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Sesamin ameliorates oxidative liver injury induced by
carbon tetrachloride in rat
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Abstract: Sesamin is naturally occurring lignan from sesame oil with putative antioxidant property. The present
study was designed to investigate the protective role of sesamin against carbon tetrachloride induced oxidative
liver injury. Male Wistar albino rats (180-200 g) were divided in to 5 groups (n=6). Hepatotoxicity was induced by
the administration of CCI, (0.1 ml/100 g bw., 50% v/v with olive oil) intraperitoneally. Sesamin was administered in
two different dose (5 and 10 ml/kg bw) to evaluate the hepatoprotective activity. Sesamin significantly reduced the
elevated serum liver marker enzymes (P<0.0001). Reduction of TBARS (P<0.01 and P<0.001) followed by enhance-
ment of GSH., SOD and catalase (P<0.0001) in liver homogenate in sesamin treated groups shows the ameliora-
tion of oxidative stress induced by CCl,. Histopathological report also supported the hepatoprotection offered by
sesamin. Sesamin effects in both the dose were in comparable to reference standard drug silymarin. From these
above findings it has been concluded that sesamin ameliorate the oxidative liver injury in terms of reduction of lipid
peroxidation and enhancement of liver antioxidant enzymes.
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Introduction

Sesamin is most powerful antioxidant lignan
obtained from sesame oil [1, 2]. A range of
pharmacological action of sesamin has been
reported by several investigators like anti-
inflammatory., antihypertensive., neuroprotec-
tive and anticancer effects [3-5]. It is reported
that administration of sesamin reduced the
serum cholesterol by inhibition of cholesterol
biosynthesis in liver [2]. Protective role of sesa-
min against oxidative liver damage reported by
Akimoto et al. [6]. In another study it is reported
that sesamin improves hepatic detoxification
and act in opposition to oxidative stress [3].
Recent work reported that sesamin prevent
endothelial dysfunction of diabetic rats through
inhibition of oxidative stress [7].

Liver is the major organ and plays a vital role in
human physiology like metabolism of macro-
molecules and synthesis of useful components
[8]. Drugs and chemicals cause liver damage
which cause extremely severe abnormalities [9,
10]. Generation of free radicals and oxidative

stress play a major role liver toxicity induced by
chemicals [11, 12]. Carbon tetrachloride (CCl,)
is one of the chemical, which cause liver dam-
age through lipid peroxidation and oxidative
stress [8]. CCl, is suitable chemical to induce
oxidative liver toxicity in experimental animal
model and the toxic effects of CCl, extensively
studied by several investigators [9, 13]. In
recent literatures it is documented that, natural
drugs with antioxidant potential can protect the
liver from damage caused by CCl, [10, 14, 15].

In view of above literature the present study
was designed to find out the hepatoprotective
role of sesamin against CCI, induced oxidative
liver injury in experimental animal model.

Materials and methods
Drugs and chemicals

Sesamin., CCl,., thiobarbituric acid., 2.,4 dini-
trophenyl hydrazine., nito blue tetrazolium and
phenazine methosulfate were purchased from
Sigma Chemical., USA. Biochemical kits for
serum liver marker enzymes were purchased
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from Transasia Bio-Medicals Limited., Solan. All
other reagents and chemicals used in this
study were of analytical grade with high purity
were purchased from Sigma Aldrich, USA.

Animals

Male Wistar albino rats weighing about 150-
200 g were obtained from Institute Animal
house and used in the experiments. The proto-
col was approved by the Institute’s Animal
Ethical Committee. Animals were kept in the
animal house at an ambient temperature of
25°C and 45-55% relative humidity, with 12 h
each of dark and light cycles. Animals were fed
pellet diet and water ad-libitum.

