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ABSTRACT

Objective (s): The anti-fibrotic effect of chronic berberine (BBR) has been demonstrated previously in a rat
model of bile duct ligation (BDL). The aim of the present study was to investigate the hepatoprotective effect
of BBR nanomicelles on liver cirrhosis induced by BDL in male rats.

Materials and Methods: After 21 days of bebrine treatment, the serum and tissue levels of hepatic markers
were measured and pathologic evaluations were performed.

Results: BDL could markedly increase aspartate aminotransferase (AST), alanine aminotransferase (ALT),
LDH, and total bilirubin (TBIL) serum levels and tissue tumor necrosis factor-alpha (TNF-a) level along with
reduction in tissue levels of key antioxidants glutathione (GSH) and superoxide dismutase (SOD) as well as
total protein. On the other hand, silymarin (100 mg/kg, p.o.), BBR (100 mg/kg) and BBR nanomicelles (50
mg/kg, p.o.) markedly decreased AST and ALT while GSH was enhanced. In addition, BBR nanomicelles (50
mg/kg, p.o.), silymarin (100 mg/kg, p.o.) and BBR (100 mg/kg, p.o.) groups showed a considerable increase in
SOD. BBR nanomicelles (50 mg/kg, po.) significantly lowered TNF-a level. In addition, nanoBBR treatment
prevented liver cirrhosis in histopathologic analysis.

Conclusion: Formulation of BBR may represent a worthy approach to enhance its curative effect on liver

injuries.
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INTRODUCTION

Bile duct ligation (BDL) induces a type of liver
fibrosis, which resembles to biliary fibrosis in
humans both etiologically and pathogenetically
[1, 2]. BDL leads to an acute obstructive jaundice
in two weeks, which progress to cirrhosis in 4
or 6 weeks [3, 4]. Liu et al. made evident that
excessive production of superoxide and hydroxyl
radicals occurs in the blood and the liver with
obstructive jaundice-induced by common BDL
in rats [5]. BDL stimulates the proliferation of
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hepatocyte progenitors (biliary epithelial and
oval cells), resulting in bile ductules proliferation
along with portal inflammation and fibrosis [6].
Accumulation of inflammatory cells and bile acids
in the liver tissue may result increased free radicals
in biliary obstruction [7, 8]. Bile acids particularly
boost reactive oxygen species (ROS) released
by polymorphonuclear leukocytes [9]. Lipid
peroxides levels in hepatic tissue also increased
in BDL rats [10]. Free radicals might participate
in the development of hepatic fibrosis in biliary
obstruction [11, 12]. Cholestasis by itself lowers
antioxidative capacities in the liver mitochondria
of BDL rats [13].
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Berberine (BBR), called Umbellatine as well,
is an alkaloid extracted originally from the
commonly- used Chinese herb Huanglian (Rhizoma
Coptidis); and this constituent is also existed in
Huangbai (Cortex Phellodendri Amurensis) [14].
BBR possess various functions, for example
antimicrobial, immunomodulatory, anti-carcinoma,
antihyperlipidemic and mitigating neural disorder’s
functions [15, 16], anti-inflammation, reducing
blood sugar, lowering blood pressure, antagonizing
arrhythmia, protecting the liver, etc [17].

It was shown that improvement of
experimental hepatic fibrosis by BBR contributes
to its antioxidative activity [18]. Additionally,
BBR pretreatment protected against hepatic
ischemia/reperfusion in rats. BBR attenuated the
histopathologic damage, restored the liver function,
and decreased the oxidative stress level [19].
Several studies showed BBR inhibitory effects on
chemically-induced cytotoxicity, lipid peroxidation,
and oxidative stress in the liver [20, 21].

Following the oral BBR administration (200 mg/
kg), itdistributed predominantlyintheliver[23,24].
In rats, BBR mainly excreted by the hepatobiliary
system and kidneys in the form of metabolites
[23], however; BBR has poor oral bioavailability
and high toxicity [25]. Lately, nanotechnology has
attracted more attention because of the targeted
delivery of therapeutic agents into the liver [26,
27]. Consequently, for the effective treatment of
liver fibrosis, several nanoparticle (NP) systems
have been developed [28, 29]. Using liposomes,
polymers and special moieties, nanomedicines
have mainly formulated for treating liver diseases
[30]. However, majority of the NP systems for liver
fibrosis are in the preclinical stage and the only
kind of NPs in the clinical stage is liposomal nucleic
acid carrier [31]. Chitosan-coated nanoliposomes
were introduced for BBR hydrochloride oral
delivery of [32]. In a recent article, polymer—lipid
hybrid nanoparticles (PEG—lipid—PLGA NPs) loaded
with BBR phospholipid complex were employed
for increasing the oral BBR efficiency. BBR—
soybean phosphatidylcholine complex (BBR-SPC)
used to augment BBR liposolubility and improve
the affinity with the biodegradable polymer to
enhance the drug-loading capacity and sustained
release [33].

