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Swmary--Epi tes tos te rone  (17~-hydroxy-4-androsten-3-one) inhibits both 17oc-hydroxylation 
and consequent side chain cleavage of  the resulting 17,,-hydroxyprogesterone in the rat 
testicular microsomes. The inhibitory activity in terms of  the K~ is 2 and 1.5 times as high, 
respectively, as that of  cyproterone acetate. 

INTRODUCTION 

Antiandrogens such as cyproterone acetate or 
flutamide do not act only by interacting with the 
androgen receptors in the target tissues[l] but 
also at the early stages of androgen biosynthesis 
in the gonads by inhibiting some steroidogenic 
cytochrome P-450 dependent enzymes [2]. 

Recently, we have demonstrated that 
epitestosterone (170c-hydroxy-4-androsten-3- 
one), besides its ability to compete for an andro- 
gen receptor and to inhibit prostatic 
50c-reductase[3], also reduced gonadotropin 
secretion/n vivo [4]. As a steroid acting at both 
the peripheral and central level, epitestosteroue 
might be a promising antiandrogenic agent with 
a lower risk of side effects than the commonly 
used antiandrogens[5]. Epitestosterone is a 
natural endogenous C~9-steroid. Its production 
rate measured in normal men averaged 
0.2 mg/day [6]. These facts tempted us to 
investigate the effect of epitestosteroue on 17~- 
hydroxylation and consequent Ci7~0 side chain 
cleavage of testosterone precursors as key steps 
in androgen biosynthesis [7, 8]. Though recent 
reports brought evidence that both activities are 
caused by one enzyme, 17oc-hydroxylase C~7~0 
lyase, the degree of inhibition of the above 
reactions may be different [9-11]. 

The experiemnts were performed by using rat 
testicular microsomes, i.e. the tissue in which 
4-ene C,m steroids are preferred to 5-ene steroids 
as substrates for androgen biosynthesis [9]. 

*To whom correspondence should be addressed. 

MATERIALS AND METI'IOI~ 

Materials 

[l ,2,6,7-3 I-I]Progesterone, sp. act. 120Ci 
(4.4 TBq)/mmol and [l,2,6,7-3I-I]lToc-hydroxy- 
progesterone, sp. act. 74Ci (2.7TBq/mmol 
were purchased from the Radioachemical 
Centre (Amersham, England). They were 
purified and their purity was checked by thin 
layer chromatography on Alufol F ~  plates 
(Merck, Germany) in the systems cyclohex- 
ane--ethyl acetate (7:3, v/v) (progesterone) and 
dichloromethane-methanol (97: 2, v/v) (l 7c¢-hy- 
droxyprogesteroue). Non-radioactive steroids, 
testosterone, progesterone and androstenedione 
were obtained from Koch + Light (England), 
17~-hydroxyprogesterone, epitestosterone and 
cyproterone acetate were from Sigma(U.S.A.), 
NADPH from Calbiochem (Switzerland) and 
~-mercapto ethanol from Fluka (Switzerland). 
Other chemicals were of Czechoslovak origin, 
and of analytical grade. 

Preparation of  testicular microsomes 

The method of Ayub and Leveil [2] was used 
for the preparation of microsomal fractions of 
the rat testes. Decapsulated tissue was minced 
and then homogenized in a Potter homogenizer 
with 50 mmoi/l phosphate, pH 7.4, containing 
0.25mol/1 sucrose. The homogenate was 
centrifuged at 10,000g and the supernatant was 
further centrifuged for 60rain at 105,000g in 
refrigerated Spinco-Beckman ultracentrifuge 
Model L-8-55 with Ti 50 Rotor. The pellet 
(microsomal fraction) was re-suspended in the 
above buffer and stored frozen in aliquots at 
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-20°C until used. Protein content was deter- 
mined by the Lowry method [12]. 

Enzymatic assay 
Radioactive substrates (400,000dpm/tube), 

admixed with unlabeUed steroids to desired 
concentrations and inhibitors were dissolved in 
ethanol (50 ~1) and buffer (0.5 ml of 50 mmol/l 
sodium phosphate, pH 7.4) and pre-incubated 
at 37°C for 5 rain. The reaction was initiated by 
addition of a microsomal preparation (equival- 
ent of 590/zg of protein) and the final volume 
of the incubation medium was adjusted to 1 ml 
with the buffer. The control samples for each 
concentration of the substrate, containing 
neither microsomal preparation nor inhibitors 
were processed in all experiments. 

17a-Hydroxylase. [3H]progesterone_proges_ 
terone mixtures in duplicate (62.5, 125, 250 and 
500 nmol/1, respectively) were incubated with 
microsomal preparations in the presence of 
increasing concentrations of epitestosterone or 
cyproterone acetate (as a standard) (0, 50, 100, 
200 and 400 ~tmol/1, respectively) in the system 
containing NADPH (60 retool/l), at 37°C, under 
shaking, for 3 min. 

