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ABSTRACT

Aim: the aim of this study was to compare the impact of silymarin on the liver fibrosis
induced by diethylnitrosamine (DEN) between both sexes of Wistar rats and proposing
possible mechanisms.

Main Methods: twenty-four Wistar male and twenty-four Wistar female rats were
randomly assigned into 8 groups according to their sex (n=6) for administration of
vehicle, DEN, silymarin or both DEN and silymarin for 8 weeks. At the end of the
experiment, the traditional rat body and liver weight parameters, liver injury biomarkers
(serum ALT, AST, ALP, and total bilirubin) were measured. Furthermore, hematological
parameters, lipid profiles (TC, LDL-C, HDL-C, and TG) and oxidative stress biomarkers
(TBARS, SOD, CAT, and GSH) were determined. Also, the inflammatory biomarkers in
liver tissue homogenate (TNF-a, TGF-f) were evaluated. Histopathological subjective
scoring system graded the damage markers of liver tissue. Expression of NF-kB was
measured immunohistochemically.

Results: Markedly diminished DEN induced liver fibrosis markers in female groups
while worsened in male groups. Silymarin regimen improved liver functions and fibrosis
markers. Additionally, it counteracted DEN-induced oxidative stress, lipid peroxidation
and inflammations, silymarin provided these ameliorative effects either in males or
females rats.

Conclusion: Silymarin plays an ameliorative role of DEN-induced liver fibrosis in male
and female rats via reducing oxidative stress and inflammations.
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Introduction

liver is identified as the largest solid organ in the human body, its weight is
between 1,200-1,500 g, making up around 1/50'" of an adult's total body weight (Dooley
et al., 2018) Around 2 million people globally pass away from liver disease each year,
with one million of those fatalities coming from cirrhosis complications, one million from
viral hepatitis and hepatocellular carcinoma (HCC) (Mokdad et al., 2014). Following
liver injury, extracellular matrix is deposited coinciding with processes of wound healing
and regeneration; nevertheless, repeated injury due to immune diseases, fast food,
alcohol, environmental toxins, or chronic viral hepatitis (HBV, HCV, etc.) may result in
a progressive fibrotic response that is characterized by an excessive collagen
accumulation. As normal liver regeneration becomes increasingly limited by hepatic
fibrosis, the risk of liver failure rises. Additionally, liver fibrosis provides an environment
that is conducive to the development of liver cancer through poorly understood
mechanisms (Affo et al., 2017).

Liver hepatic stellate cells (HSCs), the primary collagen-producing cells in the
liver are the driving cause of hepatic fibrosis. In a physiological condition, quiescent
HSCs act as the body's primary location for retinyl ester storage, which is apparent as fat
droplets in the cytoplasm. Damage-associated molecular patterns and pathogen-
associated molecular patterns generated by injured hepatocytes cause liver injury and
cause quiescent HSCs that store retinoid droplets to trans-differentiate into myofibroblast-
like that is highly fibrogenic, via enhanced transforming growth factor beta 1 (TGF-
B1)signaling, proliferative and migratory, via platelet-derived growth factor receptor beta
signaling, contractile, via activation of endothelin 1 (ET-1) signaling; and pro-
inflammatory, via interaction with monocyte-derived macrophages (Tsuchida &
Friedman, 2017).

N-nitroso compounds risk for cancer was first made widely known in 1937,by
reporting that dimethylnitrosamine (DMN) might be one of the potential causes that
induce liver injury in human (FREUND, 1937). Many other N-nitroso compounds,
notably diethylnitrosamine (DEN), have been linked to hepatotoxic and cancerous
consequences (Druckrey et al., 1967). Inducing hepatic tumors in animals through
continuous oral feeding or parenteral administration of DEN in high dosages is
remarkably effective (Magee & Barnes, 1956). A number of studies have shown that an
important factor in the pathogenesis of hepatocarcinoma is the excessive generation of
ROS during the hepatic metabolization of DEN. HCC can develop as a result of
intracellular signaling pathways disruption, oxidative damage to DNA, lipids, and
proteins by ROS (Poli et al., 2004).1t was proven that liver homogenates can
metabolize DEN and other nitrosamines into their corresponding aldehydes and
chemically reactive alkylating species(Challis and Rayman, 1973; Magee & Barnes,
1956) and DNA(Lin & Hollenberg, 2001),and forms specific DNA adducts(Carlson et
al., 2017; Asamoto et al., 1991).However, age, sex, species, and strain have a major
impact on the metabolic dealkylating effect of DEN(Liu et al., 2013).

