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ABSTRACT

Aim: The present study was investigated the preventive effect of methanol extract of
Ocimum bacilicum (MOEB) on ethanol induced hepatotoxicity in rats.
Study Design: Male Wistar rats weighing 200–250 g were divided into six groups of six
rats each as follows: the normal control rats we read ministered with distilled water(NC),
the ethanol control was administered with ethanol (5 g/kg)(EC), extract treated group
given only the extract (120 mg/ kg body)(ET) and experimental groups EX1 to  EX3 were
fed  with ethanol (5 g/kg) plus MOEB in graded doses of 80 mg, 120 mg and 160 mg/kg
body for 30 days.
Place and Duration of Study: This study was conducted at the Department of Biological
Sciences (DBS) of University of Botswana between July 2009-June 2010.
Methodology: At the end of the experiment, rats were sacrificed; blood and liver tissue
were collected to conduct the bioassays.  From the blood collected, thiobarbituric acid-
reactive substances (TBARS), reduced glutathione (GSH), catalase (CAT) and
superoxide dismutase (SOD) were estimated together with the liver markers such as
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP). From the liver tissue collected, about 10 small pieces were fixed in
10% formalin for histological preparations and the rest was used for bioassays such as
TBARS, GSH, CAT and SOD.
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Results: The results indicated that there were significant difference between the
experimental rats (EX-groups) when compared with alcohol control (EC-group) in all the
parameters checked and they were not significantly different from the normal control (NC-
group). Again, the groups, treated with extracts only, did not show any negative effect,
which clearly indicated that the extract had no toxic effects. A significant reduction in the
levels of TBARS, ALT, and AST and a significant increase in the levels of GSH, CAT and
SOD were noticed in EX groups when compared with the EC groups. Thus the results
indicated a significant protection by these extracts against ethanol-induced hepatotoxicity
(P ≤0.05).
Conclusion: The present study showed that MEOB is a potent antioxidant agent in
preventing and controlling the hepatotoxicity induced by ethanol and induce a protective
effect by decreasing the oxidative stress and increasing the antioxidant status.

Keywords: MEOB; lipid peroxidation; oxidative stress; hepatotoxicity.

1. INTRODUCTION

Ethanol-induced tissue damage occurs in a variety of organs, including the liver, where
ethanol is actively oxidized; extra hepatict issues in the rat also have been shown to exhibit
oxidative damage following acute or chronic ethanol intoxication [1]. Oxidative stress plays a
major role in various diseases such as atherosclerosis, alcoholic liver cirrhosis and cancer
[2]. Oxidative stress occurs where there is an imbalance between the production of reactive
oxygen species and the biological system’s ability to readily detoxify the reactive
intermediate or easily repair the resulting damage [3]. The liver, the largest internal organ of
the body is a 1.3 Kg biochemical factory with an extraordinary variety of processes and
products. It breaks a variety of foreign substances, some of which are converted into
metabolic products thus playing a major role in detoxification processes [4]. The
pathogenesis of liver injury caused by the abuse of alcoholic beverages, in spite of decades
of research is, largely unknown. In recent years an increasing number of studies have shown
that alcoholic patients and experimental animals exposed to ethanol display biochemical
signs of oxidative damage suggesting the possible involvement of free radicals in causing
some of the toxic effects of alcohol [5]. Ethanol induced tissue damage occurs in a variety of
organs including the liver, because the ethanol metabolism is initiated in the liver tissue
which produces acetaldehyde- a highly toxic molecule and then to acetate [6].

Oxidative stress is a key step in the pathogenesis of ethanol associated liver injury. Ethanol
administration induces an increase in lipid peroxidation either by enhancing the production of
oxygen reactive species or by decreasing the level of endogenous anti oxidants [7]. The
reactive oxygen species (ROS) such as O2

