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ABSTRACT
Ethinylestradiol (EE) induced cholestasis was reported in female rats-model. The present article aimed to
investigate anticholestatic activity of resveratrol nanoemulsion (RENE) against EE-induced cholestasis in adult
female rats. In the present study, we made resveratrol nanoemulsion (RENE) using Bovine serum albumin and
characterized for its particle size, zeta potential, morphology and entrapment efficiency. Furthermore, RENE
evaluated for its LD50 and anti-cholestatic activity. The mean particle size of RENE was 49.5 ± 0.05 nm and zeta
potential of +15.75 with the observed shapes of nanoparticle was spherical. Also, the median lethal dose (LD 50) of
RENE in rats was 795 mg/kg body weight. Administration of 1/20 LD50 RENE (39.75 mg/kg.b.w.) to EE–treated rats
normalize serum cholesterol level as well as against an increase of serum TBA, bilirubin concentration. The
treatment also resulted in a significant increase in hepatic SOD and GPx. RENE inhibited serum ALP, ALT and γ-GT
activities, as well as reduced serum TNF-α, NO, MMP-2 MMP-9 and hepatic MDA as compared to EE-treated rats.
The results clearly suggest that RENE has a powerful prophylactic action in cholestasis induced by EE.

Keywords: Resveratrol nanoemulsion, Ethinylestradiol, hepatic cholestasis, nanoparticles oxidative stress
biomarkers and matrix metalloproteinases.

Abbreviations: Resveratrol nanoemulsion (RENE), Ethinylestradiol (EE), Superoxide dismutase (SOD),
glutathione peroxidase (GPx), alkaline phosphatase (ALP), alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase (γ-GT), total bile acids (TBA), tumor necrosis factor-alpha (TNF-α), nitric oxide (NO), and matrix
metalloproteinase-2 (MMP-2), malondialdehyde (MDA) and matrix metalloproteinase-9 (MMP-9)

1. INTRODUCTION

Cholestasis is characterized by oxidative stress,
inflammation and disorders of the liver, bile duct and
pancreas [1]. When bile flow is stopped, the
pigment bilirubin, a waste product that’s formed when
old or damaged red blood cells are broken down,
escapes into the bloodstream and accumulates [2]. The
presence of a lesion in the cellular parenchyma is
common in a large number of chronic liver diseases,
such as viral hepatitis, alcoholic hepatitis, and
cholestasis [3]. Intrahepatic cholestasis evaluated in
susceptible
women
during
pregnancy
after
administration of estrogens [4]. EE is widely used to
cause experimental cholestasis in rat’s model [5]. EE
down-regulated of Na+-taurocholate co transporting
http://ijps.aizeonpublishers.net/content/2019/3/ijps2053-2061.pdf

polypeptide (Ntcp) expression leading to decrease
sinusoidal uptake of bile acids [6,7]. In addition, γ-GT
levels were raised after the administration of EE in the
prophylactic treatment. As earlier mentioned, γ-GT and
ALP are employed to detect impaired bile flow
(cholestasis) [8-11]. Among the many drugs for liver
injury, resveratrol is the most clinically popular for
patients and is known to have hepato-therapeutic and
anti-fibrotic properties [5]. Resveratrol has also been
proven effective in several research fields, such as
protecting against genomic injury, increasing
hepatocyte protein synthesis, decreasing the activity of
tumor promoters and stabilizing mast cells.
Pharmaceutical and medicinal activity of red wine is
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depends on its content several factors including the
grape variety, vineyard location, cultivation system,
climate and soil type and production process among
others [12, 13]. In addition to its free radical scavenging
properties, silymarin increases antioxidant enzymes,
such as SOD and catalase and inhibits lipid peroxidation
[14, 15]. According to many authors however, it has a
low bioavailability [16].
Nanotechnology is at the forefront of cancer research.
This technology allows scientists to target cancer cells
[17]. Nanoparticles can decrease side effects in patients
by directly targeting the area of disease and eliminating
the need to circulate through the body [18, 19]. When
encapsulating drugs into nanoparticles, researchers
observed improved drug solubility, controlled drug
release, enhanced bioavailability, increased stability,
and improved long-term storage (versus nonencapsulated drugs) [20]. These attributes are
promising and could be the traits needed to combat
disease. Not surprisingly, a phenolic compounds such
as resveratrol, an excellent scavenger of reactive
oxygen species [21, 22] and anticholestatic activity [5].
The aim of this study was to investigate in vivo, the
anticholestatic and hepatoprotective activities of
resveratrol
nanoemulsion
against
EE-induced
cholestasis in female rats.

