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INTRODUCTION

ABSTRACT

Background: Alcoholic liver disease (ALD) is one of the major causes of
mortality and morbidity worldwide. Objective of the study was to elicit a
preventive mechanism of malotilate, a reported potent hepatoprotective agent,
against ethanol induced sub-acute hepatotoxicity. Both ethanol and malotilate
were administered for 21 days to evaluate the toxicity and prevention by the
drug molecule.

Methods: Thirty adult healthy Sprague Dawley rats of either sex, weighing
200-250 g selected for the study, were randomly divided into 5 groups; treated
with ethanol, ethanol with vehicle carboxy methyl cellulose for malotilate
solution and three different doses of malotilate having six rats in each group. All
the treatments were given once a day for 21 days. On 22nd day, rats were
sacrificed by cervical dislocation and dissected for collection of liver. The
dissected livers were divided into two parts. One part was homogenized to
assess oxidative stress marker enzymes malondialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT) spectrophotometrically and second parts of
the liver were processed for histopathological assessment i.e. histopathological
scores (HPS) of liver damage.

Results: Malotilate (100, 50 and 25 mg/kg) significantly reduced MDA levels
and increased SOD as well as CAT levels when compared with only ethanol
treated group and ethanol with vehicle for drug solution treated groups
suggested antioxidant activity. The malotilate treatment groups scored the
lowest HPS suggested remarkable liver protection from alcohol induced injury.
Conclusions: The overall results, suggested the significant liver protection
offered by malotilate by reducing oxidative stress in a dose-dependent manner.
The histopathological scoring evidenced the prevention of hepatotoxicity by
malotilate, which showed significant activity in 21 days of treatment. Future
studies may be focussed on the molecular mechanism of the drug and its
curative property as hepatoprotective action.
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disorder which includes a wide spectrum of liver injury,
ranging from simple steatosis to frank cirrhosis.**
According to World Health Organization (WHO),

Malotilate, a sulphur-containing drug, has been reported
as a potent hepatoprotective agent, which acts by
stimulating hepatic blood flow and bile secretion and
protects against the liver damage induced by agents such
as allyl alcohol, bromobenzene, thioacetamide, carbon
tetrachloride, paracetamol and D-galactosamine.™

Alcoholic liver disease (ALD), due to excessive alcohol

intake, is now recognized as one of the major causes of
morbidity and mortality worldwide; a life style associated

www.ijbcp.com

globally, alcohol consumption results in approximately
3.3 million deaths each year and is the third largest risk
factor for disease and disability in the world. According
to WHO, about 30% of Indians consume alcohol, out of
which 4-13% are daily consumers and up to 50% of
these, fall under the category of hazardous drinking.
Cirrhosis is one of the leading causes of death among
young and middle aged adults in India. Some indirect
deaths/injuries attributed to alcoholism are also reported.
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Nearly 25% of the road accidents and a significant risk
factor for increased domestic violence are reported under
the influence of alcohol. Some oncologists reported
alcohol is causally related to different cancers like
cancers of the mouth, oropharynx, liver, oesophagus and
breast.>®

Excessive ethanol consumption impairs fatty acid
oxidation and thereby stimulates lipogenesis. It leads to
steatosis which plays a major role in the progression to
cirrhosis.” Accumulation of fat in the liver tends to
increase the sensitivity of the liver to the second hit that
leads to inflammatory liver cell damage.® Oxidative
stress, endotoxins, and cytokines are considered to be the
causes of the second hit and are related to the
pathogenesis of ALD. The therapy of ALD varies
according to the severity of liver damage and clinical
condition of an individual.

Although, in the available literature, various mechanisms
of preventive effect of malotilate against ethanol induced
liver damage have been postulated, the evidence is
needed to establish malotilate as promising
hepatoprotective drug for management of ALD. One of
the postulated mechanisms of malotilate is possible anti-
oxidant potential and enhancement of fatty acid
oxidation. With this hypothesis, this study was
undertaken to evaluate preventive activity of the
malotilate in vivo against oxidative stress caused by
ethanol in rat hepatocytes. To evaluate the ethanol
induction of hepato-toxicity and protection offered by
malotilate both ethanol and malotilate were administered
for 21 days.

