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The Metabolic Effects of Estriol in Female Rat Liver

The effects of estriol on oxygen uptake, glucose release, lactate and pyruvate
production, B-hydroxybutyrate and acetoacetate production in perfused rat liver
as well as, carbon uptake in rat liver and intracellular calcium in isolated Kupffer
cells were investigated. Basal oxygen consumption of perfused liver increased
significantly in estriol or ethancl-treated rats. But these increased effects were
blocked by gadolinium chloride pretreatment. In a metabolic study, pretreatment
with estriol resulted in a decrease in glucose production and in glycolysis while
an increase in ketogenesis. A more oxidized redox state of the mitochondria
was indicated by increased ratios of perfusate [lactate] / [pyruvate] and
decreased ratios of perfusate [B-hydroxybutyrate] / [acetoacetate]. Carbon
uptake of Kupffer-cell increased significantly in estriol-treated rats. But these
increased uptake were not shown in rats pre-treated by gadolinium chloride
blocking phagocytosis. In isclated Kupffer cells from estriol-treated rats, intra-
cellular calcium was more significantly increased after addition of lipopoly-
saccharide (LPS) than in controls. These findings suggest that the metabolic
effects of estriol (two mg per 100 mg body wt) can be summarized to be highly
toxic in rat liver, and these findings suggest that oral administration of estrogens
may induce hepatic dysfunctions and play a role in the development of liver
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disease.

INTRODUCTION

Vatious steroidal hormones are capable of inducing
host changes and neoplasia. Estrogens ate a group of
18-catbon steroids secreted primatily by the ovary and,
to a lesser extent, the adrenals in females, and by the
adrenals and testes in males. There is also a petipheral
conversion of androgens to estrogens in adipose and
muscle tissues (1). Differential sex charactetistics among
males and females and maintenance of reproductive
organs are the result of differing ratios of estrogen to
androgen. The major estrogen is estradiol, while other
less potent estrogens include estrone and estriol. Estro-
gens may have the most diversified biological effects on
tissue growth and the genesis of neoplasia (2). Moteovet,
the biological action of estrogen in the liver has remained
relatively unclear. Kupffer cells and, to a lesser extent,
sinusoidal endothelial cells play an important role in
defending the host by phagocytizing foreign patticles
from portal blood.

Kupffer cells have long been known to play an impot-
tant role in the phagocytosis of foteign patticles. Carbon
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particles are taken up by Kupffer cells (3). Colloidal car-
bon is often used to monitor phagocytic cell function,
since 90% is taken up by the liver after injection in vivo
(3, 4). It has been demonstrated that during phagocyto-
sis, Kupffer cells undergo an oxidative burst that leads
to the production of reactive oxygen intermediates (3).
In addition, nonparenchymal cells also secrete a wide
vatiety of patactine mediators, including cytokines, pro-
staglandins, and leukottienes, which can modulate hepa-
tocyte metabolism (6-9). Since estrogen is an important
female sex hormone and leading to increased toxic medi-
ator production by the liver (10), the present study was
petformed to assess the influence of exogenous estrogen
in vivo on hepatic metabolism in the female rat liver.

MATERIALS AND METHODS

Animals

Female Sprague-Dawley rats (175-200 g) received lab-
oratory food and tap water ad libitum and housed with
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a 12-hr day/night cycle. To study ketone body formation,
rats were not fed for 24 hr before estriol treatment. After
treatment, rats were not fed for another 24 hr before the
expetiments with perfused livers.

Materials

Rats were given an intraperitoneal injection of esttiol
(20 mg/kg body weight, Sigma, St. Louis, MO) 24 hr
ptiot to expetiments. All control rats received saline
vehicle without estriol. GdCls (10 mg/kg) dissolved in
acidified saline (pH 3.0) was injected into the tail vein
24 hr prior to estriol treatment. Ethanol (5.0 g/kg) was
administered intragastrically 2.5 hr prior to petfusion.
All other chemicals were reagent grade from standard
sources.

