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Abstract

MEN 11066 is a new non-steroidal compound which potently inhibits human placEnta 0.5 nM) and rat ovarianK; = 0.2 nM)
aromatase in vitro. In vivo, a single oral dose of 0.3 mgkgignificantly decreased uterus weight in immature rats after stimulation of
uterus growth by androstenedione. MEN 11066 reduced in a dose-dependent manner plasma estradiol levels in adult female rats treatec
with pregnant mare serum gonadotropin (PMSG). After 2 weeks of repeated daily treatment in adult rats, a significant decrease in uterine
weight was observed together with a 65% decrease in plasma estradiol, whereas plasma levels of testosterone, progesterone, aldosteron
corticosterone, cholesterol, LH and FSH were not affected. The lack of any effect by MEN 11066 on adrenal steroids was confirmed by
the unchanged plasma corticosterone and aldosterone levels in immature rats and also in adult rats when the repeated treatment with MEN
11066 (15 days) was followed by the administration of a synthetic ACTH analogue. No chandé-hydrbxylase or 21-hydroxylase
activities was produced in vitro by the addition of WM MEN 11066. Fifteen-day treatment with MEN 11066 did not produce changes in
several rat hepatic enzymatic activities involved in the metabolism of xenobiotics. These results demonstrated that MEN 11066 is a potent
inhibitor of aromatase which does not interfere with the cytochrome P450 involved in the synthesis of other steroids or in the metabolism
of xenobiotics.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction duce any rebound increase in plasma estrogen synthesis in
post-menopausal women. Tamoxifen, an estrogen receptor
It has long been known that estrogens have a permissiveantagonist, is presently used as a standard first line adjuvant
role in a number of neoplastic diseases, especially breastendocrine therapy to prevent recurrence and metastasis of
and endometrial cancer in women. A variety of endocrine breast cancer in post-menopausal women, especially those
therapies, both surgical and pharmacological, aimed at pre-presenting estrogen receptor positive tumors. However, in
venting the estrogen action have been attempted in thesdime, a fairly high percentage of patients becomes resistant
diseaseq1,2]. Among them, antagonism at the level of to the drug and the disease progresiggs Aromatase in-
the estrogen receptors and inhibition of estrogen synthesishibitors have been consistently reported to be effective in
represent the most direct approaches currently adopted inameliorating the conditions in about 30—-40% of patients no
post-menopausal women. After menopause, the main pro-longer responding to tamoxifes].
duction of estrogens occurs in peripheral tissues, mainly in  Cytochrome P450 aromatase (CYP19) is the enzyme
muscle and adipose tissue. This source of estrogens is notmediating the conversion of the steroidal C-19 androgens
centrally regulated by the release of pituitary gonadotropins to C-18 estrogens, i.e. the final and rate-limiting step in
[3], unlike ovarian estrogen synthesis (predominantly in the the biosynthetic cascade of estroggf$. Selective aro-
fertile woman). Therefore, long-lasting blockade of estrogen matase inhibitors were reported in the early 19fQsand
receptors or of estrogen synthesis is not expected to pro-reached the clinic 10 years latf8]. Aminoglutethimide,
a first generation inhibitor, has been successfully used as
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at Menarini Ricerche. Unlabeled synthetic androgen
CN R1881, PH]R1881 (specific activity 83.5 Cimmol) and
[1B-3H]androstenedione (specific activity 24.7 Cimmb)l

’ were purchased from NEN Life Science Products, Boston,

¢} USA. Radioimmunoassay kits for g7estradiol, proges-
terone, testosterone, aldosterone and cholesterol were from

N Medical System, Genova, ltaly; the kit for corticosterone
( N was from ICN Biomedicals, Costa Mesa, CA, USA. Rat
NJ/ luteinizing hormone (rLH) and follicle stimulant hormone
(rFSH) kits were from Amersham International. Tetracos-
Fig. 1. Chemical structure of MEN 11066. actide acetate (ACTH(1-24), Synactfnwas from No-

vartis, Basle, CH. Bicalutamide was a generous gift from
] o Astrazeneca, London, UK. Testosterone (T), dihydrotestos-
for CYP19, aminoglutethimide causes many adverse reac-ierone (DHT), androstenedione, triamcinolone acetonide,

tions and is often poorly tolerated. On the other hand, this ppsc and the other chemicals were purchased from
compound resulted in quite effective tumor regression in Sigma.

patients with breast cancer. Hence, the search for more po-
tent and selective aromatase inhibitors has received muchp 2. |n vitro/ex vivo assays
attention in the last two decadg9].

