ORJINAL ARASTIRMA

Effect of Oophorectomy and Exogenous Estrogen Replacement
on Liver Injury in Experimental Obstructive Jaundice

Ooforektomi ve Eksojen Ostrojen Replasmaninin Deneysel Tikanma Sarilig1 ile
Olusmus Karaciger Hasar1 Uzerine Etkisi

Hamdi Biilent UCAN!, Mehmet KAPLANZ, B.Biilent MENTES3, Biilent SALMAN#
Sadrettin PENCES,Cemalettin AYBAY,Giilen AKYOL’

IKaraelmas University Medical School Department of General Surgery
2Av.Cengiz Gokgek Hospital Department of General Surgery

3Gazi University Medical School Department of General Surgery
4Gazi University Medical School Department of General Surgery
5Gaziantep University Medical School Department of Physiology
6Gazi University Medical School Department of Immunology

7Gazi University Medical School Department of Pathology

Abstract

The aim of this study was to investigate the role of estrogen on liver injury in an experimental obstructive jaundice (bile duct obstruction) model, commonly faced
with in the surgical practice. Three groups of female rats were constituted; group 1 was oophorectomized and given E2 (n=14), group 2 was oophorectomized and given
placebo (n=14), and group 3 was sham operated to keep blood estrogen level in the normal range (n=14). In all groups, 14 days following constitution of bile duct
ligation, serum tests and the histopathologic parameters were assessed and tissue levels of IFN-gamma and IL-6 were measured by ELISA method. Then all groups
were compared. Serum GGT and ALT levels were significantly higher in group 1 and 3 than group 2 (p<0.05). It is found that, the parameters representing both the
injury and/or the reactive response and healing were more pronounced in groups 1 and 2 (p<0.05). In the sham operated or E2 given groups significantly lower tissue
levels of IFN-gamma and higher IL-6 levels were found, contrary to this, high IFN-gamma and low IL-6 tissue levels were found in the oophorectomized and placebo
given group (p<0.001). The Kupffer cell alterations were observed to be more pronounced in the groups 1 and 3 (p<0.05). Our study indicates that E2 impaired the
liver functions, accelerated both the liver damage and healing. In the conditions of bile duct obstruction, estrogen significantly changed the cytokine milieu in the liver
and also might change liver injury through the Kupffer cells that could modify the cytokine milieu.
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Ozet

Bu deneysel ¢aligmanin amaci, cerrahi uygulamalarda sik¢a karsilastigimiz tikanma sariligina (safra yolu tikanikligi) bagl karaciger hasari iizerine estrojenin
etkilerini arastirmaktir. Disi siganlar ti¢ gruba ayrildi; grup 1 overleri alinmis ve E2 verilmis (n=14), grup 2 overleri alinmis ve plasebo verilmis (n=14), grup 3 ise kan
dstrojen seviyelerinin normal sinirlarda kalmast i¢in yalnizca laparotomi yapilmig (n=14) siganlardan olugmaktaydi. Safra yolunun baglanmasindan sonra tiim siganlarda
serum testleri ve histopatolojik incelemeler yapildi. Ayrica ELISA metodu ile doku IFN-gamma ve IL-6 seviyeleri 6l¢iildii. Daha sonra gruplar karsilastirildi. Serum
GGT ve ALT seviyeleri grup 2'ye gore grup 1 ve 3'te anlamli dl¢tide daha yiiksek bulundu. (p<0.05). Hasar ve/veya reaktif cevap ile iyilesmeyi temsil eden gostergelerin
grup 1 ve 2'de ¢ok daha belirgin oldugu gozlendi (p<0.05). Sadece laparotomi yapilan veya E2 verilen gruplarda diisiik IFN-gamma ve yiiksek IL-6 seviyeleri tespit
edilirken, bu durumun tersine overleri alinmig ve plasebo verilmis grupta yiiksek IFN-gamma ve diisiik IL-6 doku seviyeleri saptandi (p<0.001). Kupffer hiicre
degisikliklerinin grup 1 ve 3'te daha siddetli oldugu tespit edildi (p<0.05). Calismamiz E2'nin karaciger fonksiyonlarin1 bozdugu, karacigerde hem iyilesme hem de
hasar1 hizlandirdigini gostermistir. Safra yolu tikanikliginin oldugu durumlarda, dstrojen karacigerdeki sitokin tablosunu belirgin olarak degistirmekte ve muhtemelen
sitokin ortamini degistirme yetenegi olan Kupffer hiicreleri araciligi ile karacigerdeki hasar etkileyebilmektedir.

