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Abstract—Three combinations of steroid contraceptive drugs (mestranol plus lynestrenol. norethindrone
or norethynodrel) were given orally at effective antifertility doses for 30 days to rats. mice and guinca
pigs. Eighteen hr after the last treatment, the animals were sacrificed for preparation of liver microsomal
enzymes and the evaluation of mestranol metabolism in eitro.

The results obtained indicate that these three animal species convert mestranol into ethynylestradiol,
a hormonally active agent. which is further metabolized into more polar metabolites.

A prior administration of conlraceptive agents increases in rats and mice the disappearance of mes-
tranol and the metabolism of cthynylestradiol in vitro. In guinea pigs the effect was much less marked.

The results are discussed considering that the estrogen activity of mestranol in vivo depends on
the availability of ethynylestradiol for the estrogen receptors.

Mestranol (17-2-ethynyl-3-methoxy-1.3.5(10)-estra-
trien-17-$-ol) is widely prescribed as an orally admin-
istered estrogen compound, particularly used in con-
traceptive formulations.

Several reports indicate that mestranol acts as an
estrogen only after the formation of ethynylestradiol.
a hormonally active compound formed by the liver
microsomal O-demethylase, which can readily interact
with the binding sites of estrogen receptor protein
in the target tissues [1, 2]. Thus, the therapeutic acti-
vity of mestranol in the organism depends on its bio-
transformation to ethynyl-estradiol and on the avail-
ability of this latter compound for the estrogen recep-
tors.

Individual differences in the metabolism of mes-
tranol may lead, therefore, to an alteration of the
estrogenic effectiveness of mestranol [2,3]. In addi-
tion some progestational compounds added in vitro
have been shown to inhibit the O-demethylation of
mestranol [2].

The aim of this work was to investigate the effect
of some of the most widely used steroid contraceptive
drug (SCD) combinations on mestranol metabolism
in experimental conditions duplicating human clinical
utilization. Therefore the SCD combinations were
administered chronically to three animal species for
periods covering more than one estrus cycle, in doses
which produced an experimentally controlled antifer-
tility effect. At the end of the treatment O-demethyla-
tion of mestrano! by liver microsomes in vitro was
measured by determining the disappearance of mes-
tranol and the presence of ethynylestradiol.

MATERIALS AND METHODS

Animals. Female Charles River rats (body wt
220 + 10 g), female CD, mice (body wt 25 + 3 g)
and female PIR bright/Z guinea pigs (body wt
350 + 30 g) were used in all experiments.

The rats and mice were housed in makrolon cages
{six per cage) and the guinea pigs in steel rod cages
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{five per cage). The animals werc kept at a constant
room temperature of 22° with a relative humidity of
60%,. Food and water were given ad lib.

Drug administration. The following SCD combina-
tions were used in rats and mice: lynestrenol (5
mg/kg) plus mestranol (0.3 mg/kg); norcthindrone (4
mg/kg) plus mestranol (0.2 mg/kg): norethynodrel (4
mg/kg} plus mestranol (0.06 mg/kgl In guinea pigs
the same combinations were used at the following
doses: lynestrenol (1.25 mg/kg) plus mestranol (0.075
mg/kg), norethindrone (4 mg/kg) plus mestranol (0.2
mg/kg); norethynodrel (1 mg/kg) plus mestranol
{0.015 mg/kg).

The dose of each drug combination was selected
according to the previously established antifertility
effect [5] as measured by a bioassay procedure. devel-
oped by Kincl and Dorfman [4] in the different ani-
mal species (EDgs).

The drugs were dissolved in corn oil and given
orally for a period of 30 days to rats and mice and
32 days to guinea pigs which in this animal species
is the length of two estrus cycles. Controls received
only corn oil. Animals were sacrificed by decapitation
18 hr (at 10:00 a.m.) after the last treatment. Repeated
analyses of mestranol and ethynylestradiol in several
liver microsomal preparations. indicated that no
traces of steroid contraceptives are present in liver
microsomal preparations of the three animal species
tested.

Preparation of liver microsomes. Following animal
sacrifice the livers were immediately removed and
homogenized in ice-cold 1.15%; Kl solution (1:4 w'v)
with a Teflon-glass homogenizer. The homogenate
was centrifuged at 9000 ¢ for 20 min and the supcrna-
tant fraction was centrifuged again at 105000 ¢ for
1 hr (rotor 40’-Beckman Model! L ultracentrifuge).

