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Abstract

Submit Date : 13 July 2023 . . . . . .. _—
Accept Date: 29 July 2023 Background: Most hepatotoxic chemicals primarily harm the liver by lipid peroxidation

andoxidative damages. Aim: To study the impact of Berberine on thioacetamide-induced

hepatic toxicity and its underlying mechanisms. Methods: This work was performed on
Keywords 40 male albino rats. The animals were randomly divided into 4 groups (10 rats each):
Control group: was given 0.5 ml saline intraperitoneal injection (IP) twice /week for 8
weeks. Berberine group: was given Berberine (200 mg/kg/day) by oral gavage plus 0.5
ml saline by IP twice /week for 8 weeks. Thioacetamide group: received 200mg/kg
thioacetamide I.P.twice /week for 8 weeks. berberine treated group: was given 200mg/kg
thioacetamide I.P. twice /week plus Berberine 200 mg/kg/day by oral gavage for 8
weeks.Results: Berberine group showed insignificant change in all studied parameters as
compared to control group. While thioacetamide group demonstrated significant
elevation in serum level of bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), interleukin 6 and hepatic
hydroxyproline, with significant decrease in serum level of total antioxidant capacity
compared to control and berberine group. However, thioacetamide group treated with
Berberine 200 mg showed significant decrease in serum level of AST, ALT, ALP,
bilirubin, interleukin 6 and hepatic hydroxyproline, with significant elevation in serum
level of total antioxidant capacity as compared to liver toxicity group. Conclusions:
BBR may be considered a therapeutic agent against hepatic injury, its hepatoprotective
mechanism might be mediated via suppression of inflammation, oxidative stress,
endogenous antioxidant defense system activation and reduction of DNA damage.
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Introduction

The proto-BBR alkaloid berberine (BBR) and its
derivatives show a wide range of pharmacological
actions and worth to be mentioned that Chinese
traditional medicine had utilized it. BBR has
applications in a variety of therapeutic areas, such
as inflammation, cancer, hypertension, diabetes
mellitus, depression, and many infectious regions,
either alone or in combination with other
pharmaceutically active substances or in the form
of formulations [1].

Thioacetamide (C2H5NS; TAA), an organosulfur
chemical, is utilized in numerous industries,
including the paper industry [2]. TAA causes
hepatic injury; hence it is regarded as a crucial
hepatotoxicity model that mimics the onset and
course of human liver disease. DNA, RNA, and
protein synthesis are all affected by TAA [3].

As the liver detoxifies both exogenous and
endogenous metabolites, it is one of the most
essential organs in this context and plays a crucial
role in metabolic process, production of bile, and
toxin degradation. However, hepatic morbidity and
mortality are rising globally each year, which has
become an important public health concern [4].
Progressive hepatic fibrosis, one of the defining
characteristics of hepatic toxicity, and is a
significant factor in the mortality associated with
end-stage hepatic disease in individuals with a
variety of chronic liver diseases. This underlines
the need for a better comprehension of the
molecular mechanisms regulating liver
fibrogenesis, the development of an alternative
diagnostic method, and the identification of new
targets for effective anti-fibrotic therapies [5].

The pathogenesis of most liver disorders involves

oxidative stress and inflammatory signalling. This

makes the function of antioxidants and anti-
inflammatory drugs in the process of protection
against several diseases targeting the liver
obviously clear [6].

Materials and Methods:

Experimental animals:

This work was performed on forty adult, local
strain, male, healthy albino rats obtained from the
Animal House Unit, Faculty of Science, Tanta
University, ranging in weight 200+20 g of same
age (16-18 weeks). One week prior to the study,
the animals were maintained in conventional cages
at 25+3°C, 40-50% humidity, a 12-hour light—dark
cycle, and unrestricted availability of a standard
meal and water for acclimatization and during the
experimental period which continued for 8 weeks.
All procedures were done in accordance to the
ethical committee of Faculty of medicine, Tanta
University under code number (34522/2/21).

Drug preparation

Berberine: It was bought as a powder from Sigma-
Aldrich (Egypt). Each rat's administered dose was
determined based on its weight, was dissolved in
Methanol and was given orally (200 mg per kg
every day) by gavage orally throughout 8 weeks
[7].

