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Abstract-Two antiestrogenic phenylindoles (D 16726 and D 15413) were tested for their 
prostatic tumor-inhibiting activity. Both compounds exerted a strong inhibitory effect on prostate 
and seminal vesicle weight of intact rats and mice comparable to that of diethylstilbestrol. Their 
estrogenic properties, however, are much lower than those of DES. Therefore, there is no direct 
correlation between estrogenic potency and inhibition of accessov sex organ weights. The tumor- 
inhibiting activity of D 16726 and D 15413 on the androgen-dependent R 3327 Dunning 
prostatic carcinoma and the human prostatic tumor PC 82 implanted in nude mice equals that 
of castration or of diethylstilbestrol. Both 2-phenylindoles had good afjnities for estrogen receptors 
from calf uten’ne and R 3327 tumor cytosol, but no afjnities for androgen and progesterone 
receptors. As these P-phenylindoles have much lower estrogenic properties than diethylstilbestrol, 
they may also have low side-effects, and can therefore be of interest for the therapy of the prostatic 
carcinoma. 

INTRODUCTION 
THE THERAPY usually applied for the disseminated 
prostatic carcinoma is androgen ablation [l-3]. 
This can be achieved by various treatment modal- 
ities like castration or the administration of cstro- 

gens, antiandrogens or LHRH analogs [l-j]. 
Diethylstilbestrol (DES), a non-steroidal estrogen, 

is still very often used to treat prostatic cancer [3]. 
However, this therapy is associated with severe 
side-effects like gynecomastia and cardiovascular 
complications [ 11. 

In the prostatic carcinoma as well as in the 
normal prostate receptors for androgens and for 

estrogens arc present [ 1, 21. The occurrence of 
estrogen receptors (ER) in prostate tumors was 
one of the reasons for studying the effect of the 

antiestrogen tamoxifcn against this disease [ 1, 61. 
In several studies on human and experimental 
prostatic tumors, tamoxifen exerted certain tumor- 
inhibiting effects [ 1, 61. However, there arc contro- 
versial results about its effects on gonadotropin and 

testosterone levels 17, 81. 
In view of the severe side-effects of DES caused 

by its estrogenic properties, the use of suitable 
anticstrogens for the treatment of the prostatic 
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Fig. 1. Structures ofD 16726, D lMl-1 und II 15413 

carcinoma which might ha1.r similar antitumor 

effects, but lower side-cffccts than DES, might offer 
a more acceptable altcrnativc to con\,cntional hor- 
monc therapy. As wc have drvclopcd many new 
antiestrogcns ofdiffcrcnt chemical structures during 
the last few years [9], WC have cvaluatcd thr potcn- 

tial prostatic tumor inhibiting proprrtics of two 2- 
phcnylindoles (D 16726 and D 15413). ‘l%sr 
compounds (Fig. 1) have reasonablr affinities to the 
ER, low cstrogcnicity and partial anticstrogcnic 
activity, and cxcrtcd strong tumor-inhibiting cffccts 
on scvcral hormone-dcpcndcnt cspcrimc~ntal mam- 
mary tumors [l&14]. 

In this paper, WC have tcstcd D 16726 and D 
15413 for their growth inhibitory cfliicts on prostate 
and seminal vcsiclc weights of intact mature rats 
and mice and for their antitumor activit) on the 
hormone-dcpcndcnt R 3327 Dunning prostatic car- 
cinoma as well as on the androgrn-drpcndcnt 
human prostatic tumors PC 82 and PCEM! 
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implanted in athymic nude mice. To get more 
insight into the pharmacology of these compounds, 
their potential antiandrogenic properties in cas- 
trated rats and mice and their affinities for androgen 
receptors (AR), ER and progesterone receptors (PR) 
in various cytosol preparations were determined. 

MATERIALS AND METHODS 

Chemicals 
D 16726 (MG 351.4), D 15414 (MG 267.3) and 

D 15413 (MG 256.6) were synthesized in the 
authors’ laboratory as previously described 
[lo, 12, 131. DES (MG 268.3), testosterone, 
testosterone propionate, progesterone and triamci- 
noline acetonide were purchased from Sigma, Ste- 
inheim, F.R.G. CPA was generously provided by 
Schering AG, Berlin, F.R.G. [2,4,6,7-“H]Estradiol 
(90-l 15 Ci/mmol), [17a-methyl-SH]methyltrien- 
olone (R 188 1, 70-87 Ci/mmol), and [ 17ol-methyl- 
3H]promegestone (R 5020, 70-87 Ci/mmol) were 
purchased from New England Nuclear, Dreieich, 
F.R.G. 