Experimental protocol

30 Rats were divided in to 5 groups (n=6) and
the duration of the experiment was 14 days. G1
(Normal Control): Rats of this group received
0.5 ml of distilled water/100 g bw/rat/day for
14 days. G2 (Toxic control): Rats of this group
received 0.5 ml of distilled water/100 g bw/rat/
day for 12 days and on day 13 received a single
dose of CCl, injection intraperitoneally (0.1
ml/100 g bw., 50% v/v with olive oil). G3: Rats
of this group received Sesamin 10 mg/kg bw/
rat/day for 12 days and on day 13 received a
single dose of CCl, injection intraperitoneally.
G4: Rats of this group received Sesamin 20
mg/kg bw/rat/day for 12 days and on day 13
received a single dose of CCl, injection intra-
peritoneally. G5: Rats of this group received
silymarin 2 mg/kg bw/rat/day for 12 days and
on day 13 received a single dose of CCl, injec-
tion intraperitoneally. All the rats of respective
groups were treated under fasting condition. At
the end of the treatment period, rats were
deprived of food overnight and sacrificed on
day 15 by light ether anesthesia followed by
decapitation after recording the final body
weight. Blood was collected from each rat for
biochemical estimation and liver was quickly
isolated immersed in ice cold saline and
weighed. Half of the liver was stored under
freezer (-20°C) for estimation of tissue antioxi-
dant parameters and remaining part of the liver
was preserved in buffered formalin (10%) for
histopathological examination.

Estimation of biochemical parameters

Alkaline phosphatase (ALP), alanine transami-
nase (ALT), aspartate transaminase (AST), total
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protein and bilirubin levels were estimated from
the serum by using standard kits. Ten percent
liver homogenate was prepared by homogeniz-
ing the liver tissue by using 0.3 m phosphate
buffer. Thiobarbituric acid reactive substance
(TBARS) [16], reduced glutathione (GSH) [17],
superoxide dismutase (SOD) [18], catalase
(CAT) [19] and protein [20] levels were estimat-
ed from the liver homogenate by using spectro-
photometric determination.

Histopathological studies

The livers were excised quickly and fixed in 10%
formalin and stained with haemotoxylin and
eosin and then observed under microscope for
degeneration, fatty changes or necrotic chang-
es as evidence of hepatotoxicity.

Statistical analysis

All values are expressed as mean + SEM for 6
animals in each group. Data for various bio-
chemical parameters were analyzed using anal-
ysis of variance (ANOVA) (GraphPad Version
3.06., La Jolla., CA., USA). Significance is set at
P<0.05.

Results

There was no mortality in any of the groups dur-
ing treatment period. SGPT, SGOT, ALP, total
bilirubin and total protein levels were estimated
in serum. The results were presented in Table
1.

Serum level of SGPT

There is significant increase in the level of SGPT
in CCl, treated rats (G2) when compared with
control rats (G1l) (P<0.0001). Significant
decreased level of serum SGPT in sesamin (G3,
G4) and silymarin (G5) treated rats when com-
pared with CCl, treated rats (G2) (P<0.0001).

Serum level of SGOT

There is significant increase in the level of SGOT
in CCl, treated rats (G2) when compared with
control rats (G1) (P<0.0001). Significant
decreased level of serum SGOT in sesamin
(G3., G4) and silymarin (G5) treated rats when
compared with CCl, treated rats (G2)
(P<0.0001).
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Table 1. Level of ALT, AST, ALP, total bilirubin and total protein

Groups ALT U/L AST U/L ALP U/L TOTAL BILIRUBIN mg/dL TOTAL PROTEIN mg/dL
G1 29.67+0.84 66.3+3.7 81.5+1.1 1.3+0.06 8.3+0.46

G2 177.3+3.9* 290.5+28.4*  338.0+15.1* 2.7+0.16* 5.1+0.37%

G3 38.03+0.29***  73.6£4.5%** 107.716.2*** 1.3+£0.12*** 7.5+£0.13***

G4 66.0£6.8%**  63.6+x4.9***  71.5+6.0%** 1.8+0.21*** 7.4+0.02%**

G5 48.5+4.5%**  64.849.9***  £68.0£6.6%** 1.5+£0.11*%** 7.7£0.06***

All values expressed as mean + SEM; Oneway Anova followed by Newman-Keuls Multiple Comparison Test. #P<0.0001 vs G1;
**%P<0.0001 vs G2. G1 - normal control rats were treated with vehicle (distilled water 0.5 ml/100 g bwp.o.). G2 - toxic control
rats were treated with CCl, at a single dose 0.1 ml/100 g body weight i.p. G3 - rats were treated with sesamin 10 mg/kg body
weight p.o. G4 - rats were treated with sesamin 20 mg/kg body weight p.o. G5 - rats were treated with silymarin 2 mg/100 g

body weight p.o.

