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Abstract

Background: Berberine is a well-known alkaloid derived from Berberis species.

Objectives: The present study aimed to investigate the hepatoprotective properties of berberine and elucidate its probable mech-
anisms against sodium nitrite toxicity.

Methods: Forty animals were randomly classified into five equal groups to be treated for 60 days, including group 1: Control, group
2: Berberine-treated (100 mg/kg), group 3: Sodium nitrite-treated (80 mg/kg), group 4: Sodium nitrite together with 50 mg/kg of
berberine, and group 5: Sodium nitrite together with 100 mg/kg of berberine. The protective effects of berberine against sodium
nitrite induced-liver damage were investigated using parameters related to oxidative stress, inflammation, fibrosis, and apoptosis
in the hepatocytes.

Results: Treatment of rats with sodium nitrite considerably increased alanine aminotransferase (ALT) and alkaline phosphatase
(ALP) activities, malondialdehyde (MDA) content, tumor necrosis factor (TNF)-«v expression, caspase-3 activity, and transforming
growth factor (TGF)-81 concentration (P < 0.05) and significantly declined the levels of reduced glutathione (GSH), glutathione
reductase (GR), glutathione S-transferase (GST), and glutathione peroxidase (GPx) (P < 0.05). The treatment of intoxicated rats with
100 mg/kg of berberine significantly reversed these changes and reached the values approximately to the normal level. However,
berberine 50 mg/kg failed to normalize the disturbances.

Conclusions: This study demonstrated that berberine could decrease sodium nitrite-induced liver injury in a dose-dependent man-
ner probably due to its antioxidant, anti-inflammatory, anti-apoptotic, and antifibrotic capacities.

Keywords: Berberine, Sodium Nitrite, Oxidative Stress, Liver Injury

1. Background

Sodium nitrite is a food additive widely used in the
food and drug industries as a preservative and fixative for
meat and fish. It prevents the growth of Clostridium bo-
tulinum spores and flavors the food. Studies have shown
that sodium nitrite is poisonous at high doses due to its
oxidative properties (1). Oxidative stress due to the long-
term exposure to nitrite can cause methemoglobinemia,
carcinogenicity, congenital malformations, and endocrine
disturbances in humans (2). Oxidative stress in liver cells is
considered as one of the most common events leading to
the induction and development of many hepatic disorders
(3,4). As the liver has a key role in metabolizing and detox-
ifying many foreign substances, it is exposed to high levels
of free radicals and it is more sensitive to oxidative damage
than any other organs (5, 6). Oxidative stress increases the
mitochondrial permeability, leading to the release of pro-

apoptotic factors and caspase-3 activation (7-9). During ox-
idative stress, a variety of cytokines are released from liver
tissues such as transforming growth factor (TGF)-51and tu-
mor necrosis factor (INF)-a;; TNF-«v as a central player in
liver disorders mediates the formation of other cytokines
that together damage the hepatocytes. Furthermore, TGF-
[1is an important mediator in the pathophysiology of the
liver, contributing to various liver disease stages. Eventu-
ally, oxidative stress enhances inflammation and damage
in the hepatic tissue and causes liver dysfunction (6, 10).
Under normal physiological states, cellular free radicals
production is modulated by the action of cellular antiox-
idant defense such as reduced glutathione (GSH), ascorbic
acid, and vitamin E as non-enzymatic antioxidants, as well
as catalase (CAT), superoxide dismutase (SOD), glutathione
peroxidase (GPx), and glutathione reductase (GR) as enzy-
matic antioxidants (9). Novel management methods of
treating disorders use natural antioxidants in food. Natu-
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ral antioxidants inhibit the adverse effects of toxic agents
and reduce tissue damage (11-13). Berberine is a well-known
alkaloid derived from Berberis species. Berberine has differ-
ent properties including anti-diabetic, anti-lipemic, anti-
tumor, and cardioprotective effects. Additionally, berber-
ine has anti-inflammatory and antioxidant capacities (14).
Its antioxidant capacity may be related to enhancing the
level of enzyme and non-enzyme antioxidants (15). To the
best of our knowledge, the effect of berberine on hepato-
cyte damage induced by sodium nitrite has not been stud-
ied.

