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Abstract

The present study was designed to evaluate the protective effects of echinochrome (Ech) on intrahepatic cholestasis in
rats induced by a single (i.p.) injection of alpha-naphthylisothiocyanate (ANIT) (75 mg/kg body weight). The rats were
pre-treated orally for 48hr (one dose / 24hr) with Ech (1, 5 and 10 mg/kg body weight) or ursodeoxycholic acid (UDCA)
80 mg/kg body weight drug then, injected with ANIT. ANIT markedly increased serum activities of alanine amino
transaminase (ALT), aspartate amino transaminase (AST) and alkaline phosphatase (ALP), which was accompanied by
a massive inflammation of epithelial cells on bile duct at 24h after ANIT injection. ANIT also increased the levels of
total protein (TP), total bilirubin (TB), direct bilirubin (DB), indirect bilirubin (IB), however decrease albumin content
(ALB). In addition ANIT increased hepatic MDA and NO level and decreased GSH level and GST activity. The Ech
exerted hepatoprotective and anticholestatic effects as assessed by a significant decrease in the activities of serum
AST, ALT and ALP, and the levels of TP, TB, DB and IB as well as liver MDA level and NO level. In conclusion, Ech
was found to possess hepatoprotective effect against intrahepatic cholestasis induced by hepatotoxin such as ANIT.
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Efeito protetor de Echinochrome contra colestase intra-hepatica induzida
por isotiocianato de alfa-naftilo em ratos

Resumo

O presente estudo destinou-se a avaliar os efeitos protetores do Ech na colestase intra-hepatica em ratos induzidos por
uma Unica injecdo (i.p.) de alfa-naftilisotiocianato (ANIT) (75 mg / kg de peso corporal). Os ratos foram pré-tratados
oralmente durante 48 horas (uma dose / 24 horas) com cada (1, 5 ¢ 10 mg / kg de peso corporal) e acido ursodeoxicolico
(UDCA) 80 mg / kg de peso corporal, em seguida, injetado com ANIT. ANIT atividades de soro marcadamente
aumentadas de alanina amino transaminasa (ALT), aspartato de amino transaminases (AST) e fosfatase alcalina (ALP),
que foi acompanhada por uma inflamag@o macica de células epiteliais no ducto biliar as 24h apo6s a injegao de ANIT.
A ANIT também aumentou os niveis de proteina total (TP), bilirrubina total (TB), bilirrubina direta (DB), bilirrubina
indireta (IB), no entanto, diminuem o teor de albumina (ALB). Além disso, a ANIT aumentou o nivel de MDA hepatico
¢ NO ¢ diminuiu o nivel de GSH e a atividade de GST. O Ech exerceu efeitos hepatoprotectores ¢ anticolestaticos como
avaliado por uma diminuigdo significativa nas atividades de AST sérica, ALT e ALP e os niveis de TP, TB, DB ¢ IB,
bem como o nivel de MDA no figado e o nivel de NO. Ech foi encontrado para possuir efeito protetor no figado contra
a colestase intra-hepatica induzida por hepatotoxina, como a ANIT.

Palavras-chave: Colestase, isotiocianato de alfa naftilo, equinocromo, acido ursodesoxicoélico, estresse oxidativo.

1. Introduction

The liver is the most important metabolic organ that  disease requiring liver transplantation (El-Sisi et al.,
plays a major role in the metabolism, detoxification, ~ 2013). Cholestasis is a reduction in bile flow that leads
storage and secretory functions in the body (Swarnalatha  to the intrahepatic accumulation of bile acids and other
and Reddy, 2012). Ultimately the liver damage causes  toxic compounds with progression of liver pathology,
biliary fibrosis and cirrhosis and the end-stage of liver  including hepatocellular injury and fibrosis (Chen et al.,
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2016). Generally, cholestasis is classified as extrahepatic
and intrahepatic (Jiingst et al., 2013).

Intrahepatic cholestasis was shown to develop during
treatment by different medical drugs as a toxic side effect
(Krell et al., 1982). The most common experimental
models of intrahepatic cholestasis are estrogen-induced,
endotoxin-induced and drug-induced cholestasis
(Rodriguez-Garay, 2003). Alpha-naphthylisothiocyanate
(ANIT) is a widely used chemical to induce intrahepatic
cholestasis in experimental animals (Xu et al., 2004).
In experimental medicine, ANIT has been widely used
to describe cholestatic alterations and its compensatory
mechanisms (Korolenko et al., 2012).

