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ABSTRACT

Background and Aim: The proposed experiment was planned to evaluate the potential
protective function of aqueous extract of Silymarin (SL) concentrate and/or Omega-3
fatty acids (O3FAs) against PCM-initiated liver toxicity in rats. Materials and Methods:
Thirty Wistar-albino rats (either of sex) were distributed among five equivalent groups
as follows: Normal control group, PCM control group, PCM + SL group (25 mg/kg,
p.o.), PCM + O3FAs group (300 mg/kg, p.o.), PCM + SL + O3FAs group. All the
treatments were administered for 14 days. Hepatotoxicity was induced in all groups
except Group | by injection of PCM (2 g/kg, i.p.) on 14" day post the administration
of drugs. Results: Noticeable rise in the levels of AST, ALT, ALP, total bilirubin, direct
bilirubin, MDA, TNF-a, IL-6, VEGF and CRP were seen alongside a substantial reduction
in the levels of serum total protein content and antioxidant enzymes, SOD, GSH,
catalase in PCM control group. Treatment with SL or O3FAs or SL + O3FAs exhibited a
considerable alteration in abovementioned biomarkers. Conclusion: The study concluded
that SL and/or O3FAs protected the liver against PCM-initiated liver toxicity. However,
the significantly increased hepatoprotective effects of SL when combined with O3FAs
insinuate a possible synergism.
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INTRODUCTION

Paracetamol (PCM) is a safe and efficient Liver toxicity initiated by PCM has
medication used to treat pain and fever when 2  pathophysiology  coupled  with  the
production of free radicals and reactive
oxygen metabolites. It has been declared
that among the primary perspectives
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consumed at therapeutic levels.! Besides

its effectiveness, acute overdose of PCM

is known to produce a fatal adverse effect
namely centrilobular hepatic necrosis.?

Several study reports were stated the
involvement of reactive oxygen species
(ROS) in the pathway of liver toxicity
induced by PCM.

radicals and nitric oxide tend to serve as

Superoxide, free
chief mediators of liver tissue injuries.*
Presently, PCM-initiated liver damage is a
common mechanistic model for evaluating
herbal remedies and other hepatoprotective

interventions.

adopted to improve or develop a protection
for PCM-initiated liver toxicity, the ultimate
rational efficacy has been seen by the use
of antioxidant agents. Antioxidants possess
intense scavenging activity towards free
radicals in order to eradicate toxicities
induced by PCM.

Liver is the vital organ responsible for most
of the biological actions in human body.
Detoxification of toxic substances is the
foremost function of liver.” Managing liver
ailments is a challenging task for the medical
fraternity even today. Hence, investigation
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on mote effectual and harmless hepatoprotective
medications has continued to be a crucial research
area. Since long, herbal remedies are utilized for the
management of liver ailments. Synthetic and traditional
medicines presently available are not effective for curing
liver ailments. Therefore, obtaining novel medicines
from herbal sources with minimal side effects is
becoming really essential these days.®

Silymarin  (SL) contain polyphenolic constituent
extracted from the fruits of  Silybum
marianum (Asteraceae family).” Omega-3 fatty acids
(O3FAs) serve to be essential fatty acids and are provided
with amplified health benefits. The hepatoprotective
activity of SL or O3FAs in PCM intoxication have been
carlier depicted.®’

and seeds

The proposed work was planned to assess the possible
protective tole of aqueous extract of (SL) and/or
Omega-3 fatty acids (O3FAs) against PCM-initiated
liver toxicity in rats.

MATERIALS AND METHODS

Drugs and chemicals

Paracetamol formulation marketed by Zydus Cadila,
Ahmedabad, India was procured from authorized
retailer. Silymarin and O3FAs were obtained from
Alpsure Life Sciences Pvt. Ltd., New Delhi. Alkaline
phosphatase (ALP), (ALT),
Aspartate transaminase (AST), bilirubin, total protein
kits utilized in the protocol were procured from
ARKRAY Healthcare Pvt. Ltd., Surat, India and
Transasia Bio-Medicals Limited, India. Interleukin 6
(IL-6), Tumor Necrosis Factor-alpha (TNF-a), Vascular
endothelial growth factor (VEGEF), C - reactive protein
(CRP) ELISA kits were purchased from Sigma Aldrich.
Remaining substances utilized in the protocol were of
analytical grade.

Alanine transaminase

Experimental animals

This research work was performed on healthy fully-
grown albino Wistar rats of either sex weighing 150-200
gm. Rats were kept under optimal environment (Light/
datk cycle: 12 h, Temperature: 24°C, Humidity: 35 to
60%), contained in polypropylene cages having free
access to optimum quality of diet and drinking water
ad libitum. Prior approval from Institutional Animal
Ethics Committee (IAEC) was taken for experiment on
animals.

