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ABSTRACT 
Many species of Ocimum possess anti-inflammatory, antioxidant and anti-microbial 
properties and the plants are widely used in Ayurveda. The oxidative stress induced 
by ethanol consumption had been implicated the changes in the structure and 
functions of liver cells especially the membrane phospholipids leading to lipid 
peroxidation. This study was to assess the curative potential of the methanol extract of 
two different species of Ocimum, O. canum and O. gratissimum on alcohol induced 
hepatotoxicity in albino rats. Male Wister rats of body weight 200-250 g, were 
divided into 6 groups of six rats each as (1) NC - normal control with normal diet (2) 
EC - alcohol control fed on alcohol for thirty days; (3) EX -1 MEOG (methanol 
extract of Ocimum gratissimum) only to check the toxicity of the extract, (4) EX - 2 
MEOC (methanol extract of Ocimum canum) only to check whether the extract had 
any toxic effect of its own and (5) EX - 3 MEOG after treating with ethanol for thirty 
days and confirming the hepatotoxicity, and (6) EX - 4 MEOC after the ethanol 
treatment. The rats were sacrificed after 30 days, and the blood collected for 
biochemical estimations. 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). The curative effect was established in groups 5 and 6, 
which showed a significant difference in antioxidant levels of all the parameters 
checked and retrieved its antioxidant status almost to the normal control. To come to 
the absolute normal condition of antioxidant levels it might have been needed a 
prolonged treatment for a longer period. Again, the groups, treated with extracts only, 
did not show any negative effect, which clearly indicated that the extract had no toxic 
effects. The use of antioxidant is an important preventive and curative method to 
minimize the pathological and toxic effects of oxidative stress induced by ethanol 
toxicity. Thus from the result obtained we conclude that MEOG and MEOC could 
effectively restore the antioxidant system from the oxidative stress induced by ethanol 
toxicity. In addition, there were no significant differences between the curative effects 
of these two species of Ocimum in terms of their effect on oxidative stress induced by 
ethanol toxicity. 
 
Key words: Ocimum gratissimum, Ocimum canum, Alcohol, Hepatotoxicity, Albino 
rats 
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INTRODUCTION 
 
Oxidative stress plays an important role in the development of alcohol induced tissue 
injury. It is generally considered as an imbalance between peroxidant / antioxidant 
systems [1]. The major destructive effect is the initiation of lipid peroxidation leading 
to the destruction of cellular membrane causing leakage of lysomal enzyme and 
subsequent autolysis [2]. Chronic alcohol consumption is directly related to the 
induction of liver damage and the toxic effects of ethanol are attributed to increased 
generation of free radicals and the development of state of oxidative stress.  
 
Increased oxidative stress occurs directly due to ethanol and its oxidative products. 
Ethanol is reported to be converted to ethyl and 1- hydroxyethyl radicals [3]. Recent 
findings indicate that free radicals species, namely hydroxyethyl radicals are 
generated during ethanol metabolism by microsomal monooxygenase system and 
particularly by the ethanol –inducible form of cytochrome P-450 (CYP2E1) that 
enhances liver damage by chronic ethanol exposure [4, 5]. Several mechanisms 
including, the depletion of antioxidants, such as vitamin E and glutathione might 
account for the oxidative stress associated with ethanol intoxication [6]. Despite of 
decades of research, the role of free radicals in alcohol-induced organ injury is still a 
matter of debate. For a long period plants have been a valuable source of natural 
product for maintaining human health, especially in the last decade, more intensified 
studies on natural therapies established this.  
 
The use of plant extracts and phytochemicals derived from medicinal plants are 
extensively used for pharmaceutical purposes. Therefore, such plants should be 
investigated to understand better their properties, safety and efficiency. The 
antioxidant activity or the inhibition of the generation of free radicals is important in 
providing protection against hepatic damage and a number of plants possess the 
potential hepatoprotective properties by improving antioxidant status. Many synthetic 
antioxidant components have shown toxic and/or mutagenic effects, which have 
shifted the attention towards the naturally occurring antioxidants [8].  
 