Oxidative stress has been implicated in the process of
liver fibrogenesis (Liu et al., 2013). Cholestatic liver fibrosis
is associated with bile acid-induced oxidative stress and
lipid peroxidation (Han et al., 2012). Furthermore, oxidative
stress aggravates liver fibrosis via stellate cell activation
(SvegliatiBaroni et al., 1998). Moreover, the bile salts are
partly responsible for the plasma membrane damage which
leads to further oxidative stress (Sokolovic et al., 2013).

Marine natural products provide a rich source of chemical
diversity that contribute to the design and development of new
and useful therapeutic drugs (Datta et al., 2015). Echinoderms
have already been reported to contain pharmacologically
active compounds with respect to antihistaminic, cytotoxicity
(Riguera, 1997) and antiangiogenicity (Pandit et al.,
2009). Sea urchins or urchins are small, spiky, spherical
echinoderm animals (Ho et al., 2014). Echinochrome (Ech), or
7(2) -ethyl-2, 3, 5, 6, 8-pentahydroxy-1, 4-naphthoquinone,
is one of several spinochromes that occur as pigments in the
shells and gonads of sea urchins (Lennikov et al., 2014).
It was reported that, the use of sea urchin shells confers
certain beneficial advantages, including antioxidant and
pharmaceutical effects (Leng et al., 2014).

Thereby, this work will design to assess the protective
effect of sea urchin Paracentrotus lividus, echinochrome
(Ech) pigments on acute intrahepatic cholestasis induced
by ANIT in rats.

2. Materials and Methods

2.1. Chemicals and reagents

Alpha-naphthylisothiocyanate (ANIT) was purchased
from Sigma-Aldrich (St. Louis, MO, USA). Ursofalk
(ursodeoxycholic acid) (UDCA) was obtained from
MINAPHARM, under license by, Dr Falk Pharma,
Germany). Kits for all biochemical parameters serum, and
Tris-HCl buffer (pH 7.4) were purchased from Biodiagnostic
Company (EI Moror St, Dokki, Egypt). All these chemicals
and reagents were of good quality and freshly prepared in
vehicles just before use.

2.2. Sea urchins collection

Fifty of Sea urchins (Paracentrotus lividus) were
collected from the Mediterranean coast of Alexandria
(Egypt). The samples were thoroughly washed with sea
water to remove sand and transported to the laboratory
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packed in ice. The collected specimens were immediately
shade dried, and identified according to taxonomic guide
(Clark and Rowe, 1971).

2.3. Echinochrome (Ech) Extraction

Echinochrome (Ech) pigments in the gonads, shells
and spines of 50 Paracentrotus lividus were isolated
by the Amarowicz method with some modifications
(Kuwabhara et al., 2009). Shells, spines and gonads were
washed with a stream of cold water, air-dried at 4 °C for
2 days in the dark. The dried samples were grounded and
the powders (5g) were dissolved in 10 ml of 6 M HCI.
The pigments in the solution were extracted 3 times with
the same volume of diethyl ether. The collected ether
layer was washed with 5% NaCl until the acid was almost
removed. The pigments suspended in the ether solution
were dried over anhydrous sodium sulfate and the solvent
was evaporated using rotary evaporator apparatus. The total
quantity of pigments (320.987mg) was stored at -30 °C
in the dark.

2.4. Experimental animals

Male Wistar rats (Rattus norvegicus) weighing 150-160 g
were used in the study. The animals were obtained from the
National Research Center (NRC, Dokki, Giza). Animals
were maintained in the well-ventilated animal house
of the Zoology Department, Faculty of Science, Cairo
University in a friendly environment with a 12 hrs. /12 hrs.
light-dark cycle at room temperature (22 °C - 25 °C).
Animals were grouped and housed in polyacrylic cages
(six animals/cage) and given food and water ad libitum.
Rats were acclimatized to laboratory conditions for 7 days
before the commencement of the experiment.