TAA: It was purchased from Sigma-Aldrich
(Egypt) as a powder. The administrated amount
was calculated for each rat, according to its
weight, was dissolved in sterile normal saline
solution and 200 mg/kg intraperitoneally
administered as an injection twice /week.

Study design:

The animal had been distributed at random into 4

equal groups (n=10) as follows:
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Controls group (10 rats): The rats of this group
was given 0.5 ml saline twice weekly by injection
intraperitoneally (IP) for 8 weeks.

BBR- sham treated group (10 rats): The rats of this
group were given orally BBR (200 mg/kg/day) by
gavage plus 0.5 ml saline twice weekly IP for

8 weeks [7].

TAA toxic group (10): The rats of this group
received 200mg/kg thioacetamide I.P. twice /week
for 8 weeks [8].

BBR treated group (10 rats): The rats of this group
were given 200mg/kg thioacetamide I.P. twice
/week plus BBR 200 mg/kg/day) by gavage orally
for 8 weeks [7].

Blood sampling

At the end of experimental period (8 weeks), all
rats had been scarified by cervical decapitation
under general anesthesia by inhaled Isoflurane
(induction  2.5%-3%, after that 2%-2.5%
maintenance with oxygen) [9] Blood specimens
were taken in plastic clean tubes for testing,
centrifuging at 3000 rpm for 15 minutes, and then
the separated sera went into sterile storage plastic
epindorfens and kept at -300C until use.
Biochemical analysis

Immunoassay of liver enzymes: Serum aspartate
aminotransferase (AST) and serum alanine
aminotransferase (ALT)based on the technique
stated by Palipoch et al. [10], serum alkaline
phosphatase (ALP) based on the technique stated
by Adeyemi et al. [11], serum Bilirubin according
to the technique stated by by Mounieb et al. [12].
Immunoassay of total antioxidant capacity level
and Interleukin 6: Serum Assay of total antioxidant

capacity level (TAC) by Koracevic et al [13] and
serum Interleukin 6 (IL6) by Nordan et al [14].

Tissue sampling:
Liver tissue samples were dissected carefully in all
rats in each group to avoid mechanical trauma and
each liver had been weighted and cut transversely
into 2 parts, one part was divided into 2 halves.
The first half was kept at -300 C for the tissue
biochemical assay of Hepatic Hydroxy proline
[15]. Liver was homogenized in a suitable buffer.
The homogenates had been gathered in plastic
clean tubes for testing and then centrifugation was
at 3000 r.p.m for 15 min at 40C and the
supernatants were separated in a clean plastic
storage epindorfens and kept at -80oc for
estimation of hepatic hydroxy proline.
Second half for DNA examination for detection of
DNA damage in hepatic tissues by Agarose Gel
Electrophoresis by Kasibhatla et al. [16].
Histopathological examination:
The second part of liver tissue from all rats in each
group was preserved in Bouin’s fixative for 6 h
and subsequently cleaned and kept in 10%
phosphate-buffered formalin and embedded in
paraffin for histopathological examination [17].
The slaughtered animals were transported with
hospital biohazard packages that were specially
packaged in accordance with safety and infection
control protocols.
Statistical analysis
SPSS v26 (IBM Inc., Chicago, IL, USA) was used
for the statistical analysis. Using the ONE WAY
ANOVA (F) test with the post hoc test (Tukey),
the quantitative parameters were given as the mean
and standard deviation (SD) for the comparison
between the information that was accessible.
Statistical significance was defined as a two-tailed
P value <0.05.
Results:

The Effect of Berberine on hepatic enzymes
(AST, ALT and ALP):
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Regarding ALT, AST and ALP there were as no
significant change comparing the control group
with the Berberine group. However, there were a
significant elevation AST, ALT and ALP when
comparing the group of TAA with both the control
and Berberine groups. In BBR treated group ALT,
AST and ALP were significantly lower compared
with the liver toxicity group but still significantly
higher compared with both the control and the
Berberine groups. (Figure 1)

The Effect of Berberine on total
bilirubin, TAC and IL-6 level:
There were no significant changes comparing the
control group with the Berberine group. However,
there were a significant elevation in total bilirubin
and IL-6 level when comparing the TAA group
with both the control and Berberine groups. In
BBR treated group total bilirubin and IL-6 were
significantly lower compared with the liver
toxicity group but still significantly higher
compared with both the Berberine and the control
groups.

