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 ABSTRACT                
The etiology of some oxidative-stress based pathological conditions in the liver has implicated excessive alcohol consumption. The present study therefore, is directed at investigating the effect of ethanol (found in alcoholic drinks) on selected markers of oxidative stress/damage. The effect was assessed on the basis of comparative levels of   MDA, GSH and GST in rats vis-a-vis experimental group treated with ethanol. Ten male albino rats of Wister strain, body weight range of (166 – 170) grams were treated with 5g ethanol (20%v/v) per kg body weight per day for 28 days along side with ten male untreated rats. Both groups were fed normal feeds and water ad libitum. The administratison of ethanol was done orally using oral catheter. Biochemical analysis at the end of the administration  of ethanol at a dose of 5g/kg body weight, caused  significant increase (P<0.05) of  the hepatic, renal and intestinal concentrations of malondialdehyde (MDA) by 109.96%, 84.42% and 37.60% respectively, compared with control. Similarly, the hepatic, renal and intestinal GST activities were significantly increased (p<0.05) by 112.29%, 85.76% and 80.96%respectively. The levels of reduced glutathione (GSH) in the liver, kidney and intestine of ethanol-treated animals significantly decreased by 66.72%, 50.36% and 56.67% relative to the control group. A lower mean body weight gain was observed in rats treated with ethanol as compared with control. Overall, the results of the study suggest that alcohol in chronic doses induces oxidative stress in the rats with implication of dangerous effects on humans if consumed at chronic doses.
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INTRODUCTION


Alcohol is widely consumed in alcoholic drinks all over the world. More than ever before, there is an upsurge in alcohol abuse and as a result, alcohol-related disorders are becoming increasingly important causes of morbidity and mortality globally (Rukkumani et al., 2004). Several reports on the association between chronic alcohol consumption and variety of pathological conditions varying from simple intoxication to severe life-threatening pathological states have been published. (Tsukamoto and Lu, 2001; Griffon et al., 2000; McDonough, 2003; Maher,1997; Tuma, 2002; Pratt,1992; Lieber, 2003; Gruchow et al., 1985; Roy et al., 1991 Korsten, 1989; Stephen et al., 1996; Charness, 1993; & Molina et al 2002). Alcohol is absorbed into the blood stream in the gastrointestinal tract (GIT) (Bode and Bode, 1997) and is primarily metabolized in the liver (Maher, 1997).

The molecule is metabolized via two pathways: The alcohol dehydrogenase (ADH) pathway and the microsomal ethanol oxidizing sysem (MEOS) pathway. Both pathways generate potentially dangerous by-products such as acetaldehyde and highly reactive molecules called free radicals or reactive oxygen species (ROS) which cause oxidative stress and are capable of attacking cell membranes and biomolecules (Lindros, 1995; Balkan, et al., 2001). Oxidative stress occurs when the production of ROS exceeds the level the body’s natural antioxidant defense mechanisms can cope with; causing damage to macromolecules such as DNA, proteins and lipids (Bartsch and Nair, 2000). This is often characterized by high level of malondialdehyde (MDA), increased GST activity and reduction of reduced GSH molecules.
High MDA level is a marker of lipid peroxidation which is a fallout of oxidative damage. Reduced glutathione (GSH) is an endogenous antioxidant which plays a vital role in the detoxification of xenobiotics and scavenging of free radicals or reactive oxygen species (ROS) in cells (Albano et al., 1998).  GST is a detoxifying enzyme that primarily functions in conjugating ‘funtionalized p450 metabolites’ with endogenous ligand (reduced glutathione) (Hartman et al.1990). In this study therefore, the effects of ethanol on the levels of malondialdehyde (MDA) and reduced glutathione (GSH), as well as GST activity in the liver, kidney and intestine of rats have been investigated and the results obtained evaluated with respect to possible implication for humans.

MATERIALS AND METHODS  

Animal treatment

Twenty male albino rats of the Wister strain were used for the experiment. They were purchased from the Institute for Advance Medical Research and Training (IMRAT), at the University College Hospital (UCH), Ibadan. The animals were handled humanely, kept in a plastic suspended cage placed in a well ventilated and hygienic rat house under suitable conditions of temperature and humidity. They were provided rat pellets and served water ad libitum and subjected to natural photoperiod of 12h light and 12h dark cycle. The rats attained a body weight range of 166g – 170g before being used for this study. The animals were randomly assigned into two (2) groups of ten (10) rats each.
Group A (Control): Rats fed with rat pellets and water only ad libitum for 28 days.

Group B (ET):  Ethanol treated rats in a dose of 5g per kg body weight per day for 28 days along with rat pellets and water ad libitum.

