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In view of the possible participation of estrogen 3-sulfoconjugates in reproductive events, such as
reproductive cycles, gestation and parturition, an experiment was carried out where the conversion
of labeled estrone sulfate ([’H]E,S) to estrone ([°’H]E,) was measured during n vitro incubation with
minced uterine tissues representing implantation sites (IS) and non-implanted areas (NIS), from
pregnant rats at the time of blastocyst implantation. Significant hydrolysis of the 3-sulfate, by the
action of the estrogen sulfatase, was found in both tissues being less in IS than in NIS, when expressed
either as pmol of E, formed/mg wet tissue/h (238 + 37 vs 337 + 15, respectively) or as pmol of E,
formed/mg protein/h (1278 + 198 vs 1773 + 81). Both differences are statistically significant at the
0.001 level. The results obtained here suggest that E;S present in uterine fluids may be taken up and
hydrolyzed by the sulfatase present in both intrauterine tissues of the 6-days pregnant rat. However,
the decreased formation of E, found in IS suggests that rat blastocyst is able to regulate the local
concentration of unconjugated estrogens required at IS by modulating the activity of the estrogen
sulfatase.
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INTRODUCTION inhibited creating an embryotoxic milieu [6] preventing
. . implantation.
In early pregnancy, the hormonal and biochemical Recent studies [7,8] show that preimplanted

composition of embryo and uterine secretions, creates embryos synthesize steroid hormones; among these,
an appropriate ‘env1.ron‘ment for blastos:yst' esta_bll’Sh' estrogens are of special interest because of their import-
ment [}]. Deficiencies in these properties impair im- ance in the process of implantation. It has been ob-
plzflntg;}on and account for embryonic mortality [2] and served that certain parameters which are sensitive to an
m,;r;l ILY' 1 . . . estrogenic stimulus show a marked change at IS,
¢ hormonal requirements for 1mplant.at1'0n Vary including increases in the permeability of endometrial
among mgmmals [3]. In the rat, the synergistic action capillaries [4], in nuclear receptors for E, and pro-
E)f es.tradlol (EZ; and progesterone is essential [é_”' gesterone [9], in the translocation of these receptors
vaflectomy n ; ore day 4 of pregnancy and daily g5, cytosol to the nucleus [10] and differences in the
treatment with 2 mg ngeStemI}e r?SUItS n dorrnan(':y activities of several enzymes such as estrogen sulfatase,
of the blastocysts which are maintained unattached in which hydrolyzes estrogen 3-sulfates, and 176-
. . . .. >
the. uteru.s; implantation can be initiated, howeve?,‘ by hydroxysteroid oxidoreductase, responsible for the
a single i.v. dose of E,. The estrogen dose is critical reciprocal conversion E,«E
. i . . 1 2-
undetl; thefs§ colrldlthns [?], 20ng E, m.duces a fu‘ll Steroid sulfates participate in several biological pro-
nudrn ecrl % 1?1p ant;mon s;tes \}({;S})1 bl}t this number is  ocoec such as reproductive cycles, sperm capacitation
reduced Dy lower doses (5]. With higher doses some and gestation [11]. Estrone sulfate (E,S) is the pre-
protein secretions needed for embryo development are dominant estrogen in the plasma of cycling [12], pre
and postmenopausal women [13]. During pregnancy,
. this sulfoconjugate is the maj I in the
*To avoid further delays in publication this paper has been published JUg . st e jor plasma estrogen .
without the author’s corrections. rpother as well as in their female fetuses [14]. Previous
Received 21 Mar. 1994; accepted 8 Nov. 1994. n vivo and in vitro studies, have shown that some E;S
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can be hydrolyzed into E,; by the uterine estrogen
sulfatase, the activity of which is inhibited by free
estrogens [15, 16] and increased by adenine nucleotides
[16], representing a regulatory mechanism of free estro-
gen levels, since liberated E, is quickly converted into
E, by the oxidoreductase. It has also been found that
the conversion of E;S to E,, measured in homogenized
uterine tissues of the 6-days pregnant rat, can be locally
modulated in IS by estrogens, possibly secreted by the
embryo [17].

