensive; degenerating primary spermatocytes were observed, and in one rat  germ 
cells were virtually completely absent and the seminiferous tubules were oc- 
cupied by Sertoli cells. The Leydig cells of treated animals were smaller than 
those of normal or control rats. Sperm were absent from the lumen of the caput 
epididymidis in most specimens. Although the epithelium of the caput appeared 
reduced in height in some samples, ultrastructural changes in cellular organelles 
were not detected. In most specimens of the cauda epididymidis, the lumen was 
small, irregularly shaped, and lacking in sperm. Light cells were prominent in 
the epithelium by virtue of their content of many apical vacuoles and dense 
granules. In some specimens of the distal cauda epididymidis, the duct had a cir- 
cular profile and the lumen contained round cells and debris. The seminal vesicle 
and the ventral prostate were greatly suppressed. The normally tall columnar 
epithelia were reduced to a low columnar or cuboidal shape. Especially a t  the 
longer treatment intervals, the normally abundant rough endoplasmic reticulum 
was sparse, and in some samples secretory vacuoles were absent. The possible 
mechanism of production of these morphological changes is discussed, and the re- 
sults are compared with those following treatment with other antifertility 
agents, including cyproterone acetate, a progestin, and a progestin-androgen 
regimen. 

Many compounds are known to alter fer- 
tility in the male. Certain of these, such as the 
alkylating agents, effectively diminish fer- 
tility but are very toxic due to their general 
effects on inhibition of cell division. Thus, 
attention has been directed recently toward 
antifert i l i ty compounds tha t  interfere in  
some way with hormonal stimulation of the 
testis and other parts of the male reproduc- 
tive tract. 

We have been interested in the effects of 
antifertility agents on the histology and ul- 
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trastructure of the male reproductive tract. A 
general aim has been to determine the struc- 
tural basis of the antifertility action of 
various kinds of agents that  diminish male 
fertility. Since it is not practical to survey a 
large number of different compounds, in order 
to gain a general understanding several 
agents were selected for study as representa- 
tives of classes of compounds thought to affect 
the male reproductive tract in different ways. 
Therefore, studies have been carried out with 
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cyproterone acetate as a representative of the  
antiandrogens (Loving and Flickinger, '76; 
Flickinger and Loving, '76), which compete 
with testosterone for receptors in target cells, 
and with a progestin and testosterone (Flick- 
inger, '77a,b), which are examples of steroids 
tha t  suppress gonadotropin release from the 
pituitary gland. The present study extends 
our observations on the  influence of antifer- 
tility agents on the  male reproductive tract  to 
include clomiphene, as a representative of 
non-steroidal compounds t h a t  inhibit  go- 
nadotropin release. 

Since the effects of clomiphene are especial- 
ly variable, differing both with dose and spe- 
cies (Swyer, '65; Gomes, '711, further explana- 
tion of i t s  supposed mechanism of action is 
necessary as background to the  study. In men, 
its effects on gonadotropins and on sperm 
counts have varied (Heller and Moore, '63; 
Tyler et al., '63; Junck et al., '64; Harkness et 
al., '64; Mellinger and Thompson, '66; Barden 
et al., '67; Cargille e t  al., '68; Heller e t  al., '69; 
Schellen and Beek, '74; Paulsen and Wacks- 
man, '76). For example, in one long-term 
study, administration of clomiphene to men 
resulted in increased urinary excretion of go- 
nadotropins and  testosterone, bu t  sperm 
counts were elevated, unchanged, or de- 
pressed, depending upon the  dose (Heller et 
al., '69). The drug has also been widely used 
clinically to induce ovulation in women, pre- 
sumably through its  influence on gonado- 
tropins. 

In male rats most studies have shown tha t  
clomiphene reduces gonalotropin secretion. 
For example, treatment with clomiphene re- 
sults in the degranulation of gonadotrophs in 
the pituitary and a decline in the  gonad- 
otropin content of the  gland (Nelson and 
Patanelli, '62; Kalra and Prasad, '67a,b). Fur- 
thermore, administration of clomiphene to 
immature male rats suppresses development 
of the sex accessory glands and Leydig cells 
and i t  alters spermatogenesis (Holtkamp et 
al., '60; Nelson and Patanelli, '62; Kalra and 
Prasad, '67a), and these suppressive effects 
are overcome by administration of FSH and 
testosterone (Kalra and Prasad, '67b). Clomi- 
phene also retards the  development of the  
blood-testis barrier when administered to 
young male rats (Vitale et al., '73). In one 
study, however, while a decrease in the  weight 
of reproductive organs occurred at most dose 
levels, a n  increase in the  weight of the pros- 
tate and seminal vesicles of immature rats 
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was observed with very low doses of clomi- 
phene (0.25 mg/day, or less) (Roy e t  al., '64). 
This led to the  suggestion tha t  very low doses 
(much less than  those used in the present 
study) may stimulate gonadotropin release 
while higher doses suppress i t  (Roy et al., '64). 

Most of the  animal studies thus far have 
been carried out on immature rats, and infor- 
mation on the  effects of clomiphene on sexual- 
ly mature male rats remains sparse. I t  has 
been shown tha t  the  weights of the reproduc- 
tive organs of adult ra t s  can be depressed by 
clomiphene t r ea tmen t ,  al though a much 
larger dose is required to produce this effect in 
adu l t  males t h a n  in  immatu re  animals 
(Nelson and Patanelli, '62; Nelson, '65). 