Anahtar Kelimeler: ()strojen, Karaciger hasari, Ooforektomi, Tikanma sariligi, Deneysel

Gaziantep Tip Dergisi 2007, 21-29.

INTRODUCTION

=1 Yazsma Adresi: \ It has long been known that there are differences between
Dr.Mehmet KAPLAN the two sexes in the occurrence of some diseases or the response
Adres: Alleben Mah. Kemal Koker cad. No:41 Ozel Hatem that they give to the same disease entity (1), such as
Hastanesi Sehitkamil/Gaziantep cardiovascular disease (2), sepsis, (3), various autoimmune

Tel: 0342 22015 15 d coll di includi toi th id di
Fax: 0342 220 3222 and collagen diseases including autoimmune thyroid disease
E-mail: mehmet.kaplan@yahoo.com (4), or liver diseases (5). These findings suggest that, the
gender may determine the susceptibility to some diseases
K whereas it may be preventive to others, which is a fact that is

probably attributed to estrogen(s).
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The recent identification of estrogen receptor (ER) in many
tissues beside the target organs of estrogen, which mainly
possess ER (6,7) has suggested that a larger tissue area than
previously known is affected by estrogen through its specific
receptors (8,9). The demonstration of ER(s) in the liver (10)
has led the studies to focus on the influences of steroid
hormones, particularly estrogens, on liver disorders and
regeneration (11). In rats, liver injury induced by alcohol (12,
13) or carbontetrachloride (14) is more frequently seen in
females. In transplanted liver (15) and hepatectomy models
(16,17), estrogen significantly increases regeneration and
proliferation, and reverses inhibitory effect of the estrogen
receptor antagonist, tamoxifen, on hepatocyte proliferation.
These findings demonstrate that estrogens may aggravate
injury or potentiate regeneration, depending on the model
used.

The influence of estrogen on liver injury has not been
studied in obstructive jaundice before. Biliary stones are found
in 10% of adult population, and the risk of occurrence increases
in women on oral contraceptives and with pregnancy. Each
year 3-5% of patients with symptomatic biliary stones become
complicated (18). In patients with chronic extra-hepatic bile
duct obstructions, endotoxemia has been demonstrated and
prolonged bile duct obstruction is harmful for fagocytic activity
of reticuloendothelial system and increases the risk of mortality
in the presence of endotoxemia (19,20).

In this experimental study we have searched the effects
of estrogens on liver injury and regeneration with the associated
cytokine production using the bile duct ligation model. The
aim of the study is to determine the differences, in terms of
biochemical and histopathological parameters of liver injury
in obstructive jaundice, between the groups of rats that represent
women who are postmenopausal or oophorectomized with or
without estrogen replacement therapy, and premenopausal;
and to demonstrate the possible role of cytokines in these
differences; and to asses the clinical importance of these data.

Table 1. Study design

METHODS

This study was conducted in the experimental research
laboratory at the Gazi University Medical School and
completely funded by Gazi University Research Fund. Local
ethics committee approval was obtained prior starting the
study.

Female Wistar albino rats, 12-16 weeks old and 180-200
grams, were used. They were kept in temperature-controlled
environment, and they had free access to standard rat food
and water.

The study design and administration of estrogen
Forty-two female rats were randomly assigned to three groups
of 14 each. In order to nullify the effect of ovarian estrogen,
the first two groups, group 1 and 2 (n=14), underwent bilateral
oophorectomy, as previously described (22) while group 3
(n=14) was sham operated to maintain physiological estrogen
level. Fourteen days after surgeries, during which effects of
ovarian estrogen had disappeared, Group 1 was given
subcutaneous Smg/ml 17b-estradiol (Sigma Chemical Co.,
Steinheim, Germany) dissolved in sesame oil (Sigma). Group
2 and group 3 were given 0.1ml sesame oil subcutaneously(SC)
as a placebo. This procedure was repeated three times, 1 and
5 days after the first.

The bile ducts were ligated twenty-four hours after
administration of the last dose of estrogen (or placebo), as
previously described (20). The animals were anesthetized by
an intramuscular injection of ketamine hydrochloride (50
mg/kg of body weight) under semi-sterile conditions and
through a 3 cm long upper midline abdominal incision, the
common bile ducts were isolated, double ligated with 6-0
vicryl (Ethicon, Birmingham, UK) and transected between
the sutures. Meticulous attention was paid not to damage the
blood supply and neighboring organs.

