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ABSTRACT 
Background: Paracetamol (PCM) overdosing induces hepatotoxicity, which can result in death if the dose is high 
enough and the patients are not given N-acetyl cysteine. Berberine (BBR) has a variety of biological proprieties 
including anti-inflammatory and antioxidant activities. 
Aim: Assessment of the potential effect of BBR and selenium when used alone or together on the PCM–induced acute 
hepatic toxicity in rats. 
Methods: This research involved 40 clinically healthy mature adult male albino rats, their weights ranged from 150 
to 200 g and housed in standard conditions. Our study involved evaluating the potential effect of BBR and selenium 
when used alone or together on the PCM–induced acute hepatic toxicity via estimation of the liver function tests, 
determination of the antioxidant enzyme activities, lipid peroxidation markers, immune-modulatory effects, liver 
histopathological, and immunohistochemical studies. 
Results: Co-treatment of BBR (150 mg/kg BW) with selenium (5 mg/kg BW) showed significant improvement 
in the liver function parameters, the antioxidant enzyme activities, reduction in the nitric oxide (NO), lysozyme, 
malondialdehyde (MDA), TNF-α, and TGF-β1 levels, and marked elevation in the IgM levels. 
Conclusion: Altogether, BBR, selenium, or both augment antioxidant activity and alleviate PCM-induced hepatic 
toxicity.
Keywords: Protective, Berberine, Selenium, Paracetamol, Induced hepatic toxicity.

Introduction
Hepatotoxicity refers to liver damage caused by 
chemicals. Certain pharmacological substances can 
harm the organ when consumed in excess dosages or 
even when administered within therapeutic parameters 
without observation of the withdrawal times. 
Hepatotoxicity can also be caused by other chemical 
agents (Feng et al., 2018). 
Paracetamol (PCM) overdosing induces hepatotoxicity, 
which can result in death if the dose is high enough 
and the patients are not given N-acetyl cysteine. The 
production of the oxidized metabolite of PCM and 
its interaction with glutathione causes hepatotoxicity 
in PCM overdosing. For many years, it has been 
recognized that therapeutic PCM use is linked to 
subclinical increases in liver damage indicators (Baskar 
et al., 2014). 
Berberine (BBR) is an alkaloid isoquinoline derivative 
identified from numerous plant species (Miwa et al., 
1998). It has been shown that this compound has 

a variety of biological proprieties, involving anti-
hyperglycaemic, anti-neoplastic, anti-inflammatory, 
and antioxidant actions (Ang et al., 2010; Polk et al., 
2016; Xu et al., 2019). Production of inflammatory 
mediators is inhibited by BBR according to previous 
studies (Lou et al., 2011; Fontanella et al., 2014). In 
addition, BBR appears to improve the antioxidant 
defense mechanism within the cell, involving the activity 
of glutathione peroxidase (GPx), superoxide dismutase 
(SOD), and catalase (CAT) while decreasing oxidative 
stress variables such as malondialdehyde (MDA), NO 
levels, and protein carbonyl content (Zhou and Zhou, 
2011). BBR has been found to impact inflammation 
by reducing IL-6 and TNF-α levels, consequently 
increasing the synthesis of matrix metalloproteinase 
in a variety of healthy and pathological contexts 
(Ehteshamfar et al., 2020; Wang et al., 2020). BBR’s 
antioxidant impact was equivalent to that of vitamin 
C, a potent antioxidant. On laboratory animals 
(mice) with doxorubicin-induced hepatotoxicity, the 
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hepatoprotective effect of BBR was revealed. BBR 
pre-treatment dramatically decreased both histological 
injury and functional hepatic tests (Zhao et al., 2012).
The mechanism by which BBR lowers CCl4 (carbon 
tetrachloride)-induced hepatotoxicity was also 
investigated. BBR has a favorable effect on liver changes 
via regulation of the inflammatory response and lowering 
of nitrosamine and oxidative stress in hepatic tissue. 
BBR contributes to the reduction of inducible nitric 
oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and 
TNF-α levels, suppresses the decline in SOD activity, and 
increases lipid peroxidation (Domitrović et al., 2011). 
Selenium is an effective mineral and micronutrient with 
anti-inflammatory and antioxidant properties that can 
alter the immunological and inflammatory responses 
in the cell. Selenium is an essential component of the 
enzyme Gpx, which detoxifies free oxygen radicals and 
other toxic oxygen derivatives (Ringuet et al., 2021). Se 
deficiency is associated with several diseases, including 
liver damage, and Se supplementation can recover the 
hepatic damage (Xu et al., 2022). Furthermore, Se 
may assist in the treatment of liver diseases including 
hepatocellular carcinoma (Chi et al., 2021). The aim of 
this work was to evaluate the potential effect of BBR 
and selenium when used alone or together on the PCM–
induced acute hepatic toxicity. 

