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Surmnary--R76713 is a novel triazole derivative which selectively blocks the cytochrome 
P450-dependent aromatase. In human placental microsomes, in FSH-stimulated rat and 
human granulosa cells and in human adipose stromal cells, 50% inhibition of estradioi 
biosynthesis was obtained at drug concentrations of 2-10 nM. In PMSG-injected female rats, 
R76713 lowered plasma estradiol levels by 50 and 90% 2 h after single oral doses of 0.005 and 
0.05 mg/kg respectively. After 1 mg/kg, estradiol levels were suppressed by 90% for 16 h. In 
male cynomolgus monkeys, R76713 dose-dependently (0.03-10#g/kg) inhibited peripheral 
aromatization with an EDs0 of 0.13/zg/kg without altering metabolic clearance rates and 
conversion ratios. In vitro R76713 had no effect on other P450-dependent steroidogenic 
enzymes up to 1000 nM at least. In rats, LHRH-, ACTH- and sodium-deprived diet stimulated 
plasma testosterone, corticosterone and aldosterone levels were not modified 2 h after single 
oral administrations of R76713 (up to 20 mg/kg). Furthermore, R76713 did not show any 
in vitro or in vivo estrogenic or antiestrogenic property. R76713 also induced regression of 
DMBA-induced mammary tumors after daily oral administration of 1 mg/kg b.i.d. 

In male volunteers (n = 4), a single oral dose of 5 and 10 mg lowered median plasma 
estradiol levels from 70 pM to the detection limit of the assay (40 pM) 4, 8 and 24 h after intake 
whereas no changes were detected after placebo administration. In premenopausal women 
(n = 15), receiving a single oral dose of 20 mg, median plasma estradiol levels decreased from 
389 pM (before) to 168, 133 and 147 pM, 4, 8 and 24 h after intake whereas they remained 
above 420 pM after placebo (n = 7). 

INTRODUCTION 

Reducing the supply of  estrogens to cells is one 
of  the major  aims in the endocrine therapy 
of  breast cancer. In premenopausal  women, 
estrogens are mainly synthesized in the ovarian 
granulosa cells whereas, in postmenopausal  
women, the major  pathway of estrogen pro- 
duction is the conversion of  circulating andro- 
gens to estrogens mainly by peripheral adipose 
tissue [1]. The conversion of testosterone and 
androstenedione to estradiol and estrone, re- 
spectively, is mediated by aromatase,  an enzyme 
complex which involves a NADPH-cytochrome 
P450-reductase and a cytochrome P450. Inhi- 
bition of  aromatase can be achieved by steroidal 
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compounds which block the active site of  the 
enzyme without being converted into estrogens. 
One of the substrate analogues, 4-hydroxy- 
androstenedione, has been extensively studied 
and evaluated in clinical trials [2]. 

A second class of  aromatase inhibitors con- 
sists of  nitrogen heterocyclic derivatives which 
bind to the iron of the heme moiety and to the 
apoprotein of  the enzyme. For  example, amino- 
glutethimide, a piperidine derivative, blocks 
estrogen production in vitro [3] and inhibits the 
peripheral conversion of adrenal androgens 
to estrogens in postmenopausal  women[4]. 
Clinical studies have confirmed that amino- 
glutethimide causes response rates similar to 
adrenalectomy in women with breast cancer [5]. 
Recently, several new non-steroidal aromatase 
inhibitors have been described and some of  
these are currently under pharmacological 
and/or clinical evaluation [6-14]. Careful char- 
acterization of  their potency and specificity, 
particularly for adrenal steroid biosynthesis, 
and of their effects on steroid receptors are 
needed to provide a rationale for further devel- 
opment of  these drugs. 
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Fig. 1. Chemical s tructure of  R76713 (6-[(4-chloro- 
phenyl) (1H- 1,2,4-triazol- l-yl)methyl]- l -methyl-  1H-benzo- 

triazole). 

In this paper, we summarize the biochemical 
and preclinical data on a new potent and specific 
inhibitor of aromatase, R76713 (Fig. 1). 