-, OH- and H2O2, together with unstable
intermediates in the peroxidation of lipids are well known inducers of cellular and tissue
pathogenesis leading to numerous disease states including cardiovascular diseases [8] and
age related degenerative conditions [9,10]. Neurodegenerative diseases such as
Alzheimer’s disease [11] and cancer [12] are also linked to damage from ROS as a result of
an imbalance between the rate of generation of radicals and the scavenging of radicals.
Formation of ROS takes place constantly in every cell during normal metabolic processes.
Cellular sites for production of ROS include mitochondria, microsomes, and enzymes. The
antioxidant activity or the inhibition of the generation of free radicals is important in providing
protection against hepatic damage [13].
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A number of plants have been shown to possess hepatoprotective property by improving the
antioxidant status. Many plants with medicinal properties from different families investigated
have the hepato protective properties [14]. The genus Ocimum of the family is Lamiaceae
(Labiatae) is a group of approximately 150 aromatic plants found mainly in the tropical and
subtropical regions of the world [15]. Many species of this genus are considered to be highly
medicinal and have extensive applications in indigenous systems of medicine in many Asian,
African, and South American countries. O. basilicum has been widely used in the Ayurvedic
system of medicine for its various medicinal properties such as anticancer, antistress,
hypoglycemic, hepato protective and its antifungal activities [16]. Nowadays there has been
a revival of interest in plant derived drugs and there is a good scope for using herbal
medicines possessing antioxidant property with adequate safety and efficacy as an
alternative to synthetic drugs [17]. In this context, the present study has been designed to
carry out to evaluate the hepato protective effects of O. basilicumon hepatotoxicity induced
by ethanol intoxication.

2. MATERIALS AND METHODS

2.1 Plant Material

Tender parts of O. basilicum were collected locally from Botswana and the identification of
the plant was done by Dr. M. P. Setshogo at the University of Botswana Herbarium (UCBA).
The voucher specimen was submitted in the Herbarium and Voucher No. was given as
(2006/B, A01) for O. basilicum.

2.2 Preparation of Extract

The plant was cut into small pieces and dried in the shade, then coarsely powered and
soaked in 70% methanol for three days at room temperature. The extract was filtered and
made solvent free by using Buchi type rotary evaporator at 65ºC and the yield ratio was
7.8% (W/W).

2.3 Animals

Male albino rats of Wistar strain of body weight ranging 200-250 grams were housed in
colony cages at ambient temperatures of 25± 2ºC and 50-55% relative humidity with 12
hours light and dark cycle. They had water and food ad libitum. Experiment was conducted
as per the internationally accepted principles for laboratory animal care unit of University of
Botswana.

2.4 Chemicals

All the chemicals used were of analytical grade and bought from the Sigma-Aldrich Chemical
Company, (St. Louis, MO) USA.

2.5 Experimental Design

Animals were divided into the following groups and all the groups had six rats each and the
animals were grouped as follows:

Group 1: NC-Normal Control (rats received distilled water)
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Group 2: EC-Ethanol Control (rats received ethanol 5gms/kg body weight.)

Group 3: ET-Extract treated   ((rats received MEOB 120mg/kg body weight.)

Group 4: EX-1 Experimental rats (received ethanol 5gms/kg body weight + MEOB 80mg/kg
body weight)

Group 5: EX-2 Experimental rats (received ethanol 5gms/kg body weight + MEOB 120mg/kg
body weight)

Group 6: EX-2 Experimental rats (received ethanol 5gms/kg body weight + MEOB 160mg/kg
body weight)

Treatment was carried out for 30 days and at the end of the experimental period the rats
were sacrificed to collect the blood and liver tissue for histopathological observations and
biochemical estimations.

2.6 Preparation of the Liver Homogenate

Rats were dissected and the liver was perfused with phosphate buffer saline through the
hepatic portal vein. The lobes of the liver were collected and dried between filter papers to
remove the excess blood. It was then cut with a heavy duty blade into small pieces and
transferred to a glass Teflon homogenizing tube to prepare the homogenate (1 g, w/v) in
phosphate buffer saline (pH7.4) in 4ºC. Then the liver tissue was centrifuged at 2000 rpm for
ten minutes and the supernatant was taken for further use. About 10 pieces of each liver
sample were kept in the fixative for histological preparations.

2.7 Biochemical Analysis

TBARS in plasma was estimated by the method described by Niehaus and Samuelsson [18]
and the reduced glutathione was estimated by the method of Ellman [19].Superoxide
dismutase was assayed by the method of Kakkar et al. [20].The assay of SOD activity was
based on the principle of inhibitory effects of SOD on reduction of nitro blue tetrazolium dye
by superoxide radicals. A single unit of enzyme was expressed as 50% inhibition of NBT
(Nitro blue tetrazolium) reduction /min/mg protein. Catalase was estimated by the method of
Hans Bisswagner [21]. AST ALT and ALP were estimated by using the kits from Sigma-
Aldrich Chemical Company, (St. Louis, MO) USA and the guidelines of the company were
strictly followed. Protein was determined by the method of Lowry et al., [22] using Bovine
Serum as standard, at 660 nm.

