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SUMMARY 

This study is directed towards the evaluation of synthetic compounds having the capacity to inhibit 
the metabolism of androgens within the rat ventral prostate gland. Two antiandrogens, L586.659 (A) 
and L598.229 (B) were investigated to determine their effect on the above enzyme activities. Compound 
A, possessing a chemical structure similar to testosterone. was found to be a potent inhibitor of 
5x-reductase activity; the inhibition was of the competitive type and the Ki obtained was 5 x lo-* M. 
Compound B, with a ring A structure identical to dihydrotestosterone, was found to be a strong 
competitive inhibitor of 3a-hydroxysteroid dehydrogenase with a Ki of 2.5 x 1Om6 M. 

INTRODUCHON 

In several target organs, such as the prostate, seminal 
vesicles and sebaceous glands, it has been demon- 
strated that androgen action is mediated by metabo- 
lites of testosterone (T), principally the %-reduced 
metabolite dihydrotestosterone (DHT) [l-8]. The im- 
portance of DHT became evident when i? was found 
to be the principal steroid bound to the cytosol and 
nucleus of the prostatic cell [9-121. Further metabo- 
lism of DHT to the androstanediols (3cr or 3/I-diols) 
should also be considered as an important metabolic 
step, at least in the prostate, since Baulieu et al. have 
demonstrated a biological effect of these compounds 
on the prostate in organ cultures [13]. It has been 
recently shown that 3a,178-diol is most probably an 
important androgen in the dog prostate [14-151 and 
recent data suggest that 3c(,l7cc-diol is also important 
for the activity of this tissue [16]. Therefore, the pros- 
tatic enzymes, Sa-reductase and hydroxysteroid de- 
hydrogenase are important determinants of the action 
and concentration of androgens in such target organs. 

Early studies of the reaction catalyzed by Scr-reduc- 
tase indicate that NADPH is the cofactor required 
as hydrogen donor [l, 17-211 and that the transfor- 
mation is thermodynamically irreversible [22]. Sub- 
cellular fractionation indicates that Sa-reductase is 
concentrated in the nuclear and the microsomal frac- 
tions [18-21,231 and the properties of the enzyme 
are the same in both types of organelle [24]. Moore 
and Wilson [25] and Nozu and Tamaoki [26] 
reported that Sa-reductase in rat prostatic nuclei is 
located in the membrane fraction. Optimal pH is 
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obtained near neutral values [19-21,241 and optimal 
temperature is 37°C [20,24]. 

This knowledge of the mechanism of action of 
androgens has led to the use of antiandrogens in 
many clinical disorders. These compounds exert their 
action at two different levels: either they impair the 
formation of DHT or the formation and transloca- 
tion of the DHT-receptor complex. The antian- 
drogen, cyproterone acetate has been shown to have 
an effect on the DHT-receptor complex [27-311. 
Fang and Liao [31] also observed a displacement of 
DHT from the nuclear receptor by cyproterone acet- 
ate. Flutamide [32-331, Spirolactone [34-351, com- 
pound R2956 [36] and BOMT [37] (4’-nitro-3’- 
trifluoromethylisobutyrylanilide) also appear to in- 
fluence the formation of the DHT-receptor complex. 
However, Tan et al. [38] have recently demonstrated 
an inhibition of DHT formation in the presence of 
cyproterone acetate and flutamide. High concen- 
trations (10-6-10-5 M) of several steroids such as 
progesterone c39-431, 17-hydroxyprogesterone 
[42-43], estrogens [41,43-46], desoxycorticosterone, 
androstenedione [42] and compound R4414 [47] can 
inhibit the formation of DHT. Voigt and Hsia also 
report an inhibition of Sa-reductase activity by 
4-androsten-fone-17/3-carboxylic acid [48]; this 
compound blocks the androgen-dependent enlarge- 
ment of the hamster costo-vertebral organ [49]. 

