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Introduction

Nonalcoholic fatty liver disease (NAFLD) is
rapidly growing as a world-wide public health
problem. NAFLD involves a wide range of disorders,
from simple steatosis through steatohepatitis,
fibrosis and cirrhosis to hepatocarcinoma (Adam et
al., 2006; Clark et al., 2002). Hepatic steatosis is
characterized by the macro and microvesicular fat
droplets in hepatocytes (Dasi et al., 2003). This
abnormality is associated with metabolic disorders
such as obesity and diabetes and is closely linked to
insulin resistance (Haque et al., 2002; Jesus et al.,

2004). However, the pathogenesis of steatosis is
complex and incompletely understood, but available
evidence have demonstrated that excessive free fatty
acids (FFA) in the liver which are sterified to
triglyceride (TG) make initial lesions (first hit) that
predispose the liver to aggressive effect of oxidative
stress, mitochondrial abnormalities, hormonal dis-
turbance involving leptin and adiponectin and
proinflammatory cytokines (second hit) induce
steatohepatitis, fibrosis and cirrhosis (Carl et al.,
2002; Day et al., 1998). Among these factors, pro-
inflammatory cytokines, specifically TNF  seems to
be a prominent factor for pathogenesis of the hepatic
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Abstract:

BACKGROUND: Hepatic steatosis due to estrogen therapy
increases the activity of inflammatory markers, particularly the
activity of TNFα which in turn induces more lipogenesis.
Omega-3 fatty acids are among the negative regulators of hepatic
lipogenesis. OBJECTIVES: In this research, the preventive effect
of omega-3 fatty acids on estrogen-induced steatosis in rats was
evaluated. METHODS: 2 mg/kg. BW/SC of 17α-ethiny-lestrasdiol
were injected into 25 female wistar rats in 5 equal groups
(excluding the control group) over 10 consecutive days.
Simultaneously, 3 of estradiol-treated groups were orally given
250, 500, and 1000 mg/kg. BW omega-3 fatty acids, respective-
ly. At the end of the experiment, plasma ALT, AST, and TNFα
level were determined. Histopathological changes in the liver
were also identified by the evaluation of samples stained with
H&E and Oil Red O. RESULTS: The histological findings
revealed hepatic microvesicular steatosis and fat deposit in
ethinylestradiol and, to a lesser extent, in the 250 mg/kg BW
omega-3 fatty acids groups. The plasma levels of AST, ALT, and
TNFα significantly increased in the ethinylestradiol group
compared to the control (p<0.05) and 1000 mg/kg. B.W omega-
3 group. Omega-3 fatty acids reduced these parameters in
comparison to the estradiol group (p<0.05). CONCLUSIONS: It
was concluded that 1000mg/kg.BW of omega-3 protects the
liver against steatotic injuries.



steatosis (Endo et al., 2007). Accumulated TG in
hepatocytes is metabolized via mitochondrial or
peroxisomal oxidation, which, in turn, increases
reactive oxygen species (ROS). ROS cause lipid
peroxidation followed by the activation of an
inflammatory response and hepatic stellate cells,
leading to fibrosis (Day et al., 1998; Endo et al., 2007;
Erdogan et al., 2004). Estrogen derivatives are well
known to cause intrahepatic cholestasis in suscept-
ible women during pregnancy and also followed by
administration of oral contraceptive and post-
menopausal replacement therapy (Bouchard et al.,
1993). As well, some evidence have demonstrated
that estrogen is lipogenic for liver (Abraham et al.,
1980). These two properties may predispose the liver
to hepatosteatosis. Omega-3 fatty acids (O3Fas) from
fish oil, ecosapentaenoic acid (EPA) and docosa-
pentaenoic acid (DHA), have many biological
functions (El-badrry et al., 2007). These fatty acids
have hypolipidemic, anti-inflammatory and anti-
oxidant effects (Carl et al., 2002). It has also been
shown that these acids provide improvements to
NAFLD patients (El-Badry et al., 2007; Erdogan et
al., 2004; Hao et al., 2010). In addition, omega-3 fatty
acids have been reported to decrease de novo lipo-
genesis via down-regulation of the sterol regulatory
element binding protein-1 (SREBP-1) and induce
fatty acids catabolism through the activation of the
Peroxisome proliferator-activated receptor (PPAR-
α) mediated pathway in the liver (El-badrry et al.,
2007; Hao et al., 2010). They may have antioxidant
effects by inhibiting lipid peroxidation. In an animal
study, omega-3 fatty acids supplement-ation de-
celerated progression of oxidative stress and in-
fluenced pathways involved in oxidation and
inflammation (Iraz et al., 2005; Kajikawa et al.,
2003). In accordance to the above mentioned in-
formation, this study was conducted to evaluate the
preventive effect of omega-3 fatty acids on estradiol-
induced hepatosteatosis in female rats.