A novel clinical application of aromatase inhibitors has 551 Enzyme preparations

recently been suggest¢0,11] for management of some Microsomes for the in vitro aromatase activity assay
cases of couples with infertility in which gonadgtropm stlm- were prepared from human full-term placentas and from
ulation of the female partner is used to achieve multiple he ovaries of Wistar rats pre-treated with PMSG, 200U
follicle development. Indeed, aromatase inhibition resulted subcutaneously every other day for 9 days. The minced
in successfully inducing ovarian hyperstimulation, in induc- tissyes were homogenized in 50mM Tris—HCI buffer
ing ovulation in_ anovulgtory women with poncysFic ovary pH 7.4, containing 1QM phenylmethylsulfonylfluoride
syndrome and in amello_ratlng ovarian response in poor re- (p\sF), using a Polytron PT 3000 homogenizer (Kine-
sponders to gonadotropin treatmgt, 11} In addition, ad-  matica, Switzerland); the homogenate was centrifuged for
ministration of letrozole in combination with FSH, was able 35 min at 10,000« ¢ and the supernatant was recentrifuged
to reduce the dose of the gonadotropin necessary for ovarfor 60 min at 105,000« g; the final pellet was resuspended
ian hyperstimulatior{11]. Blockade of estrogen synthesis i 0.5 volumes of the above buffer, aliquoted and stored at
in the early part of the menstrual cycle would increase go- _ggec.

nadotropin secretion by decreasing hypothalamus and pitu- - agrenal mitochondria and microsomes, for the in vitro
itary estrogen levels and thus the gstrogen negatlve feedbaclglssay of 1p-hydroxylase and 21-hydroxylase activities,
[10,11] On the other hand, the failed conversion of_ andro_- respectively, were prepared from male adult bovine or
gens to estrogens and the consequent accumulation of inyhgle Wistar rat tissues. The adrenals were homogenized
traovarian androgens may increase follicular sensitivity to i five volumes of 50 mM Tris=HCI buffer pH 7.4, con-
FSH during the early stages of the follicular development taining 0.25M sucrose and 1 mM EDTA, using a Polytron

[10,11} as already suggest¢i?—14} _ PT 3000 homogenizer and then centrifuged for 10 min at
The present study was designed to characterize MEN gggy ¢. The supernatant was centrifuged again at 950
11066 (1-[(benzofuran-2-yl)(4yanophenyl)-methyl]-- for 10min to obtain the mitochondrial fraction, that was

1,2,4-triazoleFig. 1), anovel potent and selective aromatase yashed by resuspension in the homogenization buffer and

inhibitor, in in vitro and in vivo tests, in comparison with  recentrifugation. The final mitochondrial pellet was sus-

some second and third generation non-steroidal inhibitors pended in the buffer (2-4mg protein). For the rat

of CYP19, i.e. fadrozole, anastrozole and letrozole. preparation, the 950@ ¢ supernatant was directly used as
the source of microsomal activity. For the bovine tissues,
the 9500x g supernatant was centrifuged at 105,00@

2. Materials and methods for 60 min to obtain a microsomal pellet, which was then
resuspended in the buffer (4-6 mg protein®l Aliquots
2.1. Materials of mitochondrial and microsomal suspensions were stored

at —80°C until used (but, nonetheless, for less than
MEN 11066, letrozole (4/41H-1,2,4-triazol-1-yl- 6 months).
methylene]-bis-benzonitrile), fadrozole (4-[5,6,7,8-tetra- Microsomes for the assay of cytochrome P450 &gd
hydroimidazo(1,5a)-pyridin-5-yl]-benzonitrile—HCI)  and content and of cytochrome P450-linked monooxygenase
anastrozole (2/45-(1H-1,2,4-triazol-1-yl-methyl)-1,3-  activities were prepared from the frozen livers of rats
phenylene]-bis-[2-methylpropionitrile]) were synthesized sacrificed at the end of the 15-day repeated treatment
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study (see below), according to the procedure described2.3.3. 118-Hydroxylase activity
above for placental microsomes, but using a PMSF-free CYP11B1 activity was measured in mitochondria from

buffer. rat and bovine adrenals as the rate of conversion of
11-deoxycorticosterone to corticosterone. Mitochondria
2.3. Enzyme assays (0.2mg protein) were pre-incubated for 5 min at’&7with
11-deoxycorticosterone (150 nmol) and inhibitor in 4830
2.3.1. Aromatase activity of the same buffer as used for 21-hydroxylase activity.
The reaction mixture, containing microsomal protein Fifty microliters of 0.25 mM NADPH were added to start
(2-4pg from human placental or 30y from rat ovar- the reaction, which was terminated 15 min later by adding

ian microsomes), the substrate Bf#H]androstenedione  0.25ml of 1N HCI and centrifuging to precipitate proteins.
(9—-300nM), the cofactor NADPH (0.5mM) and the in- The supernatant (40) was analyzed for the formation of
hibitors (1-10nM) or their vehicle, in a total volume of corticosterone by HPLC. HPLC conditions were the same
200l of 50 mM Tris—HCI buffer, was incubated at 3C. as above, except for the mobile phase, that was composed
Ten or thirty minutes after the addition of placental or ovar- of 0.1 M NaH,PQ4, pH 2.5, and acetonitrile in the ratio
ian microsomes, respectively, the reaction was stopped by60:40 (v/v).