3a-Hydroxysteroid dehydrogenase is another im- 
portant enzyme controlling the intracellular concen- 
tration of DHT in the ventral prostate [SO-521. This 
enzyme has also been detected in various human and 
rat tissues, eg. lung [53], skin [54-551 and seminal 
vesicles [6]; it is located in the soluble fraction of 
prostatic cells [l, 50,521, has an optimal pH which 
is also near neutral values and it prefers NADPH 
as cofactor [SO, 521. Many 4-ene-3-ketosteroids can 
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serve as competitive inhibitors of this enzyme 
although it would appear that 5rx or S/?-reduction 
must occur before they function as effective inhibitors 
[52]. Medroxyprogesterone acetate [43,45] is also a 
good inhibitor of the enzyme. 

It is evident. therefore. that selective inhibitors of 
Sa-reductase and of 3a-hydroxysteroid dehydrogenase 
could be important tools to promote the basic under- 
standing of androgen function. The present investiga- 
tion concerns the in vitro effect of two antiandrogens 
on prostatic Sr-reductase and 3x-hydroxysteroid de- 
hydrogenase. The kinetics of the enzyme reactions 
were measured in the presence of each compound and 
the nature of the inhibition was determined. 

MATERIALS AND METHODS 

Reugents. Solvents used were of analytical grade 
and ether was purified on aluminum oxide columns 
(Woelm neutral, Activity 1. Waters Associates Inc., 
Framingham, MA). NADP+, glucose-6-phosphate 
and glucose-6-phosphate dehydrogenase were 
obtained from Sigma; solutions of these reagents in 
buffer were prepared immediately before use. The ac- 
tivity of the glucose-6-phosphate dehydrogenase was 
verified according to the method of Glock and 
McLean [56]. 

[4-‘4C]-Testosterone (56.1 and 57.5 mCi/mmol), 
[1,2-3H]-dihydrotestosterone (44 and 43.4 Ci/mmol) 
and [ 1,2-3H]-5a-androstane-3~,17/?-diol (50.0 and 
41.7Ci/mmol) were purchased from New England 
Nuclear, Boston. MA. These steroids were purified 
by chromatography and the radiochemical purity was 
verified by crystallization with authentic carrier prior 
to use. The purified tracers were dissolved in ethanol 
and stored at 4’C. Unlabelled DHT and 3x-diol 
(Mann Research Labs, New York, NY) were crystal- 
lized from methanol-water and used as carrier 
steroids. The antiandrogens L586.659 (A) and 
L598.229 (B). whose structures are presented in Fig. 
5. were obtained from Merck and Co., Rahway, NJ. 
Solutions of these compounds were prepared in puri- 
fied ethanol. 

Prrparation oj‘ tissue. Wistar rats weighing between 
2OC-250g were sacrificed and the ventral prostates 
were immediately excised. The prostates were washed 
with ice-cold TrisHCl buffer (Tris 0.05 M. EDTA 
1.5 mM, mercaptoethanol 2 mM. pH 7.4). minced 
with scissors and homogenized at 5 C in ten vol. of 
buffer using a Potter-Elvejem homogenizer. The 
homogenate was filtered through four layers of cheese 
cloth and centrifuged at 900 g for ten min in a Sorvall 
RC2-B centrifuge to obtain the crude nuclear fraction. 
The pellets were washed and !he nuclear fractions 
were, in some instances, purified’ further by centrifuga- 
tion on a sucrose gradient as described by Widnell 
and Tata [57]. The 900 g supernatant was centrifuged 
at 105,OOOg for 60min in a Beckman model L5-65 
centrifuge to obtain the soluble fraction. Subcellular 
fractions were stored at -20 C prior to use. 

Protein was determined by the method of Lowry 
et al. [SS] with bovine serum albumin as the reference 
protein. 