Materials and Methods

The OmegaFlex softgels were acquired from
International Agencies (Davie, FL 33317, USA) and
17α-ethinylestrasdiol was obtained from Aburaihan
pharmaceutical Co. (Tehranpars, Tehran, Iran).  The

ALT/AST kit was purchased from Ziestchem
(Tehran, Iran). The TNF-  kit was provided by Bender
med system (1030 Vienna, Austria) and all the
chemicals used in Oil Red O and H&E staining were
obtained from Merck (Germany). 25 female wistar
rats (6 weeks of age) were purchased from the laboratory
animal breeding council (Ahvaz Jondishapoor
University of Medical Science, Iran). They were
housed in a room under controlled temperature
(22±2°C) and lighting (12-h light/dark cycle)
conditions, and were treated with a standard pellet
diet (Ahvaz Jondi Shapour University of Medical
Science, Iran). All the animals were fed ad libitum
with normal rat chow and free access to water. After
1 week acclimation, the animals were weighed and
divided randomly into five equal groups. All the rats
with exception of the control group were injected by
2mg/kgBW.SC of 17α-ethinylestrasdiol over 10
consecutive days. Simultaneously, three of estradiol
treated groups were given 250, 500, and 1000mg/kg
BW of omega-3 fatty acids for 10 days, respectively.
Each 1000mg of a softgel capsule contained 180mg
EPA and 120 mg DHA, and the recommended
dosages were calculated based on the sum of EPA +
DHA.  At the end of the 10 days treatment, the rats
were anaesthetized under chloroform (Merck,
Germany) following 12h fasting, and blood samples
were finally collected by cardiac puncture.

The plasma was obtained by centrifuging the
blood at 4000 rpm for 10 min and stored frozen at -70
±10°C until it was analyzed (EDTA used as anti-
coagulant). The aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) activities were
colorimetrically determined according to the
procedures described by Ziestchimi, Tehran, Iran
(first described by Bergmeyer and Harder, 1986).
TNFα were measured using the immunosorbent
Elisa commercial kit.

Regarding the histological studies, approximate-
ly one half of the liver was fixed in 10% formalin
overnight, washed with PBS, and then embedded in
paraffin. The liver tissues were subjected to the
normal routine histological procedures, stained with
Hematoxylin-Eosin and then examined using the
light microscope to inspect lipid accumulation and
morphological changes. Another portion of the liver
was sent to the frozen section and stained with Oil Red
O to visualize hepatic fat (Luna., 1968). The whole
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procedure for the tissue preparation was carried out at
the department of pathobiology, veterinary medicine
faculty, Shahid Chamran University of Ahvaz, Iran.

Statistical Analysis: For each parameter consider-
ed, the statistical analysis was conducted using one
way ANOVAamong groups followed by the post-hoc
Tukey test. The alpha in all cases was considered to be
5% (p<0.05).

Results

Light microscopic analysis of the liver slices
taken from the 17α-ethinyl estradiol group showed
signs of micro vesicular steatosis with fat droplets in
all animals (Figure 1A, A*). On the other hand, the
group that had received 250mg of omega-3, showed
micro vesicular steatosis but less severe than that of
the estradiol group (Figure 1B, B*). The liver slices
with 500 to 1000 mg of omega-3 showed the typical
hepatic architecture (Figure 1C, C*).

As shown in Table 1, in the ethinylestradiol group,
the plasma levels of ALT, ASTand TNF  significantly
increased compared to the control group (p<0.05).
On the other hand, the rats which were given
1000mg/kg of omega-3, the plasma levels of ALTand
TNF-  significantly decreased compared to the 17α-
ethinyl estradiol group, (p< 0.05), while the doses of
250 and 500mg/kg omega-3 had no significant effect
(p>0.05).

The doses of 500 and 1000mg/kg of omega-3
significantly reduced the plasma level of AST in
comparison to the 17α-ethinyl estradiol group,
(p<0.05).