Group 2 (n=14)

Group 3 (n=14)

Bilateral oophorectomy

0.1 ml sesame oil, (SC)

Killed, blood and tissue
samples obtained

Sham operation

0.1 ml sesame oil, (SC)

Killed, blood and tissue
samples obtained

Day Group 1 (n=14)

15, 16, Bilateral oophorectomy

and 22

23 5 mg/0.1 ml E2 in
sesame oil, (SC)

27 Killed, blood and tissue
samples obtained

22
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Table 2. Histopathologic scoring of liver injury

Parameters Score
Necrosis 0,1,2,3
Regenerative activity 0,1,2,3
Portal PMNL infiltration 0,1,2,3
Portal MNL infiltration 0,1,2,3
Ductular proliferation 0,1,2,3
Fibroblastic activity 0,1,2,3
Kuppffer cell abnormalities 0,2
Sinusoidal PMNL infiltration 0,2
Sinusoidal MNL infiltration 0,2
Portal vascular congestion 0,2
Sinusoidal vascular congestion 0,2
Portal vascular thrombosis 0,2
Sinusoidal vascular thrombosis 0,2
Portal and central venous phlebitis 0,2
Arterial vall changes 0,1,2,3
Hydropic degeneration 0,1,2,3
Decrease in hepatocyte glycogen content 0,2

PMNL: Polymorphonuclear leukocytes, MNL: Mononuclear leukocytes

Fourteen days after bile duct ligation, the abdominal
incision was reopened following ketamine anesthesia. The
animals were killed by cardiac puncture and blood withdrawn
for the measurements of estrogen level and biochemical
parameters. Then hepatectomy was performed and the liver
was splitted into two; one piece was kept in 10% formaldehyde
solution for histopathological evaluation and the other sample
was sent to the laboratory immediately as a fresh tissue for
cytokine level measurements by ELISA (Table 1).
Measurements of blood biochemical parameters, estrogen and
tissue cytokine levels. Blood estrogen levels were measured
by chemiluminescence method in pg/ml with Access
Immunoassay System (Beckman Coulter, Inc., CA, USA)
analyzer. To show altered liver functions, blood levels of
bilirubin in mg/dl, alanin tansaminase (ALT), and g-glutamyl
transpeptidase (GGT) in U/L were measured by Synchron
CX-7 Clinical System (Beckman).

To assess the effect of estrogen on cytokines, liver IFN-g
and IL-6 levels were measured by ELISA in pg/ml, because
of their significant role on liver injury and regeneration. For
the measurements, 0.5 g of the fresh liver tissue was harvested
and prepared for ELISA by homogenization as described
previously (22). Briefly, each specimen was homogenized for
60 seconds in 10 ml of phosphate buffered solution containing
a cocktail of protease inhibitors including 2mM
phenylmethylsulphonyl floride and 2 mg/ml aprotinin, leupeptin
and pepstatin A (Sigma) to inhibit proteolysis of cytokines.
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Then homogenates were obtained from homogenizator
(Jencons Scientific Ltd., Bedfordshire, UK), ultra-centrifuged
with 10.000 rpm at 4°C for 45 minutes and the supernatants
were sampled by micropipettes and stored at -70 °C. Cytokines
were measured by ELISA with rat IFN-g and rat IL-6 kits
(BioSource Int.Inc.,CA, USA) as recommended.
Histopathological evaluation. Liver fragments were kept in
10% formaldehyde solution for 6-48 hours. Following treatment
with various concentrations of alcohol and xylol, the specimens
were embedded in paraffin blocks. After the preparation of
sections they were stained with Hematoxylene&Eosin and
Masson's trichrome dyes. Evaluations were made by a
pathologist blindly using the parameters described previously
(20). Each of the histopathological parameter was evaluated
and scored for each slide in terms of the degree of change
such that zero was given for no change, 1 for slight, 2 for
moderate, and three for severe changes. For some of the
parameters that could not be so scored, zero or two was
assigned for absence or presence of the pathology, respectively
(Table 2).

Statistical analysis. For all parameters the means and the
standard deviations (SD) were calculated. Kruskall-Wallis
variance analysis and chi-squared tests were used for all
nonparametric comparisons.

23



UCAN ve ark.

RESULTS

Blood estrogen levels were significantly different in all
groups (p<0.001). The highest values were in the group 1 in
which oophorectomy and E2 replacement had been done,
whereas the lowest values were obtained in placebo given
group 2 (Table 3).

Serum bilirubin, ALT, and GGT levels increased in all
groups as evidences of obstructive jaundice and liver damage.
Serum bilirubin levels were not found to be different among
the groups (p>0.05). Blood ALT and GGT levels generally
were lower in the placebo given group 2 than in the groups 1
and 3 in which blood estrogen levels were normal or high.
The significant differences emerged with its lowest value for
ALT in group 2 and its higher values for GGT only between
groups 1 and 2 (p<0.05, Table 4).