Incubation in vitro. Microsomal suspension in
1.15%, KC1 solution containing 8-10 mg protein/ml
were used. Protein determinations were carried out
according to Lowry's method [6]. Each incubation
mixture consisted of 2.5 mi of microsomal suspension
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Table 1. Disappearance of mestranol (M) and formation of ethynylestradiol (EE) with
liver microsomes obtained from different animal species after 30 days of treatment
with lynestrenol + mestranol

Animal Exptl. Parameter Concentrations of mestranol (pg/S ml)
species group measured 100 300 S00

Rat Controls ", M unchanged 9+ 3 65 + 5 73+ 3
", EF found 33+ 1 16+ 2 9+ 1
Treated* ", M unchanged 8+ 3 47 + 3 66 + 3
¢, EE found 2242 24 4+ 4 14+ 2
Mouse Controls “, M unchanged IR+ 1 56 + 4 78+ 5
¢, EF found 21+ 3 27+ 3 21+ 2
Treated* “, M unchanged 9+ 1 15+2 5243
*. EE found < 0.6 38 =3 RE
Guinea  Controls “, M unchanged 44 + 4 75+ 4 89 + 4
pig ’, EE found 27+ 2 63 +3 75+ 1
Treated* ", M unchanged 3242 I8+ 3 11+ 1
", EE found 40 + 2 RIS 2242

Thirty-day treatment with lynestrenol + mestranol.

*5 + 0.3 mg/kg orally.
+1.25 + 0.075 mg/kg orally.

Value are mean + S.EEM. of at lcast 4 determinations

equivalent to 1 g of liver; NADP (1.5 umoles);
glucose-6-phosphate (50 pmoles);  glucose-6-phos-
phate dehydrogenase (0.5 units); magnesium chloride
(25 pmoles), nicotinamide (50 pmoles); 1.4 ml of 0.2
M phosphate buffer pH 7.4: mestranol (100-500 ug):
045 ml of 1.15°, KCIl and water to obtain a final
volume of 5 ml. The concentrations of mestranol or
ethynylestradiol were selected after preliminary exper-
iments. The mixtures were incubated in a Dubnoff
metabolic shaker at 37 under air for various periods
of time. At the end of the incubation period the mix-
ture was extracted twice with 10 ml of cther-chloro-
form (3:1 v/v). The combined organic extracts were
evaporated to dryness, redissolved in an acetone solu-
tion of the internal standard. and then gaschromato-
graphed.

Chemical determination. The analyses of mestranol
and its metabolite ethynylestradiol (EE) werc carried
out by using a gas chromatograph (Model GI1. Carlo
Erba, Milan) equipped with a flame ionization detec-
tor. The stationary phase was OV 17, 3", on Gas
Chrom Q (100 -120 mesh) packed into a 2-m glass
column (3 mm i.d., 6 mm o.d.). The How rate of carrier
gas {nitrogen) was 30 ml/min and the column tem-
perature was 265 .

For the quantitative steroid analysis the internal
standard technique was used. 2.4-Dinitrophenylhyd-
razone of camphor was chosen as an internal stan-
dard, because of its suitable retention time.

Recovery studies of mestranol and its main meta-
bolite. 17-z-ethynyl-cstradiol, from microsomes incu-
bation mixtures of the three animal species were satis-
factory ranging from 75 + 2%, to 90 + 2,

RESULTS

Effect of a 30-duy treatment with lynestrenol plus
mestranol (L + M). The combination of L. + M given
30 days to rats and mice (5 + 0.3 mg/kg orally) or
to guinea pigs (1.25 + 0.075 mg/kg orally) is capable
of influencing the rate of metabolism of mestranol

30 min incubation.

in ritro liver  microsomal
enzymes.

The results obtained are summarized in Table 1
(different concentrations of M added in vitro) and in
Table 2 (different times of incubation). For the three
animal species it is evident that M disappears at a
faster rate from liver microsomes obtained from ani-
mals pretreated with L + M with respect to controls.

Although the data do not allow strict comparison
it seems possible to suggest that the increased disap-
pearance of mestranol in animals pretreated with
L + M is more marked in rats and mice than in
guinea pigs.

The formation of EE cannot be entirely calculated
because this hormonally active metabolite is further
mectabolized to unknown compounds in all three ani-
mal species. Data reported in Table 7 (controls) indi-
cates in fact that EE disappears from liver micro-
somes in vitro at an increasing rate going from guinea
pigs to rats and to mice.

In any case it is evident that the amount of EE
can be found at the end of incubation with M is de-
creased for rats and mice while it is incrcased for
guinea pigs.