Growth inhibitory effect on accessory sex organ weights 
Mature male SD rats (180-200 g at the start of 

the test, age: 9-10 weeks) and mature male NMRI 
mice (23-25 g, age: 8-9 weeks), both from 
Ivanovas, Kissleg, F.R.G., were used [15-181. In 
the experiments with castrated rats or mice, animals 
were castrated via the scrotal route under ether 
anesthesia. The dose of testosterone propionate 
(TP) to restore accessory sex organ weights in 
castrated animals to intact levels was determined 
in previous experiments. According to these results, 
the dose was 0.1 mg TP for rats in 0.2 ml and 
0.3 mg TP for mice in 0.1 ml of olive oil. Intact 
and castrated rats and castrated mice were injected 
for 9 consecutive days, intact mice for 4 days. 
Twenty-four hours after the last injection, blood 
was drawn (intact animals) by cardiac puncture 
under ether anesthesia. Prostates and seminal ves- 
icles were removed, dissected free from adhering fat 
and tissue, blotted dry (prostates) or dried overnight 
at 100“ C (seminal vesicles) and weighed. The 
plasma of five rats (one sample/group) and of three 
mice (two samples/group) was pooled and assayed 
for testosterone level in duplicate. 

Testosterone radioimmunoassay 
Testosterone was assayed in plasma after centri- 

fugation using a direct double antibody radioimmu- 
noassay kit purchased from DRG, Marburg, F.R.G. 

Estrogenic activity 
The uterotrophic activity was determined in the 

immature mouse uterine weight test [ 10, 19, 201. 

Androgen-dependent R 3327 prostate carcinoma 
Male Copenhagen X Fisher F, rats bearing the 

androgen-dependent R 3327 Dunning rat adenocar- 
cinema were kindly provided by Dr. N. Altman, 
Papanicolaou Cancer Research Institute, Miami, 
U.S.A. [6, 211. S cvcnty to 73 days after tumor 
implantation, they were randomly distributed into 
groups of seven to eight rats (average tumor area/ 
rat = 51.8 +- 6.7 mm’). Rats were injected with 
the test compounds dissolved in olive oil three times 
a week s.c., castration was performed on day 1 of 
treatment. Tumor area was determined weekly by 
calculating the product of caliper measurements 
made in two perpendicular diameters. At the end 
of therapy, blood was drawn by cardiac puncture 
under ether anesthesia. Tumors, seminal vesicles 
and prostates were removed and dissected free from 
adhering tissue and fat. Plasma of each animal 
was assayed individually for testosterone level in 
duplicate. 

PC 82 and PC EW human prostatic carcinoma in nude 
mice 

Male nude mice of BALB/c origin were trans- 
planted with one 1 X 1 X 2 mm particle of PC 82 
or PC EW tumor at the age of 4-5 weeks. At the 
start of treatment, mice were randomly distributed 
into groups of six to eight animals (one tumor/mouse 
with a diameter of 4-6 mm) and injected with the 
test compound dissolved in olive oil S.C. daily for 20 
days. Tumor diameter was determined by calculat- 
ing the average caliper measurements made in two 
perpendicular diameters. 

Histology 
Paraffin-embedded sections of R 3327 tumors 

wcrc stained with hcmatoxylin and eosin and 
treated by the periodic acid Schiff staining method 
for histologic examination. 

