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PNU 157706 [N-(1,1,1,3,3,3-hexafluorophenylpropyl)-3-oxo-4-aza-5x-androst-1-ene-17f-carboxa-
mide] is a novel, potent and selective dual 5a-reductase inhibitor. We have investigated its effect on
tumor growth, endocrine organ weights and prostatic dihydrotestosterone (DHT) content in rats
bearing the androgen dependent Dunning R3327 prostatic carcinoma. Animals with tumor diam-
eters of about 1 cm were treated orally for 9 weeks with PNU 157706 (2 and 10 mg/kg/day, 6 days a
week) or they were castrated, to check the hormone responsiveness of the tumor. PNU 157706 was
effective at both doses tested in reducing tumor growth (53 and 51% inhibition at 2 and 10 mg/kg/
day, respectively), while castration caused higher inhibition (82%) of tumor growth. A marked re-
duction of ventral prostate weight occurred in rats treated with both doses of PNU 157706 (75 and
78%) or castrated (91%). Seminal vesicle weight was also reduced by PNU 157706 administration (56
and 61% inhibition), whereas testes, adrenal, thymus and pituitary weights were not affected. Pro-
static DHT content was markedly suppressed (85 and 91%) in PNU 157706 treated rats, compared to
95% suppression caused by castration. These data support a possible role of dual 5a-reductase in-
hibitors in the hormonal therapy of prostatic cancer. © 1998 Elsevier Science Ltd. All rights
reserved.
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INTRODUCTION PNU 157706 [N-(1,1,1,3,3,3-hexafluorophenylpro-
pyD)-3-ox0-4-aza-5a-androst-1-ene-17 f-carboxamide]

is a novel dual inhibitor of 5xz-reductase {5]. The com-
pound was highly potent in inhibiting human recom-
binant 5a-reductase type I and type II isozymes,

Androgens are necessary for growth, maintenance
and functional activity of the prostate gland.
Androgens are also involved in prostatic cancer devel-
opment and m?diﬁcation of hormonal stimulation showing ICs, values of 3.9 and 1.8 nM and therefore
could be useful in preventing or inhibiting tumor  jr wag several folds more potent than finasteride (ICsg
growth [1]. In the normal, hyperplastic or cancerous vyalues of 313 and 11.3 nM), particularly on type I
prostatic tissue testosterone (T) is irreversibly metab-  jsozyme. Tested on a crude preparation of rat pro-
olized via the 5xz-reductase enzyme to 5x-dihydrotes-  static 5x-reductase, PNU 157706 caused enzyme in-
tosterone (DHT), which appears to be the major hibition with an ICsy value of 34 nM, compared to
intracellular androgen; in fact, in the prostate gland 58 nM shown by finasteride. In adult male rats a
DHT concentration is higher than that of T and it is  single oral dose of 10 mg/kg of PNU 157706 caused
known that the androgen receptor has a higher affi- a marked and longer lasting reduction of prostatic
nity for DHT than for T [2-4]. Therefore reduction ~DHT content than did finasteride (at 24 h inhibition
of DHT synthesis through inhibition of 5x-reductase by 89 and 47%, respectively). In prepubertal T- or
activity can represent an interesting approach to DHT-implanted castrated rats, PNU 157706, at the
oral dose of 10 mg/kg/day for 7 days, markedly
reduced ventral prostate weight in T- but not in
- i DHT-implanted animals, thus showing to be devoid
*Correspondence to T. Zaccheo. Tel: 2 48383235; Fax: 2 . ..

48383987; e-mail: tiziana.zaccheo@eu.pnu.com. of any ann'andrOgen acuvity. After repeated
Received 29 May 1997; accepted 13 Oct. 1997, (28 days) oral dosing in rats, the compound was
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androgen deprivation for prostatic tumor control.
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found to be 16-fold more potent than finasteride in
reducing prostate weight.

The antitumor effect of PNU 157706 on the
androgen dependent Dunning R3327 prostatic
carcinoma [6] in the rat was therefore investigated in
this study. Tumor growth rate during treatment, as
well as endocrine organ weights and prostatic DHT
content were evaluated.

MATERIALS AND METHODS

Animals

Male Copenhagen rats, weighing approximately
200 g, were supplied by Harlan Nossan (Correzzana,
Italy). Animals were housed in temperature controlled
rooms (22 + 2°C) on a circadian rhythm of 12h of
light (6 a.m. to 6 p.m.) and 12 h of darkness. They
were fed a commercially availab.e chow (Altromin
MT, supplied by Rieper, Italy) and water was avail-
able ad libitum.

