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INTRODUCTION

HEPATOTOXICITY;

PROTECTIVE EFFECT OF SILYMARIN AGAINST METHOTREXATE INDUCED IN MICE

Aamna Khokhar', Aisha Qayyum?, Momina Khokhar?

ABSTRACT... Objectives: To evaluate the protective role of silymarin against methotrexate
(MTX) induced hepatotoxicity in mice. Study design: Randomized controlled trial on animal
model. Period: 06 months from March 2016 to August 2016. Settings: Department of
Pharmacology and Therapeutics, Army Medical College, Rawalpindi. Material and Methods:
Thirty male BALB/c mice were randomly divided into five groups (n=6). Group A received 0.2 ml
normal saline intraperitoneally served as control for MTX. Group B received 0.2 ml distilled water
orally for 7 days served as control for oral silymarin. Group C received single intraperitoneal
injection of MTX 20 mg/kg. Group D received silymarin 25 mg/kg orally for seven days. Group
E received silymarin 25 mg/kg orally for 7 days with MTX 20 mg/kg intraperitoneally at day 4.
Blood samples for measuring serum ALT (Alanine Transaminase), AST (Aspartate transaminase)
and ALP (Alkaline Phosphatase) along with liver samples for hepatic histological examination
were taken after 24 hours of last dose. Results: Silymarin show hepatoprotective effect against
MTX induced hepatotoxicity. Conclusion: Silymarin has hepatoprotective potential when
administered along with MTX.
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Silymarin is a natural active ingredient of plant Milk

Methotrexate (MTX) is an antifolate subclass
of antimetabolites. It is widely used in cancer
chemotherapy as well as in autoimmune
diseases, alone or in combination with other
drugs. It is used in low doses (< 50 mg/m?) in
rheumatoid arthritis and in high doses (> 500 mg/
m2) in leukemias and in severe psoriasis resulting
in hepatic fibrosis and cirrhosis.!

The incidence of hepatotoxicity with mean dose of
12.5 mg/wk MTX when used for 3.5 to 4 years has
been calculated for both elevated liver enzymes
and liver biopsies. The incidence of LFTs above
upper normal limit is 49 percent and 17 percent
of rheumatoid arthritis patients have raised LFTs
2 to 3 times the upper normal limit. Liver biopsies
showed 15.3 percent of patients with mild fibrosis,
1.3 percent with moderate to severe fibrosis and
0.5 percent with cirrhosis showing chronic liver
damage.??

thistle or Saint Mary’s thistle. The botanical name of
this plant is Silybum marianum. The standardized
dried seed extracts of Silybum marianum contains
70-80 percent of a flavonolignan complex known
as silymarin and 20-30 percent chemically
undefined polyphenolic compounds.* It is the
inhibitor of free radicals and decreases the levels
of oxidized glutathione. Standard extract has 50
percent more antioxidative potential as compared
to individual standard compounds present in the
extract.’ Silymarin is therapeutically efficacious
in the management of hepatic cirrhosis, hepatic
cirrhosis along with diabetes mellitus, toxin or
drug induced hepatotoxicity, Amanita phalloides
mushroom intoxication and various cancers
due to its anti-cancerous and chemoprotective
activities.*8” Moreover, silymarin is a cheap,
easily available over the counter drug in Pakistan
which is commonly used in all types of hepatitis.

The purpose of this study is to establish the
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hepatoprotective role of silymain in MTX induced
hepatotoxicity in mice.

MATERIAL AND METHODS

Study place and duration

The study was a laboratory based randomized
controlled trial that was carried out in animal
house of the Department of Pharmacology and
Therapeutics, Army Medical College, Rawalpindi
from March 2016 to August 2016. The biochemical
serum analysis and histopatological analysis
of liver was performed with the collaboration of
Department of Chemical Pathology, Army Medical
College, Rawalpindi.

Sampling technique and sample size

Thirty animals were selected by non-probability
convenience sampling method and divided
randomly into 5 groups by lottery method. All
groups contained 6 animals each.

Animals used

Male BALB/c mice of age 8-12 weeks and
weighing 30-40 grams were obtained from NIH
(National Institute of Health), Islamabad, Pakistan.
The animals were kept in the animal house of
Army medical college, Rawalpindi, Pakistan for
two weeks before the commencement of actual
study for acclimatization to the new environment.
Standard laboratory conditions of twelve hour
light and dark cycle, 20-252 C temperature and
70 £15 percent humidity were maintained. Mice
were given same rodent pellet diet and tap water
ad libitum for the entire time period. Study protocol
was approved by Ethical Committee of Centre for
Research in Experimental and Applied Medicine
(CREAM) Army Medical College, Rawalpindi.

