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Sammary--19-Mercaptoandrost-4-ene-3,17-dione (ORG 30365) has been reported to be both 
a competitive and irreversible inhibitor of aromatase. In comparison to the known aromatase 
inhibitors 4-hydroxy-androst-4-ene-3,17-dione (4OH-AD) and l-methyl-l,4-androstadiene- 
3,17-dione (SH 489), ORG 30365 was found to be, respectively, about 16 and 8 times more 
active in vitro using human placental microsomes. Although the activity profile of ORG 30365 
is very attractive, this compound was not selected for further development because it has 
limited pharmaceutical stability, which is probably due to its free --SH group and therefore 
a number of more stable dithio-derivatives of ORG 30365 have been synthesized. These 
derivatives are considered to be converted to ORG 30365 before they become active. The in 
rico aromatase inhibiting activity of these derivatives was determined in hypophysectomized 
rats treated with the estrogen precursor dehydroepiandrosterone sulphate (DHEAS) using 
inhibition of cornification of vaginal epithelium as parameter. The 19-(ethyldithio)-derivative 
(ORG 30958) appeared to be the most active inhibitor in this series being twice as active as 
ORG 30365 and about 8 times as active as inhibitors like 4OH-AD and SH 489. Besides 
inhibition of cornification of vaginal epithelium ORG 30958 decreased ovarian aromatase and 
plasma E2 levels in DHEAS-treated hypophysectomized rats. Plasma estradiol levels were also 
lowered by ORG 30958 in dogs which were treated with pregnant mare serum gonadotrophin 
in order to induce pro-estrus. ORG 30958 displayed much less than 1/400th of the androgenic 
activity of testosterone propionate in immature castrated rats and appeared to be devoid of 
estrogenic and anti-estrogenic activity in ovariectomized mature rats. A twice daily dose of 
1.5 mg ORG 30958/kg postponed ovulation in mature female rats. 

In conclusion: ORG 30958 is a potent aromatase inhibitor in vivo. It probably becomes 
active after cleavage of the - -S- -S- -  bond yielding ORG 30365 a potent irreversible 
aromatase inhibitor. ORG 30958 does not display other hormonal activities making it an 
attractive candidate for the treatment of estrogen-dependent diseases. 

INTRODUCTION 

Aromatase, an enzyme complex involving a 
cytochrome P-450 and an NADPH--cytochrome 
c reductase, catalyzes the conversion of andro- 
stenedione and testosterone to estrone and estra- 
diol, respectively [1, 2]. Besides its physiological 
role, estradiol plays a negative role in some 
pathophysiological states such as breast cancer 
[3]. For  this reason inhibition of estrogen pro- 
duction is considered to be of  therapeutic value. 
For  many years the methods for curbing estrogen 
production was surgical ablation of  ovaries, 
pituitary gland or adrenals. However, a part of 

*To whom correspondence should be addressed. 

the estrogen synthetic capacity remained since 
aromatase is an ubiquitous enzyme system [2]. 
Alternatively estrogen levels can be lowered by 
inhibiting the aromatase by specific inhibitors 
and by this approach the peripheral estrogen 
production also may be blocked. The first 
clinically useful aromatase inhibitor amino- 
glutethimide appeared to be a non-specific cyto- 
chrome P-450 inhibitor affecting aromatase 
among many other  enzymes [5, 6]. Because of  
this non-specific action of  aminoglutethimide 
more specific aromatase inhibitors were sought. 
Nowadays a considerable number of  more 
specific steroidal[7-11] and non-steroidal in- 
hibitors [12, 13] have been synthesized. Clinical 
efficacy in lowering estrogen levels has been 
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Compound R Additional 
substituents 

ORG 30365 -CH2-SH 
ORG 30958 -CH2-S-S-C2H 5 
40H-AD -CH 3 4-OH 
SH 489 -CH 3 A 1,1-methyl 

Fig. 1~ Chemical structures of ORG 30365, ORG 30958 and 
reference compounds. 

proven for some of them: including 4OH-AD 
[15] (Fig. 1) and the non-steroidal compound 
CGS 16949A [13]. 

