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ABSTRACT: The aim of the present article was to examine the
protective effect of ferulic acid against liver cholestasis in female rats
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treated with ethinylestradiol (EE). The daily oral administration of the
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bile acid, hepatic reduced glutathione (GSH), superoxide dismutase
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as against an increase of plasma bilirubin, alanine amino transferase
(ALT), aspartate amino transferase (AST), alkaline phosphatase (ALP),
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lactate dehydrogenase (LDH), gamma glutamyl transferase (GGT),
malondialdehyde (MDA), 5'- Nucleotidase, interleukin-1β (IL-1β), tumor
necrosis factor alpha (TNF-α). The results clearly suggest that ferulic
acid has a powerful prophylactic action in cholestasis induced by EE .
INTRODUCTION: Cholestasis is a condition The model in rats, however, requires estrogen
where bile cannot flow from the liver to the dosages much greater than those required to induce
duodenum 1. Estrogens are well known to cause cholestasis in susceptible women 5. In the clinical
intrahepatic cholestasis in susceptible women situation, intrahepatic cholestasis has a range of
during pregnancy, administration of oral causes, including drug or xenobiotic toxicity, viral
contraceptives, and postmenopausal replacement or bacterial infection, as a complication of
6
therapy 2. Given these clinical implications, pregnancy,
and
liver
transplantation
.
experimental cholestasis induced by estrogen Ethinylestradiol (EE), a synthetic estrogen, induces
administration
in
rodents,
mainly
17- intrahepatic cholestasis that is characterized by
ethynylestradiol (EE), has been widely used as an reducing the liver’s capacity to excrete bile salts
experimental model to assess the mechanisms and organic solutes 7. EE was commonly used to
involved in estrogen-induced Cholestasis 3. Hussein study the mechanisms of cholestasis 8.
2013, has shown that estrogens induce cholestasis
changes,
by reducing both the bile-salt–dependent fraction of Cholestasis produces biochemical9
oxidative
stress,
and
inflammation
.
Therefore,
the bile flow (BSDF) and the bile-salt–independent
new strategies to prevent cholestasis-induced liver
fraction of the bile flow (BSIF) 4.
injury and fibrosis are needed. Previous studies
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cholestasis and likely played a role in cholestasisinduced liver injury 10-13. Many plant products have
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medicinal plants associated with the treatment of
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several ill-fated diseases, including cholestasis 14.
The most widely distributed polyphenolic
compounds in plant tissues are hydroxycinnamic
acids (HCAs) 15. Some of the most common
naturally occurring HCAs are p-coumaric acid,
ferulic acid, sinapic acid, and caffeic acid.
Their biological effects are strongly dependent on
the number and position of hydroxyl groups 16.
Ferulic acid is an important biological and
structural component of the plant cell wall 17. Due
to their ability to stop radical chain reactions by
resonance followed by polymerization, ferulic acid
offers protection against UV-radiation and is
responsible for cross-linking polysaccharides and
other cell wall polymers 18.
The antioxidant activity of ferulic and coumaric
acids has been reported for scavenging NO, O2- and
–
OH 19. Ferulic acid also has a hepatoprotective
effect against toxicity induced in vivo by carbon
tetrachloride 20. It is also recognized that ferulic
acid exhibits a variety of physiological functions
such as suppression of Alzheimer’s disease 21,
prevention of muscular fatigue 22, improvement in
hypertension 23, and antitumor activity of breast,
liver, and colon 24 - 26. The aims of the present study
were to assay the preventive and therapeutic
potential of ferulic acid on rat hepatic cholestasis
induced by EE and to elicit the role of antioxidant
effect.
MATERIALS AND METHODS:
Chemicals: EE was obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Ferulic acid
was purchased from Nutrabio Co. (Middlesex, NJ,
USA). All other chemicals used in this study were
of the analytical grade, preserved under standard
situation, and were provided from standard
commercial suppliers. Propylene glycol was
produced by Panreac Quimica, SA (Barcelona,
Spain).
Animals: This experiment was conducted in
accordance with guidelines established by the
Animal Care and Use Committee of October 6
University. Adult female albino rats weighing
around 200±20 g were purchased from the Faculty
of Veterinary Medicine, Cairo University (Cairo,
