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Summary

The oral bioavailability of 178-estradiol is only about 10% in humans due to extensive first-pass metabolism. The feasibility of
depressing this metabolism and hence improving the systemic bioavailability by the prodrug approach was examined using a rat
model. The prodrugs studied included the 17-acetate, 17-valerate, 17-cypionate, 3-benzoate, 3-acetylsalicylate and 3-anthranilate
esters of 17B-estradiol. Following oral administration to rats the systemic bioavailability of 178-estradiol was found to be 4.3%
whereas the bioavailability observed after administration of the esters ranged from 1.0 to 7.6%. This finding suggests that the esters
are unable to protect the parent drug against first-pass metabolism as assessed in the rat. The poor bioavailability observed with the
3-acetylsalicylate and 3-anthranilate esters contrasts greatly with previously reported findings with these ester prodrugs in dogs.

Introduction

Estrogen substitution therapy is often used in
the treatment of postmenopausal disorders. The
most common oral dosage forms are micronized
17B-estradiol and conjugated and esterified estro-
gen mixtures (Sitruk-Ware, 1990). However, the
systemic bioavailability of 178-estradiol, the pri-
mary estrogenic hormone produced by the human
ovary, is only about 10% following peroral admin-
istration because of extensive first-pass metabo-
lism of the drug in the gastrointestinal tract and
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liver (Longcope et al., 1985). The primary routes
of this metabolism are oxidation of the 17-hy-
droxyl group to give estrone and conjugation of
the 3-phenolic group in 178-estradiol as well as in
estrone to sulfates and glucuronides (Diczfalusy
et al., 1961; Fishman et al., 1969; Yen et al., 1975;
Longcope et al., 1985). These metabolites have
been implicated as causing changes in hepatic
function and to contribute to the undesirable side
effects of chronic estradiol therapy (Powers et al.,
1985; Lievertz, 1987; Balfour and Heel, 1990).
One approach to circumventing the high first-
pass metabolism of 178-estradiol is to administer
the drug by a non-oral route such as transder-
mally (Balfour and Heel, 1990) or by the nasal
route (Bawarshi-Nassar et al., 1989; Hermens et
al., 1990; Schipper et al., 1990). Another ap-
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proach is to administer the drug orally in the
form of a prodrug which can depress the
metabolism in the gastrointestinal tract and liver
and, following passage of the site of first-pass
metabolism, be cleaved to release the active drug
moiety. This prodrug approach has recently been
studied by Hussain et al. (1988). These authors
reported that esters formed with acetylsalicylic
acid and anthranilic acid at the 3-phenolic hy-
droxy group of 178-estradiol respectively resulted
in 17- and 5-fold higher bioavailability of 178-
estradiol following oral administration to dogs
than after administration of the parent drug.

The aim of the present study was to explore
the potential utility of the prodrug concept to
depress the oral first-pass metabolism of 178-
estradiol and hence improve its bioavailability.
Using a rat model, we have examined the oral
bioavailability characteristics of six ester deriva-
tives of 17B-estradiol formed either at the 3-phe-
nolic group or at the 17-hydroxy group and com-
pared the bioavailability with that of the parent
drug. The compounds studied are shown in
Scheme 1.

Materials and Methods

Materials

B-Estradiol and the esters II-V were pur-
chased from Sigma Chemical Co., St. Louis,
U.S.A. The 3-acetylsalicylate (VI) and 3-anth-
ranilate (VII) esters of B-estradiol were prepared
as described by Hussain et al. (1988). Their melt-
ing points and 'H-NMR spectra were identical to
those reported. Chremophor ® EL was obtained
from BASF, Germany and polyethylene glycol
(PEG 400) from E. Merck, Darmstadt, Germany.

Preparation of dosing solutions

For the oral administration, 0.5 ml of solutions
of B-estradiol and its esters in ethanol-Chremo-
phor®R EL-water (1:1:8 v/v) was given. The so-
lutions contained an amount of B-estradiol corre-
sponding to a dose of 800 pmol/g rat or 40
ng/rat or the equivalent amount (on a molar
basis) of B-estradiol ester. The solutions of 8-
estradiol given intravenously (0.5 ml) were made

179

in PEG 400-isotonic saline (1:9 v/v) and con-
tained an amount of the drug corresponding to a
dose of 100 pmol /g rat or 5 ug/rat.

Bioavailability studies in rats

Female Wistar rats, weighing 190-210 g at the
start of the study, were acclimatized for 14 days
and kept in standard cages. They were fasted for
20 h prior to drug administration. The oral dosing
was performed by means of a steel probe with a
length of 6 cm, whereas the i.v. dosing was car-
ried out by injection through the tail vein. Before
blood sampling the animals were anesthetized
with carbon dioxide-oxygen (80 and 20%). Blood
samples of 2 ml were taken from the ophthalmic
venus plexus at 2, 5, 10, 15, 20, 30, 45, 60, 120,
240, 360 and 480 min after administration. A
sample was also taken at 1 min after i.v. adminis-
tration. One rat was used for each sampling.