Steroidal inhibitors may have some advan- 
tages above non-steroidal compounds, because 
of their competition with the natural substrate 
and their specificity. Non-steroidal inhibitors, 
which act by interference with the cytochrome 
P-450 moiety of the enzyme, may interfere 
with other cytochrome P-450 enzymes. This has 
recently been reported for CGS 16949 [14]. The 
steroidal inhibitor 4OH-AD has to be given in 
relatively large amounts (50 mg/i.m./wk, 250 mg/ 
i.m./every 2wk or 500mg/o.r./day) before it 
becomes effective. Its major side effect was local 
irritation at the injection site due to the admin- 
istration of these large quantities. Therefore 
more potent steroidal inhibitors are desirable. 
On the basis of the mechanism of aromatization 
it could be expected that substitution at C-19 of 
the natural substrate androst-4-ene-3,17-dione 
would yield interesting aromatase inhibitors. 

Aromatase inhibiting activity of such com- 
pounds has been described [16-19], among them 
19-mercapto-androst-4-ene-3,17-dione (ORG 
30365) (Fig. 1), which was reported to be a 
potent irreversible inhibitor [18, 22]. However, 
ORG 30365 was not selected for further develop- 
ment because it has limited pharmaceutical 
stability which is probably due to its free --SH 
group. A number of dithio-derivatives have 
therefore been synthesized which are considered 
to be converted to ORG 30365 before they be- 
come active. In the present study the aromatase 
inhibiting activity of these dithio-derivatives of 
ORG 30365 was determined in the hypophysec- 
tomized mature female rat model. The finally 
selected 19-ethyl-dithio-derivative (ORG 30958, 
Fig. 1) was further tested in two species (rats 
and dogs). The endocrinological profile of ORG 
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30958 (i.e. androgenic, estrogenic, anti-estrogenic 
and anti-gonadotrophic, activity) was also 
assessed. In addition the in vitro aromatase 
inhibiting activity of ORG 30365, the active 
metabolite of ORG 30958, was determined and 
compared with that of reference compounds. 

EXPERIMENTAL 

Animals 

Hsd/Cpb:ORGA rats were obtained from 
Harlan Sprague Dawley/Central Institute for the 
Breeding of Laboratory Animals of the Dutch 
Organization for Applied Scientific Research 
(HSD/Cpb), Zeist, The Netherlands. The rats 
were housed in light- and temperature-controlled 
rooms (14 h light-10 h dark; 21-23 or 25-26°C). 
Tap water and pelleted food (RMH-B, Hope 
Farms, Linschoten, The Netherlands) were 
given ad libitum. Pure-bred female Beagle dogs 
with a proven estrous cycle were supplied by 
CERM, Riom, France. The dogs were housed 
individually in kennels with central heating and 
with an outdoor run. They were fed daily with 
300 g pelleted food (BD-1) supplied by Hope 
Farms, Linschoten, The Netherlands. Tap water 
was given ad libitum. 

Reagents 

Nicotinamide adenosine dinucleotide phos- 
phate (NADP), glucose-6-phosphate (G-6-P) and 
glucose-6-phosphate dehydrogenase (G-6-P-DH) 
were purchased from Boehringer, Mannheim, 
F.R.G. [1/~-3H]Androst-4-ene-3,17-dione ([1/~- 
3H]AD) (NET 926) was supplied by New Eng- 
land Nuclear, Boston, Mass, U.S.A. Charcoal 
and Giemsa solution were delivered by Merck, 
Darmstadt, F.R.G. Dextran T70 and Sephadex 
LH20 were purchased from Pharmacia, Uppsala, 
Sweden. Pregnant mare serum gonadotrophin 
(PMSG) was supplied by Intervet, Boxmeer, 
The Netherlands. Bovine serum albumin (BSA) 
was obtained from Sigma Chemical Company, 
U.S.A. 

Steroids 

Dehydroepiandrosterone-3-sodium sulphate 
(DHEAS), estradiol-17/~ (E2) and testosterone 
propionate (Tep) were supplied by Organon 
Int. BV, Oss, The Netherlands. All aromatase 
inhibitors were synthesized by the Organic 
Chemistry Research and Development Labs, 
Organon Scientific Development Group, Oss, 
The Netherlands. The chemical structures are 
given in Figs 1 and 2. 