Egypt). They were individually housed in cages in
an air-conditioned room with a temperature of
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23±2 oC, a relative humidity of 60%, and an 8:00
a.m. to 8:00 p.m. light cycle. During the
acclimatization period, each animal was raised on a
regular diet (Dyets, Inc., Bethlehem, PA, USA) ad
libitum.
Experimental setup: This experiment was carried
out to examine the prophylactic effect of ferulic
acid against EE-induced liver cholestasis. The
animals were divided into six groups with eight
animals in each.
Group I: Normal control (was given 0.5ml of
propylene glycol)
Group II: was treated with ferulic acid (40mg/kg
b.w.) suspended in propylene glycol orally for 15
days 27.
Group III: was given EE subcutaneously (100
µg/kg b.w.) suspended in propylene glycol in a
single daily dose for 5 days of the experimental
period 28.
Group IV: was pretreated with ferulic acid (40
mg/kg b.w) alone for 10 days then received both
ferulic acid (40 mg/kg b.w) and EE (100 µg/kg
b.w.) for other 5 days (prophylactic I).
Group V: was simultaneously given ferulic acid
(40 mg/kg b.w) and EE (100 µg/kg b.w.) for 5 days
followed by ferulic acid alone for other 10 days
(prophylactic II).
Biochemical assays: Serum level of cholesterol 29,
bile acids 30, total- and direct bilirubin 31,
transaminases (L-alanine (ALT) and L-aspartate
(AST) 32, alkaline phosphatase (ALP) 33, lactate
dehydrogenase (LDH) [34], gamma-glutamyl
transpeptidase (γ-GT) 35, reduced glutathione
(GSH) 36, glutathione peroxidase (GPx) 37
superoxide dismutase (SOD) 38, catalase (CAT) 39
and MAD 40 were determined using Reflotron Plus
Analyzer and Roche kits. Tumor necrosis factoralpha (TNF- α) and interleukin1β (IL-1β) as well as
5'- Nucleotidase were quantitatively estimated by
enzyme-linked immunosorbent assay (ELISA)
according to Kawakami et al.,41 and Luly et al.,42,
respectively. Finally, the protein content of liver
tissue was measured by applying the method of
Lowry et al.43.
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Histological assessment: Livers from rats of
different groups were fixed in 10% neutral formalin
solution, dehydrated in graded alcohol and
embedded in paraffin. Fine sections obtained were
mounted on glass slides and counter-stained with
Hematoxylin and Eosin (H&E) for light
microscopic analyses according to the method of
Bancroft and Steven 44. The slides were coded and
were examined by a histopathologist who was
ignorant about the treatment groups after which
photographs were taken.
Statistical analysis: The results were expressed as
mean ± SD for eight separate determinations. All
the data were statistically evaluated with SPSS/15
Software 45. Hypothesis testing methods included
one way analysis of variance (ANOVA). P values
of less than 0.05 were considered to indicate
statistical significance.
RESULTS: Tables 1 and 2 showed the specific
cholestatic and liver function biomarkers, EE (100
µg/kg body weight) administration for 5 days led to
significant increase of biochemical marker levels
for ALT, AST, ALP, LDH, GGT, total bilirubin
and direct bilirubin while significantly decreasing
total cholesterol and total bile acid (TBA) as
compared with the normal control group (P<0.05),
indicating acute hepatocyte damage. Pre- and posttreatment of animals with ferulic acid significantly
reduced the level of liver function biomarkers ALT,
AST, ALP, LDH, GGT, total bilirubin and direct
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bilirubin and significantly increased cholesterol and
total bile acid (TBA) as compared with the EE
group (P<0.05).
Tables 3 and 4 showed liver SOD, GPx, CAT,
GSH, MDA and total protein as well as plasma 5'Nucleotidase, interleukin1B (IL-1 β), tumor
necrosis factor alpha (TNF-α) levels in different
groups of rats. In the EE group, the plasma
interleukin1B (IL-1B) and tumor necrosis factor
alpha (TNF-α) as well as liver malondialdehyde
(MDA) levels were two fold higher than that of the
normal control group (P<0.05). However, plasma
5'- Nucleotidase levels were 7-fold higher than that
of the normal control group (P<0.05). Also, liver
total protein levels were higher than that of the
normal control group (P<0.05). Post- and Pretreatment with the ferulic acid (40 mg/kg b.w.)
reduced plasma 5'- Nucleotidase, interleukin-1β
(IL-1β), tumor necrosis factor alpha (TNF-α) as
compared with the EE-treated group.
In addition, significantly (P < 0.05) decreased
activities of liver antioxidant biomarkers SOD,
GPx, CAT and GSH were observed in the EEtreated rats as compared with the normal control
group (P < 0.05). Ferulic acid pre- and posttreatment at 40 mg/kg b.w. significantly (P<0.05)
enhanced the liver antioxidant enzymes activities
(SOD, GPx, CAT and GSH) in rats, respectively, as
compared to the EE-treated group.