2.5. Experimental design

Thirty six male Wistar rats were assigned into two
main groups. Control group (6 rats/ group) and ANIT
group (30 rats/ group). The animals of group 1 received
DMSO 5% solution orally daily for 72 h. The second group
was divided into 5 subgroups (6 rats/ subgroup). Rats of
these subgroups orally treated daily for 48 h with DMSO
5% solution (subgroup 1); Ech (dissolved in DMSO 5%
solution) at dosages of 1, 5 and 10 mg/kg body weight
(Lennikov et al., 2014) (subgroups 2, 3& 4, respectively)
and UDCA (dissolved in DMSO 5% solution), 80 mg/kg
body weight (subgroup5). After 24 hrs. of the last dose,
the rats of these subgroups will be fasted for 15hrs. and
received a single intraperitoneal (i.p.) injection of ANIT
(dissolved in olive oil), at a dosage of 75mg / kg body
weight to induce the intrahepatic cholestasis as described
previously by Ohta et al. (2006).

2.6. Animals handling

After 24h of ANIT injection, rats were euthanized
under deep anesthesia with an i.p injection of sodium
pentobarbital (dissolved in distilled water) (40 mg/kg
body weight). Blood was collected by cardiac puncture
and then centrifuged at 3000 rpm for 10 min. Liver was
carefully removed and immediately blotted using filter
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paper to remove traces of blood and then divided into
two parts, the first part stored at -80 °C for biochemical
analysis. While, the second part was suspended in 10%
formaldehyde solution for fixation and preparation to
histological processing.

2.7. Samples preparation

Blood samples collected in centrifuge tubes were
centrifuged at 3000 rpm for 10 minutes. Serum stored at
-20 °C until used for biochemical assays.

Liver tissues were homogenized (10% w/v) using Potter
Elvehjem Homogenizer in ice-cold 0.1 M Tris-HCl buffer
(pH 7.4). The homogenate was centrifuged at 3000 rpm
for 15 min. at 4 °C and the resultant supernatant was used
for biochemical analysis.

2.8. Biochemical analysis
2.8.1. Liver function tests

The appropriate kits (Bio-Diagnostic, Dokki, Giza, Egypt)
was used for the determination of serum aminotransferase
enzyme activities (AST and ALT) according to the
calorimetric method described by Reitman and Frankel
(1957), total protein (TP) levels (Tietz, 1994), and serum
albumin (ALB) (Tietz, 1990).

2.8.2. Serum cholestatic indices

The alkaline phosphatase (ALP) activity and levels
of total bilirubin, (TB) and direct bilirubin (DB) and
indirect bilirubin (IB) were determined by colorimetric
method using Biodiagnostic kit, according to Belfield and
Goldberg (1971) and Levinsky et al. (1970), respectively.

2.8.3. Oxidative stress parameters

MDA level is an index of lipid peroxidation and it was
estimated by Ohkawa et al. (1979), glutathione reduced
(GSH) (Beutler et al., 1963), glutathione-S-transferase (GST)
(Habig et al., 1974), and nitric oxide (NO) (Montgomery and
Dymock, 1961) were determined in the liver homogenate
supernatant using Biodiagnostic kits (Giza, Egypt).

2.9. Histological methods

2.9.1. Hematoxylin and eosin

Liver slices were fixed in 10% buffered formaldehyde
solution. A routine method of dehydration in ascending
series of ethanol, clearing with xylene and embedding
in paraffin wax to form blocks was used. Sections of

5 um thickness were sliced using microtome and were
stained with Hematoxylin and Eosin stain (Bancroft and
Gamble, 2007).

2.9.2. Morphometrical methods

The morphometric analysis was performed at the
Pathology Department, National Research Center using
the Leica Qwin 500 Image Analyzer (LEICA Imaging
Systems Ltd, Cambridge, England,) which consists of
Leica DM-LB microscope with JVC color video camera
attached to a computer system Leica Q 500IW. We placed
the slide to be examined on the stage of the microscope,
and focus it at power magnification (200 X). The light
source is set to the required level. Successful adjustment
of illumination is checked for on the video monitor (Baak
and Oort, 1983).

The morphometric analysis was carried out on haematoxylin
and eosin stained slides to measure the portal area in the
studied cases on a real- time image from the microscope
that we visualize on the video monitor. The portal area
to be measured is covered automatically by a green mask
which is called binary image. Areas (um?) of portal tracts
were measured in five randomly fields per group and the
data obtained as mean area and standard error.