Experimental design

Animals were distributed equally among 5 different
groups each comprising of 6 animals. Group I labeled

S$82

as normal control group and was given 10 ml/kg/day
of normal saline. Group II labeled as PCM control
group and were given 10 ml/kg/day of normal saline.
Group III animals received aqueous extract of SL
(25 mg/kg, p.o.),'"" Group IV animals received O3FAs
(300 mg/kg, p.o.),” Group V received combination of
aqueous extract of SL + O3FAs. All the aforementioned
test compounds were administered by gavage method
consecutively for 14 days wherein animals were fasted
for 3-4 hrs. prior to and 1 hr. after administration to
ensure proper absorption. Hepatotoxicity was induced
in all groups expect Group 1 by injection of PCM (2
g/kg, i.p.) on 14" day post administration of drugs.'
Rats were sacrificed after 48 hrs of PCM administration
under mild anesthesia.

On completion of test duration, blood samples were
collected (2-3 ml) from anesthetized animals via retro-
orbital plexus puncture using glass capillaries. The
collected blood samples, after a standing time of %2 hr
were centrifuged in Remi Centrifuge at the speed of 2500
rpm (10 min). The separated serum was stored at -20°C
for evaluation of liver functions tests viz. AST, ALT,
ALP, total bilirubin, total protein and direct bilirubin
from serum using standard diagnostic kit (ARKRAY
Healthcare Pvt. Ltd., Surat, India and Transasia Bio-
Medicals Limited, India.).

Assessment of TNFxxx-a, IL-6, VEGF and CRP by
ELISA

TNF-a, 11.-6 in liver tissues and serum VEGEF, CRP
levels were assessed quantitatively using enzyme linked
immunosorbent assay (ELISA) kits as per the maker’s
guidelines.

Assessment of oxidative stress parameters

Liver of all the sacrificed animals were detached and
kept aside on an autoclaved petridis along with ice
cube. Liver tissues were converted into thin slices
in chilled sucrose (0.25 M) with the help of surgical
scalpel and followed by quick blotting on a filter paper.
Homogenization of minced tissues were achieved with
10 mM Tris-HCI buffer, pH 7.4 (10 % w/v) on a glass
homogenizer followed by centrifugation at 0°C  and
speed was fixed at 10,000 X g, Resulting supernatant was
assayed for endogenous antioxidant enzymes such as
GSH," catalase (CAT)," superoxide dismutase (SOD)"
and malondialdehyde (MDA)."*

Histological study

Liver tissues of sacrificed animals of aforementioned
groups were detached and followed by cleaning with saline
solution and stored in formalin (10% phosphate buffer).
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Samples embedded on paraffin were sliced down into 5
um-thick segments and stained by means of hematoxylin
and eosin (H&E). Expected histopathological changes
were assessed using light microscope (Olympus BX10,
Tokyo, Japan) and photomicrographs were captured
(Olympus DP12 camera, Japan). Information regarding
treated animal group was not disclosed to pathologist
executing histopathological assessment to acquire
unbiased outcome.

Statistical analysis

All the statistical outcomes were stated in terms of
mean * SEM. One-way ANOVA was performed and
subsequently Bonferroni multiple comparison test was
applied with the help of Prism, GraphPad version
5, GraphPad Software Inc, to evaluate statistical
significance between more than two groups, where
significance threshold was fixed at p<.05 for all
assessment.

RESULTS

Effect of SL or O3FAs or SL + O3FAs on ALT, AST
and ALP

Intraperitoneal administration of PCM triggered a
noticeable fall in liver function portrayed by substantial
(P < 0.001) elevation in ALT, AST and ALP levels in
PCM treated rats when compared with normal control.
SL or O3FAs or SL. + O3FAs treated with PCM for 14
days period exhibited substantial (p < 0.001) reduction
in ALT, AST and ALP values when compared with PCM
treated rats. In Contrast, combination of SL and O3FAs
exhibited marked (p < 0.001) alteration in ALT levels
when compared with monotherapy with SL or O3FAs.
However, co-administration of SL and O3FAs did not
show a noticeable change in AST and ALP levels than
monotherapy (Figure 1 A-C).