TABLE 1: EFFECT OF FERULIC ACID ON PLASMA TOTAL CHOLESTEROL (TC), DIRECT BILIRUBIN,
TOTAL BILIRUBIN AND TOTAL BILE ACID (TBA) IN RATS
S. no.
Groups
TC
Direct bilirubin
Total bilirubin
TBA (uMole/L)
(mg/dl)
(uMole/L)
(uMole/L)
(I)
Normal
189.83
0.29
1.64
10.06
±13.55
±0.10
±0.17
±2.06
(II)
Ferulic acid (40 mg/kg.b.w.)
185.01
0.30
1.43
10.09
±12.26
±0.12
±0.26
±1.12
(III)
Estradiol (EE) (100ug/kg.b.w.)
58.34
2.40
4.64
5.15
±6.43ab
±0.74ab
±0.77ab
± 0.75ab
(IV)
[EE (100 ug/k.g.b.w) + Ferulic
143.56
1.31
2.95
9.20
acid (40mg/kg/b.w.)]+ Ferulic acid
±12.19abc
±0.396 abc
±0.58 abc
±1.48 abc
(40mg/kg/b.w.)
(V)
Ferulic acid (40 mg/k.g.b.w) +[EE
166.78
0.85
2.12
10.28
(100 ug/kg.b.w) + Ferulic acid
±13.77abcd
±0.17abcd
±0.66 abcd
±1.83 abc
(40mg/kg/b.w.)]
Values are given as mean ± SD for groups of eight animals each. Values are statistically significant at p< 0.01. a: significant
from normal control; b: significant from ferulic acid supplement group; c: significant from group (III) Estradiol (EE)
(100ug/kg.b.w.); d: significant from group (IV) [EE (100 ug/k.g.b.w) + Ferulic acid (40mg/kg/b.w.)]+ Ferulic acid (40mg/
kg/b.w.)
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TABLE 2: EFFECT OF FERULIC ACID ON PLASMA ALT, AST, ALP, LDH AND GGT IN RATS
S. no.
Groups
ALT
AST
ALP
LDH
GGT
(U/ml)
(U/ml)
(U/ml)
(U/ml)
(U/ml)
(I)
Normal
41.56
53.66
192.44
3.68
5.61
± 4.92
± 3.05
± 12.29
± 0.93
± 0.61
(II)
Ferulic acid (40 mg/kg.b.w.)
41.01
50.78
177.12
3.25
5.40
±4.32
±5.34
±11.40 a
±0.78 a
±0.70 a
(III)
Estradiol (EE) (100ug/kg.b.w.)
86.00
156.06
437.50
21.28
13.10
±6.21ab
±11.06ab
±18.41ab
±2.69ab
±1.75ab
(IV)
[EE (100 ug/k.g.b.w) + Ferulic
59.48
90.07
242.34
8.71
6.27
acid (40mg/kg/b.w.)]+ Ferulic
±6.05abc
±10.27abc
±21.03 abc
±1.48 abc
±1.41 abc
acid (40mg/kg/b.w.)
(V)
Ferulic acid (40 mg/k.g.b.w)
45.91
72.86
222.06
6.51
5.96
+[EE (100 ug/kg.b.w) +
±4.46abcd
±8.20abcd
±13.28 abcd
±1.31 abcd
±1.06 abcd
Ferulic acid (40mg/kg/b.w.)]
Values are given as mean ± SD for groups of eight animals each. Values are statistically significant at p< 0.01. a: significant
from normal control; b: significant from ferulic acid supplement group; c: significant from group (III) Estradiol (EE)
(100ug/kg.b.w.); d: significant from group (IV) [EE (100 ug/k.g.b.w) + Ferulic acid (40mg/kg/b.w.)]+ Ferulic acid (40mg/
kg/b.w.)
TABLE 3: EFFECT OF FERULIC ACID ON LIVER CATALASE (CAT), GLUTATHIONE PEROXIDASE (GPX),
SUPEROXIDE DISMUTASE (SOD), REDUCED GLUTATHIONE (GSH) , MALONDIALDEHYDE (MDA) AND
TOTAL PROTEIN IN RATS
S. no.
Groups
CAT
Gpx
SOD
GSH
MDA
Liver protein
(U/gm
(U/gm
(U/gm
(μmol/gm
(μmol/gm
(mg/g tissues)
protein)
protein)
protein)
protein)
protein)
(I)
Normal
62.79
23.41
14.06
11.54
45.48
94.51
±3.79
±3.11
±1.74
±1.60
±5.47
± 7.81
(II)
Ferulic acid
61.34
22.41
14.49
12.36
42.73
96.41
(40 mg/kg.b.w.)
±4.24
±3.27
±2.16
±1.40
±3.61
±4.39
(III)
Estradiol (EE)
38.98
14.68