Liver perfusion

Well-fed female Sprague-Dawley rats (175-200 g) were
anesthetized with pentobarbital sodium (50 mg/kg body
wt). The abdomen was opened, and oxygen-saturated
95% O, :5% CO,) Krebs-Henseleit-bicarbonate buffer
(37°C, pH 7.6) was pumped through the liver via a can-
nula inserted into the pottal vein. A cannula placed in
the infetior vena cava allowed fluid to flow out of the
liver in a nontecirculating manner. Oxygen concentration
in the effluent perfusate was monitored with a Teflon-
shielded, Clatk-type oxygen electrode. Rates of oxygen
uptake and metabolite production were caculated from
influent minus effluent concentration differences, liver wet
weight, and flow rate.

Metabolic assay

Glucose, glycolysis (lactate and pyruvate) and ketone
bodies (acetoacetate and [-hydroxybutyrate) were assay-
ed in the effluent petrfusate by standard enzymatic tech-
niques and rates of ketogenesis were calculated from con-
centrations of ketone bodies in the effluent petfusate,
flow rate, and wet liver weight. Samples of effluent pet-
fusate wete collected every four min to determine metab-
olites. The first sample was collected at 12 min after
initial perfusion. The ratios of lactate to pyruvate and (-
hydroxybutyrate to acetoacetate were used to monitor
the oxidation-reduction status of the extra- and intra-
mitochondtial compartments, respectively (11).

Preparation of colloidal carbon

A suspension of colloidal carbon was prepared by
dialyzing 25-30 mL of india ink against distilled water
for 48 hr using a Spectrapot semipermeable membrane
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with a 12,000-14,000 molecular weight exclusion cut-off
(Spectrum Medical industties, Los Angeles, CA). The sus-
pension was stored at 4°C for up to one month before
use. In order to examine the phagocytic function of the
reticuloendothelial system of liver, catbon was injected.
On the day of the expetiment, the catbon suspension was
thoroughly stirred, sonicated and diluted with the same
amounts of saline. Diluted catbon (2 mL/kg body wt)
was injected into tat tail vein. Rats were sactificed at 30
min after injection. The liver was taken out for histologic
evaluation.

Kupffer cell isolation and culture

Kupffer cells from esttiol-treated or control rats were
isolated by collagenase digestion and put to differential
centrifugation using Percoll (Pharmacia, Uppsala, Sweden)
as described elsewhere with slight modifications (12).
Briefly, the liver was petfused through the portal vein
with Ca’’-and Mg’ '-free Hanks’ balanced salt solution
(HBSS) containing 0.5 mM ethylene glycol-bis ( 3-ami-
noethyl ether)-N,N,N’,N’-tetraacetic acid (EGTA) at 37
C for five min at a flow rate of 24 mL/min. Subsequent-
ly, petfusion was done with HBSS containing 0.025%
collagenase IV (Sigma Chemical Co., St. Louis, MO) at
37T for five min. After the liver was digested, it was
excised and cut into small pieces in collagenase buffer.
The suspension was filteted through a nylon gauge, and
the filtrate was centrifuged twice at 50X g at 4C for
three min to remove patenchymal cells. The non-paren-
chymal cell fraction was washed with buffer and centri-
fuged on a density cushion of Percoll ar 1,000 X g for
15 min to obtain the Kupffer cell fraction, followed by
washing with buffer again. The viability and purity of
isolated Kupffer cells were determined by trypan blue
exclusion; values exceeded 90% and 85%, tespectively.
Cells wete seeded onto 25 mm glass coverslips in 60 mm
tissue culture dish (Corning Inc., Corning, NY) at a con-
centration of 5 X 10’ and cultured in Dulbecco’s modified
Eagle’s medium (D’MEM, GIBCO Laboratories Life
Technologies Inc., Grand Island, NY) supplemented with
10% fetal bovine serum (FBS) and antibiotics (100 U/mL
of penicillin G and 100 yg/mL of streptomycin sulfate)
at 37 C with 5% CQO,. Non-adherent cells were removed
after one hr by replacing the culture medium. All adher-
ent cells were phagocytosed latex beads, to indicate they
were Kupffer cells. Cells were cultured for 24 hr prior
to experiments.

