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ABSTRACT

The effects of some novel steroidal compounds were evaluated against
both human <',- ,,,-l\;isr and 5a-reductase in vitro and also against an-

drogen synthesis in normal male rats. L-2, L-36, I ,-.17. and 1-41 showed
potent inhibition of human testicular C,7 2(>-lyase,with IC'50sof 43, 39, 42,

and 58 MM,respectively. In contrast, ketoconazolc, a competitive inhibitor
of C17 2,,-lyase, had an 1C,,, of 76 n\i. L-36 also showed potent inhibitory
activity against 5<t-reductase in human prostatic microsomes, with an
K 'â€žâ€žof â€”¿�31IIM.The inhibitory activities of L-2 and 1-41 on 5a-reductase

were moderate, with IC50s of 75 and 151 n.M, respectively, whereas L-37
showed little inhibitory activity against this enzyme. In comparison, fin-
asteride, a potent inhibitor of 5a-reductase, had an ICSOof 33 n\i. When

normal male rats were treated with these novel compounds (50 or 100
mg/kg/day) for 14 consecutive days, the wet weight of the prostate was
significantly reduced by I,-36, L-37, and 1-41, compared to the control
group. Testosterone levels in rat serum were also reduced by L-36 (55%),
L-37 (86%), and 1-41 (53%). The concentrations of testosterone in rat
testes were reduced by these novel compounds by 13-74%. The com

pounds also reduced the concentration of testosterone in rat prostates by
35-75%. Similarly, dihydrotestosterone (DHT) concentration in rat serum
was reduced 30-89% by these compounds, compared to the control
group. Prostatic DHT levels were also lower in rats treated with L-36
(48%), L-37 (54%), or 1-41 (26%). In contrast, L-2 enhanced serum

testosterone and prostatic 1)111 concentrations by >50%. These findings
suggest that the dual activities of several of these novel inhibitors of
C i7.2o-l.vase and 5a-reductase accounts for the diminished levels of circu

lating androgens in vivo.

INTRODUCTION

Prostate cancer is the most prevalent cancer in men in the United
States (1, 2). Development of therapeutic strategies is, therefore, an
important objective for reducing the incidence of this disease. Andro
gens play an important role in the growth of the normal prostate and
in promoting BPHS and prostatic cancer (3). C172()-lyase is a key

enzyme in the androgen synthesis pathway that converts the steroids
(pregnenolone and progesterone) to the C,,( androgens: dehydroepi-
androsterone, 5-androstenediol, and testosterone in the testis and

adrenals (4). In the prostate, testosterone, the major circulating an
drogen in males is converted to the more potent androgen, DHT, by
5a-reductase (5. 6). Both testosterone and DHT stimulate prostatic

growth, although DHT plays a much more important role than does
testosterone in the organogÃ©nesisand homeostasis of the prostate (7,
8). It has also been observed that men with prostatic carcinoma show
an increased rate of conversion of testosterone to DHT (9). Most
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prostatic cancer patients initially respond to androgen ablation therapy
but eventually relapse. Furthermore, orchidectomy results in reduced
androgen production by the testis but fails to alter androgen produc
tion by the adrenals, which may contribute androgen precursors to the
prostate (10). Thus, total androgen blockade may be a therapeutically
more effective option than conventional androgen ablation therapy
(10, 11).

Dual inhibition of the critical enzymes, C17 -,,,-lyase and 5a-reduc-

tase may provide an effective, noninvasive approach of treating BPH
and carcinoma of the prostate. A number of inhibitors of C,7 -,,,-lyase
have been described (12-17). Ketoconazole has been used clinically

to reduce testosterone biosynthesis in patients with advanced prostate
carcinoma. However, ketoconazole is only a moderate inhibitor of this
enzyme and is not selective. This agent inhibits other steroidogenic
enzymes and may cause adverse effects (18, 19). Several inhibitors of
5a-reductase have been described, and in fact, finasteride (Prosear)

