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ABSTRACT A low dose of Cyproterone acetate (CPA; 1 mg/kg body weightl 
day for 70 days) was administered to adult male rhesus monkeys to assess its 
effects on testicular and epididymal structure and function in a nonhuman primate 
species. CPA caused extensive degenerative changes in morphology of seminifer- 
ous, efferent duct, and epididymal epithelia, including decrease in diameter of 
seminiferous and epididymal tubules and their lumen, height of epididymal epi- 
thelium, and an increase in intertubular connective tissue. The protein profile of 
spermatozoa showed alterations during their epididymal transit in control and 
CPA-treated monkeys. In CPA-treated animals, 19 polypeptides were acquired and 
nine were eliminated during epididymal transit in contrast to acquisition of 12 and 
loss of 14 polypeptides in control animals. Treatment with CPA also resulted in the 
appearance of 14 new polypeptides in epididymal cytosol and luminal fluid, prob- 
ably of lysosomal origin. The protein pattern of caput and cauda epididymal tubule 
cytosol, maintained in organ culture and exposed to 100 FM CPA for 3 days, 
showed absence of eight polypeptides. 

These results indicate that even at the low dose used in this study, CPA has 
caused spermatogenic arrest, degenerative changes in the epididymal structure, 
and alterations in epididymal and sperm protein profile. Suppression of serum 
testosterone levels indicates the need for androgen supplementation if CPA is to be 
used for male contraception. o 1992 Wiley-Liss, Inc. 

Immature testicular spermatozoa of mammals un- 
dergo changes in morphology, surface properties, and 
biochemical composition during epididymal transit, re- 
sulting in acquisition of progressive motility and abil- 
ity to recognize zona and undergo fertilization reac- 
tions (Robaire and Hermo, 1988). These changes are 
related to the epididymal microenvironment, which is 
formed by the absorptive and secretory functions of the 
epididymal epithelium. Epididymal proteins have been 
implicated in the process of sperm maturation in ro- 
dents, farm animals, and men (Eddy et al., 1985). In 
contrast, only one report, using denaturing conditions 
of electrophoresis, records the changes in protein com- 
position of spermatozoa during epididymal maturation 
or the role of epididymal proteins in this process in 
nonhuman primates (Young et al., 1985). Limited in- 
formation is reported (Haider et al., 1983; Arslan et al., 
1986) on the gross changes in protein composition of 
tissue cytosol of different segments of monkey epidid- 
ymis using nondenaturing conditions of electrophore- 
sis. 

In the evaluation of new fertility regulating agents 
for the male, preclinical assessment of the drug of 
choice needs to be carried out in a nonhuman primate 
model before the drug can be cleared for human use 
since extrapolation of data obtained in rodents is of 
limited relevance for clinical trials. The rhesus monkey 
was used in the present study since baseline data was 
available on the hormone profile and semen parame- 
ters in this species. The close similarity in the pattern 
of metabolic capabilities of human and rhesus monkey 
0 1992 WILEY-LISS, INC. 

ejaculated spermatozoa (Rajalakshmi et al., 1983) and 
the use of this species in the pharmacokinetic and 
pharmacodynamic evaluation of newly developed long 
acting androgen (Rajalakshmi and Ramakrishnan, 
1989) also favoured the use of rhesus monkey as the 
animal model for the present study. But our knowledge 
of the structure and the functions of the epididymis of 
rhesus monkey is limited (Arslan et al., 1976; Prakash 
et al., 1979; Ramos and Dym, 1979) compared to simi- 
lar information available for rodents even though the 
epididymis is considered as an ideal extragonadal site 
for targeting male fertility regulating agents. 

Cyproterone acetate is a potent antiandrogen and a 
number of studies in rodents indicate that it exerts 
adverse effects on different aspects of male reproduc- 
tive functions (Prasad and Rajalakshmi, 1977; Ratna- 
sooriya, 1982). Since CPA was in use in the treatment 
of male hypersexuality (Davies, 19741, acne (Cunliffe 
et al., 19691, and hirsuitism (Hammerstein and Cup- 
ceancu, 1969) and had evoked no adverse side effects 
even at high doses, limited clinical trials were con- 
ducted using low doses of CPA as a male contraceptive. 
But the results of these trials did not support the data 
obtained in animals; Koch et al. (1976) and Roy et al. 
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(1976) reported inhibition of motility of ejaculated 
spermatozoa and reduction in glycerylphosphoryl 
choline in seminal plasma and the appearance of im- 
mature and morphologically abnormal spermatozoa in 
increasing numbers in the ejaculate. These results 
could be due to the effects of CPA either on inhibition 
of spermatogenesis, or epididymal sperm maturation or 
a combined effect on both testicular and epididymal 
structure and function. 