Measurement of intracellular Ca*'

24 e .
Intracellular Ca** in individual Kupffer cells was mea-
sured flucromettically using the fluotescent calcium indi-
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cator dye fura-2 and a microspectrofluotometer (Photon
Technology International, South Brunwick, NJ) intet-
faced with an inverted microscope (Diaphot, Nikon,
Japan). Kupffer cells cultured on coverslips were incu-
bated in modified Hanks’ buffer (115 mM Na(l, 5 mM
KCl, 0.3 mM NaHPO;, 04 mM KH,PO, 5.6 mM
glucose, 0.8 mM MgSO,, 1.26 mM CaCly, 15 mM N-
2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid, pH
7.4) containing 5 uM fura-2 / acetoxymetyl ester (Molec-
ular probes Inc, Eugene, OR) and 0.03% Pluronic F127
(BASF Wyandotte, Wyandotte, MI) at room temperatute
for 60 min. Coverslips plated with Kupffer cells wete
rinsed and placed in chambers with buffer at room tem-
perature. Changes in fluorescence intensity of fura-2 at
excitation wavelengths of 340 nm and 380 nm and emis-
sion at 510 nm were monitoted in individual Kupffer
cells. Each value was corrected by subtracting the system
datk noise and autofluorescence, assessed by quenching
fura-2 fluorescence with Mn’" as described previously
(13). Intracellular Ca*" was determined from the equa-
tion:
[Ca” "] =Kd{R-Renio)/ Renax-R) HE/F)

where F/F is the amount of fluorescent intensities
evoked by 380 nm light from fura-2 pentapotassium salt
loaded in cells using a buffer containing 3 mM EGTA
and 1 yM jonomycin ([Ca* T min) or 10 mM Ca*" and
1 mM ionomycin ([Ca" ) max). R is the ratio of fluo-
rescent intensities at excitation wavelengths of 340 nm
and 380 nm, and Rmax and Rmin are values of R at
[Ca’ |max and [Ca™"] min, respectively. The values of
these constants were determined at the end of each ex-
petiment and a dissociation constant of 135 nM was used

(14).
Statistics

Results are presented as meantS.E.M. Analysis of
repeated measurements was petformed by a two-way RM
ANOVA. Difference between the means of paired data
with Student’s paired t-tests, *p<<0.05 was considered
statistically significant.

RESULTS

Effect of estriol, ethanol, gadolinium chloride treatment
on oxygen uptake

Basal rates of oxygen uptake in control, estriol-treated
rats were around 114, 146 ymole/g/hr after 24 min of
petfusion, respectively (Fig. 1). In ethanol-treated rats,
the basal oxygen uptake was 152 pmole/g/hr. Combined-
treatment with esttiol and ethanol, oxygen uptake was
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Fig. 1. Effect of estriol on rates of oxygen uptake in perfused
livers. Livers from fed rats were perfused with Krebs-Henseleit
bicarbonate buffer (pH 7.6, 37°C) in a noncirculating system
as described in Methods. Estriol (20 mg/kg) was injected
intraperitoneally 24 hr prior to perfusion. Rates were calculated
from influent minus effluent concentration differences, flow rate
and liver wet weight. Results are from typical experiments that
were repeated eight times in each group.

158 pmole/g/hr. There were no additive effect between
estriol and ethanol. However, oxygen uptake in esttiol-
treated rats after GdCls, which inactivates Kupffer cells,
wete similar to the control group. Its oxygen consump-
tion was at 114 ymoles/g/hr. Values in GdCls-treated
rats did not increase significantly. Thus, the increase in
oxygen uptake observed in livers from estriol-treated rats
was reduced significantly by about 75% as a result of
GdCl; treatment (Fig. 2).