7.38
23.47
102.70
119.34
(100ug/kg.b.w.)
± 6.93ab
± 4.17ab
± 1.40ab
± 2.90ab
± 6.21ab
±10.85 ab
(IV)
[EE (100 ug/k.g.b.w) + Ferulic
55.49
21.02
12.92
15.79
58.73
98.31
acid (40mg/kg/b.w.)]+ Ferulic
±4.89c
±3.34c
±1.60 c
±3.56 c
±6.39 abc
±7.54 c
acid (40mg/kg/b.w.)
(V)
Ferulic acid (40 mg/k.g.b.w)
59.89
21.00
13.63
13.80
58.73
99.85
+[EE (100 ug/kg.b.w) +
±6.18c
±3.34c
±2.05 c
±3.85 C
±6.39 abc
±9.71c
Ferulic acid (40mg/kg/b.w.)]
Values are given as mean ± SD for groups of eight animals each. Values are statistically significant at p< 0.01. a: significant
from normal control; b: significant from ferulic acid supplement group; c: significant from group (III) Estradiol (EE) (100ug/
kg.b.w.).
TABLE 4: EFFECT OF FERULIC ACID ON PLASMA 5'- NUCLEOTIDASE, INTERLEUKIN-1β (IL-1β), TUMOR
NECROSIS FACTOR ALPHA (TNF-α) AND IN RATS
S. no.
Groups
5' -Nucleotidase
IL-1 β
TNF
(U/ml)
(pg/ml)
(ng/ml)
(I)
Normal
1.74
0.14
0.07
± 0.33
±0.04
±0.01
(II)
Ferulic acid (40 mg/kg.b.w.)
1.87
0.16
0.07
±0.43
±0.08
±0.02
(III)
Estradiol (EE) (100ug/kg.b.w.)
13.00
0.38
0.15
±2.37ab
±0.05ab
±0.03ab
(IV)
[EE (100 ug/k.g.b.w) + Ferulic acid
5.34
0.22
0.10
(40mg/kg/b.w.)]+ Ferulic acid (40mg/kg/b.w.)
±0.98abc
±0.07abc
±0.02 abc
(V)
Ferulic acid (40 mg/k.g.b.w) +[EE (100
3.84
0.20
0.08
ug/kg.b.w) + Ferulic acid (40mg/kg/b.w.)]
±1.32abcd
±0.05ac
±0.03 cd
Values are given as mean ± SD for groups of eight animals each. Values are statistically significant at p< 0.01. a: significant
from normal control; b: significant from ferulic acid supplement group; c: significant from group (III) Estradiol (EE)
(100ug/kg.b.w.); d: significant from group (IV) [EE (100 ug/k.g.b.w) + Ferulic acid (40mg/kg/b.w.)]+ Ferulic acid (40mg/
kg/b.w.)
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Histopathology examination: Histopathological
examination of liver sections of the normal and
ferulic acid treated groups (I and II) showed regular
cellular architecture with distinct hepatic cells,
sinusoidal spaces, and a central vein. The
hepatocytes are polygonal cells with a wellpreserved cytoplasm and a nucleus with prominent
nuclei (Fig. 1a, b). On the other hand, in the
hepatotoxic-positive EE-treated control group,
histological examination showed extensive
hydropic degeneration and liver ballooning (Fig.
1c). Histopathological examination also showed
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good recovery of EE-induced necrosis by ferulic
acid as compared with the EE-treated group.
Ferulic acid pre- and post-treatment at 40 mg/kg
b.w. showed regular plates of liver cells and mild
hydropic degeneration of liver compared to those
of the EE group (Fig. 1d, e). They showed nearly
ordinary patterns with an increase normal
hepatocyte parenchyma and a reduced development
of fibrous septa and lymphocyte infiltration.
Results of the gross and histopathological
examination are shown in Fig. 1.