adding 20Qul of 1 mM HgCl,. Next, 400ul of 1% charcoal

suspension were added and the mixture was centrifuged2.3.4. Hepatic cytochromes and microsomal

at 2000x g for 15min. Then, 40Q. of supernatant were  monooxygenases

placed into scintillation vials containing 4 ml of Cytoscint Rat liver cytochrome P450 arii content were measured
(ICN Biochemicals). Released tritiated water was measuredby the spectrophotometric method of Omura and $EI¢.

by liquid scintillation (2200 CAB-counter, Packard}Xn Aminopyrine and erythromycin demethylase activities were
andVmax values were calculated by fitting the curves of re- assayed by colorimetric quantitation of formed formalde-
action rate versus substrate concentration by the non-linearmyde [18]. Assay for 7-ethoxycoumari@®-deethylase ac-

regression program Ultrafit (Biosoft, UK). tivity was performed by fluorimetric determination of
Ki values were obtained according to the Cheng and 7-hydroxycoumarin [19]. Ethoxyresorufir®-deethylase
Prusoff [15] equation for competitive inhibitionK; = and pentoxyresorufi@-depentylase activities were mea-

[(1/{(Kp/Km) — 1}, where [i] is the inhibitor concentration  sured by fluorimetric determination of resorufi20]. Pro-
(1, 2.5, 5 and 10nM) anH, is theKy, value calculated in  tein concentration was measured according to Lowry et al.

the presence of the inhibitor. [21].
2.3.2. 21-Hydroxylase activity 2.3.5. Plasma hormones
CYP21A1 activity was measured in the 95QQ; super- Plasma levels of steroid (B7estradiol, progesterone,

natant (for rat adrenals) or in the microsomes (for bovine testosterone, aldosterone, corticosterone and cholesterol)
adrenals) as the rate of conversion of progesterone toand peptide (rLH and rFSH) hormones were determined
11-deoxycorticosterone. Supernatant (1 mg protein) or mi- by commercially available radioimmunoassay kits, accord-
crosomes (0.2 mg protein) were pre-incubated for 5min at ing to the manufacturers’ instructions. A purification and
37°C with progesterone (150 nmol) and inhibitor in 4590 concentration step was needed to measure plasma testos-
of 50 mM Tris—HCI buffer, pH 7.4, containing 1 mM EDTA, terone in female rats: to the samples were added four
1.2mM MgCh, 0.6 mM KCI, 15mM NaCl and 2.5mM  volumes of diethyl ether, mixed by gentle inversion for
CaCb [16]. Fifty microliters of 0.25mM NADPH were  15min and then centrifuged for 5min at 2000 rpm. The
added to start the reaction, which was terminated 15 min aqueous phase was frozen in dry ice and the organic phase
later by adding 0.25ml of 1IN HCI and centrifuging to was recovered and evaporated to dryness under a nitrogen
precipitate proteins. The supernatant (dDwas analyzed  stream. The dried extract was reconstituted in the assay
for the formation of 11-deoxycorticosterone by HPLC. The buffer.

HPLC system consisted of a model 465 autosampler (Kon-

tron Instruments, Milan, Italy) and a model LC-9A pump 2.3.6. Binding assay

(Shimadzu, Kyoto, Japan) connected to a Superspher 100 Binding assay on prostate tissue was performed as pre-
RP18 reversed-phase column (250 namd.6 mm, particle viously reported22]. Human prostate specimens were col-
size 4um, Merck, Darmstad, Germany) protected by its lected and frozen in liquid nitrogen. Frozen tissues were
pre-column. Peak detection was through a UV spectropho-allowed to thaw on ice prior to homogenization. All subse-
tometer (SPD-10, Shimadzu, Tokyo, Japan) set at 240 nm.quent procedures were carried out at 064 Charred mate-
Signals from the detector were analyzed by the Class LC-10rial was removed and the tissues were, finally, minced with
software (Shimadzu) on a model ProLinea 3/25s Compagq scissors, suspended in cold TEDGMo (10 mM Tris—HCI, pH
personal computer. The mobile phase was composed of7.4, containing 1.5mM EDTA, 1 mM dithiothreitol, 10%
0.1 M NaHbPQy, pH 2.5, acetonitrile and methanol in the glycerol and 10 mM sodium molybdate). Homogenization
ratio 50:40:10 (v/v). The flow rate was set at 0.8 ml/min.  was performed using an ultra-Turrax and a glass—Teflon



