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ABSTRACT

Background: Despite all treatment and control efforts, schistosomiasis still thrives in humanity. It is
endemic in 78 countries that are anchored by poverty and diseases. Until now, the broad-spectrum
praziquantel (PZQ) drug is the only effective treatment of choice. However, reports documented
some side effects for PZQ like haemorrhage in lung tissues, resistance, and inefficacy to treat
fibrotic tissues. Therefore, alternative drugs that help in reducing the undesired effects of
schistosomiasis are required. This study examined the efficacy of Silymarin in interfering with the
fibrogenesis process using a mouse model. Silymarin is a herbal extract known to have flavonoids
and polyphenols that help in reducing the inflammatory reaction, stimulating hepatocyte
regeneration, and inhibiting the fibrogenesis process.

Methods: A total of thirty adult tBALB/c male mice were divided into negative, chronically infected
control and treated groups. All were killed after 18 weeks from the initial infection. Different
histopathological investigations and liver function tests were carried out to detect the difference
between the groups.

Results: Administration of Silymarin exhibited a significant improvement in all associated
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elevated level of serum ALT as well.
during the acute phase of the disease.
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1. INTRODUCTION

Schistosomiasis is the second most predominant
neglected tropical disease that till these days
continues to thrive in humanity. It is estimated
that the disease is endemic in 78 countries [1]. In
2018, at least 229 million individuals needed
preventive treatment in 52 endemic countries [1].
In sub-Saharan Africa alone, the infection threat
is over 193 million [2]. Besides, chronic
schistosomiasis is accountable for losing 10.4
million disability-adjusted life years (DALYs) and
cause over 280,000 deaths yearly [2].

The schistosomiasis infection is established
when the infective stage (cercaria) penetrates

the host skin in a poorly sanitized water surface
contaminated by urine or faeces of infected
individuals. The disease follows several
pathological steps. It starts from the migrating
schistosomula to the lodged eggs in various host
tissues that ultimately cause  several
complications related to the disease. Of these,
damage to vital organs such as urogenital,
hepato-intestinal, pulmonary, or even to the
central nervous system; neuro- schistosomiasis.

Despite these vast costs, schistosomiasis
treatment depends on the broad-spectrum
praziquantel drug (PZQ) [3]. The efficiency of
PZQ reaches a 70-90% cure rate [4]. However,
this magical treatment starts to raise scientists'
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concerns. The emerging resistance to treatment
in some infected populations is not fully
understood yet. It might be due to the low
efficacy of PZQ on newly acquired immature
parasite stages or the presence of genetic
variations between parasite species [5]. Besides
the reports of haemorrhage caused by PZQ in
some patients' lungs, the drug only eliminates
adult worms that dwell in the host's blood and not
the histological damage caused by the trapped

eggs [6].

Therefore, this study aimed to develop novel
effective drugs to control schistosomiasis
consequences deprived of side effects. We
tested the ability of Silymarin to diminish liver
fibrosis using a mouse model infected by
Schistosoma mansoni cercariae.

Silymarin is an ancient herbal extract from
Silybum marianum (milk thistle) known to treat
liver diseases [7]. It consists of a combination of
flavonoids and polyphenols, which act as
membrane-stabilizing and an antioxidant. It helps
in reducing the inflammatory reaction, stimulating
hepatocyte regeneration, and inhibiting the
fiborogenesis process. [7]. Previous studies
showed the Silymarin's reduction ability of
fibrosis deposition in the liver during acute
schistosomiasis, which is linked to a reduction in
the size of granulomas [8].

Accordingly, this study examined the efficacy of
Silymarin in interfering with the fibrogenesis
process using a mouse model.

2. MATERIALS AND METHODS
2.1 Drug and Kits

Silymarin: (product number: S0292) Sigma-
Aldrich, Chemical Co., St. Louis, MO, USA. High-
pressure liquid chromatography (HPLC) was
used to determine the constitution of Silymarin
which is mainly composed of flavonolignans,
including (22.6%) silicristin, (9.06%) silydianin,
(21.3%) silybin A, (34.9%) silybin B, (8.26%) iso-
silypin A, and (3.91%) isosilybin  B.
Carboxymethylcellulose (CMC): To prevent fast
precipitation, silymarin extract was suspended in
1 percent carboxymethylcellulose (CMC) (Sigma-
Aldrich, USA). It was given intraperitoneally (i.p.)
every 48 hours until the study ended 18 weeks
after the infection, at a dose of 10 mg kg-1 of
body weight (P.l.).