Table 2. Level of TBARS, GSH, SOD and Catalase (CAT) in liver
homogenate

Groups TBARS nmol GSH ug/ SOD IU/_mg CAT IU/.mg
/g wet wt g wet wt protein protein

G1 13.8+2.8 360.2+1.4 3.7+0.59 10.8+0.44

G2 29.4+3.6° 47.1+4.4° 0.34+0.01° 1.7+0.71°

G3 18.8£5.9*% 175.0£10.9%** 5B 1+1.4***  9.6+1.9%**

G4 10.2+0.7** 129.0£13.4*** 3.1+0.68*** 11.1+0.18***

G5 7.7+1.7** 185.6+15.6*** 3.5+0.86*** 10.8+0.09***

All values expressed as mean + SEM; Oneway Anova followed by Newman-Keuls
Multiple Comparison Test. 2P<0.01 vs G1; °P<0.0001 vs G1; *P<0.01 vs G2;
**P<0.001 vs G2; ***P<0.0001 vs G2. G1 - normal control rats were treated

pared with control rats (G1)
(P<0.0001). Significant increased
level of serum total protein in ses-
amin (G3, G4) and silymarin (G5)
treated rats when compared with
CCl, treated rats (G2) (P<0.0001).

Thiobarbituric acid reactive sub-
stance (TBARS)., reduced gluta-
thione (GSH)., Superoxide dis-
mutase (SOD) and Catalase (CAT)
levels were estimated in liver
homogenate. The results were
present in Table 2.

with vehicle (distilled water 0.5 ml/100 g bwp.o.). G2 - toxic control rats were
treated with CCl, at a single dose 0.1 ml/100 g body weight i.p. G3 - rats were
treated with sesamin 10 mg/kg body weight p.o. G4 - rats were treated with
sesamin 20 mg/kg body weight p.o. G5 - rats were treated with silymarin 2

mg/100 g body weight p.o.

Serum level of ALP

There is significant increase in the level of ALP
in CCl, treated rats (G2) when compared with
control rats (G1l) (P<0.0001). Significant
decreased level of serum ALP in sesamin (G3,
G4) and silymarin (G5) treated rats when com-
pared with CCl, treated rats (G2) (P<0.0001).

Serum level of total bilirubin

There is significant increase in the level of total
bilirubin in CCI, treated rats (G2) when com-
pared with control rats (G1) (P<0.0001).
Significant decreased level of serum total biliru-
bin in sesamin (G3, G4) and silymarin (G5)
treated rats when compared with CCl, treated
rats (G2) (P<0.0001).

Serum level of total protein

There is significant decrease in the level of total
protein in CCI, treated rats (G2) when com-
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Thiobarbituric acid reactive sub-
stance (TBARS)

There is significant increase in the
level of TBARS in CCl, treated rats
(G2) when compared with control
rats (G1) (P<0.01). Significant decrease in the
level of TBARS in sesamin (G3) (P<0.01), G4
and silymarin (G5) treated rats when compared
with CCl, treated rats (G2) (P<0.0001).

Reduced glutathione (GSH)., Superoxide dis-
mutase (SOD) and Catalase (CAT)

There is significant decrease in the level of
GSH., SOD and CAT in CCI, treated rats (G2)
when compared with control rats (G1)
(P<0.0001). Significant increase in the level of
GSH, SOD and CAT in sesamin (G3) (P<0.01),
G4 (P<0.001)) and silymarin (G5) (P<0.001))
treated rats when compared with CCI, treated
rats (G2).

Histopathology

Rats treated with vehicle (G1) shows normal
architecture of hepatocytes and central vein.
Rats treated with CCl, (G2) shows extensive
necrosis on hepatocytes with enlarged central
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vein, massive fatty changes, ballooning degen-
eration and vacuolization. Rats treated with
Sesamin (G3 and G4) and silymarin (G5) shows
normal architecture of hepatocytes and central
vein. Sesamin treated with 20 mg/kg dose
shows better protection when compared with
low dose (10 mg/kg). The results were present-
ed in Figure 1.