2. Objectives

The present study aimed to evaluate the hepatoprotc-
tive activity of berberine and investigate its possible mech-
anisms against sodium nitrite hepatotoxicity.

3. Methods

3.1. Chemicals

Berberine hydrochloride, 1-chloro-2, 4-dinitrobenzene,
glutathione reductase (GR), nicotinamide adenine dinu-
cleotide 2-phosphate reduced tetrasodium salt (NADPH),
reduced glutathione (GSH), and l-glutathione oxidized
(GSSG) were obtained from Sigma-Aldrich chemical com-
pany (St. Louis, MO, USA). Sodium nitrite was obtained
from Merck chemical company (Germany). Assay kits to de-
termine the activity of caspase-3 and TGF-1 in rats’ liver
were obtained from Abcam chemical company (USA). The
cDNA synthesis kit was obtained from Fermentase (Ger-
many). Real-Time SYBR Green Master Mix was obtained
from Applied Biosystems, USA, and [-actin and TNF-«
primer synthesis was done by Metabion (Germany).

3.2. Animals

Forty male Sprague Dawley rats weighing 200 - 250 g
were obtained from the Centre of Laboratory Animals of
Shiraz University of Medical Sciences. The animals were
maintained under suitable conditions of temperature, hu-
midity, and ventilation (continuous circulation of fresh
air) with a 12-hour light/dark cycle according to the Guide
for the Care and Use of Laboratory Animals (16). The rats
were allowed to have easy access to water and food. The
animal study was done according to the guidelines of the
Ethics Committee of Shiraz University of Medical Sciences,
as mentioned in the Grant Number 94 - 7570 from the Vice-
Chancellor for Research Affairs of Shiraz University of Med-
ical Sciences, Shiraz, Iran.

3.3. Experimental Design

The rats randomly classified into five equal groups, in-
cluding: (1) The control group that received normal saline,
(2) berberine-treated control group (100 mg/kg) that was
administrated orally with 100 mg/kg berberine hydrochlo-
ride, (3) sodium nitrite group that was orally treated with
80 mg/kg sodium nitrite, (4) berberine (50 mg/kg)-treated
group that was administered orally with 50 mg/kg off
berberine followed by 80 mg/kg of sodium nitrite, and
(5) berberine (100 mg/kg)-treated group that was supple-
mented orally with 100 mg/kg berberine followed by 80
mg/kg of sodium nitrite. All the doses were administrated
orally through intragastric tubes for two months.

3.4. Sample Collection

At the end of the 60th day, the rats were anesthetized
with ketamine (70 mg/kg) at fasting state and blood sam-
ples were drawn by cardiac puncture into clotting tubes.
Therats’ liver was removed immediately and cleaned with
ice-cold saline. Then, the blood samples were spun at 1050
X g at 24°C for five minutes to separate the serum that was
stored at -20°C until further analysis. A piece of the liver
was separated and homogenized in an ice-cold phosphate
buffer (pH 8) ata concentration of 10% (w/v) using a Wisetis
HG-150 homogenizer and centrifuged (10,000 x g) at 4°C
for one hour. Then, the clear supernatant, referred to as the
liver homogenate, was kept frozen at-70°C for subsequent
analysis.

3.5. Determination of Serum Enzymes Activities

The activities of alkaline phosphatase (ALP) and ala-
nine aminotransferase (ALT) were measured using stan-
dard techniques and suitable commercial kits (Pars Az-
moon Co., Iran).

3.6. Evaluation of Oxidative Stress

Hepatic malondialdehyde (MDA), as a marker of lipid
peroxidation, was analyzed by the measurement of thio-
barbituric acid reacting substances (TBARS) based on the
colorimetric method (17). Briefly, after the precipitation of
proteins in the liver homogenate by trichloroacetic acid,
MDA reacted with the thiobarbituric acid to form a col-
ored substance that was analyzed at 532 nm using 1, 1, 3, 3-
tetraethoxypropane (TEP) as a standard. The values were
reported as nmol/g protein.