Hydroxyproline  Assay  Kit  (Colorimetric)
(ab222941) was purchased from AbcamUSA.

Anti-mouse Alpha -smooth muscle actin (a-SMA)
was purchased from LABVI- SION, USA (Catalog
number: MS-185-R7).

Mouse Interleukin-13 (IL-13) (Catalog Number:
RAB0257-1KT) enzyme-linked immunosorbent
assay (ELISA) kit (Sigma-Aldrich, USA).

Mouse Aspartate aminotransferase  (AST)
(Catalog Number: MAKO055) and Alanine
Aminotransferase (ALT) ELISA Kits (Catalog
Number: MAK052) (Sigma-Aldrich, USA).

2.2 Animals

Thirty adult t BALB/c male mice (7-8 weeks and
18- 25 gm).

2.3 Parasites

S. mansoni cercariae (60 10/mouse) (obtained
from infested Biomphalaria Alexandrina snails
grown and stored at Theodor Bilharz Research
Institute  (TBRI), Giza, Egypt, injected
subcutaneously) S. mansoni eggs in feces were
discovered 42 days P.l., indicating an infestation.

[9].

2.4 Experimental Animals' Groups (10
Animals in Each Group)

Group | (negative vehicle control group) healthy
liver group: Uninfected mice were given the
vehicle (1% carboxymethylcellulose (CMC)) and
tested alongside infected group Il and infected
treated group Ill before being killed after the trial
(after 18 weeks P.1.).

Group Il (positive control group) infected
untreated group (chronic infection): killed after 18
weeks P.1. [9,10].

Group Il treated groupl2th week: The
treatments were started from the 12th week to the
18th week PI. to allow the clinical manifestation
of the disease and assess the efficacy of
Silymarin in reducing histological alterations [10].

2.5 Histopathological Studies

For 48 hours, the liver was fixed in 10% buffered
formalin. The samples were dehydrated for one
hour in ascending alcohol grades (50, 70, 90,
and 95 percent), followed by two changes of
absolute alcohol (100 percent) for one hour each.
After clearing the alcohol using xylene, 2 hours of
embedding the samples in soft paraffin wax at
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50°C and another 2 hours of hard paraffin at
60°C. Hematoxylin and eosin (H&E), Masson's
trichrome stain, and immune-histochemical
staining for alpha-smooth muscle actin (-SMA)
were used to stain paraffin liver sections from
each animal [11]. The immunoperoxidase
technique of avidin-biotin was used as well. [12].

2.6 Parasitological Parameters (Ova
Count):
Cheever methodology for hepatic tissue

digestion was followed [13]. The egg count was
calculated after 12-hour overnight incubation of
liver tissue in 5% KOH at 37°C. Following that,
samples were incubated for one hour at 37°C
before counting in 50 | aliquots. The procedure
was done three times, with the findings
interpreted as ova/g tissue.

2.7 Liver Homogenate (Hydroxyproline
Content)

Phosphate buffer saline (PBS) PH=7.4 was used
to clean liver tissues maintained at 80°C. The
tissue was then chopped into small pieces and
homogenized on ice with PBS (100 mg tissue/
ml). The suspension was treated to two freeze-
thaw cycles to disrupt the tissues' cell membrane
further. Then the suspension was centrifugated
for 15 minutes at 1500xg), the supernatant was
collected and stored at-80 °C till assayed.
Hydroxyproline quantification was detected to
evaluate the collagen volume from liver tissue as
an index of liver fibrosis. The method of
Woessner was used to estimate hydroxyproline
in the liver [14].

2.8 Biochemical Analysis

Blood was collected for serum analysis. The
colourimetric assay established serum aspartate
aminotransferase (AST) and alanine
aminotransferase (ALT) markers of hepato-
cellular damage as per the Reitman and Frankel
method [15]. IL-13 levels in serum were
measured at 18 weeks Pi by an ELISA technique
with capture and detection anti- bodies according
to the manufacturer's instructions (Sigma, USA).