Materials and Methods
Medications
BBR (wellbetx)®: was obtained from Santa Cruse 
Chemical Company Inc, Dallas, TX, this product was 
supplied as tablets (each tablet contains, 500 mg) and 
was administered at a dose of 150 mg/kg BW orally 
once daily for successive 28 days (Zhang et al., 2019). 
Selenium (selenium)®: was obtained from Interpharma 
UK Company. This product was supplied as tablets; 
each tablet contains 100 mg administered at a dose of 
5 mg/kg orally once daily according to Behne et al. 
(1991) for 28 days. PCM (Panadol)® was obtained from 
GlaxoSmithKline. This product was supplied as tablets 
(each tablet contains, 500 mg) and was administrated 
according to the method described by Dash et al. (2007) 
as a single oral dose (750 mg/kg).
Animals and the study protocol
From the Animal House of the Faculty of Veterinary 
Medicine, Zagazig University, 40 mature male albino 
rats that are clinically healthy, and their weights ranged 
between 150 and 200 g were enrolled. They were 
housed in conventional circumstances in metal cages 
with wood shaving bedding, at room temperature 
(about 25℃), and under typical laboratory aeration 
settings. The animals had full access to standard food 
and water. 
The animals were separated equally into five groups. The 
first group (control): Rats received only physiological 
saline. The second group (PCM): Rats received a single 
oral dose of PCM (750 mg/kg p. o). The third group 
(BBR then PCM): Rats received oral doses of BBR 

(150 mg/kg) for 28 consecutive days then a single dose 
of PCM (750 mg/kg). The fourth group (Selenium then 
PCM): Rats received oral doses of selenium (5 mg/kg) 
for 28 consecutive days then a single dose of PCM (750 
mg/kg). The fifth group (Selenium + BBR then PCM): 
Rats received oral doses of both selenium (5 mg/kg) 
and BBR (150 mg/kg) for 28 consecutive days then a 
single dose of PCM (750 mg/kg).
Sampling
Blood was drawn from the tail vein on day 30, left to 
clot, and separated by centrifugation at 3,000 rpm 
for 15 minutes to determine immuno-modulatory 
effects (cellular and humoral response, nitric oxide 
(NO), lysozyme, and IgM), lipid peroxidation marker, 
antioxidant enzymes (CAT, Gpx, and SOD), liver 
function parameters (AST, ALT, and ALP), liver 
histopathological study, and immune histochemical 
parameter (TNF-α, and TGF-β1).
Histopathological determination
A part of the hepatic tissues was fixed in a 10% 
buffered formalin solution at room temperature for 24 
hours, dehydrated in a series of ascending alcohols, 
and embedded in paraffin wax at the completion of the 
experiment. For general histological and morphological 
investigation, H&E was utilized to stain approximately 
5 μm thick sections (Malatesta, 2016). 
Biochemical determinations of liver functions 
Following the manufacturing guidelines, enzymatic 
colorimetric kits (ALP Assay Kit Abcam, Catalog 
No: ab83369) were utilized for assessment of ALP 
activity according to Busquet et al. (2012), (AST Assay 
Kit Abcam, Catalog No: ab105135) was utilized for 
assessment of AST activity, and (ALT Assay Kit Abcam, 
Catalog No: ab105134) was utilized for assessment of 
ALT activity according to Reitman and Frankel (1957). 
Determination of lipid peroxidation marker in serum
Using a Rat Malondialdehyde ELISA Kit 
(MyBioSource, Catalog No: MBS738685), MDA 
concentration as a marker of lipid peroxidation was 
assessed (Esterbauer and Cheeseman, 1990).
Estimation of antioxidant enzyme activities in the liver 
tissues
SOD Activity Assay Kit (Abcam, Cat. No: ab65354) 
utilized for evaluation of SOD activity (Misra and 
Fridovich, 1972), rat CAT ELISA Kit (MyBioSource, 
Catalog No: MBS701908) utilized for measurement of 
CAT activity (Aebi, 1984), and with GPx ELISA Kit 
(Biodiagnostic, Catalog No: GP 2524), GPx activity 
was determined (Paglia and Valentine, 1967). 
Pathological and immunohistochemical studies
Fixation and tissue processing by an automated 
tissue processor, formalin-preserved rat hepatic tissue 
specimens were processed. The processing started 
with a two-step method for fixation and dehydration. 
Forty-eight hours of tissue immersion in 10% buffered 
formalin, followed by thirty minutes of fixative 
removal in distilled water. Subsequently, the tissues 
were dehydrated using a series of alcohol solutions. 
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The tissue was initially exposed for 120 minutes to 70% 
alcohol, then for 90 minutes to 90% alcohol, followed 
by two cycles with absolute alcohol. Following 
dehydration, the materials were purified using a series 
of xylene modifications. It involves tissue immersion 
for 1 hour in a mixture of 50% alcohol and 50% xylene, 
followed by tissue immersion for 1.5 hours in xylene 
alone. The samples were implanted, saturated with 
paraffin wax, and encased in a block. 4–5 um paraffin 
slices were H&E-treated (Malatesta, 2016).
Statistical analysis
Using SPSS version 23, we calculated descriptive 
statistics as the mean and SE from the collected data. 
Moreover, the Shapiro–Wilk test verified that the data 
were normally distributed. The one-way analysis of 
variance and the Duncan multiple ranges test was used 
as a post hoc test. At the 0.05 level of significance, there 
is no difference between the means that are separated 
by the same letter in the same column.
Ethical approval
ZU_ IACUC Committee approval number (ZU_
IACUC/2/F/51/2022) had approved the experimental 
protocol. 