2. MATERIALS AND METHODS

2.1 Materials
RPMI1640 (Roswell park memorial institute) medium
with L-glutamine (Cambrex, Belgium), resveratrol,
Trypan Blue, Bovine serum albumin, Glutaraldehyde
50% (Sigma, USA). RES, EE and Tween 80 were
obtained from Sigma Chemical Co. (St. Louis, MO,USA).
All other chemicals used in this study were of the
analytical grade.
2.2 Resveratrol nano-emulsion preparation
100 mg bovine serum albumin (BSA) is dissolved in 12
ml distilled water; dissolve the resveratrol 24 mg in 24
ml ethanol then add drop wise the ethanolic solution on
the BSA solution under stirring (500 rpm); then add 3
ml 11% glutaraldehyde and leave on stirring overnight
[23].
2.3 Resveratrol nano-emulsion characterization
The crystalline nature and grain size of resveratrol
nanoemulsion (RENE) was carried out by X- ray
diffraction (XRD) pattern at 25-280C with a D8 Advance
X –ray diffractometer (Bruker – Germany) with a nickel
(Ni) filtered using CuKα (λ= 1.54184 A0) radiations as
an X-ray source. Infrared spectrum (IR) of sample is
registered using Nicolet 6700 (Thermo scientific–USA).
The thermal analysis was measured using Thermo
gravimetric analysis (TGA) TGA -50 (Shimadzu, Japan)
Morphology and size of RENE were examined by

http://ijps.aizeonpublishers.net/content/2019/3/ijps2053-2061.pdf

Scanning Electron Microscope (SEM, JSM- 690, JEOL,
Inc., Tokyo, Japan) and Field Emission Transmission
Electron Microscopy (FETEM, JSM- 2100F, JEOL Inc.) at
an accelerating voltage of 15Kv and 200 Kv.
2.4 Animals
The animals used in the study, Female albino rats
weighing around 150-170 g (96 rats; 60 for LD50
estimation and 36 for anticholestatic activity) were
obtained from the animal house of National Cancer
Institute Animal House, Egypt. They were housed in
plastic cages with stainless steel covers at the National
Cancer Institute Animal House. The animals were
housed in groups of 6 in stainless steel cages
(34×47×18 cm) with soft wood shavings as bedding,
fed with normal commercial pellet diet (GAFCO, Tema),
given water ad libitum. Approval for this study was
obtained from the Ethical Review Committee of the
Faculty of Applied Medical Sciences, October 6
University, Giza, Egypt (No. 201810/01).
2.5 Determination of LD50 of resveratrol
nanoemulsion
Resveratrol nanoemulsion was orally administrated in
different doses to find out the range of doses which
cause zero and 100 % mortality of animals. A range
doses was determined for each extract. LD50 was
determined by administration of resveratrol
nanoemulsion in different doses 350, 500, 700, 900,
1100 and 1300 mg/kg orally, in six groups, 10 animals
in each.
After administration of the tested resveratrol
nanoemulsion, animals were observed individually
every hour during the first day and every day for
21days. Behavior and clinical symptoms of animals
were noted throughout the duration of the experiment.
The LD50 was calculated by Finney, [24] method using
following formula:
LD50= Dm – ∑ (Z. d)/n
Dm = The largest that kill all animals.
∑ = The sum of (z x d).
Z
= Mean of dead animals between 2 successive
groups.
d =The constant factor between 2 respectively doses.
n = Number of female rats in each group.
2.6 Experimental setup
Female rats weighing 150-170g were divided and
housed in six groups of six rats each for 5 days before
the start of experiment. All animals had free access to
water and food except for a12 hours fasting period
before oral administration of the extract. The treatment
groups are described in Table 1 [5].
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Table 1. Description of treatment groups.
Group
I
II
III
IV

Group name
Normal control A
Normal control B
RENE
EE

V

RENE + EE
(prophylactic I)

VI

EE + RENE
(prophylactic II)