Effect of u 30-day treatment with norethindrone +
mestranol  (Ne + M). The combination Ne + M
(4 + 0.2 mg/kg orally) given for 30 days to rats, mice
and guinea pigs increases the disappearance of mes-
tranol in vitro by liver microsomal enzymes only for
rats and mice but not for guinea pigs.

Tables 3 and 4 summarize these findings by using
different concentrations of M and different times of
incubation with a given M concentration. As far as
the presence of EE at the end of the incubation, there
is « marked decrease in mice while for rats and guinea
pigs there is not a significant change when the ani-
mals are pretreated with the combination Ne + M
with respect to controls.

Effect of a 30-day treatment with norethynodrel +
mestranol (N 4+ M). The results obtained with the
combination Nt + M given for 30 days to rats and
mice (4 + 0.06 mgkg orally) or to guinca pigs

(O-demethylation) by
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Table 2. Disappearance of mestranol (M) and formation of ethynylestradiol (EE) with
liver microsomes obtained from different animal species after 30 days of treatment
with lynestrenol + mestranol

Min after incubation with mestranol

Animal Exptl. Parameter (100 pg/Sml)

species group measured 10 30 60 120
Rat Controls *, M unchanged S3+3% 3 +3 28+2 23 +1
., EE found 3042 3341 3342 3243
Treated °, M unchanged 26 + 1 8+ 3 9+2 8+ 2

¢, EE found 3342 2242 2243 2141

Mouse  Controls ¢, M unchanged S+ 4 18 + 1 9+ 2 6+ 1
¢, EE found 3143 2143 17+2 6+ 1

Treated* ", M unchanged 2+2 9+ 1 6+ 1 6+ 1

¢, EE found 38+ 3 <0.6 <0.6 <0.6
Guinea Controls ¢, M unchanged 74+3 44+4 40+ 1 31 +2
pig ¢, EE found 2543 3242 3243 3242
Treatedt ", M unchanged 63+2 27+2 16 +3 6+ 1
¢, EE found 3542 40+2 48+£3 4843

Thirty-day treatment with lynestrenol + mestranol.

*5 4+ 003 mg/kg orally.
t1.25 + 0.045 mg/kg orally (n = 4).
T Values are mean + S EM.

(1 + 0.015 mg/kg orally) are presented in Tables 5
and 6. It is evident that liver microsomes obtained
from rats and mice pretreated with NI + M metabo-
lize M at a faster rate than untreated animals. On
the contrary the liver microsomes of guinea pigs pre-
treated with NI + M are less effective than controls
in metabolizing M particularly when different times
of incubation are considered (see Table 6).

The presence of EE at the end of the incubation
is also differently affected by the treatment with
NIl + M in the three animal species. In fact. while
with liver microsomes from mice there is a marked
decrease, with liver microsomes of guinea pigs there
is a slight decrease and with liver microsomes from
rats a moderate increase.

However, while the decrease of EE in mice is
accompanied by an increased metabolism of M. the
decreased level of EE in guinea pigs is related to a
reduced disappearance of M.

Effect of treatment with mestranol on ethynylestra-
diol metabolism. Data reported in Table 7 show that
EE can be metabolized by liver microsomal enzymes.
The rate of disappearance of EE is faster with liver
microsomes of mice followed in decreasing order by
liver microsomes of rats and guinea pigs.

A previous treatment with M (6 mg/kg pep os for
3 days) increases the disappearance of EE by liver
microsomes of rats and mice while it decreases the
disappearance of EE in guinea pigs after a 3 day treat-
ment at the dose of 3 mg/kg twice a day.

DISCUSSION

The reported results indicate first that liver micro-
somal enzymes are capable of metabolizing mestranol
with the formation, through an O-demethylation, of
the hormonally active agent ethynylestradiol. This
metabolizing activity occurs at the highest rate with

Table 3. Disappearance of mestranol {M) and formation of ethynylestradiol (EE) with
liver microsomes obtained from different animal species after 30 days of treatment
with norethindrone + mestranol (4 + 0.2 mg/kg oral)

Animal Exptl. Parameter Concentrations of mestranol (ug/5 mb)
species group measured 100 300 500

Rat Controls *, M unchanged 39 + 1* 65+ 5 73+ 4
¢, EE found 33+3 16 + 1 9+ 2
Treated* ¢ M unchanged 12+1 54+ 3 65+ 3
¢, EE found 37+ 4 274+ 2 14+ 1
Mouse  Controls *, M unchanged 18 +1 56 + 4 78 + 5
‘. EE found 21+3 27+ 3 21 +2
Treated ¢, M unchanged 11 +1 25+ 2 50+ 3
¢, EE found <0.6 33+5 36+ 3
Guinea  Controls *, M unchanged 44 + 4 78 + 4 79 + 4
pig *, EE found 32+2 18+ 3 1H+1
Treated ?, M unchanged 58 + 4 74 + 4 84 + 5
", EE found 27+ 3 16 + 1 10+ 1

Thirty min of incubation
* Values are mean + SEM. (n = 4).



