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ABSTRACT

The concomitant inhibition of the cholesterol side-chain cleavage,

Vorozole is a new, potent, and highly selective nonsteroidal aromatase

inhibitor, which in animal and human studies was found to be about
1000-fold more potent than aminoglutethimide. Almost all aromataseinhibiting activity resides in the dextro-enantiomer currently undergoing
clinical trials. A marked decrease in circulating estrogens was found in
several studies of healthy premenopausal women and male volunteers
treated with the racemate, referred to as vorozole racemate.
To further evaluate the aromatase-inhibiting potency of this drug, the in
vivo conversion of androstenedione to estrone was studied in 12 healthy
postmenopausal women. Four It after a single oral dose of vorozole racemate, [t4C]androstenedione and [3H]estrone were infused at a constant
rate for 2 It. Women were randomized to receive vorozole racemate orally
in one of three different doses, i.e., 1, 2.5, and 5 mg, in a double-blind
protocol. Each woman acted as her own control in an identical experiment
with a placebo carried out 2-4 weeks either before or after the test with
vorozole racemate. In the urine, collected for 4 days after each experiment,
estrogens were extracted and purified until a constant 'H/14C ratio of
estrone was achieved.
The percentage conversion of androstenedione to estrone in the 12
placebo experiments was 2.19 ± 0.60% (mean ± SD, n = 12). Following a
single administration of vorozole racemate, the conversion decreased to
0.14 ± 0.04%. The percentage inhibition was 93.0 ± 2.5 (n = 4) following
administration of 1 mg vorozole racemate; administration of 2.5 or 5 mg
resulted in an inhibition percentage of 93.2 ± 1.6 or 94.4 ± 1.2, respectively.

It is concluded that a single oral dose of 1-5 mg vorozole racemate
results in an almost complete inhibition of in vivo aromatase activity.

INTRODUCTION

Estrogens are known to promote the growth of breast carcinoma
(1), and inhibition of the growth-stimulating activity of estrogens is
one of the major aims in the treatment of this tumor (2). This can be
achieved either by preventing the interaction between estrogens and
their receptors within the tumor cell by antiestrogens or by interfering
with the production of estrogens.
The major pathway for estrogen biosynthesis is the aromatization of
androgens (3) by the aromatase, a cytochrome P450-regulated enzyme
complex which is responsible for the conversion of the androgens
testosterone and androstenedione to estrone and estradiol (4, 5). In
Premenopausal women, aromatase activity is mainly found in the
Ovaries. In postmenopausal women, however, the main source of
circulating estrogens is the peripheral aromatization of mainly androstenedione in adipose tissues, including the breast (6, 7).
Aminoglutethimide was the first aromatase inhibitor to be used in
the treatment of metastatic breast cancer in postmenopausal women
(8-10). Its effectiveness in lowering the plasma levels of circulating
estrogens equals the reduction seen after surgical adrenalectomy (11).

resulting in the inhibition of adrenal steroidogenesis, however, necessitates the concurrent administration of glucocorticoids (12). In addition, moderate side effects are observed (13). More recently, newer
and more specific aromatase inhibitors, such as 4-hydroxyandrostenedione (14-16) and fadrozole (17-20), were developed and were used
successfully in the treatment of metastatic breast carcinoma in postmenopausal women.
Another new nonsteroidal aromatase inhibitor, Vorozole, has recently been developed (21-27). In vitro and in vivo studies in animal

models demonstrated a high potency and specificity and, thus, its
potential clinical usefulness in humans. Almost all aromatase activity

resides in the dextro-enantiomer (R83842) of a racemic mixture
(R76713), referred to as vorozole racemate (21, 28). Studies with
vorozole racemate in healthy male volunteers showed a marked decrease in serum estradiol levels. The drug was very well tolerated, and
with doses of up to 20 mg vorozole racemate, no consistent changes
in hematological and biochemical parameters were observed (23). In
an ongoing phase I study, postmenopausal women with advanced
breast cancer showing clinical progression during treatment with
tamoxifen were randomized to receive 2.5 or 5 mg vorozole racemate.
Evaluation after 3 months showed objective (regression of bone metastasis and skin metastasis) and subjective (decrease on the World
Health Organization pain and Karnofsky scales) responses. Estradiol
levels decreased to the detection limit of the assay (10 pmol/liter)
during treatment (29).
The main purpose of the present study was to establish the effect of
vorozole racemate on the in vivo conversion of androstenedione to
estrone. In 12 healthy postmenopausal women, the in vivo aromatase
activity was measured by determining the cumulative 3H/14C ratio of
estrone in the urine after infusion of [3H]estrone and [14C]androstene-

dione before and after administration of different doses of vorozole
racemate.