2.9 Morphometric Analysis

Each mouse in the subgroups (n=10) had ten
specimens analyzed. Five different non-
overlapping fields were photographed. Five
distinct readings were counted from each taken
photo, and the mean was determined. The

measured parameters were as follows: (1)
Masson trichrome dye was used to determine the
mean area % of collagen fibers. (2) The
percentage of (-SMA) positive brownish cells in
the mean area. (3) Infected groups had their
granuloma size (m2) quantified. The average
width and length were used to calculate the
mean size. Forty granulomas were evaluated
and measured in each group in each animal
using ImageJ software (National Institutes of
Health, Bethesda, MD, USA), along with
concomitant hepatic histological alterations. All
the  measurements were conducted at
magnification fields of 40.

2.10 Statistical Analysis

Statistical Package for the Social Science
software package (SPSS) version 26.0 (IBM
Corp., Armonk / N.Y., USA) was used to conduct
the statistical analysis. All data were analyzed
using one-way analysis of variance (ANOVA)
then by Tukey's post hoc test. Results presented
as mean + SEM Correlations between measured
parameters were calculated wusing Pearson
correlations. The significance was at <0.05.
Graphs were drawn using GraphPad Prism
software version 8 (2019), USA.

3. RESULTS
3.1 Histopathological Results

3.1.1 H&E

Analysis of H&E-stained liver sections of control
mice revealed that the liver cells were radiated
from the central vein in cords form toward the
periphery of the lobules. They were separated
from each other by irregular vascular spaces,
hepatic sinusoids. Then, they were coated by
thin flat endothelial cells and Von Kupffer cells.
The hepatocytes appeared with acidophilic
cytoplasm and a large central vesicular nucleus
with a prominent nucleolus. Some hepatocytes
contain two nuclei. At the border of the hepatic
lobule, portal tracts were present; each tract
contained branches of the portal vein, hepatic
artery, and bile duct (Fig. 1).

In group Il (positive control group), the liver
revealed disturbed architecture and presence of
cellular and fibrous granuloma with necrosis at
the center, condensed fibrous connective tissue,
and embedded ova in the center with infiltrated
leukocytes surrounding the granuloma. Note the
presence of adult Schistosoma mansoni n the
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lumen of the dilated portal vein. Most of the
hepatocytes had vacuolated cytoplasm. Many
nuclei showed karyorrhexis, while other cells
appeared with ill-defined nuclei: dilated central
vein and portal vein with intense cellular
infiltration around it.

Many hepatocytes appeared with dense nuclei
and deeply acidophilic cytoplasm. The
hypertrophied intra-sinusoidal (Von Kuepfer
cells) in-between hepatocytes could be easily
detected (Fig. 2).

A noticeable enhancement was noticed in the
Silymarin  treated mice. The granuloma
attenuation and the reduction in centrally
localized ova with less condensed connective
tissue were apparent. There was a decrease in
the cellular infiltration around the central vein and
portal area. The hepatocytes appeared nearly to
the negative control group (Fig. 3).

3.1.2 Masson trichrome stain

Masson's trichrome was used to evaluate
collagen deposition and liver fibrosis. Group |
(negative control group) scanty fine collagen
fibers were observed surrounding the central
vein. No collagen fibers were observed between
the hepatocytes (Fig. 4). Moreover, the collagen
fibres increased markedly in S. mansoni-infected
liver (Positive control group IlI). There was a
marked increase in the collagen fibers noticed
around the central vein and between liver cells.
The area of granulomas showed marked
increased collagen fibers around the calcified egg
(Fig. 5). Interestingly, treatment with Silymarin
caused a reduction in the granuloma area. Thin
collagen fibers were noticed around the central
vein and in between liver cells (Fig. 6).

3.2 Immunohistochemistry Results

Immunostaining of a-SMA: In group I, no positive
reaction was detected between the liver cells
(Fig. 7). There was a highly positive peri-
sinusoidal reaction in group Il and around the
granuloma with an apparent increase of the
granuloma size (Fig. 8). There was an apparent
decrease in the positive perisinusoidal reaction in
group Il and an apparent decrease in the
granuloma size compared to group Il (Fig. 9).

