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INTRODUCTION
Alcohol (ethanol) is primarily metabolized in the liver [1]. It is vulner-
able to an oxidative stress induced injury due to the generation 
of reactive oxygen metabolites during the course of the alcohol 
metabolism and because of this, Alcoholic Liver Disease (ALD) has 
become a major cause of morbidity and mortality in India [2-3].  
The quantity and the type of alcohol which is ingested is the most 
important risk factor for the development of ALD. An alcohol medi-
ated increased production of pro-oxidants, as well as adecrease in 
the antioxidant defense systems (enzymatic and non-enzymatic) in 
the liver may contribute to the development of ALD. An imbalance 
between the pro-oxidants and the antioxidants leads to oxidative 
stress which is characterized by escalating the cell damage [4]. 

Gamma Glutamyl Transferase (GGT; E.C.2.3.2.2) is an enzyme 
which is derived from the plasma membrane of hepatocytes and 
its activity has been widely accepted as a biomarker of ALD. Its 
usefulness as a marker is based on the pharmacological effects of 
ethanol on the liver; hence, it shows different characteristics in the 
patients without liver disease as compared to those in the patients 
with liver disease [5]. GGT is a heterodimeric, membrane-bound 
glycoprotein [6] which catalyzes the transfer of the gamma glutamyl 
moiety of glutathione to various peptide acceptors [7]. It has been 
shown to play an important role in the detoxification of carcinogens 
and xenobiotics [8]. During the process of the detoxification of 
xenobiotics, which include alcohol, free radicals are generated 
through the Microsomal Ethanol Oxidising System (MEOS) as well 
as through leakage from the mitochondrial Electron Transport Chain 
(ETC) [9]. Reduced Glutathione (GSH) is one of the frontline non-
enzymatic intracellular antioxidants, which safeguards against the 
oxidative insult. Malondialdehyde (MDA) is a product and hence a 
marker of the oxidative stress-mediated lipid peroxidation. 

The purpose of this study was to determine the activity of GGT and 
its association with oxidative stress in ALD and this was achieved by 
measuring the levels of GSH and MDA in chronic alcoholics.
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MATERIAL AND METHODS
This study was conducted in the Department of Biochemistry, 
Medical College and Hospital, NIMS University, Jaipur, Rajasthan, 
India. The study group comprised of 60 male patients with alcoholic 
liver disease, who had a history of alcohol intake of more than five 
years, with a continued daily intake of 80–160g of alcohol. Twenty 
healthy male volunteers who matched in age and the socio–
economic status served as the controls. Only those patients who 
suffered from jaundice, cirrhosis or chronic liver disease which were 
caused by alcohol intake were included in the study. The Institutional 
Ethics Committee approved the study. Before their participation, 
the volunteers were fully informed of the nature and purpose of the 
study and a written consent was obtained from each. The patients 
were subjected to detailed clinical examinations and laboratory 
investigations. Blood was collected aseptically by venepuncture 
from the antecubital vein of the patients and the controls into EDTA 
tubes and the plasma was separated by centrifuging the blood at 
1000 rpm for 15 minutes. The exposure of the blood to air was 
minimised to avoid the oxidation of GSH. The plasma which was 
obtained was used for the determination of the GGT activity by 
the method of Szasz et al., [10]. The levels of GSH and MDA were 
estimated by the methods which were described by Beutler et al., 
[11] and Buege et al., respectively [12]. The routine liver function 
tests (ALT and AST) were performed on a multichannel analyzer by 
using standard commercial kits. All the reagents and the chemicals 
which were used in this study were obtained from Sigma Chemicals 
Co., USA. The data which was obtained was subjected to statistical 
analysis, for evaluating the differences in the mean values of the 
parameters in the two groups. The statistical significance was 
determined by using the Student’s ‘t’-test for the unpaired data, 
the values of significance were evaluated on the basis of the ‘p’-
values and the difference was considered as significant at a p value 
of <0.05. The data was also analyzed for the correlation coefficient 
amongst the parameters. 