Discussion

Discussion Nonalcoholic Fatty Liver Disease
(NAFLD) is increasingly recognized as a major
health issue and probably the most common of all
liver disorders (Harison et al., 2003; Neuschwander-
Tetri et al., 2003). NAFLD includes a spectrum of
diseases ranging from simple steatosis through
nonalcoholic steatohepatitis (NASH) to end-stage
liver disease (cirrhosis) (Harison et al., 2003; Preedy
et al., 1998). In the present study, we sought to mimic
the hepatic fatty acid accumulation and symptomato-
logical aspects of the early stages of fatty liver
disease. NASH is a slowly progressive disease

characterized by fat accumulation in hepatocytes,
mixed cell-type inflammation, focal necrosis, and
occasional fibrosis. This disease has been observed
worldwide, and the prevalence of NASH is estimated
to be 2-3% of the general population (Daniel., 2005).

Animal models are not only useful in revealing the
etiology of NASH, but also are important platforms
for the assessment of therapeutic strategies (Dasi et
al., 2005). In the present study, histlogical evidenc
demonstrated that 17α-ethynylestrasdiol admin-
istration to female wistar rats for 10 consecutive days
induced hepatic micro vesicular steatosis (Figure 1A,
A*). The high levels of Plasma ALT and AST in the
treated animals supported this outcome. These
aminotransferases are a marker of hepatic injury in rat
(Preedy et al., 1998). Induced hepatosteatosis in our
experiment is in accordance with the steatotic model,
which has been previously described by Daniel et al.,
(2005) in female wistar rats (Daniel., 2005).

Although the exact mechanism of estradiol-
induced hepatosteatosis in this study is not identified,
the high plasma level of TNFα in the ethinyl
estradiol-treated group as well as the increased levels
of amino-transferases justifies a possible role for
TNFα-mediated hepatic injury. In this regard,
previous evidence have demonstrated that TNFα: (a)
produces oxygen free radicals due to respiratory
chain disturbance which in turn induces lipid
peroxidation and tissue injuries (Preedy et al., 1998),
(b) increases fatty acid synthesis which could be used
for the liver TG production, and (c) induces insulin
resistance (El-badrry et al., 2007). Overall, these
properties may predispose liver to hepatosteatosis.

In this study, the systematic decrease of ALT and
AST plasma level accompanied by reduced hepatic
injuries, due to doses of 500 and 1000 mg/kg omega-
3 fatty acids indicate the preventive effect of these
fatty acids, in a dose dependent manner. The dose of
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TNFαα  (pg/l) ALT (IU/l) AST (IU/l)

Control 102.11± 2.75a 31.75±2.62a 51.32±0.93a

Ethinyl estradiol 146.36± 2.93b 82.71±3.35b 134.32±9.83b

250mg omega-3 163.64 ±7.41b 78.50±6.53b 122.33±4.55b

500mg omega-3 161.08±10.04b 68.25±4.16b 78.07±8.43ac

1000mg omega-3 117.89±2.89a 45.67±2.46a 73.87±4.09ac

Table 1. Serum biochemical parameters (Mean±SEM) of
hepatosteatotic rat treated with omega-3 fatty acids. Non similar
letters in each column show significantly different (p<0.05).



250mg/kg had no effect while the maximum effect
was produced by a dose of 1000mg/kg (Figures 1C,
C*). Omega-3 fatty acids have hypolipidemic (Ian et
al., 2005; Teran-Garcia et al., 2007), anti-inflam-
matory and antioxidant effects and have shown that
they could  positively affect NAFLD patients (Hao et
al., 2010; Vanwerven et al., 2010). They reduce

lipogenic enzymes' activity in the liver (Demoz et al.,
1992), inhibit lipid peroxidation (Barbosa et al.,
2003; Erdogan et al., 2004; Iraz et al., 2005 ), and
decrease TNF-  secretion (Hao et al., 2010). In this
study, the plasma level of TNF-  in the 1000mg/kg of
omega-3 treated group showed a significant decrease
in comparison to that in the ethinyl estradiol group.
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Figure 1. light microscopic analysis of a section of liver slices taken from the ethinylestradiol group stained with H&E (A) and Oil Red
O (A ), and from the 250mg/kg omega-3 treated group (B,B ) , and 1000mg/kg omega-3 treated group( C, C*). White vacuole in H&E
and red Vacuole in Oil red O staining show microvesicular fatty change. 



This finding that proves hepatoprotective effect of
omega-3 fatty acids is in part due to the anti-
inflammatory effect. However, the other mechanism
also may be involved.

The key finding of this work is that omega-3 fatty
acid (1000 mg/kg) has protecting features against the
hepatoststatic manifestations induced by a 10-day
treatment with ethinyl estradiol in female wistar rats.