Results
Effect of BBR or selenium and their combination on 
liver enzyme activities of PCM-treated male rats
Data illustrated the effect of BBR (150 mg/Kg b.wt) 
or selenium (5 mg/Kg b.wt) and their combination on 
liver enzyme activities of PCM (750 mg/Kg b.wt). The 
data of all parameters follow a normal distribution 
(p > 0.05). The ALT (expressed as UL/l) was higher 
in PCM treatment (64 ± 3.06), while the lowest value 
of ALT (23.3 ± 2.85) was observed in the controls. 
In addition, it was noted that there are no statistically 
significant differences between BBR/para treatment 
(43.33 ± 1.45) and Selenium/para (39.33 ± 0.33), on 
the other side, there are no statistically significant 
differences between selenium/para treatment (39.33 ± 
0.33) and BBR-Selenium/para treatment (35 ± 1.53). 
The addition of BBR or selenium combined with PCM 

significantly decreased ALT values compared to PCM 
alone. All treatments had a significant effect on ALT 
compared to the control (p < 0.05). The percentage 
of change (increase or decrease) in ALT compared to 
control was +174%, +86%, +69%, and +50% for PCM, 
BBR/PCM, Selenium/PCM, and BBR-Selenium/PCM, 
respectively. While the percentage of change (increase 
or decrease) in ALT compared to PCM was −32%, 
−39%, and −45% for BBR/PCM, Selenium/PCM, and 
BBR-Selenium/PCM, respectively (Table 1).
Regarding AST activity (expressed as U/l), it was 
on the same trend as ALT, where the highest value of 
AST (84 ± 2.65) was observed upon PCM treatment, 
while the lowest value of AST (35.67e ± 1.76) was 
recorded in the control. The integration between BBR 
and selenium combined with PCM was the most 
effective in decreasing AST compared to PCM alone. 
All treatments had a significant effect on ALT compared 
to the control (p < 0.05). The percentage of change 
(increase or decrease) in AST compared to control was 
+136%, +99%, +76%, and +35% for PCM, BBR/PCM, 
Selenium/PCM, and BBR-Selenium/PCM, respectively. 
While the percentage of change (increase or decrease) in 
AST compared to PCM was −15%, −25%, and −43% for 
BBR/PCM, Selenium/PCM, and BBR-Selenium/PCM, 
respectively. The same pattern of the former attributes 
was observed in ALP (expressed as U/l), where the 
highest value of ALP (310 ± 2.89) was observed with 
PCM treatment, while the lowest value of ALP (146.33 
± 8.57) was recorded in the control. The addition of both 
BBR and selenium combined with PCM contributed to 
a significant decrease in ALP values compared to PCM 
alone. All treatments had a significant effect on ALP 
compared to the control (p < 0.05). The percentage 
of change (increase or decrease) in ALP compared to 
control was +112%, +41%, +25%, and +12% for PCM, 
BBR/PCM, Selenium/PCM, and BBR-Selenium/PCM, 
respectively. While the percentage of change (increase 
or decrease) in ALP compared to PCM was −34%, 

Table 1. Effect of BBR (150 mg/kg b.wt.) or selenium (5 mg/kg b.wt) and their combination on liver enzyme activities of PCM 
(750 mg/kg b.wt)—treated materials.

Groups
Liver enzymes 

ALT (U/l) AST (U/l) ALP (U/l)
Control 23.333 ± 2.85d 35.667 ± 1.76e 146.333 ± 8.57d

PCM 64.000 ± 3.06a 84.000 ± 2.65a 310.000 ± 2.89a

BBR/para 43.333 ± 1.45b 71.000 ± 1.53b 206.000 ± 3.06b

Selenium/para 39.333 ± 0.33bc 62.667 ± 1.45c 182.333 ± 8.25c

BBR-selenium/para 35.000 ± 1.53c 48.000 ± 2.65d 163.667 ± 2.33d

p-value <0.001 <0.001 <0.001
Shapiro-Wilk test (p-value) 0.30 0.67 0.11

Means within the same column and carrying similar letters are not significantly different from each other at p < 0.05. (ALT): 
alanine aminotransferase; (AST): aspartate aminotransferase; (ALP): alkaline phosphatase.
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−41%, and −47% for BBR/PCM, Selenium/PCM, and 
BBR-Selenium/PCM, respectively (Table 1).
Effect of BBR or selenium and their combination on 
oxidant/antioxidant activities of PCM-treated male rats
The effects of BBR or selenium and their combination 
on oxidant/antioxidant activities (GPX, CAT, SOD, and 
MDA) of PCM were recorded in Table 2. The data of all 
parameters follow a normal distribution (p > 0.05). The 
GPX (expressed as UL/l) was higher in the untreated 
group treatment (7.17 ± 0.54), while the lowest value 
of GPX was observed in the PCM treatment (1.05 ± 
0.34). The addition of BBR or selenium combined with 
PCM significantly increased GPX values compared to 
PCM alone. All treatments had a significant effect on 
GPX compared to the control (p < 0.05). The percentage 
of change (increase or decrease) in GPX compared to 
control was −82.31%, −58.14%, −51.3%, and −33.96% 
for PCM, BBR/PCM, Selenium/PCM, and BBR-
Selenium/PCM, respectively. The percentage of change 
(increase or decrease) in GPX compared to PCM was 
+184.9%, +231.43%, and +349.48% for BBR/PCM, 
Selenium/PCM, and BBR-Selenium/PCM, respectively.
Regarding CAT, CAT (expressed as U/l) takes the same 
trend GPX, where the highest value of CAT (4.6 ± 0.31) 
was remarked with a control group without statistically 
significant differences between it and BBR-Selenium/
PCM (3.93 ± 0.19), while the lowest value of CAT 
was remarked with PCM (0.83 ± 0.24). The integration 
between BBR or selenium combined with PCM was 
the most effective in increasing CAT compared to PCM 
alone. All treatments had a significant effect on CAT 
compared to the control (p < 0.05). The percentage of 
change (increase or decrease) in CAT compared to 
control was −81.89%, −39.85%, −23.2%, and −14.57% 
for PCM, BBR/PCM, Selenium/PCM, and BBR-
Selenium/PCM, respectively. While the percentage of 
change (increase or decrease) in CAT compared to PCM 
was +184.9%, +231.43%, and +349.48% for BBR/PCM, 
Selenium/PCM, and BBR-Selenium/PCM, respectively. 