2.8 Histological Examination

The liver tissue was dissected out and fixed in 10% formalin and preserved. The tissue was
processed after three days by dehydrating in gradual ethanol (50–100%), cleared in xylene,
and embedded in paraffin. Sections were prepared and then stained with Hematoxylin and
eosin (H–E) dye for photo microscopic observations including cell necrosis, fatty deposit
change, cell membrane degeneration, ballooning, and cytoplasmic degeneration.
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2.9 Statistical Analysis

All data were expressed as the mean ±S.E. mean of n=6. Analysis of variance was
performed by one way ANOVA and the significant difference between the means were
determined by Holm-Sidak method. p value =0.05 was regarded as significant. In all these
cases, Statistical Software Sigma stat, 3.1 was used to analyze the data.

3. RESULTS AND DISCUSSION

3.1 Blood Parameters

Table 1. Levels of lipid peroxidative indices

No Groups Parametres
Tbars
(nmol/L)
Plasma

AST
(U/L)
Plasma

ALT
(U/L)
Plasma

ALP
(U/L)
Plasma

1 NC 1.28 ± 0.08 40.16 ± 0.23 38.98 ±0.09 45.76 ± 0.04
2 EC 6.87 ±0.18 * 78.95 ± 0.41* 76.88 ±0.03* 88.56 ±0.17*
3 ET 1.27 ± 0.98 41.01 ± 0.53 37.82 ± 0.66 44.88 ±0.04
4 EX-1 1.32 ± 0.54 44.88 ± 0.23 41.23 ± 0.06 46.67 ±0.73
5 EX-2 1.28 ±0.23 40.43 ±1.01 38.88 ± 0.83 45.42 ±0.49
6 EX-3 1.27 ±0.41 39.85 ±0.03 37.98 ±0.09 43.87 ±0.18

n= 6in each group,* shows significant difference and the results were given as mean ±SEM.
P ≤0.05. NC-Normal Control rats; EC- Ethanol Control rats; ET-Extract treated rats; EX-1 Experimental

rats ; EX-2 Experimental rats; EX-3 Experimental rats.

Table 2. Levels of antioxidants

No Groups Parameters
GSH (mg/dl)
Plasma

CAT (U/mg Hb)
Haemolysate

SOD (U/mg Hb)
Haemolysate

1 NC 35.07± 1.09 48.75 ±1.32 2.65 ± 1.17
2 EC 17.88 ±0.34* 28.48 ±1.19* 1.28 ±0.48*
3 ET 38.93 ±0.67 49.84 ±0.19 2.86 ±0.09
4 EX-1 33.56 ± 0.09 44.83 ±0.53 2.28 ±0.84
5 EX-2 35.88 ± 0.01 46.88 ±0.89 2.59 ±0.65
6 EX-3 36.21 ± 0.09 49.09 ± 0.85 2.76 ±1.09

n= 6in each group,* shows significant difference and the results were given as mean ±SEM.
P ≤0.05. NC-Normal Control rats; EC- Ethanol Control rats; ET-Extract treated rats; EX-1 Experimental

rats ; EX-2 Experimental rats; EX-3 Experimental rats.
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3.2 In Liver Homogenate

Table 3. Levels of antioxidants and TBARS

No Groups Parameters checked
TBARS
(nmol/1gm of
wet tissue)

GSH (mg/gm
wet tissue)

CAT (U/mg-1

protein
SOD (U/mg-1

protein

1 NC 2.28 ±0.08 73.17 ± 0.04 71.75 ±0.43 3.33 ±1.17
2 EC 6.97 ± 0.06* 43.75 ±0.09* 38.48 ±0.08* 1.89 ±1.23*
3 ET 2.22 ± 0.14 75.83 ± 0.04 72.43 ±1.12 3.35 ±.09
4 EX-1 2.29 ±0.12 70.89 ±0.06 69.09 ±0.02 3.12 ± 0.34
5 EX-2 2.26 ±1.02 72.57 ± 0.17 70.98 ±0.92 3.32 ±0.05
6 EX-3 2.24 ±0.05 74.32 ±0.43 72.08 ±0.45 3.34 ±0.3

n= 6in each group,* shows significant difference and the results were given as mean ±SEM.
P ≤ 0.05. NC-Normal Control rats; EC- Ethanol Control rats; ET-Extract treated rats; EX-1

Experimental rats ; EX-2 Experimental rats; EX-3 Experimental rats.

3.3 Hisopathological Studies

Fig. 1. Normal Control (NC)
(HE stain, 400Xmagnification). Normal hepatic cells with well-preserved cytoplasm; well

brought out central vein; prominent nucleus and nucleolus. The hepatocytes were intact with
proper cell membrane and sinusoids.