ORG 30958, a novel aromatase inhibitor 183 

Control (only DHEAS) 

-CH 3 

-C2H 5 

-C3H 7 

-C4H 9 

-C5H 11 

© 
CO 

-C(CH3) 3 

Percentage of inhibition 

0 25 50 75 

I 

! 

1 

1 

! 

I 

100 

Dose: 0.5 mg/kg/s.c. 

Fig. 2. Effect of various 19-dithio-derivatives of ORG 30365 
on cornification of vaginal epithelium in Hypex rats treated 
with DHEAS (16mg/kg/or). The derivatives were tested 
at a dose level of 0.5 mg/kg/s.c. The effects are given as 
a percentage inhibition of the control activity (without 

inhibitor). 

Determination of aromatase inhibition in hypo- 
physectomized (Hypex) mature female rats 

The test was carried out as described by 
Deckers and Schuurs [21]. Briefly, mature female 
rats weighing 200-250 g were hypophysectom- 
ized. Seven days later the rats received an 
aqueous suspension of dehydroepiandrosterone 
sulphate (DHEAS) by gavage daily for 4 days at 
a dose level of 16 mg/kg. The suspension fluid 
was an aqueous solution of gelatine (5 mg/ml) 
and mannitol (50 mg/ml) (gel/man). The aroma- 
tase inhibitors were given subcutaneously (s.c.) 
as oily solutions immediately after DHEAS- 
treatment. Vaginal smears were taken, stained 
with Giemsa solution and evaluated daily for 6 
days after the onset of administration. Vaginal 
smears were considered to be positive if they 
contained more than 50% nucleated or cornified 
epithelial cells. The results are expressed as the 
percentage inhibition: total number of smears - 
number of positive smears vs the total number 
of smears ( x 100%). 

When serum E2 levels and ovarian aromatase 
activities were assessed in the experiments 
described above the rats were sacrificed under 
deep diethylether anaesthesia 2 h after the last 
treatment. Blood samples were collected from the 
abdominal aorta and ovaries dissected. Serum 
were prepared and stored at -20°C until deter- 
mination of E2 by radio-immunoassay (RIA). 
After weighing the ovaries were transferred 
to test tubes for determination of aromatase 

activity. The ovaries were minced with scissors. 
One millilitre of buffer (100mmol potassium 
phosphate and 5 mmol K3 EDTA/1, pH 7.4) was 
added to 5 mg of ovarian tissue. The tissue was 
homogenized with a Potter-Elvehjem at 0°C. 
The homogenate was centrifuged at 3000 N/kg 
for 10 rain at 0°C. One millilitre of supernatant 
was added to a test tube containing 0.219 nmol 
[lfl-3H]AD. An NADPH generating system in 
buffer was added and an incubation was per- 
formed for 1 h at 37°C. Incubation was termi- 
nated by placing the tubes on ice for 15 min and 
this was followed by an extraction with 5 ml 
chloroform. After phase separation by centrifu- 
gation, the aqueous phase was diluted with an 
equal volume of dextran coated charcoal suspen- 
sion containing 50 g charcoal and 5 g Dextran 
T70/I. Following centrifugation the 3H 20 con- 
tent was determined by liquid scintillation count- 
ing. The amount of 3H20 is a measure of the 
amount of estrogen produced. 

The effect of ORG 30958 on plasma E2 levels 
of mature Beagle dogs with PMSG-induced 
pro-estrus 

Anestrus mature female Beagle dogs with 
proven estrous cycle were treated s.c. with PMSG 
(20 U/kg) daily for 10 days at the most. During 
this treatment vaginal smears were taken daily 
and the dogs were examined for vulval swelling 
and vaginal hemorrhagic discharge. Vaginal 
smears were stained with Shor's trichrome stain. 
The appearance of erythrocytes in the vaginal 
smears was considered as the onset of pro-estrus. 