Using soy phosphatidylcholine as emulsifiers
BBR-loaded anhydrous reverse micelles (ARMs)
or free BBR solutions were administered to
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streptozocin (STZ)-induced diabetic mice. The
oral bioavailability of BBR-loaded ARMs and
the maximum blood concentration of BBR were
enhanced leading to a prolonged efficacy [34].
Likewise, antidiabetic effect of BBRnanosuspension
(Ber-NS) was assessed in STZ-induced diabetic
mice. Chronic Ber-NS (50 mg/kg, p.o.) treatment
reduced superior hypoglycemic, total cholesterol
(TC) and body weight [35]. In a recent study,
monodisperse microparticles loaded with the
self-assembled BBR-phospholipid complex-based
phytosomes to improve oral bioavailability of BBR
and enhance its hypoglycemic efficiency [36].
cytoprotective efficacy of O-hexadecyl-dextran
entrapped BBR chloride nanoparticles (BC-HDD
NPs) were assessed in high glucose- stressed
primary hepatocytes. BC-HDD NPs reduced ROS
generation in the course of co-treatment, inhibited
glutathione (GSH) depletion, reduced nitric oxide
(NO) formation and markedly prevented decreased
superoxide dismutase (SOD) activity in stressed
cells. In addition, lipid peroxidation was stopped,
the antioxidant capacity of the formulation was
confirmed and the BC-HDD NPs at 20 fold lower
concentrations was as effective as BBR [37].

The anti-fibrotic effect of chronic BBR (120 mg/
kg/day, orally) was determined in BDL- induced
liver fibrosis in a rat model [38]. Similarly, chronic
BBR (10 mg/kg, i.p.) produced permeability
normalization of hepatocytes plasma membranes
and activity of microsomal flavin-containing
monooxygenases in BDL rats [39].

Regarding the previous background, in the
present study, hepatic fibrosis is induced by BDL in
male rats and the possible hepatoprotective effect
of nanoBBR is demonstrated compared to BBR
and silymarin. Although hepatoprotective effects
of BBR and silymarin were reported previously in
liver fibrosis, there were no such reports on this
kind of nano formulation of BBR for modification
of cirrhosis in animal experiments.

MATERIALS AND METHODS
Chemicals

Berberine  hydrochloride and sillymarin
were purchased from Sigma-Aldrich (USA).
Berberine nanomicelle has been developed in
Nanotechnology Research Center of Mashhad
University of Medical Sciences, Mashhad, Iran and
contained 5% berberine. Berberine nanomicelles
had the average diameter of 2.7 nm.
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Berberine (BBR) hydrochloride and silymarin
(Sigma, St. Louis, MO, USA) were diluted freshly in
saline before use.

Animals

Male rats (250-280 g) were obtained from the
Laboratory Animal Centre of Tehran University of
Medical Sciences, Tehran, Iran. The rats were let
to acclimate a few days and fed with standard
pellet diet and water ad libitum at 20-25°C under
a 12 hour light/dark cycle. The food was removed
one day before the experiment, but water was
provided.

All animal handlings and experiment protocols
process (including drug treatment and sacrifice)
was in accordance with the guidelines of the
Laboratory Animal Centre of the University
of Tehran and the international guidelines for
laboratory animals.

Bile duct ligation model

Bile duct ligation (BDL) was carried out to
induce extrahepatic cholestasis-related liver
fibrosis in rats [40]. Briefly, rats were subjected
to ligation of the common bile duct with 5-0 silk
and were sectioned between the ligatures under
deep anesthesia using a cocktail containing a
mixture (1:1 v/v; 1 ml/kg body weight) of xylazine
2% (10 mg/kg) and ketamine 10% (50 mg/kg)
intraperitoneally (i.p.) .

The abdominal midline was then closed
with catgut. Moreover, rats in a sham group had
their bile duct exposed with neither ligation nor
sectioning. All the rats were caged at 24°C with
12 hr: 12 hr light-dark cycle and were provided
free access to food and water. All the operated
rats except sham controls were randomized into
distinct groups.