3.2.1 Parasitological parameters (Ova count)

Hepatic tissues were digested, and there was a
significant (P <0.001) decrease in the number of

the ova/gram liver tissue were observed in
silymarin-treated mice group lll as compared to
the positive control group Il (Fig. 10A, Table 1).

3.2.2 Hydroxyproline content

The hydroxyproline levels in liver tissues were
significantly reduced after treatment with
Silymarin. This measurement indicates its ability
to reverse hepatic fibrosis at the chronic stage
(Fig. 10B). The reduced area percentage of
collagen fibers in the liver tissue, mean area
percentage of (a-SMA) positive brownish cells,
and the granuloma size confirmed Silymarin's
role in containing hepatic fibrosis that was
observed in silymarin-treated mice and illustrated
by the two images in Figs. 11A, 11B & 11C &
Table 1.

3.3 Morphometric Results

3.3.1 Collagen fibers mean area percentage
using Masson trichrome stain

Collagen area percentage highest peaks were
measured in untreated mice (group Il). Significant
reduction in the area percentage in negative
control animals, and group Il Silymarin treated
group) when compared to group Il (p<0.001 and
p<0.001), although a significant increase
(p<0.001) was recorded in subgroup B2 when
compared to that in control mice (Fig 11A).

3.3.2 The mean area percentage of (a-SMA)
positive brownish cells

The highest peaks and significant increase in
mean area percentage of a-SMA positive
brownish cells was in infected untreated mice
(group 1) when compared to control negative
group | & group Il treated with Silymarin. On the
other hand, a non-significant difference
(p=0.107) was measured in group Il compared
to that in group I(Fig. 11B).

3.3.3 Granuloma size (um2)

The mean granuloma circumference hit its
highest levels in group Il. It showed a significant
increase (p<0.001) compared to group Il (Fig.
11C).

3.4 Biochemical Results

3.4.1 Markers of hepatocellular damage

Mice infected with S. mansoni showed a marked
increase in both serum AST (P < 0.001) and ALT
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(P < 0.001) levels when measured 18 weeks P.I.
in comparison with those in the negative control
group |. While those treated with Silymarin had a
significant reduction in both serum AST (P <
0.001) and ALT (P < 0.001) levels (Figs. 12A, B
& Table 1).

3.4.2 Serum IL-13 levels

Serum levels of IL-13 showed a marked increase
(P < 0.001) in the infected group compared to
their corresponding negative control group I. The
level of serum profibrogenic cytokine IL-13
decreased significantly (P < 0.001, P < 0.001) in
silymarin-treated compared to negative control
(group 1) or non-treated mice group Il (Fig. 12 C
& Tablel).

4. DISCUSSION

Schistosomiasis comes second to malaria in its
impact on humanity [1]. It causes an acute and
chronic infection, resulting in granulomas
formation around trapped eggs in the portal
venules of the liver [1]. Trapped eggs release
various antigens that lead to antigen-specific
humoral and cell-mediated immune responses
that cause fibrosis and portal hypertension
[16,17].

The drug that treating schistosomiasis relies on
is praziquantel (PZQ). Although PZQ effectively
eliminates adult worms and precludes eggs'
accumulation, it is less effective in potentially
reversing existing hepatic fibrosis  [18].
Therefore, treating schistosomiasis hepatic
fibrosis remains challenging. Moreover, some
studies reported that PZQ induced hemorrhage
in the host's lung tissue [9]. Several other studies
documented that (PZQ)-resistant in some
Schistosoma strains [9]. Therefore, it is vital to
find effective alternative drugs to control the
infection and prevent side effects. For centuries
people used medicinal plants to maintain health
and mitigate chronic diseases [19]. The present
study established a mouse schistosomiasis
model through S. mansoni cercariae infection
and then treated them with Silymarin to diminish
liver fibrosis. Previous studies demonstrated
Silymarin's ability to reduce fibrotic deposition in
the liver during acute schistosomiasis [8].
Accordingly, in this study, we tried to confirm
these results further using different techniques
for the different mice groups, starting from H&E
stain, then wusing special stain (Masson's
trichrome). Immunohistochemistry was used to
give more specific results to localize the
presence of the antigens in liver tissue sections.