The present study adds to our knowledge of 
the  actions of clomiphene in the  male by pro- 
viding observations on t h e  influence of 
clomiphene on the microscopic structure of 
the male reproductive tract  in sexually ma- 
ture animals, including details of structural 
alterations made visible by the  use of the  elec- 
tron microscope. These include the stages of 
spermatogenesis affected, and the cytology of 
different types of germ cells and Sertoli cells 
in the  testis. Possible changes in the epithe- 
lium and luminal contents in different parts 
of the  epididymis and alterations in the fine 
structure of the  sex accessory glands were 
also investigated. Since clomiphene is a n  
example of a non-steroidal gonadotropin-sup- 
pressing agent t ha t  reduces fertility in the 
male, the  results also permit a comparison 
with the effects of other agents tha t  are 
thought to affect male fertility in different 
ways. 

MATERIALS AND METHODS 

Young adult male ra t s  weighing approx- 
imately 200-225 g were obtained from Hilltop 
Lab Animals, Scottdale, Pennsylvania. They 
were caged separately in the  University 
Vivarium and were fed Purina Lab Chow ad 
libitum. 

Clomiphene citrate (Clomid, Merrell) was 
obtained through the  courtesy of Doctor 
Alfred Richardson, Jr., Merrell-National Lab- 
oratories, Cincinnati, Ohio. The clomiphene 
was administered daily by oral gavage sus- 
pended in 0.3-0.7 ml of olive oil. Control rats 
received the oil vehicle only. Daily doses of 
either 2.5 mg, 3.5 mg, or 5.0 mg/100 g body 
weight were administered. The dose of 2.5 mg/ 
100 g was used first because i t  has been re- 
ported tha t  this dose is necessary to produce 
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alterations in sexually mature male rats, as 
contrasted with immature animals which re- 
spond to lower doses (Nelson and Patanelli, 
'62). When microscopic changes produced by 
this dose were found to be small, the dose was 
doubled to 5.0 mg/100 g body weight. This 
high dose resulted in severe effects, and a fur- 
ther experiment was carried out using a n  
intermediate dose level of 3.5 mg/100 g daily. 
Rats administered 2.5 mg or 5.0 mg/100 g day 
were killed after intervals of 2 , 4  and 8 weeks; 
animals treated with 3.5 mg/100 g day were 
killed after 4,8 and 12 weeks (table 1). A total 
of 22 treated ra t s  and twelve control animals 
were utilized. In addition nine normal rats 
were killed a t  the  same intervals and their re- 
productive organs were weighed for com- 
parison with those of the  treated and control 
groups. 

The rats were killed by cervical dislocation, 
and the  testes, epididymides, ventral prostate, 
and  seminal vesicles were removed and  
weighed. Whole testes were immersed for one 
hour in a glutaraldehyde, formaldehyde, and 
picric acid fixative (It0 and Karnovsky, '681, 
prepared by mixing 8.5 ml of Karnovsky's 
fixative (Karnovsky, '65) with 1.5 ml of a sat-  
urated solution of picric acid and 10 ml of 0.1 
M cacodylate buffer, pH 7.3. After one hour, 
pieces were cut from the testes, diced, and 
fixed for a n  additional hour. The major por- 

tion of the  caput epididymidis, corresponding 
to the  middle segment of the  epididymis 
(Glover and Nicander, '711, was bisected and 
immersed in Karnovsky's fixative for one 
hour. The cauda epididymidis, which contains 
t h e  te rmina l  segment of t he  epididymis 
(Glover and Nicander, '711, was similarly cut 
and immersed in fixative. When possible, i t  
was divided into two parts, one corresponding 
to the proximal part of the cauda which has 
the  smaller diameter (regions 5B and 6A of 
Reid and Cleland, '57) and the other compris- 
ing the  distal part of the cauda (region 6B of 
Reid and Cleland). In some of the  treated rats, 
however, the  epididymis was so small tha t  
these two parts of the  cauda could not be dis- 
tinguished from one another. After one hour 
the  epididymal tissue was diced and immersed 
in fixative for a n  additional hour. Pieces of the 
ventral prostate were placed for one hour in 
the glutaraldehyde, formaldehyde, and picric 
acid fixative, and then diced and fixed for a n  
additional hour. The seminal vesicles were 
diced and placed for two hours in Karnovsky's 
fixative. After fixation for a total of two hours 
in aldehyde, all the  tissue blocks were rinsed 
with 0.1 M cacodylate buffer and post-fixed for 
one hour in 1% OsO, in 0.1 M cacodylate buffer 
a t  pH 7.3. The tissue was dehydrated in a 
graded series of ethanols followed by pro- 
pylene oxide, and was embedded in Araldite. 

TABLE 1 

Seminal Ventral 
Dose Time Testis Epididymis vesicle prostate Body weight Kumberof 
~- ~ _ _ _  

mgilOOg weeks g/lOOg(%J g/IOOg!% i p/100g(% i g/100g!% I ' R J  animals 

2.5 2 
4 
8 

3.5 4 
8 

12 

5.0 2 
4 
8 

Control 2 
4 
8 

12 

Normal 2 
4 
8 

12 

0.56(104) 
0.49(96) 
0.45(105) 

0.43(84) 
0.44(102) 
0.14(44) 

0.55(102) 
0.54(106) 
0.39(91) 

0.54 
0.51 
0.43 
0.32 

0.52 
0.42 
0.40 
0.35 

0.14(140) 
0.13( 100) 
0.11 (85) 

0.12(92) 
0.09(69) 
0.03(25) 

0.07(70) 
0.09(69) 
O.lO(77) 

0.10 
0.13 
0.13 
0.12 

0.08 
0.11 
0.13 
0.11 

0.04(80) 0.09(82) 
0.02(33) 0.05(42) 
0.03(501 0.04(50) 