FIG. 1: EFFECT OF FERULIC ACID ON THE HISTOPATHOLOGY OF LIVER IN RATS TREATED WITH
ETHINYLESTRADIOL (EE) (a & b) NORMAL CONTROL GROUPS A AND FERULIC ACID TREATMENT
GROUP SHOWED NORMAL BILE DUCT AND PORTAL TRACT; (c) EE TREATMENT GROUP SHOWED
MARKED BILE DUCT PROLIFERATION; (d, c) GROUPS OF RATS CONTINUOUSLY TREATED WITH
FERULIC ACID BEFORE AND/OR AFTER EE INJECTION SHOWED NORMAL LIVER STRUCTURE WITH
NORMAL BILE DUCTS
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DISCUSSION: Estrogens are well-known to cause
reversible intrahepatic cholestasis in susceptible
women during pregnancy, administration of oral
contraceptives, and postmenopausal replacement
therapy 46. In the present study, rats exposed to EE
(100 ug/kg b.w.) had significant reductions in
plasma cholesterol and total bile acid (TBA) as
well as elevations of biochemical markers ALT,
AST, ALP, LDH, GGT, total bilirubin and direct
bilirubin (Tables 1 and 2). Liver cholestasis is
associated with cellular necrosis and increases in
tissue lipid peroxidation resulting in oxidative
stress and ALT, ALP, p-GST, γ -GT, α-GST, and
bilirubin were elevated 4. Cholestatic activity of EE
appears to act through reduction of biliary
excretory activity of the canalicular membrane 47
and decreased elimination of conjugated bilirubin
and an increase in the conjugated level in plasma, a
symptom diagnostic for obstructive jaundice 48. EE
was reported to decrease serum cholesterol level,
which is accompanied with an increase in hepatic
cholesterol level 49. The hypocholesterolemic effect
of EE appears to act through stimulating lowdensity lipoprotein receptor activity, increasing the
binding of lipoproteins to the liver plasma
membrane, 50 and increasing hepatic catabolism of
low density lipoprotein 51.
Also, the decrease in bile flow due to cholesterol
precipitation may be responsible for the reduced
level of bile acids in serum after EE administration
52
. When liver cell damage was evaluated from the
changes in plasma ALT, AST, ALP, LDH, GGT,
total bilirubin, direct bilirubin and total bile acid
levels, ferulic acid administered at a dose of 40
mg/kg post- or pre-treatment was found to protect
against EE-induced liver cell damage in rats.
However, the protective effect of ferulic acid was
higher at its pre- than at its post-treatment dose,
indicating that the protective effect of ferulic acid
against EE-induced liver cell damage is diminished
at its post-treatment.
In addition, orally administered ferulic acid (40
mg/kg) was found to attenuate histological changes
associated with necrosis and inflammation in liver
cells observed in rats treated with EE alone. Also,
the decrease in bile flow due to cholesterol
precipitation may be responsible for the reduced
level of bile acids in serum after EE administration
51
. In the present study, oral administration of
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ferulic acid (40 mg/kg b.w.) showed significant
protection against induced decrease in serum
cholesterol and bile acids through inhibiting
squalene monooxygenase, a rate-limiting enzyme
in cholesterol biosynthesis. Also, ferulic acid
stimulates cholesterol-7-α-hydroxylase activity,
which is responsible for bile acids synthesis and
reduces liver cholesterol levels 4, 53.
In the present study, the significant decrease in
hepatic GSH, SOD, GPx, and CAT activity as well
as well as elevations of MDA were detected after
EE administration (Table 3).
The reductions of hepatic SOD and CAT activities
in EE-induced cholestasis rats as compared with
normal rats were reported in this study due to
production of NO; as a result of inflammation and
destructive processes 4, 60, the oxidative stress on
the hepatic cells was increased leading to depletion
of antioxidant enzymes that scavenge the toxic
superoxide and hydrogen peroxide radicals that
promote lipid peroxidation, whereas the ferulic
acid-treated groups showed a significant increase in
the hepatic SOD, GPx, CAT and GSH levels of the
EE-induced cholestatic rats (Table 3). It was
reported that the in-vitro and an in-vivo antioxidant
property of ferulic acid probably arises from its
ability to protect against the molecular effects of
lipid peroxidation, free radicals, and ROS, and it
also delays the progress of many chronic diseases
18, 21-23
.
The present results show that ferulic acid could
inhibit serum TNF- α, 5'- Nucleotidase and
interleukin-1β (IL-1β) levels in the EE-treated
group (Table 4). Free radicals are involved in the
regulation of cell proliferation and death, as well as
gene expression such as TNF- α, 5'- Nucleotidase,
interleukin-1β (IL-1β) and MDA 54. Evidence
indicates that free radicals, oxidative stress, and
lipid peroxidation are present in cholestatic damage
55, 56
. EE causes changes in the equilibrium between
antioxidant and pro-oxidant activity, favoring the
latter, since it increased production of hepatic
MDA and reduced free-radical–scavenging
activities. It has been shown that in chronic
cholestasis, the increased intrahepatic concentration
of bile acids induces mitochondrial toxicity and
free-radical generation 57. TNF-α, TGF-b1, and
interleukin-6 are the most extensively studied
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mitogenic and fibrogenic factors 4. Ferulic acid is
also able to inhibit pro-inflammatory cytokine
expression 58. Taken together, these results indicate
that the antifibrotic effect of ferulic acid is
associated with the blockade of mitogenic and/or
fibrogenic signaling. TNF-α was reported to induce
NO formation 4, 59. The increased NO production is
recognized as an important mediator of
physiological and pathological processes 60, as a
result of these inflammatory and destructive
processes. In addition, ferulic acid is a potent
reactive oxygen species (ROS) scavenger 61 and
normalized the oxidative stress biomarkers (GSH,
SOD, GPx, CAT and MDA), resulting in reduced
oxidative stress, which contributes to suppression
of hepatocyte inflammation by EE.
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liver cholestasis induced by EE, in addition to its
antioxidant action and free radical-scavenging
activities.
ACKNOWLEDGEMENT: Thanks to Assistant
Professor Prof. Dr. Amal Haridy, National Cancer
Institute, Cairo University, Egypt, for her
involvement in histopathological examination.
REFERENCES:
1.