Histopathological changes in liver tissues of
sacrificed mice were detected by staining
sections with haematoxylin and eosin and
Masson's trichrome stains. Cure rate and healing
degree in damaged tissues were assessed
before and after treatment. The results
demonstrated that tissues covered with
granulomas were fused with eggs in the infected
non-treated mice group. Also, deeply stained
hepatocytes with dark pyknotic nuclei were
diffusely seen. These results are coherent with
previous studies as mentioned by
[10,17,19,20,21-23]. Treatment with Silymarin
significantly  improved  liver  morphology,
especially on the decreased area percentage of
collagen fibers. These findings agree with
[10,19,24,25]. Silymarin efficiently hinders the
fiborogenesis process in hepatic tissue. Its
administration at a dose rate equivalent to that
used to treat hypertransaminasemia (50 mg/kg)
for four weeks in experimental rats showed a
reduction in hepatocyte damage [26]. In addition
to reducing fibrosis score, markers of oxidative
stress and tissue hyaluronic acid. It should be
considered that Silymarin's ability to antagonize
fibrogenesis is only to de novo fibrosis, not an
advanced one. Consequently, administration of
Silymarin as a treatment for chronic
hepatopathies will be only effective if carried out
from the early stages of the pathology [27,28].

The excessive accumulation of several
extracellular matrix (ECM) components is a
significant observation in fibrosis. For example, in
the fibrotic process, type Il collagen deposition
increases. Moreover, types | and Il collagen,
fibronectin, and proteoglycan accumulate during
granuloma formation. The primary source of
these ECM in liver fibrogenesis has been
identified as the activated HSCs [29-31]. In the
present study, Immunostaining of a-SMA
revealed a highly positive peri-sinusoidal reaction
and around the granuloma with an apparent
increase of the granuloma size in infected
untreated mice. Morphometric and statistical
analyses were used to confirm the findings. Our
results were consistent  with  previous
investigations [32-34] have found a considerable
rise in the area % of -SMA positive brownish
cells. There was an apparent decrease in the
positive reaction and granuloma size in group lli
treated mice compared to group Il. These results
are coherent with previous studies done by [32],
[35,36]. Silymarin inhibits the expression of
various cell cycle targets, including p27, Akt, and
sirtuin signaling, as shown by Ezhilarasan et al.
on human HSCs [36].
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Fig. 1. The polyhedral hepatocytes with normal vesicular basophilic nuclei (black 1) distributed
radially in cords around the central vein (cv). The blood sinusoids (red 1) and Von Kupffer cells
(yellow 1) have a thin flat endothelial lining. The normal hepatocytes with their typical vesicular
nuclei are shown in the portal area (P) around the portal vein (v), bile ducts (D), and hepatic
artery (a). Hepatocytes appear to be binucleated in some cases (11). H&E Stain-Group |

Fig. 2. Infected positive control group demonstrating an apparent increase of number and size
of fibrocellular granuloma (*) surrounding one intact egg (thick white arrow) and the peripheral
zone of inflammatory cells (dot arrow) with only a few areas of hepatocytes. Adult
Schistosoma (arrowhead) appear in the dilated portal vein. Notice few hepatocytes have deep
acidophilic cytoplasm with loss of nuclei (1) and dilated blood sinusoids (s) with hypertrophied
Kupffer cells (yellow 1). H&E Stain-Group Il
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Fig. 3. Infected mice treated with Silymarin (group Ill) demonstrated an apparent decrease of
size and numbers of the granuloma with regularly arranged fibroblast (*) surrounding mild
inflammatory cellular reaction (dot arrow). The polyhedral hepatocytes are arranged radially in
cords around the central vein (CV) with normal vesicular basophilic nuclei and granular
cytoplasm (1). Notice Few hepatocytes appeared binucleated (11), the thin endothelial lining of
the blood sinusoids (red 1) and Von Kupffer cells (yellow?t). Portal area (P) shows the normal
hepatocytes with their normal vesicular nuclei around the portal vein (V), Bile ducts (D) and
hepatic artery (a). H&E Stain-Group Il
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Fig. 4. Around the central vein (cv) and the portal area, fine blue-stained fibers connect the
radially organized hepatocytes (P). Masson trichrome Stain-Group |
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Fig. 5. Infected positive control group demonstrating an apparent marked increase of the
collagen deposition in the granuloma with marked compact fibrous reaction (*) intact egg
(thick white arrow) and marked inflammatory reactions (dot arrow). Notice marked
inflammatory reactions and collagen depositions around the central vein (cv) and portal area
(P). Masson trichrome Stain-Group |l