The highest value of SOD (124.33 ± 2.33) was observed 
in the control, while the lowest value of SOD (79.67 ± 
5.24) was remarked with PCM. The addition of BBR or 
selenium combined with PCM significantly increased 
SOD values compared to PCM alone. All treatments 
had a significant effect on SOD compared to the control 
(p < 0.05). On the other hand, there are no statistically 
significant differences between Selenium/PCM 
treatment (94.33 ± 1.76) and BBR-Selenium/PCM 
treatment (101.33 ± 1.86). The percentage of change 
(increase or decrease) in SOD compared to control was 
−35.92%, −27.08%, −24.13%, and −15.50% for PCM, 
BBR/PCM, Selenium/PCM, and BBR-Selenium/PCM, 
respectively. While The percentage of change (increase 
or decrease) in SOD compared to PCM was +13.81, 
+18.41, and +27.20 for BBR/PCM, Selenium/PCM, 
and BBR-Selenium/PCM, respectively.
PCM treatment ranked first treatment in MDA level 
with an average of 11.3 nmol/g. The results showed 
that there are no significant differences between BBR/
PCM (9.83 ± 0.52) and Selenium/PCM (9.27 ± 0.23). 
The addition of BBR or selenium combined with PCM 
significantly increased MDA values compared to PCM 
alone except BBR-Selenium/PCM (7.37 ± 0.19). All 
treatments had a significant effect on MDA compared 
to the control (p < 0.05). The percentage of change 
(increase or decrease) in MDA compared to control 
was +184.85%, +147.87%, +133.6%, and +85.71% for 
PCM, BBR/PCM, Selenium/PCM, and BBR-Selenium/
PCM, respectively. The percentage of change (increase 
or decrease) in MDA compared to PCM was −12.98, 
−17.99, and −34.81 for BBR/PCM, Selenium/PCM, 
and BBR-Selenium/PCM, respectively (Table 2).
Effect of BBR or selenium and their combination on 
immunomodulation activities of PCM-treated male rats
The impacts of BBR or selenium and their combination 
on immunomodulation activities (No, Lysozyme, 
and IgM) of PCM were illustrated in Table 3. The 
data of all parameters follow a normal distribution (p 
> 0.05). The NO (expressed as ng/ml) was higher in 

Table 2. Effect of BBR (150 mg/kg b.wt) or selenium (5 mg/kg b.wt) and their combination on oxidant/
antioxidant activities of PCM (750 mg/kg b.wt)—treated materials. 

Groups Oxidant/antioxidant activities of PCM

Gpx (U/l) CAT (U/l) SOD (U/l) MDA (nmol/g)

Control 7.167 ± 0.54a 4.600 ± 0.31a 124.333 ± 2.33a 3.967 ± 0.15d

PCM 1.053 ± 0.34d 0.833 ± 0.24d 79.667 ± 5.24d 11.300 ± 0.31a

BBR/para 3.000 ± 0.06c 2.767 ± 0.07c 90.667 ± 1.2c 9.833 ± 0.52b

Selenium/para 3.490 ± 0.06c 3.533 ± 0.24b 94.333 ± 1.76bc 9.267 ±0.23b

BBR-Selenium/para 4.733 ± 0.27b 3.930 ± 0.19ab 101.333 ± 1.86b 7.367±0.19c

p-value <0.001 <0.001 <0.001 < 0.001
Shapiro-Wilk test 0.67 0.18 0.28 0.10

Means within the same column and carrying similar letters are not significantly different from each other at 
p < 0.05. 
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PCM treatment (65.33 ± 2.91), while the lowest value 
of NO was observed in the control. Also, there are no 
significant differences between BBR/PCM treatment 
(44.67 ± 2.6), and Selenium/PCM treatment (42.33 ± 
2.03). The addition of BBR or selenium combined with 
PCM significantly decreased NO values compared to 
PCM alone. All treatments had a significant effect on 
NO compared to the control (p < 0.05). The percentage 
of change (increase or decrease) in NO compared 
to control was +164.86%, +81.08%, +71.62%, and 
+35.13% for PCM, BBR/PCM, Selenium/PCM, 
and BBR-Selenium/PCM, respectively. While the 
percentage of change (increase or decrease) in NO 
compared to PCM was −31.63%, −35.20%, and 
−48.98% for BBR/PCM, Selenium/PCM, and BBR-
Selenium/PCM, respectively. 
The highest value of Lysozyme in Table 3 (12.14 
± 0.18) was observed in the PCM treatment, while 
the lowest value (4.26 ± 0.45) was recorded in the 
untreated group. The addition of BBR or selenium 
combined with PCM significantly decreased Lysozyme 
values compared to PCM alone. All treatments had 
a significant effect on Lysozyme compared to the 