Enz)lrne assap. The substrates, [4-‘4C]-testosterone 
or [1,2-3H]-dihydrotestosterone, were used at concen- 
trations ranging from 10e8-5 x lop6 M. The anti- 
androgens were added to different concentrations of 
the substrate. The NADPH generating system con- 
sisted of NADP+ (low4 M), glucose-6-phosphate 
(2.5 x 10e3 M) and glucose-6-phosphate dehydro- 
genase (10m3 g/ml or 1.8 U). To initiate the reaction, 
the nuclear (5a-reductase activity) or soluble (3cc-hy- 
droxysteroid dehydrogenase activity) fraction was 
added to the incubation medium to a final vol. of 
5 ml. Incubations were of one h duration at 37’C in 
a Dubnoff Metabolic Incubator (Precision Scientific 
Co., Chicago, IL). Incubations were terminated by the 
addition of one vol. of ether: carrier DHT (200 pg) 
or 3cc-diol (3OOpg) was added to each tube in order 
to facilitate their detection and to account for proce- 
dural losses. Known amounts of [ 1,2-3H]-DHT were 
also added where [4-14C]-testosterone served as 
substrate. 

Three extractions (v/v) were performed and the 
ether extracts were combined, dried over 4-5 g of an- 
hydrous sodium sulfate and evaporated to dryness. 
The residue was then purified by paper or thin layer 
chromatography using the following systems: (A), 
Ligroin-methanol-water (100:90: 10, by vol.) at 
ambient temperature for 9 h; support:paper. (B), 
Ligroin-methanol-water (100:90: 10, by vol.) at 4’C; 
support :paper. (C), Benzene-ethyl acetate (1: 1. v/v); 
4 h on alumina. (D), Benzene-ether (2: 1, v/v); 4 h on 
silica gel. (E), Benzene-ethanol (95:5, v/v): 6 h on alu- 
mina. The 20 cm x 20 cm plates were precoated with 
alumina (Eastman Chromatogram Sheet 6062) or 
silica gel (Eastman Chromatograph Sheet 6061). 

Radioactive products were located by scanning 
papers or t.1.c. plates with a Packard Radiochromato- 
gram scanner. model 7201. Nonradioactive steroids 
were located as follows: testosterone and androstene- 
dione by ultraviolet absorption ; dihydrotestosterone, 
androsterone and etiocholanolone with the standard 
Zimmermann reaction (potassium hydroxide 15”., 
m-dinitrobenzene 2”;,): 5x-androstane-3cc,l7/3-diol and 
5r-androstane-3/?.17fl-diol with an alcoholic solution 
of phosphomolybdic acid. 

Acetylation was performed by adding a mixture of 
pyridine-acetic anhydride (2:1, v/v) to the dried 
extract and the reaction was left to proceed overnight 
at room temperature. The excess reagents were eva- 
porated under a stream of nitrogen. Following the 
addition of mg amounts of authentic steroid. each 
purified metabolite was recrystallized from methanol- 
water to constant 3H/‘4C ratio or to constant specific 
activities. Radioactivity was assayed using a Packard 
liquid scintillation spectrometer, model 3375. Maxi- 
mal counting efficiency was 68”” for 14C and 44”,, 
for 3H using a dual label discriminator setting. 
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Table 1. Effect of antiandrogen L586.659 (A) on Sa-reductase activity 

Concentration of 
antiandrogen A 

Relative transformation of T to DHT (YO) 

Experiment 1 Experiment 2 Mean 

Control 100.0 100.0 100.0 
5 x 1_0-6M 21.8 21.2 21.5 
1 x lo-‘M 13.8 13.1 13.5 
2.5 x IO-‘M 8.6 10.5 9.6 

Isolation, purification and quantitative determination 
of DHT and 5cc-androstane-3a,l7j?-dioJ. The residue 

from the ether extract was chromatographed in sys- 
tem A. The area corresponding to the R, of DHT 
was eluted from the paper, the solvent was evaporated 
to dryness, and the residue was rechromatographed 
in system C and in system D. DHT was then crystal- 
lized to constant 3H/‘4C ratios. 