Chemicals used

Methotrexate in injectable form manufactured by
Korea United Pharm. Inc., Korea, was purchased
from the local market. Pure extract of silymarin
was procured from Pharmherb CO., limited,
Qingdao, China through a licensed dealer. Other
chemical used in the current study were of the
analytical grade from standard companies.

Experimental design
Five groups (n=6)
follows

were intervened as

Group A (Control with intraperitoneal normal
saline)

Mice in this group served as control for
Group C and received 0.2 ml of normal saline
intraperitoneally.

Group B (Control with oral distilled water)
This group received 0.2 ml distilled water per oral
via oral gavage for 7 days and served as control
for Group D

Group C (MTX)

Mice in this group served as toxic group in
which hepatotoxicity was induced by single
intraperitoneal injection of methotrexate 20 mg/
kg.®

Group D (Silymarin)
Mice in this group received silymarin 25 mg/kg
orally for 7 days.®

Group E (MTX + Silymarin)

Mice in this group received silymarin 25 mg/kg
orally for 7 days with methotrexate 20 mg/kg
intraperitoneally at day 4.

Assessment of liver dysfunction

Blood was collected by cardiac puncture under
ether anesthesia, and the liver was also removed
for histopathological analysis after 24 hours of
last dose. The blood was allowed to clot at 25°C,
and serum was analyzed for liver dysfuntion
by measuring ALT, AST and ALP levels using
commercially available kits. For histopathological
evaluation, samples of liver were fixed in 10
percent buffered formalin. Paraffin embedded
sections of liver were prepared and stained
with haematoxylin and eosin (H&E) before light
microscope examination.

Statistical Analysis

Results were expressed as mean * S.E.M.
Statistical analysis was done on SPSS 23. One
way ANOVA followed by Post Hoc Tukey Test was
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used for multiple comparisons of biochemical
markers between the groups. Histopathological
results were assessed through Chi Square test.
The difference between two observations were
considered as significant if the p value was <
0.05.

RESULTS

MTXinduced hepatotoxic modelwas standardized
in our laboratory using different doses and
time interval before animal sacrifice. A single
intraperitoneal injection of MTX in dose of 20 mg/
kg followed by sacrifice after 24 hours, produced
marked hepatic damage as evident by elevated
serum ALT, AST and ALP levels and significant
histopathological changes.

EFFECT ON SERUM ALT, AST and ALP

Serum ALT, AST and ALP levels in animals of the
Group A and Group B were remained within the
normal limits showing no signs of liver damage
(Table-l and Figure-1).

In group C (MTX) there was significant rise in
serum ALT, AST and ALP as compared to its
control Group A (Table-l and Figure-1).

Comparative groups

Group A
(Control with Intraperitoneal Normal Saline)

Group C
(MTX)

Between groups p value

Group B
(Control with Oral Distilled Water)

Group D
(Silymarin)

Between groups p value

Group C
(MTX)

Group E
(MTX + Silymarin)

Between groups p value

In group D (Silymarin) there was insignificant
difference in serum ALT, AST and ALP as
compared to its control Group B (Table-l and
Figure-1).

In group E (MTX + Silymarin) there was
significant attenuation of serum ALT, AST and ALP
in when compared with toxic group C (Table-l and
Figure-1).

HISTOPATHOLOGICAL ANALYSIS
Microscopic examination of Group A, B and D
showed normal hepatic architecture (Figure-2).

Histopathological analysis of liver of Group C that
received MTX showed steatosis with focal nuclear
pleomorphism (Figure-3). This is statistically
significant (p < 0.05) when compared with its
control group A.