In the recent two decades, there has been a lot of attention paid to the therapeutic
use of natural ingredients (Gillessen & Schmidt, 2020). Since ancient times, milk thistle
(Silybum marianum) has been used safely as herbal remedy to treat liver diseases. In
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preclinical research, silymarin, a milk thistle bioactive extract, has demonstrated
antioxidant and hepatoprotective activities( Van Pelt et al., 2003; Dehmlow, et al.,
1996). Silymarin exhibit the capacity to protect mammals livers against liver toxicity
induced by ethanol(Zhang et al., 2013), carbon tetrachloride (Yadav et al., 2008), and
acetaminophen (Avizeh et al., 2009). This study aimed at investigating the potential
protective role of silymarin on DEN-induced hepatic fibrosis in rats and establishing the
possible protective mechanisms. In addition DEN and /or silymarin's effects were
compared in male and female rats.

Materials and methods:
Chemicals, reagents, and kits:

DEN was purchased from Sigma-Aldrich Co. (St. Louis, MO, USA) (CAS No:
55-18-5, MDL No: MFCD00013890). Silymarin was purchased from
(Rottapharm|MadausEgypt). The Egyptian International Pharmaceutical Industries
Company (EPICO) (Cairo, Egypt) was the source of thiopental sodium. Isotonic saline
was bought from EI-Nasr Pharmaceutical Chemicals Company (Abou-Zaabal, Egypt).
Povidone-iodine was purchased from the EI-Nile for Pharmaceuticals & Chemical
Industries Company (Cairo, Egypt). The rat kits for ALT, AST, ALP, and total bilirubin
were purchased from Bio-Med Company (Cairo, Egypt). Rat's ELISA kits for TNF-a,
TGF-B 1, TBARS, SOD, CAT, and GSH were purchased from Bio-diagnostic Co. The
serum lipid profile levels of total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were
purchased from Bio-diagnostic Co. for research kits, Egypt. Santa Cruz Biotechnology
Company's (Sino thinker. sk9000, U.S). (SCBT) sc-8008 was the source of anti-NF-B
p65 antibody (F-6) (Texas, USA). All other chemicals were purchased as high
grade from commercial vendors.

Pre-experimental preparations:

Adult Wistar albino rats weighing between 150 and 170 g were purchased from
the animal house at the EI-Nile Company for Pharmaceuticals & Chemical Industries.
Rats were housed six in a cage for two weeks under regulated housing settings (room
temperature 25+ 2°C , humidity 50 to 70 %, and 12/ 12 dark/ light cycle) while being fed
a regular diet and having unlimited access to food and drink.

Experimental design

The investigation was conducted on rats for 8 weeks, with silymarin
administration beginning one week prior to the DEN-induced liver fibrosis (LF) and
continuing throughout the DEN treatment course. A total of 48 rats (24 males and 24
females) were divided into eight groups (n=6) randomly as follows:

1) Male-Control (n=6): Rats were treated with vehicle (0.2ml) orally once daily over
the experiment.

2) Male+Silymarin (n=6): Rats, treated with silymarin (50 mg/kg) orally once daily
over the experiment.
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3) Male-DEN (n=6): Rats were treated with DEN (100 pl/L) free access in drinking
water.
4) Male-DEN+Silymarin (n=6): Rats were co-administered with DEN and silymarin
as previous regimen.
5) Female-Control (n=6): Rats were treated with vehicle (0.2ml) orally once daily
over the experiment.
6) Female-Silymarin (n=6): Rats were administered silymarin (50 mg/kg) orally
once daily over the experiment.
7) Female-DEN (n=6): Rats were treated with DEN (100 pl/L) free access in
drinking water.
8) Female-DEN+Silymarin (n=6): Rats were co-administered with DEN and
silymarin as previous regimen.