One of the drawbacks in using CPA for male contra- 
ception in humans had been the decrease in circulating 
testosterone levels even though Phase I clinical trials 
did not report adverse effects on libido and sexual func- 
tion (Koch et al., 1976; Roy et al., 1976). However, any 
contraceptive formulation that decreases serum testos- 
terone levels would be unacceptable for family plan- 
ning programs, particularly in developing countries, 
due to its implications on nitrogen balance in subjects 
of marginal nutritional status, as is prevalent in these 
countries. The development of a new and long-acting 
androgen ester of testosterone (Rajalakshmi and Ra- 
makrishnan, 1989) with highly promising pharmaco- 
kinetic profile has renewed interest in the use of CPA 
for male contraception in combination with this andro- 
gen ester when it is cleared for clinical use. Before such 
trials can be undertaken in human volunteers, it was 
essential to  evaluate the effects of a low dose of CPA on 
spermatogenesis, morphology of epididymal epithe- 
lium, changes in polypeptide profile of spermatozoa 
during epididymal maturation and the role of epididy- 
ma1 proteins in this process. These in vivo studies were 
complemented with in vitro experiments in which the 
protein profile of cytosol of epididymal tubules in cul- 
ture was analyzed and the data compared with the 
changes caused by exposure of explants to CPA. 

MATERIALS AND METHODS 
Animals 

Fourteen adult male rhesus monkeys (Mucaca mu- 
Zutta), weighing 8-10 kg, were procured from jungles 
-250 km east of Delhi and quarantined in the Primate 
Research Facility of AIIMS for 3 months. The animals 
were subjected to tuberculin test once in 15 days and 
dewormed. Hematological analyses were done once a 
month. The animals were allowed to acclimatize in the 
Experimental Animal Facility for 15 days. Blood sam- 
ples were collected at  10 A.M. and 10 P.M. on day 16 and 
the presence of nocturnal rise in serum testosterone, 
indicative of sexually active animals, was confirmed 
before the start of experimentation. The animals were 
electroejaculated (Mastroianni and Manson, 1963) and 
spermiogram studied (Belsey et al., 1980) to confirm 
their sexual maturity. 

Protocol of Experiment 
Eight animals were used for in vivo and six for in 

vitro studies. 
In vivo studies 

Two groups of four animals each were treated during 
November-January as follows: Group 1: untreated 
monkeys injected intragluteally 0.2 ml of benzyl ben- 
zoate: olive oil (150) for 70 days, and Group 2: CPA (1 
mgkg body weight/day) injected intragluteally in 0.2 
ml of benzyl benzoate:olive oil for 70 days. 
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Fig. 1. Schematic diagram of the division of monkey epididymis into 
initial segment, caput, corpus and cauda epididymides. T, testis; VE, 
Efferent duct; IS, initial segment; CT, caput epididymidis; CR, Corpus 
epididymidis; CD, cauda epididymidis; VD, vas deferens. 

Blood was collected at  10 A.M. on day 71, and the 
animals were castrated (testes and epididymides re- 
moved) under ketamine (Themis Chemicals Ltd., India; 
10 mglkg body weight) anaesthesia. 
Histology of the epididymis 

The epididymis was divided into initial segment (1 
cm), caput (2.2 cm), corpus (2.5 cm), and cauda (3.5 cm) 
epididymides (Fig. 1). Pieces of epididymal segments, 
efferent duct, and testis were fixed in Karnovsky’s fix- 
ative, processed for histology, and embedded in ar- 
aldite. Sections 1.5-2.0 km in thickness were stained 
with toluidine blue. Tubular and lumen diameter, 
height of epithelium, and width of intertubular connec- 
tive tissue were measured (100 measurements/tissue) 
for each parameter. Statistical analyses were done by 
Student’s t-test. 
Protein analysis 

