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Summary-Steroid sulfatase enzymes participate greatly in reproductive events. To date, 
estrogen sulfatase seems to have a regulatory role in the control of free estrogen levels in target 
tissues. 

The present study evaluates the participation of some adenine nucleotides in estrogen 
sulfatase kinetics. Using ADP, ATP, NAD and the combination of ADP + NAD or 
ATP + NAD it was found that adding either of the combined cofactors, the enzymatic activity 
increased more than 2.0 times. 

In ovariectomized rats, the corresponding mean enzyme activity was found to be higher than 
in intact rats. It was also found, in ovariectomized rats treated with ovarian hormones, an 
inhibition that was higher with estradiol-17p than with progesterone treatment. 

This data suggests that the estrogen sulfatase, being a hormone-dependent enzyme, 
participa,tes in a new control mechanism of estrogen levels in presence of some cofactors and 
free steroids. 

INTRODUCIION 

The participation of steroid sulfates in several 
metabolic processes has previously been demonstrated. 
Steroid sulfates are intermediates and storage forms 
in steroid biosynthesis and metabolism in endocrine 
and hepatic tissues [l, 21. In fertile women, the levels 
of estrone sulfate (E,-S) are higher than those 
estradiol-17fl (E2), as much as lo-20-fold [3,4]. 
This estrogen conjugate can be partially hydrolyzed 
by the estrogen sulfatase, present in several mam- 
malian tissues [ 1, 5,6] including placenta [7] and fetal 
tissues[8], into estrone (E,) and then transformed 
into E, by the 17fl-hydroxysteroid oxidoreductase 
in the presence of reduced cofactors (NADH and 
NADPH) [9]. 

The ubiquitous distribution of steroid sulfatase in 
target tissues, particularly endometrium [lo], accom- 
panied by high levels of E,S in circulation [3], sug- 
gests that this enzyme could have a regulatory effect 
on free estrogen levels. The regulatory role of the 
enzyme may have some clinical significance in post- 
menopausal women with low peripherical Ez levels, 
or in those women with breast cancer correlated with 
high levels of E, S [l 1, 121. 

The cofactors requirement for the estrogen sulfatase 
activity has not been established as yet. In pre- 
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vious reports [13,14], we found that the rat adrenal 
steroid sulfatase enhanced its activity by the 
addition of ADP, ATP and NAD; c-AMP did not 
present any effect on this system. The purpose of the 
present study was to evaluate the in vivo and in vitro 
participation of some factors associated with the 
estrogen sulfatase activity in different hormonal 
conditions. 

EXPERIMENTAL 

Chemicals 

[6,7-3H]Estrone sulfate, 52.5 Ci/mmol, was pur- 
chased from New England Nuclear Co. and its radio- 
chemical purity checked by thin-layer silica gel 
chromatography in the system toluene : dioxane : acetic 
acid (20: 10: l), prior to use. Unlabeled conjugates, 
free steroids NAD, ADP and ATP were purchased 
from Sigma Chemical Co. 

Animals and treatment 

Adult Long-Evans rats (200 g average weight) with 
regular estrous cycles (having two regular cycles by 
daily vaginal smears) were divided into two groups of 
30 animals each. 

Groups A and B received different treatments. 
Group A was killed after presenting diestrous, 
and uteri were immediately obtained and cleaned. 
Homogenization was done in Krebs-bicarbonate 
buffer, pH 7.2, containing 30 mM nicotinamide, in 
such a way that 0.3 ml contained 10 mg of uterine 
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tissue. Ahquots of 0.3 ml of homogenate were incu- 
bated for 2 h at 37-C with 300 dpms of [6,7-3H]E, S, 
adjusting the mass to 40 nmol by the addition of cold 
E, S in presence of either 3 mM NAD, 1 mM ADP 
or 1.6 mM ATP and in the following combinations 
NAD + ADP or NAD + ATP, in the same concen- 
trations as when used separately. The incubations 
were carried out without the addition of exogenous 
TPNH. In order to avoid further transformation of 
E, to more polar estrogens. Blanks without enzyme 
or with boiled enzyme were included with each batch. 