Treatment description
Days 1–15: 3 mL of distilled water, orally
Days 1–15: 3 mL of tween 80, 1%, orally
Days 1–15: oral suspension of (1/20 LD50) 39.75 mg/kg b.w. RENE in tween 80, 1% [5].
Days 1–10: 3 mL of tween 80, 1%, orally [5].
Days 11–15: subcutaneous injection of100 µg EE/kg b.w. in tween 80, 1%, one dose daily [5]
Days 1–10: oral suspension of 39.75 mg RENE/kg b.w. in tween 80, 1%.
Days 11–15: oral suspension of 39.75 mg RENE/kg b.w. in tween 80, 1%; subcutaneous
injection of 100 µg EE/kg b.w. in tween 80, 1%, in a single daily dose
Days 1–10: oral suspension of 39.75 mg RENE/kg b.w. in tween 80, 1%; subcutaneous
injection of 100 µg EE/kg b.w. in tween 80, 1%, in as ingle daily dose days 11–15: oral
suspension of 39.75 mg RES/kg b.w. in tween 80, 1%.

2.7 Biochemical assays
Parameters that were determined include: levels of
serum level of cholesterol [25],bile acids [26],bilirubin
[27],ALT [28],ALP [29], and γ-GT [30] were determined
using Reflotron Plus Analyzer and Roche kits,
respectively. Serum TNF-α was quantitatively
estimated by enzyme-linked immunosorbent assay
(ELISA) according to Corti et al., [31]. Serum NO was
estimated according to the method of Moshageet al.
[32]. Finally, plasma levels of MMP-2 [33] and -9 [34]
were determined by ELISA kits (Abnova, Taipei
City, Taiwan).

stained with haematoxylin-eosin for examination. The
stained tissues were observed through an Olympus
microscope (BX-51) and photographed by a charecouple device (CCD) camera.

2.8 Measurement of antioxidant enzymes and lipid
peroxidation
SOD) and GPx were determined in liver tissues by red
formazan dye reduction produced [35] and coupled
reaction method with GR [36], respectively. Also,
thiobarbituric acid reactive substances assay kit to
measure the liver lipid peroxidation products, MDA
equivalents [37].

3. RESULTS AND DISCUSSION

2.9 Histological assessment
Portions of the tissue from liver were used for
histopathological examination. Tissues were fixed in
10% buffered formalin (pH 7.2) and dehydrated
through a series of ethanol solutions, embedded in
paraffin and routinely processed for histological
analysis according to the method of Bancroft and
Steven [38]. Sections of 2 µm thickness were cut and

Light scattering techniques as well as Transmission
Electron Microscopy were used to evaluate size, zeta
potential, and morphology of the nanoformulations. As
shown in Fig. (1) resveratrol nanoemulsion had size of
around 49.5±0.05nm with negative zeta potential of
+15.75

2.10 Statistical analysis
Data were presented as mean ± SEM. The presence of
significant
differences
among
means
of groups was determined by one-way ANOVA using
SPSS/18 Software for Windows (USA). P values of
<0.05 and 0.01 were considered to indicate statistical
significance

Results showed that the IR spectrum infrared
spectrogram of the resveratrol raw powder shows a
phenol hydroxyl group absorption peak at 3252 cm-1
and benzene ring absorption peaks at 2827, 2920
exists.
Infrared
spectrogram
of
resveratrol
nanoemulsion shows a hydroxyl group absorption peak
at3436 cm-1exists.

Figure 1: Resveratrol nanoemulsion had size of around 49.5 ± 0.05 nm with negative zeta potential of + 15.75
http://ijps.aizeonpublishers.net/content/2019/3/ijps2053-2061.pdf
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From the equation the LD50 of resveratrol
nanoemulsion was calculated to be 795 mg/kg b.w.
table (2). A single oral dose of resveratrol
nanostructure showed increase in heart rate, rapid
respiration within 1 to 2 hours at dose levels used (350,
500, 700, 900, 1100 and 1300 mg/kg).
The LD50 (rat, oral) is therefore estimated to be
beyond 795 mg/kg body weight. The temperature of
the animals’ extremities dropped with the toes and tail
being cool.
Biochemical profiles of the treated animals are
presented in Table 3 and 4. The oral administration of
RENE (39.75 mg/kg b.w.) did not cause any significant
changes in ALT, ALP, total bilirubin, TBA, γ-GT, TNF-α,
NO and cholesterol levels when compared to distilled
water and tween 80 control groups. The levels of serum
ALT, ALP, total bilirubin, TBA, γ-GT, TNF-α and NO of
EE-treated animals were significantly increased.