3.7. Measurement of Antioxidant Activity

Hepatic GSH content was measured by Elman’s method
(18,19). The test is based on the reduction of 5, 5’-dithiobis
(2-nitrobenzoic acid; DTNB) as a disulfide compound by
GSH, which develops yellow colored thionitrobenzoic acid
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(TNB), with maximum absorption at 412 nm. The concen-
tration of GSH was reported as pumol/g protein.

Hepatic GST activity was measured by the Habig
method (20). The reaction was developed by conjugation
of GSH with 1-chloro, 2, 4-dinitrobenzene (CDNB). The in-
crease in absorbance was monitored for 2 min at 340 nm.
The results were reported as U[g protein.

Hepatic GR was measured by the Racker method (21).
The protocol was based on monitoring the oxidation of
NADPH linked to GSSG reduction. This oxidation is re-
flected by a decrease in the absorbance of NADPH at 340
nm. The results were expressed as U/g protein using an ex-
tinction coefficient of 6.22 mM/cm for NADPH.

Hepatic GPx was examined spectrophotometrically ac-
cording to the method proposed by Fecondo and Au-
gusteyn (22, 23). This method is based on the indirect
measurement of the activity of GPx. Oxidized glutathione
(GSSG) generated by the activity of GPx was changed to its
reduced form by glutathione reductase using NADPH. The
decrease in the absorbance of NADPH for 3 min at 340 nm
showed the activity of GPx that was reported as U/g protein.

3.8. Measuring TGF-[31 Levels

An indirect ELISA assay was applied to measure TGF-(1
levels by using a TGF-/31 ELISA kit. According to the man-
ufacturer datasheet, the assay involved two binding pro-
cesses at TGF-{1 specific antibodies and labeled secondary
antibody. Rat TGF-/31 specific antibodies were incubated
with TGF-31 antigen, followed by the incubation with the
secondary antibody. In this assay, TGF-31 antigen was lo-
cated between TGF-f31 specific antibodies coated on the
plate and an enzyme-labeled, anti-species globulin con-
jugate. The addition of an enzyme substrate-chromogen
reagent (tetramethylbenzidine) caused the color to de-
velop. This color was directly proportional to the quantity
of rat TGF-f1antigen capture on the plate. The results were
expressed as pg/mg protein.

3.9. Evaluation of Caspase-3 Activity

Caspase-3 activity was measured using a commercial
kit (Abcam, USA). The assay was based on the colorimetric
sensing of the chromophore p-nitroaniline (p-NA) at 400
or 405 nm after cleavage from the labeled substrate DEVD
(Asp-Glu-Val-Asp)-p-NA by caspase-3. The comparison of the
absorbance of p-NA from an induced control with an apop-
totic sample determined the increased amount of caspase-
3 activity.

3.10. RNA Extraction and Quantitative Real-Time PCR (RT-PCR)

The TNF-« level as a proinflammatory marker was
quantified by quantitative real-time PCR (qRT-PCR)
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method. First, the total tissue RNA was extracted using
phenol-chloroform extraction method (24). Concentra-
tions were measured at 260 nm and RNA samples with
the 260/280 nm absorbance ratios of more than 1.6 were
chosen. Reverse transcription was done using 1 g of RNase
free DNase-treated total RNA and random primer using
Revert Aid First Strand cDNA Synthesis kit (Fermentas,
USA). Quantitative real-time PCR was performed using a
Real-Time PCR system (Applied Biosystems, USA) with SYBR
Green PCR Master Mix according to the manufacturer’s
instruction. The primer sequences were

5'- ACGCTCTTCTGTCTACTG-3 and 5'- CTTGGTGGTTTGC-
TACGA -3 for TNF-cw and 5’- CCACACCCGCCACCAGTTCG- 3/
and 5’- CTAGGGCGGCCCACGATGGA-3' for 3-actin. After PCR
amplification, all qRT-PCR assays were linear within this
concentration range with correlation coefficients (1) of >
0.999. Data were evaluated with the comparative 222
method. Relative amounts of TNF-oo mRNA were normal-
ized to the levels of 5-actin mRNA for each sample (25).