SUBJECTS AND METHODS
Subjects. Twelve healthy postmenopausal women participated in this study
after informed consent. The exclusion criteria used were: time from last menstrual period <2 years, younger than 55 years after hysterectomy, hormonal
treatment for any reason within the last 2 months, endocrinological disorders
including diabetes mellitus, diseases of the gastrointestinal tract which would
interfere with the absorption of vorozole racemate, and signs of liver and/or
renal malfunctioning as reflected in biochemical parameters. The study was
approved by the medical ethical committee of the Academic Hospital, Utrecht,
The Netherlands. The participating women were 65 ± 4 (mean ± SD) years of
age, had a height of 1.67 ± 0.09 m, and had a weight of 64 ± 7 kg. All had

FSH' levels of >55 1U/liter (74 ± 16 IU/liter) and estradiol levels <55
pmol/liter (22 ± 13 pmol/liter), well in the postmenopausal ranges. Thyroid
and adrenal function were clearly within the reference ranges.
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The 12 women were randomized into three groups according to the different
doses of vorozole racemate: 1, 2.5, and 5 mg. Each of the participants served
as her own control in an identical experiment with a placebo, carried out 2-4
' The abbreviations used are: FSH, follicle-stimulating hormone; MCR, the metabolic
clearance rate.
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weeks either before or after the test with the active drug. The sequence of

Statistical Analysis. The significance of differences between results ob-

administration was unknown to the investigators as well as to the women.
Administration of the Drug. Vorozole (6-[(4-chlorophenyl)(1H-1,2,4-triazol-l-yl)methyl]-1-methyl-lH-benzotriazole) was synthesized at the Chemical
Research Centre of the Janssen Research Foundation (Beerse, Belgium). The
dextro-isomer, R83842 (Vorozole), accounts for the aromatase inhibitory activity almost exclusively (28). The present study was performed using the
racemic mixture (R76713), referred to as vorozole racemate. The racemate as
well as the placebo were dissolved in propylene glycol (145 Al) and hydroxypropylbetacyclodextrine (50 mg). Water was added to make a total volume of
1 ml. Just prior to administration, about 50 ml tap water was added. The drug

tained from the same woman was evaluated using paired Wilcoxon's rank sum
test; significance of differences between different groups were evaluated using
the two-sample Wilcoxon rank sum test.

was tolerated very well. Two women complained of mild drowsiness for

(n = 24) and 74 ± 7% of [14C]androstenedione (n = 24). On the final
day of collection, <10% of the urinary excretion was measured. In
Fig. 1 the excretion of radioactivity after the placebo and vorozole
racemate experiments are given separately. From these results it is
clear that there were no differences between the placebo and the active
drug experiments in the amount and the daily excretion rates of the
metabolites.

approximately 4 days after one of the infusion experiments; the experiments
concerned appeared to be the placebo experiments.
Experimental Procedures. Approximately 15 µCi [14C]androstenedione
and 15 µCi [3H]Estrone (Amersham International, Buckinghamshire, United
Kingdom) were dissolved in 25 ml sterile saline, containing 5% ethanol, using
experimental procedures described previously (30). One-third of the radioactive steroid solution was given i.v. as a priming dose at 3.5 It after a single p.o.
dose of vorozole racemate or the placebo; the remainder was infused at a
constant rate over 2 h, starting 30 min after the priming dose. The amount of
labeled hormone administered accounted for <5% of the endogenous production of androstenedione and estrone.
Blood samples to determine plasma levels of endogenous hormones were
obtained 15 min before administration of the priming dose. Blood samples at
15 min before and at the end of the infusion were used to measure the MCRs
(30). The MCR and the levels of the endogenous steroids were used to calculate the blood production rates of androstenedione and estrone. From the start
of the experiments, the participants were asked to collect their urine four times
during 24 h. The excretion of radioactivity in the daily urine samples was
determined by counting the concentration of both radioactive labels in triplicate. No attempt was made to quantitate the fecal excretion of steroid metabolites.

