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ABSTRACT

Cholestasis is characterized by the obstruction of bile flow from hepatocytes to the intestine.
It results in accumulation of bile acids in the liver, which cause oxidative stress,
inflammation, apoptosis, fibrosis, and cirrhosis. Till now, the treatment options against
cholestasis are limited. Therefore, there is an utmost requirement to develop and evaluate the
drugs with potential anti-cholestatic effects. In the current study, the drug-induced cholestasis
mouse models were generated via oral administration of a-naphthylisothiocyanate (ANIT).
The mice were placed into three groups of six animals each. Group | was the control group
and was given saline. The cholestasis model Group Il was given saline for 19 days. On 19"
day (48 hours before sacrifice) they received a single dose of ANIT (75 mg/kg). Group Il
served as the plant extract treatment group and received root extract for 19 days. On
nineteenth day (48 hours before sacrifice) they received a single dose of ANIT (75 mg/kg).
On 21% day, mice were sacrificed for analysis of serum biochemistry and liver histology. The
results revealed that Berberis lycium extract has hepatoprotective properties, as serum level
of AST (aspartate aminotransferase) and ALT (alanine transaminase) are significantly lower
in the plant treatment group compared to the cholestasis model group. Furthermore, liver
histology validated the serological results since the hepatocyte architecture in the plant
treatment group was similar to that of control group. In conclusion, the data exhibit that B.
lycium possess protective activities against ANIT induced cholestasis.

Keywords: ANIT, berberine, Berberis lycium, cholestasis, hepatoprotective.

INTRODUCTION rifampicin and glibenclamide have been
reported to cause cholestasis.

Cholestasis  results  in  the Ursodeoxycholic acid (UDCA) is
impairment of bile flow and increased the only FDA approved drug for the
level of bile acids in the liver and blood treatment of cholestasis (Trauner et al,
plasma (Fuchs et al., 2017). It can either be 2017). Some patients, however, don’t
inherited or acquired. The former is caused respond to UDCA (Sohail et al., 2021).
by mutations in the genes responsible for Similarly, 4-phenylbutyrate (4-PB) also
bile production, excretion, and absorption showed promising result in alleviating
(Pauli-Magnus et al., 2005). Acquired cholesta3|s_ markers (Gonzales et al.,
form of cholestasis is mainly caused as 2015). This drug has also drawback of
side-effects of systemically administered requiring high doses for the treatment of
drugs (Montanari et al., 2016). Several disease. Asaresn_JIt, novel medlcatlo_ns _that
drugs including cyclosporine A, bosentan can protect the liver from cholestatic liver

injury must be explored.
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As the phytonutrients are safer and
cost-effective, these are extensively used
for the treatment of different ailments. B.
lycium, a member of family Berberidaceae
is an evergreen shrub (Irshad et al., 2013).
It is a medicinal plant which has the ability
to impede a variety of ailments including
liver diseases, skin diseases and cough
(Kapoor et al., 2013). The anticholestatic
potential of root extract of B. lycium is
explored in this study

MATERIALS AND METHODS

Collection of Plant and Preparation of
Extract

The B. lycium root was collected
from Azad Kashmir, Pakistan. Following
identification, the roots were removed,
cleaned with sterile water, shade dried at
room temperature, and crushed to a fine
powder. 500 g of powder were macerated
in 100 % ethanol for 15 days with regular
shaking. The mixture was then filtered
with Whatman No.1 filter paper. The
filtrate was evaporated in a rotary
evaporator at 42 °C to obtain extract,
which was kept at 4 °C until further use.

HPLC Analysis of the Extract

The analysis of plant extract was
performed by using liquid
chromatographic system (HPLC LC-
20AT, Shimadzu, Japan) as explained
earlier (Malkani et al.,, 2022). Sample
solutions and berberine chloride standards
were prepared in mobile phase consisted
of 0.1 % trifluoro acetic acid and
Acetonitrile in proportion of 60:40 viv
with column (C18, 5 um, 4.6x154 mm, x-
bridge) that was kept at temperature of 25
°C. The sample solution and standard were
filtered using a 0.22 um pore size syringe
filter, and 10 pl was subjected to HPLC
analysis for berberine quantification at £
max of 344 nm.