0.05(83) 0.08(67) 
O.Ol(17) O.Ol(13) 
0.01(11) O.Ol(13) 

0.02(40) 0.04(36) 
O.Ol(17) 0.02(17) 
O.Ol(17) 0.02(25) 

0.05 0.11 
0.06 0.12 
0.06 0.08 
0.09 0.08 

0.03 0.08 
0.08 0.10 
0.07 0.11 
0.05 0.07 

221 
299 
294 

272 
325 
320 

222 
245 
240 

298 
359 
428 
525 

308 
423 
480 
550 

2 
3 
2 

3 
3 
3 

2 
2 
2 

2 
4 
3 
2 

1 
3 
2 
3 

The weights of the reproductive organs and the final body weights of rats treated with clomiphene. The average weights are  
shown in g per 100 g body weight, while the figures in parentheses represent the percent of the corresponding control value. The 
values for the testis, epididymis. and seminal vesicles include the t w o  organs from each rat. The body weight recorded is the aver- 
age for the animals in a Gven category. 
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Sections 1 p m  thick for light microscopy 
were cut with glass knives, mounted on slides, 
and stained with 0.5% toluidine blue in 0.5% 
sodium borate. Thin sections showing silver to 
pale gold interference colors were cut with a 
diamond knife, mounted on uncoated grids, 
and stained with lead citrate (Reynolds, '63). 
The preparations were examined and photo- 
graphed using a Philips EM-300 or an  AEI 
EM-801 electron microscope. 

The sizes of profiles of Leydig cells of the 
testis in sections for light microscopy were 
estimated in the following way. Regions of ac- 
cumulation of interstitial tissue between 
three or more seminiferous tubules were 
chosen a t  random for study. Within such a 
region, the length and width of all the cells 
identifiable as Leydig cells were measured 
using a Zeiss optical micrometer. Although 
the shapes of the cells varied, a rough esti- 
mate of the area of a cell represented within a 
section was obtained by assuming the profiles 
to be elliptical and multiplying the length12 
x width12 x T. Twenty-five cells were mea- 
sured for each of three rats treated for 12 
weeks and for two control animals. The mean 
areas of Leydig cells in sections of treated and 
control rats were compared using a T test. 

The fertility of some of the rats was tested 
by caging each male rat  for five days with two 
female rats and examining the females one 
week later for the presence of fetuses. Ani- 
mals tested in this way included three rats 
treated for 12 weeks with 3.5 mg1100 glday, 
two controls, and three normal animals. 

RESULTS 
General observutions 

In rats administered the lowest dose of 
clomiphene, 2.5 mg1100 glday, the average 
weights of the ventral prostate and seminal 
vesicles (table 1) were less than those of the 
corresponding controls, and after treatment 
for eight weeks they had decreased to approx- 
imately half those of the control animals. De- 
spite the decrease in weight of the sex 
accessory glands in most of the treated ani- 
mals, microscopic changes in the reproductive 
organs were slight except in one of the rats 
treated for eight weeks. For this reason, high- 
er doses of clomiphene were employed. 

After treatment for 8 or 12 weeks with the 
intermediate dose of 3.5 mg1100 glday, the 
weights of the epididymis, ventral prostate, 
and seminal vesicles were diminished as com- 
pared with control and normal rats (table 1). 
In animals treated for 12 weeks, the effect 

was extreme, and even the weight of the testis 
was reduced to about half that  of the controls. 
Microscopic changes were present in the 
majority of treated animals a t  the 8-week 
interval and in all of those treated for 12 
weeks. 

At the highest dose of clomiphene, 5.0 rngl 
100 glday, the reproductive organs were 
severely affected. The weights of the prostate 
and seminal vesicles were less than half the 
control values even following treatment for 
only two weeks, and a t  some later intervals 
they had declined to less than 20% of controls 
(table 1). Microscopic changes were present in 
the reproductive tract in most of the treated 
rats. 

When the fertility of some of the rats was 
tested by caging them with female rats, none 
of three rats treated with clomiphene, 3.5 rngl 
100 glday for 12 weeks, impregnated a female. 
Four of five normal and control animals, how- 
ever, impregnated a t  least one of two females. 

In general, the frequency and severity of 
microscopic alterations increased with dose 
and length of treatment. Although the extent 
of the changes varied from one rat  to another, 
the nature of the alterations in a given organ 
was consistent, so the various treatment 
groups will be described together. One excep- 
tion was the testes of rats treated for the long- 
est time, 12 weeks, since testicular changes 
occurred at this interval that  were more ex- 
tensive than in animals treated for a shorter 
time. The structure of the sex accessory 
glands seemed to be more readily affected 
than the other reproductive organs, since 
some animals that  showed slight or no altera- 
tions in the testis and epididymis had micro- 
scopic changes in the prostate and seminal 
vesicle. When alterations were present in the 
testis and epididymis, however, changes were 
also observed in the sex accessory glands. 

The normal microscopic structure of the 
male reproductive organs of the rat  has been 
described previously, including that of the 
testis (Brokelmann, '63; Burgos et  al., '70; 
Fawcett et  al., '731, epididymis (Reid and Cle- 
land, '57; Hamilton, '751, and sex accessory 
glands (Price and Williams-Ashman, '61; 
Brandes, '66, '74; Flickinger, '74a,b). The 
structure of the reproductive organs of con- 
trol rats did not differ from normal. 

Testis 
The seminiferous tubules of the normal rat 

testis (fig. 11, contain Sertoli cells and germ 
cells in different stages of development, in- 
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cluding spermatogonia, spermatocytes, and 
many types of spermatids. In the interstitial 
tissue between the tubules are the testoster- 
one-secreting Leydig cells. 