Table 3. Blood estrogen levels of the groups

Groups Estrogen levels (pg/ml)
Group 1 580+124.01
Group 2 61.50+£15.97
Group 3 208+35.02

p<0.001 for all groups

Liver specimens of all rats were examined
histopathologically according to the parameters mentioned in
table 2 and groups were then compared with chi-squared test.
Among 17 parameters necrosis, regenerative activity, ductular
proliferation, fibroblastic activity, Kupffer cell abnormalities,
sinusoidal congestion and portal-central venous phlebitis
showed statistical difference among groups (p<0.05, Table 5).

Table 4. Comparisons of liver function tests of the groups

In terms of portal PMNL and MNL infiltration, sinusoidal
PMNL and MNL infiltration, portal vascular congestion, portal
and sinusoidal vascular thrombosis, arteriolar wall changes,
hydropic degeneration, and hepatocyte glycogen content there
was no significant difference among groups (p>0.05, data not
shown).

When necrosis was considered there appeared a significant
difference, which was due to the lower values in group 2
(c2=17.2, p<0.05, table 5). Group 2 was also found to be
significantly different with its lower regenerative activity
(c2=10.22, p<0.05, table 5).

Ductular proliferation, a reactive response of liver to bile
duct obstruction, was statistically more in groups 1 and 3 than
in group 2 (c2=12.43, p<0.05, table 5).

In groups 1 and 3 with higher estrogen levels, fibroblastic
activity was also significantly more pronounced (c2=31.06,
p<0.001, table 5). There was a significant difference in terms
of Kupffer cell abnormalities between groups 1 and 2 (¢2=6.13,
p<0.05, table 5).

Sinusoidal congestion and portal venous phlebitis were
significantly lower in group 2 than in group 3 (¢2=8.17, p<0.05,
¢2=7.636, p<0.05, respectively, table 5).

To summarize, in all groups, bile duct ligation produced
histopathological changes in liver and there appeared a
significant difference between group 2 with the lowest estrogen
level and the others in terms of at least some of the parameters.

The groups were also compared according to the tissue
cytokine measurements of IFN-g and IL-6, and were found to
be statistically different. While IFN-g was significantly higher,
IL-6 was lower in group 2 with the lowest estrogen level
(p<0.001, table 5, figure 1).

With Pearson’s correlation analysis, IFN-g and IL-6 levels
were tested and found to be inversely related to each other
when group 2 was compared with groups 1 and 3 (r=-5.4,
figure 2).

Groups ALT (U/L) GGT (U/L) Bilirubin level (mg/dl)
Group 1 347.85+61.12 65.35+20.98* 6.83£1.32
Group 2 256.574+54.19* 46.50+£12.0 5.9+2.12
Group 3 360.50+65.22 58.78+7.47 6.30£1.57

*There are significant difference when compared with other groups (p<0.05)
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Table 5. Comparision of groups by categories

Categories Group 1 Group 1 Group 1 c2/p*
Necrosis
No change 5 (35.7%) 12 (85.7%) 7 (50%) c2=17.20
Slight 7 (50%) 0 (0%) 1(7.1%) p<0.05
Moderate 2 (14.3%) 2 (14.3%) 6 (42.9%)
Regenerative activity
Slight 6 (42.9%) 13 (92.9%) 6 (42.9%) €2=10.22
Moderate 5(35.7%) 1(7.1%) 6 (42.9%) p<0.05
Severe 3 (21.4%) 0 (0%) 2 (14.2%)
Ductular proliferation
Slight 0 (0%) 6 (42.9%) 1(7.1%) c2=12.43
Moderate 5(35.7%) 5(35.7%) 4 (28.6%) p<0.05
Severe 9 (64.3%) 3 (21.4%) 9 (64.3%)
Fibroblastic activity
Slight 1(7.1%) 9 (64.3%) 1(7.1%) ¢2=31.06
Moderate 9 (64.3%) 4 (28.6%) 11 (78.6%) p<0.001
Severe 4 (28.6%) 1(7.1%) 2 (14.3%)
Kupffer cell abnormalities
Abscence 6 (42.9%) 12 (85.7%) 7 (50%) €2=6.13
Presence 8 (57.1%) 2 (14.3%) 7 (50%) p<0.05
Sinusoidal congestion
Abscence 13 (92.9%) 9 (64.3%) 14 (100%) c2=8.17
Presence 1(7.1%) 5(35.7%) 0 (0%) p <0.05
Portal central venous phlebitis
Abscence 3 (21.4%) 6 (42.9%) 0 (0%) c2=7.64
Presence 11 (78.6%) 8 (57.1%) 14 (100%) p<0.05
IFN-gamma (pg/ml) 349.46+125.15 764.61£191.95 450.21+98.25 P<0.001
IL-6 (pg/ml) 839.84+245.05 466.5+106.86 710.02+167.75 p<0.001