METHODS
Drugs and chemicals

Malotilate 97% pure chemical was purchased from
Bosche Scientific, 100 Jersey Ave, Building-D, 3rd floor,
New Brunswick, NJ 08901, USA, Catalog No. - M 5724,
CAS [59937-28-9]. Ethanol of GR grade, 99.8% pure,
manufactured by E. Merck. D-6100 Darmstadt, F.R.
Germony, was purchased from M/S Sharad Agencies,
Pune. It was diluted with distilled water to get 40% v/v
concentration.  Carboxymethyl  cellulose  (CMC),
commonly referred as Methyl Cellulose (MC), sodium
salt high viscosity LR grade, Manufactured by Thomas
Baker Chemicals Pvt. Ltd., Mumbai. Suspension 0.5%
WI/V in distilled water was prepared and was used as
vehicle for Malotilate.

Animals

Thirty adult healthy Sprague Dawley rats of either sex,
weighing 200-250 g were selected for the study. The
study was conducted after approval of Institutional
Animal Ethics Committee (CPCSEA Reg. N0.258/2009),
Bharati Vidyapeeth Deemed University Medical College,
Pune, India. The animals were housed in plastic cages
under controlled conditions of 12 h light/12 h dark cycle,
50% humidity and at 25°C. They all received a standard
pelleted diet (Pranav Agro Industries Ltd., Pune,

Maharashtra, India) and water ad libitum. The study was
performed as per CPCSEA guidelines.

Experimental design

Ethanol (40% v/v) was administered in the dose of 1
ml/100 g per day orally for 21 days for induction of
hepatotoxicity in all the groups. CMC (0.5% W/V in
distilled water) suspension was used as vehicle for
malotilate administered orally in the dose 1 ml/kg/day in
vehicle control group. For three doses of Malotilate; low,
moderate and high, three different suspensions of
different strengths viz. 2.5, 5 and 10 mg/ml were
prepared with methyl cellulose and were administered in
the dose of 25, 50 and 100 mg/kg body weight per day
orally.

Table 1: Groups and drug treatments.

Groups ngatf_] grlns Symbol Dose p. o.
Group  Ethanol 40% v/iv. E 1 ml/100 g/d
1 in water
Group  Carboxy Methyl  CMC 1 ml/100 g/d
2 Cellulose, 0.5%

Suspension
Group Ethanol + Mal-1 25 mg/kg/d
3 Malotilate low

dose
Group Ethanol + Mal-2 50 mg /kg/d
4 Malotilate

moderate dose
Group Ethanol + Mal-3 100 mg/kg/d
5 Malatilate high

dose

The animals were then sacrificed by cervical dislocation
and the livers were dissected and cut into two parts. One
part of liver embedded in 10% formalin solution and
histopathological assessment of liver damage was
performed. The other parts of livers were collected in TC
199 media in the tissue sample bottles and were taken to
biochemistry laboratory to assess oxidative stress marker
enzymes malondialdehyde (MDA), superoxide dismutase
(SOD), catalase (CAT) spectrophotometrically. The liver
tissue sections were homogenized with specified buffers.
The cell homogenate then was centrifuged at 3000x g for
10 min at 4°C (Remi Industries Ltd, Remi Laboratory
Instruments, Cooling Centrifuge, C-24 BL is low volume
high speed model in table top design) to remove debris
and nuclei. The supernatant which consists of cytosolic
and mitochondrial fractions was stored at -80°C. They
were used for determination of MDA,? SOD,**and CAT™
activities using UV Visible spectrophotometer, Model
Lambda 35, Manufactured by Perkin Elmer Inc. USA.

Histopathological assessment

The liver damage was assessed by histopathological
scoring (HPS) on day 22 in all groups. Small portions of
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the liver was dissected and fixed in 10% formalin Statistical analysis
solution for 24 h. The fixed tissues were embedded in
paraffin, sectioned to 3-5 um thickness, deparaffinized,
and rehydrated using standard techniques. The extent of
alcohol-induced necrosis and steatosis was evaluated by
assessing morphological changes in liver sections stained

All the data were expressed as mean + SD. The results
were evaluated wusing One Way ANOVA -
Nonparametric- Kruskal Wallis test, Post test- Dunns
(Compare all pairs of columns) using Graph Pad Prism -5

with hematoxylin and eosin using standard techniques. software.
The scoring system comprised various histological Table 2: Histopathological scoring.
features and it suggests the extent of liver injury.
Histopathological scoring of liver damage® -
0 Indicates no abnormality
1. Portal fibrosis (PF: 0-6). 1t02 Mild injuries
2. Lobular infiltration and Necrosis (LIN: 0-3). 310 4 Moderate injury
3. Mallory bodies (MB: 0-3). PR
4. Hepatocyte ballooning (HB: 0-3). 5106 f h Severe liver injury
5. Perisinusoidal Fibrosis (PSF: 0-3). Scores 0 to 3 for other parameters
6. Fatty changes (FC: 0-3). 0 No abnormality
1 Mild
Addition of all scores was taken as “Total Score” of
histopathological (HPS=  Histo-Pathology  Score) g g/loderalt_e =
parameter for one animal. Higher score indicated more evere liver injury

liver damage (Range from 0 in normal to 21 with
maximum damage).