The contralateral epididymis was divided into differ- 
ent segments and connective tissue layers removed me- 
chanically under stereomicroscope. The tubules were 
cut into pieces in 0.05 M Tris hydrochloric acid (Tris- 
HCl) buffer (pH 7.2) containing 1 mM ethylene di- 
amine tetraacetate (EDTA) and gently stirred to re- 
lease spermatozoa. The tubule pieces were removed 
and the fluid centrifuged at 2,000 rpm for 20 minutes. 
The supernatant containing luminal fluid was stored 
at  -20°C as aliquot. The sperm pellet was washed with 
buffer until the supernatant was clear, resuspended in 
buffer, and known concentration of sperm were ali- 
quoted and kept a t  -20°C. The purity of sperm suspen- 
sion and luminal fluid was confirmed under micro- 
scope. The tubule pieces were repeatedly washed in 
buffer until free of spermatozoa and homogenized using 
a Polytron homogeniser. The homogenate was centri- 
fuged a t  105,000 x g for 90 minutes and the cytosol 
stored as aliquot a t  -20°C. 
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Proteins were separated by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE; Laem- 
mli, 1970) with necessary modifications. Equal volume 
of cold 2% trichloroacetic acid was added to the ali- 
quot and incubated for 1 hour at 4°C followed by se- 
quential washing twice with double distilled water and 
once with ethanol. The precipitate was dissolved in 
0.625 M Tris-HC1 buffer (pH 7.2) containing 1 mM 
EDTA, 2% SDS, 5% B-mercapto-ethanol and 40% su- 
crose, heat denatured at 90°C for 10 minutes in a water 
bath followed by loading of 165 pg protein on 10% acryl- 
amide gels. Electrophoresis was done using 0.025 M 
Tris-glycine buffer (pH 8.3) as the electrode buffer. The 
gels were stained with Coomassie Brilliant Blue R 250 
and destained with 10% acetic acid at room tempera- 
ture. Serum and molecular weight markers were pro- 
cessed simultaneously. 
In vitro studies: Organ culture of epididymal tubules 

Caput and cauda epididymidal tubules were cultured 
(Kaur et al., 1991) for 4 days. The explants, exposed to 
100 p,M of CPA for 72 hours in culture, were processed 
for protein analysis. 
Protein analysis of cultured epididymidal tubules 

Control and explants exposed to CPA were homoge- 
nized, centrifuged at 105,000 x g for 90 minutes, and 
the cytosol obtained was aliquoted and stored at 
- 20°C. Proteins were separated by SDS-PAGE. Serum, 
culture medium, and molecular weight markers were 
processed simultaneously. 

RESULTS 
The rhesus monkey testis consists of seminiferous 

tubules with characteristic distribution of germ cells 
and Sertoli cells. The interstitial tissue contains Ley- 
dig cells, blood vessels, nerve fibers, and lymphatic tis- 
sue (Fig. 2a). 

The efferent duct epithelium consists of ciliated and 
nonciliated cells with occasional basal cells (Fig. 3a). 
The nonciliated cells are short and columnar with 
basal nuclei. The microvilli at the luminal surface are 
arranged to resemble a brush border. The goblet-shape 
ciliated cells have apical nuclei with distinct nucleoli; 
cilia are prominent at the apical end. 

The epididymal epithelium consists predominantly 
of principal cells along with few basal and apical cells 
whose distribution varies in different regions. The 
principal cells are tall and columnar. The nuclei with 
prominent nucleoli are seen in the basal third of the 
cells in the initial segment and caput epididymidis 
(Figs. 4a, 5a) and more toward the middle portion of 
principal cells in corpus and cauda epididymides (Figs. 
6a, 7a). Nuclear infoldings that begin to appear in 
caput epididymidis become prominent in corpus and 
cauda epididymides. Supranuclear cytoplasm has 
abundant empty spaces in the initial segment and 
caput epididymidis, but these decrease in corpus and 
cauda epididymides. The apical region in the initial 
segment and caput epididymidis has dense granules 
and pinocytotic vesicles. In the initial segment, the ste- 
reocilia are very long, joined together at the apical end, 
and extend into the lumen, almost obliterating it. The 
height of stereocilia gradually decreases from caput 
epididymidis onward and resembles a brush border in 

the cauda epididymidis. An increase in the number of 
spermatozoa in the lumen is seen from initial segment 
to cauda epididymidis. Cauda epididymidal epithelium 
is characterized by the presence of intraepithelial 
crypts, formed by the folding and fusion of its epithe- 
lium. The basal cells increase in number from initial 
segment to cauda epididymidis. Apical cells are few in 
all regions. 