About 24 h after onset of pro-estrus the dogs 
were treated with a single s.c. dose of ORG 
30958 in an oily vehicle or the vehicle only. Blood 
was taken just before treatment and at various 
times after treatment. Blood samples were 
collected from the jugular vein using evacuated 
blood collecting tubes (Venoject) with K3 EDTA 
as anti-coagulant. Plasma was prepared by 
centrifugation of the blood by 15,000 N/kg dur- 
ing 10 rain at 4°C. Plasma was stored at -20°C 
until determination of E2 by RIA. In this model 
a compound is considered to be active if after its 
administration the initial fall of E2 level is 
followed by a rise of E2 level in order to exclude 
that the fall is due to the natural termination of 
pro-estrus. 

E2 determination by RIA 

The serum samples were submitted to extrac- 
tion with ethyl acetate and the extracts were 
subsequently evaporated to dryness. The E2- 

SB 3g/2--E 
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Table 1. Effect of ORG 30365, ORG 30958 and reference com- 
pounds on serum E 2 levels and ovarian aromatase activity in Hypex 
rats treated with DHEAS (16 mg/kg/or). Mean values ±SEM are 

given 

Daily Aromatase activity 
s.c. dose (pmol estrogens/ 

Compound (mg/kg) E 2 (pg/ml) mg protein/h) 

Untreated - -  14 ± 3.9 a ND 
Control - -  88 + 21.6 26.6 + 5.2 
ORG 30365 4 15 ± 3.0 ~ 6.7 + 2.3 ~ 
ORG 30958 1 19 + 2.8 a 12.8 ± 1.7 a 
4OH-AD 4 34 ± 9.2 a 4.6 ± 0.9 ~ 
SH 489 4 21 _ 4.7 ~ 20.4 ± 6.3 

'Statistically significant difference (P < 0.05) between treated group 
and control group. 

ND = not determined. 

Table 3. Effect of ORG 30958 and 4OH-AD on the weight of seminal 
vesicles (SV) and ventral prostate (VP) in castrated immature male 
rats. The test compounds were s.c. administered daily for 7 days 

Mean organ weights 
Number (mg ±SEM) 

Dose of 
Compound (mg/kg) rats SV VP 

Control - -  24 6.9 _+ 0.3 10.1 ± 0.7 
Tep 0.2 12 16.1 _+ 0.9 30.2 + 1.7 a 

0.8 12 46.5+2.1 63.4_ 2.8' 
ORG 30958 20 6 7.0 + 0.3 9.2 + 0.7 

80 6 7.4 + 0.2 12.8 + 2.0 
4OH-AD 20 6 7.5 + 0.4 34.4 + 3.3 a 

40 6 9.4 + 0.3 a 36.2 + 6.7 ~ 
80 6 13.4 _ 1.3 a 57.7 + 5.4 a 

aStatistically significant difference (P < 0.05) between treated group 
and control group. 

containing fraction in the dissolved residues 
was isolated by LH20 Sephadex column 
chromatography. E 2 was determined by RIA as 
described by de Jong et al. [23]. 

Anti-estrogenic activity on vaginal epithelium in 
ovariectomized mature rats 

The test was carried out according to van der 
Vies and de Visser [24]. In brief, 2 wk after 
ovariectomy mature rats weighing 230-375 g 
were treated s.c. with E 2 daily for l0 days at a 
dose level of 0.8/zg/kg. Immediately after E2 
treatment the aromatase inhibitors were admin- 
istered s.c. Doses are given in the tables. E 2 w a s  

dissolved in arachis oil and the test compounds 
were suspended in a gel/man solution. Vaginal 
smears were taken daily during the treatment 
period and the number of positive smears was 
determined as described above. 