3.11. Histopathological Analysis

The liver was removed and immediately fixed in 10%
formaldehyde for at least 24 hours. Then, the fixed tissues
were embedded in paraffin and five-micrometer thickness
sections were prepared for staining with hematoxylin and
eosin (H&E). After staining, the extent of the chronic liver
injury was assessed by a light microscope.

3.12. Statistical Analysis

All data were analyzed using Prism V. 5. Values are pre-
sented as means 4= SEM. The Kolmogorov-Smirnov test was
used for checking the normality of the data. The statisti-
cal difference was calculated using the one-way analysis of
variance (ANOVA) test for comparison of five mean values,
followed by the Tukey post hoc test for comparison of two
mean values. Differences with P < 0.05 were determined
to be statistically significant.

4. Results

4.1. Effect of Berberine on Serum Enzyme Activities

The effect of berberine on liver function tests is pre-
sented in Figure 1. Serum ALT and ALP activities were sig-
nificantly elevated by about 58% and 13% (P < 0.05), respec-
tively, in sodium nitrite-treated animals, indicating the
liver damage. However, the administration of 100 mg/kg
berberine normalized the enzyme levels (P> 0.05) and 50
mg/kg berberine could slightly reduce the activities of the
enzymes. There were no significant differences in the en-
zyme levels between the control group and rats adminis-
trated with berberine alone (P> 0.05).
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Figure 1. Co-treatment effects of berberine on liver injury biomarkers. Each value represents a mean = SEM of eight rats per group. # Significantly different (P < 0.05) from
the control group. *Significantly different (P < 0.05) from the positive control group (sodium nitrite group).

4.2. Effect of Berberine on Oxidative Stress

As shown in Figure 2, there was a considerable eleva-
tion in the MDA level by 46% in the rats of sodium nitrite
group compared to the control group (P < 0.05). Although
the treatment with the low dose of berberine (50 mg/kg)
failed to completely restraint oxidative stress, the adminis-
tration of the high dose of berberine (100 mg/kg) to rats in-
toxicated with sodium nitrite caused a significant decrease
in the MDA content by about 32% (P < 0.05) compared to
the sodium nitrite group. There was no difference in lipid
peroxidation levels between the control group and rats ad-
ministrated with berberine alone (P> 0.05).

4.3. Effect of Berberine on GSH Redox System

The effect of berberine on antioxidant activities is pre-
sented in Figure 2. As seen, a significant decrease in the
GSH content by 18% and decreases in the GST, GR, and GPx
activities in rats of sodium nitrite group were observed
compared to the control group (P < 0.05). The highest de-
crease in the activities of the antioxidant enzymes was ob-
served in GST (28%), followed by GR and GPx (18% each).
However, the administration of berberine in the sodium
nitrite group alleviated the antioxidant enzymes and GSH
levels in a concentration-dependent manner. The admin-
istration of high-dose berberine (100 mg/kg) to rats intox-
icated with sodium nitrite caused a significant increase in
the levels of GSH up to 19%, GST up to 34%, and GPx and GR
up to 18% and normalized them compared to the sodium
nitrite group. The administration of berberine (100 mg/kg)
alone did not have a noticeable effect on the antioxidant ca-
pacity in rats compared to the control group (P> 0.05).

4.4. Effect of Berberine on Caspase-3 Activity

While sodium nitrite caused a significantincrease (51%)
in hepatic caspase-3 activity (P < 0.05 vs. the control
group), the administration of 100 mg/kg of berberine re-
sulted in a significant reduction in the caspase-3 activity
in rats intoxicated with sodium nitrite compared to the
sodium nitrite group (P < 0.05). No significant change in
the caspase-3 activity was observed in rats treated with 100
mg/kg of berberine alone (P> 0.05) (Figure 1).