IN  VITRO S T U D I E S  

Inhibition of arornatase activity 

The comparative effects of aminoglutethimide 
and R76713 on pFSH-stimulated estradiol 
and progesterone production were evaluated 
in primary cultures of rat granulosa cells [15]. 
Aminoglutethimide lowered estradiol pro- 
duction by 50% at a concentration of 3.9 + 2.8 
#tool/1 (mean + SD of 3 experiments in tripli- 
cate) and reduced progesterone production by 
22% at 10/~mol/1. R76713 is about 1300-fold 
more potent in blocking estradiol production 
with an ICs0 of 3.0 + 0.2 nmol/l (mean + SD of 
4 experiments in triplicate) whilst progesterone 
biosynthesis was not affected at all up to a drug 
concentration of 10pmol/1. Very similar ICs0- 
values were found in rat ovarian homogenates, 
cultured human ovarian granulosa and adipose 

stromal cells as well as in human placenta 
microsomes (Table 1). In rat ovarian hom- 
ogenates and in primary culture of human gran- 
ulosa and human adipose stromal cells, R76713 
competitively inhibited the aromatization of 
androstenedione or testosterone with Ki values 
(dissociation constant of the enzyme-inhibitor 
complex estimated by Lineweaver-Burk analy- 
sis) varying between 0.1 and 1.6 nmol/i [16, 17]. 
Spectral studies using human placenta micro- 
somes suggested that R76713 not only coordi- 
nates to the heme-iron of the cytochrome P450 
but also binds to the apoprotein [18]. 

Specificity for the other cytochrome P450- 
dependent reactions of steroid biosynthesis 

Measurements of progesterone production 
in the supernatant of cultured rat granulosa 
cells showed that medium concentrations of 
10#mol/1 of R76713, in contrast to amino- 
glutethimide, do not alter the enzymes located 
prior to progesterone formation. Indeed, 
R76713 does not affect the 14c~-demethylation 
of lanosterol, a key step in the formation of 
cholesterol in mammals, or the side-chain cleav- 
age enzyme (Table 1). It also does not alter 
ergosterol biosynthesis in fungi [19]. 

Similarly, no effects on testicular 17-hy- 
droxylase/17,20-1yase or on the adrenal 21- and 
l l-hydroxylase complexes were found up to a 
concentration of 1/~mol/l. Fifty percent inhi- 
bition of androgen, gluco- and mineralo- 
corticoid biosynthesis was only reached at 
a concentration of about 10ktmol/I or higher 
(Table 1). 

Table I. Comparative effects of R76713 on the main cytochrome P450-dependent reactions of ovarian, testicular and adrenal steroid 
biosynthesis 

IC50 
Tissue Test system (nmol/l) Ref. 

Aromatase Human placenta microsomes Conversion of [3H]androstene-dione to 2.7 18, 19 
[3H]estrone 

Cultured human ovarian granulosa cells 3H20 production 10.0 16 
Cultured human adipose stromal cells Estrone and estradiol production 3.7 16 
Cultured rat granulosa cells 3H:O production 3.0 15 
Rat ovarian homogenates 3H20 production 5.1 17 

Cholesterol biosynthesis Rat liver subcellular fractions [14C]Mevalonate or [3H]acetate > 10,000 18, 19 
(14-demetbylase) Cultured human lymphocytes incorporation into cholesterol 

Cholesterol side-chain Bovine adrenal cortex mitochondria Formation of reduced P450-CO > 10,000 18, 19 
cleavage Rat testis mitochondria complexes 

17~-Hydroxylase- Rat testis microsomes [t4C]Pregnenolone conversion to 8000 18, 19 
17,20-1yase [14C]androgens 

Cultured rat and human testicular cells Production of androgens and progestins > 10,000 15, 16 
21-Hydroxylase Cultured rat and human adrenal cells lI-Deoxycortisol and > 10,000 15, 16 

I l-deoxycorticosterone production 
l I-Hydroxylase Bovine and adrenal cortex mitochondria Conversion of [3H]I I-deoxycortisol and > 10,000 18, 19 