ABSTRACT
AIM: The present study was conducted to assess the activity 
of Gamma Glutamyl Transferase (GGT) and its association with 
oxidative stress in alcoholics. 

Method: Sixty male alcoholics with a history of alcohol abuse 
for more than five years were the subjects of this study. Twenty 
healthy male volunteers who matched in age and the socio-
economic status, served as the control subjects.

Results:  GGT, reduced glutathione (GSH, a key intra-cellular 
antioxidant) and malondialdehyde (MDA, a marker of the oxidative 
stress) were assayed in the plasma of the two groups, and the 
results were statistically analyzed. The activity of the plasma 
GGT, known as a marker of Alcoholic Liver Disease (ALD); was 

significantly higher in the alcoholics as compared to that in the 
healthy controls.  

Conclusion: There was a significant positive correlation between 
the enzyme activity and the plasma levels of MDA and this 
indicated that there was an increased release of this enzyme 
with enhanced oxidative damage, due to the generation of 
oxygen free radicals in the study group. There was a significantly 
increased level of MDA and a decrease in the level of GSH in 
the alcoholics as compared to those in the controls. Significant 
negative correlations between GGT and GSH, and between MDA 
and GSH were observed. The present study demonstrates that 
alcoholics have a compromised antioxidant defense system.
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RESULTS
The activity of plasma GGT and the levels of MDA and GSH in 
the two groups have been presented in [Table/Fig-1]. There was 
a highly significant difference (p<0.001) in the mean values of the 
plasma GGT of these two groups. There was a substantial increase 
in the activity of this enzyme in alcoholics as compared to that in the 
controls. The activity of this enzyme showed a significant positive 
correlation (R2: 0.02) with MDA [Table/Fig-2], whereas, it showed a 
significant negative correlation (R2: -2.95) with GSH [Table/Fig-3] in 
alcoholics. A significant increase (p<0.001) in the level of MDA was 
observed in the study group as compared to that in the controls and 
its levels were significantly negatively correlated (R2: -3.68) to the 
concentration of GSH [Table/Fig-4].The concentration of GSH was 
significantly low (p<0.001) in the alcoholics as compared to that in 
the controls. 

parameter 
group i (healthy
 controls, n=20)

group ii (alcoholics, 
n=60)

Age (years)  43.25 ± 4.62 48.61 ± 6.27

BMI ( kg/m2)  20.45 ± 0.55  17.88 ±1.20

Plasma Enzymes 
AST (IU/L)•	
ALT (IU/L)•	
AST/ALT•	
ALP (IU/L)•	
GGT (IU/L)•	

20.50 ± 5.41
25.00 ±5.50

0.8 ± 0.2
4.90 ± 2.05
10.2 ± 3.5

63.6 ± 8.7
39.1 ± 5.2

2.86  ± 0.86*
30.25±3.10

82.54± 16.42*

Plasma  proteins
Total (g/dl)•	 7.184±0.57 5.08±0.67

Albumin (g/dl)•	 4.46±0.56 3.12±0.65

A:G •	 1.73±0.43 1.85±0.75

Plasma MDA (mmol/L) 3.61±0.63 9.02±1.21*

Plasma GSH (mmol/L) 1.46± 1.54 0.85±0.15*

[Table/Fig-1]:  Plasma GGT, GSH and MDA in healthy controls and 
alcoholic patients.
P value: < 0.001; * Group I v/s Group II