Carbohydrate metabolism

Glucose production

In the control group, the petfusate glucose concentra-
tion (ca. between 75.7£4.4 and 58.413.1 ymole/g/hr)
was slowly decreased during the perfusion (Fig. 3A). In
the estriol-treated group, glucose concentrations (ca.
between 64.814.8 and 40.4£3.7 pmole/g/hr) recorded
lower than that of the cotresponding times in the con-
trols (Fig. 3A). This effect was significant (p<0.05).

Pyruvate and lactate

Lactate plus pyruvate production is a good index to
measute the rate of glycolysis, since pyruvate concentra-
tions ate below the Km of pyruvate dehydrogenase under
these conditions (15). In the control group, the petfusate
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Fig. 2. Rates of basal oxygen uptake by perfused rat liver.
Conditions as described in Fig. 1. Rats were treated with estriol
(20 mg/kg i.p. 24 hr prior to perfusion) and ethanol (5.0 g/kg
i.g. 2.5 hr prior to perfusion). In some experiments, GdCl; (10
mg/kg) was injected into the tail vein 24 hr prior to estriol
treatment. Average rates of oxygen uptake were calculated at
24 min of liver perfusion from eight livers per treatment group.
Rates were calculated from influent minus effluent concentration
differences, flow rate and liver wet weight. Mean values are
shown and bars indicate the S.EM. Statistical comparisons
used Student’s t-test. *p<0.05 for comparison with appropriate
control.

pytuvate plus lactate concentration (ca. between 43.1+
5.6 and 53.9%5.9 umole/g/hr) was increased slightly
duting the petfusion (Fig. 3B). However, in the estriol-
treated group, the concentration (ca. between 39.51+3.8
and 29.0%3.1 umole/g/hr) was slightly decreased. In all
the groups of liver petfusions derived from esttiol-treated
rats, concentrations were lower than that of cortespond-
ing times in the controls. This effect was significant
(#<0.05). The perfusate [lactate]/[pyruvate] ratios in
estriol-treated group were between 6.4 and 8.1. In the
control group, the ratio showed between 3.2 and 3.8
(Fig. 3C). The perfusate [lactate]/[pyru-vate] ratios in
estriol-treated group were higher than the control groups
(p<<0.05).

Lipid metabolism

Acetoacetate and S-hydroxybutyrate

In the control group, the petfusate S-hydroxybutyrate
plus acetoacetate concentrations (ca. between 21.82%
1.65 and 17.65£2.24 umole/g/hr) was slowly decreased
duting the perfusion (Fig. 4A). In the estriol-treated
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Fig. 3. Effect of estriol on carbohydrate production by perfused
rat liver. A: Concentrations of glucose production after 12 min
of liver perfusion. B: Concentrations of lactate plus pyruvate
production after 12 min of liver perfusion. C: Ratio of perusate
[lactate] / [pyruvate] after 12 min of liver perfusion. Rates were
calculated from influent minus effluent concentration differ-
ences, flow rate and liver wet weight and expressed as ymole/
g/hr. Results are from typical experiments that were repeated
six times in each group. Mean values are shown and bars
indicate the S.EM. (n=6). Statistical significance for compar-
ison with control rats by two-way RM ANOVA.

group, the concentrations (ca. between 32.38 £1.13 and
29.24%1.06 pmole/g/hr) were higher than that of cor-
responding times in the controls (Fig. 4A). In petfusions
of livers from estriol-treated rats, the S-hydroxybutyrate
plus acetoacetate concentrations wete significantly greater
than in controls (p<0.05).