Tissue preparation for Biochemical analysis
The animals (Control and ethanol-treated) were fasted overnight, weighed and sacrificed by cervical dislocation 24h after the last treatment and target organs (liver, intestine and kidney) were quickly excised from each rat. Each organ was separately hywashed in ice-cold 1.15% KCl solution, blotted and weighed. Each organ from different rat was separately homogenized in hj ma volume of the homogenizing buffer (ice-cold Tris-Hcl buffer, 0.1M, pH 7.4) four times its weight, using a potter Elvehjem type homogenizer. The resulting homogenate in each case was centrifuged at 10,000g for 30 minutes in a Beckman L5-50B ultra centrifuge with a 220.78 V02 rotor at 40C. The resultant supernatant was collected and used for different biochemical analysis. Storage was done between 0oC to 40C to preserve enzyme activity.                     
Estimation of reduced glutathione   
The estimation of the reduced glutathione (GSH) in the different isolated organs were carried out using the method of Jollow et al.(1974). Non-Protein GSH was estimated by a calorimetric method using Ell man’s reagent as deseribed by Gunnet and Phillips (1951), and modified by Ellman (1951). The reduced form of glutathione comprise in most instance, bulk of cellular non–protein sulfohydry group. This method is therefore based upon the development of a relatively stable yellow colour when 5,5-dithiobis (2-nitrobenzoic acid), Ellman reagent is added to sulfohydryl compound. The absorbance was read at 412nm and the equivalent GSH was estimated from the standard GSH curve supplied in the kits. 

Estimation of glutathione-s-transferase activity   
The glutathione-s-transferase activity was estimated spectrophotometrically at 37 0C according to the procedure of Habig et al., (1974). The method involves the production of a complex formed from the enzymatic conjugation of reduced glutathione with the aromatic substrate,1-chloro-2,4 nitrobenzene. The complex formed has a characteristic absorption at 340nm. The spectrophotometric readings are considered indices of enzyme activity. The specific activity of glutathione-s-transferase is expressed as µmole of GSH = CDNB conjugate formed (1ml/mg protein), using an extinction coefficient of 9.6mm cm-1 

GST activity (µg/min/mg protein) = O.Dmin-1/9.6 X T.V/mg/0.03ml protein. Where T.V = total reaction mixture volume, O.D = Optical density. Protein estimation was carried out using biurette method.
Estimation of lipid peroxidation (LPO)

Lipid peroxidation in microsomes prepared from the different organs was estimated spectrophotometrically using Thiobarbituric acid-reactive substances (TBARS) method as described by Varshney and Kale (1990), and is expressed in terms of malondialdehyde (MDA) per mg protein. This method is based on the reaction between 2-Thiobarbituric acid (TBA) and malondialdehyde (MDA), an end product of lipid peroxides during lipid peroxidation (LPO). On heating in acidic pH, the product forms a pink complex which absorbs maximally at 532nm and fluoresces at 533nm. It is readily extractable into organic solvents such as butan-1-ol. This test is often Calibrated using MDA as the standard and thus, the results are expressed as the amount of free MDA produced. 
The malondiadehyde (MDA) level of the sample was estimated from the absorbance using an extinction coefficient of 1.5 X 105 m-1 Cm-1 Adam –vizi and sergi, 1982).          
 MDA (Molg -1 tissue)   =  Absorbance/   E532 X Vs X g Tissue
Where T.V = Total volume of reaction mixture, Vs =   Volume of sample.  g = gram.   E532 = Molar extinction coefficient

STATISTICAL ANALYSIS


The results obtained in this study are presented with descriptive statistics. In order to establish statistical differences or absence thereof between the mean values of BW; GSH; MDA and GST of the ET and control rats, the data obtained were subjected to student’s t-test, Pearson’s correlation and Levene’s test for equality of variance (SAS1988). A p-value of p<0.05 was used as indicator of statistical significance.

RESULTS AND DISCUSSION

Body weights of animals

The mean percentage increase in body weights of control and ethanol rats are presented in Table 4.The body weights of treated rats did not show significant changes (Table 4). There was a significant decrease (p<0.05) in the mean body weight gain of rats treated with ethanol as compared with the control group (Table 4). Comparison between the initial and final weights of rats in each group showed that rats in the control group had a mean % increase of 27.24% in body weight while rats treated with 5g per Kg body weight of ethanol (20% v/v) only increased in body weight by a mean value of 3.48% (Table 4). This observation agrees with earlier reports on the effects of alcohol on digestion, absorption, storage, utilization and excretion of essential nutrients such as vitamins, minerals and proteins. (Gruchow et al 1985, Lieber, 2003). Alcohol impairs nutrient absorption by damaging cells lining the stomach and intestines, and disabling transport of some nutrients into the blood (Feinman, 1998). Alcohol also inhibits the breakdown of nutrients into usable substances, by decreasing the secretion of digestive enzymes from the pancreas (Korsten, 1989). Moreover, Pratt and Thomson (1992) reported that excessive alcohol intake can impair the utilization of nutrients by altering their storage and excretion. In summary, the relative decrease in mean body-weight gain (23.76%) recorded in ethanol treated rats may be adduced to malnutrition resulting from reduced absorption of nutrients from the intestine of treatedrats

Markers of oxidative stress/oxidative damage

The levels of MDA, a marker of lipid peroxidation, in the target organs: liver, kidney and intestine increased significantly (p<0.05) by 109.96%, 84.42% and 37.60% respectively, in rats treated with ethanol compared to control (Table 1, Fig.1). In like manner the hepatic, renal and intestinal GST activities were significantly increased (p<0.05) by 112.29%, 85.76% and 80.96% respectively (Table 3, Fig.3). The amount of reduced glutathione (GSH) in the liver, kidney and intestine of ethanol-treated animals significantly decreased by 66.72%, 50.36% and 56.67% relatively to the control group (Table 2, Fig. 2). A number of systems that generate reactive aldehydic species and reactive oxygen species are activated by chronic consumption of alcohol (Maher, 1997). This observation is consistent with the results of the present study.