The model of DEN-induced LF in rats was produced by continuous oral dosing of
DEN in drinking water at 100 pl/L (Fathy et al., 2017) for 8 weeks, the appropriate dosing
of silymarin was given in a dose of (50 mg/kg/day, P.O) (Pradeep et al., 2007). However,
this regimen was based on our pilot study data.

Experimental ending:

Following general anesthesia with thiopental (50 mg/kg, i.p.) and retro-orbital
plexus hemorrhage, the blood samples were collected from each rat at the conclusion of
the treatment session in accordance with (Sharma et al., 2014). The extracted samples
were allowed to clot for 15-30 minutes at room temperature, after which the sera were
separated by centrifugation at 5000 rpm for 30 minutes in a refrigerator-cooled centrifuge.
Once the isolated sera had been processed for biochemical analysis, they were kept at -
20°C. Rats were executed by using the cervical dislocation technique in conformity with
guidelines for standard animal euthanasia methods created in 2010 by the Canadian
Council on Animal Care (Canadian Council on Animal Care, 2010).

Liver function and lipid profile biomarkers:

The quantitative colorimetric analysis for serum levels of the conventional liver
function biomarkers (ALT, AST, ALP, and total bilirubin) and lipid profile (triglycerides,
TG; total cholesterol, TC; high-density lipoprotein cholesterol, HDL-C; low-density
lipoprotein cholesterol, LDL-C) was conducted using the automated clinical chemistry
analyzer (Spinlab) photometer after calibration according to supplier company
instructions for Kits.

Hematological Parameters:

The erythrocyte count, total and differential leukocyte count, platelet count,
hematocrite percentage, and hemoglobin concentration were measured in the blood by
Using a CBC analyzer.

Histopathology:

Rat liver sections were removed from the animals as soon as they were sacrificed
in order to be dissected for histopathological evaluation of liver tissue damage markers.
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The livers were then fixed in 10% neutral formalin for two days, dehydrated in ethanol
concentrations that increased, cleared in xylene, embedded in paraffin, and sectioned at a
thickness of 4-5 um. Hematoxylin and eosin (H&E) was used to stain the sections in
accordance with (Lefkowitch, 2006).The METAVIR scoring system was used to
determine the extent of liver fibrosis (Staub et al., 2009).The evaluation of the collagen
expression in liver tissues was carried out in accordance with the Masson's trichrome
staining (Lefkowitch, 2006). The stained slides were inspected under a light microscope
(Olympus BX43) and photomicrographs of various liver sections were taken using a
digital camera (Olympus DP27) by a pathologist who was blinded to the treatment
procedure.

Immunohistochemistry:

Sections of liver tissue were fixed with formalin and embedded in paraffin
underwent heat-induced epitope retrieval technique (50°C for up to 60
minutes).Afterwards, a high-sensitivity visualization system was used to dilute and auto-
stain the concentrated primary antibody (Anti-NF-B p65),(Envision™ FLEX, High pH,
and Link system in the autostainer Link 48 where the software was pre-programmed in
accordance with the manufacturer's instructions provided in the concentrated primary
antibody package insert. A light microscope was used to view the sectioned slides and
evaluate the expression of NF-kB. For each slide, six pictures were collected (x100).
Using a (Olympus BX43) light microscope, photos were taken using the linked (Olympus
DP27) camera and (CellSens Olympus software) and the positive immune staining was
expressed as a percentage of the stained area.

ELISA assay:

Tissue levels of Tumor Necrosis Factor- o subtype (TNF-a), Transforming
Growth Factor- B (TGF-B), Thiobarbituric Acid Reactive Substance (TBARS),
Superoxide Dismutase (SOD), Catalase (CAT), and Reduced Glutathione (GSH) in liver
tissue homogenates were measured in accordance with the standard manufacturer's
instructions included in ELISA Kits.

Statistical analysis

The statistical analysis was carried out using One-way analysis of variance
(ANOVA) followed by post hoc Tukey-Kramer test for multiple comparisons between
groups. All date was presented as means * standard deviations. Differences between
means were considered significant At P 0.05. The experiments were carried out at least
twice using the PRISM (5.0 VERSION) program.