[3H]I 1-deoxycorticosterone to 
[3Hlcortisol and [3 H]corticosterone 

Cultured rat adrenal cells Corticosterone and /> 10,000 15 
I l-deoxycorticosterone production 

Cultured human adrenal cells Production of aldosterone, cortisol and /> 10,000 16 
their precursors 



Aromatase inhibition by R76713 337 

IN VIVO STUDIES 

Effects of R 76713 on pituitary-gonadal axis 

In pregnant mare's serum gonadotropin- 
primed female rats, a single oral administration 
of 0.005 mg/kg of R76713 lowered plasma estra- 
diol levels by 50% [15]. At a dose of 1 mg/kg, 
plasma estradiol levels were lowered by more 
than 90% for at least 16 h [15]. During chronic 
treatment, administration of 1 mg/kg of R76713 
twice daily reduced plasma estradiol levels to 
the same extent as did ovariectomy [20, 21]. 
Plasma progesterone levels also decreased but to 
a lesser extent than after ovariectomy (Fig. 2). 
In response to the inhibition of estrogen pro- 
duction, LH slightly increased, but again, less 
than after ovariectomy. This might be related to 
the higher plasma levels of progesterone deter- 
mined in the animals receiving R76713 as com- 
pared to those measured in ovariectomized 
animals. 

Inhibition of peripheral aromatization 

Since most of the circulating estrogens in 
postmenopausal women and in men are of 
peripheral origin, the effects of R76713 on per- 
ipheral aromatization were evaluated in male 
cynomolgus monkeys using a double label iso- 
tope-primed-constant infusion technique[22]. 
Various dosages of the drug (0.03-10#g/kg 
dissolved in 10% w/v hydroxypropyl-fl-cyclo- 
dextrine) or vehicle were injected intravenously 
90 min before the start of the infusion of radio- 

labeled steroids. Blood was drawn from the 
saphenous vein 4-5h  after drug adminis- 
tration, and plasma steroids were isolated and 
purified by high pressure liquid chromatog- 
raphy [21,22]. Fifty percent inhibition of 
peripheral aromatization was obtained at 
an intravenous dose of 130 ng/kg of R76713 
(Fig. 3). There was no specific effect of R76713 
either on the metabolic clearance rates of andro- 
stenedione and estrone or on the conversion 
ratios between the androgens and between the 
estrogens [21]. 

Specificity for the cytochrome P450-dependent 
reactions of steroid biosynthesis in vivo 

The in vivo selectivity of R76713 was tested by 
measuring plasma steroid levels in LHRH/  
ACTH-injected rats 2 h after single oral admin- 
istration of drug doses of up to 20 mg/kg [15], 
Effects of R76713 on mineralocorticoid activity 
were studied in rats fed a sodium deprived 
diet for 3 weeks preceding treatment with up 
to 20mg/kg of R76713 [26]. In both studies, 
no changes in testosterone, corticosterone or 
aldosterone were detected (Fig. 4). Further- 
more, neither the precursors of the androgens 
(progesterone) and of corticosterone (11-deoxy- 
corticosterone) nor the plasma renin activity 
levels were altered by R76713 treatment [15, 26]. 
Similar results were obtained after 12 days 
daily oral treatment (up to 20 mg/kg) in female 
rats, sacrificed 4 h after the last treatment, a 

Vl 
r.. 
0 

Q 
0 
C 
0 
0 

0 f.. 

0 

E 
0 
t -  

E 

80 

60 

40 

20 

• Estradiol (pmol/I) 
[ ]  Progesterone (nmol/I) 
[ ]  LH (ng/lOml) 

0 ~ 

Placebo lmglkg b.l.d. Ovariectomy 

Fig. 2. Effects of oral administration of R76713 (l mg/kg twice daily) or vehicle for 12 days on plasma 
estradiol, progesterone, LH and FSH levels in female rats. Each column represents the mean + SEM of 

10 animals, sacrified 4 h after the last drug administration. 