Androgen activity of ORG 30958 and 40H-AD 
in castrated immature male rats 

The test was performed according to the 
procedure described by van der Vies and de 
Visser [24]. In brief, orchidectomized immature 
male rats weighing 55-65 g were treated s.c. with 
ORG 30958, testosterone propionate (Tep) or 
4-OH-andros-4-ene-3,17-dione daily for 7 days. 
ORG 30958 and Tep were dissolved in arachis 
oil whereas 4OH-AD was suspended in gel/man 
solution. Doses are given in Table 3. At autopsy 

Table 2. Effect of ORG 30958 and 4OH-AD on E2-induced cornifi- 
cation of vaginal epithelium in ovariectomized mature rats. The rats 
were s.c. treated with E 2 at a dose level of 0.8/~g/kg daily for 10 days 

immediately followed by administration of the test compound 

Percentage 

Compound 

E2 ± vehicle 
E 2 + ORG 30958 

E2 + 4OH-AD 

Daily s.c. Number positive 
dose (mg/kg) of rats smears 

- -  37 98 
2 8 97 
8 8 99 
2 8 97 
4 8 92 
8 8 67 

the animals were killed with C O  2 and the seminal 
vesicles and ventral prostate were dissected out 
and weighed. For statistical evaluation the 
analysis of variance was performed using the 
logarithms of the organ weights. 

Estrogenic activity on vaginal epithelium in 
ovariectomized mature rats 

The test was carried out according to van der 
Vies and de Visser [24]. In brief, 2 wk after 
ovariectomy mature rats weighing 230-375 g 
were primed with a single s.c. dose of E: (1 #g). 
Seven days after priming ORG 30958 was 
administered s.c. for 2 days at a dose level of 
4 mg/kg. E 2 was dissolved in arachis oil and 
ORG 30958 was suspended in a gel/man solu- 
tion. Vaginal smears were taken daily during the 
treatment period and the number of positive 
smears was determined as described above. 

Ovulation inhibition of O RG 30958 and 40 H-AD 
in mature rats 

The experiment was done as described by van 
der Vies and de Visser [24]. Mature female rats 
with a regular 4-day estrus cycle and weighing 
265-400 g were used. A twice-daily s.c. treatment 
of the animals with the aromatase inhibitors was 
started at estrus and lasted 5 days. Doses are 
given in the table. ORG 30958 was given as a 
solution in arachis oil and 4OH-AD as a suspen- 
sion in gel/man solution. On the morning of day 
6 the animals were killed with COs and the 
oviducts were dissected out and macroscopically 
examined for the absence or presence of ova 
(with or without granulosa cells). 

Preparation of human placental microsomes 

A freshly delivered human placenta was 
obtained from the local hospital. After washing 
with ice-cold 0.15 reel/1 KC1 solution the tissue 
was dissected free of adhering membranes and 
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large blood vessels. To each gram of tissue I ml 
of ice-cold 0.25 mol/l sucrose solution was added. 
The tissue was homogenized first with a Waring 
Blender and then with an Ultra Turrax, both 
carried out at 0°C. Microsomes were isolated by 
differential centrifugation as described by Ryan 
[20], resuspended in distilled water, lyophilized 
and stored at -20°C until use. 

Aromatase inhibition in vitro 

Inhibitors dissolved in ethanol were added to 
human microsomes suspended in assay buffer 
(composition: 10mmol potassium phosphate, 
100mmol KC1 and 1 mmol K 3 EDTA/1, pH 
7.4). Final ethanol concentration was 0.5% (v/v). 
Microsomal protein content was determined by 
the Lowry method using bovine serum albumin 
as a standard [21] and was 0.13 g/1. 

After mixing, these suspensions were added to 
tubes containing a fixed amount of [I~-3H]AD. 
After a pre-incubation period of 5 min at 37°C 
an NADPH generating system dissolved in assay 
buffer was added to each tube. The final concen- 
trations of the generating system in the incubate 
were 2.5 mmol/1 NADP, 5 mmol/l G-6-P and 
525 U/I G-6-P-DH. Samples of 1 ml were incu- 
bated for 15 min at 37°C. The incubation was 
determinated by adding 5 ml of chloroform and 
mixing thoroughly. 

The 3H 20 content of the incubate was assessed 
as described above. 