Results:

Silymarin prevents weight loss and reduces the relative liver weight ratio (RLWR)
caused by DEN:

Body weight in the DEN-treated groups was considerably lower than in comparison to
the control groups (Male-Control and Female-Control).Male-DEN, Male-
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DEN+Silymarin, Female-DEN, and Female-DEN+Silymarin groups all had significantly
higher RLWR values than the control groups. Moreover, Male-DEN group's RLWR was
significantly greater than that of Female-DEN group. The Male-DEN+Silymarin and
Female-DEN+Silymarin groups had a significant regression in RLWR values when
compared to Male-DEN group. All differences between control groups were non
significant (Table.1).

Table.1: Effect of DEN and/or silymarin on liver and body weight male and female rats

Groups Final body wt. Gain in body Liver wt. (9) RLWR%
(9) wt. (9)

Male-Control 217.0 £ 9.53 35.00 £9.47 6.34 £ 0.29 2.93+0.20

Female-Control 214.2+ 27.83 28.00+ 5.73 6.137+ 0.84 2.88+0.35

Male + Silymarin 194+21.02 35.33£13.74 5.37 £0.61 2.78 £0.21

Female +Silymarin 196.3 + 15.38 29.00 + 20.06 5.90+0.43 3+0.27
Male-DEN 169.8+7.112 -33.33 +14.782 16.54 £2.262 10.58 £0.932
Female —-DEN 162.5 + 27.032 -5.500+20.872P 9.18+ 0.672° 5.822+ 1.2623P
Male-DEN+Silymarin 172.2 £ 5.402 1.67+ 8.043b 10.16 + 1.373P 6.19 + 0.8230
Female - 159.6 + 10.00? -4.5+ 7.8230 10.62 + 1.6182° 6.69 + 1.192b
DEN+Silymarin

Data were presented as means £ SD and statistically analyzed by one-way (ANOVA) test,
followed by post hoc Tukey-Kramer test for multiple comparisons between groups. LF:
liver fibrosis, DEN: diethylnitrosamine, wt: Weight, RLWR%: Relative Liver Weight
Ratio

a:significant from control, b:significant from Male-DEN, c:significant from Female-
DEN.

Silymarin influence on liver function markers:

In DEN insulted groups, especially those who were not protected by silymarin, we found
a significant substantial increase in AST, ALT, ALP, and TBIL compared to the control
group (s).In contrast to Male-DEN and Female-DEN groups, Male-DEN+Silymarin and
Female-DEN+Silymarin groups showed a statistically significant decreased AST, ALT,
ALP, and TBIL. There was no statistically significant difference in the previously
mentioned biomarkers comparing the two last groups (Fig.1).
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Fig.1: Effect of DEN and/or silymarin on liver functions in male and female rats, Data
were presented as means + SD and statistically analyzed by one-way (ANOVA) test,
followed by post hoc Tukey-Kramer test for multiple comparisons between groups. LF:
liver fibrosis, DEN: diethylnitrosamine, ALT: Alanine Aminotransferase, AST: Aspartate
Aminotrasferase, ALP: Alkaline Phosphatase, TBIL: Total Bilirubin.

a:significant from control, b:significant from Male-DEN, c:significant from Female-
DEN.

The impact of silymarin on the hematological parameters in DEN-induced LF

There was no difference between male and female control groups. Conversely, the
DEN-treated male rats exhibited higher abnormal Red Blood Cells count, Hemoglobin
(Hb) concentration, hematocrit (Hct) percentage, platelet count, and WBC count when
compared to the control groups and female-DEN rats. Silymarin groups which
administered DEN showed significant increase in all measured hematological parameters
when compared to the group treated with DEN alone (Table.2).
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Table.2: effect of silymarin on hematological parameters of DEN-induced LF in male and female