Since it has been postulated that E;S can be
hydrolyzed by the sulfatase in the process of transport
across cell membranes, this study employed uterine
minces as a model system, in order to acquire more
information about the uptake and metabolism of estro-
gen sulfates in the uterus of the pregnant rat, as well as
about the role of the estrogen sulfatase in regulating the
local concentration of E, at the site of implantation.

EXPERIMENTAL
Chemicals

[6,7-*H]estrone sulfate 53 Ci/mmol, was purchased
from New England Nuclear (Boston, MA) and its
radiochemical purity was confirmed by TLC in the
system toluene—dioxane-acetic acid (20:10:1) before
use. Unlabeled E;S, ADP and ATP were obtained from
Sigma (St Louis, MO).

Animals and treatment

Adult Long-Evans rats (200 g average weight) were
housed in groups of two with one male of the same
strain and were maintained under controlled tempera-
ture and light-dark conditions. Daily vaginal smears
were taken in order to detect spermatozoa and then it
was considered the first day of pregnancy. On day 6,
pregnant rats were injected (i.v.) with 1 ml 19, trypan
blue in saline, and 30 min later they were killed by
cervical dislocation under anesthesia; uteri were im-
mediately removed, cleaned, opened longitudinally and
placed at 0°C. The blue stained areas representing the
IS [4] were separated from the non-stained tissue
considered as non-implanted sites (NIS) and processed
separately. Tissues were minced in 10 ml of ice-cold
Ringer’s medium, filtered through a nylon filter
and weighed. Four pregnant rats were used in each
experiment.

Incubation

The radioactive substrate (300,000 dpm of [6,7-H]-
estrone sulfate) was placed in the bottom of incubating
tubes, adjusting the mass to 40 nmol by the addition of
0.1 ml cold E;S solution. Minced tissue (20 mg) and
2 ml Krebs-bicarbonate buffer, pH 7.2, were added to
the tubes.

A stimulatory effect upon estrogen sulfatase activity
was previously found when both ATP and NAD were
present in the incubation medium [16]. Therefore,
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0.2 ml buffer containing both adenine nucleotides was
included, in such an amount that the final medium
(2.0ml) contained 1.6 and 3.0 mM of each cofactor,
respectively. A similar effect was previously observed
by Dominguez er al. [18] with the adrenal steroid
sulfatase. In order to avoid transformation of E, formed
to more polar estrogens, all tubes were placed in a
Dubnoff incubator at 37°C for 2h, under nitrogen
atmosphere and without the addition of NADH or
NADPH. Blanks without tissue were included in each
determination.

The reaction was stopped by heating for 3min in a
boiling water bath and tissues were then homogenized
using the same incubation medium. Free [PH]E,
formed from [’H]E,S in the experimental and control
tubes was extracted as described by Burstein [19,
using a scintillating solvent (50 mg POPOP and 4 mg
PPO dissolved in 11 toluene), and then quantifiec.
Lowry’s method {20] was used to determine the protein
concentration. Statistical comparisons were made using
Student’s z-test.

RESULTS

On day 6 of pregnancy, the increased permeability cf
the endometrial blood vessels around the blastocyst
could be visualized 30 min after the i.v. administration
of 19, trypan blue solution [4]. The blue stained areas
which represent IS were distributed along both horns.
An average of 5 implanted sites was found when using
the Long—Evans strain. Because the incubations were
carried out under nitrogen atmosphere and NADPH
was omitted in the incubation media, to avoid trans-
formation of E, to E, and more polar estrogens, E, ac-
cumulated in all experiments as the major product [17].