1342

F. Marcucct ¢t al.

Table 4. Disappearance of mestranol (M) and formation of ethynylestradiol (EE) with
liver microsomes obtained from different animal species after 30 days of treatment
with norethindrone + mestranol (4 mg + 0.2 mg/kg oral)

Min after incubation with mestranol

Animal Exptl. Parameter (100 pg/S ml)

species group measured 10 30 60 120
Rat Controls “, M unchanged 53 + 2* 39 +1 28+ 2 23+ 1
¢, EE found 2942 3343 3+2 3242
Treated ’, M unchanged 27 + 1 12+1 11+ 05 11 +1
", EE found 38+3 37+4 3742 26+ 3
Mouse  Controls ", M unchanged 51 + 4 18 +1 9+ 2 6+ 1
", EE found 3t+3 2143 17+ 2 6+ 1
Treated ", M unchanged 26 + 3 I+ 1 T+ 1 6+ 1

", EE found 33+2 <0.6 < 0.6 <0.6
Guinea  Controls ", M unchanged 74 +3 44 + 4 40 + 1 31+ 2
pig ¢, EE found 2543 3242 3243 32+2
Treated "+ M unchanged 74 + 2 58 +4 49 + 4 32+ 2
¢, EE found 4+3 2743 26 + 2 28 + |

* Values are mean + SEM. (n = 4).

the liver microsomes of mice followed in decreasing
order by liver microsomes of rats and guinea pigs.
Furthermore. ethynylestradiol can be further metabo-
lized by liver microsomes at a rate which is decreasing
from mice to rats and to guinea pigs.

These findings are in agreement with other investi-
gations carried out in vire[2] and with isolated
perfused rat liver [7] showing that mestranol is
O-demcthylated and that the resulting ethynylestra-
diol is transformed into 2-hydroxyethynylestradiol
and other, yet unidentified, more polar metabolites.

Since mestranol is utilized in several contraceptive
combinations for women, our experiments to investi-
gate whether prolonged contraceptive treatments
were able to alter the rate of mestranol metabolism
by liver microsomal enzymes were particularly inter-
esting. The three SCD combinations were given at
different doses to the three animal species over a pro-
longed period. The results obtained clearly indicate
that the animal species is an important variable. In

rats and mice, but not in guinea pigs, there is on
the whole. following SCD treatment an increased in
vitro disappearance of mestranol and a relatively
lower level of ethynylestradiol with respect to con-
trols.

The kinetics of mestranol disappearance and eth-
ynylestradiol formation are such as to establish that
the ethynylestradiol measured is the net result of the
amount formed with respect to the amount metabo-
lized.

In this respect it may be tentatively concluded that
SCD treatments increase in rats and mice both the
transformation of mestranol into ethynylestradiol and
the further metabolization of ethynylestradiol.

However, the type of contraceptive combination
may be also of importance in determining changes
of mestranol by liver microsomes.

In fact. in rats the presence of ethynylestradiol after
incubation with liver microsomal enzymes is de-
creased with respect to controls when the animals

Table 5. Disappearance of mestranol (M) and formation of cthynylestradiol (EE) with
liver microsomes obtained from different animal species after 30 days treatment with
norethynodrel and mestranol

Animal Exptl. Parameter Concentrations of mestranol (ug/5 ml)
species group measured 100 300 500

Rat Controls %+ M unchanged 39+ 17 65 + 5 73+ 4
% EE found 3343 16 + 1 9+ 2
Treated* %, M unchanged 14+£2 47 + 3 67 + 5
*, EE found 38+ 4 28+ 3 17+ 3
Mouse  Controls ", M unchanged 18 + 4 56+ 4 78 +£ 5
., EE found 21+ 3 27+ 3 2142
Treated* ¢, M unchanged 8§+ 2 28+ 3 594+ 4
¢, EE found 2405 39+ 3 34+ 4
Guinea  Controls ¢, M unchanged 45 + 2 82+ 4 85+ 5
pig ¢, EE found 34+3 16 + 3 I +1
Treatedt *, M unchanged 60 + 4 82+ 4 85+ 5
", EE found 25+ 3 14+3 9+ 1

Thirty-day treatment with norethynodrel + mestranol. Thirty-min incubation.