Prostatic tumor model

The Dunning R3327 prostatic carcinoma was
kindly provided by Dr H. Altman, Papanicolau
Cancer Research Center, University of Miami (FL,
U.S.A)). The tumor was maintained by serial trans-
plantation in Copenhagen rats. The tumor was passed
by harvesting fresh tumor, dicing it with sterile scis-
sors in sterile 0.9% NaCl solution and aseptically
implanting a single tumor fragment (approximately
3—-4 mm in size) subcutaneously in the flank of the
recipient animal under mild diethyl-ether anesthesia.

Trearment and experimental set-up

Tumor bearing rats with tumor diameters of 0.5-
1 cm were randomly assigned to the different treat-
ment groups (7-8 animals/group). PNU 157706 (syn-
thesized at the Chemistry Dept. of Pharmacia and
Upjohn, Italy) was suspended in 0.5% Methocel (A-
4C Premium, Dow Chemical, U.S.A.) containing
0.4% Tween 80 (Merck, U.S.A.) and given orally at
doses of 2 and 10 mg/kg/day, 6 days a week for
9 weeks. Control animals received the vehicle (5 ml/
kg). One group of animals weas castrated, under
diethyl-ether anesthesia, on the first experimental day
(day 0) and treated with the vehicle. Tumor growth
was followed by measuring the two perpendicular di-
ameters with calipers and tumor weight was calcu-
lated according to the formula: d°xD/2, were d is the
minimum and D is the maximurn diameter [7]. The
weight of each tumor during the treatment period
was expressed as the ratio of initial tumor weight,
measured on day 0. The area under the ratio of
tumor weight vs time curve (AUC) was calculated by
the linear trapezoidal method up to 9 weeks. Animals
were sacrificed at the end of the treatment (24 h after
the last dose) and ventral prostate, seminal vesicles,
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testes, epididymides, adrenals, thymus, pituitary and
liver were removed and weighed. Ventral prostates
were immediately frozen on dry ice, then stored at
—20°C for DHT assay.

DHT determination

The prostatic content of DHT was measured by
radioimmunoassay (RIA), after sample extraction and
high pressure liquid chromatography (HPLC) purifi-
cation. Each prostate sample was thawed and hom-
ogenized in 4 ml of acetone:acetonitrile mixture (1:1)
with a Polytron apparatus. Essicated extract was then
loaded into a to C,g Sep Pack Plus cartridge (Waters,
U.S.A)) and the fraction containing DHT was eluted
with 4 ml of 60% acetonitrile in water. HPLC purifi-
cation of the extracted sample was performed using a
Nova Pack C,g-reversed phase column (Waters) in
isocratic conditions, using 38% acetonitrile in water
as the mobile phase (1 ml/min). The fraction contain-
ing DHT (2.7 ml, retention time = 25 min) was col-
lected and essicated. DHT concentration was
measured using the [PH]JDHT RIA Kit supplied by
ICN Biomedicals (Carson, CA, U.S.A.). The sensi-
tivity of the assay was 0.07 ng/100 mg of tissue. The
DHT content in the prostate of castrated animals was
measured in pools of two glands each.

RESULTS

Effect on tumor growth

Figure 1 and Table 1 show the effect of PNU
157706 at the doses of 2 and 10 mg/kg/day, given
orally 6 days a week for 9 weeks, on tumor growth.
One group of animals was castrated to check the hor-
mone responsiveness of the tumor. The mean tumor
weight + SE at the beginning of the experiment (day
0) was 0.52+0.05g in the control group,
0.54 4+ 0.04 g in the group treated with PNU 157706
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Fig. 1. Effect of 9-week oral treatment with 2 or 10 mg/kg/day

of PNU 157706 on tumor growth in the Dunning R3327 pro-

static tumor model in rats. Castration was performed the
first treatment day.
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Table 1. Effect of 9-week treatment with PNU 157706 on Dunning R3327 prostatic tumor growth in rats

Tumor growth

Dose (mg/kg/day p.o.) No. of rats AUC (0-9 week)® inhibition (%)
Treatment group (ratio x week)
Control - 8 146 + 18 -
PNU 157706 2 8 68+ 13 53%*
PNU 157706 10 7 71+18 51%*
Castration — 8 26+ 3 82%*

#AUC = Area under the ratio of initial tumor weight, calculated by the linear trapezoidal method from O to 9 weeks (mean + SE).