Animal treatments

Forty two rats were divided into 7 groups of six.
Seven days following BDL, the rats in a BDL group
received 50 mg/kg BBR nanomicelles dissolved in
distilled saline by oral administration. The rats in
BBR treatment groups received 50 and 100 mg/kg
oral BBR dissolved in saline. Silymarin 100 mg/kg
was also administered to one group. Moreover, a
sham operated group was included in the study.
Control groups received saline as silymarin and
BBR vehicle or nanomicelle as nanomicelle BBR
vehicle. All treatments lasted for three weeks
every other day.
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Serum biochemical markers analyses

Twenty-eight days following BDL, rats blood
(3 ml) was collected from the heart using sterile
disposable syringes and the blood samples were
centrifuged immediately at 8000 rpm (10 min. at
4°c),

The serum samples (100 pL) were poured
into new tubes and diluted with sodium chloride
(400 uL 0.9%). To assess the liver function, serum
levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST) [Frankel-Reitman method
(Ziest Chem. Diagnostics Kit, Iran] [22] and
total bilirubin (TBIL) [Diazotized Sulfanilic Acid
method (Ziest Chem. Diagnostics Kit, Iran)] were
measured using the automatic biochemical
analyzer according to the instructions [41]. Lactate
dehydrogenase (LDH) was also determined [(Ziest
Chem. Diagnostics Kit, Iran), DGKG ELISA/assay].

Hepatic tissue biochemical markers analyses

The liver samples were refrigerated at -70 °C.
The antioxidant status was assessed by measuring
superoxide dismutase (SOD) [42] and glutathione
(GSH) [ELISA Kit, MyBioSource), USA] hepatic
tissue levels. The total protein content was
determined employing Biuret method with bovine
serum albumine as standard [43].

Tissue levels of TNF-a were quantified using
enzyme-linked immunosorbent assay [Rat TNF-a
ELISA Kit (CUSABIO and CUS Ab, US)], according to
the manufacturer’s instructions.

Histological analysis

Histological evaluation was carried out to
observe the morphological changes. The liver
tissue was dissected out and fixed in 10% formalin
solution, dehydrated in ethanol (50-100%),
cleared in xylene and embedded in paraffin wax.
Thick sections (5-6 mm) were prepared and then
stained with hematoxylin and eosin (H & E) for
photomicroscopic observation.

An expert pathologist blinded to the study
analyzed all the fragments using light microscopy.
The fibrosis degree was measured based on
the semi-quantitative scoring described [44].
Apoptotic cells were quantified based on
morphological appearance (cell shrinkage with
dense cytoplasm and peripheral condensation of
nuclear chromatin). Ishak grade for fibrosis as (0-
4), hepatitis (0-4) and necrosis (0-6) were counted
in different aspects in each group.
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Statistical analysis

The data were expressed as meantstandard
deviation of means (SD) and statistical comparisons
were conducted using one-way ANOVA (SPSS
version 18) and LSD post-test. The values lower
than 0.05 were considered significant changes.

RESULTS
Effects of berberine nanomicelles on serum
biochemistry and hepatic antioxidative parameters

Fig 1 illustrates changes in serum AST and ALT
levels in BDL rats (n=6) treated with silymarin
(100 mg/kg, p.o.), BBR (50 and 100 mg/kg, p.o.)
and BBR nanomicelle (50 mg/kg, p.o.). As can
be understood, AST significantly increased in
BDL+saline group rats [F (5, 24)=42.294, P<0.001]
compared to sham-operated group. Moreover,
rats receiving silymarin (100 mg/kg, p.o.), BBR (50
and 100 mg/kg, p.o.), BBR nanomicelle (50 mg/kg,
p.o.) and nanomicelle had significantly higher AST
levels compared to sham-operated group [F (5,
24)=42.294, P<0.001].

Silymarin (100 mg/kg, p.o.) and BBR (100
mg/kg, p.o.) and BBR nanomicelle (50 mg/kg,
p.o.) markedly lowered AST level in BDL rats in
comparison to BDL+saline group [F (5, 24)=42.294,
P<0.001], [F (5, 24)=42.294, P<0.01], [F (5,
24)=42.294, P<0.001], respectively. In addition,
compared to BBR nanomicelles (50 mg/kg, p.o.),
sham-operated group had significantly lower
AST level [F (5, 24)=42.294, P<0.001] while BDL+
saline [F (5, 24)=42.294, P<0.001], BBR 50 mg/kg
[F (5, 24=42.294, P<0.001] and 100 mg/kg [F (5,
24)=42.294, P<0.01], and nanomicelle groups had
markedly higher AST [F (5, 24)=42.294, P<0.001]
(Fig 1a).