has recently been approved for treatment of BPH (20). Another
azasteroid, MK-434. with similar activity to finasteride has also been

described, although its efficacy in man has not yet been evaluated
(21). These compounds are effective in reducing DHT levels in
patients with prostate cancer, but unfortunately, they also increase
serum testosterone levels in these patients (22). Although DHT binds
to the androgen receptor with higher affinity than testosterone, in the
absence of DHT, testosterone may also bind to the androgen receptor
and stimulate prostatic growth (23). It is, therefore, apparent that
compounds that strongly inhibit C)7 -.â€ž-lyaseand 5a-reductase may be

more suitable for development as potential treatments for BPH and
prostate cancer.

Recently, we have identified compounds with dual actions that
reduce testosterone and DHT synthesis by inhibiting both C,7 -,,,-lyase
and 5a-reductase (24-27). In this study, we evaluated the effects of
some of these novel steroidal compounds (L-2, L-36, L-37, and 1-41;

see Fig. 1 for structures and chemical names) on human testicular
C1720-lyase and prostatic 5a-reductase in microsomal fractions and

compared them to those of ketoconazole and finasteride. We also
examined the effects of these compounds on the wet weights of the
prostate and other organs and on tissue testosterone and DHT con
centrations in normal male rats compared to surgical removal of the
testes.

MATERIALS AND METHODS

Chemical Inhibitors and Reagents. The inhibitors (L-2, L-36, and L-37)

were synthesized in our laboratory according to procedures described by Ling
el al. (27). 1-41 was synthesized as described by Li et al. (24. 26, 28).

Finasteride was a gift from Merck Research Laboratories (Rahway. NJ). and
ketoconazole was purchased from Sigma Chemical Co. (St. Louis. MO).
[21-'H]17a-hydroxypregnenolone was prepared in our laboratory as described
previously (29). [7-'H]Testosterone (20 Ci/mmol) and [UC]DHT (50 mCi/

mmol) were obtained from DuPont (Boston. MA). Silica gel OF TLC plates
(20 X 20 cm, w/uv 254, 500 /um) were obtained from Analtech (Newark, DE).
The active testosterone-coated tube RIA kits and the DHT-coated tube RIA

kits for quantitative measurement of testosterone and DHT, respectively, were
purchased from DSL Inc. (Webster. TX). All other reagents were purchased
from Sigma.

Preparation of Microsomes. Human testes and prostate tissue (from pa
tients with BPH I were obtained from Dr. James Mohler (University of North
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L-2

N OH

20-Hydroximino-4,16-pregnadien-3-one

L-36

L-37

17-(3'-PyrazolyI)androsta-4,16-dien-3[l-one

17-(3'-Pyrazolyl)androsta-5,16-dien-3|i-ol

1-41 17ÃŸ-(4'-lmidazolyt)androst-4-en-3-one

Fig. 1. Chemical structures of steroidal inhibitors of androgen synthesis evaluated in
vitro and in vivo.

Carolina, Chapel Hill, NC) and stored at -70Â°C prior to use. Testicular and

prostatic microsomes were prepared as described previously (24). The micro-

somal protein content was determined by the Lowry method (30). and the
microsomal fractions were stored at -70Â°C until required for assay.

Ci7,2o-Lyase Activity. The measurement of the activity of the human
Ci72o"'yase in testicular microsomes in the absence and presence of inhibitors
was performed as described previously (24, 25). Briefly, the C,720-lyase
activity was determined by measuring the release of [^HJacetic acid during the
conversion of (21-'H]17a-hydroxypregnenolone to dehydroepiandrosterone.