DISCUSSION

Differences exist between the two sexes of humans and
animals (1). It is known that in premenopausal period, female
gender is a preventive factor against cardiovascular disorders
(23), peptic ulcer disease (24) and some others (3, 25); on the
other hand the risk of occurrence of autoimmune and collagen
tissue disorders is more frequent in women (26). It has been
proposed that this fact may be due to the differences between
two sexes in hormone levels and tissue distribution of hormone
receptors.

Because estrogen has influences on many tissues other
than its main target tissues, it has been imagined and shown
that estrogen has a larger field of distribution than previously
believed (7,27). After the existence of estrogen receptor in
liver was shown, studies on interaction of estrogen and its
receptor in liver have accumulated (28,29). Estrogen is thought
to enhance regeneration after hepatectomy, due to its potentiative
effect on proliferation and to existence of its receptor in liver,
and studies have shown that estrogen increases regeneration
(17) and mitotic activity of hepatocytes (15) significantly.
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On the other hand, it potentiates liver injury with alcohol
and carbontetrachloride administration (5,13,14, and 30).

Previous literature comprises data about influences of
estrogen on various types of liver injury other than obstructive
jaundice. In this experimental study, effects of estrogen on
liver injury in bile duct ligation model were investigated.

Bile stones, 85% of which is cholesterol type, are frequent
in surgical practice. Women are affected twice as much as
men, and oral contraceptives and pregnancy increase the risk
for biliary stone formation. Each year, 3-5% of symptomatic
biliary stones become complicated (18,31). In general, benign
and malignant bile duct obstructions are mostly seen in elderly.

In our study, blood estrogen levels of groups were
significantly different, as intended (p<0.001, table 3). While
oophorectomized groups 1 and 2 had estrogen levels higher
and lower than normal respectively, group 3 kept its
physiological level.
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By this way, groups representing postmenopausal or
bilaterally oophorectomized women with estrogen replacement
(group 1), without estrogen replacement (group 2) and
premenopausal normal women (group 3) were constituted.

Increased serum bilirubin and liver enzyme levels after
14 days of bile duct obstruction proved that bile duct ligation
had been successfully performed. The fact that the group with
the lowest estrogen level (group 2) had significantly lower
levels of liver enzymes than groups 1 and 3 suggested that
estrogen enhanced liver injury. To test this, previously described
parameters of liver injury were used for the comparison of
groups (table 2).

Figure 1. Liver cytokine levels of the groups

900+

Histopathological changes were to a significantly lesser
extent in group 2 with the lowest estrogen level than in the
other groups, considering the seven parameters yielding
statistical difference among groups (table 5).

This finding has shown that estrogen has influence on
liver injury. Reactive changes secondary to bile duct obstruction,
like necrosis, ductular proliferation, Kupfter cell abnormalities,
sinusoidal congestion, were significantly more pronounced in
groups 1 and 3 than in group 2, which meant both physiological
and supraphysiological levels of estrogen potentiated not only
liver injury but also reactive responses (table 5).

These data correlates well with the results of studies
reporting that estrogen accelerates liver injury caused by
alcohol and CCl4 (13,15, and 17).
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Figure 2. Correlation between liver IFN-gamma and IL-6 levels
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The fact that portal central venous phlebitis was more in
both group 1 and 3, with statistical significance in the latter
only, suggested that the occurrence of this change might be
due to the influence of estrogen on coagulation and venous
thromboemboli (32,33).

Another striking result of this study has been the statistically
significant difference in cytokine levels among groups. There
has been an inverse correlation between IFN-g and IL-6 (1<
-0.5). In group 2 with the lowest estrogen level, IL-6 was
significantly lower (p<0.001) while IFN-g was significantly
higher (p<0.001) than in the other groups in which IL-6 was
higher while IFN-g was lower (table 5, figure 1). This finding
showed the possible strong effect of estrogen on liver cytokine
pattern. It has been proposed that for regeneration, hepatocyte
needs growth factors like HGF (hepatocyte growth factor),
TGF-a (transforming growth factor alpha), and EGF (epidermal
growth factor), however, to be responsive to these growth
factors, it must be sensitized with TNF (tumor necrosis factor)
and IL-6 (34).