Animals and Experimental Design

Male albino mice (8 weeks old,
weighting 22-25 g) were reared and kept in
the animal house of GCU Lahore,
Pakistan. During experimental period,
standard laboratory conditions (24+1 °C;
12/12 hours dark /light period) were
maintained. All handling procedures were
performed according to ethical parameters
of laboratory animal use. Furthermore, all
the efforts were taken to minimize any
discomfort and pain to the animals. This
study was approved by institutional animal
ethical committee (GCU-11B-460).

Experimental Plan

Animals were divided into three
group (n = 6). Group I (G-1) served as
control group, receiving saline (0.9 %
NaCl) orally for 19 days. On 19" day, the
mice were gavaged with olive oil
(vehicle). Group-1l (G-Il) was served as
cholestatic group and was given saline for
nineteen days. On 19" day (48 hours
before sacrifice), mice were given a single
dose of 75 mg/kg ANIT (Meng et al.,
2015) dissolved in olive oil. Group Il (G-
I11) mice received 150 mg/kg/day (Rafiqg et
al., 2017) B. lycium extract (suspended in
saline) orally for 19 days as the plant
treatment group. The mice were
administered a single dosage of 75 mg/kg
ANIT on 19th day (48 hours before
sacrifice). The mice were anesthetized
with a mixture of ketamine and zylazine
(100 and 10 mg/kg, respectively) on the
21st day. Blood was drawn through
cardiac puncture and left to clot at room
temperature for 15 days. Centrifugation
was used to separate the serum, which was
then kept at -20 °C until further use. For
histological examination, the liver was
removed and put in 10 % formaldehyde.

Serum Analysis

Aspartate aminotransferase (AST)
and alkaline phosphatase (ALP) levels in
serum were determined using
commercially available kits (Randox, UK)
and the manufacturer’s instructions
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Histological Analysis

Formalin preserved liver samples
were, dehydrated, and embedded in
paraffin. The paraffin blocks were then cut
in to thin sections (4-6 um), stained with
hematoxylin-eosin (HE), and observed
under a light microscope.

Statistical Analysis

Statistical analysis was performed
by using SPSS. One-way ANOVA was
used, followed by Tukey’s posthoc. The
data is presented as mean + SD. P-value <
0.05 was considered as significant.
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Figure 1: HPLC chromatogram for B. lycium measured at 344 nm.
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Figure 2: The serum level of (a) ALT and (b) AST was measured by calorimatric assay. G-11 (cholestasis
group) is compared with G-I (control group). Furthermore, G-111 (plant group) is compared to G-II
(cholestasis model) group. Data are the mean + SD (n = 6). P value < 0.05, is considered significant. LD;
low dose (300 mg/kg/day), BL: Berberis lycium (150 mg/kg/day for 19 days).a-naphthylisothiocyanate
(ANIT): 75 mg/kg once on 19" day (48 hours before sacrifice).

RESULTS B. lycium Extract Reduces the Serum
ALT and AST in Cholestasis Model
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I.  B. lycium Roots Extract contains
Berberine as main Component

Berberine is one of the main
components in the extract of the members
of Berberis genus. Therefore, we evaluated
the presence of berberine in the roots of B.
lycium. HPLC data indicated that B.
lycium contains berberine as the peak
sample appeared at same retention time
(Figure 1) as reported earlier for Berberine
chloride (Malkani et al., 2022). During
liver damage, the liver specific enzymes

including ALT and AST are leaked into
the blood plasma. Therefore, in serum,
level of these enzymes show an indirect
indication of the liver damage. In this
investigation, the serum levels of ALT and
AST in the cholestatic group (G-11) were
considerably higher than in the control
group (G-I). However, in plant treatment
group (G-1l1) ALT and AST levels in
serum are significantly lowered as
compared to the cholestatic group (Figure
2a, b).