RESULTS

Table 3: Effect of Malotilate on MDA, SOD and CAT levels in liver tissue of ethanol-induced hepatic
dysfunction in rats.

Parameters—

ol (n=6) MDA (nmol/g) SOD (nmol/g) CAT (nmol/g)

Group 1 (E) 12.27 +1.22 1.33+0.10 25.9+1.13

Group 2 (CMC) 11.98 + 1.43 1.8+0.11 25.35 + 2.81

Group 3 (Mal-1) 8.28 + 0.86 ¥ @0C 2.83+0.17 %% 00@ 36.57 + 0.96 > @@
Group 4 (Mal-2) 7.79 + 0.52 %% ©0C 3.75 + 0.21%% @00 KL 4151 + 1.45 3% @00 £££
Group 5 (Mal-3) 6.27 + (.34 0€0O. £ 4.7 +0.22%% @O0 EEEYYY 26.75 + 1.28%%% @@@ £EE YYY

Nonparametric - Wilcoxan matched signed rank test. Values- mean + SD. (n=6) comparisons were made between ethanol vs. other
groups $ - P <0.05, $$ - P <0.01, $$$ - P <0.001; between Vehicle Vs Drugs @ - P <0.05, @@ - P<0.01, @@@ - P<0.001; between
Mal-1 Vs Mal-2 / Mal-3 £ - P <0.05, ££ - P <0.01, £££ - P <0.001; between Mal-2 and Mal-3 Y - P <0.05, YY - P <0.01, YYY - P
<0.001.

Table 4: Effect of Malotilate on liver histopathology of ethanol-induced hepatic dysfunction in rats.

Groups PF: 0-6 LIN: 0-3 MB : 0-3 HB : 0-3 PSF : 0-3 FC:0-3  Total scores

(Symbol) (HPS): 0-21

Group 1 (E) 267+137 167+052 05+055 20+063 0.83+041 15+084 917+1.72
Group 2 (CMC) 3.33+103 2174075 10+1.1 1.83+£0.75 117+041 1174041 95+1.38

Group 3 1.0+ 0.63 0.33+£0.52 0.17+041 nf nf nf 1.5 + 0.55%% @00
(Mal-1)

Group 4 0.67+0.82 0.33+0.52 nf 0.17+041 0.17+041 nf 1.33 +0.82%% @00
(Mal-2)

Group 5 05+055 0.17+041 nf 0.17+041 nf nf 0.83 + 1.17%@CC |
(Mal-3)

One Way ANOVA — Nonparametric- Kruskal Wallis test, Post test- Dunns (Compare all pairs of columns).
Values- mean + SD. (n=6) comparisons were made between ethanol vs. treatments 3 - P <0.05, % - P <0.01, *** - P <0.001; between
Vehicle vs. Drugs @ - P <0.05, @@ - P<0.01, ®@@ . p<0.001; between Met-1 Vs Met-2 / Met-3 £- P <0.05, £ - P <0.01, £ P <0.001.
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MDA, SOD and CAT levels (nmol/g) of the liver tissue
homogenates of different groups were estimated on day
22 [Table 3]. The data were compared and analysed
statistically within the different groups. The maximum
MDA levels (12.27 + 1.22 nmol/g) and minimum SOD
(1.33 £ 0.10 nmol/g) and CAT (25.9 = 1.13 nmol/g)
levels in ethanol treated group confirmed severe liver
injury. Similar results were also found in CMC; the
ethanol with vehicle treated group. Amongst the three
doses of malotilate, Mal-3, the highest dose (100 mg/kg)
significantly reduced MDA levels (6.27 + 0.34 nmol/g, p
<0.001) and increased SOD (4.7 + 0.22 nmol/g, p <0.001)
as well as CAT (46.75 £ 1.28 nmol/g, p <0.001) levels
when compared with only ethanol treated, ethanol with
vehicle treated and even lower dose of malotilate treated
groups. Other two doses showed significant anti-oxidant
activity in terms of reduction in MDA, whereas, increase
in SOD and CAT levels when compared to only ethanol
treated and ethanol with vehicle treated groups.