In the urine, the 3H/14C ratio of estrone was measured after its purification
and derivatization until a constant ratio was obtained: 10% portions of the daily
urine samples were mixed and two 100-ml samples of this urine mixture were
used for duplicate analysis.
Briefly, the procedure used was as follows. To each portion of urine, 10 ml
of 0.1 M acetate buffer (pH 4.7) and 0.6 ml of Suc d'Helix Pomatia (Sepracor
S. A., Villeneuve-la-Garenne, France) were added. Hydrolysis was carried out
during 24-48 h at 37°C. Subsequently, the urine was transferred to an activated
6-ml Cls column (Baker, Deventer, the Netherlands) and rinsed with water and

20% methanol; finally, steroids were eluted with 100% methanol, and the

RESULTS

Excretion of Radioactive Metabolites. One of the requirements
for measurements of in vivo conversion rates is a practically complete
excretion of the urinary metabolites. After 4 days, the average total

urinary excretion was 52 -} 9% of the metabolites of [3H]estrone

Steroid Levels and Production Rates. Because of a technical
laboratory problem, not all MCR values for estrone following the
administration of vorozole racemate are available. The remaining
values of the MCR and the corresponding blood production rates for
androstenedione and estrone are presented in Table 1. The values
obtained are well within reference values for postmenopausal women
(30). Between the two experiments, no differences were found in the

metabolic clearance rates of the steroids under investigation. The
calculated blood production rates in Table 1 are based on hormone
levels measured soon after the administration of the active compound.
The expected decrease in plasma estrone after vorozole racemate has

not yet taken place and thus will not effect the calculations. The
testosterone blood concentrations during the placebo experiment were
0.77 {- 0.26 nmol/liter (n = 12) compared with 0.86 -± 0.24 nmol/liter
(n = 12) just after vorozole racemate administration; estradiol levels

were 22 ± 12 and 23 ± 14 pmol/liter, respectively.
In Vivo Aromatization. During the placebo experiment 2.19 ±
0.60% (range, 1.23-3.09%; n = 12) of the administered androstenedione was aromatized to estrone, again well within normal limits for
women of this age. The three groups of women, divided according to
the dose of vorozole racemate, did not show significant differences in
percentages of conversion after placebo treatment. Following admin-

istration of vorozole racemate, the conversion decreased to 0.14 ±

eluate was evaporated. The residue was dissolved in 0.2 ml of 100% methanol,
and 5 ml of petroleum ether (40-60°C)-1:1 (v/v) toluene were added. Extraction with 5 ml of water was followed by extraction of the estrogens with 5 ml

70

of 0.4 N NaOH. The alkaline extract was adjusted to pH 9 with 0.3 g of
NaHCO3, and the resulting solution was extracted 3 times with 4 ml of

60

diethylether. The combined ether extracts were evaporated under a stream of
nitrogen and dissolved in 0.25 ml of toluene: methanol (92:8). Estrone was
separated from estradiol by chromatography on a Sephadex LH-20 column
using toluene: methanol (92:8) as the eluate. The fraction containing estrone
was collected, evaporated, and purified to a constant 3H/14C ratio by consecutive derivatization steps, i.e., acetylation, hydrolysis, methylation at C3,
reduction at C17, and finally acetylation at C17, each derivative being subjected to chromatographic purification (31).
The percentage conversion of androstenedione to estrone was calculated
from the constant 3H/14C ratio in the final three derivatives using the formula:
% Conversion =

SO

a

J V

20
10

3H/14C administered steroids
x 100%.
3H14C urinary estrone

0

0

Hormone Measurements. FSH was determined using the Enzymun-Test
from Boehringer (Mannheim, Germany), and values are expressed in IU
1st International Reference Preparation of FSH; details were described previously (32). Androstenedione and testosterone were measured after extraction
from the plasma (33), and estradiol and estrone were measured after extraction
and LH-20 column chromatography (33).

I
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days
Fig. 1. Cumulative urinary excretion of radioactive metabolites of androstenedione
(4-Ad) and of estrone (El) following i.v. administration of both steroids for the measurements of metabolic clearance rates. The excretion is expressed as a percentage of the total
amount of radioactive steroid given to each individual. Results obtained after placebo
experiments and with vorozole racemate are shown separately. The days were counted
from the time of administration of the steroids. Point (bar), mean ± SEM.
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Table 1 Effect of administration of placebo or of 1, 2.5, or 5 mg of vorozole racemate on the MCR of androstenedione (4-Adion) and estrone (El) in normal postmenopausal
women

Vorozole racemate was administered orally 4 It before the clearance rate measurements. All results following the active compound have been combined; no differences were found
.between the two experiments.
MCR
(liters/24 h)

Concentration

Production rate

4-Adion

E1

4-Adion

E1

(mg/24 h)

(µg/24 h)

4-Adion

El

(µg/liter)

(ng/liter)