4.5. Effect of Berberine on Hepatic TGF -1 Levels

There was a marked increase in the quantity of TGF- 51
by 52% in the group of rats intoxicated with sodium ni-
trite (P < 0.05 vs. the control group). However, adminis-
tration of both doses of berberine (100 and 50 mg/kg) to
the rats receiving sodium nitrite decreased the TGF-31 lev-
elsabout33% and10%, respectively,compared to sodium ni-
trite group. These changes were significant vs. the sodium
nitrite group (P < 0.05). Animals treated with berberine
(100 mg/kg) alone revealed no major difference in the lev-
els of TGF-31 (P < 0.05 vs. the control group) (Figure 1).

4.6. Effect of Berberine on TNF-c Expression

Figure 1 shows an elevation in TNF-«x expression, as an
important proinflammatory cytokine, in rats treated with
sodium nitrite compared with the normal ones (4.7 folds)
(P< 0.05). Administration 100 mg/kg of berberine reduced
TNF-«v expression in the rats intoxicated with sodium ni-
trite, but it could not completely reach the normal levels.
TNF-«v expression levels in the rats were 1.9 folds those of
normal values, respectively (P> 0.05). Treatment with 100
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Figure 2. Co-treatment effects of berberine on oxidative stress biomarkers (GST, GPx, GSH, GR, and MDA). Each value represents a mean & SEM of eight rats per group. #
Significantly different (P < 0.05) from the control group. * Significantly different (P < 0.05) from the positive control group (sodium nitrite group)

mg/kg of berberine did not affect the control group (P >
0.05).

4.7. Histopathology

Hepatic sections from control rats (Figure 3A) exhib-
ited a normal liver structure as the same as in the berber-
ine-treated control group (Figure 3B). Congestion and se-
vere inflammation were observed in rats 60 days after
sodium nitrite treatment (Figure 3C). Berberine 50 mg/kg
did not inhibit the toxic effect of sodium nitrite; therefore,
abnormalities and histological changes were still present
(Figure 3D). However, berberine 100 mg/kg reduced the
hepatic damage (Figure 3E).

5. Discussion

Oxidative stress occurs when free radicals accumulate
in the cell and the antioxidant system fails to neutralize
them. This phenomenon damages the major ingredients
of the cell, including lipids, proteins, and nucleic acids lo-
cated in the cell membrane, cytosol, and nucleus that ul-
timately leads to cell damage (19, 26). The present study
showed that chronic exposure to sodium nitrite caused ox-
idative stress in the liver and berberine treatment could
attenuate oxidative damage. Lipid peroxidation is one of
the important causes of cell toxicity by sodium nitrite.
Nitrite reacts with amines in the stomach generating ni-
trosamines and free radicals. Nitrosamines can enhance
lipid peroxidation, especially in the cell membrane. As
normal hepatocytes function depends on the intactness of
their membrane, the lipid peroxidation results in mem-
brane disintegrity and cell injury, as reported in previous
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studies (27, 28). In support of these findings, our study in-
dicated a great elevation in serum ALP and ALT activities,
as well as hepatocytes MDA, in the sodium nitrite group
proposing sodium nitrite-induced lipid peroxidation and
impairment of the cell membrane in hepatocytes (29). In
addition, sodium nitrite markedly decreased the capacity
of the GSH redox system of the hepatocytes possibly due
to the high formation of free radicals such as NO. Reports
show that NO in high levels can be added to superoxide an-
ions that are usually generated by cell organelles to pro-
duce a dangerous free radical, peroxynitrite. NO and per-
oxynitrite react with active sites on enzymes and inacti-
vate them to disrupt the antioxidant system (30). However,
the administration of a high dose of berberine (100 mg/kg)
blocked all of these effects. The improvement of abnor-
mal activities of serum ALP and ALT, as well as liver MDA
content, probably is a result of the protection and recov-
ery of liver cells. Besides, berberine treatment showed a
positive effect on antioxidant capacity in the liver. Berber-
ine enhanced enzymatic and non-enzymatic antioxidants
in the GSH redox system of liver cells. The antioxidative
property of berberine is possibly due to its ability in scav-
enging of free radicals. Studies show that berberine has a
strong reductive capacity and radical quenching effect, es-
pecially for NO, superoxide anions, and hydroxyl radicals
(31). On the other hand, the current study demonstrated
that berberine has anti-inflammatory, anti-apoptotic, and
antifibrotic properties. Berberine reduced TNF-cx expres-
sion, TGF-f1 concentration, and caspase-3 activity in rats
intoxicated with sodium nitrite. The production of TNF-
«, a major proinflammatory factor, is one of the first pro-
cesses in many hepatic disorders triggering the formation
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Figure 3. The effect of berberine (A-E) on liver histopathology (hematoxylin and eosin staining) in the liver of sodium nitrite-treated rats. A, the control group showing normal
lobular architecture and cell structure; B, the group receiving 100 mg/kg of berberine alone showing a histological pattern similar to controls; C, sodium nitrite treated-group
with hepatic damage including inflammation and congestion; D, the low-dose berberine (50 mg/kg) treated-group with no noticeable effect on hepatic damage; E, the high-
dose berberine (100 mg/kg) treated-group with reduced liver damage. Hepatic lobule shows mild congestion.