506 M. Muratori et al./Journal of Seroid Biochemistry & Molecular Biology 84 (2003) 503-512

homogenizer. Homogenates were centrifuged at-6@dor 2.4.3. Sdective effects of repeated treatment
10 min and the supernatant further centrifuged at 10000  in immature rats
for 60 min. The resulting cytosol was fractionated into por-  Three groups of eight pre-puberal female rats (18 days
tions and stored at80°C. Protein content was determined old) were treated for 7 days with daily oral doses of MEN
by the Bradford metho@3] using BSA as standard. The 11066 (3mgkg?l) or vehicle (see above). Twenty-four
cytosolic fractions, appropriately diluted to 1@Dcontain- hours after the last dose, the animals were killed by decap-
ing 0.4mg of proteins, were incubated overnight acC4 itation and trunk blood was collected. Heparinized plasma
in a final volume of 25@l in TEDGMo with [?H]R1881 was stored at-20°C until analyzed.
(10°M) in the absence or presence of increasing con-
centrations of cold ligands. Homologous and heterologous 2.4.4. Selectivity of the effects of repeated treatment on
competition curves were obtained using R1881{f0to steroid hormones in mature rats
10-M), DHT (1071 to 10°6M), T (10719 to 1075 M™), Two similar studies were carried out in which MEN
bicalutamide (101° to 104 M), and MEN 11066 (1010 11066 (3mgkgl) was separately compared with anastro-
to 10~ M). To prevent R1881 binding to progesterone re- zole (3mgkg?) and letrozole (1 mgkgl). In each of them,
ceptor, 10%M triamcinolone acetonide was added to each 3 groups of 10 cycling female rats were daily treated with
tube. Separation of bound and unbound ligand was achievedoral doses of either inhibitor or with the vehicle (see above)
by a 15min treatment with a 5Q0 suspension of dextran  for 2 weeks. Twenty-four hours after the last treatment, the
(0.05%) coated charcoal (0.5%) in 10 mM Tris—HCI, pH 7.4, animals were killed by decapitation, trunk blood was col-
1.5mM EDTA, 1 mM dithiothreitol at 4C. The charcoal lected and heparinized plasma was stored-20°C until
was pelletted by centrifugation for 10 min at 150Q and analyzed. Ovaries, uterus, adrenals, kidneys, liver and heart
600wl were counted in Instagel plus (Packard, Meriden, CT, were removed and weighed. Livers were frozen in liquid
USA) using aB-counter. nitrogen and stored at80°C. Hepatic microsomes were

prepared as described above, within 3 weeks of freezing.
2.4. Invivo studies

2.4.5. Effects of repeated treatment with MEN 11066 on
2.4.1. Effects on androstenedione-induced uterus plasma hormone levels after a challenge with Synacthen®
development in immature female rats Two groups of 10 mature female rats were treated for 2

Three groups of eight pre-puberal female rats (22 days weeks with vehicle or oral MEN 11066 (3 mgk}) as de-

old) were treated subcutaneously with androstenedionescribed above, but 24 h before sacrifice they were stimulated
(30mgkg1) for two consecutive days. Two of these groups with the synthetic ACTH analogue Synactffefi mgkg 1,
were orally treated (three times: 24 h before and 1 h after the subcutaneously). Post-mortem plasma hormone levels were
first dose of androstenedione and 1 h after the second onepssayed.
with MEN 11066 at 0.03 and 0.3 mg kg, respectively. The
inhibitor was first dissolved in ethanol (20 mgm) and 2.4.6. Satistics
then diluted in sesame oil to the desired concentration to  Statistical significance was calculated by ANOVA test,
be dosed at 2mlkg'. The third group received the vehicle followed by the Tukey test (Instat for Macintosh, GraphPad
(stimulated control). A fourth group received subcutaneous Software). Binding data were analyzed using the computer-
physiological saline and oral vehicle (unstimulated con- ized program LIGAND[24].
trol). Twenty-four hours after the last treatment, the animals
were killed by decapitation and their uteri removed and
We|ghed 3. Results