The incubations were carried out in a total volume of 1.01 ml. Sample tubes
were supplied with 10 /nl of propylene glycol, 300,000 dpm of [21-'*H]17or-

hydroxypregnenolone (13.61 /uCi/fimol ), and the indicated inhibitors. The
control incubations were prepared without the addition of the indicated inhib
itors. After evaporation of the ethanolic solution, in each tube. 750 /al of 0. l M
sodium phosphate buffer (pH 7.4, with 78 jiM DTT) and 50 fil of an NADPH-
generating system (phosphate buffer containing 6.5 min of NADP+, 71 mM

glucose-6-phosphate, and 1.25 units of glucose-6-phosphate dehydrogenase)
were added. The tubes were preincubated for 15 min at 37Â°C.and the reaction

was started by the addition of 200 Â¿dof human microsomes (300 jug protein
per 200 /xl of phosphate buffer). The reaction tubes were incubated at 37Â°C

under oxygen. After 60 min, the tubes were placed in an ice bath, and the
reaction mixture was extracted twice with chloroform ( 1 ml). The tubes were
allowed to stand at 4Â°Cfor 20 min, centrifuged at 4Â°Cfor 15 min at 2000 X g,

and then 0.75 ml of the aqueous phase of each tube was placed into a fresh

tube. To remove residual steroids that may remain after the chloroform
extraction. 0.75 ml of charcoal solution (2.5 g of activated charcoal per 1(X)ml
of distilled water) was added to each tube and vortexed vigorously. After
standing for 30 min. the charcoal was pelleted by centrifugation at 2000 X g

for 20 min. Finally. 0.75 ml of the supernatant was analyzed for tritium by
liquid scintillation spectrometry. The reaction conditions were optimi/ed with
0.1-6.0 mM of [2l-'H|17a-hydroxypregnenolone and the Km and Vlmxs were

determined at the optimum conditions. IC50s for inhibitors were calculated

from the linear regression line in the plot of logit of en/.yme activity against log
of inhibitor concentration. Kf were also determined at the same reaction
conditions with addition of appropriate concentrations of inhibitors. The ex

periments were performed in duplicate on at least two separate occasions.
5a-Reductase Assay. The effects of novel compounds on human prostatic

5a-reductase activity were evaluated as described previously (24. 25) with
some modifications. Ethanolic solutions of [7-'H]testosterone (600.000 dpm).

cold testosterone (4.8 ng). indicated inhibitors (0-200 nM). and propylene

glycol ( 10 /al) were added to sample tubes in duplicate. The control incubations

were prepared without the addition of the indicated inhibitors. The elhanol was
evaporated to dryness under a gentle stream of air. The samples were recon

stituted in phosphate buffer (0.1 M. pH 7.4. 400 fil) containing DTT (78 fi.M).
and the NADPH-generating system (6.5 mM NADP. 71 mM glucose-6-phos-

phate. and 2.5 units of glucose-6-phosphate dehydrogenase in 100 ftl of

phosphate buffer) was added to each tube. The tubes were preincubated at
37Â°Cfor 15 min. The enzymatic reactions were initiated by addition of human

BPH microsomes (~180 fig of microsomal protein in 500 fil of phosphate

buffer) in a total volume of I ml, and the incubations were performed for 10
min under oxygen in a shaking water bath at 37Â°C.The incubations were
terminated by placing the sample tubes on ice. and | I4C|DHT (3(XX)dpm) and

cold DHT (50 fig) were added to each tube as an internal standard and
visualization marker, respectively. These additions were immediately followed
by ether (1 ml). The steroids were extracted with ether (3 X 1 ml), separated
by TLC (chloroform-ether, 80:20). and visualized by exposure to iodine vapor.
The extracts were analyzed for 'H and 14C using a liquid scintillation counter.
The percentage conversion of [7-'H]testosterone to |7-'H]DHT was calculated

and used to determine 5a-reductase activity. The reactions conditions were
optimized with testosterone (0-60 nM) and the Km and Vm.,xwere estimated at
the optimum conditions. The lC<,(,swere determined from plots of 5a-reduc-