Each compound was simultaneously given to
two rats and serum samples from the animals
were pooled at each sampling time prior to analy-
sis. The serum, obtained by centrifugation of the
blood samples for 10 min at 3000 rpm, was ana-
lyzed for B-estradiol and estrone by a radioim-
munoassay, the analysis being performed by Sta-
tens Seruminstitut, Copenhagen. The sensitivity
of the assay was about 10 pg/ml. Separate exper-
iments showed that the B-estradiol esters did not
interfere with the estradiol assay. Baseline (pre-
dose) serum estradiol concentrations were not
subtracted from the postdose sample values be-
cause the latter exceeded the endogenous values
by a factor of at least 15.

Results and Discussion

The objective of the present work was to exam-
ine whether bioreversible esterification of the
3-OH or 17-OH groups in 17B-estradiol may re-
sult in increased oral bioavailability of the parent
compound using a rat model. In order to estimate
the absolute or systemic bioavailability of orally
administered 17B-estradiol in the rat, the com-
pound was given both orally and by i.v. adminis-
tration. The serum concentration-time curves ob-
served after these routes of administration are
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Fig. 1. Serum levels of unchanged 178-estradiol in rats follow-
ing i.v. (@) and oral (@) administration of 178-estradiol.

shown in Fig. 1. The serum concentrations after
i.v. administration declined rapidly with an initial
half-life of approx. 7 min. The terminal half-life
was 50 min. The absolute bioavailability after oral

TABLE 1

administration, F(%), was determined according
to:

AUCoral D iv.
X
AUC,

v,

F(%) = X 100 (1)

where AUC is the area under the serum concen-
tration-time curves (0—480 min) as calculated us-
ing the trapezoidal rule.

At a dose of 40 wpg/rat, the absolute oral
bioavailability of 178-estradiol was found to be
only 4.3%. This value is similar to that (3.7%)
reported previously by Bawarshi-Nassar et al.
(1989) after intraduodenal administration of
17B-estradiol to rats at doses of 5-20 wg/rat.

The serum concentration-time curves of 178-
estradiol (E,) obtained after oral administration
of the 17B-estradiol esters II-VII are shown in
Fig. 2. The AUC values, oral bioavailabilities and
E,/E, ratios obtained from the AUC values of
both 17B-estradiol and estrone (E,) are listed in
Table 1.

The results obtained show that no ester pro-
drug affords any significant improvement in oral
bioavailability in the rat. The [7-valerate and
17-cypionate esters show 1.6-1.8-fold higher
bioavailability than the parent drug but the abso-
lute bioavailability is still quite low. The systemic
bioavailability of the 17-valerate ester in humans
following the administration of an oral dose of 2

Area under the serum level curves (0-480 min) for 178-estradiol (E,) and estrone (E,), absolute bicacailabilities (F) of unchanged
17B-estradiol and E; /E, ratio following the oral administration of 17B-estradiol and various ester derivatives in equimolar doses

(corresponding to about 40 w g estradiol / rat) to rats °

Compound AUC (ng min mi ™ 1) E\/E, F (%)
E, E,
17B-estradiol n 132 42 03" 43
Estradiol-17-acetate (In 135 49 0.3 44
Estradiol-17-valerate (111 203 40 0.2 6.6
Estradiol-17-cypionate (V) 233 51 0.2 7.6
Estradiol-3-benzoate (8% 30 38 1.3 1.0
Estradiol-3-acetylsalicylate (4%0] 28 142 1.1 4.2
Estradiol-3-anthranilate (V1D 98 43 0.4 3.2

2 Data were obtained from pooled serum samples from two rats for each compound and each sampling time.

® E,/E, ratio after i.v. administration of 178-estradiol was 0.2.
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Fig. 2. Serum levels of unchanged 178-estradiol in rats following oral administration of the 17-acetate (A), 17-valerate (B),
17-cypionate (C), 3-benzoate (D), 3-acetylsalicylate (E) and 3-anthranilate (F) esters of 178-estradiol.

mg has also been shown to be very low (about 3-anthranilate (VII) esters are in great contrast to
3%) (Diisterberg et al., 1985). The low bioavail- the findings reported by Hussain et al. (1988).
abilities found for the 3-acetylsalicylate (VI) and The oral estradiol bioavailability after administra-
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tion of esters VI and VII to dogs was reported to
be 17- and 5-fold higher, respectively, than after
oral 17B-estradiol. Apparently, there is consider-
able species variation in the metabolic handling
of these esters. It is of interest to note the much
higher E,/E, ratio observed with these two es-
ters than with the other compounds (Table 1).
The present results indicate that the esters stud-
ied are rapidly hydrolyzed before or during the
first-pass metabolism in the rat so that no protec-
tion of the estradiol molecule is achieved. In
separate experiments, it was found that the esters
II-VII were rapidly hydrolyzed in vitro in a 10%
rat liver homogenate, the half-lives being less
than 10 min.

In conclusion, esterification of 178-estradiol at
either the 3-phenolic hydroxyl group or at the
17-hydroxyl group with various aliphatic and aro-
matic acids resulted in no marked improvement
of the oral bioavailability of the parent drug as
assessed in the rat.
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