**p < 0.01 vs control group (Dunnett’s test).

2 mgkg, 0.51+0.06g in the group treated with
PNU 157706 10mg/kg and 0.52+0.05 in the
castrated group. The weekly recorded tumor weights,
expressed as a ratio of the initial weight, are reported
in Fig. 1. The AUC (0-9 week) values, expressed as
ratio X week, are reported in Table 1. During the 9-
week observation period the Dunning R3327 tumor
grew progressively in the control group (AUC,
mean + SE = 146 + 18), whereas castration resulted
in a markedly lower tumor growth (AUC, 26 + 3),
thus demonstrating the androgen responsiveness of
the tumor. Treatment with the 5¢-reductase inhibitor
PNU 157706 significantly decreased tumor growth at
both doses tested (AUC, 68 + 13 and 71 + 18).

Effect on endocrine organ weight

The endocrine organs of tumor bearing rats were
excised and weighed at the 9-week sacrifice (Figs 2
and 3). Since PNU 157706 treatment and castration
slightly reduced the body weight gain (Fig. 3), the
relative weights of the organs are reported. Treatment
with PNU 157706 at the doses of 2 and 10 mg/kg/
day caused a decrease of ventral prostate weight of 75
and 78%, respectively (Fig. 2). Seminal vesicle
weights were also reduced by 56 and 61%, whereas
testis weights were not affected. Ep:didymides were
slightly reduced at both doses. No effects on adrenal,
thymus, pituitary and liver weights were observed. As
expected, castration markedly reduced ventral pros-
tate (91%) and seminal vesicle (73%) weights; thy-
mus and pituitary weights were increased in castrated

rats, whereas adrenal and liver weights were not
affected.

Effect on prostate DHT content

Treatment for 9 weeks with PNU 157706 at 2 and
10 mg/kg/day resulted in a marked decrease (85 and
91%) in prostatic DHT content, measured 24 h after
the last dose (Fig. 4). Castration caused 95% re-
duction of DHT content to a mean value of 0.24 ng/
gland. The limit of detection of DHT assay was
0.07 ng/100 mg of tissue.

DISCUSSION

The Dunning R3327 rat prostatic carcinoma is a
well characterized model system. It shares several
characteristics with human prostatic cancer, including
slow growth rate, responsiveness to hormonal
therapy, histology similar to that of a well differen-
tiated carcinoma [6]; moreover, it contains the
enzyme 5z-reductase [8,9]. Results presented in this
paper show that the 5x-reductase inhibitor PNU
157706 was effective in inhibiting the Dunning tumor
growth. In fact the compound, at the oral doses of 2
and 10 mg/kg/day given for 9 weeks, caused a re-
duction of tumor growth by 51-53%. The effect on
tumor growth was associated with an even higher in-
hibitory effect on prostate weight (75-78% decrease).
Castration caused a higher inhibition of tumor growth
(82%) and a higher involution of prostate (91%) than
did PNU 157706.
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Fig. 2. Effect of 9-week oral treatment with 2 or 10 mg/kg/day of PNU 157706 on the relative organ weight of
rats bearing the Dunning R3327 prostatic carcinoma. Bars represent mean + SE (7-8 animals per group).
**P < 0.01 vs controls by Dunnett’s test.
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Fig. 3. Effect of 9-week oral treatment with 2 or 10 mg/kg/day of PNU 157706 on the relative organ weight of
rats bearing the Dunning R33327 prostatic carcinoma. Bars represent mean = SE (7-8 animals per group).
**P < (.01 vs controls by Dunnett’s test.

Since the initial report of Huggins and Hodges [10],
the hormonal therapy of advancecl or metastatic pros-
tate cancer has traditionally consisted of surgical or
chemical castration in order to block testicular andro-
gens and therefore to lower circulating T. More
recently combined therapy involving surgical or medi-
cal castration plus an antiandrogen, in order to block
the remaining adrenal androgens, has been tried in an
attempt to produce total androgen blockade [11].
However, such a systemic reduction in the circulating
T level has several side effects including sterility,
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Fig. 4. Effect of 9-week oral treatment with 2 or 10 mg/kg/day

of PNU 157706 on ventral prostate DHT content of rats bear-

ing the Dunning R3327 prostatic carcinoma. The sensitivity

of the DHT assay was 0.07 ng/100 mg of tissue. Bars represent

mean + SE (7-8 animals per group). **P < 0.01 vs controls by
Dunnett’s test.