tase activity against four different concentrations of the inhibitor. Ai,swere also
determined using the optimum reaction conditions with the addition of appro
priate concentrations of testosterone (0-60 nM) and inhibitors (0-40 nM). The

experiments were performed in duplicate and were repeated at least once.
Animal Studies. Adult Male Sprague Dawley rats (240 Â± 10 g) were

supplied by Charles River Breeding Laboratories (Wilmington, MA). The
animals were maintained in a controlled environment of ~25Â°C, 50* relative

humidity, and 12 h of light/12 h of dark cycles and were allowed free access
to food and water. About six to eight rats were assigned to the different
treatment groups. The compounds were suspended in 0.3*2- hydroxypropylcel-

lulose and administered s.c. at a dose level of 50 mg/kg for 14 consecutive

days. The control group was injected with the vehicle alone. Another group of
rats (six to eight) was castrated and injected with the vehicle alone for 14 days.
In a further experiment. L-37 was administered at a higher dose level of 1(X)

mg/kg daily for 14 days. The rats were sacrificed at the end of the treatment
period (1-2 h after the last administered dose), and testes, prostate, epididymis.

and seminal vesicles were removed. The organs were weighed and stored at

Table I Kinetic constants (IC^ tinti KÂ¿)of some inhibitors agititi*! human C17 Â¿y/Vil-vcami Sa-iTtliiclast'

lC50s and /C,s of these steroidal compounds against human testicular CÂ¡7-Â»0-lyaseand prostatic 5a-reduclase from human BPH microsomes were determined as described in
"Materials and Methods." The control incubations were prepared without the indicated inhibitors. Values are the means Â±SEs from three experiments (n = 3).

Ci7.2o-Lyase 5a-ReducÃase

CompoundL-2L-36L-371-41FinasterideKetoconazoleIC50(nM)43

Â±1.239
Â±1.042
Â±1.958
Â±2.8NI76

Â±2.0K,

(nM)15

Â±1.18
Â±0.64

Â±0.530
Â±2.5NI38

Â±1.0IC50

(nM)75311277151331.32.0394.1I.INIK, (nM)ND"20

Â±1.1NDND36

Â±1.7NI

' ND. not determined; Nl, no inhibition.
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(A)
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Fig. 2. Inhibition of human lesticular microsomal C,7 w-\yase by L-36. A, Lineweaver-

Burk plot of enzyme activities at various substrate and inhibitor concentrations. B, slopes
of each reciprocal plot against L-36 concentration. The Km and Vmax for C,7 ,,,-lyase.
under the optimum incubation conditions, were 0.48 /AMand 40 pmol/mg protein/mm,
respectively. Human testicular microsomes were prepared, and CI7^-lyase activity
determined as described in "Materials and Methods." Dtita points, means of duplicate

determinations in at least two separate experiments. OH-P. 17a-hydroxypregnenolone.

-70Â°C until analysis. Blood samples were also collected, centrifuged to obtain
serum, and stored at â€”¿�70Â°Cuntil required.

Testosterone RIA. Serum and testicular and prostatic tissues obtained
from individual male rats were placed on ice. Portions (~ 100 mg) of testicular

and prostatic tissues were homogenized in phosphate buffer (pH 7.4, 0.1 M),
and the homogenates were centrifuged at 2000 x g for 20 min. Serum (50 Â¡u)
and aliquots (50 /il) of the tissue supernatant were used for the determination
of testosterone as described for the I25l-testosterone assay kit supplied by DSL

Ine (Webster, TX).
DHT RIA. Portions (100 mg) of prostatic tissues were homogenized in

assay buffer provided with the DHT RIA kit obtained from DSL Inc. (Webster,
TX), and the homogenates were centrifuged at 2000 x g for 20 min. Serum
(0.4 ml) and aliquots (0.4 ml) of the prostatic supernatant were used for the
determination of DHT as described in the I25I-DHT assay kit.