Discussion

Several chemicals and drugs are involving in
the development of toxicity. In the present
research CCl, was selected as chemical to
induce hepatotoxicity in experimental animals.
Carbon tetrachloride (CCl,) is effective hepato-
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Figure 1. Histopathology of liver. G1. Normal control rats
were treated with vehicle (distilled water 0.5 ml/100 g
bwp.o.). G2. Toxic control rats were treated with CCl, at a
single dose 0.1 ml/100 g body weight i.p. G3. Rats were
treated with sesamin 10 mg/kg body weight p.o. G4.
Rats were treated with sesamin 20 mg/kg body weight
p.o. G5. Rats were treated with silymarin 2 mg/100 g
body weight p.o.

toxin which is used in preclinical laboratory to
induce liver damage in animals [21-23].
Cytochrome P450 an enzyme is act on CCl, and
converts CCl, in to active trichloromethylradical
(CCl,) which is further react with O, to generate
more free radicals. The generated free radical
initiates the lipid peroxidation to cause cell
necrosis and subsequent cell death [8, 10, 24,
25].

In the present research administration of CCI,
significantly altered the serum marker enzymes
of liver. Similar findings also observed by other
investigators in this model [26-28]. During liver
damage serum marker enzymes like SGPT,
SGOT and ALP were released in to blood stream
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from hepatocytes [29]. The elevated level of
these enzymes along with total bilirubin and
diminished level of total protein are indicative
of cellular leakage and loss of functional integ-
rity of cell membranes in liver [26, 30]. Increase
in the normal upper limits in the measured
serum transaminases of CCl, administered
group was a biochemical indication of liver inju-
ry. The biochemical parameters has been
reverted significantly by the administration of
Sesamin in two different dose (10, 20 mg/kg)
and the Sesamin effect almost comparable to
rats treated by silymarin. So, the protective role
of Sesamin may be via stabilization of plasma
membrane and protection of liver tissue from
necrotic damage caused by CCl,.

Oxidative stress plays a major role in the devel-
opment of hepatotoxicity. Generation of trichlo-
romethyl radical from CCl, during metabolism is
an indication for generation of oxidative stress
via lipid peroxidation [31]. The level of lipid per-
oxide is a measure ofmembrane damage and
alteration in structure and function of cellular
membranes [28]. The elevated level of lipid per-
oxidation in the form of TBARS is marker
enzyme for oxidative stress in liver homogenate
of CCl, treated animals is consistent with this
hypothesis.

Endogenous antioxidants like GSH, SOD and
CAT plays a major role to fight against free radi-
cals. Depletion of GSH, SOD and CAT in CCl,
treated rats is confirmed the loss of antioxidant
mechanism in animals against oxidative stress.
Loss of antioxidant enzymes may cause accu-
mulation of highly reactive free radicals leading
to further damage. CCI, leads to generation of
peroxy and superoxide radicals which are asso-
ciated with the inactivation of these antioxidant
enzymes [27]. Oral administration of Sesamin
in two different dose (10 and 20 mg/kg) and
silymarin significantly decreased the TBARS
and enhanced the levels of GSH., SOD and CAT
is indicating the protective role of Sesamin
against CCl, induced oxidative stress. Several
investigators reported the efficacy of Sesame
lignans against CCl, and ethanol-induced liver
toxicity [32]. Our study also confirmed the same
via its putative antioxidant property.

The protective role further supported by histo-
pathological study. CCl, treated rat shows
extensive necrosis on hepatocytes with
enlarged central vein, massive fatty changes.,
ballooning degeneration and vacuolization.
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Treatment with Sesamin is reverted these his-
topathological changes to normal level indicat-
ing its hepatoprotective activity.

In conclusion, the present findings observed in
this study revealed that, Sesamin is natural
antioxidant lignin possess significant antioxi-
dant activity against CCl, induced hepatotoxici-
ty via antioxidant mechanism. However, further
research is required to find out the other pos-
sible mechanism of hepatoprotection to con-
form the Sesamin as hepatoprotective
molecule.
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