2.4.2. Effects on PMSG-stimulated estradiol 3.1. Invitro studies
synthesis in female adult rats

Four groups of 5-15 cycling female rats received five 3.1.1. Inhibition of aromatase activity
subcutaneous injections of PMSG (pregnant mare’s serum The Kkinetic parameters for the aromatization of
gonadotropin, 1001U in 0.1 ml of sterile saline) on alter- [1B-3H]androstenedione by human placenta aromatase
nate days. Twenty-four hours after the last injection, three were: K, = 31+ 6nM and Vipax = 16 + 3 pmol of
groups were treated orally with MEN 11066 at 0.1, 0.3 and released®H,O per mg protein per min. The values cal-
3mgkg ! doses, respectively. The fourth group received the culated for rat ovarian aromatase wetg, = 16 + 7nM
vehicle (stimulated control, see above). A fifth group re- and Vmnax = 23 & 2fmol per mg protein per min (data
ceived subcutaneous physiological saline and oral vehicleare meant S.E.M. of three independent determinations).
(unstimulated control). Twenty-four hours after treatment, Fig. 2 reports the double reciprocal plots of aromatase ac-
the animals were killed by decapitation and trunk blood was tivity in human placenta and rat ovarian microsomes, in
collected. Heparinized plasma was stored-20°C until the absence and in the presence of MEN 11066 and refer-
analyzed. ence inhibitors (all being compared at the concentration of



M. Muratori et al./Journal of Seroid Biochemistry & Molecular Biology 84 (2003) 503-512 507

0,8
0,64
g
=
>
Top 0,44
E HUMAN PLACENTA
S
g [
g 0,2 — |
<7
([ ]
® VEHICLE
0,0 T T T T T T T T T T T
O ANASTROZOLE
A FADRAZOLE
A MENI11066
0,4 O LETROZOLE
—/'-\
g=
E 03
E H
>
K
E 021 RAT OVARY
S
&
>~
= 0,1+
0
0’0 T T T T T T T T T T T
0,00 0,02 0,04 0,06 0,08 0,10

1/([1 B-3H]Androstenedione)

Fig. 2. Double reciprocal plots of aromatase activity in human placenta and rat ovarian microsomes in the absence and presence of MEN 11066 and
reference inhibitors, all compared at a concentrations of 5nM.

5nM). When tested at increasing concentrations from 1 to Table 1

10nM, all the inhibitors produced graded increase&n In vitro inhibition of aromatase activity

but no significant variation o¥/ax values. This evidence Inhibitors Human placenta Rat ovary
of a competltlvellnhlbltlon allowed calgulatlon of the§ MEN 11086 053t 0.15 0.22+ 0.07
yalggs reported ifmable 1 MEN 11066 is a very potent  gagrozole 2 AL 0.6 0.25+ 0.04
inhibitor both of human and rat aromatase, ranking close to Letrozole 0.51+ 0.13 0.15+ 0.03
letrozole. Anastrozole 1.8+ 0.6 1.9+ 0.7

Ki values (mea#tS.E.M.; nM) of three to five determinations are reported.

3.1.2. Inhibition of 21-hydroxylase and 118-hydroxylase
activities

As reported inTable 2 none of the inhibitors, tested at
100uM, affected the 21-hydroxylation of progesterone by by 118-hydroxylase—and completely blocked the reaction
either the bovine or the rat enzyme. at 100nM. MEN 11066 displayed an inhibitory effect (about

Fadrozole at 1Q.M consistently inhibited the conversion  40% inhibition) only at 10QuM, while anastrozole and letro-
of desoxycorticosterone to corticosterone—a step mediatedzole were ineffective up to 100M.
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Table 2 AR ligand PH]R1881, in cytosolic preparations of human
In vitro selectivity of aromatase inhibitors prostate. Competition experiments were carried out using
Inhibitor Concentration CYP21A1 CYP11B1 [3H]R1881 in the presence or in the absence of increas-
(kM) (adrenal (adrenal ing concentrations of MEN 11066 and several AR ligands:
microsomes) mitochondria) cold R1881, DHT, T and bicalutamid&ig. 4 shows dis-
Bovine ~ Rat  Bovine  Rat placement curves obtained by LIGAND analyf24]. Re-
Control 100 100 100 100 sults from two separate experiments indicates that R1881
MEN 11066 100 85 148 55 61 (Kqg = 0.4+ 0.18nM), DHT (Kq = O.14j:_ 0.0§ nM), T_
10 104 (Kq = 3.6 £ 1.4nM), and the AR antagonlstdgncalutamlde
(Kg = 424+ 169nM), completely displacec’i]R1881
Fadrozole igo 135 150 599 407 binding. Conversely, MEN 11066 did not compete for

[®H]R1881 binding at any concentration tested (up to

Anastrozole 190 108 A 100 100uM) indicating the inability of MEN 11066 to bind to
the androgen receptor.
Letrozole 100 91 138 111 97
10 107

3.2.2. Effects on PMSG-stimulated 173-estradiol
Effects of MEN 11066 and reference aromatase inhibitors on synthesis in female adult rats

21-hydroxylase (CYP21A1) and Bahydroxylase (CYP11B1) activities. The repeated treatment of rats with horse gonadotropin
Percent variation of control activities, as the mean of two determinations, . . . . .
is reported. dramatically increased the ovarian synthesis @-&stradiol.