Measurements of different morphometric parame- 
ters of epididymal regions indicated the occurrence of a 
gradual decrease in height of epithelium, increase in 
diameter of tubules and their lumen, and width of in- 
tertubular connective tissue from initial segment to  
cauda epididymidis (Table 1). 

Effect of CPA on the Histology 
Spermatogenesis is adversely affected by CPA (Fig. 

2b). All stages of spermatogenesis except spermato- 
gonia and Sertoli cells are exfoliated into the lumen of 
the seminiferous tubules. The cytoplasm of Sertoli cells 
contains metachromatically stained droplets that may 
represent lipid material. Seminiferous tubular diame- 
ter has decreased significantly (p < 0.001). The basal 
lamina appears wavy. 

CPA treatment resulted in degenerative changes in 
the efferent ducts (Fig. 3b). These include extensive 
vacuolation and desquamation of cells, nuclear pycno- 
sis, and loss of cellular demarcation. 

CPA caused loss of epithelial integrity in the major- 
ity of initial segment tubules. Only pale euchromatic 
nuclei with nucleoli are seen distributed without any 
orderly arrangement (Fig. 4b). In the few tubules 
where epithelium is still present, the vacuolated cyto- 
plasm contains degenerating material. The lumen con- 
tains desquamated epithelium. 

In caput and corpus epididymides, the changes seen 
are: (1) a decrease in height of epithelium, (2) degen- 
eration of epithelium with loss in luminal margin in 
majority of tubules, (3) extensive vacuolation of infra- 
and supranuclear cytoplasm, and (4) pycnosis of major- 
ity of principal cell and basal cell nuclei (Figs. 5b, 6b). 
The nuclear infoldings seen in normal animals are al- 
most completely absent in treated animals. 

The effects of CPA in the cauda epididymidis are: (1) 
degeneration of principal cell cytoplasm including vac- 
uolation and accumulation of darkly staining degener- 
ative material (Fig. 7b), (2) decrease in nuclear infold- 
ings, and (3) occasional pycnosis of principal and basal 
cell nuclei. 

The diameter of the tubule and the lumen and height 
of epithelium of all regions decreased in treated ani- 
mals (Table 1). The lumen in caput, corpus, and cauda 
epididymides contain desquamated cells and sperma- 
tozoa. The intertubular connective tissue of all regions 
of epididymis of treated animals increased signifi- 
cantly (p < 0.01; Table 1) and showed increased affinity 
for toluidine blue. This effect was less in cauda epi- 
didymidis. 

Effect of CPA on Polypeptide Profile 
The polypeptide pattern of the spermatozoa during 

epididymal transit in CPA treated monkeys (Fig. 8) 
was analyzed in relation to that of luminal fluid and 
cytosol in treated and control animals (Table 2). Only 
those polypeptides that were absent in serum were con- 



Fig. 2a. Histology of the seminiferous tubule of normal rhesus mon- 
key showing Sertoli cells, germ cells in various stages of development 
and spermatozoa in the lumen. x 1000. 

Fig. 3a. Histology of the epithelium of the efferent duct from normal 
monkey. Both ciliated (C) and non-ciliated cells are visible. x 1000. 

Fig. 3b. Histology of the efferent duct epithelium of monkey treated 
with cyproterone acetate. Note the degeneration of both ciliated and 
non-ciliated cells. Cilia (C) is retained by one of the cells. x 1000. 

Fig. 2b. Histology of the seminiferous tubule of monkey treated with 
cyproterone acetate (1 mg/kg body weight/day for 70 days). Note that 
only spermatogonia and Sertoli cells are resting on the basal lamina. 
Spermatocytes and spermatids are exfoliated into the lumen. x 1000. 



Fig. 4a. Histology of the initial segment of the epididymis from 
normal monkey showing the tall columnar principal cells with the 
supranuclear cytoplasm showing vacuolation. A basal cell (B) and 
apical cell (A) are also visible. x 1000. 

Fig. 4b. Histology of the initial segment of monkey treated with 
cyproterone acetate. The epithelium is almost completely lost and 
only the nuclei are visible. The connective tissue stains darkly. X 
1000. 