rats
Hb Platelet count WBC
6
Groups ?oBrCu(;g'er?;(r}wg) concentration Hct (%0) (108 Count (103
P (g/dL) platelet/mm?3) cell/mm?3)
Male-Control 8.721+0.06 15.91 +0.17 47.42 +0.41 936.8 +4.69 9.69+0.15
Female-Control 8.700+ 0.04 15.56 £0.13 46.88 £0.16 031.2 £ 3.56 9.64+ 0.06
Male+Silymarin 8.69+0.09 15.94 £0.42 47.37 £0.26 935.4 +4.32 9.67+0.06
Female+Silymarin 8.630+ 0.04 15.55+0.14 47.04 +0.63 932.9 +4.31 9.6+0.03
Male-DEN 6.610+ 0.082 11 +0.242 28.81+0452 526+ 19.03 2 7+ 0.242
Female-DEN 7.312+ 0.0420 13.04 + 0.652° 34.26 + 2.932P 623.1 + 46.04 ab gggi,
Male- abc ab,c ab.c ab,c 8.25+
DEN+Silymarin 7.671£0.11 14.28 £ 0.49 39.86 £ 2.24 692.8 £ 3.675 0.345¢
Female- ab.c b,c a,b,c ab,c 8.53+
DEN+Silymarin 7.777+£0.19 1451 £0.48 40.65 +0.60 689.9 £ 10.27 0.245¢

Data were presented as means + SD and statistically analyzed by one-way (ANOVA) test,
followed by post hoc Tukey-Kramer test for multiple comparisons between groups. LF:
liver fibrosis, DEN: diethylnitrosamine, RBC, red blood corpuscle: Hb, hemoglobin; Hct:
hematocrit; WBC: white blood cell count.

a:significant from control, b:significant from Male-DEN, c:significant from Female-

DEN.

Table.3: Effect of DEN and /or silymarin on serum Lipid Profiles in male and female rats
Data were presented as means + SD and statistically analyzed by one-way (ANOVA) test,

Groups LDL (mg/dl) HDL (mg/dl) T.Cholesterol Triglycerides
(mg/dl) (mg/dl)
Male-Control 27.72+5.435 58.87+15.84 102.1 £9.644 78.90 £2.60
Female-Control 30.68+ 8.766 60.08+14.78 101.1 £3.97 74.99 + 15.10
Male + Silymarin 21.77+6.171 62.21+19.23 96.85 £12.62 69.84 +17.89
Female +Silymarin 24.27+7.389 61.46+ 22.91 103.4 + 27.64 69.94 £16.15
Male-DEN 83.37+ 22.672 20.12 £ 6.1542 191.1 + 8.4632 142.4+ 5132
Female -DEN 57.23+ 15.46:2P 40.01+ 4.7302° 158.0 + 15.332P 120.8+ 11.373P
Male-DEN+Silymarin 56.73+12.44:2b 57.42 + 8.417 1225+ 15.36 b¢ 91.08+ 7.23b¢
b,c,
Female -DEN+Silymarin 40.21+8.147 66.48 + 12.37 b¢ 123.7+24.7 b¢ 76+ 10.18°¢

followed by post hoc Tukey-Kramer test for multiple comparisons between groups. LF:
liver fibrosis, DEN: diethylnitrosamine, TG, triglycerides; TC, total cholesterol; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

a:significant from control, b:significant from Male-DEN, c:significant from Female-

DEN.
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The DEN administered groups recorded a significant increase in serum levels of
LDL-C, total cholesterol, and triglycerides with concomitant decrease in HDL-C (p<0.05)
when compared to control groups. While silymarin-DEN administered groups recorded a
significant decrease in LDL-C, total cholesterol, and triglycerides with concomitant
increase in HDL-C when compared to the corresponding DEN-only administered groups
(p<0.05) (Table3).