Fig. 6. Infected mice treated with Silymarin (group Ill) demonstrated an apparent decrease of

the granuloma (*) size and collagen deposition with well-organized fibrous tissue and sparing

most of the hepatic tissue around the central vein (cv) and portal area (P). Masson trichrome
Stain-Group Il
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Fig. 7. Imnmunostaining for alpha-smooth muscle actin (a-SMA) antibody in a liver section of
group | (negative Control group) shows a negative expression of a-SMA. IHC, a-SMA-Group |

Fig. 8. Infected positive control group demonstrating a marked increase expression of an a-

SMA monoclonal antibody as cytoplasmic brownish color (green 1) in-between hepatocytes

around the central vein (cv), portal area (P), and granuloma cells (*) with dead calcified egg
(thick white arrow). IHC, a-SMA-Group |
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Fig. 9. Infected mice treated with Silymarin (group lll) demonstrated a marked decrease in
expression of an a-SMA monoclonal antibody as cytoplasmic brownish color (green 1) in-
between hepatocytes around the central vein (cv), portal area (P), and granuloma cells (*). IHC,

a-SMA-Group Il
.
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Fig. 10. Ameliorative effects of the administration of Silymarin on the ova count in the liver (A)
and hydroxyproline content on the liver tissue (B)
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Table 1. Effect of the tested drug (Silymarin) on granuloma size (um2), ova count in the liver (oval/g tissue), hydroxyproline content (mg/g), biochemical parameters, and

morphometric result

Report
Groups (N=10) Granuloma size Ovacountin Hydroxyproline Serum alanine Serum aspartate  Serum Area Mean area
(Hm?) the liver (ova/g content (mg/g) aminotransferase aminotransferase Interleukin-13 percentage of  percentage of
tissue) (ALT) (IU/L) (AST) (IU/L) (IL-13) (pg/ml) collagen fibers alpha-smooth
(%) muscle actin
(a-SMA) (%)
Group | Mean+SEM - - 3.30+0.22 16.97+0.70 15.47+0.50 27.0560+1.43 14.41+0.34 13.55+0.30
(negative
control)
Group Il Mean+SEM 66737.78+54.60 8420.0+339.54  9.90+0.28a 108.23+5.16a 102.42+7.421a 827.70+46.13a 77.9246.15a 35.46+2.01a
(positive
control)
Group 1l Mean+SEM 4851.15+244.12b 2036.0+211.36b 5.20+0.35a, b 34.404+3.38a, b 34.504£3.13a, b 234.20+28.07a,b 17.12+0.618a,b 16.36+0.39a, b
Silymarin
treated)

" Data were expressed as mean = SEM, N = number of rats. One-way ANOVA followed by Tukey multiple comparison tests
P <0.05 compared to negative control mice (a); P< 0.05 compared to positive control mice (b)
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According to convincing evidence, hepatic oval
cells (HOC) are progenitors of the liver stem cell
compartment [35]. After damage, oval cells with
oval nuclei and basophilic and sparse cytoplasm
form in the small portal zone. Alaca et al.
concluded that Silymarin could treat the
cholestatic liver injury in rats, decreased
activated a-SMA positive brownish cells, and
activation of hepatic stem cells (oval cells) [36].

Schistosomiasis is a relatively asymptomatic
infection. Symptoms establish when the parasite
starts oviposition 6 to 8 weeks after infection [37].
Some laid eggs are carried by mesenteric
vessels and trapped in liver tissue. They cannot
be exterminated, promoting a granulomatous
reaction to isolate them from healthy hepatic
parenchyma. Myofibroblasts deposit collagen
around these eggs. The formed fibrosis, along
with the resulting vascular damage, alters blood
flow in the liver, causing portal hypertension
[24,25,38-40].