As can be observed, ALT significantly increased
in BDL+saline group rats [F (5, 24)=40.90, P<0.001]
compared to sham-operated group. Moreover,
silymarin (100 mg/kg, p.o.), BBR (50 and 100 mg/
kg, p.o.), BBR nanomicelle (50 mg/kg, p.o.) and
nanomicelle groups had significantly higher ALT
levels compared to sham-operated group [F (5,
24=40.90), P<0.001]. Silymarin (100 mg/kg, p.o.)
and BBR (100 mg/kg, p.o.) markedly lowered ALT
level [F (5, 24)=40.90, P<0.001], [F (5, 24)=40.90,
P<0.01], respectively in BDL rats in comparison
to BDL+saline group. Notably, BBR nanomicelle
(50 mg/kg, p.o.) profoundly reduced ALT level [(5,
24)=40.90, P<0.001] in BDL group compared to
BDL+saline group. In addition, compared to BBR
nanomicelles (50 mg/kg, p.o.),

202

200
i
EEE
5 150 &&&
-E’ il
-]
S
=
= 1007
2]
E
o}
2 50
i T 1
() shem op, saline  slymarn  berberine  berberuie  nano-berberine p
(100 mgke) (50meghkg) (100mgks)  (S0mgks)
Bile duct ligation
80+
s
R #H#H HH
&&
&&& &&&
5 601 +
2
&
i #54
g
E
o 4o
g
w
201
o

berberine  berbs

®) sham op dine  siymarin erine  nano-berberine
(100 mglkg) (30mgke) (100mgks) (50 mghke)

Bile duct ligation

Fig 1. Changes in AST (Fig 1a) and ALT (Fig. 1b) serum levels
in BDL rats treated with silymarin (100 mg/kg, p.o.), BBR (50
and 100 mg/kg, p.o.) and BBR nanomicelle (50 mg/kg, p.o.).
***p<0.001 significantly different from sham operated group.
&&P<0.01 significantly different from BDL + saline group.
## P<0.01 and ### P<0.001 significantly different from BD
+nanomicelle group

sham-operated group had significantly lower ALT
level [F (5, 24)=40.90, P<0.001] while BDL+saline,
BBR 50 mg/kg [F (5, 24)=40.90, P<0.001] and
nanomicelle groups [F (5, 24)=40.90, P<0.01]
had markedly higher ALT levels (Fig 1b).Fig 2
illustrates changes in serum levels of TBIL and LDH
in BDL rats (n=6) treated with silymarin (100 mg/
kg, p.o.), BBR (50 and 100 mg/kg, p.o.) and BBR
nanomicelle (50 mg/kg, p.o.). As can be seen, TBIL
significantly increased in BDL+saline group rats
[F (5, 30)=13.453, P<0.001] compared to sham-
operated group. Moreover, silymarin (100 mg/
kg, p.o.) [F (5, 30)=13.453, P<0.01], BBR (50 and
100 mg/kg, p.o.) [F (5, 30)=13.453, P<0.001], BBR
nanomicelle (50 mg/kg, p.o.) [F (5, 30)=13.453),
P<0.01] and nanomicelle [F (5, 30)=13.453,
P<0.001] groups had significantly higher TBIL
levels. Notably, BBR nanomicelle (50 mg/kg, p.o.)
profoundly reduced TBIL level [(5, 30)=13.453,
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P<0.05]inBDLgroup compared to BDL+saline group.
In addition, compared to BBR nanomicelles (50 mg/
kg, p.o.), sham- operated group had significantly
lower TBIL level [F (5, 30)=13.453, P<0.01] while
nanomicelle group had markedly higher TBIL level
[F (5, 30)=13.453, P<0.01] (Fig 2a).