RESULTS 

In vivo aromatase inhibition 

A number of stable dithio-derivatives of the 
potent inhibitor ORG 30365 were synthesized. 
The inhibiting effects of these derivatives on 
E2-induced cornification of vaginal epithelium 
in Hypex rats, caused by a daily oral treatment 
of 16 mg/kg of the estrogen precursor DHEAS, 
are given in Fig. 2. At a s.c. dose of 0.5 mg/kg 
the 19-ethyl-dithio-derivative (ORG 30958) 
decreased induction of cornification of vaginal 
epithelium by about 87%. Substitution of the 
ethyl-group by a methyl-, propyl- or longer 
alkyl-groups as well as introduction of branched 
or cyclic substitutes gave less pronounced inhibit- 
ing effects than ORG 30958. No clear correlation 
was observed between the length or width of 
the substituent and the extent of aromatase 
inhibition. Being the most potent inhibitor in 
the series, ORG 30958 was selected for further 
development. 

In order to estimate the inhibitory potency of 

Inhibition (%) 
100 

80. 

60- 

4o- 

2O- 

o.o 3 o.;25 o.ls 0:5 1:o 2'.0 4'.0 
Daily dose (mg/kg/s.c.) 

Fig. 3. Effect of ORG 30365, ORG 30958 and reference 
compounds on cornifieation of vaginal epithelium in Hypex 
rats treated with DHEAS (16mg/kg/or). The effects are 

given as a percentage inhibition of the control activity. 

ORG 30958 and ORG 30365, the assumed 
active metabolite of ORG 30958 vs the reference 
compounds 4OH-AD and SH 489 on vaginal 
cornification, various doses of these compounds 
were tested in Hypex female rats treated with 
DHEAS. Maximal aromatase inhibition (100%) 
is reached if none of the vaginal smears show 
cornification following administration of the 
inhibitor and DHEAS. From the log--dose curves 
in Fig. 3 a 50% inhibitory response was con- 
sidered to be achieved for ORG 30958, 4OH-AD 
and SH 489 at doses of about 0.125, 1 and 
1 mg/kg, respectively, whereas ORG 30365 dis- 
played a 65% response at 0.5 mg/kg, indicating 
clearly that ORG 30958 is the most potent 
inhibitor in this model. 

In a separate experiment the effects of the 
inhibitors on ovarian aromatase and plasma 

Effect (%) 
200-180. //)"'-" ~ ~ ' f  
160- /,/i / /  
140- /r .,d// / /  
120- / 
10C ~ -  

40-80"60" ~ r  OI 
-- ORG 30958 20" 

5 mglkgls.c. Hours after 
treatment 

Fig. 4. Effect of ORG 30958 on plasma E 2 levels in Beagle 
dogs with PMSG-induced pro-estrus. ORG 30958 was 
tested s.c. at a dose level of 5 mg/kg. The Fa values of 
individual dogs expressed as % of the E2 levels at T = 0. 
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Table 4. Effect of ORG 30958 and 4OH-AD on ovulation in mature 
rats. The test compounds were s.c. administered twice daily for 5 days 

Number of rats with ovulation 
Dose 

Compound (mg/kg) Normal Postponed Inhibited 

Controls - -  12 0 0 
ORG 30958 0.75 6 0 0 

1.5 2 4 0 
3.0 1 5 0 

4OH-AD 0.75 5 0 1 
1.5 0 6 0 
3.0 0 3 3 

E 2 levels were also studied at the end of the 
treatment period in this rat model. ORG 30958 
and ORG 30365 at a daily dose of 1 and 
4 mg/kg, respectively, prevented the DHEAS- 
stimulated rise in E2 levels. Table 1 shows that 
4OH-AD and SH 489 were about 4 times less 
potent than ORG 30958. In contrast to the SH 
489-treated group ovarian aromatase activity of 
the ORG 30958-, ORG 30365- and 4OH-AD- 
treated groups was significantly decreased in 
comparison to the control group, indicating that 
ORG 30958, ORG 30365 and 4-OH-AD act 
mainly as irreversible inhibitors whereas SH 489 
acts mainly as a competitive inhibitor. 

The aromatase inhibition of ORG 30958 was 
also determined in Beagle dogs with PMSG- 
induced pro-estrus. At a s.c. dose of 5 mg/kg 
ORG 30958 is active in all animals (Fig. 4). 