N-Nucleus, CM-Cell membrane, S- sinosoids, CV-Central vein, C-Cytoplasm.
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Fig. 2. Ethanol Control (EC)
(HE stain, 400X magnification). Massive fatty changes necrosis, ballooning degenerative and the loss
of cellular boundaries. The hepatocytes had undergone lipid peroxidation as a result the cells lost their

limiting membrane structures. Central vein distorted
F-Faty ballooning, N-Nucleus, C-Cytoplasm, CV-Central vein, CM-Cell membrane, S- sinosoids

Fig. 3. Extract Treated (ET)
(HE stain, 400X magnification). Hepatic cells with well-preserved cytoplasm ,prominent nucleus and

nucleolus. The normal architecture of the liver tissue without any alterations.
N-Nucleus, C-Cytoplasm, CV-Central vein, CM-Cell membrane, S- sinosoids
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Fig. 4. Extract Treated (80 mg/kg body wt+ ethanol) (EX1)
(HE stain, 400X magnification). Some of the cells are showing the degenerative effect, the sinosoids

are widened and the central veins are distorted. The effect of the ethanol is shown here, but the extract
is excreting the preventive action. The present dose was not enough to control the ethanolic effect.

N-Nucleus, C-Cytoplasm, CV-Central vein, CM-Cell membrane, S- sinosoids

Fig 5.Extract Treated (120 mg/kg body wt + ethanol)(EX2)
(HE stain, 400X magnification). Normal hepatic condition: Hepatic cells with well-preserved cytoplasm,

prominent nucleus and nucleolus. Sinosoids still shows widening, with well-maintained central vein.
N-Nucleus, C-Cytoplasm, CV-Central vein, CM-Cell membrane, S- sinosoids
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Fig. 6. Extract Treated (160 mg/kg body weight + ethanol) (EX 3)
(HE stain, 400 x magnification). Normal hepatic condition: Hepatic cells with well-preserved
cytoplasm, prominent nucleus and nucleolus. Normal sinosoids with well-maintained central

vein. N-Nucleus, C-Cytoplasm, CV-Central vein, CM-Cell membrane, S- sinosoids

Ethanol toxicity is closely related to its metabolism in the liver. Ethanol is metabolized into
acetaldehyde by alcohol dehydrogenase (ADH)in the liver generates NADH and increased
production of ROS in different organelles [23]. Later this acetaldehyde is oxidizedintoacetate
by aldehyde oxidase or xanthine oxidase giving rise to ROS via Cytochrome P 450 2EI,
excess ROS production plays an important role in the development of lipid per oxidation [24].
The elevated NADH/NAD ratio results in alterations of the intermediary metabolism of lipids,
carbohydrates, proteins, purines, hormones and porphyrins [25]. The ethanol-associated
redox changes are pronounced in the perivenular zone, since this is the area of low oxygen
tension and of high ADH activity [26].

The microsomal enzyme oxidizing system (MEOS) is an alternate pathway for alcohol
metabolism in the liver. Microsomal enzymes belong to a family of proteins called
cytochromes. Some cytochromes, located in a cellular substructure called the endoplasmic
reticulum detoxify harmful substances that enter the body. The MEOS oxidizes alcohol to
acetaldehyde by means of a cytochromeP450 2E1, or CYP2E1, which is found in the
endoplasmic reticulum of liver cells. Normally functioning at a low level, CYP2E1 is induced
in higher level by the presence of alcohol [28]. Thus, the MEOS becomes increasingly
important as alcohol consumption becomes heavier and chronic. After chronic ethanol
consumption, the activity of the microsomal ethanol-oxidizing system (MEOS) increases,
with an associated rise in cytochromes P-450, especially CYP2E1. This induction is
associated with proliferation of the endoplasmic reticulum, both in experimental animals and
in humans. Ethanol metabolism generates oxygen radicals, which inhibits GSH synthesis
and depletes GSH levels in tissues, increase MDA levels and generally impair the anti
oxidative defense system in humans and experimental animals [28]. Lipid peroxidation, as
reflected in TBARS values were higher in all ethanol treated groups when compared to
normal controls clearly indicate the oxidative stress in hepatic and extra-hepatic tissues [28]
induced by ethanol and its oxidation.
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A significant increase in the levels of liver markers (ALT and AST) were observed in ethanol
treated groups, this may be due to the consequence of change in membrane phospholipids
composition caused by the peroxidation process which in turn increase the degree of
membrane permeability (P≤0.0001).Treatment with MEOB helped to prevent the above
condition in EX –groups in a dose dependent manner. The administration of ethanol together
with the extract could reduce the effect of ethanol and the lipidperoxidation caused by the
metabolism of ethanol [30].