The [B-hydroxybutyrate] /[ acetoacetate] ratios in the
petfusate were between 0.98 and 0.24 in control pet-
fusions (Fig. 4B). In the estriol-treated group, the ratios
wete between 0.4 and 0.24. After an equilibration petriod
of initial 20 min petfusion, in the petfusions of livers
from estriol-treated rats, the [/3-hydroxybutyrate]/[ace-
toacetate] ratio was slightly higher than in controls (Fig.

4B).
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Fig. 4. Effect of estriol on ketone body production by perfused
rat liver. A: Concentrations of B-hydroxybutyrate plus aceto-
acetate production after 12 min of liver perfusion. B: Ratio of
perfusate [ B-hydroxybutyrate] / [acetoacetate] after 12 min of
liver perfusion. Rates were calculated from influent minus efflu-
ent concentration differences, flow rate and liver wet weight and
expressed as ymole/g/hr. Results are from typical experiments
that were repeated six times in each group. Mean values are
shown and bars indicate the SEM. (n=6). Statistical signifi-
cance for comparison with control rats by two-way RM ANOVA.

Phagocytosis of colloidal carbon

Histological sections of livers exhibited no detectable
catbon in patenchymal cells. The difference in the devel-
opment of sinusoids between the two groups was more
evident when the rats received an intravenous injection
of catbon. In the estriol-treated group, well-developed
sinusoids were cleatly lined by endothelial cells with
catbon particles (Fig. 5).

To assess phagocytotic activity of Kupffer cells and
reticuloendothelial cells, catbon uptake was measured in
livers by computer image analysis. The intensity of cat-
bon staining rose with increasing rates of catbon uptake
in non-parenchymal cells scored histologically. Carbon
uptake of the control group was showed to 0.95% (Fig.
6). Carbon uptake of estriol-treated group was matked
to 3.15 (Fig. 6). Carbon uptake in livers increased in
estriol-treated rats compared with control rats (p<<0.05).
Earlier studies have demonstrated that GdCl; inhibits
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phagocytosis by Kupffer cells in vivo (16). Catbon uptake
of GdCls-pretreatment and estriol-treated group wete
1.41 (Fig. 6). As expected, carbon uptake in GdCls-pte-
treated rats was lower than in estriol-treated rats (Fig.

6, p<0.05).

Intracellular Ca* in Kupffer cells

Intracellular calcium in individual cultured Kupffer cell
was measuted fluoromettically. As reported, LPS increased
intracellular Ca®" transiently in isolated Kupffer cells. After
exposure to LPS, intracellular Ca** showed a rapid increase
followed by a rapid decline. Intracellular Ca** with 1,000
ng/mL of LPS in isolated Kupffer cell from control, estriol-
treated rats were showed to be around 195, 372 nM,
respectively (Fig. 7). LPS increased intracellular Ca*" in
a dose-dependent manner.

The increase in intracellular Ca®" due to LPS was sig-
nificantly higher in Kupffer cells isolated from estriol-
treated rats (Fig. 8).

DISCUSSION

Estrogens are well-known strong stimulants of phago-
cytic (17) and proliferative (18, 19) activities of the retic-
uloendothelial system (RES). Oral administration of natu-
ral estrogens caused not only the proliferation of Kupffer
cells, but also hepatocyte proliferation without any obvi-
ous accompanying liver damage, such as degeneration or
necrosis. The mechanism involved in the powetful stimu-
lating effect of natural estrogens on the proliferation of
hepatocytes is uncettain. Since hepatocytes have estrogen
receptots (20), estrogens may directly affect hepatocytes
to cause mitosis. Another possible intetpretation of the
mechanism of estrogen action is the close correlation
between the proliferation of hepatocytes and activation
of RES. Again, estrogens are strong stimulants of RES
7).

As for the effects of estrogens on hepatic endothelial
cells, direct action by estrogens upon the blood vessels
of hormone-dependent tumors should be consideted in
addition to their effect on tumor cells themselves (21).