Endocrinological profile 

In order to assess whether ORG 30958 
possesses additional hormonal activities, its 
endocrinological profile was determined. 

Inhibition (%) 
100. 

60.~ 

40. 

0365 

f ¢ _7  • ~ - ~ o SH 489 

2;7 5;5 16.9 2'71.9 43.8 8:/.5 17'6 350 
Inhibitor (10-6M) 

Fig. 5. Comparison of  aromatase inhibition in human 
placental microsomes by ORG 30365 and reference com- 
pounds. The compounds were tested in the presence of 
3.5 x I0 - s M  [lfl-3H]androst-4-ene-3,17-dione and a 
NADPH generating system. Determinations were per- 
formed in triplicate. The amount of produced 3H20 is a 
measure for aromatase activity. The values are given as a 
percentage inhibition ( + S D )  of  control activity (without 

inhibitor). 

The anti-estrogenic activity of ORG 30958 
and 4OH-AD in rats is given in Table 2. At a 
daily dose of 8 mg/kg ORG 30958 did not dis- 
play any anti-estrogenic activity while 4OH-AD 
partially counteracted the E2-induced vaginal 
cornification. 

ORG 30958 at a daily dose of 80mg/kg 
induced a very weak but statistically significant 
increase in the weight of the ventral prostate 
compared to the weight in untreated animals 
(Table 3). Its androgenic activity is, however, 
considerably less than 1/400th of the activity of 
Tep. The androgenic activity of 4OH-AD, based 
on ventral prostate weight increase, is approx. 
1/100th of the activity of Tep. 

At a daily s.c. dose of 4 mg/kg ORG 30958 dis- 
played no estrogenic activity in ovariectomized 
rats. 

The effects of ORG 30958 and 4OH-AD on 
ovulation in mature rats as a test for an effect 
on the pituitary (central effect) are shown in 
Table 4. At both doses tested (1.5 and 3 mg/kg/ 
twice daily) ORG 30958 postponed ovulation 
in most animals. No inhibition of ovulation 
was seen. At a twice daily dose of 1.5 mg/kg, 
4OH-AD postponed ovulation in all animals; 
while at a 3 mg/kg dose it inhibited ovulation in 
50% of the rats. 

In vitro aromatase inhibition 

ORG 30958 itself appeared to be a very weak 
aromatase inhibitor in vitro as were several 
other dithio-derivatives. Since ORG 30365 is 
presumed to be the active metabolite of ORG 
30958, its in vitro aromatase inhibiting activity 
was compared with that of two reference 
compound, viz. 4OH-AD and SH 489, using 
human placental microsomes, a fixed amount of 
[lfl-3H]AD and an NADPH generating system. 
Figure 5 shows that the ICs0 values of ORG 
30365, SH489 and 4OH-AD were 9, 70 and 140 
× 10 -s mol, respectively, making ORG 30365 
about 8 and 16 times more active than SH 489 
and 4OH-AD, respectively. 

DISCUSSION 

The introduction of a thio function in the 
C-19 position of the natural substrate androst- 
4-ene-3,17-dione resulted in a compound (ORG 
30365), which we have been shown to be a potent 
aromatase inhibitor, both in vitro and in vivo 
[18, 22], without additional hormonal activity. 
In the Hypex rat model ORG 30365 lowered 
both plasma E 2 and ovarian aromatase levels, 
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indicating an irreversible inactivation of aroma- 
tase similarly to 4OH-AD (Table 1). This is in 
agreement with the reported irreversible inhibi- 
tory activity of ORG 30365 [17] and 4OH-AD 
[30]. SH 489 reduced the aromatase activity only 
partly which means that it is predominantly a 
competitive inhibitor, confirming the results of 
Henderson et al. [26]. In vitro ORG 30365 was 
about 16 and 8 times as active as the known 
aromatase inhibitors 4OH-AD [24] and SH 489 
[11], respectively, while in vivo in the Hypex rat 
model ORG 30365 was approx. 4 times as 
potent as these inhibitors. Although the activity 
profile of ORG 30365 was very attractive, this 
compound was not selected for further develop- 
ment because it has limited pharmaceutical 
stability which is probably due to its free - -SH 
group. Looking for derivatives, which can easily 
be converted in biological systems to ORG 
30365, compounds with an - - S - - S - -  bond were 
synthesized. Although these derivatives have 
very low intrinsic inhibiting activity in vitro they 
possess promising in vivo activity indicating a 
cleavage of the - - S - - S - -  bond. The 19- 
(ethyldithio)-derivative (ORG 30958) appeared 
to be the most active compound in this series 
being twice as active as ORG 30365 in the 
Hypex rat model when using cornification of 
vaginal epithelium as a response parameter. 
This increased activity of ORG 30958 compared 
to that of ORG 30365 can probably be ex- 
plained by a better or more prolonged avail- 
ability of the active compound in the target 
organs. 