As can be understood, LDH was significantly
increased in BDL+ saline group rats [F (5, 24)=3.76,
P<0.05] compared to sham-operated group.
Moreover, BBR (50 mg/kg, p.o.) and nanomicelle
groups still had markedly higher LDH levels [F (5,
24)=3.76, P<0.05] compared to sham- operated
group. Notably, Silymarin (100 mg/kg, p.o.) and
BBR nanomicelle (50 mg/kg, p.o.) profoundly
reduced LDH level [(5, 24)=3.76, P<0.05] in BDL
group compared to BDL + saline group. In addition,
compared to BBR nanomicelles (50 mg/kg, p.o.),
BDL+ saline, BBR 50 mg/kg and nanomicelle
groups had markedly higher LDH levels [F (5,
24)=3.76, P<0.05] (Fig 2b).
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Fig 2. Changes in serum total bilirubin and LDH levels in BDL
rats (n=6) treated with silymarin (100 mg/kg, p.o.), BBR (50
and 100 mg/kg, p.o.) and BBR nanomicelle (50 mg/kg, p.o.).
***p<0.01 significantly different from sham operated group. &
P<0.05 significantly different from BDL + saline group

Nanomed. J. 5(4): 199-209, Autumn 2018

Effects of berberine nanomicelles on tissue
biochemistry and hepatic antioxidative parameters

Fig 3 illustrates changes in hepatic tissue GSH
and SOD levels in BDL rats (n=6) treated with
silymarin (100 mg/kg, p.o.), BBR (50 and 100 mg/
kg, p.o.) and BBR nanomicelles (50 mg/kg, p.o.).
As can be understood, GSH was significantly
decreased in BDL+saline group rats [F (5,
24)=40.69, P<0.001] compared to sham- operated
group.

Moreover, BBR (50 and 100 mg/kg, p.o.)
and nanomicelle groups had significantly lower
GSH levels compared to sham-operated group.
Silymarin (100 mg/kg, p.o.) and BBR nanomicelle
(50 mg/kg, p.o.) markedly enhanced GSH level [F
(5, 24)=40.69, P<0.001] in BDL rats in comparison
to BDL+ saline group. In addition, compared to BBR
nanomicelles (50 mg/kg, p.o.), sham-operated
group had significantly higher GSH level [F (5,
24)=40.69, P<0.01] while BDL+saline, BBR 50 mg/
kg and BBR 100 mg/kg and nanomicelle groups
had markedly lower GSH levels [F (5, 24)=40.69,
P<0.001] (Fig 3a).

As can be observed, SOD was significantly

decreasedin BDL+saline group rats [F (5, 24)=18.60,
P<0.001] compared to sham- operated group. In
addition, silymarin 100 mg/kg and BBR 50 mg/kg
had significantly lower SOD levels compared to
sham- operated group [F (5, 24)=18.60, P<0.05] and
[F (5, 24)=18.60, P<0.001], respectively. Notably,
silymarin (100 mg/kg, p.o.), BBR (100 mg/kg, p.o.)
and BBR nanomicelle (50 mg/kg, p.o.) markedly
enhanced SOD level [F (5, 24)=18.60, P<0.01],
[(5, 24)=18.60, P<0.001], respectively, in BDL rats
in comparison to BDL+saline group. In addition,
compared to BBR nanomicelles (50 mg/kg, p.o.),
BDL+ saline, BBR 50 mg/kg and nanomicelle groups
had markedly lower SOD levels [F (5, 24)=18.60,
P<0.001] (Fig 3b).
Fig 3. Changes in GSH and SOD tissue levels in BDL
rats (n=6) treated with silymarin (100 mg/kg, p.o.),
BBR (50 and 100 mg/kg, p.o.), BBR nanomicelle
(50 mg/kg, p.o.) and nanomicelle. ***P<0.001
significantly different from sham operated group.
&&P<0.01 and &&& P<0.001 significantly different
from BDL+saline group. ## P<0.01 and ### P<0.001
significantly different from BDL + BBR nanomicelle
group.

Fig 4 shows changes in hepatic tissue total
protein levels in BDL rats (n=6) treated with
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Fig 3. Changes in GSH and SOD tissue levels in BDL rats (n=6)
treated with silymarin (100 mg/kg, p.o.), BBR (50 and 100 mg/
kg, p.o.), BBR nanomicelle (50 mg/kg, p.o.) and nanomicelle.
***p<0.001 significantly different from sham operated group.
&&P<0.01 and &&& P<0.001 significantly different from BDL +
saline group. ## P<0.01 and ### P<0.001 significantly different
from BDL + BBR nanomicelle group

silymarin (100 mg/kg, p.o.), BBR (50 and 100 mg/
kg, p.o.) and BBR nanomicelle (50 mg/kg, p.o.). As
can be understood, total protein was significantly
reduced in BDL rats [F (5, 24)=6.072, P<0.001]
compared to sham- operated group. Moreover,
silymarin (100 mg/kg, p.o.) [F (5, 24)=6.072,
P<0.01], BBR (50 and 100 mg/kg, p.o.) [F (5,
24)=6.072, P<0.001], BBR nanomicelle (50 mg/kg,
p.o.) [F (5, 24)=6.072, P<0.01] and nanomicelle [F
(5, 24)=6.072, P<0.001] groups had significantly
lower protein levels compared to sham- operated
group. In addition, compared to BBR nanomicelles
(50 mg/kg, p.o.), sham group had markedly higher
total protein levels [F (5, 24)=6.072, P<0.01].