of other cytokines. The response of hepatocytes to TNF-«
depends on the interaction of TNF-o with other cytokines
and modulation of signaling pathways. It means that TNF-
« can induce cell survival and proliferation, as well as cell
damage. The damage to hepatocytes is due to the activa-
tion of signaling pathways that causes the elevated mito-
chondrial production of free radicals and lipid peroxida-
tion, as well as caspase activation (32, 33). In our study,
sodium nitrite increased the TNF-o expression up to 4.7
folds of normal ones, whereas co-treatment by 100 mg/kg
of berberine and sodium nitrite decreased the TNF-«x ex-
pression by 1.9 folds of normal ones, showing reduced in-
flammation. TGF-31 is a chief modulator in the chronic
hepatic disease that is effective in all stages of the disease
progression from initial liver injury to cirrhosis. Its high
levels activate hepatic stellate cells (HSCs) to change them
into myofibroblasts that lead to hepatic fibrogenesis (34,
35). In our study, berberine (100 mg/kg) almost normal-
ized the TGF-/31 concentration in rats treated with sodium
nitrite. This explains the ability of berberine to decrease
fibrosis. Caspases, a family of cysteine proteases, are im-
portant players in the cell death-mediated apoptosis. How-
ever, recent studies indicated that caspases activation is
not exactly equivalent to apoptosis and caspases activa-
tion always does not result in cell death (36, 37). Our re-
sults showed that treatment with sodium nitrite caused a
considerable increase in caspase-3 activity, which was sup-

pressed by berberine (100 mg/kg). Therefore, the mech-
anisms of the supporting action of berberine against in-
jury stimulated by sodium nitrite can be explained by its
antioxidant, anti-inflammatory, anti-apoptotic, and antifi-
brotic capacities. However, dosage plays an important role
in the ameliorative effects of berberine. A dose of 100
mg/kg of berberine was more potent than a dose of 50
mg/kg. Nevertheless, there are still some controversies
about the effects of berberine on different experimental
models of toxicity. For example, Janbaz and Gilani (38) re-
ported that berberine administration (4 mg/kg) after CCl,-
induced liver toxicity showed no effect in reducing liver in-
jury. Li and Wu (39), however, reported that berberine pro-
tected against liver injury in the CCl, model of hepatotox-
icity. This difference between the two studies may be due
to dissimilarities in dosage, animal models, and animal
species. The current study recommends that the duration
of berberine treatment and its applied dose possibly are es-
sential factors. Berberine (50 and 100 mg/kg) treatment for
two monthsin our work was very different from the dose (4
mg/kg) and duration (two days) in the study by Janbaz and
Gilani. In conclusion, our results confirmed that berberine
protects hepatocytes against sodium nitrite-induced ox-
idative injury in a dose-dependent manner, probably due
to its antioxidant, antifibrosis, anti-apoptotic, and anti-
inflammatory properties.
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