Effect of SL or O3FAs or SL + O3FAs on total
bilirubin, direct bilirubin and total protein

PCM administration triggered a substantial (p < 0.001)
elevation in total bilirubin, direct bilirubin and a
substantial (p < 0.01) reduction in total protein when
compared with normal control. Treatment with SL
or O3FAs or SL + O3FAs exhibited substantial (p <
0.001) reduction in total bilirubin, direct bilirubin levels
when compared with PCM treated rats. In contrast,
administration of SL or O3FAs did not show marked
alteration in total protein levels when compared with
PCM treated rats. Motreover, co-administration of
SL and O3FAs did not show a noticeable change in
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Figure 1: Effect of SL or O3FAs or SL + O3FAs on (A) ALT, (B)
AST and (C) ALP.
All the statistical outcomes were stated in terms of mean = SEM; n = 6
avs. b, ¥¥p < 0.001; b vs. ¢, b vs. d and b vs. e, ### p < 0.001; ¢ vs. ¢, &&& p <
0.001;d vs. e, +++ p < 0.001
total bilirubin, direct bilirubin and total protein than

monotherapy (Figure 2 A-C).

Effect of SL or O3FAs or SL + O3FAs on oxidative
stress biomarkers in kidney tissue

A substantial (p < 0.001) rise in MDA content and
reduced activity of SOD (p < 0.001), CAT (p < 0.001)
and GSH (p < 0.01) levels were noticed after providing
PCM treatment. This indicates the production of free
radicals and role of oxidative stress in liver toxicity
induced as a result of PCM treatment.

It was observed a substantial (p < 0.05; p < 0.001; p
< 0.001) reduction in MDA content and an elevation
in the level of antioxidant enzymes, SOD (p < 0.001;
p < 0.001; p < 0.001), CAT (p < 0.001; p < 0.001; p <
0.001) and GSH (p < 0.01; p < 0.01; p < 0.01) levels after
providing treatment with SL or O3FAs or SL + O3FAs,
respectively. Whereas it was also showed that treatment
of SL with O3FAs showed more substantial (p < 0.05)
decline in MDA levels as compare to rats treated with SL
alone. However, combination therapy of SL along with
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Figure 2: Effect of SL or O3FAs or SL + O3FAs on (A) Total
bilirubin, (B) Direct bilirubin and (C) Total protein.
All the statistical outcomes were stated in terms of mean + SEM; 7 = 6
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O3FAs showed substantial alterations in SOD levels
when O3FAs given exclusively (Figure 3 A-D).

Effect of SL or O3FAs or SL + O3FAs on TNF-q, IL-
6, VEGF and CRP

Administration of PCM exhibited substantial rise in
renal TNF-a (p < 0.01), IL-6 (p < 0.001) and serum
VEGF (p < 0.001) and CRP (p < 0.001) content.
Administration of SL. or O3FAs or SI. + O3FAs with
PCM for 14 days period substantially reduced TNF-a
(p < 0.001; p < 0.001; p < 0.001), IL-6 (p < 0.001; p
< 0.001; p < 0.001), VEGF (p < 0.05; p < 0.05; p <
0.01) and CRP (p < 0.001; p < 0.01; p < 0.001) when
compared with PCM treated rats, respectively. Though,
concomitant administration of SL with O3FAs did not
have any considerable alteration in TNF-a, 1L.-6, VEGF
and CRP contents when compared with monotherapy
of SL or O3FAs (Figure 4 A-D).

Histological studies

In the proposed research protocol, the histological
variations in liver in all groups were assessed. Liver
segments of the normal rats exhibited regular orientation
of liver, whereas PCM control rats showed fatty changes
and dilation of central vein. Treatment with SL or O3FAs
and combination of both showed no gross anatomical
changes were found (Figure 5 A-E).

DISCUSSION

The protective effects of SL or O3FAs or SL + O3FAs
against hepatotoxicity initiated by PCM were investigated
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Figure 3: Effect of SL or O3FAs or SL + O3FAs on (A) MDA, (B) SOD, (C) CAT and (D) GSH.

All the statistical outcomes were stated in terms of mean * SEM; 7 = 6

avs. b, ¥P < 0.01, **P < 0.001; b vs. ¢, b vs. d and b vs. ¢, #p < 0.05, ## p< 0.01, ### p < 0.001; c vs. ¢, & p < 0.05; d vs. e, ++ p < 0.01
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Figure 4: Effect of SL or O3FAs or SL + O3FAs on (A) TNF-a, (B) IL-6 (C) VEGF and (D) CRP.