Binding afjnities for steroid hormone receptors 
ER-affinities were determined with calf uterine 

cytosol and with cytosol of R 3327 prostatic tumor 
[6, 10, 11, 19, 201. The prostate cytosol of 24 hr 
castrated rats, R 3327 tumor cytosol and calfuterine 
cytosol were used as the source of AR [6, 22-261. 
PR-affinities were determined with calfuterinc cyto- 
sol [27]. Tissues were rinsed in ice-cold 0.9% NaCl 
solution, clcancd, minced and homogenized in 
1 vol. of the relevant buffer (10 mM Tris, 1.5 mM 
EDTA, 3 mM NaN3, pG 7.4 for ER, 10 mM Tris, 
1.5 mM EDTA, 20 mM Na,MoO_+, glycerol lo%, 
pH 7.4, for AR, 10 mM Tris, 1.5 mM EDTA, 
0.25 M sucrose, pH 7.4, for PR). The homogenate 
was centrifuged at 9000 g for 10 min, and the 
supcrnatant was centrifuged at 105,OOOg for 
90 min. Rclativc binding affinities (RBA) wcrc 
dctcrmincd by the dextran-coated charcoal (DCC) 
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method: 100 1.11 aliquots of the cytosols were incu- 

bated with 100 ~1 (1 nM) of [“Hlestradiol (ER), 
[:‘H]R 1881 (AR) or [“H]R 5020 and different 
concentrations of the test compounds O-4” C for 
16 hr (ER) or 2 hr (AR, PR). Non-specific radio- 

ligand binding was dctermincd by a parallel incu- 
bation containing 20 phi of cstradiol (ER). 

testosterone (AR) or progesterone (PR). After incu- 

bation, dcxtran-coated charcoal suspension 

(0.625% dcxtran 80.000, 1.25% Norit A in the 
relevant buffer) was added for 90 min (ER) or 
10 min (AR, PR) at O-4” C. After centrifugation 
for 10 min at 800 g, the radioactivity of a 200 ~1 

supernatant aliquot was counted. The percentage of 
bound radioligand was plotted against the concen- 
tration of unlabeled test compounds. A standard 
curve for unlabeled rstradiol. testosterone or pro- 
gesterone was included in each assay. Four to six 
concentrations ofcach competitor wcrc tested. They 

were chosen to provide a linear portion on a scmilog 
plot crossing the point of 50% competition. From 
this plot, the molar concentrations of unlabeled 

standards and of test compounds reducing radioli- 
gand binding by 50% were dctcrmincd. ,4s the 
preparation of a sufficient amount of prostate cyto- 
sol requires too many animals, we have developed 
an assay with calfutcrinc cytosol. The RBA values of- 
dihydrotestostcrone, tcstostcrone and progesterone 
wcrc very similar in calf uterine and in rat prostate 
cytosol (data not shown). 

Statistics 
The significance of the difference between two 

means was cvaluatcd on the basis of the u-test 
according to Wilcoxon, Mann and Whitney. 

RESULTS 

Growth inhibitory effect on accessory sex organ weight 
D 16726 and D 15413, administered in equi- 

molar doses to DES, had a strong and highly 

significant effect on prostate and seminal vesicle 
weight of the intact mature rat which was identical 
to that of DES and only slightly lower than that of 
castration at all doses used (Table 1). In the 100 kg 
dose, the testosterone levels of the D 16726 and 
DES treated animals were below the detection limit 
of the applied RIA. 

The 2-phcnylindoles as well as DES also exerted 
a strong, dose-dependent and significant inhibitory 
activity on the seminal vesicle weight and on testost- 
erone levels of the intact, mature mouse (Table 2). 
In the 100 kg dose, D 16726 and D 15413 were 
only slightly less inhibiting than DES. Lowering the 
dose to 10 pg led to a superiority of DES compared 
to D 16726. However, the effect of 13.3 pg of D 
16726 is comparable to a 1 kg dose of DES. 

Estrogenic activiQ 
The inhibitory activity of compounds like DES 

on accessory sex organs of intact animals is thought 
to be mainly cxcrtcd indirectly via pituitary by 
suppressing the LH-release due to their cstrogcnic 

potcncics [2, 31. Thcrcforc, we have dctcrmincd the 

cstrogcnic activity of DES, D 16726 and D 15413 
in the immature mouse utcrinc wright test 

[ 10, 19, 201. Compared to the strong cstrogcn DES. 
D 16726 and D 15413 have only vcr)’ low utcro- 
trophic properties (Table 3). D 16726 and 1) 1.5413 
reach the cstrogcnic cffcct cxcrtrd by DES at the 
0.1 p,g dose only at a dose of 625 or 25 l.rg. rcspcct- 

ivcly. Thus, the utcrotrophic potcncv of D 16726 is 
more than 5000 times and that of D 15413 is about 
250 times lower than that of DES. ~1s the inhibitory 

potency on accessory sex organs of I> 15413 is 

nearly identical and that of I> 16726 is about one 

tenth lower than that of DES (Table 2). thcrc is no 
direct correlation bctwcen the inhibitory activity on 

prostate and seminal vcsiclc growth of‘ thcsc 2- 
phcnylindolcs and their cstrogcnic potency. 