Indian medicinal plants belonging to about 40 families were investigated for liver 
protective or curative functions [7]. One of the above-mentioned families is 
Lamiaceae, which includes the basil family. Ocimum species are known for their 
medicinal properties [8] and are used extensively in Ayurvedic preparations. O. 
canum belongs to Lamiaceae and it is a branched shrub of about 0.5 to 1 meter height, 
with round stem and simple, hairy leaves, which are oppositely arranged with purple 
inflorescence. O. gratissimum belongs to the same genus commonly known as wild 
basil also belongs to Lamiaceae family, highly branched shrub of about 1-2 meters 
height, with ribbed stem and laborious branches. Its leaves are simple, oppositely 
arranged, 3-5 centimeters long, 1.2 centimeters wide. O. canum possess antibacterial, 
mosquito repellent properties and hepatoprotective property [9, 10, and 11]. It lowers 
the blood glucose level and facilitates insulin released by isolated pancreatic beta 
islets cells [12]. O. gratissimum is used for nasal congestion cough and abdominal 
pain in Africa. It is reported to have antidiabetic and antioxidant properties [13, 14].  
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The present study explored more on the restorative effect of two different species of 
Ocimum (O. canum and O. gratissimum) and evaluated the curative effect of these 
extracts on alcohol-induced hepatotoxicity in albino rats. The study also compared the 
effect of both extracts in oxidative stress induced by ethanol toxicity. Presence of any 
toxic effect or side effect when these plants were administered as supplementation 
was also checked.  
 
MATERIALS AND METHODS 
 
Plant Material 
Plant extract: Tender part of O. canum and O. gratissimum that is the tip of the 
branches were collected locally from Botswana around Gaborone and identified to the 
nearest taxonomy level. The voucher specimen was submitted in the herbarium and 
voucher No. for Ocimum canum was 2006/G, A01 and for Ocimum gratissimum was 
2006/G, A02.  
 
Preparation of Extract  
The plant was cut into small pieces and dried in the shade, then coarsely powdered 
and soaked in 70% methanol for three days at room temperature. The extract was 
filtered make it solvent free by using Buchi type rotary evaporator (65oC) and the 
yield were7.8 % and 7.2 % (W/W) respectively. The extract was administered to rats 
orally after dissolving it in the drug carrier (distilled water + tween-80 in the ratio of 
9:1) with rubber tubing attached to a syringe. 
 
Animals 
Male albino rats, Wister strain of body weight ranging 200-250 g were housed in 
colony cages at an ambient temperature of 25 o C ± 2oC and 50-55% relative humidity 
with 12 hours light dark cycle. They had water and food ad libitum .The experiment 
was conducted as per internationally accepted principles for laboratory animal care 
unit of University of Botswana (CST 16/9 III25) 
 
Chemicals 
All the chemicals used were analytical grade and bought from Sigma-Aldrich 
Chemical Company, (St. Louis, MO) USA. 
 
Experimental Design 
This experiment was designed to find out the curative effect of the extract on alcohol-
induced hepatotoxicity. Animals were divided into 6 following groups and all groups 
had six rats each. Group 1 of six was kept as normal control on normal diet and 
distilled water. Group 2 was given the ethanol for 30 days initially and later with 
normal diet as alcohol control. Group 3 and 4 were treated with extracts only to check 
the toxic effect. Group 5 and 6 were treated with alcohol for 30 days to induce 
hepatotoxicity prior to the administration of the extracts and given MEOC and 
MEOG, respectively for thirty days. 
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Group 1- Normal control-fed on normal diet and distilled water. 
Group 2- Alcohol control (5g/kg body wt/day) for 30-days and later on normal 
diet and distilled water for 30 days. 
Group 3- MEOC only (100 mg/kg body wt/day) with normal diet and distilled 
water for 30 days. 
Group 4- MEOG only (100 mg/kg body wt/day) with normal diet and distilled 
water 
Group 5- MEOC after alcohol (100 mg/kg body wt/day) with normal diet and 
distilled water for 30 days. 
Group 6- MEOG after alcohol (100 mg/kg body wt/day) with normal diet and 
distilled water for 30 days.  
 