Estradiol plasma concentration attained values about

30 times higher than baseline (10@9 122pM ver-

sus 36+ 12pM). A single oral treatment with MEN
3.2. In vivo studies 11066 dose-dependently (0.1-3 mgky reduced this ef-
fect, 24 h after dosingHig. 5. Blockade of aromatase
was virtually complete at a dose of 3mgkgof MEN
11066.

3.2.1. Effects on androstenedione-induced uterus
development in immature rats

The estrogens formed by the action of peripheral aro- )
matase on exogenous androstenedione produced a 1339%-2-3- Selective effects of repeated treatment

increase in the uterus weight above baseline @@ mg | immatureras _
versus 81+ 4mg), in pre-puberal rats. MEN 11066 A 7-day treatment with MEN 11066 at 3 mgkyj a dose

dose-dependently antagonized this effeéeig( 3. To ex- fully active in inhibiting peripheral aromatase-dependent an-
clude that this effect of MEN 11066 was due to an an- drostenedione conversion to estrogen (see above), did not
tagonistic action at the level of the androgen receptors affect the biosynthesis of adrenal steroids in pre-puberal rats

(AR), we performed binding assay with the radiolabeled (Fig. ).

3.2.4. Sdectivity of the effects of repeated treatment
on steroid hormones in mature rats

250 MEN 11066 (3mgkg') was compared with anastro-
N zole (3mgkg?) and letrozole (1 mgkgl) in two separate
T 200 T studies. In both cases, MEN 11066 significantly reduced
ey T the uterus relative weight by approximately 20%&lfle 3.
E 1501 * This effect of MEN 11066 was similar to that produced
_‘:;D T by the same dose of anastrozole. Letrozole, despite being
a;a' 1001 administered at a three times lower dose level, produced a
2 = stronger (69% inhibition) reduction in this parameter. The
3 50 decrease in uterus weight appeared related to the reduction
- of plasma 1B-estradiol concentrations, that amounted to
0 roughly 65% for both MEN 11066 and anastrozole, but was
0.03 03 | dose (mg.kg?) virtually complete for letrozole (hormone levels were be-

v MEN 11066 low detection limit, 5 pM) Table 4. The 2-week treatment

vewee | with 3mg kg per day of MEN 11066 did not produce any
androstenedione significant effect on the weight of the other organs, except

, _ , for the slight decrease (10%) of liver relative weight. Letro-
Fig. 3. Effect of oral treatment with MEN 11066 (s&ection 2 on le sianificantly increased the relative weight of ovaries

uterus weight in pre-puberal rats stimulated with 30 mg'kgubcutaneous 0 Ignim y ! ive weig varl

androstenedione for two consecutive days. Results are HehE.M. (by 11%) and decreased that of adrenals (by 24%). MEN
(n = 8). 11066 did not significantly affect plasma concentration
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Fig. 4. Effect of increasing concentrations of MEN 11066 and several known AR ligand®#R1[881 (1 nM) binding to human prostate homogenates.
Cytosol preparations of prostate were incubated in the presené&iR1881 and increasing concentrations of the corresponding unlabelled li@nd (
DHT (H), T (®), bicalutamide A) and MEN 11066 ¥). B/T: bound to total ratio foryH]R1881.

of hormones other than B7estradiol, whereas anastro- by Synacthef in vehicle-treated rats (148% 86 pg mi!
zole decreased progesterone levels (by 40%) and letrozoleversus 1575 93pgmlit, n = 10, P > 0.05), and even
markedly diminished aldosterone (by 80%) and corticos- increased corticosterone release by 50% (648 ngmlt
terone (by 56%) levels. No effect on the release of the versus 429+ 32ngml!, P < 0.05). As expected,
pituitary gonadotropins FSH and LH was observed with any plasma 1B-estradiol concentrations were markedly re-

inhibitor. duced (11+ 4pM versus 44t 11pM, P < 0.05) and
cholesterol levels were unchanged 68 mgdi-! versus
3.2.5. Effects of repeated treatment with MEN 11066 on 63+ 8mgd?, P > 0.05).