As regard TAC there was a significant decrease in
its level when comparing the TAA group with both
the control and Berberine groups. In BBR treated
group TAC was significantly elevated compared
with the liver toxicity group but still significantly
lower compared with both the Berberine and the
control groups (Figure 2).

The Effect of Berberine on  Tissue
Hydroxyproline:

There was no significant change in hepatic
hydroxyproline level when contrasting the control
group with the Berberine group. However, there
was a significant increase when comparing the
TAA group with both the control and Berberine
groups. In BBR treated hepatic hydroxyproline
was significantly lower when contrasted with the
liver toxicity group but still significantly higher
when contrasted with both the control and the
Berberine groups. (Table 1).

Py

Sorum level AST jusl)
2
3

.Ul

: l l |

TAA vested  TAA + Berter!
wad  TAA + Bubowe

i W TAA - Serbesne

OTAA wnates  BTAA + Derbervw

C

Figure 1: Serum level of (A): alanineaminotransferase (ALT) (U/ml), (B): aspartate aminotransferase (AST) (U/ml) and (C):
alkaline phosphatase (ALP) (U/L) in all studied groups
* significant compared with the group of the controls. # significant compared with the Berberine group.
© significant compared with the TAA toxic group.St.D= standard deviation.

a 3+

Secum level of tote

et caparity

{1 | in o stodind
reups

_;.'

2 . 55166
% | goo |—STL50 4030

o - m_ .
H

P TAA tvetd  TAR + Bwrd [ Bt o TAA thaned TAA - Berburins

Th o S M Sowi Siiree STAA vomed O1AA- Beweme |

A ®) ©
Figure 2: (A): Serum level of total bilirubin (mg/dl), (B): total antioxidant capacity(mM)/L) and (C):
total Interleukin 6 (pg/ml) in all studied groups.
* significant compared with the group of the controls. # significant compared with the Berberine group.
© significant compared with the TAA toxic group.St.D= standard deviation
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Table 1: Tissue Hydroxyproline (nmol g—1) in all studied groups

No Control Berberine TAA treated TAA + Berberine
G1 G2 G3 G4
Mean + SD 327.5+18.02 255+36.05 1416.7+442.2 769.2+79.4
F 18.01
G2 Vs. G1 G3 Vs. G1* G3 Vs. G2# G4 Vs. G1* G4 Vs. G2 # G4 Vs. G3°©
>0.05 <0.05 <0.05 <0.05 <0.05 <0.05

* significant compared with the group of the controls, # significant compared with the Berberine group, © significant

compared with the TAA toxic group, SD= standard deviation, F= cumulative distribution function

Histopathological Findings
Histological examination of control group revealed

normal architecture of hepatic tissues in terms of

the hepatocytes' inter-anastomosing network
organized in single-cell thick plates spaced by
vascular sinusoids. The liver is divided into

hexagonal lobules, of radiating hepatocyte plates
and a central vein.. The traditional lobules are
surrounded by portal tracts, no apoptotic figures
present. In Berberine group the histopathological
examination normal showed normal liver tissue
architecture as control group. Specimen from

thioacetamide liver toxicity group showed vascular

A

(1)

degeneration and focal necrosis with significant

number of mononuclear inflammatory cells

infiltration that are recruited into the liver
following the development of cell injury from
thioacetamide exposure with disturbed hepatic
lobular architecture. BBR treated group animals’
livers showed hepatocytes with minute focal area
of inflammatory cellular infiltration. (Figure 3).
DNA damage

DNA isolated from liver tissue using agarose gel
Berberine,

electrophoresis of control,

& Thioacetamide

Berberine

Thioacetamide,

groups. Figure 4

®2)

Figure 3: (A): Normal liver tissue showing normal central vein (red arrow), sinusoids and hepatocytes ,(B): One of
Berberine treated group showed sheet of normal hepatocytes withintervening blood vessels of normal caliber, (C1):
One of the Thioacetamide toxic group showed multiple areas of coagulative necrosis surrounded by normal
hepatocyte (yellow arrows), (C2): One of the Thioacetamide toxic group showed Disturbed hepatic lobular
architecture by severe mononuclear inflammatory cell infiltration (red arrows), (D1): One of Thioacetamide and
Berberine treated group showed normal hepatocytes with focal mild lymphocytic infiltrate (red circle) and (D2):
One of Thioacetamide and Berberine treated group showed large focal area of coagulative necrosis (red circle)
admixed with mildly dilated congested central vein( yellow arrow) surrounded by radiating normal hepatocytes and