Treatment for up to eight weeks 
In the testes of animals treated for up to 

eight weeks with any of the doses of clomi- 
phene, the changes were similar. In light mi- 
croscopic preparations (fig. 21, late spermatids 
of the acrosome and maturation phases were 
greatly decreased in number, and in some 
specimens they appeared to be completely 
absent. Round, intensely stained cells that  
appeared to be degenerating were present 
within the seminiferous epithelium. Early 
spermatids of the Golgi and cap phases were 
abundant, as were spermatogonia and sper- 
matocytes. Many lipid droplets were present 
within the seminiferous epithelium. These 
were found in all the profiles of the seminifer- 
ous tubules in severely affected specimens, 
while in normal rats lipid droplets are con- 
spicuous only a t  certain stages of the cycle of 
the seminiferous epithelium (Niemi and Kor- 
mano, '65; Kerr and DeKretser, '75). 

Some variations in the appearance of sper- 
matocytes from one tubular profile to another 
suggested that different stages in the cycle of 
the seminiferous epithelium might be repre- 
sented. In the absence of late spermatids to 
facilitate accurate identification of stages, 
however, an analysis of the cycle was not con- 
ducted. 

Study with the electron microscope made 
possible identification of many of the degener- 
ating or necrotic cells as cap-phase sper- 
matids of approximately stages 6-7 (Leblond 
and Clermont, '52)  because the characteristic 
acrosomal cap was present (fig. 4). It  was not 
possible to identify all the degenerating cells, 
however, because of the disruption of the mor- 
phology of many of them, and some may have 
represented other kinds of germ cells. The nu- 
merous lipid droplets in the seminiferous epi- 
thelium were located in the cytoplasm of Ser- 
toli cells (fig. 31, which also contained many 
large lysosome-like structures with a poly- 
morphous interior (figs. 3, 5 ) .  Sertoli cells 
often appeared to surround necrotic sper- 
matids (fig. 4). Aside from the accumulation 
of lipid and lysosomes, the Sertoli cells (fig. 3) 
were not altered. They remained large cells 
with the nucleus and surrounding cytoplasm 
close to the basal lamina of the seminiferous 
tubule and with processes extending through- 
out the seminiferous epithelium. The charac- 

teristic junctional specializations between 
Sertoli cells (Flickinger and Fawcett, '67) per- 
sisted and were not seen to be altered, al- 
though they were not studied extensively a t  
high magnification. 

No alterations were detected in the ultra- 
structure of spermatogonia, spermatocytes, or 
Golgi-phase spermatids. Spermatogonia (fig. 
3), located adjacent to the basal lamina of the 
tubules, were oval cells with a paucity of cyto- 
plasmic organelles. Primary spermatocytes 
(fig. 3) contained prominent nuclei with syn- 
aptinemal complexes and variable patterns of 
chromatin corresponding to different stages of 
meiotic prophase. Golgi-phase spermatids 
showed the characteristically large Golgi ap- 
paratus with proacrosomal granules, and in 
some an acrosomal vacuole was apposed to one 
pole of the nucleus. Some normal-appearing 
cap-phase spermatids had a large acrosomal 
cap applied to one surface of the nucleus. As 
noted above, however, many other cap-phase 
spermatids were necrotic, while acrosome- 
and maturation-phase spermatids were un- 
common. 

Treatment for 12 weeks 
The testes of two of the three rats treated 

for 12 weeks differed from those of all the 
other treated animals in having more exten- 
sive alterations, in which early stages of germ 
cells were affected as well as late stages. In 
addition to the changes described above, one 
animal contained degenerating primary sper- 
matocytes. These are difficult to identify and 
to illustrate because as degeneration proceeds 
the characteristic morphological features are 
lost, and the spermatocytes lack a persistent 
distinguishing structure such as the acroso- 
ma1 cap of the spermatids, which permits the 
identification of spermatids even a t  relatively 
advanced stages of necrosis. However, some 
round cells in the seminiferous epithelium 
had an  irregularly shaped nuclear envelope 
tha t  enclosed unusually condensed and 
clumped chromatin along with synaptinemal 
complexes (fig. 6). The cytoplasm was more 
dense than normal and cytoplasmic organelles 
were poorly defined as compared to those of 
surrounding cells. Because of these abnormal 
features, the cells were judged to be in early 
stages of degeneration, and they were identi- 
fied as spermatocytes by the presence of syn- 
aptinemal complexes. 

A second rat  treated for 12 weeks had testes 
that  were even more severely altered (fig. 7). 
Germ cells were very scarce, the only possible 
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representatives of the germ cell line being a 
few round or oval cells which lay next to the 
basal lamina and thus may have been sper- 
matogonia. The basal lamina pursued a n  
undulating course which indented the bases 
of the Sertoli cells, and in many locations two 
or more layers of basal lamina were present. 
Some Sertoli cells contained several large 
vacuoles with a flocculent electron-lucent 
content, but the cytology of most Sertoli cells 
did not appear altered. Lipid droplets were 
neither as large nor as numerous as in the  
other treated rats, and degenerating cells 
were rarely observed, possibly because most of 
the  germ cell population had undergone 
necrosis a t  a n  earlier time. 

Leydig cells 
Leydig cells of the  treated animals ap- 

peared smaller than  normal. This impression 
was confirmed by measurements of the  areas 
occupied by Leydig cells within sections of the  
testes of rats treated for 12 weeks with 
clomiphene (3.5 mgilO0 g/day). In these treat-  
ed animals, the mean area of Leydig cells was 
38 pm2,  as compared with 65 p m 2  in control 
rats. The difference between these values was 
highly significant (p < 0.001). When studied 
with the  electron microscope, the Leydig cells 
did not show any unusual features except for 
their small size. The small amount of remain- 
ing cytoplasm contained smooth endoplasmic 
reticulum and the other usual cell organelles. 