control (p < 0.05). The percentage of change (increase 
or decrease) in Lysozyme compared to control was 
+185.25%, +105%, +69.91%, and +40.87% for PCM, 
BBR/PCM, selenium/PCM, and BBR-Selenium/PCM, 
respectively. The percentage of change (increase or 
decrease) in Lysozyme compared to PCM was −31.63, 
−35.2, and −48.98 for BBR/PCM, Selenium/PCM, and 
BBR-Selenium/PCM, respectively. 
Regarding IgM (expressed as ng/ml) clear that the 
highest value of IgM (734.67 ± 30.14) was recorded in 
the control, while the lowest value of IgM (313 ± 6.51) 
was observed in the PCM. The integration between 
BBR or selenium combined with PCM was the most 
effective in increasing IgM compared to PCM alone. 
All treatments had a significant effect on IgM compared 
to the control (p < 0.05). The percentage of change 
(increase or decrease) in IgM compared to control was 
−57.40%, −41.33%, −32.99%, and −24.55% for PCM, 
BBR/PCM, Selenium /PCM, and BBR-Selenium /PCM, 
respectively. While the percentage of change (increase 
or decrease) in IgM compared to PCM was +37.7%, 
+57.29%, and +77.1% for BBR/PCM, Selenium/PCM, 
and BBR-Selenium/PCM, respectively. 

Table 3. Effect of BBR (150 mg/kg b.wt) or selenium (5 mg/kg b.wt) and their combination on 
immunomodulating activities of PCM (750 mg/kg b.wt)—treated materials.

Groups
Immunomodulation activities 

NO (ng/ml) Lysozyme (ng/ml) IgM (ng/ml)
Control 24.667 ± 1.76d 4.257 ± 0.45e 734.667 ± 30.14a

PCM 65.333 ± 2.91a 12.143 ± 0.18a 313.000 ± 6.51e

BBR/para 44.667 ± 2.6b 8.727 ± 0.12b 431.000 ± 6.08d

Selenium / para 42.333 ± 2.03b 7.233 ± 0.12c 492.333 ± 3.93c

BBR-Selenium / para 33.333 ± 1.86c 5.997 ± 0.29d 554.333 ± 15.56b

p-value < 0.001 < 0.001 < 0.001
Shapiro-Wilk test 0.46 0.38 0.46

(NO): nitric oxide; (IgM): immunoglobulin M.

Table 4. Effect of BBR (150 mg/kg b.wt) or selenium (5 mg/kg b.wt) and their combination on TNF-α and 
TGF-β1 of PCM (750 mg/kg b.wt)—treated materials.

Groups Mean ± SE 

TNF-α (pg/ml) TGF-β1 (pg/ml)

Control 7.267 ± 0.23d 7.400 ± 0.56c

PCM 30.300 ± 0.53a 12.200 ± 0.68a

BBR/para 12.317 ± 0.42c 7.000 ± 0.23c

Selenium/para 17.167 ± 1.28b 9.467 ± 0.43b

BBR-Selenium / para 7.667 ± 0.67d 8.300 ± 0.64bc

p-value <0.001 <0.001
Shapiro-Wilk test 0.10 0.22

Means within the same column and carrying similar letters are not significantly different from each other at 
p < 0.05. (TNF): tumor necrosis factor; (TGF-β1): Transforming growth factor beta.
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Effect of BBR or selenium and their combination on 
TNF-α, and TGF-β1 of PCM-treated male rats
Table 4 shows the effects of BBR or selenium and their 
combination on TNF-α, and TGF-β1 of PCM. Results 
declared that the data of all parameters follow a normal 
distribution (p > 0.05). The TNF-α (expressed as pg/
ml) was higher in PCM treatment (30.3 ± 0.53), while 
the lowest value of TNF-α observed in the control 
group (7.27 ± 0.23) without significant differences 
between it and BBR-Selenium/PCM treatment (7.67 ± 
0.67). The addition of BBR or selenium combined with 
PCM significantly decreased TNF-α level compared to 
PCM alone. All treatments had a significant effect on 
TNF-α compared to the control (p < 0.05) except BBR-
Selenium/PCM treatment. The percentage of change 
(increase or decrease) in TNF-α compared to control 
was +316.95%, +69.49%, +136.23%, and +5.5% for 
PCM, BBR/PCM, Selenium/PCM, and BBR-Selenium/
PCM, respectively. The percentage of change (increase 
or decrease) in TNF-α compared to PCM was −59.35, 
−43.34, and −74.70 for BBR/PCM, Selenium/PCM, 
and BBR-Selenium/PCM, respectively. 
Regarding TGF-β1 (expressed as pg/ml) followed the 
same trend of TNF-α, where the highest value of TNF-α 
(12.2 ± 0.68) was recorded in the PCM treatment, 
while the lowest value of TNF-α was observed in the 
BBR/PCM treatment (7 ± 0.23) without significant 