338 R. DE COSTER et al. 

c . o  
o ~  
P" N 
O ~ .  

~ E  

Q. 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

(4) 

I {4) EDS0 = 0.13 I~g/kg 

i i i i 

0 , 03  p.g/kg 0.3 p.g/kg 3 p.g/kg 10 pg/kg 

Intravenous R 76713 treatment 

Fig. 3. Inhibition of peripheral aromatization in male cynomolgus monkeys (Macacafascicularis) .  R76713 
or vehicle was intravenously administered 90 min before infusion of radiolabeled steroids. Conversion of 
androstenedione to estrone was measured 4-5 h after dosing. The numbers in parentheses indicate the 
number of monkeys used. In vehicle-treated monkeys, 1.35 + 0.11% of androstenedione was converted 

to estrone (n = 7). 

time when the maximal hormonal effects of the 
drug were to be expected [20]. 

EFFECTS OF R76713 ON THE 
STEROID RECEPTORS 

In vitro, R76713 (up to 10/~mol/l) did 
not alter the specific binding of estrogens, 
progestins, glucocorticoids and androgens to 

their respective receptors[15]. This was con- 
firmed in vivo for the estrogen receptor by 
measuring the ability of R76713 to induce rat 
uterine ornithine decarboxylase activity (ODC) 
and uterine growth in immature rats. At doses 
up to 1 mg/rat s.c. (33 mg/kg), R76713 neither 
induced ODC activity nor increased uterine 
weight (Table 2). 

Estradi01 
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Cortlcosterone 

11-cleoxycortlcostarone 
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Fig. 4. Effects of R76713 (20mg/kg) on plasma estradiol, testosterone, progesterone, corticosterone, 
11-deoxycorticosterone, aldosterone and plasma renin activity levels in rats injected with pregnant 
mare's serum gonadotropin, LHRH or ACTH, or fed a sodium-deprived diet respectively. The animals 
(n i> 10/group) were sacrified 2-4 h after drug administration. The results (mean + SEM) are expressed 

as % of the control values measured in animals which had been treated with vehicle. 
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Table 2. Effects of R76713 and estradiol on uterine ornithine 
decarboxylase (ODC) activity and uterine wet wt in immature rats 

at 6 h post-dosing 

Uterine ODC activity 
Dose (pmol tdcO2/mg Uterine wet wt 

Treatment ( /~g / r a t )  protein/h) (rag/10 g body wt) 

Vehicle 22 _ 4 5.42 + 0.19 
R76713 10 19 _ 2 5.10 +_ 0.19 
R76713 100 14 + 3 5.21 _ 0.20 
R76713 1000 17 +_ 3 5.98 + 0.23 

Vehicle 55 + 7 5.48 _+ 0.16 
Estradiol 0.010 219 + 54 5.55 + 0.17 
Estradiol 0.025 796 + 71 7,08 _+ 0.18 
Estradiol 0.100 1177 + 117 7.31 + 0.38 
Estradiol 10,000 1380 _+ 119 7.74 + 0.35 

of the animals, tumors became undetectable 
after ovariectomy or daily oral administration 
of 2 x 5 and 2 x I mg/kg of R76713 [20]. The 
incidence of the tumors was also reduced by 
ovariectomy and both doses of R76713. In 
NMU-treated rats, dietary admixture of 40 
and 160 mg R76713/100 g food, reduced tumor 
growth at least to the same extent as ovari- 
ectomy (Fig. 6). 

FIRST STUDIES IN VOLUNTEERS 

EFFECTS OF R76713 ON THE GROWTH OF AN 
ENDOMETRIAL AUTOTRANSPLANT MODEL 

OF EXPERIMENTAL ENDOMETRIOSIS 

The activity of R76713 on experimental 
endometriosis was evaluated using a rat endo- 
metrial autotransplant model [23]. Both ovari- 
ectomy and three weeks oral treatment with 
R76713 (0.3mg/kg and upwards) induced re- 
gression of endometrial volume (Fig. 5). 