Ci72o-lyase. [3 H'J 17a-hydroxyprogesterone 
diluted with non-radioactive substrate to 
concentrations of 50, 100, 200 and 400 nmol/l, 
respectively, was incubated with the microsomal 
preparation and NADPH (100~mol/l) in the 
presence of the same concentrations of 
epitestosterone or cyproterone acetate as 
above, at 37°C, for 5 rain. In each case the 
incubation was terminated by the addition of 

dichloromethane (2 ml). Following extraction 
and evaporation of the solvent the standards 
(progesterone, 17~-hydroxyprogesterone, an- 
drostenedione and testosterone, 10 Izg each) was 
added to the samples which were then chro- 
matographed on a thin layer of silica gel using 
the systems cyclohexane-ethyl acetate (7: 3, v/v) 
for 17~-hydroxylase and chloroform-acetone 
(185:15, v/v) for CiT.20-1yase, respectively, at 
4°C. The standards were visualized under u.v. 
light (240 nm). The distribution of radioactivity 
corresponding to added standards was 
measured on the automatic TLC-linear analyzer 
(Tracemater Berthold, Germany), enabling us 
to calculate the percentage of radioactivity in 
the regions of interest. 

The rate of enzymatic 17~-hydroxylation was 
expressed as a sum of 17~-hydroxyprogester- 
one, androstenedione and testosterone formed 
from the known concentration of substrate per 
1 min. Similarly, the yields of C~7.20-1yase were 
calculated from the sum of androstenedione and 
testosterone formed from 17~-hydroxypro- 
gesterone substrate. 

Michaelis' constants at various concen- 
trations of inhibitors (including zero) were 
derived from Lineweaver-Burk plots. 

RESULTS 

The effect of epitestosterone on two enzyme 
activities involved in the testosterone biosyn- 
thesis in the rat testis, namely on 17~-hydroxyl- 
ase/C~7~0-1yase was compared with that of 
cyproterone acetate as a standard. Since the 
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Fig. 1. Inhibition of 17~-hydroxylase by epitestosterone. Lineweaver-Burk plot of 17~.hydroxylation of 
progesterone at increasing concentrations of epitestosterone. Each point represents the mean of duplicate 

incubations from three independent experiments. 



Inhibition of CtT~o-lyasc by epitzstmterone 
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Fig. 2. Inhibition of Cl~o-lyase by epitestosterone. Lineweaver-Burk plot of CtT~o-side chain cleavage of 
17a-hydroxyprogesterone at increasing concentrations of epitcstmterone. Each point represents the mean 

of duplicate incubations from three independent experiments. 
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4-ene pathway is the main route leading to 
androgens in the rat, 4-en-3-oxo substrates were 
used in the experiments [9]. 

Lineweaver-Burk plots for rat microsomal 
17~-hydroxylasc and C~7~o-lyasc activities in the 
presence or absence of increasing concen- 
trations of cpitestosterone are known in Figs 1 
and 2, respectively. In Fig. 3 the K, values thus 
obtained were plotted as a function of epitestos- 
terone concentration and the respective inhi- 
bition constants were derived from the resulting 
straight lines. The inhibition constants for 
cyproterone acetate were obtained in the same 
way (the data not shown). The results are 
summarized in Table 1. 

DISCUSSION 

As demonstrated, epitestosterone acted as a 
strong competitive inhibitor of the side chain 
cleavage of 17a-hydroxyprogesterone--almost 
twice as strong--and a 1.5 times more effective 
inhibitor of progesterone 17ct-hydroxylation 
than cyprotcrone acetate. 

The antiandrogenic potential of cyproterone 
acetate is believed to be due to its complex 
effect on both the androgen biosynthesis and 
on the interaction with the androgen recep- 
tor. Our experiments with epitestosterone 
demonstrate that this endogenous steroid might 
be a good candidate for antiandrogenic 
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Fig. 3. The plot of the apparent K.  values (K~) versus the inhibitor concentrations (I) from which the 
inhibition constants (Ks) were read. 
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Table 1. K~ values of inhibition of rat tcsticular microsomal 17,,-hydroxylasc/C,7.2o-lyasc by 
antiandrogens 

Antiandrogen K~ 
(~mol/I) 

Enzyme K= 
activity Substrate (nmol/I) Epi-Te Cy-Ac 

17a-Hydroxylase Pro$esterone 147 + 1.3 232 + 4. I 360 + 5.4 
CtT~o-lyase 17a-Hydroxyprogesterone 200 + 0.3 44 + 0.1 86 + 3.0 

The K~ for antiandrogens and for the substrates were determined from Lineweaver-Burk 
plots. Results are given as means + SEM. Abbreviations: Epi-Te ffi epitestosterone; and 
Cy-Ac ffi cyproterone acetate. 

treatment, which combines action directed to 
target tissues as a competitor for androgen 
receptor[3], to gonadotropin secretion [4] as 
well as to androgen biosynthesis and 
metabolism. 
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