Treatment was carried out for 30 days and at the end of the experimental period the 
rats were sacrificed to collect the blood for biochemical estimations. 
 
Biochemical Analysis 
 
Estimation of Thiobarbituric Acid Reactive Substances 
TBARS in plasma was estimated by the method described by method of Niehaus and 
Samuelsson with little modifications [15]. Lipid peroxidation was measured by the 
formation of thiobarbituric acid reactive substances (TBARS) such as 
malondialdehyde (MDA). MDA has been identified as the product of lipid 
peroxidation that reacts with thiobarbituric acid to give red species absorbing at 535 
nm. 0.1 ml of plasma was treated with 2 ml of TCA-TBA-HCL (1:1:1) mixture and 
incubated in boiling water bath for ten minutes. The mixture was cooled and was 
mixed with 2 ml of freshly prepared 1N NaOH. Absorbance was measured at 535 nm. 
 
Estimation of Reduced Glutathione 
Reduced glutathione was estimated by the method of Ellman [16]. 0.25 ml of plasma 
was mixed with 0.5 ml of precipitating buffer (5%TCA in 1m M EDTA) and 
centrifuged. The supernatant was collected and mixed with 2.5 ml of 0.1 M phosphate 
buffer (pH 8.0). Colour was developed by adding 100 µl of DTNB (0.01%) and the 
absorbance was recorded at 412 nm. 
 
Estimation of Super-oxide dismutase 
Super-oxide dismutase was assayed by the method of Kakkar [17]. The assay of 
SOD activity was based on the principle of inhibitory effects of SOD on reduction 
of nitroblue tetrazolium dye. A single unit of enzyme was expressed as 50 % 
inhibition of NBT (Nitroblue tetrazolium) reduction /min/mg protein. The reaction 
mixture contained 150µl EDTA, 600µl L-methionine, 300µl NBT and make the 
volume up to 2.8ml by the addition of SOD buffer. To the reaction mixture, was 
added 200µl of the lysate except in the control. Finally to this was added 200µl of 
riboflavin to start the reaction. The test tube was kept under a fluorescent lamp and 
the reaction kinetics was measured up to four minutes at 560nm.  
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Estimation of Catalase 
Catalase was estimated by the method of Hans Bisswagner [18]. To 0.98 ml of H2 
O2 solution (10mM), 0.2ml of plasma was added .Absorption was recorded at 240 
nm and the catalase activity was calculated using the extinction coefficient of H2 
O2 0.071). The activity was expressed as micromoles of H2 O2 oxidized per minute 
per milligram protein. 
 
Estimation of Vitamin E (∝ Tocopherol) 
∝- Tocopherol was estimated by the method of Martinek [19]. Tocopherol was 
precipitated in the xylene layer by centrifuging the mixture Tocopherols reduce the 
Fe (111) ions to Fe (11) ions. These ions formed a red complex with ∝-∝-
Dipyridyl reagent and it was measured as the color range at 520 nm. About 0.5 ml 
of serum was taken in a centrifuge tube and added 0.5ml of xylene to it Similarly 
0.5ml of distilled was taken for the blank and 0.5ml of standard solution for the 
standard. 0.5 ml of xylene was added to all these centrifuge tubes. Close the tubes 
tightly, mix them thoroughly and centrifuged. The xylene layer (containing the 
precipitated tocopherol) was then carefully pipetted into clean tubes and mixed 
with 0.35 ml ∝-∝’ Dipyridyl reagent. The absorbance of test samples was 
measured against a blank at 460nm.  
 
Estimation of Vitamin-C (Ascorbic Acid) 
Ascorbic acid was assayed in plasma by the method of Roe with slight modification 
[20]. To 0.5 ml plasma, 1.5 ml of 4% TCA was added and protein was precipitated by 
centrifuging at 3000 rpm for 20 minutes. The supernatant was used to estimate the 
ascorbic acid content. One ml of supernatant was mixed with 0.5 ml of DNPH reagent 
(2g dinitrophynyl hydrazine, 250g thiourea, 30 mg CuSO4. 5H2O in 100 ml 9N 
sulphuric acid) and was incubated for 3 hours at 37 0C. 2.5 ml of 85% sulphuric acid 
was added to develop the color. The absorbance was recorded at 540 nm after 30 
minutes. 
 