Fig. 5a. The histology of the pseudostratified epithelium of caput 
epididymidis of a normal monkey. Apical and basal cells are clearly 
visible. x 1000. 

Fig. 5b. Histology of the caput epididymidis from monkey treated 
with cyproterone acetate showing degeneration of the epithelium. The 
cytoplasm is vacuolated in infra- and supra-nuclear areas. Connective 
tissue stains darkly. x 1000. 



Fig. 6a. The histology of the pseudostratified epithelium of corpus 
epididymidis of normal monkey. The nuclei are infolded. Spermatozoa 
are seen in the lumen. x 1000. 

Fig. 7a. Histology of the epithelium of cauda epididymidis of normal 
monkey. The height of the epithelium and stereocilia have decreased. 
Basal cells are clearly visible. The lumen contains large number of 
spermatozoa. x 1000. 

Fig. 6b. High power magnification of epithelium of corpus epididy- 
midis of monkey treated with cyproterone acetate. The cytoplasm of 
the cells show extensive vacuolation. The basal cells (arrow) stains 
darkly. Decrease in nuclear infoldings is seen. x 1000. 

Fig. 7b. The histology of the cauda epididymal epithelium from 
monkey treated with cyproterone acetate showing varying degrees of 
degeneration of the epithelium. x 1000. 
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TABLE 1. Morphometric parameters of the epididymis in control and CPA-treated monkeys 

Parameter 
( pm) Groups 
Epithelial height Control 

Tubule diameter Control 

Lumen diameter Control 

Intertubular connective Control 

NM = could not be measured. 

CPA treated 

CPA treated 

CPA treated 

tissue diameter CPA treated 

Epididymis 

segment Caput corpus Cauda 
96.1 * 9.8 76.5 * 3.6 52.9 t 9.8 33.3 t 12.8 

NM 45.1 t 7.8 35.3 t 4.9 22.6 * 2.9 
364.9 * 35.1 210.5 ? 7.0 231.6 2 21.1 287.7 t 21.0 

196.5 t 7.0 210.5 t 14.0 217.5 t 28.1 235.1 t 35.0 
86.6 t 3.8 111.0 t 5.7 165.6 t 7.9 327.4 t 22.6 

NM 97.8 * 15.4 109.5 t 11.3 124.2 * 82.8 
13.5 t 2.1 15.4 t 1.9 28.9 t 3.1 59.8 t 3.9 
27.0 t 1.7 38.8 t 3.9 47.4 t 2.4 137.8 * 19.3 

Initial 

Fig. 8. Polypeptide pattern of cytosol, luminal fluid and spermato- 
zoa from epididymis of monkey treated with cyproterone acetate 
(lmgikg body weightiday for 70 days). A, Serum; B, Initial segment 
cytosol; C, Caput epididymidal cytosol; D, Corpus epididymidal cyto- 
sol; E, Cauda epididymidal cytosol; F, Initial segment luminal fluid; 
G, Caput epididymidal luminal fluid; H, Corpus epididymidal lu- 

minal fluid; I, Cauda epididymidal luminal fluid; J, Initial segment 
spermatozoa; K, Caput epididymidal spermatozoa; L, Corpus epi- 
didymidal spermatozoa; M, Cauda epididymidal spermatozoa; N, Mo- 
lecular weight markers; 1) Lysozyme = 14.3 Kdal; 2) B-Lactalbumin 
= 18.4 Kdal; 3) Trypsinogen = 24.0 Kdal; 4) Pepsin = 34.2 Kdal; 5) 
Egg albumin = 45.0 Kdal; 6) Albumin bovine plasma = 66.0 Kdal. 

sidered for this analysis. The changes in sperm associ- 
ated polypeptides were classified as: (1) acquisition, (2) 
elimination, and (3) modification. 