Figure 1 shows the effect of substrate concentration
on the hydrolysis of E;S by the action of the uterinz
estrogen sulfatase present in minced NIS of the 6-days
pregnant rat. The comparative degree of hydrolysis of
[*H]E,S by the action of the estrogen sulfatase present
in both minced intrauterine tissues, at the time of
blastocyst implantation is illustrated in Table 1. One

E, formed (nmol/mg prot/h)

510 20 40 80 160
nmol of E]S

Fig. 1. Effect of substrate concentration on the formation of

E, by the action of the uterine estrogen sulfate present in NIS

at the time of blastocyst implantation points represent the
average of 2 individual experiments.



Estrogen Sulfatase at Blastocyst Implantation

Table 1. Hydrolysis of [’HJE,S by the action of the estrogen sulfatase in
uterine minces of the 6-days pregnant rat

[PH]E, formed pmol/mg tissue/h [*H]E, formed pmol/mg prot./h

Tissue X SD Decrease* X SD Decrease*
NIS 337 15 1773 81
IS 238 374 299, 1278 198% 28,

Results are means of 6 assays where IS and NIS obtained from 4 rats were
pooled separately.

*Decrease in the activity of the estrogen sulfatase present in IS when compared
with that found in NIS.

1P <0.001 when compared with NIS.

at the time of blastocyst implantation has

279

been

can see that the corresponding mean sulfohydrolase
activity found in the implanted area was lower than that
in NIS, when expressed either as pmol/mg wet tissue/h
or as pmol/mg protein/h. These values represent
decreases of 29 and 289, respectively.

DISCUSSION

E,S has been shown to be an important prehormone
and storage form of E; and E, [21]. In a series of i vivo
and in vitro studies realized in this laboratory, it has
been demonstrated that E,S can be partially hydrolyzed
and converted into E, by the uterine estrogen sulfatase,
the activity of which can be increased by adenine
rucleotides [16] and inhibited by free estrogens, mainly
E, [15-17]. This enzyme appears to be under an
estrogen-dependent biological control since, during the
estrous cycle of the rat, the highest sulfatase activity is
present during diestrus when the ovarian secretion of
I, is low; while the lowest is found in proestrus when
plasma estrogen levels are high [15]. Furthermore, in
ovariectomized rats, where most of the circulating
estrogens are removed, the enzyme activity is signifi-
cantly higher than in intact rats [16]. Treatment of
ovariectomized animals with E, results, on the other
hand, in a significant decrease of the estrone sulfatase
activity [16].

Based on the above findings, it was considered that
uterine tissue of rats contains estrogen sulfatase activity
which may be of biological importance at the time of
blastocyst implantation, where synthesis and release
of estrogens by the embryo can locally modulate E,
production from sulfated precursors. In a recent study,
the conversion of E;S to E, was measured at implan-
tation in crude whole tissue homogenates of IS and
NIS from 6-day pregnant rats [17]. The formation of
E, was noticeably decreased (29.31%,) in IS than in
NIS. The present study has extended this finding and
has employed minced uterine tissues as a model system.
"The results obtained in these experiments show uptake
and hydrolysis of E;S by both regions of the uterus,
being statistically less in IS than in NIS when ex-
pressed either as pmol of E, formed/mg wet tissue/h
(299,) or as pmol of E,/mg protein/h (289,). In this
study, the earlier report on estrogen sulfatase activity

confirmed. Although it is at present difficult to judge
the physiological importance of these findings, evi-
dence is presented to suggest that the embryo is able to
modulate the degree of hydrolysis of E;S by the estro-
gen sulfatase activity, in order to regulate the local
concentration of E, needed for its own implantation,
possibly through the synthesis and secretion of un-
conjugated estrogen which has been shown to inhibit
the sulfohydrolase activity. Therefore, based on the
decreased sulfatase activity found in IS, it is reasonable
to consider that part of E;S that reaches the uterus
remains as a sulfoconjugate within the area adjacent
to the blastocyst, as a protective mechanism against
embryotoxic quantities of E, [6].
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