Statistical Analysis. One-way ANOVA on SigmaStat for Windows ver

sion 1.0 was used to compare different treatment groups at the 95* confidence
level. The Student's i test was also used to obtain Ps and to compare different

treatment groups. A P of S0.05 was considered statistically significant.

RESULTS

The inhibitory potencies of L-2, L-36, L-37, and 1-41 were evalu
ated against human Cl72(>-lyase and 5a-reductase and compared to

the activities of ketoconazole and finasteride. The Km and Vmaxfor
C|720-lyase were 0.48 JIM and 40 pmol/mg/min, respectively. L-2,
L-36, L-37, and 1-41 showed potent inhibition of Cl720-lyase with
IC50s of 43, 39, 42. and 58 nM, respectively (Table 1). L-36 showed
competitive inhibition and L-37 exhibited mixed-type competitive
inhibition against C,7 20-lyase with corresponding KÂ¡sof 8 and 4 nM,
respectively (Figs. 2 and 3). On the other hand, L-2 and 1-41 showed
noncompetitive inhibition against C17 2()-lyase with corresponding Kts

of 15 and 30 nM, respectively (Figs. 4 and 5). Thus, these compounds
are more potent than ketoconazole (IC50 = 76 nM, K{ = 38 nM), the
competitive inhibitor for this enzyme that is used clinically. L-36 also
showed potent and mixed-type competitive inhibition against 5a-
reductase in human prostatic microsomes with an IC50 of ~31 nM and
K, of 20 nM (Fig. 6). The Km and Vmaxof 5a-reductase were 40 nM and

2 pmol/mg protein/min, respectively. In comparison, finasteride, a
potent and competitive inhibitor of 5a-reductase used clinically, had
an IC50 of 33 nM and a K-, of 36 nM against 5a-reductase. The
inhibitory activity of L-2 on 5a-reductase was moderate with an IC50
of 75 nM. 1-41 (IC50, â€”¿�151nM) was â€”¿�5-foldless potent than finas
teride, whereas L-37 (IC50, â€”¿�1277nM) showed little activity against

this enzyme (Table 1).
Male Sprague-Dawley rats were assigned to different treatment

(A)

2 -

C 1 -

60

40

20

-6-5-4-3 -2 -1

[OH-P]-1(uM)-1

(B) 0.4 -,

0.3

0.2 -

0.1

0.0

Ki = 4 nM

-40 -30 -20 -10 O 10 20

[L-37] nM

â€”¿�â€”
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â€”¿�iâ€”

40 50 60 70

[L-37] nM

Fig. 3. Inhibition of human testicular microsomal C17 2o-lyase by L-37. A. Lineweaver-
Burk plot of enzyme activities at various substrate and inhibitor concentrations, ÃŸ,slope
of each reciprocal plot against L-37 concentration. The Km and Vmallfor C1720-lyase,
under the optimum incubation conditions, were 0.48 |tM and 40 pmol/mg protein/min,
respectively. Human testicular microsomes were prepared, and C,720-lyase activity
determined as described in "Materials and Methods." Data points, means of duplicate

determinations in at least two separate experiments. OH-P, 17a-hydroxypregnenolone.
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were significantly reduced by L-37 (74%, P = 0.0048). L-2, L-36, and
1-41 also reduced the levels of testosterone in rat testis by â€”¿�13,36,
and 25% (P > 0.05), respectively (Table 3). L-37 significantly re
duced the levels of testosterone in rat prostates by 75% (P = 0.015).