Cuput epididyrnidis (middle segment) 
The lumen of the middle segment of the  nor- 

mal ra t  epididymis contains abundant sperm 
(fig. 8 ) .  I t  is lined by a columnar epithelium 
composed mainly of principal cells, with 
smaller numbers of basal, apical, and halo 
cells (Hamilton, ’75). In clomiphene-treated 
rats with testicular alterations, sperm were 
absent from the  lumen of the  middle segment 
of the epididymis (fig. 9). Although the epithe- 
lium appeared shorter than  normal in some 
specimens, the principal cells remained col- 
umnar in shape and retained prominent api- 
cal microvilli, numerous apical vesicles and 
vacuoles, a large Golgi apparatus, and both 
rough and smooth endoplasmic reticulum 
(fig. 10). 

In the  caput epididymidis of four rats treat- 
ed with clomiphene, some cells morphological- 
ly resembled “light” or “clear” cells. Reid and 
Cleland (’67) described “inactive” clear cells 
in the caput epididymidis of the  rat, but we 

have not normally identified clear cells in this 
region, and they are  usually associated with 
more distal parts of the epididymis (Hamil- 
ton, ’75). The significance of this observation 
in a minority of treated animals is uncertain 
because, although some alterations in the sex 
accessory glands were present, changes in the  
remainder of the  epididymidis and in the 
testes in these animals were slight. 

Cuudu epididymidis (terminal segment) 
The terminal segment of the  normal ra t  

epididymis (fig. 11) is lined by a moderately 
tall columnar epithelium tha t  is composed of 
principal cells, light cells, and smaller num- 
bers of basal and halo cells (Hamilton, ’75). 
The height of the  epithelium decreases gradu- 
ally and the  calibre of the lumen increases 
when proceeding distally along the duct. 
Sperm are normally abundant in the lumen in 
all parts of the  terminal segment (Glover and 
Nicander, ’71; Hamilton, ’75). Most profiles of 
the  lumen of the terminal segment in clomi- 
phene-treated rats (fig. 13) differed from nor- 
mal in lacking sperm. The lumen was very 
small, had an  irregular outline, and was sur- 
rounded by a columnar epithelium. Many cells 
in the epithelium were prominent in light mi- 
croscopic preparations because they con- 
tained many intensely staining granules. 
Study of these cells with the electron micro- 
scope showed tha t  they corresponded to the 
light cells of the epididymal epithelium (fig. 
14). They contained many apical vesicles and 
vacuoles, and deeper in the  cell were many 
membrane-bound dense bodies. 

Some profiles of the  cauda epididymidis (fig. 
12) had a different appearance from most of 
the  other samples. They were thought to cor- 
respond to the more distal parts of the termi- 
nal segment because of their greater diameter 
and thicker smooth muscle. In these speci- 
mens the  lumen had a relatively smooth, cir- 
cular outline and was lined by a moderately 
tall columnar epithelium. The duct contained 
cellular debris, round cells, and parts of 
sperm, which were apparently suspended in a 
fluid. The round cells were not definitely iden- 
tified, but their ultrastructure was reminis- 
cent of tha t  of immature germ cells. 

Principal cells of the  epididymal epithelium 
were studied with the  electron microscope in 
different locations in the  cauda epididymidis. 
As in the middle segment, they appeared 
shorter than  normal in some specimens, but 
this was variable and no firm conclusions 
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about changes in their size were formed. No 
abnormalities in their ultrastructure were 
discovered. They contained the usual micro- 
villi, vesicles, vacuoles, multivesicular bodies, 
a prominent Golgi apparatus, abundant endo- 
plasmic reticulum, and the other common or- 
ganelles (fig. 14). 

The alterations in the different parts of the 
epididymis described above were found in 
those rats with testicular changes, and in gen- 
eral the more severe testicular changes, the 
more pronounced the epididymal alterations. 
Conversely, animals which did not display 
testicular alterations had abundant sperm 
within the lumen and did not have epididymal 
changes. The latter rats were mainly those 
killed after the shorter treatment periods 
with the lowest dose of clomiphene. 

Sex accessory glands 
The normal columnar epithelium of the 

ventral prostate and the seminal vesicles is 
characterized by abundant rough endoplasmic 
reticulum, a large Golgi apparatus, and many 
secretory vacuoles. These organelles function 
in the synthesis and intracellular transport of 
secretory proteins (Flickinger, '74a,b). The 
epithelium of the prostate and seminal vesi- 
cles of clomiphene-treated rats showed few 
changes after four weeks, except for an ap- 
parent decline in the height of the cells in 
those rats administered the highest dose (5.0 
mg1100 g/day). Following treatment for eight 
weeks or more, the epithelia of the prostate 
and seminal vesicles were greatly reduced in 
height from their normal tall columnar shape 
(figs. 15, 18) to  a low columnar, cuboidal, or 
even squamous appearance (figs. 16, 19). This 
effect was particularly pronounced in those 
rats receiving 5.0 mg1100 glday for eight 
weeks and in those that received 3.5 mg1100 
glday for 1 2  weeks. Thus there was a general 
trend to reduction in the height of the cells 
and to  increased cytological alterations with 
increasing dose and length of treatment. 