Lipid peroxidation and oxidative stress biomarkers:

The liver tissue levels of TBARS, SOD, CAT, and GSH are illustrated in (Fig. 2).
Significantly Elevated TBARS and decreased SOD, CAT, and GSH levels was observed
particularly in male rats when compared to females. Moreover, silymarin-treated rats
revealed a significant reduction in levels of TBARS, increase in levels of SOD, CAT,
and GSH when compared with their corresponding DEN-treated groups (Fig.2).
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Fig.2: Effect of DEN and /or silymarin on oxidative stress biomarkers in male and
female rats, Data were presented as means + SD and statistically analyzed by one-way
(ANOVA) test, followed by post hoc Tukey-Kramer test for multiple comparisons
between groups. LF: liver fibrosis, DEN: diethylnitrosamine, TBARS: Thiobarbituric
Acid Reactive Substance, SOD: Superoxide Dismutase, CAT: Catalase, GSH: Reduced
Glutathione.

a:significant from control, b:significant from Male-DEN, c:significant from Female-DEN

Rat liver histopathological abnormalities were decreased by silymarin:

Liver tissues from control groups showed normal smooth surfaces with an average
portal tracts and portal veins. They also showed average hepatocytes in peri-portal area,
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and average central veins and hepatocytes arranged in single-cell cords with normal
intervening blood sinusoids. Conversely, the liver tissues showed an increase of liver
damage in DEN-treated groups (Fig.3).Female-DEN group showed expanded portal tract
with mild portal and peri-portal inflammatory infiltrate, mildly dilated congested portal
veins, scattered apoptosis and incomplete nodule formation, while Male-DEN group
livers showed markedly expanded portal tracts with mild portal and peri-portal
inflammatory infiltrate, complete nodule formation, and hepatocytes with marked
ballooning, markedly pleomorphic nuclei and marked bile stasis. Male-DEN+Silymarin
and Female-DEN+Silymarin livers showed mildly expanded portal tracts with mild portal
inflammatory infiltrate, average portal veins and hepatocytes with mildly vacuolated
cytoplasm, few complete nodule formation, and average central veins with scattered
apoptotic hepatocytes in peri-venular area from the previous data. It is obvious that
silymarin treated group demonstrated marked protection against histopathological
abnormalities caused by DEN (Fig.3).

Silymarin inhibited the DEN-induced pathologic collagen deposition in hepatic
tissues:

Control liver groups revealed an average collagen distribution around central
veins and in portal tracts, no fibrosis was noticed. The Female-DEN group livers showed
excess collagen in portal tracts, with incomplete nodule formation which reveal moderate
fibrosis. While Male-DEN group livers showed the highest collagen distribution in portal
tracts with concomitant complete nodule formation. Marked significant reduction in
hepatic fibrosis was detected in Male-DEN+Silymarin and Female-DEN+Silymarin
groups in LF area percentage with moderate collagen distribution in portal tracts and
incomplete nodule formation (Figs.3).

Control Male-DEN Female-DEN

Female-

Male-DEN+silymarin DEN-+silymarin
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Fig.3: Effect of DEN and /or silymarin on liver morphology, fibrosis scoring
(Heamtoxylin&Eosin H&E Staining),and fibrosis %Area (Masson's trichrome) in male
and female rats, showing normal morphology, normal hepatocytes, and normal collagen
deposition in control group, while Male-DEN group showing morphological
abnormalities in architecture, markedly expanded portal inflammatory infiltrate, complete
nodule formation, and hepatocytes with marked ballooning, and high deposition of
collagen, Female-DEN and Silymarin-protected groups (compared with Male-DEN
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group) shows less morphological abnormalities, mildly expanded portal tracts with mild
portal inflammatory infiltrate, and moderate collagen deposition. Data were presented as
means + SD and statistically analyzed by one-way (ANOVA) test, followed by post hoc
Tukey-Kramer test for multiple comparisons between groups. LF: liver fibrosis, DEN:
diethylnitrosamine.

The impact of silymarin in diminishing DEN-induced cytokine boost in liver tissues:
According to the ELISA analysis, with the expression of TNF-o and TGF-

were significantly ~ higher in DEN-insulted groups, when compared with control

groups. The opposite was noticed, when comparing Male-DEN+Silymarin and

Female-DEN+Silymarin groups with DEN-only treated groups (Table.4).