2.10. Statistical analysis

Values were expressed as means = SE. To evaluate
differences between the control and treatment groups, one
way analysis of variance (ANOVA) with Duncan’s post hoc
test was used to compare the group means and P < 0.05
was considered to show the statistically significant for all
comparisons. Using SPSS for Windows (version 20.0)
was used for the statistical analysis.

3. Results

3.1. Serum biomarkers for liver functions

Alpha-naphthylisothiocyanate (ANIT) group showed
a significant (p<0.05), increase in the serum activities of
AST, ALT and total protein (TP) level and a decrease in
serum albumin (ALB) as compared to the corresponding
control group (Table 1). However, the administration of
Ech at dosages of 5 and 10 mg/kg body weight and UDCA
significantly decreased (p<0.05) AST, ALT, TP levels and
increased serum ALB content. While, the administration

Table 1. Effect of Echinochrome (Ech) on serum enzymes biomarkers for liver function, total protein and albumin levels in
serum of cholestatic rats induced by alpha-naphthylisothiocyanate (ANIT).

Experimental

Groups AST (IU/L) ALT (IU/L) TP (mg/100 ml) ALB (/100 ml)
Control 26.44 £ 247 46.26 + 5.78" 831 +0.23° 2.97£0.11°
ANIT 77.41 +£5.95¢ 76.42 + 1.96° 13.05 + 0.34¢ 1.85 + 010°
Ech. (Img) 412 + 4,07 60.35 + 3.94¢ 11.07 £ 0.26 2.34 +0.06°
Ech. (5mg) 39.34 + 6.26% 38.94 + 4.86% 10.12 £0.31° 2.88 +0.14¢
Ech. (10mg) 32.91 + 5.49° 25.94+9.57° 9.86 + 0.65" 2.95+0.18
UDCA (80mg) 53224374 56.04 + 8.94% 11.78 +£0.47¢ 2.95+0.11¢

Data are means + SEM of six rats in each group. Unshared letters between groups are the significance values at p < 0.05.
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of Ech (1 mg/kg body weight) non significantly decreased
(p>0.05) ALT level.

3.2. Serum cholestatic indices

Results recorded in table 2 showed that serum ALP activity
is significantly (P<0.05) increased after administration of
ANIT at a dosages of 75 mg/kg body weight as compared to
the corresponding control group. Moreover, total bilirubin
(TB), direct bilirubin (DB), and indirect bilirubin (IB)
levels significantly increased (P < 0.05) in ANIT group as
compared to control. In Ech pretreatment groups, serum
ALP activity, TB, DB and IB levels were significantly
decreased (P <0.05) as compared to ANIT group. Also, the
administration of UDCA (80 mg/kg body weight) caused

a significant decrease (P < 0.05) in serum ALP activity,
TB, and IB as compared to ANIT group.

3.3. Assessment of oxidative stress markers in liver

In figure 1, hepatic malondialdehyde (MDA) and
NO activities were found to be significantly increased
(P < 0.05) in the ANIT group as compared to control
group. The pretreatment with all different Ech dosages of
1,5 and 10 mg/kg body weight and UDCA 80 mg/kg body
weight significantly decreased (P < 0.05) MDA levels and
NO activities as compared to ANIT group. The higher
decrease in MDA levels and NO were recorded with
subgroup Ech (10 mg/kg body weight). (Figure 1a and 1d).
In addition, the hepatic glutathione reduced (GSH) content

Table 2. Effect of Echinochrome extract on serum cholestatic markers of cholestatic rats induced by ANIT.

E"‘g:(‘)‘:;;‘tal ALP (IU/L) TB (mg/ dI) DB (mg/ dl) IB (mg/ dI)
Control 111.08 + 8.01° 221 +0.08 0.83+0.12° 138+ 0.08°
ANIT 183.76 + 5.85¢ 8.13 = 0.66° 377+ 1.03¢ 436 +0.63"
Ech. (Img) 145.04 + 6.34° 3.67+0.3% 2.28+0.19 1.38 4 0.38°
Ech. (5mg) 118.12 + 5.45° 2.85+0.15® 218+ 0.11% 0.67+0.16°
Ech. (10mg) 112.46 +2.67* 2.7+ 0.08® 2.04 + 0.08 0.65 + 0.04*
UDCA (80mg) 149.68 + 6.52" 3.95 + 037 247 +0.33b 1.48 4 0.12¢