The kits bought from Sigma estimated were used to estimate AST and ALT and 
the manufacture’s guidelines were strictly followed. 
 
Statistical Analysis 
All data are expressed as the mean ±S.E. mean of n=6. Analysis of variance was 
performed by one-way ANOVA and the significant differences between the means 
were determined by Holm-Sidak method at p-value of ≤0.05. Statistical software 
Sigmastat 3.1 was used to analyze the data. 
 
RESULTS  
 
To evaluate the restorative effect of the extract on alcohol induced hepatotoxicity 
groups 5 and 6 were fed with ethanol for 30 days to induce the liver toxicity and 
conducted biochemical investigations to establish the same then compared with the 
ethanol control group. After the confirmation, these groups were given the extracts for 
30 days (100 mg/kg body wt/day) and the biochemical assays were conducted then 
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again compared with the NC and EC groups. Simultaneously another two groups 3 
and 4 were given the extract only for 30 days to check whether the extract has any 
toxic or side effects. 
 
Alcohol administration increased liver function biomarkers ALT and AST 
significantly in comparison with normal control (Table 1) but the treatment with the 
extract for 30 days helped them to come back almost to the normal condition. Same 
way the lipid peroxidation was indicated by TBARS, which was elevated to four 
times more when compared to the normal control. The results of the lipid peroxidative 
indices revealed the fact that during ethanol administration the free radicals were 
produced by ethanol metabolism, which caused the hepatocytes to undergo the 
oxidative stress. The elevation of the TBARS as well as the levels of the liver markers 
such as ALT and AST clearly indicated that the lipid membrane structure was 
damaged causing the leakage of these enzymes to the blood. The Administration of 
MEOC and MEOG to alcohol-treated rats reduced lipid peroxidation levels to those 
measured in the control rats. Statistical analysis of these data indicates that extracts 
significantly reduced (P < 0.05) LPO levels in groups treated with the extracts. 
 
For studying the effect of enzymatic antioxidant status, the activities of enzymatic 
antioxidants such as SOD, CAT (Table 2) were considered. The activities of CAT and 
SOD significantly increased in groups 5 and 6 when compared with EC group and 
almost reached to the same level as the normal control. (P < 0.001). Table-3 is the 
curative effect of MEOC and MEOG after treating with ethanol. Normal control is 
significantly different from the alcohol treated groups (P < 0.001) but not showing the 
significant difference from both the experimental groups in all the parameters 
checked. The experimental groups were showing slight difference from the normal 
control but they are not significantly different. All the above results show the normal 
control group is significantly different from the EC group but did not show any 
significant difference with any experimental groups. 
 
DISCUSSION 
 
Alcohol-induced liver injury can be linked to oxidative stress and increased 
production of reactive oxygen species [1]. Many pathways have been suggested to 
contribute to the ability of ethanol to induce a state of oxidative stress, which involve 
increases of lipid peroxidation and protein oxidative and nitrosative stress and a 
decrease in hepatic antioxidant defense [2, 3]. The mechanisms by which alcohol 
causes liver injury are still not clear. 
 
Free radicals have aroused significant interest among scientists in the past decade and 
looking at different aspects of the causative agents of this damage. The increase in 
plasma liver markers is a direct reflection of oxidative injury of the liver tissue. Lipid 
peroxidation, as reflected in TBARS values were higher in all ethanol treated groups 
when compared to normal controls and experimental groups clearly indicate the 
oxidative stress in hepatic and extra hepatic tissues due to ethanol and its oxidation. 
(Table1) Various pathways play a role in ethanol induced tissue injury, including 
changes in cellular oxidized NAD+, NADH and production of acetaldehyde protein 
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adducts [21]. It also produces induction of CYP2E1 formation of 1-hydroxyethyl free 
radicals ethanol mediated mitochondrial damage [22]. These changes cause lipid 
peroxidation in cellular membranes in hepatic tissues and cause severe damage and 
leakage of liver markers into the circulation. 
 