However, there was a significant decrease (p<0.05) of
the serum total cholesterol when compared to distilled
water and tween 80 control groups. Pre- and posttreatment of animals with RENE significantly reduced
ALT, ALP, total bilirubin, TBA, γ-GT, TNF-α and NO
levels as well as significantly increased cholesterol (P
<0.01), as compared with the EE group. The cholestatic
effect of EE was controlled in the rats treated with
RENE as demonstrated by the restoration the
hepatocytes biomarkers.
Also, MMP-2 and -9 are both implicated in the EEtreated rats as compared with the normal control group
(P <0.01). Not surprisingly, there were dramatic
elevations of the liver MDA and plasma levels of both
MMPs as well as deletion of liver SOD and GPx activities
in the EE-treated. RENE pre- and post-treatment at
RENE significantly (P <0.01) enhanced liver MDA, SOD
and GPx as well as plasmaMMP-2 and -9 levels as
compared to the EE-treated group (Tables 5 and 6).

Table 2: Determination of LD50 of resveratrol nanoemulsion given orally in adult rats
Group
Number
1
2
3
4
5
6

Dose
(mg/kg)
350
500
700
900
1100
1300

No. of
animals/group
10
10
10
10
10
10

No. of dead
animals
0
1
3
5
8
10

(Z)

(d)

(Z.d)

0.5
2.0
4.0
6.5
9.0
0

150
200
200
300
200
00

75
400
800
1950
1800
00

Table 3: Effect of resveratrol nanoemulsion (RENE) on serum cholestatic indices in rats treated with ethinylestradiol (EE)
Groups

Treatment Description

Cholesterol
Bile acids
Total bilirubin
ALP
ALT
(mmol/L)
(µmol/L)
(µmol/L)
(U/l)
(U/L)
I
Normal control A
1.7
65.15
2.12
10.6
34.5
(distilled water-treated) 3ml/kg
± 0.23
± 3.10
± 0.36
± 1.43
± 2.14
II
Normal control B
1.69
60.43
2.35
9.85
30.77
(tween 80-treated) 3ml/kg
± 0.18
± 1.54
± 0.29
± 2.10
± 3.56
III
RENE (39.75 mg/kg.b.w.)
1.88
64.00
2.20
10.45
32.16
± 0.16
± 5.21
± 0.40
± 1.87
± 2.11
IV
EE (100 µg/kg b.w.)
0.7
135.48
4.2
22.50
76.43
± 0.09@
± 8.70@
± 0.43@
±2.64@
± 4.32@
V
RENE+ EE
1.52
90.64
2.10
12.35
42.38
(Prophylactic I)
± 0.25@
± 4.94@
± 0.04@
±2.41@
± 3.25*
VI
EE + RENE
1.30
110.30
2.53
15.40
53.22
(Prophylactic II)
± 0.14@
± 6.40@
± 0.36@
± 1.58@
± 5.09*
Values are given as mean ± SD for groups of six animals each. Values are statistically significant at @P<0.01, Values are statistically significant at
*P<0.05. Resveratrol nanoemulsion (RENE) and ethinylestradiol (EE) treated rats were compared with normal control B rats. Experimental
groups (5&6) were compared with ethinylestradiol (EE) treated rats.

http://ijps.aizeonpublishers.net/content/2019/3/ijps2053-2061.pdf
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Table 4. Effect of resveratrol nanoemulsion (RENE)on activity of gamma glutamyl transpeptidase (γ-GT) as well as levels of
tumor necrosis factor alpha (TNF-α), serum nitric oxide (NO) in serum rats treated with ethinylestradiol (EE).
Groups

Treatment Description

I

III

Normal control A
(distilled water-treated) 3ml/kg
Normal control B
(tween 80-treated) 3ml/kg
RENE (39.75 mg/kg.b.w.)

IV

EE (100 µg/kg b.w.)