Prostatic tumor inhibiting eJ&-ts 
The tumor inhibiting cff‘cct was tcstcd on the 

hormone-dcpcndcnt R 3327 Dunning prostatic 
tumor of the rat [6, 211. ;411 treatment modalities 
led to a strong and highly significant decrease in 

tumor growth (Table 4). .At the 16 mg/kg dose, D 
16726 cxertcd the best tumor inhibiting activity of 

all groups. The antitumor cffcct of 16 mg/kg of D 
15413 was comparable to that of 2 mg/kg of DES 
(Table 4). The marked body weight loss under 
therapy with DES and thr phcnylindolcs was sur- 

prising, as WC have not found any significant weight 
loss in mammary tumor cspcrimcnts with female 
rats and mice. That is why this weight loss is 

not due to toxic, but to certain cndocrinc effects. 
Thcreforc, in a further cxpcrimcnt (data not shown), 
the dose of D 16726 was lowered to 3 X 4 mg/kg/ 
week. ‘fhc inhibiting cffcct of 1) 16726 on tumor 
arca (?&T/C = 4) was still at lcast as pronounced 

as in the castration group (%‘I’/(: = 10). whcrcas 
the body weight loss comparrd to the control was 
lower (-16%) after 8 weeks of therapy. ‘I’hc %T/C 

values determined by the tumor wright at the end 
of therapy correspond very well to those of the final 
tumor area. In all treatment groups, prostate and 
seminal vesicle weights were strongly rrduccd. The 
greatest decrease was dctcrmincd in the castration 
group (Table 4). The tcstosteronr lcvcls wcrc also 
diminished below the dctcction lrvcl. 

‘The tumor-inhibiting cfTect of D 16726 was 
further tested in the human prostatic carcinomas 
PC 82 and PC EM: implanted in nude mice [28-301. 
At a dose of 6 X 4 mg/kg/wcck, D 16726 led to a 
strong decrease in tumor growth after 20 days of 
therapy in thr PC 82 model (Fig. 2). The effect of 
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Table 1. Inhibitory effect of D 16726, D 15413 and DES on the seminal vesicle and prostate weight and on the testosterone plasma level 
of the intact mature rat* 

Group 
Doset 

(mg) 

Mean Relative 
prostate prostate 

(mg) weight: 

Mean 
seminal 

vesicle 

(mg) 

Mean 
relative 
seminal 
vesicle 
weight: 

Final 
Testosterone body 
plasma level weight 

(ng/ml) (g) 

Control 
Castrated9 
D 16726 

D 15413 

DES 

Control 
D 16726 
D 15413 
DES 
CPA 

Control 
Castrated5 
CPA 

156 

3111 
6.5 42ll 
1.3 5811 
6.5 4111 
1.3 4711 
1.0 6311 

159 
0.13 4811 
0.13 6411 
0.10 4011 
1.0 107 

199 
32 

5.0 81 
10.0 77 

56.0 k 10.8 101 
10.9 t 1.61) 2711 
20.3 f 4.411 2811 
24.8 f 4.511 3511 
17.0 2 2.411 3011 
19.5 + 4.411 3511 
27.2 + 2.911 3411 

65.8 2 3.0 
21.2 _’ 16.01/ 
26.3 t 13.611 
21.7 f 8.411 
47.7 f 15.8 

75 

’ 711 
3211 
2111 
55 

71.6 + 12.4 81 
12.3 f 2.411 1611 
331 2 0.611 2811 
35.4 ‘- 7.811 1811 

36.2 k 6.9 279 f 6 
9.4 _’ 1.711 282 f 15 

13.6 k 2.111 ND 207 2 6 
15.0 f 2.511 236 + 21 
12.6 2 1.911 240 k 16 
14.5 * 1.611 238 f 16 
14.6 5 9.011 234 + 17 