Figure 3: (a) Architecture of normal liver showing intact hepatocytes and normal sinusoid spaces with no
infiltration of inflammatory cells. (b) When exposed to ANIT, the liver is injured. As evidenced by the
hepatocyte integrity deformation, lymphocyte leakage, and loss of cellular boundries. (c) Mice were
treated with B. lycium for 19 days before being exposed to ANIT for 48 hours. The plant had a
hepatoprotective effect because the hepatocyte architecture was similar to that of the control group. BH:
binucleated hepatocytes; H: hepatocytes; INF: infiltration of inflammatory cells; S: sinusoid.
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B. lycium Protects the Liver from ANIT
induced Cholestasis Damages

Liver hitology provided the direct
evidence that B. lycium protects liver from
ANIT induced damages. As shown in the
figure 3, the liver tissue in control group
(@) exhibited intact hepatocytes with
normal liver sinusoids. While cholestatic
model group (b) showed typical
pathological conditions with dilated
sinusoids and infiltration of inflammatory
cells. Furthermore, in plant treatment
group (c) the liver architecture is preserved
with intact hepatocytes and normal
sinusoidal spaces. Additionally, there is no
infiltration of inflammatory cells in
treatment group indicating the
hepatoprotective effect of the B. lycium
extract.

DISCUSSION

Cholestasis is impaired bile flow
which leads to increase level of bile acids
in liver. Because of their detergent as well
as inflammatory effect, bile acids lead to
the injury of liver cells. UDCA is the only
FDA recommended drug for the treatment
of cholestasis. Therefore, there is need to
find new therapeutic agents for the
treatment ~ of  cholestasis.  Alpha-
naphthylisothiocyanate (ANIT) has been
extensively used to generate cholestasis
rodent models (Sohail et al., 2022). It
induces the cholestasis by injuring the bile
duct epithelial cells as well as the
hepatocytes.

Recently,  phytonutrients  have
occupied a central stage in modern
therapeutics. In developing countries, 75 —
80 % populations rely on medicinal plant
for treatment of their ailments (Elyasi et
al., 2012). The members of family
Berberidaceae have been extensively used
for their anti-diabetic, antioxidative,
antimicrobial, cardiotonic,
antiinflammatory and antidiarrheal
activities (Gupta et al., 2008; Jabbarzadeh
et al., 2014; Tillhon et al., 2012). Various

constituents of B. Ilycium have been
demonstrated to reduce damage caused by
reactive oxygen species such as superoxide
anion, hydrogen peroxide, and hydroxyl
radical. Because of their antioxidant and
DNA-protective properties, crude
methanolic, aqueous, and acetone extracts
of B. lycium have been found to be useful
in a variety of herbal products (Soren et
al., 2022). Furthermore, it has been shown
that the extract of roots, shoots, leaves and
fruit of this family possess various
biological active constituents including
berberine,  berbamine,  oxyberberine,
karachine, aromoline and oxyacanthine
(Potdar et al., 2012). HPLC analysis of
roots extract of B. lycium also showed that
there is highest concentration of berberine
in the extract which is an indication that
the extract is prepared accurately.
Furthermore, we also evaluated the
anticholestatic potential of root extract of
B. lycium in ANIT induced cholestatic
mouse models. The data showed that the
serum level of ALT and AST was
significantly higher in the ANIT mice
group as compared to the control group,
which is consistent with the literature
(Meng et al., 2021). However, in B. lycium
treated group, level of these serum
enzymes was significantly lower than
cholestatic model group. This indicates
that the plant extract protects the liver
from deleterious effect of ANIT. In order
to further investigate the impact of plant
extract on the architecture of liver, we also
performed the histological studies of the
liver. In cholestasis model group the
hepatocytes were distorted with severe
infiltration of the inflammatory cells
indicating a pathological condition.
However, in B. lycium treatment group the
liver architecture was normal with intact
hepatocytes. These serological and
histological data proves that the root
extract of B. lycium possess the
anticholestatic potential. However, further
investigation is required to explore the
underlying molecular mechanism for its
anticholestatic effect.
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