Table.4: Effect of DEN and /or silymarin on inflammatory mediators in male and

female rats

Groups TNF-a (pg/mg) TGF- (pg/mg)
Male-Control 85.88+9.27 39.91+5.51
Female-Control 84.89+7.96 40.11+3.67
Male + Silymarin 87.42+10.12 38.76+5.29
Female +Silymarin 86.56+11.24 40.50+7.55
Male-DEN 192.8+18.9 2 200.8+15.12
Female-DEN 166.2+19.13%P 150+15.252P
Male-DEN+Silymarin 133.4+8.39 abc 62.69 +112b¢
Female-DEN+Silymarin 137.3+11.75 ab¢ 67.28 +10.422P°

Data were presented as means + SD and statistically analyzed by one-way (ANOVA) test,
followed by post hoc Tukey-Kramer test for multiple comparisons between groups. LF:
liver fibrosis, DEN: diethylnitrosamine, TNF-a: Tumor Necrosis Factor- a subtype, TGF-
B: Transforming Growth Factor- B subtype.

a: significant from control, b: significant from Male-DEN, c: significant from Female-
DEN.

The impact of silymarin in inflammatory/profibrotic mediator NF-(P-65) protein
expressions in liver tissue as measured by immunohistochemical staining:

The measurement of NF-(p-65) expression in control groups demonstrated
average expression, comparing to the Male-DEN+Silymarin and Female-
DEN+Silymarin groups which revealed moderate expression in the hepatic parenchyma
of the Male-DEN group displayed the highest level of NF-(p-65) expression. Lower NF-
(p-65) levels have been found in the nucleus and cytoplasm of the Female-DEN and
silymarin-administered group's affected hepatocytes. When NF-(p-65) area% expression
was statistically evaluated, the control group's expression was significantly lower than
that of the other experimental groups. However, no statistically significant difference
(p0.05) between the Male-DEN+Silymarin and Female-DEN+Silymarin groups was
found. Finally, NF-(p-65) expression in the Male-DEN group was highly significant
compared to that of the other experimental groups (Fig.5).

Control Male-DEN Female-DEN
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Fig.5: Effect of DEN and /or silymarin on the expression of NF-kB (p-65) in male and
female rat's hepatocytes, Data were presented as means = SD and statistically analyzed
by one-way (ANOVA) test, followed by post hoc Tukey-Kramer test for multiple
comparisons between groups. LF: liver fibrosis, DEN: diethylnitrosamine.

a:significant from control, b:significant from Male-DEN, c:significant from Female-DEN
Discussion

Liver fibrosis leads to HCC as a fate of chronic liver inflammation passing by
liver cirrhosis. During fibrgenesis, extracellular matrix (ECM) proteins, primarily cross-
linked collagens type I and type 111, build up in the liver, causing the creation of a fibrous
scar to replace injured normal tissue(Scott, 2003).Fibrosis is characterized by a
significant accumulation of ECM in and around the diseased tissues. LF exacerbations
may lead to organ failure and higher death rates (Wynn and Ramalingam, 2013) in



Az. J. Pharm Sci. Vol. 66, September, 2022 259

DEN-induced liver injury models leading to HCC, it exhibits a sequential pattern in liver
damaging according to distinct staging criteria (Fathy et al., 2017). DEN causes a series
of molecular events that leads to oxidative stress and inflammations in the liver (Mansour
et al., 2019).Our present study aimed to evaluate the protective role of silymarin in
preventing DEN-induced LF and comparing this role in male with female rats. One of the
major factors that cause the occurrence of hepatic diseases is gender differences and
changes in sex hormone levels (Kur et al., 2020).Thus, we established our model on male
and female regimens. Furthermore, the metabolic effect of DEN is significantly
influenced by age, species, and strain (Liu et al., 2013).To avoid such variations, we
collected data about DEN dose (100 pl/L in drinking water) and silymarin dose (50
mg/kg/day, P.O) from our previous preliminary study.

Generally, male rats more affected by DEN in all parameters than females. LF and
nonalcoholic fatty liver diseases (NAFLD) are more common in men and postmenopausal
woman(Shimizu et al., 2007). this could be attributed to the strong anti-inflammatory,
anti-oxidant, and anti-apoptotic properties of estrogen which prevent the progress of LF
as previously explained (Lu et al., 2004).