differences between it and BBR-Selenium/PCM 
treatment (8.3 ± 0.64).
Also, there are no significant differences between 
Selenium/PCM (9.47 ± 0.43), and BBR-Selenium/
PCM (8.3 ± 0.64). The integration between BBR and 
selenium combined with PCM was the most effective 
in decreasing TGF-β1 compared to PCM alone. 
All treatments had a significant effect on TGF-β1 
compared to the control (p < 0.05). The percentage of 
change (increase or decrease) in TGF-β1 compared to 
control was +62.16%, −5.41%, + 27.03%, and 12.16% 
for PCM, BBR/PCM, Selenium/PCM, and BBR-
Selenium/PCM, respectively. 
Histopathological findings
Group 1 (Control free)
Hepatocytes exhibited normal hexagonal plates. The 
acinus has an oval shape. Its long arm is a fictitious 
line that connects two adjacent major veins, and the 
short arm is composed of a common boundary between 
two adjacent lobules and portal canals. Hepatocytes, 
which are big polyhedral cells, comprise around 75%–
80% of the liver’s total cells. They may include 2–4 
spherical nuclei located in the center of the cells. Each 
nucleus contains a minimum of 2 nucleoli. The lifespan 
of hepatocyte is of approximately 5 months. The 
Perisinusoidal space (space of Disse) is generated when 
the hepatocytes increase the rate of fluid exchange by 

Fig. 1. Histopathological pictures of (A) Group 1: Control group, (B) Group 2: PCM-
treated rats, (C) Group 3: BBR and PCM-treated rats, (D) Group 4: Selenium and PCM-
treated rats, and (E) Group 5: BBR, Selenium and PCM-treated rats.
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extending villi into the perisinusoidal vascular space. 
Disse satellite cells inhabit space. The Biliary tributaries 
tree had no evidence of inflammatory, degenerative, 
necrotic, or apoptotic alterations (Figs. 1A and 2).
Group 2 (PCM-treated rats)
Examined sections from the liver of this group pointed 
out multifocal hepatocellular necrosis with complete or 
partial replacement by mononuclear cells (lymphocytes 
and macrophages). There were moderate portal and 
interstitial aggregations of round cells (lymphocytes 
and macrophages). Vascular congestion, sinusoidal 
dilatation, and moderate biliary proliferation were 
seen. Von-Kupffer cells were hypertrophied. Scattered 
hepatocellular degenerative changes (hydropic 
degeneration and steatosis), atrophy, and apoptosis 
were also seen (Figs. 1B and 2).
Group 3 (BBR—PCM-treated rats)
The hepatic slices displayed what seemed to be 
normal hepatic parenchyma with maintained cord 
organization, portal structures, sinusoids, and stroma. 
A few sections revealed residual hepato-toxic 
changes as interstitial lymphoplasmacytic infiltration 
associated with hepato-cellular pressure atrophy. 
Scattered hepatocellular degeneration and apoptotic 
changes were observed in a few hepatocytes Mild 
sinusoidal dilatation and Von-Kupffer cell hypertrophy 
were also recorded (Figs. 1C and 2).
Group 4 (Selenium-PCM-treated rats)
The hepatic slices displayed what seemed to be normal 
hepatic parenchyma with maintained cord organization, 
portal structures, sinusoids, and stroma. Some sections 
showed focal interstitial round cells (lymphocytes and 
macrophages) aggregations, mild portal lymphocytic 
infiltration, and biliary proliferation in addition to 
scattered apoptosis. Focal sinusoidal dilatation and Von-
Kupffer cell hypertrophy were recorded (Figs. 1D and 2). 
Group 5 (BBR and Selenium-PCM treated rats)
The hepatic slices displayed what seemed to be 
normal hepatic parenchyma with maintained cord 
organization, portal structures, sinusoids, and stroma. 
Mild portal lymphocytic infiltration and minimal biliary 
proliferation in addition to scattered hepatocellular 

hydropic degeneration, Von-Kupffer cells hypertrophy, 
and residual obstructive bile pigment stagnation were 
recorded in a few sections (Figs. 1E and 2).

Discussion
According to the findings of the current investigation, 
BBR and selenium treatment reduced several metabolic 
alterations caused by PCM toxicity. A comparable 
elevation in liver enzymes following administering a 
single dosage of 850 mg/kg PCM to rats was reported by 
Alipour et al. (2013) confirming PCM’s hepatotoxicity. 
The same effect was stated by da Silva et al. (2006) 
following delivery of a single dosage of 650 mg.kg−1 
PCM to rats.
In addition, Lahouel et al. (2004) and Chandrasekaran 
et al. (2009) showed a comparable elevation in hepatic 
MDA content. In line with the current findings, Yousef 
et al. (2010) and Gupta et al. (2014) demonstrated a 
decline in CAT activity and hepatic GSH concentration, 
Also, Gardner et al. (2002) and Şener et al. (2006) 
reported a PCM-induced NOx generation and elevation 
of the inflammatory biomarkers that agreed with our 
findings.
Compared to the normal group, a considerable elevation 
of ALP, AST & ALT was found because of PCM 
supplementation. PCM effect on liver damage in albino 
Swiss mice was studied by Singh and Mani (2015) 
and revealed that harmful effects of the medication 
compromised renal and hepatic function in PCM-
treated mice as an elevation in uric acid, Creatinine, 
urea, Bilirubin,  ALP, AST, and ALT levels. Additional 
testing revealed PCM’s toxicity in the form of liver 
damage and blood cell abnormalities. 
Compared to the control, PCM significantly reduced 
serum uric acid, albumin, Hb and total protein, and 
elevated LDH activity, AST, ALT, WBCS, and platelet 
count El Menyiy et al. (2018). AST and ALT increased 
activity due to their leakage into the circulation because 
of cellular necrosis or the enhanced plasma membrane 
permeability, Srinivasa Rao et al. (2014). 
In the present research, PCM treatment led to a 
considerable elevation in serum AST, ALT, and ALP 