This reduction in the size of the epithelial 
cells in the prostate and seminal vesicles was 
accompanied by a decrease in their content of 
cytoplasmic organelles, especially the rough 
endoplasmic reticulum, Golgi apparatus, and 
secretory vacuoles. In the most severely sup- 
pressed specimens, the rough endoplasmic re- 
ticulum was reduced from its usually numer- 
ous parallel cisternae to only a few isolated 
elements (figs. 17, 20). Changes in secretory 
vacuoles were particularly striking. In the 

seminal vesicle, vacuoles with a dense secre- 
tory granule inside are normally very abun- 
dant, but in some treated animals they were 
completely absent (fig. 17). Similarly, in the 
ventral prostate, forming secretory vacuoles 
are normally visible in the Golgi region, and 
vacuoles with a dense content are aligned be- 
neath the apical plasma membrane, apparent- 
ly awaiting discharge from the cell. In treated 
animals, however, only a few clear apical 
vacuoles were present (fig. 20). A few mem- 
brane-bound dense bodies resembling lyso- 
somes were prominent in profiles of many epi- 
thelial cells in treated rats, particularly in the 
ventral prostate (fig. 20). Their content con- 
sisted of granules, membranes, and other ma- 
terial, but cellular organelles were not recog- 
nized, and their role in the decline of the epi- 
thelium is uncertain. 

DISCUSSION 

In rats treated with clomiphene for up to 
eight weeks, the diminution in late sper- 
matids and the presence of necrotic cap-phase 
spermatids suggests that germ cells developed 
up to  approximately stages 6-7 of sper- 
miogenesis and then underwent degeneration. 
The observation of some degenerating pri- 
mary spermatocytes in a rat treated for 12 
weeks and then absence of spermatocytes in 
another specimen suggest that with prolonged 
treatment earlier stages of germ cells are 
affected and also degenerate. Since i t  was not 
possible to identify the stage of all the 
necrotic cells, some degeneration of sper- 
matocytes might have occurred in animals 
treated for less than 12 weeks. Furthermore, 
the methods used in the present study did not 
include a quantitative analysis of the differ- 
ent types of germ cells remaining, so even 
though alterations in early stages of germ 
cells were not detected in most of the speci- 
mens, alterations in their numbers may have 
occurred. 

These testicular changes following clomi- 
phene administration resemble the effects of 
hypophysectomy in the rat, in which both cap- 
phase spermatids (stage 8)  and primary sper- 
matocytes underwent degeneration (Clermont 
and Morgentaler, '55). The similarity between 
the effects of clomiphene and hypophysectomy 
on the seminiferous tubules, and the observed 
decrease in size of Leydig cells in clomiphene- 
treated rats are both in accord with the re- 
ported action of clomiphene in suppressing go- 
nadotropin secretion by the pituitary gland in 
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male rats (Nelson and Patanelli, '62; Kalra 
and Prasad, '67a,b). 

The alterations in the seminiferous epithe- 
lium are probably the result of an insufficient 
supply of testosterone, because decreased 
stimulation of Leydig cells by LH causes a de- 
cline in their size and secretion of testoster- 
one, which normally acts on the seminiferous 
tubules to play a role in maintenance of sper- 
matogenesis (Steinberger, '71). The decline in 
the output of sperm by the testes accounts for 
the decrease in sperm in the lumen of the 
epididymis, and possibly the uptake of mate- 
rial by the light cells of the epididymis could 
contribute to the removal of luminal mate- 
rials (Flickinger and Loving, '76; Flickinger, 
'77b). Decreased androgen stimulation of the 
epididymis may also play a role in the 
epididymal changes. In addition, an effect of 
lowered FSH on the activity of Sertoli cells 
(Means, '75) such as secretion of androgen 
binding protein (ABP) (Hansson et al., '74, 
'751, might play a role in the testicular and 
epididymal changes. However, the actual hor- 
mone levels in the clomiphene-treated ani- 
mals are not available. Such measurements 
would provide more definite information on 
the mechanism of production of the morpho- 
logical changes. 

The effects of clomiphene on the testis re- 
semble the results of treatment with other 
antifertility agents: cyproterone acetate 
(Flickinger and Loving, '76; Loving and Flick- 
inger, '761, a progestin, and progestin plus tes- 
tosterone (Flickinger, '77a,b). In all these in- 
stances cap-phase spermatids degenerated 
and late spermatids were reduced or absent. 
Sertoli cells appeared to phagocytose necrotic 
germ cells, as is the case in many other in- 
stances in which germ cells undergo degener- 
ation (Lacy and Lofts, '65; Vilar et al., '67; 
Hugon and Borgers, '66; Reddy and Svoboda, 
'67; Roosen-Runge and Leik, '68; Black, '71). 
The Sertoli cells also accumulated many lipid 
droplets, which occurs in other conditions in 
which spermatogenesis is disrupted (Hanes 
and Rosenbloom, '11; Lynch and Scott, '51; 
Lacy, '62; Lacy and Lofts, '65; Collins and 
Lacy, '69; Chung, '74). 

Changes in the different parts of the 
epididymis in clomiphene-treated rats are 
also comparable to the alterations observed 
after administration of cyproterone acetate, 
progestin, or progestin and testosterone 
(Flickinger and Loving, '76; Flickinger, 
'77a,b). Sperm were absent from the lumen of 
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the caput epididymidis while normal cytologi- 
cal features were retained by the caput epi- 
thelium. In the proximal cauda epididymidis 
in each case, the lumen was very small, 
irregularly shaped, and appeared to be col- 
lapsed, while the light cells of the epididymal 
epithelium contained many vesicles, vacuoles, 
and dense bodies. Since a similar appearance 
of the lumen of the proximal cauda epididy- 
midis has been observed in some normal 
young rats weighing -200 g (author's unpub- 
lished observations) but not in older control 
rats, perhaps part of the effect of these anti- 
fertility agents on this segment of the epidid- 
ymis is to arrest a normal maturational proc- 
ess. With all the treatments, the lumen of the 
distal cauda epididymidis was larger than 
that of the proximal portion and contained 
cellular debris. In rats treated with cypro- 
terone acetate or progestin, however, the 
lumen of this segment was more distended 
and packed with cellular material than in 
clomiphene-treated animals, in which the 
contents appeared to contain a greater propor- 
tion of fluid and less debris. This difference 
could be the result of greater suppression of 
spermatogenesis in the presence of clomi- 
phene, with the result that less solid material 
reached the distal portions of the epididymis. 