plasma hormone levels in rats challenged with Synacthen®
The repeated treatment (15 days) with MEN 11066 3.2.6. Effects on hepatic drug metabolizing enzymes
did not affect the plasma aldosterone response elicited MEN 11066, after a 2-week treatment with a daily
oral dose of 3mgkg!, did not produce any effect
on rat liver cytochrome P450 anbs content and on
1500 P450-dependent rat liver monooxygenases, as assessed
in two independent studiesTdble 5. On the other
hand, anastrozole, at the same dose regimen, signifi-
cantly increased the activity of aminopyrine demethylase
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Fig. 5. Effect of a single oral treatment with MEN 11066 on plasma K =
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Table 3
Effects of a 2-week oral treatment of aromatase inhibitors on body weight and on relative weight of selected organs in mature female rats
Treatment Body weight (g) Uterus (mg/100g) Ovaries (mg/100g) Adrenals (mg/100g) Kidneys (9/100g) Liver (9/100g) Heart (g/100g)
Study 1
Vehicle 262+ 4 197+ 14 44+ 2 42+ 2 0.60+ 0.01 3.4+ 01 0.30+ 0.00
MEN 11066 271+ 3 161+ 8* 48 + 3 38+ 1 0.59+ 0.01 3.1+ 0.0 0.31+ 0.01
Letrozole 292+ 4* 61 + 2* 49 + 3* 32+ 1* 0.55+ 0.01 3.2+ 0.1 0.30+ 0.01
Study 2
Vehicle 221+ 4 246+ 22 66+ 5 33+ 3 0.8+ 0.0 3.0+ 0.0 0.37+ 0.01
MEN 11066 234+ 3* 188 + 15* 71+ 6 30+ 2 0.7+ 0.0 2.7+ 0.1¢ 0.34+ 0.01
Anastrozole 238t 4* 184 + 12* 76+ 5 31+ 2 0.7+ 0.0 29+ 0.1 0.34+ 0.01

MEN 11066 (3mgkg? per day) was compared with letrozole (1 mgkgper day) in study 1 and with anastrozole (3mgkger day) in study 2. Data
are reported as meanS.E.M. (n = 10).

* P < 0.05 (significantly different from the vehicle-treated group).

Table 4
Effects of a 2-week oral treatment of aromatase inhibitors on plasma concentration of steroid and protein hormones in mature female rats
Treatment 1@-Estradiol Testosterone  Progesterone  Aldosterone  Corticosterone  Cholesterol  LH FSH
(pPM) (nM) (nM) (pgmi™) (ngmi™) (mgmi™) (ngm)  (ngmih)
Study 1
Vehicle 110+ 31 NA NA 289 + 42 381+ 78 50+ 3 42+ 14 8.7+ 0.5
MEN 11066 32+ 10° NA NA 343 £+ 41 256+ 28 45+ 3 3.1+ 0.2 10.6+ 1.2
Letrozole NG NA NA 71 + 20* 166 + 41* 52+ 3 5.0+ 0.7 10.7+ 0.7
Study 2
Vehicle 120+ 24 43+ 21 22.9+ 3.8 246+ 31 337+ 60 NA 12+ 0.1 NA
MEN 11066 43+ 9* 25+ 04 18.7+ 3.6 191+ 18 183+ 39 NA 15+ 01 NA
Anastrozole 40t 15* 27+11 13.6+ 1.7 210+ 65 250+ 61 NA 13+ 0.1 NA

MEN 11066 (3mgkg? per day) was compared with letrozole (1 mgkgper day) in study 1 and with anastrozole (3mgkger day) in study 2. Data
are reported as meanS.E.M. (n = 10). NA, not assayed. NQ, not quantifiable, below the limit of quantification.
* P < 0.05 (significantly different from the vehicle-treated group).

Table 5
Effects of a 2-week oral treatment of aromatase inhibitors on liver cytochrome content and P450-dependent monooxygenases activities inlmaatse fema
Treatment Cytochrome Cytochrome Aminopyrine Ethoxycoumarin ~ Pentoxyresorufin  Ethoxyresorufin Erythromycin
P450 bs demethylase deethylase depentylase deethylase demethylase
(nmolmg?) (nmolmg) (nmolmgtmin~1) (nmolmgmin~t) (pmolmgmin~t) (pmolmgtmin~1) (nmolmg*min-1)
Study 1
Vehicle 0.47+ 0.08 0.44+ 0.03 2.27+ 0.24 0.59+ 0.12 NA NA NA
MEN 11066 0.46+ 0.09 0.37+ 0.04 1.82+ 0.02 0.77+ 0.11 NA NA NA
Letrozole 0.52+ 0.07 0.49+ 0.02 3.87+ 0.3% 0.81+ 0.42 NA NA NA
Study 2
Vehicle 0.51+ 0.05 0.67+ 0.09 3.30+ 0.70 0.29+ 0.09 1.49+ 0.29 50.7+ 14.9 0.36+ 0.07
MEN 11066 0.47+ 0.05 0.69+ 0.08 3.53+ 1.06 0.34+ 0.06 1.96+ 0.38 54.9+ 10.6 0.40+ 0.10
Anastrozole 0.53t 0.05 0.76+ 0.06 5.50+ 1.06° 0.52+ 0.07" 15.2+ 3.9 81.3+ 22.5° 0.43+ 0.22

MEN 11066 (3mgkg? per day) was compared with letrozole (1 mgkgper day) in study 1 and with anastrozole (3mgkger day) in study 2. Data
are reported as meanS.E.M. (n = 8). NA, not assayed.
* P < 0.05 (significantly different from the vehicle-treated group).