31.3 2 6.0 1.6 242 2 12 
7.3 t 7.011 < 0.1 230 2 6 

12.9 + 12.211 0.4 245 f 7 
11.1 k 3.011 < 0.1 1882 6 
24.5 f 9.6 1.2 225 2 5 

29.3 f 1.9 1.7 277 k 9 
6.1 + I.511 < 0.1 260 + 10 

11.4 2 2.5/j 0.6 244 rt 17 
8.1 2 1.411 0.6 219 2 9 

*Compounds were administered daily for 9 days S.C. (five rats/group). Organs were removed at day 10. 
tDose per animal and day; doses of D 16726 and D 15413 are equimilar to DES. 
iRelative organ weight = organ wt (mg)/body wt (g) X 100. Mean + S.D. 
SCastrated on day 1 of treatment. 
IlSignificant (P < 0.01). 
ND = not determined. 

Table 2. Inhibitory effect of D 16726, D 15413 and DES on the seminal vesicle weight and on 
the testosterone plasma level of the intact mature mouse* 

Group 
Doset 

kg) 

Mean 
seminal 
vesicle 
weight 

(mg) 

Relative 
seminal 
vesicle 
weight: 

Testosterone Final body 
plasma level weight 

(ng/mU (g) 

Control 
D 16726 

D 15413 

DES 

Control 
D 16726 
D 15413 
DES 

33 114.0 f 12.7 
1310 lO§ 36.4 k lO.l§ 
131 15§ 53.4 + 4.95 
1330 lO§ 35.6 + 6.1$ 
133 17§ 59.2 t 7.05 
100 ll§ 38.4 2 8.85 

26 90.7 * 9.7 
13.1 15§ 55.4 f 14.18 
13.3 12§ 43.0 2 6.28 
10.0 99 30.3 2 7.75 
1.0 15§ 49.2 f 6.05 

4.3 
0.3 
0.6 
0.1 
0.4 
0.6 

4.0 
1.6 
0.9 
1.0 
2.2 

28.6 f 1.4 
27.5 +- 1.5 
28.6 -+ 1.5 
27.4 ? 1.3 
29.3 t 1.1 
27.8 + 1.4 

29.3 + 3.5 
27.7 t 2.9 
28.3 2 1.5 
31.7 2 3.7 
29.7 k 3.9 

*Compounds were administered daily for 4 days S.C. (six to seven mice/group). Organs were 
removed at day 5. 
tDose per animal and day; doses of D 16726 and D 15413 are equimilar to DES. 
$Relative seminal vesicle weight = organ wt (mg)/body wt (g) X 100. Mean * S.D. 
§Significant (P < 0.01). 

D 16726 was even slightly better than that of 
castration. In the PC EW model, the antitumor 
activity of D 16726 was similar to that in the PC 

82 tumor and comparable to that ofcastration (data 
not shown). 
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Solvent 

D 15413 

D 16726 1 16.4 + 3.6 
3 19.6 ? 1.7 

25 21.0 ? 1.7 
125 30.5 + 6.5 
625 41.6 + 7.9 

16.3 2 3.9 

1 21.5 2 3.9 
5 22.2 ? 2.4 

25 45.8 * 7.6 
125 40.6 + 1.5 

19.3 2 3.1 

0.01 15.9 ? 3.5 
0.04 29.5 2 5.2 
0.1 44.9 -r- 5.4 
0.1 49.8 4 7.0 
1.0 53.9 + 8.2 

Solvent - 12.5 + 3.5 

S&rent 

DES 

Table 3. Estrogenic activity of D 16726, D 1543 and DES in 
the immature mouse uterine weight test* 

I~osrt Estrogenic 

GOup (I-G?) activity: 

*Compounds were administerrd on 3 consccutivr days s.c. 
(seven mice/group). Uteri were removed at day 4. 
tDosr per animal and day. 
ZEstrogenic activity = uterine dry wt (mg)/hody wt (g) X 100. 
Mean 2 S.D. 