The similarities between the effects of 
clomiphene and of these other antifertility 
agents on the testis and epididymis might be 
explained in the following way. Progestins de- 
crease gonadotropin secretion and thus could 
cause effects similar to those of the non-ste- 
roidal compound clomiphene. Cyproterone 
acetate could produce similar changes be- 
cause it competes with testosterone for recep- 
tors in target cells (Fang and Liao, '69) and 
reduces androgen stimulation of the reproduc- 
tive organs, and i t  also has some progesta- 
tional side-activity (Weichert and Neumann, 
'65; Steinbeck et  al., '71). 

The extensive alterations in the semi- 
niferous epithelium of rats treated with 
clomiphene for 12 weeks, including the degen- 
eration and loss of primary spermatocytes, 
were not observed following treatment with 
cyproterone acetate (Flickinger and Loving, 
'761, progestin, or progestin and testosterone 
(Flickinger, '77a), in which degeneration of 
germ cells appeared to be confined to cap- 
phase and later spermatids. However, degen- 
eration of spermatocytes did occur after hy- 
pophysectomy (Clermont and Morgentaler, 
'55). In addition, a light microscopic study of 
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the influence of different doses of clomiphene 
on the testes of immature rats showed that as 
the animals matured spermatogenesis was 
arrested a t  the early spermatid stages (step 7) 
with low doses but, with higher doses of 
clomiphene or in the presence of estrogen, 
spermatogenesis was arrested a t  the stage of 
primary spermatocytes (Kalra and Prasad, 
'67a). Therefore, the nature of the changes in 
germ cells may be a function of the degree of 
suppression of gonadotropin release and the 
length of treatment, and perhaps administra- 
tion of cyproterone acetate or progestin in 
higher doses or for longer periods would also 
result in degeneration of spermatocytes. 

The alterations in the epithelium of the 
ventral prostate and seminal vesicle consisted 
of large declines in cell size and in the rough 
endoplasmic reticulum, Golgi apparatus, and 
secretory vacuoles. These changes probably 
result from decreased androgen stimulation of 
these target tissues. In support of this conten- 
tion is the fact that these alterations in clomi- 
phene-treated rats closely resemble those ob- 
served after castration or estrogen treatment 
(Price and Williams-Ashman, '61; Brandes et  
al., '62; Brandes, '66, '74; Helminen and 
Ericsson, '71; Dahl and Kjaerheim, '73; Dahl 
and Tveter, '73), as well as administration of 
cyproterone acetate (Dahl and Tveter, '74; 
Loving and Flickinger, '761, or treatment with 
various progestogens (Patanelli and Nelson, 
'59; Setty and Kar, '67; Terner and McLaugh- 
lin, '73; Flickinger, '77b). 
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Note added in proof: Russell and Clermont have recently provided a detailed description of 
the degeneration of various types of germ cells in different stages of the cycle of the 
seminiferous epithelium in normal, hypophysectomized and hormone-treated 
hypophysectomized rats (Russell, L. D. and Y.. Clermont, Anat. Rec., 187: 347-366, 
'77). After hypophysectomy, an increased incidence of degenerating mid-pachytene 
primary spermatocytes and step 7 and 19 spermatids in stages VII and VIII of the cy- 
cle was observed, and it was suggested that these cells were more sensitive than other 
germ cells to the presence or absence of gonadotropins. 



PLATE 1 

EXPLANATION OF FIGURES 

1 Light micrograph of normal rat testis. The seminiferous tubules contain Sertoli cells 
and different stages of germ cells, including spermatogonia next to the basement 
membrane, spermatocytes (P),  early spermatids (3, and late spermatids with con- 
densed nuclei. X 280. 

2 Light micrograph of the testis of a rat treated with clomiphene, 3.5 mg/100 g/day for 
four weeks. Spermatogonia, spermatocytes (PI, and early spermatids (S) are present, 
hut late spermatids with condensed nuclei are absent. Many lipid droplets (L) and 
some densely staining cells (arrow) lie within the seminiferous epithelium. X 280. 
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PLATE 2 

EXPLANATION OF FIGURE 

3 Electron micrograph of part of a seminiferous tubule of a ra t  treated with clomiphene, 
2.5 mg/100 g/day, for eight weeks. The cytoplasm of Sertoli cells (C) contains large 
lipid droplets (L) and a dense s t ructure  (D) resembling a lysosome, as well a s  the usual 
organelles. A small, roughly oval cell (F) next to the  basal lamina of the tubule is proh- 
ably a spermatogonium. The nucleus of a primary spermatocyte (P) contains a synap- 
tinemal complex (arrow). x 10,000. 
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PLATE 3 

EXPLANATION OF FIGURES 

4 A necrotic cell in the testis of a rat  treated with clomiphene, 3.5 mg/lOO g/day, for 12 
weeks. The cytoplasm is dense, normal cytoplasmic organelles are no longer visible, 
and the chromatin within the nucleus is clumped. The cell is identifiable as a cap- 
phase spermatid by the presence of the acrosomal cap (A). The necrotic cell appears 
surrounded by Sertoli cell cytoplasm (0. X 7,300. 