To isolate the diols, the residue was chromato- 
graphed on thin layer in system E and then on paper 
in system A. The product migrating with authentic 
3cr-diol was crystallized from methanol-water until 
constant S.A. was achieved in the crystals and in the 
mother liquor. Recovery of the 3z-diol was calculated 
after the last chromatographic step by gas-liquid 
chromatography (Packard gas chromatograph, model 
87 1: support: Chromosorb W; stationary phase: 3”; 
SE-30, Chromatographic Specialities. Brockville, 
Ontario; carrier gas: nitrogen: flow rate: 40cc/min; 
temperature of the column: 252°C and pressure: 10 
pounds/square inch). Recovery of carrier 3cc-diol was 
calculated from a standard curve. Final concen- 
trations of the purified metabolites are expressed 
either in mpmol of product formed/min/mg protein 
or as a percentage of transformation of the substrate 
to a given metabolite. 

Antiandrogens used for the enzymatic assays. Com- 
pound L586.659 (A) (2’,3’-tetrahydrofuran-2’+ 17-(4- 
ene-androsten-3-one)) has a ring A structure identical 
to ring A of testosterone. Concentrations of 
2.5 x lo-’ M-2.5 x 10d5 M were used to determine 
its effect on Ssc-reductase activity. 

Compound L598.229 (B) / 2’,3’-tetrahydrofuran- 
2’ -+ 17(5x-androstan-3-one)) has a ring A structure 
identical to ring A of DHT. It was investigated for 
its effect on Sa-reductase and 3cr-hydroxysteroid de- 
hydrogenase activities at concentrations ranging from 
5 x 1O-7 M-2.5 x 1O-5 M. 

RESULTS 

See-Reductase acticit) 

For the enzymatic assays, the incubation times and 
the enzyme concentrations were chosen in the linear 
portion of the curves. The effects of antiandrogen A 
on Sri-reductase are presented in Table 1. Two experi- 
ments were performed and the mean percentage of 
transformation was calculated for each substrate con- 
centration. A strong inhibition of enzyme activity was 
obtained with the three concentrations of compound 
A tested. To study the type of inhibition produced 
by compound A. lower concentrations of this inhibi- 
tor were used eg. 2.5 and 5.0 x lO_‘M at various 
concentrations of the substrate. The results of this 
experiment (Table 2) and the corresponding Line- 
weaver-Burk plot (Fig. 1) clearly indicate a competi- 
tive type of inhibition. A Ki value of 5 x lo-’ M was 
obtained by plotting the reciprocal of V vs. the con- 
centration of the inhibitor (Fig. 2). 

When the antiandrogen B was tested for its effect 
on Sa-reductase activity, no significant inhibition was 
obtained with the three different concentrations 
(Table 3). 

3wHydroxysteroid dellydrogenase actbity 

The results of the enzymatic assays with antian- 
drogen B are presented in Table 4. At concentration 
B, (0.5 x 10e6 M) a mean inhibition of 15:)” was 
obtained. for concentrations B, (5 x 10e6 M) and B3 
(10m5 M) the percentages of inhibition were 62”” and 
76”, respectively. These results were plotted graphi- 
cally according to Lineweaver-Burk as illustrated in 
Fig. 3. The inhibition was also of the competitive type 
(Fig. 3). A constant I$,,, was observed and the K, 
value varies with the concentration of the antian- 
drogen. To obtain the inhibition constant, Ki. the 
reciprocal of the rate of formation of 3x-diol vs the 

Table 2. Effect of antiandrogen L586.659 (A) on 5cc-reductase activity 

Concentration 
of substrate 

W) Control 

DHT Formed/min/mg protein 
(mfimol x lo-‘) 