Acquisition 
In CPA-treated animals, 19 polypeptides are ac- 

quired by spermatozoa during epididymal transit as 
compared to only 12 in controls. Of these, five (MW 

16.5, 26.0, 26.5, 49.5, and 77.0 Kd) are acquired in 
caput, four (MW 19.8, 44.5, 53.0, and 70.0 Kd) in cor- 
pus, and 10 (MW 14.0, 15.0, 21.5, 25.5, 29.0,33.5,37.5, 
38.5, 40.0, and 43.5 Kd) in cauda epididymides. Poly- 
peptides of MW 26.5, 38.5, and 44.5 Kd appear to be 
mainly of testicular origin; additionally, polypeptides 
of MW 26.5 and 38.5 Kd are also present in cauda epi- 
didymidal cytosol. Polypeptide of MW 29.0 Kd is 
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EFFECT OF CYPROTERONE ACETATE ON MONKEY EPIDIDYMIS 

TABLE 2. Effect of cyproterone acetate on the polypeptide pattern of cytosol, luminal fluid and spermatozoa 
from monkey epididymis' 
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Cytosol2 Luminal fluid Spermatozoa Approximate 
molecular 
weight(Kd1 IS CT CR CD IS CT CR CD IS CT CR CD Remarks3 

VII 
111 
IV 
I11 
VII 
I 
IV 
I1 
I11 
I11 
I 
I 
I11 
VI1,VI 
IV 
I11 
VII 
I11 
I11 
I11 
I11 
I1 
IV 
I 
IV 
I1 
IV 
VI1,VI 
I1 

- 

+ 
+ 
+ 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 

- 

- 

- 

- 
- 

+ 
+ 
+ 
+ + 
+ 
+ 
+ 
+ 

- 

- 

- 

- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

- 

- 

- 

- 
- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

- 

- 

- 

+ 
+ 
+ 
+ + 
+ 
+ + 
+ 
+ 
+ + 
+ 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

- 

- 

- 

- 

- 

- 

- 77.0 + LV 
'Only those polypeptides that show sperm associated changes are given. 
'IS = initial segment; CT = eaput epididymidis; CR = corpus epididymidis; CD = cauda epididymidis. 
3I = acquired in CT; I1 =acquired in C R  III= acquired in CD;IV = shed in CT; V =shed in C R  VI = shed in CD; VII = surface modification. 
+ present, - absent. 

present in the initial segment only while those of MW 
14.0, 25.5, and 77.0 Kd are present in cytosol of all 
regions except the cauda epididymidis. Polypeptide of 
MW 49.5 Kd is absent only in the initial segment. The 
cytosol of all regions of epididymis contains 15.0, 16.5, 
19.8,21.5,26.0,33.5,37.5,40.0,43.5,53.0, and 70.0 Kd 
polypeptides. 

Elimination 
Only nine polypeptides are lost by spermatozoa in 

treated monkeys as compared to 14 in controls. Of 
these, six are lost in the caput (MW 14.5, 17.5, 33.0, 
46.5, 50.0, and 54.0 Kd), one (MW 77.0 Kd) in corpus, 
and two (MW 30.0 and 69.0 Kd) in the cauda epi- 
didymides. The polypeptides of MW 17.5, 46.5, 50.0, 
and 54.0 Kd are testicular in origin. Two polypeptides 
(14.5 and 33.0 Kd) are present in the cytosol of all 
regions, whereas 77.0 Kd polypeptide is contributed by 
all regions except the cauda epididymidis. Polypeptides 
of MW 30.0 and 69.0 Kd appear only in the caudal 
spermatozoa, perhaps due to modification and or par- 
tial shedding into the lumen of the cauda epididymidis. 

Modification 
Polypeptides lost from spermatozoa at specific re- 

gions of the epididymis without simultaneously ap- 

pearing in luminal fluid are considered to be due to the 
modification of preexisting proteins. 

One polypeptide (MW 13.5 Kd) appeared in the caput 
and four (MW 15.5, 30.0, 35.5, and 69.0 Kd) in the 
cauda epididymidal spermatozoa of treated animals. 
Two polypeptides (MW 49.0 and 50.5 Kd) were absent 
from the corpus and cauda epididymidal spermatozoa 
of control monkeys. 

Appearance of New Polypeptides 
Treatment with CPA also resulted in the appearance 

of 14 new polypeptides in epididymal cytosol and lumi- 
nal fluid. These are: 14.5 14.8, 15.0, 16.0, 16.5, 30.5, 
31.5,86.0 and 102.0 Kd polypeptides in all four regions; 
14.0 and 77.0 Kd polypeptides in initial segment, 
caput, and corpus epididymides; 110.0 and 115.0 Kd 
polypeptides in caput, corpus, and cauda epididymides; 
and 26.5 Kd polypeptide only in cauda epididymidis. 
Among these, 16.5 and 77.0 Kd polypeptides are ac- 
quired by spermatozoa in the caput and 14.0 and 15.0 
Kd polypeptides in the cauda epididymides. 