Hydroxyproline level was measured in this study
because it is a sensitive marker for liver fibrosis.
This amino acid increase during the de novo
synthesis of liver collagen [10,41]. To assess the
effects of Silymarin on hepatic fibrosis, we
evaluated the reduction in granuloma area and
fibrosis by measuring hydroxyproline levels.
These changes were compared between infected
silymarin-treated group 1l to non-treated positive
control group Il. Silymarin antioxidant, anti-
inflammatory, anti-proliferative, and
immunomodulatory effects enhanced liver health
[42].

Silymarin benefits for liver health caught
scientists' interest. This study verified that using
Silymarin as treatment in experimental S.
mansoni infection reduced granuloma area and
hepatic fibrosis. Together with an observed
reduction in the markers of hepatocellular
damage and profibrogenic cytokines, these
records reflect a reduction in morbidity rate in
experimental schistosomiasis. El-Lakkany et al.
(2012) reported that treating infected mice using
Silymarin from 84 to 126 dpi caused a slight
decline in parasite burden and fibrosis. However,
the reduction was lower than that of praziquantel
alone and possibly linked to the burden reduction
[10]. Herein, we observed a significant decrease
in the number of ova/gram liver tissue in
silymarin-treated mice group Il compared to
positive control group I, suggesting a significant
effect of Silymarin in parasite burden. As a result,
silymarin may eliminate oxidative products and
aids in the immune-mediated destruction of

worms and eggs. Therefore, further investigating
the effects of silymarin in future studies is
noteworthy.

The observed elevation in ALT and AST reflects
liver damage [43]. As observed by Naik and
Panda [44] and Essam and Ashraf [45], our
results showed a rise of these enzymes in
serum. The hepatocytes damage causes this
elevation due to the released parasite eggs
proteases. Also, Naik et al. described that the
hepatocyte membrane damage seems to be the
leading cause for the upsurge liver function
markers such as AST, ALT, and ALP after
schistosome infection [46]. In addition, hypo-
albuminemia may result from the malabsorption
caused by intestinal mucosa damage. Mucosal
damage could result from the extrusion of
excessive numbers of eggs. Alternatively,
diminished albumin synthesis following parasitic
injury to hepatic cells [47]. Silymarin showed the
ability to restore the elevation in serum ALT in
CCl4 intoxicated rats [48] and diethylnitrosamine
administered rats [49]. It reduced liver tissue
damage and enzyme leakage by preventing liver
damage and maintaining plasma membrane
integrity. Silymarin's antioxidant action increased
hepatic GSH concentration [50]. As a result,
much lower intracellular ROS production in
response to pro-oxidant stimuli [51-53].
Furthermore, Silymarin can protect liver cells
directly by stabilizing membrane permeability by
decreasing lipid peroxidation and limiting liver
glutathione depletion, providing a combinatorial
advantage of avoiding liver cell damage [54-56].

In mouse schistosomiasis, IL-13 insufficiency is
linked to a reduction in hepatic fibrosis [57], and
silybin has been shown to lower the amount of
IL-13 [19,58]. Furthermore, by blocking Kupffer
cells, silybin inhibits the activation of stellate

cells, which are responsible for collagen
deposition [19]. In schistosomiasis, it was
discovered that IL-13, not IL-1/IL-17, s

responsible for hepatic fibrosis [59,60]. So far,
there has not been any evidence of a link
between oxidative stress and IL-13 production.
As a result, we assume that Silymarin's
previously documented ability to block IL-13
production and stellate cell activation is
responsible for reducing fibrosis caused by
therapy, a theory that is now being investigated
in this study.

5. CONCLUSION

Using a mouse model, we investigated the
efficacy of Silymarin in inhibiting the fibrogenesis
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process. Silymarin treatment improved liver
histology, particularly in the decreased area % of
collagen fibers. It is worth noting that Silymarin's
capacity to inhibit fibrogenesis is limited to de
novo fibrosis, not advanced fibrosis. As a result,
using Silymarin as a treatment for chronic
hepatopathies will only be successful if started
during the acute phase of the disease. Silymarin
has a considerable influence on the parasite
burden, worth further investigation in future
studies.
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