All the statistical outcomes were stated in terms of mean £ SEM; n= 6

avs. b, P < 0.01, P < 0.001; b vs. ¢, b vs. d and b vs. e, #p < 0.05, ## p< 0.01, ### p < 0.001.

in the present study. Our reports showed that a single
intrapetitoneal injection of PCM caused liver injury
in rats, exhibited by a substantial raise in serum AST,
ALT, ALP, total bilirubin and direct bilirubin levels as
well as the histopathological changes. Higher levels
of abovementioned biomarkers result in revealing of
cellular escape and loss of function of liver cellular
membrane. These elevated levels of biomarkers are
reliable with the conclusions of numerous earlier studies.
Histopathological changes with necrosis, degenerated
hepatocytes, inflammatory cells infiltration and dilated
hepatic sinusoids are evident in PCM-intoxicated rats.'>'°
The current results prove that treatment of monotherapy
and combination therapy of SL or O3FAs potentially
attenuated PCM-initiated liver injury. These outputs are
accordance with eatlier reports that stated that SL'” and
O3FAs!® lessened serum ALP, ALT, AST, total bilirubin
and direct bilirubin levels and histopathological changes
in rats.

In the current work, substantial rise was observed in
MDA content and teduced action of SOD, GSH and
CAT after providing PCM treatment. This indicates the
production of free radicals and role of oxidative stress
in liver toxicity induced as a result of PCM treatment.
These results are in accordance with the previous studies
which reported that elevation in lipid peroxidation and
decrease of glutathione content, SOD activity and
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Figure 5: Effect of SL or O3FAs or SL + O3FAs on
histopathology of liver tissue (A) Normal Control, (B) PCM
Control, (C) PCM + SL (D) PCM + O3FAs and (E) PCM + SL +
O3FAs.

catalase activity is an indicator of oxidative stress which
is responsible for liver injury.'”*!

It was observed a substantial decline in MDA level and
raise of antioxidant enzymes (SOD, GSH and CAT) were
experienced after the administration of SL or O3FAs.
Significant reduction in generation of free radicals after
treatment with SL or O3FAs in liver toxicity indicates
the protective role of them against oxidative stress.
These results are further confirmed by earlier the study
in which SL was able to decrease MDA and raised the
levels of SOD, CAT and GSH in CCl, hepatotoxicity
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induced rats."®** In contrast, combination therapy of
SL along with O3FAs showed remarkable alterations
in SOD or MDA content than individual therapy of
O3FAs or SL, respectively.

that
hepatotoxicity, the harmed cells liberates a group of

It was previously demonstrated during
cytokines which is also responsible for the discharge
additional inflammatory mediators from Kupffer cells.”*
In our report, administration of PCM exhibited a
substantial rise in the liver TNF-a, I1.-6 and serum CRP
levels, demonstrating inflammation. These inflammatory
reactions are generally seemed by biliary obstruction*and
are associated in raised indicators of end-organ damage
and death. TNF-a, IL-6 and CRP are an inflammatory
mediator contributes to the pathological complications
observed in several diseases.”® Administration of SL or
O3FAs in PCM treated rats for 14 days meaningfully
reduced liver TNF-a, I1.-6 and serum CRP levels. These
findings are in a line with previous study which shows
that supplementation of omega-3 FAs in HIV-infected
patients significantly decreases serum CRP levels when
compared to the control group indicating the use of
O3FAs in the treatment of inflammatory disorders .*"
# In contrast, combination therapy of SL along with
O3FAs did not show remarkable alterations in liver
TNF-a, IL-6 and serum CRP levels than individual
therapy.

Elevation in expression of VEGF and its receptors
has been stated in experimentally-initiated cirrhosis™
and CCl -initiated fibrosis.”" Also, it was reported that
VEGTF is playing a major part in the development of
liver fibrosis through making the proliferation of
sinusoidal endothelial cells and Hepatic Stellate Cells
(HSCs).” In our study, we found that serum levels of
VEGF were diminished when PCM-initiated rats treated
with SL or O3FAs or SL + O3FAs. Therefore, it appears
that decreased production of VEGF by SL or O3FAs
or SL + O3FAs plays a vital role in reducing collagen
production in HSCs.

CONCLUSION

Our study concluded that SL and/or O3FAs protected
the liver against PCM-initiated liver toxicity via
attenuating inflammation, oxidative stress, cytokines
induced damage. However, the substantially increased
hepatoprotective effects of SL when co-administration
with O3FAs indicate a possible synergism.
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SUMMARY

S The current study demonstrated the hepatoprotective
role of SL and O3FAs against PCM-initiated liver
toxicity in wistar rats. In this study, SL and O3FAs
substantively ameliorates PCM-initiated liver toxicity
mainly by decreasing the levels of TNF-a, IL-6, CRP,
VEGF along with suppressing the increased liver
markers and potentiate the depleted antioxidant
enzymes caused by PCM.
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AST, ALT, ALP, total bilirubin,
direct bilirubin, total protein
content MDA, antioxidant

enzymes, TNF-a, IL-6, VEGF
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