5 A large membrane-bound dense structure (D) resembling a large lysosome lies within 
the cytoplasm of a Sertoli cell. The barely discernible outline of a nucleus within i t  
suggests that i t  is derived from a necrotic germ cell. Rat administered 3.5 mg 
clomiphene/100 g/day for 12 weeks. X 9,000. 

6 Portion of a germ cell in a ra t  treated for 12 weeks with 3.5 mg/100 g/day. This cell ap- 
pears to be degener-ting because the outline of the nuclear envelope (NE) is irregular 
rather than circular in outline, the chromatin (K) within the nucleus is unusually 
clumped, and the cytoplasm (0) is unusually dense. The presence of synaptinemal 
complexes (arrows) permits identification of this cell as a primary spermatocyte. 
x 12,000. 

548 



CLOMIPHENE TREATMENT 
Charles J Flickinger 



PLATE 4 

EXPLANATION OF FIGURE 

7 Low-magnification electron micrograph of the extensively altered testis of a rat 
treated with clomiphene, 3.5 mg/100 glday, for 12 weeks. In this animal, germ cells 
were very rare, and the field contains only Sertoli cells. The basal lamina (B) of the 
seminiferous tubule pursues an irregular course and in many places i t  is several 
layers thick. X 4,200. 

550 



CLOMIPHENE TREATMENT 
Charles J Flickinger 

PLATE 4 

551 



PLATE 5 

EXPLANATION OF FIGURES 

8 Light micrograph of normal rat caput epididymidis. The lumen (L) contains sperm 
and is lined by a tall columnar epithelium (E). X 260. 

9 Light micrograph of a rat treated with clomiphene (3.5 mg/100 g/day for 12 weeks). 
The lumen (L) lacks sperm, and the epithelium (E) is shorter than in the normal 
sample shown in figure 8. X 260. 

10 Electron micrograph of the caput epididymidis of a ra t  administered clomiphene 3.5 
mg/100 giday for 12 weeks. Apical vesicles (V), vacuoles (W) and a large Golgi ap- 
paratus (G), as well as other normal organelles are present, and no unusual struc- 
tures are visible. X 12,000. 

552 



CLOMIPHENE TREATMENT 
Charles J Flickinger 

553 



PLATE 6 

EXPLANATION OF FIGURES 

11 Light micrograph of normal r a t  cauda epididymidis. The large lumen (L) contains 
many sperm and is lined by a moderately tall columnar epithelium composed mainly 
of principal cells and light cells (arrow). X 320. 

Cauda epididymidis of a r a t  treated with clomiphene, 3.5 mgilO0 giday, for four 
weeks. The lumen (L) is smaller than in the normal specimen (fig. 11). I t  contains 
some round cells and debris, which are  apparently suspended in a fluid. A thick 
smooth muscle coat (M) surrounds the  duct in the  distal portion of the cauda 
epididymidis. X 320. 

Cauda epididymidis of a r a t  treated with clomiphene, 3.5 mg/100 giday, for 12 weeks. 
The lumen (L) is very small, irregular in outline, and lacking in sperm. Some cells 
(arrows) in the  epididymal epithelium, shown a t  higher magnification in the  inset, 
contain apical vacuoles and numerous dense granules. X 320; inset X 630. 
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EXPLANATION OF FIGURE 

14 Electron micrograph of the cauda epididymidis of a rat administered clomiphene, 3.5 
mg/100 g/day, for 12 weeks. The conspicuous cells containing apical vacuoles (V) and 
dense bodies (D) in the cauda epididymidis of treated rats are the light cells of the 
epididymal epithelium. Two neighboring principal cells (PI contain their usual com- 
plement of organelles. X 11,000. 
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EXPLANATION OF FIGURES 

15 Light micrograph of normal rat seminal vesicle. The highly folded columnar epithe- 
lium (E) contains numerous secretory granules (arrow). Dense secretory material is 
present in the lumen (L) between the folds. X 320. 

Light micrograph of a rat treated with 5.0 mgilOO giday, for eight weeks. The epithe- 
lium (E) is much shorter than in the normal (fig. 18), being reduced to a low colum- 
nar or cuboidal shape. Secretory granules are scarce, and the lumen (L) lacks visible 
accumulations of secretory product. X 320. 

17 The extreme suppression of the sex accessory glands in treated animals is illustrated 
in this electron micrograph of the seminal vesicle epithelium in a rat administered 
5.0 mg/100 g/day for eight weeks. The apical cytoplasm (0) is very small in amount 
and contains only a few profiles of endoplasmic reticulum and several mitochondria. 
The normally abundant secretory vacuoles and large Golgi apparatus are absent 
from this section. The nucleus (N) displays several large clumps of heterochromatin. 
x 20,000. 
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EXPLANATION OF FIGURES 

18 Light micrograph of normal r a t  ventral prostate. The prostatic acini a r e  lined by a 
columnar epithelium (El.  X 330. 

Light micrograph of ventral prostate of a r a t  treated with clomiphene, 2.5 mg/100 g/ 
day, for eight weeks. The epithelium (El is greatly reduced in height to a cuhoidal 
shape. X 330. 

Electron micrograph of part of the epithelium of the ventral prostate of a r a t  treated 
with clomiphene, 5.0 mg/100 g/day, for eight weeks. The normally abundant cister- 
nae of rough endoplasmic reticulum a re  represented only by a few narrow profiles 
(ER),  and secretory vacuoles are  not visible at all in this section. A dense body (D) is 
present in one cell. X 17.000. 
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