impotence, loss of libido, hot flushes and decreased
muscle mass [12, 13]. Inhibitors of 5x-reductase pro-
vide a novel and selective approach to androgen
deprivation [14]. Treatment with such inhibitors
results, both in experimental animals and in humans,
in lowering prostatic DHT and consequently in invo-
lution of the prostate size. However, 5x-reductase in-
hibitor treatment does not result in a reduction of
circulating T and therefore does not induce the side
effects observed with castration or luteinizing hor-
mone-releasing hormone (LH-RH) analogs.
Molecular cloning studies have identified two genes
that encode the type I and type II isozymes of 5z-
reductase [15]. These isozymes have different tissue
localization: 5x-reductase type II is mainly located in
human urogenital tissues, such as the prostate,
whereas 5x-reductase type I is predominant in the
human nongenital skin and in liver. As regards the
tumor 5z-reductase enzyme, it has been reported that
both type I and type II isozymes are expressed in
human prostatic carcinoma [16] and type II isozyme
seems to be more expressed in stromal than in the
epithelial compartment [17]. LNCaP cells, an andro-
gen sensitive human prostatic cancer cell line, were
reported to contain type I S5x-reductase [18].
Moreover, the DU145 human prostatic cancer cell
line, whose growth is androgen independent, also
contains type I 5x-reductase [19]. No data are, to
date, available on the characteristics of the enzyme in
the Dunning prostatic tumor used in the experiment
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reported here. However, both isoforms of 5ux-re-
ductase are expected to be expressed in this prostatic
tumor tissue, as it has been reported for the normal
rat proszare i29}.

Finasrende, e furst Se-reduciase innivior
developed [21], has been subsequently discovered to
be a selective inhibitor of type I human 5«-
reductase [22]. The compound has recently been
introduced into the market for the therapy of sympto-
matic benign prostatic hyperplasia [23,24]. However,
its clinical effectveness was found ta be tess satisfac-
tory than initially expected and could be probably
accounted for by incomplete suppression of circulat-
ing DHT, due to the residual DHT synthesis through
type I isozyme not inhibited by the compound [24].
Experimental data on the antitumor activity of finas-
teride on the Dunning R3327 prostatic carcinoma
have shown that the compound was (neffective on
tumor growth at 25 mg/kg/day, a dose which reduced
by 64% the size of the prostate in the same
animals §25). Addniona) swdies on rhe Dunning
R3327 H tumor line have demonstrated no tumor
growth inhibition by finasteride, at doses up to
100 mgfrprbay ). "These resudits are ixdy due, m ab-
dition to incomplete DHT suppression, to the
remaining T which stimulates tumor growth [25].
Further, the results from the first clinical study with
finasteride in prostatic cancer patients indicated that
this type of monotherapy is not adequate for the
metastatic disease {26}, However, in a more recent
study in which 120 men with detectable prostate
specific antigen (PSA) levels following radical prosta-
tectomy were treated with finasteride or placebo for
one year, a significant delay in PSA rise was seen in
one year, with continued suppression up to one year
after treatment discontinuation {27].

A pwieny, bod minitior di'oointyoe anb T So-re-
ductases cond better suppress circulating DHT and
provide more efficient ireaimeni for prosiaie cancer
than a type II inhibitor like finasteride. PNU 157706
FEPresenss h TRATWMATL @ R &id of Sww-
ductase inhibitors on account of its in vitre potency
on both humeamn isvzymes and of its extraordiary
vivo POIENLY N The T8153). In Tary, In 3 previvos stady
the compound has been found to bte 16-fold more
potent than finasteride in reducing prostate weight in
adult rats treated orally for 28 days [5]. Data pre-
sented in this paper indicate, as mentioned above,
that potent inhibition of both 5x-reductase isoforms
results in 90% suppression of prostatic DHT and in
significant reducnon oi andropen-tLpENUEN TUMUL
growth. It must be noted, however, that despite the
comparable reduction of prostatic DHT content
achieved with castration and PNU 157706 dosing,
the antitumor effect of castration was higher than that
observed with the 5u-reductase inhibitor. Unlike cas-
tration and similarly to other 5a-reductase
inhibitors [28,29], PNU 157706 does not suppress

197

intraprostatic T concentration [5]. Reduction of the
content of DHT but not of T is expected to occur
also in the Dunning tumor tissue [25]. The remaining
tamor T cowdd be the cause for tie lower antitumaral
effect observed wr PNU 2157786-dosed@ comtpared ta
castrated animals. Therefore, a combination therapy
with a 5z-reductase inhibitor and an androgen recep-
tor antagonist, to neutralize the remaining T, could
be a potential therapy for the treatment of prostatic
cancer. In addition, such a type of combined therapy
with finasteride and the antiandrogen futamide in
patients with prostatic carcinoma has been recently
shown to have the advantage of maintaining the sex-
ual function in most men [30].
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