Histology of the R 3327 prostatic tumor 
All tumors of the control animals showed a con- 

sistently similar histological structure, which was 
identical to that described [Zl]. Castration led 
to significant changes in tumor morphology. A 
considerable increase in stroma, but especially in 
the amount of collagen fibers, was seen (Fig. 3). 
The size of glandular acini was generally reduced. 
The epithelial height and secretory activity of the 
acini were diminished. Application of DES caused 

% CHANGE OF 
TUMOR DIAMETER 

I T 

a complete change in tumor structure. Acini of 
Lfarious sizes and shapes wcrc separated by broad 
strands of edematous stroma. The epithclial height 
of the acini was significantly reduced and quite 
frequently a squamous mctaplasia of the rpithelium 
was observed. In many acini distinct \.acuolation of 
the supranuclcar cytoplasm was also seen as a result 

of lipid storage. Treatment with D 16726 resulted 
in severe damage of the tumor tissue. Glandular 
acini showed a wide variation in sizr and shape. 
Many were filled by a homogeneous cosinophilic 
mass probably due to degenerating cpithelial cells. 
The glandular cpithclium was highly vacuolated 
and showed a pronounced dcgcneration. The 
chromatin of stromal nuclei also appeared highly 
consensed and signs of necrosis could br frequently 
observed in the stromal cells. 

Table 4. Effect of D 16726, D 15413, DES and castration on growth of the R 3327 D unning prostate c.arcinornn on prostate, reminal 
vesicle and body weight, and on testosterone level 

Srminal Final 
vesicle Prostate hod) 

Dose Tumor wt* (g) %T/ Tumor area* \vri+t** weight** ‘l‘cstostcronc u-cightg 

(mg/kg) median (range) C* (mm’) %T/C (mr) (mgi Ic\~rl* I ngiml) (g) 

Control 4.35 (1.61-13.80) 100 647 2 100 100 LOO ? 83 $68 + 81 2.6 + I.2 3.50 t 24 
D 16726 8.0 0.74 (0.1 I-3.03) 1711 1102 59 17/l ilk 611 33 2 811 <O.lI~ 265 2 2011 

16.0 0.47 (0.14-4.68) 1111 83 5 89 1311 69 2 1211 ‘0 5 IO/l <O.ljI 250 f 3111 
D 15413 16.0 0.88 (0.05-4.14) 2011 138 t 84 2111 79 4 1811 33 * lOI/ <Cl. II! 280 2 1711 

DES 2.0 0.68 (0.00-5.78) 1611 1122 73 1711 63 ? 8/l 17 c II/l <(I.11 258 2 2911 

1611 
Castration 0.69 (0.06-3.1) 1 84 ? 59 1311 50 + 1011 12 -C 5// <(I. II/ 335 ‘- 1511 

Compounds were administered three times weekly for 6 weeks s.c. (eight to nine rats/group; two tumors/rat1 
*Determined after 6 weeks of therapy. %TC = value oftreatment group/control group X 100. 
tDry wt. 
:Wet wt. 
§Body wt minus tumor wt. 
J/Significant (P < 0.0 1). 
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Table 5. Antiandrogenir effect of D 16726, D 15413, DES and and CPA on the seminal vesicle and prostate 
weight of the 5 day castrated, TP-stimulated mature rat* 

Group 

Mean 
Mean seminal Relative Final 

prostate Relative vesicle seminal body 
TPT Dose: weight prostate weight vesicle wright 
(mg) (mg) (mg) weight@ (mg) weight4 (g) 

Standard 0.1 - 106 41.0 r 1.4 58 22.5 k 1.6 261k 4 
Castrated 17 7.1 -+ 0.5 15 6.4 + 0.6 240 2 9 
D 16726 0.1 1.0 101 45.2 * 2.4 63 28.4 2 2.8 223 f 4 
D 15413 0.1 1.0 101 43.5 * 0.5 48 20.7 C 1.6 233 2 8 
Intact control - - 119 44.3 f 4.8 76 28.1 ” 4.0 270 + 7 

Standard 0.1 - 146 44.5 + 10.0 132 40.0 a? 8.5 330 2 17 
Castrated 27 9.1 t 0.5 24 7.8 2 1.2 301 k 14 
DES 0.1 1.0 116 49.3 2 5.6 101 42.6 + 1.7 238 f 19 
CPA 0.1 1.0 5811 17.1 2 3.811 3811 12.8 2 2.711 292 2 15 