 The increase in the level of MDA observed in the various target organs could be linked to the generation of free radicals, resulting in the peroxidation of membrane lipids. Moreover, the main pathway for alcohol metabolism involves the enzyme alcohol dehydrogenase (ADH) (Maher, 1997; Pronkro et al., 2001); which metabolizes alcohol into toxic acetaldehyde, whose interaction with cell proteins and lipids can result in free radical generation and cellular damage 

According to Albano et al., (1998) and Cederbaum, (2001), chronic alcohol consumption does not only activate free radical generation, but also alters the levels of both enzymatic and non-enzymatic endogenous antioxidant systems. This results in oxidative stress with cascade of effects, thus, affecting both the functional and structural integrity of cells’ and organelles’ membranes (De level et al., 1996).This is exemplified by the significant decrease in reduced glutathion (GSH) level, and concomitant increase in hepatic GST activity observed  in the present study. Furthermore, the obtained results agree with the findings of Hussain et al., (2001) and Molina et al., (2003) who reported that chronic ethanol treatment caused a significant reduction in hepatic GSH level and increase in GST activity.
GSH plays a significant role in the detoxification of xenobiotics and maintenance of the redox status of the cells (Sen, 1997). A decline in cellular level has been considered to be indicative of oxidative stress. The decrease of this endogenous antioxidant is obviously connected with ethanol-induced oxidative stress, which is characterized by the generation of toxic acetadehyde and other reactive molecules in the cell. The observed increase in GST activity is likely a defensive response to detoxify the toxic metabolites produced in the course of ethanol metabolism. For all the parameters analyzed, the liver seems to be the most affected organ (Figs. 1, 2 & 3), perhaps, because it is the   primarily site of ethanol metabolism. It should however be noted that response of the body cells to a particular toxin  is determined by a variety of factors such as dose administration, age, sex, species, strain, physiological and nutritional status of the animal

Table 1: Malondialdehyde (MDA) concentration (molg-1tissue) in ethanol treated and control rats

	Group
	Hepatic MDA
	Renal MDA
	Intestinal MDA

	
	
	
	

	Control

	51.36 ± 4.09
	11.08 ±1.96
	19.39 ± 2.21

	ET
	107. 39 ± 12.11*
	15.25 ± 1.45
	35.76 ± 3.33*

	Values are expressed as mean ±S.D for ten animals per group
	             
	       *= significant difference 
	


*p<0.05 against control

 
[image: image1.emf]0

20

40

60

80

100

120

109.96

84.42

37.6

Mean % increase in 

MDA level

Organs of Rats

liver kidney Intestine

      Fig.1: Effect of Ethanol (5g/kg bwt, 20% w/v) on MDA conc. in Liver, Kidney & Intestine of Rats after 28 days
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      Fig2: Effect of Ethanol (5g/kg bwt, 20% w/v) on GSH levels. in Liver, Kidney & Intestine of Rats after 28 days
Table 2: Level of reduced GSH (µg/g tissue) in ethanol treated and control rats

	Group
	Hepatic GSH level
	Renal GSH level
	Intestinal GSH level

	
	
	
	

	Control
	12.38 ± 0.83
	6.91 ± 1.81
	7.43 ± 1.56

	ET
	4.12 ± 0.31*
	3.43 ± 0.56*
	3.22 ±1.04*

	Values are expressed as mean ± S.D for ten animals per group
	
	
	*p<0.05 against control
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Fig.3: Effect of Ethanol (5g/kg bwt,) on GST activity in Liver, Kidney & Intestine of Rats after 28 days
Table 3: GST activity (µg/min/mg protein) in ethanol treated and control rats
	Group
	Hepatic GST activity
	Renal GST activity
	Intestinal GST activity

	
	
	
	

	Control
	3.01 ± 0.43
	2.95 ± 0.34
	2.89 ± 0.31

	ET
	6.36 ± 0.19*
	5.48 ± 0.21*
	5.23 ± 0.28*


Values are expressed as mean ± S.D for ten animals per group
*p<0.05 against control

Table 4: Body weight (BW) and change in BW of control and ET rats before and after 28 days

	Group

	
	Initial weight  (g)
	
	Final weight  (g)
	
	Percentage Increase in weight (%) 

	
	
	
	
	
	
	

	Control
	
	169.6 ± 4.02
	
	215.8 ± 7.09
	
	27.24

	ET
	
	166.9 ± 5.12
	
	172.7 ± 6.08

	
	3.48 *



Values are expressed as mean ± S.D for ten animals per group.                    *=significant difference
*p<0.05 against control
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