2.

3.

Finally, histopathological examination showed a
marked degree of bile duct proliferation in EEtreated rats (Fig. 1c). Comparing the beneficial
effect of ferulic acid with that of EE-induced
cholestasis, ferulic acid showed anticholestatic
activity as indicated by the measured biochemical
parameters and the histopathological examination
of liver. In the present study, the histological
findings proved that ferulic acid affected the
recovery of the liver structure in rats with EEinduced liver cirrhosis. Indeed, there was
remarkable reduction in fibrosis extent and a
decrease of stellate infiltration in rats treated with
ferulic acid groups compared to the control EE
group. Histological studies confirmed the
hepatoprotective effect of ferulic acid. EE-treated
rat liver sections showed fatty degeneration of
hepatocytes and necrosis of cells. Ferulic acid
treatment (40mg/kg) almost normalized these
effects in the histoarchitecture of the liver.
Furthermore, the severe fatty changes in the livers
of rats caused by EE were treated in the EE-treated
groups.
Therefore, from this study, the ferulic acid could be
a hepatoprotective against EE-induced liver
damage in rats. In addition, the most novel and
relevant finding was that ferulic acid
supplementation was accompanied by the
alleviation of bile duct proliferation and ductular
reaction in this model.

4.

5.
6.
7.

8.

9.

10.

11.

12.

13.

14.

In conclusion, the present study showed that ferulic
acid has powerful anticholestatic activity against
International Journal of Pharmaceutical Sciences and Research

Sherlock S and Dooley J: Cholestasis. In: Diseases of the
Liver and Biliary System, 10th ed. Blackwell Science,
Inc., Malden, MA, 1997; 217–237.
Martinez-Jimenez CP, Kyrmizi I, Cardot P, Gonzalez FJ
and Talianidis I. Hepatocyte nuclear factor 4alpha
coordinates a transcription factor network regulating
hepatic fatty acid metabolism. Mol Cell Biol 2010;
30:565–577
Gumucio JJ and Valdivieso VD. Studies on the mechanism
of the ethinylestradiol impairment of the bile flow and bile
salt secretion in the rat. Gastroenterology 61:334-339,
1971.
Hussein MA. Prophylactic Effect of Resveratrol against
Ethinylestradiol-Induced Liver Cholestasis. J Med Food
2013; 3: 246–254.
Pusl T and Beuers U. Intrahepatic cholestasis of
pregnancy. Orphanet J Rare Dis 2007; 2:26.
Rutherford Ae and Pratt DS. Cholestasis and cholestatic
syndromes. Curr Opin Gastroenterol 2006; 22: 209–214.
Zhao Y, Zhai D, He H, Liu J, Li T, Chen X and Ji H.
Matrine improve 17 a-ethinylestradiol-induced acute
cholestasis in rats. Hepatol Res 2009; 39:1144–1149.
Yoshikawa Y, Miyashita T, Higuchi S, Tsuneyama K,
Endo S, Tsukui T, Toyoda Y, Fukami T, Nakajima M,
Yokoi T. Mechanisms of the hepatoprotective effects of
tamoxifen against drug-induced and chemical-induced
acute liver injuries. Toxicol Appl Pharmacol 2012;
264:42–50.
Zanger UM, Klein K, Richter T, Toscano C and Zukunft J.
Impact of genetic polymorphism in relation to other factors
on expression and function of human drug-metabolizing
p450s. Toxicol Mech Methods 2005; 15:121–124.
Zollner G, Wagner M, Moustafa T, Fickert P, Silbert D,
Gumhold J, Fuchsbichler A, Halilbasic E, Denk H and
Marschall HU. Coordinated induction of bile acid
detoxification and alternative elimination in mice: role of
FXR-regulated organic solute transporter-alpha/beta in the
adaptive response to bile acids. Am J Physiol Gastrointest
Liver Physiol 2006; 290: G923–G932.
Bacq Y, Sentilhes L, Reyes HB, Glantz A, Kondrackiene
J, Binder T, Nicastri PL, Locatelli A, Floreani A and
Hernandez I. Efficacy of ursodeoxycholic acid in treating
intrahepatic cholestasis of pregnancy: a meta-analysis.
Gastroenterology 2012; 143: 1492–1501
Brisdelli F, D’Andrea G and Bozzi A. Resveratrol: a
natural polyphenol with multiple chemopreventive
properties. Curr Drug Metab 2009; 6:530–546.
Scartezzini P and Speroni E: Review on some plants of
Indian traditional medicine with antioxidant activity. J
Ethnopharmacol 2002; 71:23–43.
Zhi Z, Matthias F, Mark L, Robert S, Liu Y, Henrik L
John J and Ronald G. Polyphenols from Camellia sinenesis
attenuate experimental cholestasis-induced liver fibrosis in
rats. Am J Physiol Gastrointest 2003; 285: G1004–G1013.