ALT and AST are transaminases localized in the hepatic cells are released in the 
circulation after hepatic cell damage [23]. High levels of ALT and AST in EC groups 
indicates hepatic cell damage by ethanol byproducts that caused lipid peroxidation 
(Table1). Levels of these enzymes were also low in EX1 and EX2, where the rats 
were administered extracts only and this shows that these extracts do not have any 
toxic effects. Low levels of these enzymes in experimental groups EX3 and EX4 
indicate restoration of the normal condition of hepatic cells to almost to the normal 
control.  
 
Enzymatic antioxidants such as SOD and CAT showed significant difference in AC 
groups when compared with EX groups and NC groups clearly indicates the extent of 
toxicity and depletion of these enzymes. (Table2) CAT helps in neutralizing the toxic 
effect of H2 O2 and converts it to water and non reactive oxygen species thus prevents 
the generation of hydroxyl radicals and protects the cells from oxidative damage. This 
could be supported by glutathione peroxidase and they constitute a mutually 
supportive team of defence against ROS [24]. In this experiment, also treating with 
the extracts after alcohol treatment could restore the depleted CAT and SOD activities 
almost to the normal condition Super oxide dismutase catalyzes the dismutation of 
super oxide into oxygen and hydrogen peroxide [25]. As such, it is an important 
antioxidant defence in nearly all cells exposed to oxygen. Our results support this 
finding. In this experiment, degree of catalase and SOD activities is very low in EC 
group as compared to EX groups where their levels do not differ significantly from 
the normal control group NC. These findings again support the participation of these 
two plants in maintaining the normal antioxidant system. Values in EX2 and EX3 do 
not differ significantly from NC and this again supports the view that these plants do 
not have any depleting effects on this enzymatic antioxidant system. 
 
Glutathione is a tripeptide present in all mammalian cells; it participates in many 
metabolic processes for the protection of cells against free radicals and toxic 
metabolites. The decrease in GSH levels represents the increased utilization due to 
oxidative stress [26]. This serves as a substrate for the synthesis of glutathione-related 
enzymes; GSH acts as a free radical scavenger, a regenerator of tocopherol, and plays 
an important role in the maintenance of protein sulfhydryl groups. 
 
The levels of vitamin E and C were also decreased significantly in EC groups when 
compared with the NC and all experimental groups. This is in agreement with the 
previous reports that chronic alcoholics are deficient in vitamin C and E [27]. The 
increased oxidative stress due to alcohol ingestion might have resulted in complete 
utilization of vitamin C and E thus depleting their levels. There was no significant 
difference between the NC groups and all experimental groups for O. gratissimum 
and O. canum. Hence it appears to be very clear that the extracts were involved in 
quenching of free radicals by participating in detoxification reactions through GSH, 

http://en.wikipedia.org/wiki/Hydrogen_peroxide
http://en.wikipedia.org/wiki/Antioxidant
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Vitamin C and Vitamin E. These results also support the fact that these two plants are 
participating well in boosting the antioxidant system.  
 
The use of antioxidants was recognized as one of the important counter measures 
against the toxic effects of any type oxidative stress. Comparison with of these results 
with other species of Ocimum also shows almost the same type of effects [28]. Again, 
when comparing the results of the effects of these two species of Ocimum, O. 
gratissimum and O. canum in all the above parameters checked showed almost the 
same type of results explains that they work in the same pathway in the antioxidant 
system. Our results suggest that these extract possess potent antioxidative activity and 
protects liver against ethanol induced oxidative stress probably via the alteration of 
cytochrome P-450. It was reported that these two species indigenous to Africa has 
potential antioxidant properties to prevent the oxidative stress induced by ethanol 
intoxication [29]. 
 