*Compounds were administered daily for 9 days S.C. (five rats/group). Organs were removed at day 10. 
tTP = testosterone propionate (dose: 0.1 mg/animal/day s.c.). 
:Dose per animal and day. 
§Relative = organ wt (mg)/body wt (g) X 100. Mean f SD. 
I/Significant (P < 0.01) 

Antiandrogenic effect 

The determination of the antiandrogenic effect in 
castrated, testosterone-substituted animals offers 
the possibility of detecting a direct antagonistic 
activity at the target level. In our tests, cyproterone 
acetate (CPA) exerted a strong inhibiting effect on 
prostate and seminal vesicle weight, whereas the 
estrogen DES and the 2-phenylindoles D 16726 
and D 15413 had no effect (Table 5). 

As differences in antiandrogenic activity of estro- 
gens between rats and mice have been described 
[31], we tested the phenyindolcs also in castrated, 
mature, testosterone-substituted mice. Similar to 
the assay in rats, CPA exerted a strong inhibiting 
effect on seminal vesicle growth. Unexpectedly, 
DES as well as D 16726 and D 15413 exhibited a 
certain, but still significant antiandrogenic effect 
(Table 6). However, this effect was less pronounced 
than that of CPA and almost disappeared at low 
doses which were comparable to the effective doses 
used in intact mice. 

Afjnities for steroid hormone receptors 
D 16726, its hydroxy-substituted analog D 

15414, D 15413 (Fig. 1) as well as DES did not 
show any affinity for AR from castrated rat prostate, 
calf uterine or R 3327 prostatic tumor cytosol, 
whereas CPA had affinities in all three cytosol 
preparations (Table 7). 

The 2-phenylindoles exerted good affinities for 
ER from calf uterine as well as R 3327 tumor 
cytosol. The hydroxy-substituted compound D 

15414 had a higher RBA value than its acctoxy- 
substituted analog D 16726 and the chlorinated 
compound D 15413 (Table 7). In contrast to CPA, 
the 2-phenylindoles had only low (D 153413) or 
nearly no affinity (D 16726, D 15414) to PR (Table 
7). Therefore, a progestomimetic activity of these 
compounds is unlikely. 

DISCUSSION 
The results shown above clearly demonstrate that 

compounds like D 16726 and D 15413 with only 
low estrogenic properties can exert strong inhibitory 
effects on the growth of the accessory sex organs of 
rats and mice to nearly the same extent as did the 
potent estrogen DES (Table 1, 2). Therefore, partial 
antiestrogens can exert androgen depriving effects 
similar to estrogens. This offers the possibility of 
using such antiestrogens, which may have lower 
side effects than DES, for the treatment of the 
prostatic carcinoma. In the R 3327 prostatic tumor 
model, D 16726 and D 15413 inhibited the tumor 
growth in a 4,8 or 16 mg/kg dose to the same extent 
as did a 2 mg/kg dose of DES or castration (Table 
4). These results were confirmed for D I6726 in 
two human, hormone-dependent prostatic tumors 
implanted in nude mice (Fig. 2). 

The mechanism of the growth inhibiting effect on 
accessory sex glands and experimental prostate 
tumors of these 2-phenylindoles is not yet exactly 
known. D 16726 and D 15413 reduced the testost- 
crone levels in intact rats and mice as much as did 
DES (Table 1, 2). Therefore, a major part of their 



Prostate Tumor Inhibitory Phenylindoles I(/11 







1014 M.R. Schneider et al. 

be partially mediated through ER [6]. However, ment differs from that after D 16726 treatment 
there can be also other direct effects not involving suggesting certain differences in the mode of the 
the ER of these compounds on prostate tumors. action of these compounds. 
In a clonogenic assay with the R 3327 tumor, 
estrogens had a dose-dependent effect on colony 

In conclusion, it can be stated that antiestrogens 

formation in u&o [32]. The difference in tumor 
with only low estrogenic side-effects might offer 
a suitable alternative to conventional hormonal 

histology at the end of the R 3327 experiment 
(Fig. 3) between castration and the administration 
of DES or D 16726 is a further hint that the action 
of estrogens or antiestrogens on tumor reduction is 

not only caused by a deprivation of androgens. 
Moreover, the histological picture after DES treat- 

treatment of the prostatic carcinoma. 
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