Data are means + SEM of six rats in each group. Unshared letters between groups are the significance values at p < 0.05.
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Figure 1. The protective potency of echinochrome (Ech) on some hepatic oxidative stress parameters and nitric oxide
activity of choleststic rats induced by ANIT, Values are means+ SE (n=6 per group). Each value not sharing a common letter

superscript is significantly different (p < 0.05).
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and the activity of glutathione-S-transferase (GST) showed
marked significant (P <0.05) decrease in the ANIT group
compared to control group. Administration of 5 and 10 mg of
Ech and UDCA significantly (P <0.05) increased the levels
of GSH and GST activities as compared to ANIT group.
While, the administration of Ech at a dosage of 1 mg/kg
body weight significantly (p <0.05) increased in the GST
activity, but non significantly (p > 0.05) increased GSH
content (Figure 1b and 1c).

3.4. Histological examinations

Histological evaluation provided evidence of the
protective effect of Ech on liver against ANIT-induced
cholestasis (Figure 2). The the H & E staining liver
sections exhibited normal morphological structure in
control rats (Figure 2AI) and morphometric analysis
showed small area of portal tract (Figure 2AII). The liver
specimens of ANIT-induced cholestasis rats revealed
degenerative changes of the bile duct (Figure 2BI) and
morphometric analysis showed an enlarged area of portal

tract (Figure 2BII). In contrast, pretreatment with Ech
at the different three doses protect the liver tissues from
ANIT dependent damage (Figures 2CI, DI and EI) and
morphometric analysis showed normal area of portal tract
(Figures 2ClII, DII and EII).

Figure 3 showed that the portal tract area of ANIT group
rats was significantly increased (p< 0.05) as compared to
that of the control ones. However, the portal tract area of all
treatment groups was significantly decreased as compared
to that of the ANIT group (Figure 3).

4. Discussion

Liver disease is a major serious public health problem
due to its high prevalence worldwide (Wang et al., 2014).
Cholestasis is a clinical disorder defined as an impairment
of bile flow, and that leads to toxic bile acid accumulation
in hepatocytes (Yan et al., 2017). Experimental models
of cholestasis in laboratory animals allow us to evaluate
the pathophysiological and molecular mechanisms of this

Figure 2. liver sections of (A): Control group showing normal portal triad composed of bile duct hepatic artery and
portal vein. (B): Rat treated with ANIT after 24 hours showing widening of the portal tract (BII), hemorrhage and edema,
proliferation of bile ducts surrounded by inflammatory cell infiltration (BI). (C), (D) and (E): Three subgroups of rats
treated for 48 hours with different doses of Ech followed by ANIT injection; (C) Ech 1 mg/kg medium sized area of portal
tract with dilatation of portal vein with some inflammatory cells, (D) Ech 5 mg/kg showing small portal tract area with some
inflammatory cells, (E) Ech 10 mg/kg there is a prominent decrease in the portal tract area (nearly the normal size) with
few inflammatory cells. (F): Subgroup of rat that treated with UDCA 80 mg/kg showing small portal tract area with some
inflammatory cells. I. Haematoxlin and eosin photos of the sections. II. Binary image covered by a green mask. H&E X 200.
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Figure 3. Mean areas (um?) of portal tracts were measured in
six randomly fields per group in rats. *: Significant increase
at P< 0.05 as compared with control group. ®: Significant
decrease at P< 0.05 as compared with ANIT group.

disorder (Korolenko et al., 2012). Intrahepatic cholestasis
induced by alpha-naphthylisothiocyanate (ANIT) is a
proper model for studies of compensatory mechanisms in
spontaneous recovery of liver function. A limited number
of therapeutic strategies of liver injury and disease, are
currently available. Over the past few decades, researchers
have focused on drug discovery from marine medicines,
an important group of complementary and alternative
medicine therapy. It has shown that the use of sea urchin
shells confers certain beneficial advantages, including
antioxidant and pharmaceutical effects (Shankarlal et al.,
2011). The sea urchin, Paracentrotus lividus (Dincer and
Cakli, 2007) is a keystone herbivore in the Mediterranean
Sea (Ruocco et al., 2017). It has special substances, such
as quinonoid pigments which called echinochromes
(Mohamed et al., 2016).