Protein Profile of Epididymal Tubules in Organ Culture 
The pattern of polypeptides in cytosol of the caput 

and cauda epididymidal tubules prior to culture, on day 
4 of culture in the presence of androgen and 72 hours 
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Fig. 9. Polypeptide pattern of cytosol from monkey epididymal tu- 
bules in organ culture. A, Serum; B, Medium; C, Caput epididymidal 
tubule prior to culture; D, Cauda epididymidal tubule prior to culture; 
E, Caput epididymidal tubule after four days in culture. The medium 
contained only DHT; F, Cauda epididymidal after four days in cul- 
ture. The medium contained only DHT; G ,  Caput epididymidal tubule 
after four days in culture. The medium contained DHT and cyproter- 
one acetate (100 pM); H, Cauda epididymidal tubule after four days. 

after addition of 100 pM CPA into the medium (Fig. 9), 
was analyzed to record significant changes (Table 3). 
No major changes were observed in the protein profile 
of caput and cauda epididymidal tubular cytosol even 
after 4 days in organ culture, indicating the viability of 
the culture system. Three caput (MW 11.5, 54.5, and 
63.0 Kd) and six cauda (MW 37.5,41.0,42.5,44.0,52.0, 
and 56.0 Kd) specific polypeptides were observed in the 
cytosol of tubules taken prior to and after 4 days in 
organ culture. The remaining polypeptides were com- 
mon to both regions. 

The protein pattern obtained in in vitro studies could 
not be compared with that obtained in vivo as the cy- 
tosol obtained after culture was from tubules contain- 
ing luminal fluid and spermatozoa. 

Effect of CPA (100 pM) on the Protein Profile of Caput and 
Cauda Epididymidal Tubules in Vitro 

CPA decreased the total number of polypeptides in 
the cytosol of both caput and cauda epididymidal tu- 
bules (caput: from 48 to 42; cauda: from 51 to 44). One 

caput specific polypeptide (MW 63.0 Kd) and two cauda 
specific polypeptides (MW 37.5 and 41.0 Kd) were not 
observed after treatment. Additionally, five polypep- 
tides (MW 20.5, 26.5, 31.5, 51.0, and 57.0 Kd), present 
in both caput and cauda epididymides in control tu- 
bules, were not observed after treatment in either of 
the regions. 

DISCUSSION 
Cyproterone acetate at a dose of 1 mg/kg for 70 days 

induced adverse effects on testes, efferent ducts, and 
epididymis. The seminiferous tubular epithelium in 
the testis of CPA-treated animals contained only sper- 
matogonia and Sertoli cells due to exfoliation of other 
types of germ cells into the lumen. These deleterious 
effects could be a result of inhibition of local effects of 
androgen on the testis due to decreased androgen pro- 
duction and or competitive inhibition of androgens a t  
the receptor level. Adverse effects of CPA on testes 
were reported earlier in primates (Michael et al., 1972; 
Petry et al., 1972; Morse et al., 1973; Koch et al., 1976; 
Neumann and Schenk, 1976; Roy et al., 1976; Moltz e t  
al., 1978; Roy and Chatterjee, 1979). The presence of 
metachromatically staining lipids in the Sertoli cell 
cytoplasm after CPA treatment could be due to quies- 
cent spermatogenesis as reported for normal monkeys 
during the summer months (Sehgal et al., 1986). 

The alterations in histological parameters of differ- 
ent epididymal regions of the normal adult monkey 
described in this study viz. proximo-distal increase in 
diameter of tubules and their lumen and intertubular 
connective tissue, decrease in height of epithelium, in- 
foldings of principal cell nuclei in corpus and cauda 
epididymides, and presence of intraepithelial crypts in 
the cauda epididymidis corroborate earlier reports in 
monkey (Ramos and Dym, 1977; Alsum and Hunter, 
1978; Prakash, 1980) and in other species (Rajalak- 
shmi et al., 1976; Dyson and Orgebin-Crist, 1973; Di- 
nakar et al., 1977; Koch et al., 1976; and Roy et al., 
1976; Prakash et al., 1979; Rastogi et al., 1979). The 
decrease in serum testosterone levels (14.04 t 1.25 
nmol/L in control vs. 3.93 t 1.37 nmol/L in treated 
animals) shows that these degenerative changes may 
be a consequence of androgen deprivation. The relative 
absence of nuclear infoldings in the principal cells of 
corpus and cauda epididymides may indicate decreased 
metabolic activity due to androgen deprivation since 
these infoldings in caput and cauda epididymidal epi- 
thelia in normal monkeys were related to high meta- 
bolic activity of these regions (Ramos and Dym, 1977). 