Fig 5 shows changes in hepatic tissue TNF-a
levels in BDL rats (n=6) treated with silymarin
(100 mg/kg, p.o.), BBR (50 and 100 mg/kg, p.o.)
and BBR nanomicelle (50 mg/kg, p.o.). As can be
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Fig 4. Changes in hepatic tissue total protein levels in BDL
rats (n=6) treated with silymarin (100 mg/kg, p.o.), BBR (50
and 100 mg/kg, p.o.) and BBR nanomicelle (50 mg/kg, p.o.).
***p<0.001 significantly different from sham operated group

BDL rats [F (5, 30)=5.258, P<0.01] compared to
sham- operated group.

Moreover, silymarin 100 mg/kg, BBR 50 and
100 mg/kg and nanomicelle groups still had
significantly higher TNF-a levels compared to
sham- operated group [F (5, 30)=5.258, P<0.01].
Notably, BBR nanomicelle (50 mg/kg, p.o.) lowered
TNF-a level in BDL rats in a significant manner [F
(5, 30=5.285), P< 0.05] compared to BDL+saline
group.

In addition, compared to BBR nanomicelles
(50 mg/kg, p.o.), sham group had markedly lower
total protein levels [F (5, 30)=5.285, P<0.01] while
nanomicelle group had higher level [F (5, 30)=
5.285, P<0.01].
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Fig 5. Changes in hepatic tissue TNF-a levels in BDL rats (n=6)
treated with silymarin (100 mg/kg, p.o.), BBR (50 and 100
mg/kg, p.o.) and BBR nanomicelle (50 mg/kg, p.o.). ¥**¥P<0.01
significantly different from sham operated group. ## P<0.01
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Table 1. Semi-quantitative scores of hepatic fibrosis (Ishak’s score) 28 days after (BDL)

Ishak grade for fibrosis

Score/ groups Nano BBR BBR BBR
50 mg/kg 100 mg/kg
No fibrosis (0) x x
Fibrous portal x
expansion (1)
Few bridges or septa(2)
Numerous bridges or
septa (3)
Cirrhosis (4)

Silymarin micelle BDL sham
100 mg

Ishak grade for hepatitis

None (0) x

Mild (focal, few portal x
areas):(1)

Mild/moderate (focal, x
most portal areas (2)

Moderate (continuous

around < 50% of tracts

or septa):(3)

Severe (continuous

around > 50% of tracts

or septa (4)

Ishak grade for necrosis

None (0)

Focal confluent x x
necrosis (1)

Zone 3 necrosis in some

areas (2)

Zone 3 necrosis in most x
areas (3)

Zone 3 necrosis +

occasional portal—

central bridging (4)

Zone 3 necrosis +

multiple portal—-central

bridging (5)

Panacinar or

multiacinar necrosis (6)

Morphological results

Fig 6 represents microphotographs of the liver
sections from BDL and sham-operated rats. Sham-
operated rats had normal liver architecture with
the lack of fibrosis (Score 0); BDL rats at 4 weeks
showed fibrous expansion of portal areas with
marked portal-to-portal as well as portal-to-central
bridging (score 4). There were dense connective
tissue bands that have formed throughout the
sinusoids and portal area. Proliferation of bile
ducts were seen (arrows), and there was hepatic
congestion (large arrow) On the other hand,
silymarin (100 mg/kg, p.o.) group showed mild
fibrosis of periportal areal and hepatic necrosis
(small arrows) (score 2) and showed hepatocyte
necrosis (small arrow) and focal fibrosis;
deposition of fine collagen fibers in the sinusoids
of the pericentral lobular region, (large arrow). In
addition, BBR (100 mg/kg, p.o.) showed multifocal
necrotic changes in hepatocytes around central
vein (score 3) and showed hepatocyte necrosis
in portal area and multifocal necrotic changes
in hepatocytes around central vein. Moreover,
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nanoBBR-trated (50 mg/kg, p.o.) rats had virtually
normal liver architecture with no fibrosis (score
1) and showed hepatocyte apoptosis; (small and
rounded cells with hypereosinophilic cytoplasm
and small, fragmented nuclei. Images mag: 400x.