ORG 30958 displays in the Hypex rat model 
about 8 times the activity of both reference 
inhibitors 4OH-AD and SH 489. The similar 
potencies of 4OH-AD and SH 489 as found in 
the Hypex rat model are in accordance with the 
indentical effects of these two inhibitors on the 
reduction of E2 levels in PMSG-treated juvenile 
rats [26] 

In order to demonstrate aromatase inhibitory 
activity of ORG 30958 in another species the 
compound was administered to female Beagle 
dogs. In dogs plasma E2 levels are very low 
during anestrus (<10pg/ml) but do increase 
rapidly during pro-estrus [27]. However, since it 
is rather impractical to use dogs with a natural 
pro-estrus which occurs only once or twice a 
year and whose onset of pro-estrus cannot be 
predicted because of considerable variations in 
the length of the estrus cycle [27], pro-estrus was 
induced in late-anestrus dogs by daily PMSG 
treatment. This induced pro-estrus is usually 

considerably shorter (3-5 days) than the natural 
pro-estrus period (8-10 days)[28] It was there- 
fore decided to test the aromatase inhibitor 24 h 
after the onset of the PMSG-induced pro-estrus. 
ORG 30958 reduced E 2 levels in all dogs treated, 
thus proving the efficacy of the inhibitor in this 
species. 

Additional intrinsic detrimental hormonal 
activities (i.e. estrogenic and androgenic) of aro- 
matase inhibitors must preferably be avoided. 
However, anti-hormonal activities may even be 
additive. ORG 30958 displayed no estrogenic 
and only very weak androgenic activity. Its 
androgenic activity was much less than 1/400th 
of the activity of Tep, whereas the androgenic 
activity of 4OH-AD was about 1/100th that of 
Tep. Androgenic activity of 4OH-AD has also 
been reported by Brodie et al. [29, 30]. 

ORG 30958 proved to be devoid of anti- 
estrogenic activity (Table 2) which indicates that 
the absence of cornification of vaginal epi- 
thelium in DHEAS-treated Hypex rats is in- 
duced by the inhibition of the biosynthesis of 
estrogens and not by an anti-estrogenic activity. 
4OH-AD appeared to have some anti-estrogenic 
activity which might be explained by its andro- 
genic activity, since androgens have been shown 
to antagonize the effects of estrogens[31-33]. 
Although ORG 30958 was 8 times as potent as 
4OH-AD with respect to the aromatase inhibit- 
ing activity, both ORG 30958 and 4OH-AD 
postponed ovulation in rats after a twice-daily 
s.c. dose of 1.5 mg/kg (Table 4). Doubling of the 
dose of 4OH-AD inhibited ovulation in 50% of 
the animals, whereas ORG 30958 did not show 
ovulation inhibition. This effect of 4OH-AD 
indicates a direct action of the compound on the 
pituitary-hypothalamus, which is in accordance 
with the results of Wing et al. in both normal 
cycling and ovariectomized rats [34]. 

In conclusion ORG 30958 is a potent aroma- 
tase inhibitor in vivo. It is very likely that it 
becomes active after cleavage of the --S--S---  
bond yielding ORG 30365 a known potent 
irreversible aromatase inhibitor. ORG 30958 
has very low androgenic and no estrogenic 
or anti-gonadotrophic activity, making it an 
attractive candidate for the treatment of 
estrogen-dependent diseases. 
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