II

(γ-GT)
(U/L)
2.07 ± 0.028

TNF-α
(pg/ml)
27.98 ± 2.10

NO
(µmol/L)
19.80 ± 3.08

1.97 ± 0.031

29.70 ± 3.46

18.75 ± 2.63

2.11 ± 0.052

26.80 ± 2.65

20.46 ± 1.46

3.68 ± 0.044@

58.74 ± 4.11@

46.70 ± 4.19@

V

RENE (39.75 mg/kg.b.w).+ EE
2.31 ± 0.028@
32.65 ± 5.49@
29.11 ± 2.76@
(100 µg/kg b.w.) (Prophylactic I)
VI
EE (100 µg/kg b.w.) + RENE (39.75 mg/kg.b.w.)
2.43 ± 0.037@
35.48 ± 3.22@
32.26 ± 3.55@
(Prophylactic II)
Values are given as mean ± SD for groups of six animals each. Values are statistically significant at @P<0.01, Values are statistically significant at
*P<0.05. Resveratrol nanoemulsion (RENE)and ethinylestradiol (EE) treated rats were compared with normal control B rats. Experimental
groups (5&6) were compared with ethinylestradiol (EE) treated rats.

Table 5. Effect of resveratrol nanoemulsion (RENE) on activity of superoxide dismutase (SOD) and glutathione peroxidase (GPx)
as well as malondialdehyde (MDA) level in liver rats treated with ethinylestradiol (EE).
Groups

Treatment Description

SOD

GPx

12.05 ±1.20

6.73 ±0.84

11.97 ±1.40

6.42 ±0.79

1.86 ± 0.08

III

Normal control A
(distilled water-treated) 3ml/kg
Normal control B
(tween 80-treated) 3ml/kg
RENE (39.75 mg/kg.b.w.)

MDA
(nmol/ mg protein)
1.96 ± 0.04

I

12.80±1.76

6.90±0.44

1.54 ± 0.05

IV

EE (100 µg/kg b.w.)

5.48±0.65@

3.25±0.38@

3.22 ± 0.57@

II

V

RENE (39.75mg/kg.b.w).+ EE
11.75±1.95@
6.21±0.66@
2.03 ± 0.39@
(100 µg/kg b.w.)(Prophylactic I)
VI
EE (100 µg/kg b.w.) + RES (25mg/kg.b.w.)
10.70±1.87@
5.30±0.42@
2.10 ± 0.22*
(Prophylactic II)
Values are given as mean ± SD for groups of six animals each. Values are statistically significant at @P<0.01, Values are statistically significant at
*P<0.05. Resveratrol nanoemulsion (RENE)and ethinylestradiol (EE) treated rats were compared with normal control B rats. Experimental
groups (5&6) were compared with ethinylestradiol (EE) treated rats. SOD: one unit of activity was taken as the enzyme reaction, which gave
50% inhibition of NBT reduction in 1min/mg protein; GPx: μg of GSH consumed/min mg protein

Table 6. Effect of resveratrol nanoemulsion (RENE) on serum matrix metalloproteinase-2 (MMP-2) and matrix
metalloproteinase-9 (MMP-9) levels in rats treated with ethinylestradiol (EE).
Groups

Treatment Description

MMP-2
(ng/ml)

MMP-9
(ng/ml)

I

28.65 ±3.25

5.80 ±0.42

27.80 ±2.54

5.79 ±0.31

III

Normal control A
(distilled water-treated) 3ml/kg
Normal control B
(tween 80-treated) 3ml/kg
RENE (39.75 mg/kg.b.w.)

27.50 ±3.88

5.50 ±0.28

IV

EE (100 µg/kg b.w.)

65.08±6.50

14.38±2.17@

II

@

V

RENE (39.75 mg/kg.b.w).+ EE
33.40±2.16@
7.59±1.08@
(100 µg/kg b.w.)(Prophylactic I)
VI
EE (100 µg/kg b.w.) + RES (25mg/kg.b.w.)
38.17±3.25@
10.43±1.70@
(Prophylactic II)
Values are given as mean ± SD for groups of six animals each. Values are statistically significant at @P<0.01, Values are statistically significant at
*P<0.05. Resveratrol nanoemulsion (RENE) and ethinylestradiol (EE) treated rats were compared with normal control B rats.