(H&EX100)
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DNA Fragmentation

Figure 4: Fragmentation of DNA
DNA from the control group's hepatic tissues is shown in Lane (2), which exhibits no apoptotic fragmentation of
DNA. DNA taken from the hepatic tissues of the Thioacetamide-treated group is represented by Lane (3), which
exhibits substantial apoptotic fragmentation of DNA. around at 600 bpm. The DNA in Lane (4), which was taken
from the liver tissues of the Berberine-treated group, does not exhibit any apoptotic fragmentation of DNA. Lane
(5): represents DNA taken from the liver tissues of the group that received treatment with beberine + thioacetamide

and exhibits little apoptotic fragmentation of the DNA.

Discussion

In hospitals and industries, thioacetamide (TAA) is
often used in instead of hydrogen sulphide. It has
been defined as a relatively mild carcinogen that
modifies the nucleus size and nucleoprotein
metabolism of hepatic parenchymal cells,
particularly in cells close to the liver's major vein.
As a result, TAA is often utilized as a liver toxin in
experimental models. .[18].

In the present study, rats treated with the TAA
group had substantially greater amounts of ALT,
AST, ALP, and total bilirubin, which is a marker
of liver failure [2]. This is in line with a prior study
that claimed elevated blood levels of these
enzymes are the signal for identifying liver
impairment. [19].

When TAA toxicity affects the liver and the cells'
membrane architecture breaks down as a result,
these substances leak into the plasma, increasing

their quantity in the blood stream [20].

ALP is normally eliminated by the liver through
the bile, but in cases of liver damage brought on by
hepatotoxins, the liver is unable to properly
excrete bile because of increasing conjugation or
bile duct obstruction.[21].

The findings of the current study support those of
[22],
substantial reduction in serum aminotransferases in
of

transaminases could significantly decrease because

Mohammadzadeh et al. who reported

rats given berberine .Serum amounts

of hepatic parenchyma healing, hepatocyte
regeneration, plasma membrane stabilisation, and
recovery of liver tissue injury brought on by TAA
[23].

From the results of current research, administration
of thioacetamide (TAA) considerably raised the
level of total bilirubin, this could be as result of
TAA hepatotoxicity. The Berberine treated group
showed restoration of the hepatic parenchyma, a
reduction in centrilobular necrosis, a rise in the

conjugation and liver-secreted bile, and a drop in
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serum total bilirubin levels [22]. According to the
findings of the current study, the administration of
(TAA) to rats induces a discernible decrease in the
level of TAC.

(TAA) treatment caused liver damage, which may
have been caused by the production of oxygen free
radicals that enhanced oxidative  stress.
Additionally, Apoptosis may have a key role in the
pathophysiology of the liver damage caused by
TAA [24]. Hepatic lipid peroxidation, which is
characterized by defects in cell structure and
function brought on by the cell membrane's
polyunsaturated fatty acids being oxidized by free
radicals, may be the secondary reason of the drop
in total antioxidant level [25]. It has been amply
proven that BBR has anti-oxidative and anti-
inflammatory effects [26]. Oxidative stress and
inflammation are two major factors that contribute
to liver damage.

Clearly, rats co-treated with berberine had
significantly greater TAC levels than those
managed with TAA alone. These results are in line
with evidenced research showing that berberine
can be utilized as an antioxidant to stop tissue lipid
peroxidation and boost antioxidant enzyme activity
[27].

An additional study discovered that BBR
decreased oxidative stress by triggering the nuclear
factor erythroid-2-related factor-2 (Nrf2) pathway.
Nrf2 was discovered to be an antioxidant
transcription factor that mediated the development
of antioxidant enzymes. Nrf2 also controlled redox
status and energy metabolism in cells, and it is
now recognized as a key mediator of BBR in
lowering oxidative stress, [28]. Additionally, it
was discovered that BBR's effect on Nrf2 depends
on the AMPK pathway being activated [22].