Fig. 2. Photomicrographs showing immunohistochemistry of cytoplasmic reactivity of the 
hepatic vascular endothelial, Von-Kupffer, and inflammatory cells against TNF-α in the different 
experimental groups (red arrows), ×400. Photomicrographs showing cytoplasmic reactivity of the 
hepatic vascular endothelial, Von-Kupffer, and inflammatory cells against TGF-β in the different 
experimental groups (red arrows) (×400).
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activity due to structural damage to hepatocytes as 
demonstrated by Wang et al. (2008). Evaluation of 
the severity of acetaminophen-induced liver damage 
is significantly influenced by AST and ALT enzyme 
levels. ALT is a superior indicator for detecting liver 
injury, as it is more specific to the liver (Domitrović et 
al., 2011).
On-going dispute exists on the BBR effects in several 
experimental models of hepatotoxicity. Janbaz and 
Gilani (2000) revealed that during CCl4-induced 
hepatotoxicity, BBR administration (4 mg/kg) had 
no effect on decreasing liver injury. However, the 
protective effect of BBR in liver injury as indicated by 
lower AST and ALT activity in the CCl4 hepatotoxicity 
model was reported by Sun et al. (2009). Doses may 
account for the apparent variation between the two 
studies. Current research indicates that the dosage and 
duration of BBR treatment may be major variables. In 
Janbaz and Gilani (2000) study, the application of BBR 
(4 mg/kg) for 2 days was much lower than the amount 
described in our study (150 mg/kg), which was decided 
by our clinical experience and was comparable to the 
dosage reported by Feng et al. (2008) and the treatment 
duration in our work was 28 consecutive days.
Selenium co-administration suppressed the near-
normal increase in hepatic biochemical enzyme levels 
and reversed the PCM-induced damage to hepatic 
tissues indicating that selenium provided protection 
against PCM by maintaining the structural integrity of 
the hepatic membrane, due to its membrane stabilizing 
function, which inhibits internal enzyme leakage. 
Selenium administration provided protection by raising 
the protein concentration.
According to the current investigation, BBR or 
selenium lowered the quantity of lipid peroxides 
generated by PCM treatment. BBR or selenium could 
significantly reduce their high concentrations. When 
PCM was provided, the antioxidant levels in the liver 
likewise showed considerable changes. Combined 
dosing of BBR and selenium could dramatically restore 
these abnormal readings to near-normal levels. 
Based on our findings, it is possible that the decrease 
in GSH, SOD, CAT, and reactive substance levels in 
PCM-treated rats was attributable to hepatocellular 
injury and that BBR provided protection against this 
PCM-induced liver damage. A possible method for 
PCM-induced BBR protection is via serving as a free 
radical scavenger and intercepting PCM-metabolizing 
radicals with microsomal enzymes. BBR and selenium 
dramatically boosted GSH levels in the liver. The 
present results suggested that a much-increased GSH 
content, SOD, and CAT in the liver would provide 
enhanced protection against oxidative stress, hence 
lead to the elimination of PCM-induced hepatotoxicity. 
To normalize PCM-induced deficits, BBR and selenium 
may be effective agents. Furthermore, BBR was 
able to scavenge the in vitro-generated free radicals 
(Pongkittiphan et al., 2015). 