Furthermore, it is well known that activated Kupffer
cells release a number of mediatots, such as prostaglan-
dins (22), proteases, leukotrienes, tumor nectosis factor
(23), and interleukins (24). Some of these mediators par-
ticipate in mechanisms of intercellular communication in
the livet. It is hypothesized that some mediators released
from activated Kupffer cells regulate oxygen uptake in
hepatocytes during esttiol or ethanol treatment. To sup-
port this theoty, we observed that the increase in oxygen
uptake during esttiol treatment was reduced by approxi-
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Fig. 5. Light micrographs of rat liver after intravenous injection of carbon. A: The thickest part of the liver in a control rat. Carbon-laden
cells are scarce (H&E, x100). B: The thickest part of the liver in a estriol-treated rat. Many Kupffer cells and endothelial cells
stained black due to abundant phagocytized carbon can be seen in sinusoids (H&E, x100). C: The thickest part of the liver in
a control rat (H&E, %< 400). D: The thickest part of the liver in a estriol-treated rat. Well-developed sinusoids are lined by carbon-laden
endothelial cells. Many Kupffer cells stained black due to abundant phagocytized carbon can be seen in sinusoids (H&E, > 400).

mately 75% when Kupffer cells were inactivated by
Gddl; treatment (Fig. 2).

Our results clearly show that estriol inhibits gluco-
neogenesis by shifting the NAD"/NADH ratio towards
reduction (as shown in Fig. 3). A shift in the mitochon-
drial oxidation-reduction state towards reduction is

known to lower the rate of phosphoenolpyruvate for-
mation by liver mitochondria and to be associated with
a decreased rate of gluconeogenesis (25). Haeckel and
Haeckel (26) demonstrated that biguanide can markedly
shift the mitochondrial oxidation-reduction state of guin-
ea pig liver towards reduction. Matute and Kalkhoff (27)
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Fig. 6. Rates of carbon containing area after intravenous injec-
tion of carbon. The accumulation of carbon in liver tissue was
quantitated using image analysis. Results are from typical ex-
periments that were repeated four times in each group. Mean
values are shown and bars indicate the S.E.M. (n=4). *0<0.05
compared to controls, and Tp<0.05 compared to liver given
estriol using one-way RM ANOVA with Kruskal-Wallis’s multiple
comparison test.
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Fig. 7. Effect of estriol on LPS-induced increases on intra-
cellular [Ca™] in cultured Kupffer cells. Intracellular calcium in
cultured Kupffer cells was measured fluorometrically using the
fluorescence indicator fura-2 as described in Methods. LPS (1
ug/mL) was added with 5% rat serum in modified HBSS. The
data are representative of experiments repeated four times.
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Fig. 8. Effect of estriol on dose-response of LPS on intra-
cellular [Ca™] in cultured Kupffer cells. Conditions as described
in Fig. 7, except that various doses of LPS (10-10,000 ng/mL)
were used. Calcium levels were quantified by subtracting the
basal level (20£5 nM) from peak values. Mean values are
shown and bars indicate the S.E.M. (n=4). Statistical signifi-
cance for comparison with control rats using one-way RM
ANOVA with Kruskal-Wallis’s multiple comparison test.

showed that estrogen suppresses hepatic gluconeogenesis
while promoting liver glycogen deposition. This insulin-
like effect can be related to induced hyperinsulinemia,
suggesting that the liver does not recognize this sex
steroid as insulin antagonists. The present study showed
that hepatic glucose production in estriol-treated rats was
decreased as compared with control rats.

Pytuvate is the immediate precursor of acetyl-CoA
duting the conversion of catbohydrate into fatty acids.
The major fates of the acetyl group of acetyl-CoA are
conversion into long chain fatty acids, S-hydroxybu-
tyrate, acetoacetate and CO,. In addition to measuring
the rate of fatty acid synthesis, we also measured the
rates of formation of pyruvate and lactate, and of f-
hydroxybutyrate and acetoacetate as a function of the
glucose concentration in the perfusate.