Our results showed that TAA injection
dramatically  elevated interleukin-6 levels,
indicating a severe inflammatory response. Results
of this research are in line with those of
Czechowska et al. [29], who stated that
hepatocytes exposed to TAA produce chemicals
that trigger the production of pro-inflammatory
cytokines like interleukin 6. Interleukin 6 levels
dropped in berberine-treated rats, pointing to the
anti-inflammatory effects of berberine [28,30].
BBR reduces inflammatory damage by preventing
neutrophil chemotaxis and oxygen free radical
production, as well as by enhancing superoxide
dismutase (SOD) activity, inhibiting the
production of TNF, improving ischemia
reperfusion, and reducing liver damage. [31] The
MRNA and protein expression of IL-6 and TNF- in
mice is suppressed by berberine because it
prevents nuclear translocation of NF-B p65 [32].
Additionally, berberine administration decreased
IL-6 gene expression levels, which is in line with
the pattern of cytokine secretion [33]. On the other
hand, our research revealed markedly higher
amounts of Hydroxy proline after TAA injection.
Hydroxyproline estimation is regarded as being of
paramount value in chronic liver illnesses with
severe fibrosis as a noninvasive fibrotic detecting
biomarker [34]. This agrees with the results of
Yang et al., who observed that TAA-induced liver
damage was likewise accompanied by an elevated
quantity of hydroxyproline [35].

In our study, BBR affect hepatic liver fibrosis by
triggering ferrous-ion redox processes that
activated ferroptosis caused by reactive oxygen
species (ROS) in liver stellate cells, suggesting a
potential method for treating liver fibrosis [36].

Another study using liver fibrosis models caused
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by carbon tetrachloride (CCI4) came to the same
conclusion [37]. It has been amply proven that
BBR contains  anti-oxidative and  anti-
inflammatory actions [38], which are important
causes of liver fibrosis.

Histopathological ~ analysis,  which  showed
localized necrosis with high numbers of
mononuclear inflammatory cells attracted into the
liver, validated this finding. After the generation of
liver damage and the emergence of cell injury
from thioacetamide exposure with disrupted
hepatic lobular architecture in the TAA group,
when rats were administered berberine, these
symptoms subsided. These findings supported
those of Amer et al. [39], who noted that the liver
anatomy of the TAA-treated group had undergone
significant changes, including blood sinusoids and
central and portal venous congestion. Additionally,
it was evident that inflammatory cells had invaded
centrilobular regions.

By reducing periportal  necrosis, portal
inflammation, localized necrosis, inflammation,
and apoptosis, we concluded that pathological
examination in our study confirmed berberine's
hepatoprotective effect [40].

In this study, DNA taken from the liver tissues of
the Thioacetamide-treated group revealed DNA
fragmentation associated with apoptosis, whereas
DNA fragmentation was only marginally
detectable in the Thioacetamide group treated with
Berberine. The antiapoptotic impact of Berberine
was demonstrated in the current study by a
decrease in DNA fragmentation, and These results
are in line with those of Yang et al. [35], who
found that Berberine treatment lowers the level of
TAA-induced hepatic DNA damage. The

antioxidant and anti-inflammatory capabilities of

berberine reduced the percentage of DNA
fragmentation [41].

Wang et al. [28] found that giving Berberine to
rats with fibrotic livers restores mitochondrial
function and prevents DNA damage and apoptosis.
It was observed that highly degenerated nuclei
were infrequently found, and that nuclear content
was nearly normal in appearance and organization,
following berberine therapy. Also, Mehrzadi et al.
[40] demonstrated the preventative effect of
berberine against DNA damage. Moreover,
according to Zargar et al. [2], berberine's
antioxidant action prevents apoptosis.

The findings of the present research showed that
BBR could be used as a treatment for liver
damage. The endogenous antioxidant defense
system is activated, oxidative stress is inhibited,
inflammation and DNA damage is reduced, which
may all contribute to the underlying
hepatoprotection. To better comprehend and
investigate the efficacy and mechanisms, more
extensive scientific investigations should be
conducted in the future.

Conclusions

BBR may be considered a therapeutic agent for
liver damage. The natural defense mechanism of
antioxidants is activated, oxidative stress is
inhibited, inflammation is reduced, and damage to
DNA is decreased, which may all contribute to the
underlying hepatoprotection. The results highlight
the value of BBR as a preventative measure
against hepatotoxicity caused by TAA.
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