4588

Boshra, IJPSR, 2017; Vol. 8(11): 4582-4590.
15. Rice-Evans CA, Miller NJ and Paganga G. Structureantioxidant activity relationships of flavonoids and
phenolic acids. Free Radical Biology and Medicine. 2000;
(7): 933-956.
16. Lívia B, Rosana G, Wanderley D and Fabio M. Ferulic
acid and derivatives: molecules with potential application
in the pharmaceutical field. Brazilian Journal of
Pharmaceutical Sciences 2013; 49: 395-411.
17. Konishi Y, Zhao Z and Shimizu M. Phenolic acids are
absorbed from rat stomach with different absorption rates.
J. Agric. Food Chem 2006; 54: 7539-7543.
18. El-gizawy1 HA, Hussein MA. Isolation, structure
elucidation of Ferulic and Coumaric acids from Fortunella
japonica Swingle leaves and their structure antioxidant
activity relationship. Free Radicals and Antioxidants,
2017; 7(1): 23-30.
19. Ogiwara T, Satoh K, Kadoma Y, Murakami Y, Unten S,
Atsumi T, Sakagami H and Fujisawa S. Radical
scavenging activity and cytotoxicity of ferulic acid.
Anticancer Res 2002; 22:2711-2718.
20. Srinivasan M, Rukkumani R, Ram Sudheer A and Menon
VP. Ferulic acid, a natural protector against carbon
tetrachloride induced toxicity. Fundam. Clin. Pharmacol.
2005; 19, 491–496.
21. Caro JJ, Getsios D, Migliaccio-Walle K, Raggio G and
Ward A. AHEAD Study group; Assessment of health
economics in Alzheimer’s disease (AHEAD) based on
need for full-time care. Neurology, 2001; 6: 964-971.
22. Maoka T, Tanimoto F, Sano M, Tsurukawa K, Tsuno T,
Tsujiwaki S, Ishimaru, K., and Takii K. Effects of dietary
supplementation of ferulic acid and gamma-oryzanol on
integument color and suppression of oxidative stress in
cultured red sea bream, Pagrus major. J. Oleo Sci., (2008);
57, 133-137.
23. Tournas JA, Lin FH, Burch JA, Selim MA, MonterioRiviere NA, Zielinsk JE and Pinnell SR. Ubiquinone,
idebenone, and kinetin provide ineffective photoprotection
to skin when compared to a topical antioxidant
combination of vitamin C and E with ferulic acid. J.
Invest. Dermatol., 2006; 126: 1185-1187.
24. Saija A, Tomaino A, Trombetta D, De Pasquale D, Uccella
N, Barbuzzi T, Paolino D, Bonina F. In vitro and in vivo
evaluation of caffeic and ferulic acids as topical
photoprotective agents. Int. J. Pharm., 2000; 199, 39-47.
25. Geenes V and Williamson C. Intrahepatic cholestasis of
pregnancy. World J Gastroenterol 2009; 15: 2049–2066.
26. Diken Z, Usta IM and Nassar AH. A Clinical approach to
intrahepatic cholestasis of pregnancy. Am J Perinatol
2014; 31: 1–8.
27. Rukkumani R, Aruna K, Varma P and Menon P. Influence
of ferulic acid on circulatory prooxidantantioxidant status
during alcohol and PUFA induced toxicity. J. Physiol.
Pharmacol., 2004; 3: 551-561, 2004.
28. Rodriguez J, Torres A, Lunazzi G and Tiribelli C. Effect
of Ethinylestradiol and Epomedical on bile flow and
biliary lipid composition in rat. Bioch. Pharmacology.
1992; 43: 1289-1293.
29. Rishmond W. Total blood cholesterol: A sample method
of obtaining blood samples and determining the total
cholesterol. Clin Chem 1973; 19:1350–1356.
30. Mashige F, Tanaka N, Maki A, Kamei S and Yamanaka
M. Directspectrophotometry of total bile acids in serum.
Clin Chem 1981; 27:1352–1356.
31. Sherlock S. Liver Disease. Churchill, London, 1951, p.
204.
32. Reitman S and Frankel A. A colorimetric method for the
determination of serum glutamic oxaloacetic acid and

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

33.

34.

35.
36.

37.

38.

39.
40.

41.

42.

43.

44.

45.
46.

47.
48.

49.
50.

51.

52.
53.