Histopathological analysis of liver of Group E
(MTX + Silymarin) showing focal inflammation
with the preservation of liver architecture which is
statistically significant (p < 0.05) when compared
with its toxic group C (Figure-4)

ALT (IU/L) AST (IU/L) ALP (IU/L)
31.33 + 3.28 87.83 = 3.57 94.67 + 4.91
73.67 * 3.67 128.50 + 7.77 315.33 + 12.44
0.000* 0.000* 0.000*
32.00 + 2.03 89.17 + 3.68 98.50 + 3.98
35.67 + 1.61 90.33 + 3.8 100.33 + 9.33
0.928 1.000 1.000
73.67 + 3.67 128.50 + 7.77 315.33 + 12.44
49.17 + 4.66 96.83 + 3.66 195.17 + 11.55
0.000* 0.001* 0.000*

Table-l. Comparative analysis of serum ALT, AST and ALP of different groups of mice.
p < 0.05 (significant (*)
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Figure-1. Bar Chart Showing Mean Serum ALT,
AST and ALP of All the Groups

Figure-2. Photomicrograph of the liver tissue in Group
A, B, and D showing normal hepatic architecture (H&E

10X)

DISCUSSION

Rheumatoid arthritis is the third most common
type of arthritis with the global prevalence of
approximately 1 percent.’® MTX is commonly
used DMARD, used in low doses. MTX,
though relatively safe in low doses in RA, can
cause in myelosuppression, hepatotoxicity,
gastrointestinal and mucocutaneous adverse
effects.” The pooled data of 21 studies showed
hepatotoxicity on low dose of MTX is the

Figure-3. Photomicrograph of the liver tissue in Group
C (MTX) showing mild steatosis and focal nuclear
pleomorphism (H&E 10X)

Figure-4. Photomicrograph of the liver tissue in Group E
(MTX + Silymarin) showing focal inflammation (H&E

10X)

second common cause (18.5 percent) after
gastrointestinal adverse effects resulting in 10 —
37 percent cases of treatment discontinuation.'?

The results of our study suggests that MTX
treatment causes substantial hepatic damage
in mice after single intra peritoneal injection.
Serum ALT, AST and ALP raised significantly as
compared to its control group. ALT is a cytosolic
enzyme of liver cells and its raised serum levels
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depict distortion in membrane permeability.
It is the best marker of hepatic necrosis.? The
raised levels of ALP more than that of ALT shows
obstructive liver disease though no cholestasis
is seen on histopathological analysis. It may
be because of the single dose of MTX along
with early sample collection. The findings are
consistent with the Akbulut et al™® and Tag?®
who also demonstrated elevation of LFTs in
experimental rodents treated with MTX in same
dose and route of administration. The exact
pathogenesis of MTX induced hepatotoxicity is
still unclear though different mechanisms are
thought to participate in causing liver damage like
accumulation of polyglutamates in hepatocytes,
depletion of hepatic folate store resulting in
decrease nucleic acid synthesis, inhibition of
methionine biosynthesis and resultant increased
homocysteine leading to increase cellular
sensitization to reactive oxygen species (ROS)
and reactive nitrogen species (RNS) along with
lipid peroxidation of biological membranes and
microvascular derangement. High homocysteine
levels, in addition to the oxidative stress, can
also mediate endoplasmic reticulum (ER) stress
which disturbs the metabolism of cholesterol
and triglycerides resulting in fatty infiltration
of liver."*® MTX also decreases the availability
of intracellular NADPH leading to depletion of
cellular glutathione making cells more vulnerable
to damage by ROS."

In current study, silymarin administration with MTX
in mice showed hepatoprotective effects which is
also depicted by significant attenuation of serum
ALT, AST and ALP. The findings are in accordance
with the study of Naik et al'® in which highly
significant decrease in the levels of liver enzymes
were documented with the administration of these
two drugs to experimental rats.

Silymarin is an antioxidant, which suppresses
lipid peroxidation of biological membranes
by interfering directly with the cell membrane
constituents, which is depicted by reduced
level of its marker malondialdehyde by silymarin
as well.” Silymarin stabilizes hepatocyte cell
membrane and blocks the entrance of toxins

into the hepatocytes.?® Moreover, Silymarin also
regenerate liver by promoting the formation of
structural and functional proteins by stimulating
DNA dependent RNA polymerase [.2' Silymarin
scavenges both ROS and RNS by potentiating the
activity of various antioxidant enzymes. In addition
to this, silymarin also possess anti-proliferative
and anti-fibrotic, anti-inflammatory and antiviral
properties.?° These may be the mechanisms by
which silymarin is effective for protecting MTX
induced hepatotoxicity.

CONCLUSION
Our results suggest that single dose of
methotrexate (20mg/kg) causes substantial

hepatic damage in mice which may be protected
by anti-oxidant potential of silymarin. However,
further research is necessary to understand the
mechanisms by which silymarin prevents liver
damage against MTX toxicity.
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