Fig 6. Representative microphotographs of the liver sections
from BDL and sham-operated rats

Table 1 illustrated semi-quantitative scores
of hepatic fibrosis (Ishak’s score) 28 days after
(BDL). Because no difference in the many variables
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studied in the sham group 28 days after sham
operation was observed, results from all the sham-
operated groups were gathered for presentation.
Hepatic fibrosis was deteriorated over the
time after BDL. Regarding the Ishak’s score, the
following score values for each BDL group were
obtained: sham operated rats scored 0 (normal
hepatic architecture), 4-wk rats scored 4 (fibrous
expansion of portal tracts with marked portal to-
portal and portal-to-central bridging).

DISCUSSION

In the present study, hepatic fibrosis was
induced by BDL in male rats and the possible
hepatoprotective effect of nanoBBR, compared
to BBR and silymarin, was demonstrated. The
results illustrated that BDL completely blocked
bile flow as evidenced by elevation of serum
TBIL, AST, ALT, LDH and TNF-a, key biomarkers
of hepatocyte injury. In addition, BDL impaired
antioxidant defense as evidenced by significant
reduction in antioxidant enzymes GSH, SOD
and total protein contents. On the other hand,
silymarin, BBR (100 mg/kg) and BBR nanomicelles
markedly decreased serum levels of AST and
ALT while only silymarin and BBR nanomicelles
could lower LDH serum levels. silymarin and BBR
nanomicelles enhanced GSH level. Furthermore,
BBR nanomicelles (50 mg/kg, p.o.), silymarin (100
mg/kg, p.o.) and BBR (100 mg/kg, p.o.) groups
showed a considerable increase in SOD levels.
Moreover, only BBR nanomicelles significantly
lowered the pro-inflammatory cytokine TNF-a
level. Consistently, histological changes consist
of cell necrosis, fatty metamorphosis in adjacent
hepatocytes, ballooning degeneration, infiltration
of lymphocytes and Kupffer cells, pseudolobuli
and bridging formation have been observed
in the liver tissue of BDL group, and these
histopathologic changes were considerably
diminished by nano-berberine treatment. In fact,
effect of nanoBBR compared to BBR and silymarin
groups was noticeable, although silymarin [45]
and BBR [21, 46] have widely recognized as potent
hepatoprotective agents, and nanoBBR showed its
effect in significantly lower dose.

In BDL rats, chronic silymarin (300 mg/kg) had
hepatoprotecive effect [47]. Notably, formulation
of silymarin as nanoparticles, silymarin-loaded
Eudragit (®) RS100 nanoparticles (SMnps) (125
mg/kg, p.o.), improved its ability to eliminate
cholestasis-induced liver fibrosis in rats by
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restoring hepatic regenerative capabilities [48].

The mitochondrial functions were studied in
BDL rats which suggested that biochemical and
molecular alterations are related to oxidative
stress in the liver [13]. Further, the rise in serum
levels of ALP, AST and ALT has been ascribed
to structural integrity damage of the liver [49],
because these are cytoplasmic in location and
are released into circulation after cellular damage
[50]. The TNF-a expression was also elevated
in acute liver diseases, as well as in hepatotoxic
chemicals exposure [51, 52]. Moreover, GSH as a
key antioxidant is an important part of intracellular
protective mechanisms against numerous noxious
stimuli, including oxidative stress. Notably, these
changes in our experiment were in line with these
studies. In line with previous reports, our results
also demonstrated that depletion of tissue GSH,
as observed in BDL-induced hepatic injury, is one
of the major factors that permit lipid peroxidation
and subsequent tissue damage. Similarly, in
our study plasma antioxidant capacity was also
decreased. Because administration of nanoBBR
prevented hepatic GSH depletion, it appears that
its protective effect involves the maintenance of
antioxidant capacity by protecting the hepatic
tissue against oxidative stress.