The levels of testosterone in the prostates were also lower in rats
treated with L-2, L-36, and 1-41 by 55, 58, and 35%, respectively. The

effects of these compounds on the testosterone levels in rat prostates
were comparable to the effect achieved by surgical removal of the
testes. Furthermore, DHT concentration in rat serum was reduced by
L-36, L-37, and 1-41 by -69% (P = 0.022), 84% (P = 0.0206), and

89% (P = 0.016) respectively. L-2 also reduced the concentration of

DHT in serum by 30%, although this was not statistically significant.
Although the compounds produced marked reduction in DHT con
centrations, castration was more effective in lowering the concentra
tion of DHT in rat serum than these novel compounds. The concen
tration of DHT in the prostates was also lower than controls in rats
treated with L-36, L-37, or 1-41 by 48% (P = 0.0063), 54%
(P = 0.0022), and 26% (P = 0.405), respectively, than it was in

controls (Table 3). On the other hand, DHT concentration in rat
prostates was enhanced by L-2 (58%).

(A)

LO

0.0

Fig. 4. Inhibition of human lesticular microsoma] CI7 20-lyaseby L-2. A. Lineweaver-
Burk plol of enzyme activities at various substrate and inhibitor concentrations. B. slopes
of each reciprocal plot against L-2 concentration. The K,ti and Vmaxfor C,7 ,,,-lyase, under
the optimum incubation conditions, were 0.48 /AMand 40 pmol/mg protein/min. Human
testicutar microsomes were prepared, and C,7 2o-lyaseactivity determined as described in
"Materials and Methods." Daui [mints, means of duplicate determinations in at least two

separateexperiments. OH-P. I7or-hydroxypregnenolone.

groups to receive one of these compounds (50 mg/kg daily for 14
days). The effects of L-37 were also examined at the higher dose of

100 mg/kg per day for 14 consecutive days. The animals were
sacrificed at the end of the treatment period, and tissues were re
moved, weighed, and examined for gross histopathological changes.
The effects of L-2, L-36, L-37, and 1-41 on the wet weight of tissue
are shown in Table 2. L-36 reduced the weights of the prostate,

seminal vesicle, and epididymis by 61, 56, and 24%, respectively.
However, it did not alter testicular weight to any significant extent.
L-37 showed a dose response effect and diminished the prostate

weight by 26.1% at 50 mg/kg/day and by 50% at 100 mg/kg/day but
had no effect on the weights of the other organs examined. 1-41

reduced prostate weight (32%) and weight of the seminal vesicle
(36%). L-2 did not alter the weights of any of the organs examined.

Surgical castration was considerably more effective at shrinking pros
tate size compared to these agents.

Testosterone and DHT levels in rat serum and testicular and pros-
tatic tissues were also assayed after treatment with L-2, L-36, L-37,
and 1-41 (Table 3). Testosterone levels in rat serum were reduced by
L-36 (55%), L-37 (86%), and 1-41 (53%), although these levels were
not statistically significant. On the other hand, L-2 produced â€”¿�2-fold

increase in serum testosterone levels. Serum testosterone levels were
undetectable after castration. Testosterone concentration in rat testis
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DISCUSSION

Testosterone and its metabolite, DHT, play a pivotal role in pro
moting prostutic growth and cancer (3). Cn -,,,-lyase catalyzes the

early step in the biosynthesis of testosterone and other androgens in
both the testes and the adrenal glands, whereas 5a-reductase converts

testosterone to DHT in the prostate gland (6). Thus, dual inhibition of
both cn/.ymes may result in complete ablation of androgens and,
therefore, serve as a useful therapeutic strategy for the treatment of

prostate cancer. Several previous inhibitors of C, 7-,,,-lyase and/or
5a-reductase have been found to have a number of drawbacks. Ke-
toconazole, an inhibitor of C17 2ll-lyase, is not selective and does not
show any activity against 5a-reductase. Finasteride inhibits the con

version of testosterone to the more potent androgen, DHT, and is used
clinically to suppress prostate growth (22). However, finasteride and
other 5a-reductase inhibitors fail to diminish and, in some cases,

actually increase the circulating levels of testosterone (31, 32). In such
a situation, testosterone would continue to stimulate prostatic growth,
and therefore, a more complete ablation of circulating androgens is
required for effective treatment of prostate cancer. Luteinizing hor
mone-releasing hormone antagonists and agonists are also used to

suppress testosterone, but they do not suppress adrenal androgens. A
disadvantage of using these agents is that they are not p.o. active.