Histopathology examination
Gallbladders sections from the distilled water, tween 80
and RENE treated groups had normal appearance and
histology (Fig. 2 a, b and c). Generally, there were no
observable changes in architecture of livers and
kidneys of treated animals compared to the control.
The histology was consistent with the normal levels of
ALT, AST, bilirubin, oxidative stress biomarkers and
http://ijps.aizeonpublishers.net/content/2019/3/ijps2053-2061.pdf

inflammatory mediators in the serum, plasma and
hepatocytes.
However, the bile canaliculi, hepatic cell necrosis and
higher inflammatory cells infiltrate (stars) were
observed in group of female rats treated with EE (Fig.
2d).
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Also, it could be seen that Pre- and post-treatment of
animals with RENE significantly reduced bile canaliculi
and hepatic cell necrosis compared to the EE-treated

group (Fig. 2e, f). Results of the gross and
histopathological examination are shown in Figure 2.

Figure 2: Histopathology examination of gallbladder sections.

The liver is a multipurpose organ in the body involved
in the regulation of internal chemical environment.
Therefore damage to the liver inflicted by a hepatotoxic
agent is of critical consequence [5]. The changes is
associated with EE-induced liver toxicity are
comparable to that of hepatic cholestasis [39, 40]. This
is due to the infiltration of fatty acids and glycerols into
the hepatocytes upon damage to cell membranes [4143]. Also, the increase in bile flow due to cholesterol
precipitation may be responsible for the reduced level
of bile acids in serum after EE administration [43].
In agreement with results obtained in similar
investigations by Hussein [5], the treatment with EE in
the present study elicited a significant decrease in the
levels of serum cholesterol as well as increase in the
levels of serum, bile acids, ALT, ALP, γ- GT, and BA, total
bilirubin, and MDA levels. This was evident in both
prophylactic and curative studies. Treatment with the
RENE (39.75 mg/kg.b.w.) however significantly
increased in the levels of serum cholesterol as well as
decrease in the levels of serum, bile acids, ALT, ALP, γGT, and BA, total bilirubin, and MDA levels which were
elevated by EE-treatment.
Total serum bilirubin can also be employed to detect
cholestasis in addition to the GGT and ALP and also as a
measure of hepatocellular damage [44, 45]. In the
curative study, total bilirubin levels in the serum of the
rats increased significantly in the EE-treated group.
This increase was reduced almost to normalcy when
treated with the (39.75 mg/kg.b.w.) of RENE.
The results of the study suggest that RENE is both
proactive and responsive in protecting against EEhttp://ijps.aizeonpublishers.net/content/2019/3/ijps2053-2061.pdf