1970

2482
606
147

0.51

18.7

1.00

459
100

0.32
0.07

6.9

0.62
0.14

22

18

2112

2324

443
133

548
165

Total mean
SD

SEM

N
Placebo mean

SD
SEM

N
Vorozole mean

SD
SEM

12

12

1800

2799
591
264
6

419
140

N

10

1.4
24

24

0.43
0.20
0.06

conversion rates are given as 100% in each group.
Administration of 1 mg vorozole racemate resulted in an inhibition
of the conversion of 93.0 ± 1.6%. Following ingestion of 2.5 or 5 mg
vorozole racemate, very similar inhibition percentages of 93.2 ± 1.6
and 94.4 ± 1.2, respectively, were observed. This justifies the conclusion that a single oral dose of 1 to 5 mg vorozole racemate results
in an almost complete inhibition of the in vivo aromatase activity.
DISCUSSION
In previous studies with Vorozole in animals and in healthy males,
the effectiveness of this aromatase inhibitor was demonstrated in vitro
as well as in vivo. Vorozole is an excellent inhibitor specifically of the

aromatase cytochrome P-450, as demonstrated by in vitro studies
(21-24, 25, 27). The in vivo studies (29) were based on its potency to

decrease estrogen levels in the circulation. The ultimate proof of

12

12

44.1
18.2
5.5

0.35
0.11

12

8.3
2.5

12

racemate compared to placebo is shown in Fig. 2; the placebo

18

18.31.17

0.59
0.42
0.13

0.04% (range, 0.08-0.21%; n = 12). The percentage of inhibition of
the aromatization caused by the three different doses of vorozole

22

19.00.87
6.1
1.9

12

43.2
17.2
4.2

12

41.6

0.81

15.1

0.27

6.7
6

10

inhibition of the aromatase system is the demonstration of an effect on
the peripheral aromatization of androstenedione, the main source of
estrogens in postmenopausal women.

This study extends the observations in vivo to postmenopausal
women. A very low dose of the racemate and thus of Vorozole is
effective in decreasing the biosynthesis of estrogens in postmenopausal women. The high activity of Vorozole is indicated by the fact
that 1 mg of the racemate inhibits the aromatase almost completely.
The racemic mixture (R76713) was used in the present study. Because
almost all aromatase-inhibiting activity resides in. the dextro-enantiomer, extrapolation of the observed activity to the active component
is justified.
No effect of vorozole racemate on the metabolism of the infused

steroids was found in the women studied. The daily excretion of
urinary metabolites and the metabolic clearance rates of the steroids
under investigation were highly comparable during the experiments
after administration of vorozole racemate or the placebo. Total urinary
excretion accounts for <100% recovery because a substantial amount

125
2.5 mp

1 mp

5 mp

100

75

50

25

0
placebo

vorozole

placebo

vorozole

placebo

vorozole

Fig. 2. Effect of different doses of vorozole racemate on the in vivo. peripheral aromatization in normal postmenopausal women. The percentage of conversion during the placebo
experiment in the same woman was taken as 100%. After administration of the active compound, the conversion decreased an average of 94%.
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of metabolites will be excreted via the gastrointestinal tract. The fecal
excretion does not affect the calculation of conversion rates based on
urinary estrone.
The mean blood production rate of estrone (Table 1) is higher than
the calculated amounts of estrone derived from androstenedione. This
is in contrast with the well-established fact that the major source of
estrone in postmenopausal women is peripheral formation from an-

drostenedione (6). The explanation for this discrepancy must be
sought in the principles of the techniques used. Peripheral conversion

rates are based correctly on measurements of urinary estrone; they
give information concerning the conversion rates over many hours,
whereas blood production rates in this study are based on single
measurements of the MCR and blood hormone levels in the afternoon

and late morning, respectively. These parameters show substantial
variations over the day, and they are influenced by posture.
The main aim of this study was to show inhibition of the peripheral
conversion after Vorozole treatment. Because the urinary-based con-

version rates measure total conversion, the large reduction in this
conversion proves that the aromatization is inhibited to a large extent.
Thus, the compound looks very promising, and indeed, the first clinical trials indicate its effectiveness (29). More trials will be needed to
establish its real value in treatment of patients with breast cancer.

As previously documented, local aromatase activity in human
breast tissues may play a role in providing small quantities of estrogens involved in growth stimulation of malignant breast tumors (7,
31). Although Vorozole is highly effective in inhibiting the aromatase
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in vitro, no evidence is available concerning an in vivo effect of
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Vorozole on estradiol locally in the human breast. Studies to establish
such an effect are currently being undertaken.
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