The current investigation revealed that BBR has 
hepatoprotective properties against PCM-induced 
hepatotoxicity. PCM overdose results in oxidative 
damage, as seen by decreased Gpx, SOD, and CAT 
activity, and an increase in MDA levels (Soliman et 
al., 2020). Besides, El-Maddawy and El-Sayed (2018) 
demonstrated one of the mechanisms by which PCM 
induces liver damage. Increased N-acetyl benzoquinone 
imine (NAPQI) synthesis causes hepatotoxicity. In the 
presence of hepatic GSH, NAPQI can be transformed 
back to PCM or covalently bound to GSH to form 3-Gpx 
-S-yl-PCM. However, an overdose of PCM results in 
extensive NAPQI generation, which depletes hepatic 
GSH to the point that it can no longer compensate for 
the massive NAPQI synthesis.
In the present research, histological examinations of the 
livers of PCM-treated rats demonstrated inflammatory 
cell infiltration associated with necrosis; this conclusion 
is consistent with that of Papackova et al. (2018). 
Histopathological findings in hepatocytes of PCM-
treated rats were scattered foci of necrosis with nuclear 
alterations, microvesicular fatty change vacuolation, 
hydropic degeneration, sinusoids and blood vessel 
congestion, and eosinophilia.
BBR protective effects against PCM-induced 
hepatotoxicity in our findings are consistent with those 
described for BBR in liver fibrosis experimental models 
(Li et al., 2014). Inflammatory cell infiltration initiated 
by toxic reactive metabolites formation, presumably 
NAPQI, necrosis, steatosis, and marked hydropic 
degeneration was induced by chronic low-dose or acute 
overdose exposure to PCM. APAP-induced toxicity is 
induced by oxidative stress, DNA damage, endoplasmic 
reticulum, and mitochondrial stress (Bhushan and Apte, 
2019; Wang et al., 2019).
In the current study, co-treatment with selenium reduced 
all PCM-induced changes in toxicity. This protective 
function may be attributable to the antioxidative 
activity, which may be mediated by the scavenging 
or generation of free radicals. TGF-β1 and TNF-α 
serum levels in PCM-treated rats were significantly 
higher than those in the control group, according to our 
findings. In contrast, their levels in rats administered 
PCM plus BBR or selenium decreased significantly 
compared to rats administered PCM alone. Compared 
to PCM alone, a significant reduction of TGF-β1 and 
TNF-α was found in rats administered PCM, BBR, and 
selenium. In addition, TGF-β1 and TNF-α levels were 
comparable between the BBR and selenium-treated rats. 
Compared to the control, all treatments demonstrated a 
substantial effect on TGF-β1 and TNF-α. In line with 
our findings, vitamin E and selenium can prevent CCl4-
induced liver damage as revealed by Chen et al. (2005).
The current study revealed that selenium caused a 
significant increase in liver GSH and a decrease in liver 
MDA; therefore, decreasing the PCM-induced severe 
lipid peroxidation reaction and averting hepatocellular 
injury. The protective process may also involve the 
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downregulation of TNF-a release, re-equilibration 
of hepatocyte [Ca2þ] homeostasis, and enhanced 
immunity (Zhou et al., 2003). The current investigation 
demonstrated that selenium strongly inhibits the PCM-
induced increase in TNF-a, while simultaneously 
decreasing hepatic NO levels.
Rats administered a therapeutic dose of PCM for 
30 days had severe glycogen depletion in their 
hepatocytes. The depletion of glycogen in PCM-treated 
rats was related to the toxicity of reactive metabolites. 
These results are comparable to those of a prior study 
in which mice were treated with PCM (750 mg/kg, I/P). 
Selenium-treated rats are protected from PCM-induced 
glycogen depletion by improved detoxification via 
reactive metabolite scavenging (Hinson et al., 1983).
In a mouse model of thioacetamide-induced hepatic 
fibrosis, Wang et al. (2011) demonstrated the 
hepatoprotective effects of BBR and its derivative 
demethylene-BBR, which were related to inhibiting 
the triggering cell death via the NFB pathway and 
activation of hepatic stellate cells. In addition, in BBR-
fed fish, higher hepatic GSH-Px activity was seen 
indicating improved liver health and antioxidative 
condition. Van Doan et al. (2020) revealed that the 
addition of BBR to Nile tilapia fingerlings (1, 3, 6, 
and 9 g/kg of diet) boosted skin mucus lysozyme and 
peroxidase activity, as well as serum lysozyme and 
peroxidase. Nevertheless, treatment with selenium 
and its nano form can mitigate the immune-toxic and 
inflammatory effects of cypermethrin, as observed 
in groups treated with selenium and nano selenium. 
Previous investigations have demonstrated that NO, 
IL-6, and TNF-α were downregulated in these groups 
(Rupil et al., 2012; Abdou and Sayed, 2019). Selenium 
may have an anti-inflammatory impact by suppressing 
the p38 mitogen-activated protein kinase NF- Kb 
signaling pathways, which reduce the expression 
of the examined cytokine genes and diminish the 
inflammatory response (Morris et al., 2003; Kim et al., 
2004). In addition, the upregulation of lysozyme by 
selenium compounds was comparable with the findings 
of Sheiha et al. (2020), who discovered that selenium 
supplementation dramatically boosted blood lysozyme 
activity and the innate immunity of heat-stressed 
rabbits. This increased lysozyme level may result from 
selenium’s stimulating influence on immune cells and 
their lysozyme synthesis.
PCM administration to normal rats resulted in a 
significant increase in hepatic NO levels relative to the 
normal control group. NO is a signaling molecule that 
plays a crucial role in inflammation pathophysiology 
and is abundantly produced under pathological 
physiological conditions (Gong et al., 2010). 
After treatment with BBR (150 mg/kg b.wt) or 
selenium (5 mg/Kg b.wt), PCM-induced increases in 
NO levels were significantly decreased, according 
to our findings. Rising ROS levels have a significant 

role in PCM toxicity. NO is transformed into the toxin 
Peroxynitrite, which damages mitochondrial cells via 
superoxide (Ghanem et al., 2016; Guo et al., 2016). 
Activated Kupffer cells are also essential for the NO 
and superoxide generation. In the early phase of PCM 
overdose, NO from Kupffer cells and endothelial cells 
and superoxide anion from Kupffer cells could generate 
Peroxynitrite (ONOO-) (Knight et al., 2001). The toxic 
ONOO- generates nitrated tyrosine, which corresponds 
with necrosis (Michael et al., 2001). 

Conclusion
This study is considered among the first to assess the 
efficacy of the BBR and selenium on hepatic toxicity 
induced by PCM in rats. The study showed the capability 
of BBR and selenium to alleviate PCM toxicity by 
improving liver functions and also ameliorating 
the histopathological lesions seen in livers. In vitro 
antioxidant studies showed that BBR and selenium 
displayed antioxidant activity, BBR and selenium acted 
as a powerful reducing agent, free radical scavenger, 
and long-lasting MDA inhibitor. These findings suggest 
the use of BBR and selenium to decrease toxicity in the 
therapeutic interest of hepatotoxicity management.
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