Kupffer cells have important effects on liver regeneration
and in one of the studies a decrease in that cell population,
and hence in the production and the levels of many cytokines
including IL-6, have been shown to slow down regeneration
(35).

It has been accepted that IL-6 accelerates regeneration

(34,36, and 37) and the most important synthesizers of IL-6
are Kupffer cells and macrophages infiltrating liver (38).
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Besides, it has been suggested that IL-6 increases fibrosis
because TGF-b, that enhances fibrosis as a response to liver
injury, seems to decrease in rats deprived of IL-6 (39). In this
study, group 2 with low serum estrogen and liver IL-6 levels
showed decreased regeneration and fibroblastic activity unlike
the other groups with higher IL-6 levels, and this supported
the data about IL-6 in the literature.

IFN-g increases fibrosis in liver and in the absence of
lymphocytes responsible for the production of this cytokine
more intense fibrosis is resulted (40, 41). In our study IFN-g
was found to be high in group 2 with the lowest estrogen level
and in that group regeneration and fibroblastic activity were
decreased unlike the other groups with low IFN-g levels. This
suggested that IFN-g had a role opposite to IL-6.

It has been reported that, estrogen suppresses (42-44),
stimulates (45) or is ineffective (3) on the secretion of IL-6
from various tissues or cells. The mentioned different effects
of estrogen on IL-6 secretion probably are due to the distinct
features of different tissues. Although it has been shown that,
liver (46) and serum (47) IL-6 level is increased transiently
after obstructive jaundice, the effects of estrogen on liver tissue
cytokine environment is not well understood. Influence of
estrogen on IFN-g secretion is also contradictory; some reports
have suggested suppression (48,49), while others have claimed
inhibition (50,51).
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In this study we showed for the first time, even after 14
days of bile duct ligation, secretion of IL-6 was found to be
increased while IFN-g was decreased in a reverse correlation
under the influence of estrogen. Increased IL-6 and decreased
IFN-g, together with the demonstration of accelerated
regeneration and fibroblastic activity in liver, suggested the
role of estrogen on liver injury might be mediated by these
cytokines. Furthermore, determination of significantly more
Kuppfer cell changes in group 1 and 3 with high level of
estrogen, reminded us changing of liver cytokine level might
be controlled by these cells. However, demonstration of higher
degree of necrosis and other injury parameters in the groups
with high level of estrogen, suggests that beside augmentation
of regeneration, estrogen also increases existing injury.

As a result, our study indicates that in liver injury that is
caused by bile duct obstruction, medications that contain
estrogens should be avoided until the underlying cause of the
liver damage is eliminated but thereafter they may be used
because of possible effect of estrogen on liver regeneration.
The existence and the considerable effects of estrogen receptors
in liver may give rise to experiments studying on specific
estrogen receptor modulators, at least, in some liver diseases.

REFERENCES

1.Blair ML. Sex-based differences in physiology: what should
we teach in the medical curriculum? Adv Physiol Educ
2007;31:23-25.

2.Villablanca AC. Coronary heart disease in women. Gender
differences and effects of menopause. Postgrad Med
1996;100:192-196.

3.Schroder J, Kahlke V, Staubach KH, Zabel P, Stuber F.
Gender differences in human sepsis. Arch Surg 1998;133:1200-
1205.

4.Lahita RG. The connective tissue disease and the overall
influence of gender. Int J Fertil Menopausal Stud 1996;41:156-
165.

5.Bradley KA, Badrinath S, Bush K, Boyd-Wickizer J, Anawalt
B. Medical risks for women who drink alcohol. J Gen Intern
Med 1988;13:627-639.

6.Harris HA. Estrogen receptor-beta: recent lessons from from
in vivo studies. Mol Endocrinol 2007;21:1-13.

7.Dechering K, Boersma C, Mosselman S. Estrogen receptors
alpha and beta: two receptors of a kind? Curr Med Chem
2000;7:561-574.

28

8.Gustafsson JA. Novel aspects of estrogen action. J Soc
Gynecol Investig 2000;7:S8-9.

9.Muramatsu M, Inoue S. Estrogen receptors: how do they
control reproductive and nonreproductive functions. Biochem
Biophys Res Commun 2000;270:1-10.

10.Viladiu P, Delgado C, Pensky J et al. Estrogen binding
protein of rat liver. Endocr Res Commun 1975;2:273-280.