(1.8-fold), ethoxycoumarin deethylase (1.8-fold), pen- 4. Discussion

toxyresorufin depentilase (10-fold) and ethoxyresorufin

deethylase (1.6-fold). Letrozole (1 mgkhper day) pro- Aromatase inhibitors are emerging as efficacious com-
duced a 1.7-fold increase in aminopyrine demethylase pounds for the treatment of estrogen-dependent breast
activity. cancer. Tamoxifen is presently used as first line endocrine
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therapy based on its ability to block estrogen receptor ac- be due to a possible upstream accumulation of adrenal sub-
tion. However, tamoxifen exerts both estrogen antagonistic strates as a consequence of the failed conversion of an-
and agonistic effects depending on the tissue examineddrostenedione to estrone. Thus, the increased corticosterone
[25]. More specifically, endometrial cells are a target for level is consistent with the ability of MEN 11066 to inhibit
its agonist actions and, in principle, are a potential risk aromatase without interfering with other steroidogenic path-
for promoting uterine cancer. Moreover, in breast cancer ways.
cells, antagonistic properties can shift to agonistic ones It is important to note that, while MEN 11066 did not af-
[26] probably due to adaptive cellular proces§®s|. The fect the weight of adrenals, letrozole reduced their weight.
latter finding can partially explain the development of drug In addition, letrozole significantly decreased corticosterone
resistance observed in a number of patients as well as theand aldosterone plasma levels after 2 weeks of treatment,
lack of cross-resistance between tamoxifen and aromatasavhereas MEN 11066 had no effect on the aforementioned
inhibitors in 25% of the patients initially responding to the steroids. Finally, the ex vivo tests reported that anastrozole
estrogen antagonist and then relapg®ig On the contrary, and, to a lesser extent, letrozole changed the content of
non-steroidal aromatase inhibitors would not be expected some hepatic drug metabolizing enzymes, diversely to MEN
either to exert antagonistic actions, or to act as growth fac- 11066.
tors either for uterine cells or for a relapsing breast cancer. Recently, Yue et al[29], demonstrated the biological
The goal in seeking compounds which inhibit aromatase relevance of the in situ production of estrogens by tumor
activity was to obtain potent and selective molecules, with- aromatase. They also reported that a local breast cancer
out interference with the other cytochrome P450 enzymes estradiol production is a greater source of estrogens than up-
involved in the steroidogenic process. take from plasma. Hence, another desirable feature for ef-
A novel clinical application for aromatase inhibitors is fective aromatase inhibitor is the ability to block a possible
emerging[10,11] Indeed, the successful use of letrozole in intra-tumoral production of estrogens. A recent study on cell
treatment to induce or increase ovulation, respectively, in sublines from human breast carcinoma showed that MEN
anovulatory women and ovulatory women undergoing as- 11066 exerts a strong direct inhibition of the cell growth
sisted reproduction techniques has been rep¢ti@d 1] In induced by aromatizable androgen, an indication of the ac-
such cases, the expected lack of anti and/or estrogenic proptivity on tumor cell aromatasg30].
erties of non-steroidal aromatase inhibitors represents an ad- In conclusion, the results described herein demonstrate
vantage in comparison to the traditional treatment with an that MEN 11066 is a potent inhibitor of aromatase that does
anti-estrogen, commonly clomiphene citrate (CC). Indeed, not interfere with the P450 involved in the synthesis of other
the discrepancy between the ovulation induced by CC andsteroids or in the metabolism of xenobiotics. Hence, this
conception rates as well as the higher incidence of miscar-compound could be a suitable candidate for clinical stud-
riage after treatment with CC, has been attributed to the neg-ies in the treatment of estrogen-dependent diseases, such as
ative anti-estrogenic actions of CC on endometrial function breast cancer.
[27] and developmer|28].
The non-steroidal aromatase inhibitor MEN 11066 de-
scribed in this study, demonstrated an in vitro potency as Acknowledgements
high as the third generation drug letrozole towards both
human placental and rat ovarian enzyme. High inhibitory = The authors would like to thank Dr. Elisabeth Guerin for
activity was confirmed also by in vivo tests showing a English editing of the manuscript.
potency similar to anastrozole, albeit lower than letro-
zole. Indeed, MEN 11066 was able to decrease both
androstenedione-induced uterine hypertrophy in immature
rats and plasma level of estradiol after PMSG stimulation
of mature female rats (a model reflecting ovarian aromatase
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