The results of the current investigation indicate that these novel
steroidal compounds exhibit dual-inhibitory actions against both
C172()-lyase ar>d5a-reductase. In fact, when tested in the same assay,
the inhibitory effects of L-2, L-36, L-37, and 1-41 on human testicular
C,72()-lyase were more marked than that of ketoconazole, a clinically
available drug used to inhibit testosterone biosynthesis. L-36, for
example, showed very potent inhibition of CI7 20-lyase with an IC5()

of 39 nMand a KÂ¡of 8 nM (Table 1 and Fig. 2). In comparison, the IC50
for ketoconazole was 76 nM, and the ATÂ¡was 38 nM. L-36 showed

competitive inhibition and binds with high affinity to the active site of
C17 20-lyase. The results show that the interaction between L-2 or 1-41
and CI7 20-lyase is noncompetitive in nature, and this probably indi
cates nonspecific binding of L-2 and 1-41 to the enzyme. L-36 was
slightly more potent than finasteride, a potent inhibitor of 5a-reduc-
tase. L-36 showed mixed-type competitive inhibition of 5a-reductase

with an IC,() of 31 nM and a Kt of 20 nM (Table 1 and Fig. 6). This Kt
for L-36 was lower than that for finasteride (KÂ¡= 36 nM). Thus, lower
concentrations of L-36 were required to inhibit 5a-reductase because

Table 2 The effects Â¡ifandrogen synthesis inhibitors on tissue weight of mirnuil acini/
inule rats

Weights of tissues from animals in the same experiments shown in Table 3. Rats were
injected s.c. with a 50 or 100 mg/kg/day (L-37) suspension of inhibitors in 0.5%
hydroxypropylcellulose or vehicle alone (controls). Animals were autopsied after 2 weeks
and the following tissues were weighed: prostate, testes, seminal vesicles, epididymis.
adrenals, liver, and kidneys. There were no significant changes in the weights of adrenals,
liver, kidneys, or total body weight between different treatment group. Values are the
means Â±SEs from six to eight rats.

% decrease in tissue weight

CompoundL-2

L-36L-37

1-41CastrationProstateNC"

61 Â±1.8*
50 Â±1.3*
32 Â±0.9*90

Â±l.lrSeminal

vesiclesNC

56 Â±1.9*

NC
36 Â±1.1*87

Â±1.8'EpididymisNC

24 Â±0.8*

NC
NC99

Â±1.0'

" NC, no significant change compared (o the control group.
h P < 0.05 compared to controls.
' P < 0.01 compared to controls.

Table 3 Effects of L-2, L-36, L-37, und 1-41 on lesiosierone and DHT levels in serum und tissues of normal adult mule rats

Normal adult male rats (240 kg body weight) were injected with the compounds listed (50 mg/kg/day); L-37 was given at a dose of 100 mg/kg tor 14consecutive days. Blood wa
collected and serum testosterone and DHT concentrations were determined by RIA, as described in "Materials and Methods." Values are the means Â±SEs from six to eight rats.

TreatmentControl

C'astrated
L-2
L-36
L-37
MlSerum

(ng/ml)2.60

0.05
4.93
1.18
0.38
1.23Â±0.92

Â±0.04"
Â±0.90*

Â±0.24
Â±0.16*

Â±0.39Testosterone

levelsTestis

(ng/g)179.13

Â±25.33156.31

Â±18.19
114.64 Â±15.11
45.96 Â±9.53"

134.79 Â±14.46DHT

levelsProstate

(ng/g)3.91

Â±0.61
1.48 Â±0.16*

1.74 Â±0.98
1.62 Â±0.38
1.00 Â±0.17*

2.56 Â±0.84Serum

(pg/ml)231.36Â±

25.58
5.39 Â±1.84*

161.67 Â±23.57
72.66 Â±9.31*
36.0 Â±8.30"