The liver damage was assessed in terms of HPS (Histo-
Pathology Scores) on the 22™ day of the treatments
[Table 4]. The highest dose of malotilate treatment group
(Mal-3) scored the lowest HPS (0.83 + 1.17, p <0.001)
among the three drug treated groups proved amazing liver
protection by malotilate from alcohol induced injury. The
other two groups (Mal-1 and Mal-2) also showed
significant prevention of liver damage (1.5 + 0.55 and
1.33 + 0.82, respectively). Whereas, statistically
significantly higher HPS values (9.17 £ 1.72) in ethanol
treated group and (9.5 £ 1.38) in ethanol with vehicle
CMC treated group are suggestive of severe damage in
rat liver tissues. Some individual scores were nullified
with the three different doses of malotilate (Mal-3: MB,
PSF and FC; Mal-2: MB and FC; Mal-1: HB, PSF and
FC) which portrayed the prevention of liver injury by the
drug treatment.

DISCUSSION

Malotilate, a sulphur-containing potent hepatoprotective
agent, protects against the liver damage induced by
various hepatotoxins. Some researchers reported the role
of ethanol in increasing oxidative stress which
contributes to the pathogenesis of ALD.® Excessive
ethanol consumption causes steatosis which plays a major
role in the progression to cirrhosis.”

In this study, the preventive effect of malotilate against
ethanol induced sub-acute hepatotoxicity was studied.
Thus, both ethanol (40% v/v 1ml/100g/d) and malotilate
(25, 50 and 100 mg/kg/d) were administered for 21 days
to evaluate the toxicity induced by ethanol and prevention
offered by malotilate. MDA, SOD and CAT (parameters
for antioxidant activity) enzyme levels were estimated
from the liver homogenates on the day-22 after sacrifice.
Assessment of HPS indicated the prevention of ethanol
induced liver damage by malotilate.

Malonedialdehyde is a breakdown product of poly
unsaturated fatty acids and serves as a convenient
indicator for determining the extent of the lipid
peroxidation reaction and in turn increase in oxidative
stress. Prevention of formation and neutralization of the
generated highly reactive oxidative species is carried out
by the endogenous anti-oxidant enzymes, such as
Superoxide Dismutase (SOD), Catalase (CAT),
Glutathione  peroxidase(GPX ) and Glutathione
reductase(GR). When balance between ROS (Reactive
Oxygen Species) production and antioxidant defence is
lost, 'oxidative stress' results. Remarkably high MDA
levels and significantly low SOD and CAT levels
indicated impairment of lipid peroxidation leading to
increase in oxidative stress in hepatocytes by ethanol.

Highest value of MDA was found in ethanol treated
group as well as vehicle; CMC treated group. Malotilate
treated three groups showed significantly low (p <0.001)
MDA levels. Significant increase in both SOD and CAT
levels in malotilate treated three groups support the
protective activity of the drug on liver tissues against
severe oxidative stress. When the effects of three doses
were compared to each other they showed significant
different values in MDA, SOD and CAT levels. The high
dose (Mal-3) was significantly more effective than
moderate dose (Mal-2) and low dose (Mal-1). Similarly
moderate dose (Mal-2) was more effective than low dose
(Mal-1). These results indicate that malotilate produces
hepatoprotective effect mediated through anti-oxidant
action in a dose dependent manner. Similar kind of
changes in MDA, SOD and CAT levels involved in
increasing oxidative stress and anti-oxidant defence were
reported by other researchers.****

The severity of liver damage assessed by calculating
histopathological scores (HPS) on 22nd day in all groups
considering various histological features suggested the
extent of liver injury.>*® Significantly high HPS in
ethanol and ethanol with vehicle; CMC treated groups is
the marker of severe liver injury. The statistical
comparison of histopathology scores of individual
parameters in these two groups revealed no significant
difference. In all three groups treated with different doses
of malotilate total histopathology scores were
significantly low. On the contrary, some of the markers
of liver injury such as Mallory body, hepatocyte
ballooning, perisinusoidal fibrosis and fatty changes were
not found in these groups [Table 4]. These results reveal
preventive and protective potential of malotilate at all
doses.

CONCLUSION

This study showed hepatoprotective effect of malotilate
against liver damage induced by ethanol administered for
subacute period in rats. The overall results, suggested the
significant liver protection by malotilate mediated
through reduction in oxidative stress in a dose-dependent
manner. The recovery shown in rat liver structure in
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terms of low HPS in the groups treated with malotilate is
the evidence of prevention of hepatotoxicity which was
administered for moderate duration (subacute period).
Future studies may be focussed on the molecular
mechanism of the malotilate and its curative property in
ethanol induced liver damage.
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