11.Eagon PK, Porter LE, Francavilla A, Dileo A, Van Thiel
DH. Estrogen and androgen receptors in Liver; their role in
liver disease and regeneration. Sem Liver Dis 1985;5:59-69.

12.Muller C. Liver, alcohol and gender. Wien Med Wochenschr
2006;156:523-526.

13.Yin M, Ikejima K, Wheeler MD, Bradford BU, Seabra V,
Forman DT, et al. Estrogen is involved in early alcohol-induced
liver injury in a rat enteral feeding model.Hepatology
2000;31:117-123.

14 Kulscar-Gergely J, Kulcsar A, Gpmba S. Estrogens as
disposing factors in experimental liver injury. Exp Pathol
1978;16:283-290.

15.Fujii H, Kotani M. Promoting effect of estrogen on
regeneration of the liver transplanted to an ectopic site in mice.
Virchows Arch [Pathol Anat] 1986;409:453-460.

16.Fisher B, Giindiiz N, Saffer EA, Zheng S. Relation of
estrogen and its receptor to rat liver growth and regeneration.
Cancer Res 1984;44:2410-2415.

17.Francavilla A, Polimeno L, DiLeo A, Barone M, Ove P,
Coetzee M, et al. The effect of estrogen and tamoxifen on
hepatocyte proliferation in vivo and in vitro. Hepatology
1989;9:614-620.

18.Strazberg SM, Clavien PA. Cholecystolithiasis: lithotherapy
for the 1990s. Hepatology 1992;16:820-839.

19.Holman Jr JM, Rikkers LF, Biliary obstruction and host
defense failure. J Surg Res 1982;32:208-213.

20.Mentes BB, Tatlicioglu E, Akyol G, Uluoglu O, Sultan N,
Yilmaz E, et al. Intestinal endotoxines as co-factors of liver
injury in obstructive jaundice HPB Surg 1996:;9:61-69.

21.Hilf R, Battaglini JW, Delmez JA, Cohen N, Rector WD.
Some biochemical changes preceding regression of 7,12-
dimethylbenz(a)anthracene-induced mammary tumors
following ooforectomy. Cancer Res 1971;31:1195-1200.

22.Wu'Y, Kudsk KA, DeWitt RC, Tolley EA, Li J. Route and

type of nutrition influence Ig-A-mediating intestinal cytokines.
Ann Surg 1999;229:662-668.

Gaziantep Tip Dergisi 2007, 21-29.



UCAN ve ark.

23.Villablanca AC. Coronary heart disease in women. Gender
differences and effects of menopause. Postgrad Med
1996;100:192-196.

24.Chen TS, Chang FY, Lee SD. Smoking and male gender
rather than CagA protein are associated with increased risk
for duodenal ulcer in Helicobacter pylori-infected patients in
Taiwan. Dig Dis Sci 1999;44:2076-2080.

25.Salem JE, Kring AM. The role of gender differences in the
reduction of etiologic heterogeneity in schizophrenia. Clin
Psychol Rev 1998;18:795-819.

26.Fagan TF, Faustman DL. Sex differences in autoimmunity.
Adv Mol Cell Biol 2004;34:295-306.

27.Barkhem T, Nilsson S, Gustafsson JA. Molecular
mechanisms, physiological consequences and pharmacological
implications of estrogen receptor action. Am J
Pharmacogenomics 2004;4:19-28.

28.Alvaro D, Mancino MG, Onori P, Franchitto A, Alpini G,
Francis H, Glaser S, Gaudio E. Estrogens and the
pathophysiology of the biliary tree. World J Gastroenterol
2006;12:3537-3545.

29.Kawai T, Yokoyama Y, Kawai S, Yokoyama S, Oda K,
Nagasaka T, et al. Does estrogen contribute to the hepatic
regeneration following portal branch ligation in rats? Am J
Physiol Gastrointest Liver Physiol. 2007;292:582-589.

30.Thurman RG. Mechanisms of hepatic toxicity II. Alcoholic
liver injury involves activating of Kupfer cells by endotoxin.
Am J Phisiol 1998;275:G605-611.

31.Gillanders W, Strazberg SM. Hepatobiliary disease. In:
Doherty GM, Meko JB, Olson JA, Peplinski GR, Worrall NK
(Eds). The Washington manual of surgery. (2nd ed).
Philadelphia, Lippincott, Williamse'3fWilkins, 1999:273-296.

32.Daly E, Vessey MP, Hawkins MM, Carson JL, Gough P,
Marsh S. Risk of venous thromboembolism in users of hormone
replacement therapy. Lancet 1996;348:977-980.