25.75 Â±7.98*Prostate

(ng/g)2.61

Â±0.38
0.001 Â±0.0001"

4.12 Â±0.14
1.35 Â±0.11"
1.19 Â±0.18*

1.92 Â±0.34
' P < 0.01 compared to the control group.
*P < 0.05 compared to the control group.
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the affinity for the enzyme was higher. The inhibitory activity of L-2
on 5a-reductase was moderate, and 1-41 was â€”¿�5-foldless potent than

finasteride. The dual actions of these novel inhibitors, particularly
L-36, make them superior to finasteride or ketoconazole as inhibitors

of androgen synthesis.
The effects of these novel compounds on tissue androgen levels and

prostatic weights were evaluated in male rats (Tables 2 and 3). L-36,
L-37, and 1-41 reduced the levels of both testosterone and DHT in rat
tissues. L-36 and L-37, for example, significantly reduced the levels

of testosterone in rat prostate by >60% and diminished DHT levels by
>40%. Their actions may be explained in terms of their dual inhibi
tion of Cl7,,,-lyase and 5a-reductase. the two critical enzymes in

androgen biosynthesis. Some reports have shown that selective inhib
itors of 5a-reductase reduced tissue DHT levels but also produced an
accumulation of testosterone (33-38), and consequently, the increased

levels of testosterone would be expected to continue to promote
prostatic growth. L36, L-37, the 17-(3'-pyrazolyl)-derivatives, and

1-41 were effective in reducing both testosterone and DHT levels in

rat tissues, but to different extents, and, therefore, offer promise as
selective inhibitors of 5a-reductase. This result may be due to phar-
macokinetic differences, because L-37, the 5-ene derivative, would be

expected to be less active in the rat because progesterone is the
preferred substrate of the rat CI7 2n-lyase. Due to insufficient material,

we did not compare ketoconazole and finasteride with our compounds
in vivo in these experiments. However, surgical castration has been
the traditional approach to lower androgen levels in vivo (10). These
novel steroids were effective in achieving similar reductions in tes
tosterone concentration in the prostate compared to castration. In fact,
L-37 was slightly more effective in this regard. Nevertheless, DHT

concentrations were reduced by only 40% of intact controls compared
to almost complete reduction by castration, although testosterone
levels in the prostate were similar (L-36) or lower (L-37) than cas

tration. Prostatic growth and weight are regulated by both testosterone
and DHT, although to a greater extent by the latter. Therefore, the
reduction in the levels of these hormones by these compounds may
explain the corresponding reduction in normal prostate size observed
after treatment with L-36 and L-37. The fact that these novel steroidal

compounds were not as effective as castration in lowering tissue DHT
concentrations or shrinking prostate size may also indicate that other
mechanisms may be involved in prostate regulation. The effects of
these compounds on prostate tumors are in progress. L-2 increased

plasma testosterone levels and prostate DHT levels and failed to
reduce prostate weight when administered to rats. These observations
were unexpected because L-2 was a potent inhibitor of C172()-lyase
and also a moderately active inhibitor of 5a-reductase in vitro. It is
plausible that L-2 is biotransformed in vivo to some derivative that has

androgenic activity or that it alters the metabolism of testosterone or
DHT. Further studies are necessary to verify this possibility. Signif
icant macroscopic changes in the liver and kidneys were also observed
when L-2 was administered to rats. Thus, this particular compound
will not be useful for further evaluation. L-36, L-37, and 1-41 are more
promising; L-36, in particular, was very effective in diminishing

androgen levels in rat tissues and reducing prostatic weight.
In conclusion, our studies indicate that inhibitors with dual activi

ties against C172()-lyase and 5a-reductase can result in greater inhi

bition of androgen synthesis in vivo. These novel compounds may
provide potential new leads for research and development of drugs for
androgen-dependent diseases.
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