GSH is a critical factor that determine the susceptibility of tissues to oxidative damage and
marked depletion of GSH occur in a variety of tissues after acute and chronic ethanol
intoxication. Liver cells contain an abundance of glutathione, especially in mitochondria,
where the energy is synthesized. The key enzymes in mitochondria are certain cytochromes
that are integral components of the inner mitochondrial membrane. Like CYP2E1, these
cytochromes can produce free radicals hence the need for antioxidant protection.
Glutathione is not synthesized in mitochondria; they are supplied from the cytoplasm by
active transport through the mitochondrial membrane. Alcohol interferes with the transport of
glutathione through membranes, leading to its depletion from mitochondria [31]. Ethanol is
believed to be generating free radicals which inhibit GSH synthesis and deplete GSH levels
in tissues, partly a result of binding of cysteine in GSH by acetaldehyde. CAT acts as a
preventive antioxidant which plays an important role in protection against the deleterious
effects of lipid peroxidation. The inhibition of CAT activity suggest the enhanced synthesis of
superoxide ions during ethanol ingestion since superoxide can be a powerful inhibitor of
CAT. Normally in haemolysate both catalase and glutathione peroxidase work hand in hand
to remove H2 O2 from the physiological systems. CAT needs to be regarded as the major H2
O2 decomposing enzyme in normal erythrocytes. SOD scavenges the superoxide ions
produced as cellular by-products during ethanol metabolism [38]. The reduced activity of the
SOD in ethanol treated groups results in the accumulation of superoxide radical in tissues
which produces the oxidative stress. SOD catalyzes the dismutation reaction of the toxic
superoxide radical to molecular oxygen and hydrogen and thus forms a crucial part of the
cellular antioxidant defense system [32]. Superoxide anions indirectly initiate lipid
peroxidation as a result of superoxide and hydrogen peroxide, serving as precursors of
singlet oxygen and hydroxyl radicals. In the present study in Table 2 a significant decrease
in plasma GSH, CAT and SOD were observed in ethanol treated groups when compared to
normal control groups and in all the experimental groups the levels of GSH were not
significantly different from the NC group. In all the three experiments the alcohol treated
groups shows significant difference when compared with the normal control (P≤0.0001) and
there was no significant difference with the experimental groups (EX 1-3) [33].

The histopathological studies also supported the biochemical estimations; The structural
architecture of the hepatic tissue was similar in normal control (NC) extract treated (ET) and
EX3 groups. The EC group showed the fatty deposits due to excessive alcohol metabolism.
The primary cause of fatty liver syndrome induced by ethanol are the altered NADH/NAD+

levels that in turn inhibits gluconeogenesis, inhibits fatty acid oxidation and also inhibits the
TCA cycle. Each of these inhibited pathways will lead to excess production of acetyl coA
which finally end up in fatty acid synthesis. Again the large amount of acetate produced as
intermediate also lead to the production of acetyl CoA which will be leading into the
biosynthesis of fatty acids and cholesterol. As a result of all these the ethanol treated group
showed the hepatic steatosis and alteration of the normal architecture. About the EX1 and
EX2 the treatment was given with extract and the ethanol for thirty days and the results
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showed some degree of prevention of the adverse effects of ethanol metabolism but the
treatment either needed more time or higher doses [37,38].

All the parameters checked in liver tissue also showed the same type of antioxidant status,
so the results obtained in TBARS levels were significantly increased (P≤0.0001) in EC
groups when compared to all other groups. Again there was no significant difference
between the experimental groups in all the parameters checked. So also the levels of GSH,
SOD and CAT were significantly reduced between EC groups and all other groups [37]. The
histopathological observations also showed the changes in the membrane structure in par
with the observations of the blood and liver tissue biochemical estimations. Some degree of
fat deposition in the liver occurs in almost all heavy drinkers. It also may occur transiently in
non-alcoholics after a single drinking session

4. CONCLUSION

In conclusion the use of antioxidants is an important preventive method to prevent the patho
physiological effects of oxidative stress. Thus from the data generated from this work, MEOB
is a potent antioxidant agent in controlling the toxicity induced by ethanol metabolism on liver
tissue and exerts its protective effect by decreasing the lipid peroxidation and improving the
antioxidant status.
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