Serum AST and ALT activities are usually used for
the precise detection and early diagnosis of liver function.
The present study confirmed the studies of Fahmy (2015),
who showed that both AST and ALT activities increased
in cholestatic rats. The elevations in ALT and AST may
be associated with the escape of these enzymes from
damaged hepatocytes. Moreover, Olteanu et al. (2012)
explained the elevation in the AST and ALT to the increase
in hepatic cell membrane fluidity that led to enzyme
release into circulation. In agreement with the finding of
Saleh et al. (2015), the treatment with all tested doses of
Ech in the present study substantially attenuated the flares
of the hepatic enzymes in cholestatic rats. It could be
indicating maintenance of functional integrity of hepatic
cell membrane. The recorded results confirmed by the
recorded histopathological findings, which revealed that
the treatment with Ech ameliorates the worsening effect
of intrahepatic cholestasis induced by ANIT.

The liver is the major source of most serum proteins
(Thapa and Walia, 2007). Improvement of total protein
(TP) content can be suggested as a valuable directory
of the severity of cellular dysfunction in liver diseases.
The present study extended to confirm the finding of Sharma
and Shukla (2011) that showed significant increase in serum
TP content following cholestasis. The recorded increase
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in the TP may be due to endotoxemia, which frequently
follows cholestasis as confirmed by Saleh et al. (2015)
or contributory self-healing mechanism that accelerates
liver regeneration process (Fahmy, 2015). The treatment
with the tested doses of Ech in the present study relatively
restores serum TP concentrations as compared to control
group. In accord with our finding, Iwuanyanwu et al. (2011)
attributing the restoring of the TP level following Ech
treatment to its ability to retrieve naturalistic action.

Albumin is the most important protein in plasma
synthesized by the liver and is a useful marker of
hepatic function (Singh et al., 2013). The present study
is in conjunction with Helal et al. (2012) who showed
significant decrease in albumin content in cholestatic rats.
The recorded reduction in albumin level may be due to
the significant injury of hepatocytes affecting the synthetic
function of the liver. In addition, hypoalbuminaemia
could be related to hepatic dysfunction and decreased
protein synthesis. On the other hand, the serum albumin
concentration of rats treated with the investigated doses of
Ech in the present study relatively increased significantly
as compared to ANIT group, which may be related to
the antioxidant properties of Ech that closely return the
normal structure and function of hepatocytes. The present
results are in agreement with the finding of Fahmy (2015)
who indicated that the increase in serum albumin may
be due to enhanced synthesis of proteins and albumin
that accelerate the regeneration process which affording
protection to the liver.

Alkaline phosphatase (ALP) is determined in the
cells of the bile duct and is often employed to assess the
reliability of the plasma membrane of the liver (Ou et al.,
2016). The data recorded in the present study showed a
significant increase of the serum ALP activity in cholestatic
rats, which consonance with the findings of Lin et al. (2012).
This increase may be attributable to the retention of bile
salts that damaged the membrane and consequently leads
to the passing of the ALP enzyme into circulation. In the
current study, treatment with all tested doses of Ech
caused decreases in serum ALP activity as compared to
ANIT group which may be a sign of hepatoprotective
action of Ech. Again, the lowering of enzyme activity
denotes functional reliability of the hepatic cell membrane
(Fahmy and Hamdi, 2011).

Testing the levels of serum bilirubin is one of the most
sensitive methods employed in the diagnosis of hepatic
diseases (Tahan et al., 2010). Firstly, the conjugated bilirubin
and hydrophobic bile salts have the most toxic effect during
cholestasis (Faubion et al., 1999). In conjunction with the
report of Chen et al. (2016), our investigation showed that
the increase in cholestasis biomarkers as total bilirubin,
direct bilirubin, and indirect bilirubin may be due to the
degeneration of hepatocytes and blockage of bile ducts
caused by the action of ANIT. On the other hand, treatment
with Ech causes a general decrease in total bilirubin, direct
bilirubin, and indirect bilirubin throughout, as compared
to ANIT group. The recorded reductions may reflect the
role of Ech in helping bilirubin clearance from circulation
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as recorded by Ou et al. (2016). Histopathological
examination of liver sections confirmed our biochemical
findings. Injection of ANIT induced a variety of hepatic
histological changes, including widening of the portal
tract, hemorrhage and edema, proliferation of bile ducts
surrounded by inflammatory cell infiltration. These changes
were significantly attenuated by Ech extract.