The rats in group B were bilaterally ovari- 
ectomized. Twenty days after surgery a number of 
them were used as a control (treated only with 
vehicle), the rest of the group was treated for four 
days with several doses of Ez or progesterone (P), 
dissolved in propylene glycol (0.5, 5 and lOpg/day 
of El and 5 and 10 mg/day of P) by intramuscular 
administration. On the fifth day, animals were 
sacrificed. Uterine horns were prepared in the same 
way that group A’s were. The incubation was carried 
out in presence of 3 mM NAD and 1.6 mM ATP. 
Protein concentration was determined by Lowry’s 
method [ 151. 

E.x-traction 

At the end of the incubation period, the estrone 
liberated was extracted by a simple partition 
between the aqueous medium and the organic solvent 
and then quantified. In a previous experiment, the 
following solvent systems were used as the organic 
solvent: benzene: ether/chloroform (4: I), and scintil- 
lating solvent (50mg POPOP 4g PPO dissolved in 
1 I toluene) [16, 171. Practically all the unconverted 
estrone sulfate remained in the aqueous phase. 

RESULTS 

Table 1, shows the recovery of [3H]E, that was 
extracted by each of the solvent systems. The scintil- 
lating solvent extracted 97.2% of the estrone formed 
and only 4.3% of the untransformed precursor. 

The comparative degree of desulfation of E,S by 
uterine estrogen sulfatase in the presence of some 
adenine nucleotides is illustrated in Table 2. The 
addition of ADP, ATP or NAD increased the specific 
activity of the enzyme in 1.16, 1.32 and 1.80 times 
respectively, compared with that of the controls. 

The addition of NAD combined with ADP or ATP 
increased the hydrolitic activity of the sulfatase 2.19 
and 2.61 times respectively. The results in Table 3, 
show the behavior of the rat uterine estrogen sul- 
fatase activity in different conditions. In metestrous 
(estrous cycle phase with low estrogen levels), the E, 
sulfatase was found to be 10.99 nmol/mg protein/h. 

In control group B, twenty days after surgery, the 
hydrolysis of E, S by the uterine tissue was I .77 times 
higher than that of rats during metestrous. 

One can see in Table 3, that E, inhibited the 
hydrolysis of E, S in a dose-dependent response, the 

Table I. [6,7-1H]Estrone and [6.7-‘Hjestrone sulfate 
recoveries from Krebs-bicarbonate buffer. pH 7.2 by the 

oreanic solvent svstems 

Solvent [‘WE,” [iH]E, S” 

Benzene 100 f 7.25 4 7 io.7 
Ether/cloroform 100 + 6.35 9.7 2 I 2 
Liauid scintillationb 97.2 + 6.82 4.3 + 0.8 

dThe amount of radioactive estrogens (300 dpm equiv- 
alent in 40 nmol) dissolved in 0. I ml ethanol were 
placed on the bottom of the incubating tubes and 
2.0 ml of buffer and 20 ml of the organic solvent 
were added to carry out the partition. 

b50 mg POPOP and 4 g PPO dissolved in I I toluene. 
Values are means of 6 individual assays and are given in 

% k SD. 

Table 2. In cirro effect of adenine nucleotides on estrogen 
sulfatase activity of rat uterus at diestrous 

Cofactor added [‘WE, Ratio cofactor 

(mM) released control 

Control 4.95 * 0.48 
NAD 3.0 8.91 f 1.00 I .RO 
ADP I.0 5.73 + 0.43 1.16 
ADP I .O + NAD 3.0 10.86 k I.21 2.19 
ATP I .6 6.55 + 0.67 1.32 
ATP 1.6 + NAD 3.0 12.93 f 0.89 2.61 

Incubations were carried out in triplicates. Results expressed 
as nmol/mg protein/h f SD, are means of 6 individual 
assays. 