*4 + 0.06 mg/kg orally.
1+ 0015 mgskg orally.
T Values are mean + SEM. (n = 4).
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Table 6. Disappearance of mestranol {M) and formation of ethynylestradiol (EE) with
liver microsomes obtained from different animal species after 30 days of treatment
with norethynodrel + mestranol

Min after incubation with mestranol

Animal Exptl. Parameter- (100 pg/S mi)
species group measured 10 30 60 120
Rat Controls “, M unchanged 53 + 2% 39+ 1 2042 2341
¢, EE found 29+ 2 33+ 3 33+2 3243
Treated* ?, M unchanged 24 + 3 14+ 2 13+ 2 I+ 1
., EE found 42 +3 I8+ 4 M4+3 2942
Mouse Controls ’, M unchanged 51 + 4 18+ 1 9+ 2 6+ 1
¢, EE found 31 £3 21+ 3 17+2 6+ 1
Treated* ®, M unchanged 26 + 3 8+ 2 8+ 1 742
., EE found 35+2 2405 <0.6 <0.6
Guinea Controls  °, M unchanged 74 + 3 45+ 2 424+ 3 33+2
pig *, EE found 19+1  34+3  33+2 35+4
Treatedt ", M unchanged 70 + 2 60 + 4 58+ 1 57 4+ 2
", EE found 11 £1 25+ 3 26+2 28+4
Thirty-day treatment with norethynodrel + mestranol.
*4 + 0.06 mg/kg orally.
1+ 0015 mg/kg orally.
T Values are mean + SEM. (n = 4).
were pretreated with lynestrenol + mestranol, is in- In this study the dosage of SCD preparation was
creased with norethynodrel + mestranol and is un-  that found to be the minimal effective antifertility
changed with norethindrone + mestranol. doses in the animal species.
In the guinea pig. although the changes are rela- The significance of this investigation is that the

tively small, the pretreatment with lynestrenol + mes-  estrogen component may change during the treatment
tranol increases the disappearance of mestranol and  particularly when the administration is prolonged.
the presence of ethynylestradiol, while the combina- This may be especially important with estrogen
tion norethynodrel + mestranol gives the opposite  compounds such as mestranol which do not bind. per
cffect and the treatment with norethindrone + mes- s, to estrogen receptors [ 1, 2], but require a previous
tranol has no effect. biotransformation.

The effects observed with the SCD treatments do Owing to species variability it is impossible to
not appear to depend on the dose of mestranol attempt any extrapolation from these studies to
because in mice the same increase of mestranol meta-  human use of contraceptive medication. However, the
bolism was observed with doses of the estrogen com-  present findings strongly suggest the need of similar
ponent ranging from 0.06 to 0.3 mg/kg per os. investigations in women to ascertain whether a

On the other hand. no relationship was observed  change in the availability of the estrogen component
with doses ranging from 0.015 to 0.2 mg/kg per os  occurs in the prolonged administration of contracep-
in guinea pigs. Although ad hoc experiments must be  tive treatment.
performed it appears likely that the individual proges-
tin component may have a marked influence depend-
ing on the species and on the metabolism of mes-  Acknowledgements- This study was supported by Contract
tranol and ethynylestradiol. No. NIH NICHD 72-2733.

Table 7. Disappearance of ethynylestradiol (EE) from liver microsomes obtained from
different animal species after 3 days of oral treatment with mestranol twice a day
(6 mg/kg) in rats and in mice and 3 mg/kg in guinea pigs

Min after incubation with ethynylestradiol

Animal Exptl. (100 ug/5 mly
species group {0 30 60 120
Rat Controls* 45 4 1 374+ 1 34 +2 4+ 2
Treated 17+ 1 8§+ 1 5+1 S5+ 1
Mouse Controls 45+ 3 18+ 2 S+ 1 2+1
Treated 40 + 2 9+ 1 541 2+1
Guinea Controls 70 + 3 60 + 4 50+ 2 45 + 1
pig Treated 84 + 2 71+ 3 62 + 4 58+ 3

Figures represent the ", of EE found in respect to the added concentration (n = 4).
* Values are means + S.EM.
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