(A) 2.5 x lo-‘M (A) 5 x lo-‘M 

0.5 x lo-’ 1.93 0.32 0.21 
1.1 x lo-’ 2.83 0.70 0.37 
5.4 x lo-’ 6.36 3.59 1.80 
1.1 x 1o-6 9.57 5.60 3.13 
3.3 x 1o-6 12.90 7.73 6.15 
5.4 x 10-e 13.80 7.92 
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Fig. 1. Competitive inhibition by product L586.659 (A) towards Sa-reductase is illustrated with Line- 
weaver-Burk plots. The nuclear fraction of rat ventral prostate was incubated under standard condi- 
tions. Velocity of the reaction is expressed in mpmol of DHT formed/min/mg prot. and (S) represents 
the molar concentration of the substrate T. U Enzymatic assay without antiandrogen A (A,) 
M Enzymatic assay with antiandrogen A 2.5 x lo-‘M (A,) O----O Enzymatic assay with 

antiandrogen A 5 x lo-’ M (AZ) 

b$54xlO-’ M) 
_ _ -.-.- 

0 I25 2.50 375 500 

Fig. 2. Determination of Ki for antiandrogen L586.659 (A). Velocity of the reaction is expressed in 
mpmol of DHT formed/min/mg protein and (I) is the molar concentration of the inhibitor. ---_o 
Concentration of T 0.5 x lo-‘M (S,) M Concentration of T 1.1 x lo-’ M (S,) O-----U 

Concentration of T 5.4 x 10m7 M (S,) W-----m Concentration of T 1.1 x 1O-6 M (S,) 

concentrations of the inhibitor was plotted as illus- ma1 DHT formation or accumulation in the prostate 
trated in Fig. 4. The Ki value, as calculated from Fig. is involved in the pathogenesis of benign prostatic 
4. is 2.5 x 10e6M. hypertrophy in man and the dog [59-601, and more 

recently that 3a-diol could be an important androgen 
mediator in the dog prostate [14-151. These findings 

DISCUSSION illustrate that the use of pharmacologic agents to in- 
DHT is a mediator of androgen action within cer- hibit specifically the formation of DHT or 3cc-diol 

tain target tissues. It has been postulated that abnor- could have useful clinical applications. 

Table 3. Effect of antiandrogen L598.229 (B) on Sa-reductase activity 

Concentration of 
antiandrogen B 

Relative transformation of T to DHT (:a) 

Experiment 1 Experiment 2 Mean 

Control 100.0 100.0 100.0 
5 x 10-6M 112.0 90.3 101 .o 
1 x lo-sM 94.2 98.3 96.3 
2.5 x 10-5M 99.4 90.6 95.0 
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Table 4. Effect of antiandrogen L598.229 (B) on 3r-Hydroxysteroid dehydrogenase 
activity 

Concentration of 
antiandrogen B 

Relative transformation of DHT 
to 5a-androstane-3cc,l7B-diol (%) 

Experiment 1 Experiment 2 Mean 

Control 100.0 100.0 100.0 
0.5 x 10-6M 76.7 94.2 85.5 
5.0 x 1O-6 M 38.0 37.1 37.6 
1 x 10-5M 20.5 28.2 24.4 

(I/S x iO+M-’ ) 

Fig. 3. Competitive inhibition by product L598.229 (B) 
towards 3cc-hydroxysteroid dehydrogenase is illustrated 
with Lineweaver-Burk plots. The soluble fraction of rat 
ventral prostate was incubated under standard conditions. 
Velocity of the reaction is expressed in mpmol of 
5a-androstane-3a,l7/?-diol formed/min/mg protein and (S) 
represents the molar concentration of the substrate DHT. 
+a Enzymatic assay without antiandrogen B (B,) 
~~ Enzymatic assay with antiandrogen B 
0.5 x 10e6M (B,) M Enzymatic assay with antian- 
drogen B 5 x 10M6 M (B2) 0-O Enzymatic assay with 

antiandrogen B 10 x IO-‘M (B,) 

60 
I 

Several compounds have been tested for antiandro- 
genie activity and a recent review by Mainwaring 
[61] summarizes the effects of these compounds. 
Most antiandrogens impair the formation and/or the 
translocation of the DHT-receptor complex [62]. 
Saturation analysis, as described by Shain and Boesel, 
has allowed the determination of affinity constants 
[63]. Few androgen analogs have been reported to 
inhibit the transformation of T to DHT and the exist- 
ing compounds have a rather low affinity for the 
enzyme. In order to achieve a complete inhibition of 
the metabolism of androgens, one must utilize ex- 
tremely high dosages of these antiandrogens. 