ANTITUMORAL ACTIVITY IN THE 
7,12-DIMETHYLBENZ(A)ANTHRACENE (DMBA)- 

AND DIMETHYLNITROSOUREA (NMU)-INDUCED 
MAMMARY CARCINOMA MODELS 

Antitumoral activity of R76713 was evalu- 
ated in female Sprague-Dawley rats treated 
with DMBA [24] and in Wistar rats treated 
with NMU [25]. In DMBA-treated rats, both 
ovariectomy and R76713 caused almost com- 
plete regression of tumors (Fig. 6). In most 

In 4 groups of 4 healthy male volunteers each, 
single oral doses of 5 or 10rag of R76713 
lowered plasma estradiol levels from 70 pmol/l 
to the detection limit of the assay (30 pmol/l), 4 
and 8 h after drug intake, whereas no changes 
were detected after placebo [26]. Peak plasma 
concentrations of R76713 were attained within 
1 h after dosing. Peak plasma levels were 
80 _ 16 and 156 _ 22 ng/ml (mean _+ SD) for 
the 5- and 10-mg dose, respectively. Dose-nor- 
malized values of maximal concentrations and 
areas under the curve from 0 to 8 h were not 
significantly different, which is indicative of a 
linear dose-proportional increase in these par- 
ameters. After the peak of the 10-mg dose, 
plasma concentrations of R76713 decayed 
biphasically with mean sequential half-lives of 
2.3 and 7.0 h. 

In premenopausal women (n = 15) receiving a 
single oral dose of 20 mg, median plasma estra- 
diol levels decreased from 389 pmol/l (before) to 
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Fig. 5. Effects of R76713 in an endometrial autotransplant model of experimental endometriosis. The 
results (mean + SEM) are expressed as percentage of the autotransplant volume measured on the day prior 

to beginning treatment. The numbers in the columns indicate the number of rats used. 
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Fig. 6. Effects of ovaricctomy and R76713 treatment on the growth of  DMBA-  and NMU-induced 
mammary carcinoma in Sprague-Dawley and Wister rats, respectively. DMBA: ovariectomy was 
performed at day 64 after DMBA administration. Treatment with a dose of 1 and 5 mg/kg twice a day 
for the following 6 weeks was begun on the same day. The medians of each group are connected (n/> 8). 
NMU: R76713 was administered for a period of 6 weeks as a dietary admixture of 40 and 160mg 
R76713/100 g food. Ovarieetomy was performed concomitantly with the onset of treatment. The medians 

of each group (n/> 10) are connected. 

168, 133 and 147 pmol / l  respectively at  4, 8 and  
24 h af ter  in take  whereas  they remained  above  
420 pmol/1 af ter  p lacebo  (n = 7) [26]. 

In all volunteers  s tudied,  d rug  tolerance 
was perfect  and  there were no  significant 
changes  in hemato log ica l  and  biochemical  
safety 
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p a r h m e t e r s  in the  t r ea t ed  g r o u p s  as c o m p a r e d  to 12. 

the  p l a c e b o  g roup .  

CONCLUSION 

T h e  resul ts  o f  b i o c h e m i c a l  a n d  prec l in ica l  

s tudies  r e p o r t e d  in this rev iew s h o w  tha t  R76713  

is a ve ry  p o t e n t  a n d  specific i n h i b i t o r  o f  o v a r i a n  

and  pe r i phe ra l  a r o m a t a s e .  S tud ies  in a n i m a l  

m a m m a r y  c a r c i n o m a  a n d  in e x p e r i m e n t a l  en-  

d o m e t r i o s i s  m o d e l s  as well  as the  resul ts  o f  

p r e l i m i n a r y  v o l u n t e e r  s tudies  s t rong ly  w a r r a n t  

f u r t he r  c l inical  e v a l u a t i o n  o f  this c o m p o u n d  fo r  

the  t r e a t m e n t  o f  e s t r o g e n - r e l a t e d  diseases  in 

b o t h  pre-  a n d  p o s t m e n o p a u s a l  w o m e n .  
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