In agreement with our study, the anti-fibrotic
effect of chronic BBR (120 mg/kg/day, orally) was
determined in a rat model of BDL-induced liver
fibrosis. BBR potently inhibited hepatic fibrosis.
Significant elevations of serum ALT and AST were
observed in BDL rats and BBR treatment remarkably
reducedtheirlevels[38]. Chronic BBR administration
(10 mg/kg, i.p.) resulted in a partial normalization
of permeability of plasma membranes hepatocytes
in BDL rats. Membrane-stabilizing effect of BBR was
probably related to inhibition of pro-oxidant status
of the liver cells [39].

In a clinical study, chronic BBR (0.5 g, p.o.) and
silymarin (70 mg, p.o.) reduced the blood lipids
(ALT and AST levels) in hyperlipidemic patients
with either chronic hepatitis or liver cirrhosis [53].

The hepatoprotective effects of BBR (80, 120
and 160 mg/kg, p.o.) on carbon tetrachloride
(CCl4)-induced liver injury was shown in rat.
Serum ALT and AST activities markedly decreased
in pre- and post- treatment groups in a dose-
dependent manner. BBR increased SOD activity in
the liver as well. Histological assessments showed
decrease in the liver damage in BBR-treated
groups [54]. Consistent with our experiment, the
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decreased hepatic activity of SOD and increased
lipid peroxidation were profoundly prevented
by BBR (10 mg/mg) administration in CCl4-
intoxicated mice. The increased serum levels of
ALT, AST, and ALP were significantly prevented
by BBR treatment in a concentration-dependent
manner. Moreover, histopathological changes
were diminished and the expression of TNF-a,
cyclooxygenase-2 (COX-2), and inducible nitric
oxide synthase (iNOS) was markedly reduced. BBR
prevent acute hepatotoxicity attenuating oxidative
and nitrosative stress as well as the inflammatory
responses in the liver [55]. BBR decreased ALT,
AST, and ALP levels the in serum, enhanced SOD
and reduced malondialdehyde (MDA) content of
the liver tissue in CCl4-induced liver fibrosis in
mice [56].

Apart from the inflammatory stimulus type,
BBR effectively suppresses proinflammatory
cytokines expression, including TNF-a,
subsequently, inhibiting downstream mediators
of inflammation, like iINOS and COX-2 [57, 58].
Moreover, BBR ameliorated fatty acid-induced
oxidative stress in human hepatoma cells. It also
had the capacity to reduce lipid accumulation in
the livers of high fat-diet fed mice [59].

Chronic pretreatment with BBR (0.5 and
5 mg/kg, i.p.) before a single dose of tert-butyl
hydroperoxide (t-BHP) (0.1 mmol/kg) significantly
lowered the serum levels of ALT and AST and reduced
oxidative stress in the liver. BBR (0.01-1.0 mM)
treatment markedly decreased the leakage of lactate
dehydrogenase (LDH) and ALT, and the formation of
MDA. BBR also attenuated t-BHP- induced depletion
of GSH. The histopathological evaluation of the
livers clarified the occurrence of the liver lesions,
for example, hepatocyte swelling, leukocyte
infiltrations, and necrosis was lowered [20].

However, effects of nanoBBR formulations
have rarely been reported on liver fibrosis, virtually
consistent with our investigation. The effects of
BBR-loaded solid lipid nanoparticles (BBR-SLNs)
on lipid metabolism in the liver were investigated.
The results showed that BBR-SLNs (100 mg/kg,
p.o.) inhibited the increase in the body weight and
decrease in the liver weight, in parallel with the
reduction in serum ALT and the liver triglyceride
levels in mice. The maximum concentration of drug
in the liver was 20-fold higher than that in the blood.
BBR-SLNs significantly lowered fat accumulation
and lipid droplet sizes in the liver [60].

In our study, impairments in hepatic functions
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and antioxidant capacity owing to biliary
obstruction were substantially improved following
nanoBBR treatments, while the serum level of the
pro-inflammatory cytokine TNF-a was reduced.
Increased TNF-a level which tended to decrease
with nanoBBR treatment also supports the
concept that nanoBBR ameliorates oxidative liver
injury caused by BDL partly through its antioxidant
capacity.

CONCLUSION

The findings of the current study suggest that
nanoBBR may be protective in biliary obstruction-
induced oxidative injury and fibrosis by inhibition
and subsequent activation of inflammatory
mediators, which induce lipid peroxidation.
Moreover, the protective capacity of nanoBBR may
probably be attributed to its role as a free radical
scavenger and the inhibition of inflammatory
response in the liver. BBR nano micelle might be
a promising factor for treating the liver fibrosis.
Nevertheless, its value as an antifibrotic drug
in patients with liver disease demands further
complementary studies.
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