In conclusion, the methanol extracts of these two species O. gratissimum and O. 
canum protects liver tissue against oxidative damage and could be used as an effective 
protector against ethanol induced hepatic damages. Further works are needed to fully 
characterize the responsible active principle(s) present in the plant and elucidate its 
possible mode of action and that is in progress. 
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Table 1: Plasma levels of lipid peroxidative indices of ethanol induced oxidative stress  
 
S No.  Groups    Parameters 

TBARS   ALT   AST 
    nmol/L   U/L   U/L 
 
1  NC  1.52±0.57  51.03±0.78  39.18±0.92 
2  EC  6.17±0.83*  71.59±0.54*  63.61±0.67* 

3  EX1  1.36±0.65  39.92±0.32  38.89±0.45 
4  EX2  1.33±0.69  38.93±0.09  38.78±0.56 
5  EX3  1.57±0.94  43.68±0.65  43.86±0.32 
6  EX4  1.54±0.53  42.66±0.23  44.24±0.66 
 
n= 6in each group,* shows significant difference and the results were given as mean ±SEM.P 
≤0.05 
 
Group 1- NC: Normal control on normal diet 
 
Group 2- AC: Alcohol control (5gms/kg body wt/day. 
 
Group 3- EX1: Experimental rats administered with MEOG only. (100mg/Kg, body weight) 
 
Group 4 -EX2: Experimental rats administered with MEOC only. (100mg/Kg body weight) 
 
Group 5 - EX3: Experimental rats administered with MEOG after treated with ethanol. 
(100mg/Kg body weight) 
 
Group 6 - EX4: Experimental rats administered MEOC after treated with ethanol. (100mg/Kg 
body weight.) 
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Table 2: Levels of enzymatic antioxidants of Red Blood Cell of ethanol induced 
oxidative stress in albino rats. 

 
S No. Groups    Parameters 
     SOD    CATALASE 

(U/mg of Hb)  U/mg of Hb) 
_____________________________________________________________________ 

1  NC   2.54±0.13  46.43±0.49 
2  EC   1.40±0.18*  30.05±0.43 
3  EX1   2.53±0.06  47.18±0.77 
4  EX2   2.68±0.13  46.98±0.43 
5  EX3   2.36±0.05  45.55±0.17 
6  EX4   2.29±0.89  46.17±0.19 
 

n= 6in each group,* shows significant difference and the results were given as mean ±SEM.P 
≤0.05 
 
Group 1- NC: Normal control on normal diet 
 
Group 2- AC: Alcohol control (5gms/kg body wt/day. 
 
Group 3- EX1: Experimental rats administered with MEOG only. (100mg/Kg, body weight). 
 
 Group 4 -EX2: Experimental rats administered with MEOC only. (100mg/Kg body weight). 
 Group 5 - EX3: Experimental rats administered with MEOG after treated with ethanol. 
(100mg/Kg body weight) 
 
Group 6 - EX4: Experimental rats administered MEOC after treated with ethanol. (100mg/Kg 
body weight.) 
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Table 3: Plasma levels of nonenzymatic antioxidants of ethanol induced oxidative 
stress in albino rats 

_____________________________________________________________________ 
 
S No.  Groups    Parameters 
    VIT-C   VIT-E   GSH  
    mg/dl   mg/dl   mg/dl  
 
1  NC  2.57±1.10  2.56±0.13  34.20±0.52 
2  EC  1.26±0.07  1.04±0.04  18.06±0.77 
3  EX1  2.64±0.19  2.53±0.11  36.78±0.31 
4  EX2  2.54±0.36  2.58±0.62  35.88±0.31 
5  EX3  2.23±0.14  2.42±0.08  32.66±0.38 
6  EX4  2.33±1.00  2.390.12  32.30±0.22 
 
n= 6in each group,* shows significant difference and the results were given as mean ±SEM.P 
≤0.05 
 
Group 1- NC: Normal control on normal diet 
 
Group 2- AC: Alcohol control (5gms/kg body wt/day. 
 
Group 3- EX1: Experimental rats administered with MEOG only. (100mg/Kg, body weight). 
 
Group 4 -EX2: Experimental rats administered with MEOC only. (100mg/Kg body weight). 
 
Group 5 - EX3: Experimental rats administered with MEOG after treated with ethanol. 
(100mg/Kg body weight) 
 
Group 6 - EX4: Experimental rats administered MEOC after treated with ethanol. (100mg/Kg 
body weight) 
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