Table 3. In t.iw efferct of steroid hormones on uterine estrogen 
sulfatase activitv of 20 davs ovariectomized rats 

Group B 
conditions 

[‘H]E, released 
Daily injected (nmol/mg No. of 

doses protein/h) i SD experiments 

Metestrous 10.99 0.65 IO 
ovx controlb 19.50 0.98 I2 
Ovx + E, 0.5 pg 13.92 I .02 9 

5.0 Fg 9.95 0.71 I6 
lO.O/lg 7.57 0.36 I4 

Ovx+P 5.0 mg 16.08 0.58 I5 
10.0 mg 15.85 I .oo I7 

“Values are means for the number ofexperiments enlisted in the right 
column. 

b20 days ovariectomized rats without any treatment. 

respective values were 28.6, 49 and 61.2% (0.5, 5 and 
10 pg of 17/?-E, injected/day) compared to the levels 
of the ovariectomized group without any treatment 
(control). In uteri of ovariectomized rats treated with 
5 and 10 mg/day of P, the inhibition of the enzymatic 
activity obtained was 17.6 and 20.7% respectively, 
compared to the activity found in untreated animals. 

DISCUSSION 

The relations between conjugated/unconjugated 
steroids associated with biological events such as 
reproductive cycles [ 181, sperm capacitation [ 191 ges- 
tation and some diseases, has brought about new 
interest to the biological role and regulation of the 
sulfotransferase and sulfatase activities, which appear 
to be under some biological control. 

In previous studies, we have shown that the highest 
enzymatic activity was found in the mitochondrial 
fraction; when steroid sulfatase was tested using 
[‘Hlpregnenolone sulfate as a substrate, being signifi- 
cantly increased in the presence of Ca2+. On the other 



E&one sulfate metabolism in rat uterus 303 

hand, the enzymatic activity was diminished with 
high Mg” concentrations [20]. It is interesting to 
point out in relation to the cofactor requirements, 
that a stimulatory effect upon the uterine estrogen 
sulfatase activity due to the combination of 
ATP + NAD, showed an increase of 2.6 times. 
Similar results have been reported for rat adrenal 
steroid sulfatase [14]. It is possible that the sulfate 
ions released in the enzymatic reaction join ATP, and 
form the 3-phosphoadenylyl sulfate (APS) [21], thus 
causing a sulfate concentration deficiency in the 
system. Consequently, the enzymatic reaction is 
displaced favoring the formation of E,. Another 
hypothesis is that the allosteric site in the enzyme 
recognizes the ATP molecule producing its acti- 
vation. The increment obtained when using ADP 
may be produced by the equilibrium established by 
the adenylate cyclase action. 

The addition of NAD to the incubation 
medium increased the enzymatic activity by 80%. 
This nucleotide may also act as an allosteric activator 
such as ATP. Naturally these hypothesis require 
further investigation. 

Ovariectomized rats in group B treated with 0.5, 5 
or lOpg/day of E2 for four days, showed an inhi- 
bition of 28 and 61% respectively in the enzymatic 
activity. These results in a dose-response way, sug- 
gest that perhaps E, could be acting as a modulator 
of the uterine estrogen sulfatase activity by a negative 
feedback mechanism. The pattern did not occur 
in ovariectomized rats treated with P where the 
inhibition was not in a dose-response manner; the 
effect was similar with both doses tested and, it 
was less than that observed with E, (Table 3). 
Based on the results reported here and according 
to previous communications [13, 14,221, we suggest 
that estrogen sulfatase of the rat uterus is a hormone- 
dependent enzyme which may play a role in the 
regulatory mechanism of free estrogen levels. Finally, 
we propose that some adenine nucleotides and 
ovarian hormones are related to the enzymatic 
activity control. 
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