glutamic pyruvic transaminases. Am J Clin Pathol 1975;
28: 56–62.
King EJ and Armstrong AR. Calcium, phosphorus and
phosphate. In: Practical Clinical Biochemistry (Varley
H,ed.). CBS Publishers, New Delhi, 1988, p. 458.
Buhl SN and Jackson KY. Optimal conditions and
comparison of lactate dehydrogenase catalysis of the
lactate to pyruvate to lactate reactions in human serum at
25, 30 and 37 0C. Clin. Chem.1978; 2415: 828-833.
Szasz G. A kinetic photometric method for serum gamma
glutamyl transferase. Clin Chem 1969; 15: 124–136.
Chanarin I (1989). Text book of Laboratory Haematology:
An Account of Laboratory techniques, Churchill Living
stone, New York PP. 107.
Paglia D and Valentine W. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione
peroxidase. J Lab Clin Med 1967; 70: 158–169.
Marklund S and Marklund D. Involvement of the
superoxide anion radical in the autoxidation of pyrogallol
and a convenient assay for superoxide dismutase. Eur. J.
Biochem., 1974; 47:469.
Sinha AK. Colorimetric assay of catalase. J. Anal
Biochem. 1972; 47 (2): 389-94.
Nichans WH and Samulelson B. Formation of
malondialdehyde from phospholipid arachidonate during
microsomal lipid peroxidation. Eur J Biochem, 1968; 6:
126-30.
Kawakami M, Kaneko N and Anada H. Measurement of
interleukin-6, interleukin-10, and tumor necrosis factoralpha levels in tissues and plasma after thermal injury in
mice. Surgery 1997; 121: 440.
Luly P, Branahel O and Tria E. Determination of 5’
nucleotidase by kinetic Method. Biochem Biophys Acta
1972; 283: 447.
Lowry O and Rosebrough N, Farr A, Randall R: Protein
measurement with the folin phenol reagent. J Biol Chem
1951; 193: 265–275.
Bancroft GD, Steven A. Theory and Practice of
Histological Technique, 4th ed. Churchill Livingstone,
New York, 1983; pp. 99–112.
SPSS. (SPSS 15, Inc., Chicago, IL, USA).2012.
Rodriguez-Garay A. Cholestasis: human disease and
experimental animal models. Ann Hepatol 2003; 4: 150–
158.
Pathak B, Sheibani L, Lee RH. Cholestasis of pregnancy.
Obstet Gynecol Clin North Am 2010; 37: 269–282.
Sheikh Abdul Kadir SH, Miragoli M, Abu-Hayyeh S,
Moshkov AV, Xie Q, Keitel V, Nikolaev VO, Williamson
C, Gorelik J. Bile acid induced arrhythmia is mediated by
muscarinic M2 receptors in neonatal rat cardiomyocytes.
PLoS One 2010; 15: 5 e9689.
Geenes V and Williamson C. Intrahepatic cholestasis of
pregnancy. World J Gastroenterol 2009; 15: 2049–2066.
Turunen K, Sumanen M, Haukilahti RL, Kirkinen P,
Mattila K. Good pregnancy outcome despite intrahepatic
cholestasis. Scand J Prim Health Care 2010; 28: 102–107.
Kenyon AP, Piercy CN, Girling J, Williamson C, Tribe
RM and Shennan AH. Obstetric cholestasis, outcome with
active management: a series of 70 cases. BJOG 2002; 109:
282–288.
Reyes H. Sex hormones and bile acids in intrahepatic
cholestasis of pregnancy. Hepatology 2008; 47: 376–379.
Chawla A, Kahn E, Yunis EJ and Daum F Rapidly
progressive cholestasis: An unusual reaction to amoxicillin
/clavulanic acid therapy in a child. J Pediatr 2000; 136:
121-123.

4589

Boshra, IJPSR, 2017; Vol. 8(11): 4582-4590.
54. Bataller R and Brenner DA. Liver fibrosis. J Clin Invest
2005; 115: 209–218.
55. Kawamura K, Kobayashi Y, Kageyama F, Kawasaki T,
Nagasawa M, Toyokuni S, Uchida K and Nakamura H.
Enhanced hepatic lipid peroxidation in patients with
primary biliary cirrhosis. Am J Gastroenterol 2000; 95:
3596–3601.
56. Corbalan-Vélez R, Péon G, Ara M and Carapeto FJ.
Localized toxic follicular pustuloderma. Int J Dermatol
2000; 39: 205-217.
57. Aggarwal B, Shishodia S, Sandur S, Pandey M and Sethi
G. Inflammation and cancer: how hot is the link? Biochem
Pharmacol 2007; 72:1605–1621.
58. Kundu J and Surh Y. Molecular basis of chemoprevention
by resveratrol: NF-kappaB and AP-1 as potential targets.
Mutat Res 2004; 555: 65–80.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
59. Zelcer N, Reid G, Wielinga P, Kuil A, Van Der Heijden I,
Schuetz J and Borst P. Steroid and bile acid conjugates are
substrates of human multidrug-resistance protein (MRP) 4
(ATP-binding cassette C4). Biochem. J. 2003; 371, 361–
367.
60. Siebert G, Hung D, Chang P and Roberts S. Ion-trapping,
microsomal binding, and unbound drug distribution in the
hepatic retention of basic drugs. J. Pharmacol. Exp. Ther.,
2004; 308, 228–235.
61. Leonard S, Xia C, Jiang B and Stinefelt B. Resveratrol
scavenge reactive oxygen species and effects radicalinduced cellular responses. Biochem Biophys Res
Commun 2003; 309:1017– 1026.

How to cite this article:
Boshra SA: Protective effects of ferulic acid against liver cholestasis induced by ethinylestradiol in adult female rats. Int J Pharm Sci Res
2017; 8(11): 4582-90.doi: 10.13040/IJPSR.0975-8232.8(11).4582-90.
All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google
Playstore)

International Journal of Pharmaceutical Sciences and Research

4590