In our studies on the physiological action of 
androgens, efforts were directed toward the search for 
antiandrogens with high potency and specificity. 
Compound A (L586.658), one of the two newly syn- 
thesized steroids under study is, in vitro, the most 
potent inhibitor of Sr-reductase with a Ki of 
5 x lo- ’ M. The K, of the enzyme is of the order 
of 5 x lo-‘M. Thus. compound A has a ten-fold 
greater affinity for the enzyme than the natural sub 
strate. testosterone. Since ring A of L586.659 is identi- 
cal to that of testosterone, this would explain the 
competitive type of inhibition observed. With regard 
to specificity, compound A does not, per se, inhibit 

/f 
SJlxlO-‘M) 

K, =2 5x10-6 M 

0 2.5 50 7.5 IO 

([I] x106 Mt 

Fig. 4. Determination of Ki for antiandrogen L598.229 (B). Velocity of the reaction is expressed in 
mnmol of 5c+androstane-3cc,l7/Gdiol formed/min/mg protein and (I) represents the molar concentration 
of the inhibitor. U----O Concentration of T 1 x 10-‘M (S,) m---A Concentration of T 
5 x IO-‘M (S,) Concentration of T 1 x 10-6M (S,) e--+ Concentration of T 

5 x 10-6M (S,) 
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L566.659 (A) L596.229 (9) 

Fig. 5. Structures of antiandrogens A and B. 

3a-hydroxysteroid dehydrogenase. However, this 
compound is also a substrate for Sa-reductase (un- 
published results) and it’s See-reduced metabolite, 
antiandrogen B in this study, is a potent and specific 
inhibitor of 3u-hydroxysteroid dehydrogenase (Ki of 
2.5 x lO-‘j M). 

In preliminary experiments (unpublished data). in 
vivo, these compounds exhibited various biological 
effects depending on the assay system used. When ad- 
ministered to castrated rats, Compound A signifi- 
cantly (P < 0.01) inhibited the effect of injected testo- 
sterone and dihydrotestosterone (as enanthate esters) 
on the weight of the ventral prostate. Furthermore, 
in the chick comb assay this compound significantly 
inhibits testosterone-induced stimulation. On the 
other hand, in mature intact gerbils it has no effect 
on the size and weight of the sebaceous glands. 

Compound B. following subcutaneous administra- 
tion, also significantly decreases (P < 0.05) the effect 
of DHT. but not of testosterone, on the weight of 
the ventral prostate of the castrated rat. Further 
studies are warranted on the metabolism of these 
antiandrogens in intact and castrated animals in 
order to explain these results. 

As Johansson [64] and Johansson and Niemi [65] 
have observed, the metabolism of testosterone pro- 
ceeds at a very high rate in cultured prostatic cells; 
under such conditions, any given androgenic effect 
cannot be specifically assigned to a particular 
androgen. One of the ultimate aims of this study is 
to use antiandrogens to specifically block enzymatic 
pathways responsible for androgen metabolism, in 
order to rigorously identify the specific metabolic 
effect of testosterone, dihydrotestosterone and the 3~ 
and 3/Gdiols. Ideally, such analogs should be potent 
and specific, as observed for compounds A and B; 
they should also be active on whole cell preparations 
and they should not displace natural androgens from 
their cellular receptors. It is not yet known whether 
these two analogs fulfill all of these criteria; studies 
to evaluate this possibility are currently in progress. 
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