Oxidative stress (OxS) that occurs during cholestasis plays
acritical role in liver injury (Bessa et al., 2012). Oxidative
stress is the result of an imbalance in pro-oxidant/antioxidant
homeostasis (Rahman et al., 2012). Previous studies showed
that mitochondria of hepatocytes generate reactive oxygen
species (ROS) (Pastor et al., 1997). These mitochondrial
free radicals production may be an important mechanism
of cholestatic liver injury.

Malondialdehyde (MDA) is a secondary product of
oxidative stress formed during lipid peroxidation after
cholestasis (Somi et al., 2013). The stimulation of lipid
peroxidation observed as a result of ANIT administration
can be due to the formation of free radicals through an
exhaustion of antioxidants leading to oxidative stress.
The present study confirmed the studies of Ohta et al. (2006),
who showed that the MDA levels increased significantly
in cholestatic rats. The augmentation in MDA levels may
be associated with hepatotoxicity and lipid peroxidation
leading to tissue damage which confirmed in the present
investigation by the histopathological results. However,
in the present study, in agreement with the finding of
Yeh et al. (2012) the treatment with Ech caused significant
reduction in the level of MDA.

Glutathione reduced (GSH), a key antioxidant, is an
important constituent of intracellular protective mechanisms
against various noxious stimuli including oxidative stress
(Pener etal., 2005). The present study agreed the studies of
Wang et al. (2014), who reported that a significant decrease
in hepatic GSH content in cholestatic rats may be due to the
secretion of a reversible glutathione-ANIT conjugate into
bile which protects rats against ANIT-induced cholestasis.
Our results also support the notion that depletion of tissue
GSH as observed in ANIT induced hepatic injury is one
of the major factors that permit lipid peroxidation and
subsequent tissue damage. Treatment with all tested doses
of Ech in the present study showed a significant increase
in GSH content which may be an indication of the Ech
ability to increase the synthesis of GSH in the liver through
its antioxidant action as in accord with Wang et al. (2014).

The glutathione S-transferases (GST) are a family
of enzymes that catalyze the conjugation of GSH with
a variety of both xenobiotic and endobiotic compounds,
which have electrophilic functional groups (Pickett and
Lu, 1989). The present study is in conjunction with
Saleh et al. (2015) who disclosed that, hepatic GST activity
significantly decreased in cholestatic rats. This decrease
in GST activity may be due to depletion of its substrate
GSH that participate in ANIT toxicity and\or down
regulation of the GST genes. In conjugation with Fahmy
(2015), the treatment with all tested dose of Ech in the
present study caused a significant increase in liver GST
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activity of cholestatic rats. This increase may be related to
antioxidant enhancement of Ech that helping in restoration
of the antioxidant system of hepatocytes (Yeh et al., 2012).

Nitric oxide (NO) plays a critical role on hepatic
metabolism whether liver is in normal condition or in
injury by different agents (Jin et al., 2013). NO acts as
an inhibitor or agonist of cell signaling events. In the
liver, constitutively generated NO maintains the hepatic
microcirculation and endothelial integrity and it is found that
NO has bidirectional effects when hepatic pathophysiological
changes occur (Chen et al., 2003). The present study is in
consonance with the findings of Zhao et al. (2013), who
showed significant increase in NO activity in cholestatic
rats, which indicated that hepatic damage may be caused by
excessive NO production. NO proposed to play arole as a
proinflammatory mediator to kill damaged hepatocytes, as
viewed in conjunction with the finding of Liu and Waalkes,
(2005). In present study the treatment with all tested
doses of Ech showed decrease in NO activity. Ech could
be play as anti-oxidative and anti-inflammatory agent as
it is rich in flavonoids. This explanation is in accord with
Yan et al. (2015) who reported that decrease the release
of NO due to the effect of total flavonoids present in the
plant extract.

In conclusion, the present study revealed that Ech had
positive antioxidant effect against ANIT -induced cholestasis
in rats as it alleviates the alterations in oxidative stress,
improved antioxidant status through activation of free radical
scavenging enzymes, thereby it could be recommended
as a good new therapeutic for cholestasis in humans.
The results confirmed by the histopathological finding
which revealed that the treatment with Ech ameliorates
the worsening effect of intrahepatic cholestasis induced
by ANIT, suggesting that treatment with Ech may be a
potential and effective new strategy for the prevention
of hepatic failure.
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