In the light of our study, DEN slowed the growth of both male and female rats,
However, differences between both genders in final body weight were non-significant.
our findings about relative liver weight ratio (RLWR) confirmed the previous work which
demonstrated the increase in their values in DEN-treated groups (Mokhtar & Elshafee,
2022;Memon et al., 2020), the values of RLWR increased significantly in males against
females, this could be explained by the ability of estrogen as anti-inflammatory to prevent
ascites and hepatomegaly. The lowest values were observed in silymarin administered
groups.

According to our work, silymarin has a preventive effect against LF at the basis
of the hematological parameters, and liver functions and histopathology. However, this
was compatible with other studies (Mukhtar et al., 2021;Tsai et al., 2008). Silymarin
provided the same protection in both genders. Thus, there was statistically no difference
between the Male-DEN+Silymarin and Female-DEN+Silymarin groups in most
parameters. The Male-DEN group, however, had the worst results. These findings are
supported by other earlier investigations conducted on both male and female individually
( Ghaffari et al., 2011° Pradeep et al., 2007).

In our study, silymarin improved lipid profile and enhanced dramatically lipid
peroxidation and oxidative stress in male and female rats with the same efficiency.
Reactive oxygen species (ROS) induced oxidative stress has been implicated in liver
diseases (Jadeja et al., 2017) as we mentioned.DEN can provoke lipid peroxidation
leading to its damaging effects via oxidative stress in the liver (Mansour et al., 2019).
The term "Oxidative stress™ is used to describe the prolonged presence of ROS that are
not neutralized by endogenous antioxidants. Oxidative stress is linked to the
pathophysiology of a number of liver illnesses, including liver fibrosis(Pellicoro et al.,
2014). In several experimental systems, including rat liver microsomes, is was established
that silibinin is discovered to be a strong scavenger of ROS, such as hydroxyl and peroxyl
anions and hypochlorous acid(Valenzuela and Guerra, 1986). In addition, silibinin
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treatment decreased the production of nitric oxide and superoxide anion radicals in
isolated Kupffer cells(Dehmlow et al., 1996).

The key factor influencing the development of LF is inflammation,
through crosstalk and communication between inflammatory cells, cytokines, and
associated signaling pathways (Zhangdi et al., 2019). Our findings revealed that
silymarin ameliorated both of the DEN-induced profibrotic/inflammatory mediators
TNF-o and TGF-p in male and female rats. This was in the line of other studies (Ogaly
et al., 2022; Jeong et al., 2005).

The significance of NF-«B in DEN-induced liver injury is obvious, and it may be
a target for the prevention or treatment of liver fibrosis. NF-xB also serves as a crucial
link between hepatic injury, fibrosis, and HCC (Luedde & Schwabe, 2012). Our
immunohistochemical analysis indicates that the injured hepatocytes of the Male-DEN
group had higher levels of the active form of NF- kB (p-65) in their nucleus and cytoplasm
than the Female-DEN group. Silymarin reversed the excess nuclear translocation of NF-
(p-65) in male and female rats.

The reason behind using silymarin as a protectant from DEN-induced LF in our
study its multi-target mechanisms of action. silymarin has long been studied since it has
few adverse effects, is simple to administer orally, is inexpensive, and has good curative
benefits (Tamayo et al., 2013). Silymarin provides protection to both sexes because it
protects hepatocyte by different mechanisms (Jiang et al., 2022).According to reports,
silymarin works to protect the liver through a variety of processes, including as
antioxidant activity, scavenging of free radicals, a rise in cellular glutathione levels,
activation of DNA polymerase, and stabilization of the hepatocellular membrane
(SIManek et al., 2000).

Our study has been succeeded to link the severity and progress of DEN-induced
LF with e gender dimorphism by comparing these effects in male and female rats.
Accordingly, it opened an avenue for further investigations of the possible molecular
mechanism(s) that could be involved in the hepatoprotective effect of estrogen and their
cross-links with hepatoprotective mechanisms of silymarin.

Conclusion

In conclusion, DEN-induced liver fibrosis is more aggressive in male rats than
females. Additionally, silymarin provides an ameliorative effect against DEN-induced LF
in both sexes by improving liver functions , reducing the oxidative stress and
inflammations.
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