The decrease in lactate and pyruvate output in esttiol-
treated rats seen in outr expetiment indicates that the
NAD'/NADH ratio is displaced to a more negative
value. The marked increase in the Lactate/Pyruvate ratio
in estriol-treated rats can be explained on the basis of
displacement of the NAD'/NADH ratio in the cytosolic
compartment. A significant increase in the Lactate/Pyru-
vate tatio was indicative of a less oxidized redox state
in the cytosol. Subsequently, the rate of glycolysis at the
glyceroaldehyde 3-phosphate dehydrogenase step was
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decreased. A decrease in NADPH concentration in the
liver of estrogen-treated rats may also limit the conver-
sion of hydroxymethylglutatyl-CoA by NADPH-depen-
dent microsomal reductase (28).

The increased glycogenolytic response of the liver to
prostaglandins has been shown to be due to the increased
mobilization of Ca** stores (29). Mobilized Ca™" activates
pytuvate, isocitrate and 2-oxoglutarate dehydrogenases
(30). This leads to an increased production of NADH
and an increase in O, consumption by hepatocytes.
Estriol-treated group showed to significantly increase in
the rate of O, uptake by the petfused liver.

In hepatocytes, the lactate-pyruvate system provides
the most reliable value for cytosolic NAD'/NADH while
the [-hydroxybutyrate:acetoacetate ratio is a measure of
the mitochondtial redox state (31). In normal cells, cou-
pling of cytosolic and mitochondtial processes ensutes
that NADH does not accumulate and that the difference
in tedox potential between the two cellular compart-
ments is maintained. The increase in ketogenesis in liver
petfusions of estriol-treated rats was due mainly to aug-
mented production of acetoacetate rather than S-hydro-
xybutyrate. This may be related to the increased capacity
of peroxisomes to oxidize fatty acids. Acetoacetate may
be formed ditectly by peroxisomes, whose oxidation
pathway would favour acetoacetate production, since [3-
hydroxybutyrate dehydrogenase, which is required to
convert acetoacetate into [-hydroxybutyrate, is located
exclusively in the mitochondria (32).

The important problem of whether estrogen acts on
hepatocytes ditectly or not is also unresolved. Since hepa-
tocytes have estrogen teceptors (20, 33) it is thought that
the proliferative effect of estriol on the hepatocytes may
be a direct action. However, the sinusoidal vascular sup-
ply is essential to the proliferation of hepatocytes. The
effect of estrogens on the proliferation of sinusoidal
endothelial cells and Kupffer cells in the adult liver has
been previously reported (21, 34). As for the effects of
estrogens on hepatic endothelial cells, the higher fre-
quency of endothelial mitosis in central rather than in
petiportal zones of the liver lobule is most probably
related to the difference in distribution and ratio of
Kupffer cells to endothelial cells in different patts of the
hepatic lobule. The inhibition of Kupffer cell phago-
cytosis by gadolinium chloride may be related to the
replacement of calcium at the surface membrane site of
the Kupffer cells. In this study, the development of
sinusoids in the liver tissue was much more progressive
in the estriol-treated group than in the control group.

Since changes in intracellular Ca’" are most likely
importtant in the production of chemical mediators in
Kupffer cells, the effect of estrogen on intracellular Ca**
due to LPS was assessed in isolated Kupffer cells (Fig.
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7, 8). The intracellular Ca’" due to LPS was significantly
higher in Kupffer cells isolated from estriol-treated rats.
The mechanism of estriol effect in Kupffer cells is un-
known; however, estriol treatment induced sensitization
of Kupffer cells.

In conclusion, these findings suggest that the meta-
bolic effects of estriol (2 mg per 100 mg body wt) can
be summarized to be highly toxic in rat liver, and these
findings suggest that oral administration of estrogens
may induce hepatic dysfunctions and play a role in the
development of liver disease.
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