We have demonstrated that SC supplementation
of 1000mg/kg/day O3FAs can ameliorate hepatic
steatosis in the ethinyl stradiol rat model.
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ìXéú  |ÆI kAìþ AüpAó, 2931, kôoû 7, yíBoû 2,  431-921     

ASpìdBÖËPþ AuýløBÿ ̂pJ AìãB–3 GpøLBOõAuPEBOõqAèÛBF ylû |
OõuÈ AOýñýê AuPpAküõë kooOùBÿ ìBkû

ìpWBó ̂ùBokû ̂püà
1

Îéþ yùpüBoÿ
1*

KýíBó AulüBó
2

¾Bèe AuíBÎýê qAkû
3

1) âpôû Îéõï KBüú, kAðzßlû kAìLryßþ kAðzãBû yùýl ̂ípAó AøõAq, AøõAq–AüpAó
2) âpôû Îéõï koìBðãBøþ, kAðzßlû kAìLryßþ kAðzãBû èpuPBó, gpï @GBk–AüpAó

3)  âpôû KBOõGýõèõsÿ, kAðzßlû kAìLryßþ kAðzãBû yùýl ̂ípAó AøõAq, AøõAq–AüpAó

|(||koüBÖQ ìÛBèú:  81  Gùíò ìBû  1931,  Knüp} ðùBüþ:  62   Öpôoküò ìBû  2931)

|̂ßýlû 
qìýñú ìÇBèÏú:æuPEBOõq ÞHlÿ ðByþ Aq AuPpôsó koìBðþ uHI AÖrAü{ ÖÏBèýQ yBgÀ|øBÿ AèPùBJ Gú ôütû |a-FNT| ìþ|yõk Þú Gú ðõGú» gõk

oôðl èýLõsðrÞHlÿ oA Ozlül ìþ| Þñl. AuýløBÿ ̂pJ AìãB–3 èýLõsðroA OÏlüê ìþ| Þññl. koAüò Ktôøw ASpKýzãýpÿ Þññlû» AuýløBÿ ̂pJ

AìãB–3 GpøLBOõAuPEBOõq AèÛBüþ OõuÈ AuPpôsó Gpouþ ylû AuQ. oô} ÞBo:52 upoR ìBkû ðtAk ôüvPBoko5 âpôû ìvBôÿ oôqAðú |gk/gm2|

Aq (loidartse lynihte-a71| Gú AuPTñBF âpôû ÞñPpë) oA Gú ¾õoR qüpKõuPþ Gú ìlR 01 oôq koüBÖQ Þpkðl. øírìBó uú âpôû Aq oR øB  Gú

OpOýI üßþ Aq kôqøBÿ gk/gm052, 005 ô0001 Auýl ̂pJ AìãB–3 oA G¿õoR gõoAÞþ koüBÖQ Þpkðl. koKBüBó @qìBü{ uÇe KçuíBüþ |TSA

,TLA| ô|a-FNT| OÏýýƒò ôðýƒrðíõðú øBÿ ÞHlÿ GB oðä @ìýrÿ |E&HôdeRliO| ìÇBèÏú ylðl.ðPBüY:üBÖPú|øBÿ øývPõèõsüßþ øLBOõ

AuPEBOõq ìýßpôôqüßõæoôðýrOXíÐ ̂pGþ oA koâpôû AOýñýê AuPpAküõë ôGú ìÛlAoÞíPpkoâpôû |gk/gm|052 Auýl ̂pJ AìãB–3 ðzBó kAk.

uÇõf KçuíBüþ |TSA,TLA| ô|a-FNT| koâpôû AOýñýê AuPpAküõë GÇõoìÏñþ|kAoÿ GýzPpAq | âpôû ÞñPpë Gõk |)50/0<p(| ôkôq gk/gm|0001

Auýl ̂pJ AìãB– 3 uHI ÞBø{ ìÏñþ|kAoAüò KBoAìPpøB ðvHQ Gú âpôû AOýñýê AuPpAküõë ylû Gõk (50/0<p|). ðPýXú âýpÿ ðùBüþ:Aüò üBÖPú|øB

ðzBó kAk Þú kôq gk/gm|0001 Auýl ̂pJ AìãB– 3 ÞHl oA Aq ÂBüÏBR AuPEBOõqÿ AOñýê AuPpAküõë ìdBÖËQ ìþ| Þñl.

ôAsû øBÿÞéýlÿ:| |øLBOõAuPEBOõq, oR, AOýñýê AuPpAküõë,  @uLBoOBR @ìýñõOpAðv×pAq, @æðýò @ìýñõOpAðv×pAq

∗)ðõüvñlû ìvõöôë: Oé×ò: 3700333(116)89+     ðíBGp: 7080633(116)89+      | |ri.ca.ucs@irairhahs.a||:liamE
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