induced hepatotoxicity. It is however more bioactive
when given to treat an existing damage to the liver. Five
days dosing with EE, TNF-αand NO accumulate in
serum, detectable as inflammatory mediators, and
there is continued produce of free radicals in the
endoplasmic reticulum [46]. Deregulation of the system
can perpetuate inflammatory processes that lead to
tissue damage and organ dysfunction [48]. As expected,
liver sections from untreated EE–injured rats had
higher degree of inflammation and steatosis than the
treated groups. Rats that received 100 ug/kg, EE,
showed significant cellular degeneration, necrosis and
inflammation. Although both TNF-αand NO are
commonly thought of as inflammatory mediators
because of their high concentrations in liver
inflammation and specific for liver lipid peroxidation
[49].
The effect with the RENE Pre- and post-treatment was
similar in the RENE-treated groups. Higher phase II
enzyme activity is expected to be released in rats fed
with RENE; mainly SOD and GPx. The possibility of
TNF-αand NO to generate ROS during metabolism has
been postulated [50]. The ability of RENE to attenuate
the hepatotoxic effect of EE could be due to the
antioxidant property of RENE may have since EE is
known to exert its toxicity through the induction of free
radicals [51]. Polyphenols for example are known to be
soluble chain breaking inhibitors of the peroxidation
process, acting as scavengers of intermediate peroxyl
and alkoxyl radicals and chelating metal ions [52].
Prevention of DNA oxidation is also achieved by these
polyphenols mainly by quenching free radicals and
modulating bio-metabolism enzymes [5].
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Our results indicated that MMP-2 and -9, both involved
in rats exposed to EE (100 µg/kg b.w.), were greatly upregulated in the serum as well as liver of rats with
cholestasis. It has been previously shown that reduced
maternalMMP-2 levels in the serum is linked to fetal
inflammation and preterm labor [5], while increased
MMP-2 serum levels are commonly observed in
peripartum cardiomyopathy [53]. Furthermore,
changes in synthesis of MMP-2 and -9 were associated
with pre-eclampsia [54, 55]. It was also, reported that
during defective placental development, the secretions
of MMP-2 and -9 were markedly suppressed, causing
intrauterine growth restriction. Moreover, the
abnormal increase in levels of MMP-2 and -9 on the
amnion of fetal membrane was shown to contribute to
premature membrane rupture.39 During pregnancy,
levels of MMP-2 and -9 in the serum are tightly
regulated, perturbations of which often leads to various
maternal and fetal disorders. In the present study,
MMP-2 and -9 were found to be up-regulated,
suggesting that both MMPs are indeed involved in EEtreated rats, which necessitates further investigations
into their functions in the disease. Besides intrahepatic
cholestasis of pregnancy, cholestasis is reportedly the
major syndrome of hepatotoxicity, those induced by
ingestion of harmful herbal products [56, 57]. MMPs
are also thought to contribute to hepatotoxicity,
supported by reports demonstrating the protective
effects against hepatotoxicity exerted through downregulation of MMP-9 [58].
On a related note, RENE (39.75 mg/kg b.w.) has been
shown to inhibitMMP-9 activity by several independent
reports. For instance, resveratrol was shown to inhibit
MMP-9 expression in both breast cancer cells and
rheumatoid fibroblast-like synoviocytes to suppress
their migration and invasion [59]. Given these
accumulating evidences supporting the effect of RENE
to inhibit MMPs, we aimed to examine whether RENE
functioned in a similar fashion in our rat EE-induced
ICP model, to suppress both MMPs and thereby
ameliorate ICP symptoms. Indeed, treatment with
RNEN significantly down-regulated MMP-2 and -9 in
the liver as well as in the serum of the ICP rats. It is
worth noting thatMMP-2 and -9 were may be reduced
at both mRNA and protein levels by RNEN treatment,
suggesting that the suppression of MMPs by RENE
could occur as early as the transcriptional stage. Future
investigations are needed to reveal the mechanisms
underlying the inhibitory effects of RENE on MMP-2
andMMP-9, as well as to identify potential targets of
RENE other than these two MMPs.
The histology of the livers showed no signs of toxicity
in I, II control groups of rats. Also, it could be seen that
RENE did not show any observable toxicity to the
gallbladder compared to the control. From the
histopathological observations, it could be seen that EE
at the dose of (100 ug/kg) caused severe fatty changes
in the livers of rats. In the present study, the
histological findings prove that RES affected the
recovery of the liver structure in rats with EE-induced
http://ijps.aizeonpublishers.net/content/2019/3/ijps2053-2061.pdf

liver cirrhosis. Indeed, there was remarkable reduction
in fibrosis extent and a decrease of stellate infiltration
in rats treated with RENE (39.75kg.b.w.) groups
compared to the control EE group. In addition, the
most novel and relevant finding was that RENE
supplementation was accompanied by the alleviation of
bile duct proliferation and ductular reaction in this
model. RENE was also able to reduce newly formed bile
ducts (Fig. 2). Since the proliferation of bile ducts is an
early event in cholestasis-related changes, the
attenuation of hepatic injury and fibrosis in rats by RES
might be associated with alleviation of ductular
reaction. Prophylactic effect of RENE against EEinduced cholestasis has not been reported earlier to my
knowledge, and this study is perhaps the first
observation of its kind.

4. CONCLUSION

In summary, we established a rat model of intrahepatic
cholestasis induced by ethinylestradiol, with symptoms
highly resembling those observed clinically in women
with ethinylestradiol. Next, using this rat model, the
present study showed that levels of cholestatic indices,
oxidative stress biomarkers, MMP-2 and -9 were
markedly up-regulated in intrahepatic cholestatic rats.
Furthermore, the present results showed that the
symptoms in the cholestatic rats with EE were
significantly ameliorated by RENE. Altogether, our
findings in the present study showed that RENE has
powerful anticholestatic activity against EE-induced
cholestasis, in addition to its antioxidant action and free
radical-scavenging activities. Nevertheless, to translate
the effects of RENE from animal models to clinical
settings, further investigations are required to confirm
the efficacy as well as safety of RENE.
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