33.Jick H, Derby LE, Myers MW, Vasilakis C, Newton KM.
Risk of hospital admission for idiopathic venous
thromboembolism among users of postmenopausal oestrogens.
Lancet 1996;348:981-983.

34.Fausto N. Liver regeneration. ] Hepatol 2000;32:19-31.

35.Meijer C, Wiezer MJ, Diehl AM, Schouten HJ, Meijer S,
van Rooijen N, et al. Kupffer cell depletion by C12MDP-
liposomes alters hepatic cytokine expression and delays liver
regeneration after partial hepatectomy. Liver 2000;20:66-77.

36.Kuma S, Inaba M, Ogata H, Inaba K, Okumura T, Saito
K, et al. Effect of human recombinant IL-6 on the proliferation
of mouse hepatocytes in the primary culture. Immunobiology
1990;180:235-242.

37.Selzner M, Clavien PA. Failure of regeneration of the

steatotic rat liver: disruption at two different levels in the
regeneration pathway. Hepatology 2000;31:35-42.

Gaziantep Tip Dergisi 2007, 21-29.

38.0yanagi Y, Takahashi T, Matsui S, Takahashi S, Boku S,
Takahashi K, et al. Enhanced expression of interleukin-6 in
chronic hepatitis C. Liver 1999;19:464-472.

39.Natsume M, Tsuji H, Harada A, Akiyama M, Yano T,
Ishikura H, et al. Attenuated liver fibrosis and depressed serum
albumin levels in carbon tetrachlorid-treated IL-6-deficient
mice. J Leukoc Biol 1999;66:601-608.

40.Shi Z, Wakil AE, Rockey DC. Strain-specific differences
in mouse hepatic wound healing are mediated by divergent T
helper cytokine responses. Proc Natl Acad Sci USA
1997;94:10663-10668.

41.Xu Q, Cao J, Wu F, Hayakawa Y, Saiki I, Koda A. Role of
TH1 and TH2 cytokines in regulating the liver injury induced
by delayed type hypersensitivity to picryl chloride. Liver
1999;19:473-480.

42 Keck C, Herchenbach D, Pfisterer J, Breckwoldt M Effects
of 17beta-estradiol and progesterone on interleukin-6 production
and proliferation of human umbilical vein endothelial cells.
Exp Clin Endocrinol Diabetes 1998;106:334-339.

43.Koka S, Petro TM, Reinhardt RA. Estrogen inhibits
interleukin-1beta-induced interleukin-6 production by human
osteoblast-like cells. J Interferon Cytokine Res 1998;18:479-
483.

44.Zuckerman SH, Bryan-Poole N, Evans GF, Short L,
Glasebrook AL In vivo modulation of murine serum tumour
necrosis factor and interleukin-6 levels during endotoxemia
by oestrogen agonists and antagonists. Immunology
1995;86:18-24.

45.Chen CD, Wu MY, Chen HF, Chen SU, Ho HN, Yang YS
Relationships of serum pro-inflammatory cytokines and
vascular endothelial growth factor with liver dysfunction in
severe ovarian hyperstimulation syndrome. Hum Reprod
2000;15:66-71.

46.Plebani M, Panozzo MP, Basso D, De Paoli M, Biasin Exp
Pharmacol R, Infantolino D. Cytokines and the progression
of liver damage in experimental bile duct ligation. Clin Physiol
1999;26:358-63.

47 Kimura F, Miyazaki M, Suwa T, Sugiura T, Shinoda T, Itoh
H, et al. Serum interleukin-6 levels in patients with biliary
obstruction. Hepatogastroenterology 1999;46:1613-1617.

48.Le N, Yousefi S, Vaziri N, Carandang G, Ocariz J, Cesario
T. The effect of beta-estradiol, progesterone and testosterone
on the production of human leukocyte derived interferons. J
Biol Regul Homeost Agents 1988;2(4):199-204.

49.Salem ML, Hossain MS, Nomoto K. Mediation of the
immunomodulatory effect of beta-estradiol on inflammatory
responses by Inhibition of recruitment and Activation of
Inflammatory Cells and Their Gene Expression of TNF-alpha
and IFN-gamma. Int Arch Allergy Immunol 2000;121:235-
245.

50.Correale J, Arias M, Gilmore W. Steroid hormone regulation
of cytokine secretion by proteolipid protein-specific CD4+ T
cell clones isolated from multiple sclerosis patients and normal
control subjects. J Immunol 1998;161:3365-3374.

51.Fox HS, Bond BL, Parslow TG Estrogen regulates the IFN-
gamma promoter. J Immunol 1991;146:4362-4367.

29