The changes in the polypeptide profile following CPA 
treatment include: (1) decrease in total number of poly- 
peptides in spermatozoa, luminal fluid, and cytosol of 
all regions, (2) acquisition of larger number of polypep- 
tides by spermatozoa, and (3) decrease in the number of 
polypeptides lost. These alterations in polypeptide pro- 
file of spermatozoa may be due to inhibition of andro- 
gen mediated functions of epididymis by CPA. 

In CPA-treated animals, new polypeptides appear in 
cytosol and luminal fluid, of which four were acquired 
by spermatozoa. Synthesis of new proteins for lyso- 
soma1 activity has been reported in rats following 
treatment with CPA (Rajalakshmi and Prasad, 1975) 
and in experimentally induced cryptorchidism (Ra- 
jalakshmi and Prasad, 1974). It is known that in- 
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Approximate 
molecular 
weight(Kda1) CT-0' CD-DHT' CT-CA3 CD-0' CD-DHT CD-CA Remarks4 
11.5 + + + 
20.5 + + + + 
26.5 + + + + 
31.5 + + + + 
37.5 
41.0 
42.5 
44.0 - 

51.0 + + + + 
52.0 
54.5 + + + 
56.0 
57.0 + + + + 
63.0 + + 
'CT = caput epididymidis; CD = cauda epididymidis; 0 =day 0 (before begining of culture), 
'DHT = day 4 of culture (with only 5 a-dihydrotestosterone in the medium). 
3CA = day 4 of culture (72 hours after addition of 100 FM cyproterone acetate to the medium. 
'1 = CT specific polypeptide; I1 = CD specific polypeptide; I11 = CT specific polypeptide not observed after 
the addition of cyproterone acetate; IV = CD specific polypeptide not observed after the addition of cypro- 
terone acetate; V = not observed either in CT or CD after the addition of cyproterone acetate. 
+ present; - absent. 

I 
V 
V 
V 

- - - 
- - 
- - 

- - 

+ + - I1,IV 
+ + - I1,IV 
+ + + I1 + + + I1 

V 
+ + + I1 

I + + + I1 
V 

- - - 
- - - 

- - - 
- - 

- - 
- - - 

- - - 
- - - 

- - 
- 1,111 - - - 

creased synthesis of lysosomal proteins occurs as  a 
necessary prerequisite for tissue involution and degen- 
eration during amphibian tail metamorphosis (Tata, 
1966) and in ventral prostate of rats following estrogen 
administration (Bashirelahi et al., 1969). The appear- 
ance of new proteins in cytosol and the acquisition of 
some of these by spermatozoa in CPA-treated animals 
may indicate the occurrence of involutionary changes 
due to androgen deprivation. 

Analysis of the protein profile of epididymal tubules 
maintained in organ culture for 4 days shows no sig- 
nificant change compared to tubules taken prior to cul- 
ture indicating the viability of culture. The protein pat- 
tern of epididymal tubules in culture is androgen 
dependent since eight polypeptides were absent in  cul- 
tures exposed to CPA. 

The results of the present study indicate that low 
doses of CPA administered to adult male rhesus mon- 
keys resulted in spermatogenic arrest, degeneration in 
epididymal morphology, alteration in polypeptide pro- 
file of spermatozoa, and the appearance of new poly- 
peptides of possible lysosomal origin in epididymal 
fluid and cytosol. Cyproterone is tolerated well even at 
doses ranging from 100-200 mglday with no adverse 
effects on carbohydrate and lipid metabolism, adreno- 
cortical, and liver functions (Rausch-Stroomann et al., 
1970). Calcium and phosphate balance in men exposed 
to CPA were normal (Neumann and Schenk, 1975). 
The limitation of using CPA alone for male contracep- 
tion is related to lowered serum testosterone levels and 
consequent effects on libido and sexual function. Use of 
CPA in combination with a long-acting androgen ester 
at doses that  maintain sexual function without stimu- 
lating spermatogenic activity would be more accept- 
able for male contraception. 
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