DISCUSSION
Gamma Glutamyl Transferase (GGT) is an enzyme which is involved 
in the transfer of the γ-glutamyl residue from the γ-glutamyl peptides 
to the amino acids. [13] In most of the biological systems, GSH 
serves as the γ-glutamyl donor [3]. On the other hand, GGT is 
also involved in the synthesis of GSH [14]. The intra-cellular GSH 
level depends upon the equilibrium between the processes, during 
which it is consumed and on its biosynthesis, which, in turn, is 
limited by the availability of cysteine. The metabolism of GSH is 
closely connected to Meister’s γ-glutamyl cycle [Table/Fig-5], in 
which a pivotal role is played by the membrane-bound GGT [15]. 
This enzyme hydrolyzes GSH to its amino acid components, among 
which cysteine is used for the intracellular GSH resynthesis [16]. 
Normally, due to the cysteine toxicity, the physiological level of 
this amino acid in the cells is very low, and in the plasma, cysteine 
occurs mainly in the form of a disulfide, i.e. cystine. Consequently, 
the importance of the γ-glutamyl cycle lies in the recovery and  
the delivery of cysteine. The availability of cysteine is necessary 
for the biosynthesis of cellular glutathione, the most important 
intracellular antioxidant, which depends upon the GGT activity; 
hence, this enzyme plays an important role in the antioxidant 
defense system [17]. 

The plasma GGT activity has been widely used as an index of 
the liver dysfunction and the alcohol intake. The conditions that 
increase the plasma GGT, such as obstructive liver disease, high 
alcohol consumption and the use of drugs, lead to an increased 
free radical production and the threat of a GSH depletion. Further, 
the products of the GGT reaction may themselves lead to an 
increased free radical production. In the present study, a significant 
increase in the plasma GGT was observed in the patients with 
ALD, as compared to that in the healthy controls [Table/Fig-1]. 

[Table/Fig-3]: Correlation between plasma GGT and GSH in alcoholics

The results were in accordance with those of many prospective 
studies, which demonstrated a strong relationship between the 
GGT activity and the incidence of ALD [18–20]. Besides alcohol, 
however, the GGT activity has been found to be raised by multiple 
factors, which include aging, the smoking habits [21,22] and 
the exposure to xenobiotics [23]. In our study, age and the BMI 
were ruled out as the confounders of the plasma GGT difference 
between non-drinkers and age-matched alcoholics, because the 
means of age and the BMI did not differ significantly between the 
two groups. Chronic alcohol consumption results in the proliferation 
of the smooth endoplasmic reticulum (the site of the intracellular 
GGT activity) and the induction of the liver derived enzymes,  
which include GGT [24,25]. This might be responsible for the in-
creased plasma GGT activity in chronic alcoholics. The gradual 
effect of alcohol on the GGT enzyme induction has been indicated 
in recent studies, which may be initiated at rather low levels of the 
ethanol intake [26]. 

[Table/Fig-2]: Correlation between plasma GGT and MDA in alcoholics

[Table/Fig-4]: Correlation between plasma MDA and GSH in alcoholics
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Further, an oxidative stress induced damage to the membrane of 
the cells which line the bile canaliculi (cells which are rich in GGT) 
may also contribute to the observed increase in the activity of this 
enzyme in plasma. The overindulgence in drinking (more than 
two standard drinks per day over a long period of time) may be 
associated with a significant elevation in the risk of an iron overload 
in the tissue [27]. The deposition of excess iron in the hepatic tissue, 
is in turn, an important secondary risk factor for the development 
of ALD. In experimental animals, iron and alcohol have been shown 
to act in a synergistic manner to enhance the lipid peroxidation, 
leading to the formation of MDA and liver injuries [28,29]. 

GSH plays a significant role in the detoxification of the xenobiotics 
and in the maintenance of the redox status of the cells [Table/Fig-6] 
[30]. A decline in the cellular GSH level is indicative of an ethanol-
induced oxidative stress, which is characterized by the generation 
of toxic acetaldehyde and other reactive molecules in the cell. The 
observed increase in the GGT activity is likely to be a defensive 

response, for detoxifying the toxic metabolites which are produced 
in the course of the ethanol metabolism [31]. The GSH depletion 
which was observed in the present study [Table/Fig-1] can be caused 
by acetaldehyde accumulation [32], and increased utilization by the 
glutathione-S-transferases as well as GGT, the enzymes which are 
involved in the detoxification of xenobiotics. Moreover, a reduced 
GSH synthesis could also be a contributory factor for the GSH 
depletion, as it has been documented in cirrhotic livers [32]. 

Malondialdehyde, an easily detectable biomarker of oxidative 
stress, is produced as a result of the oxidative stress-induced lipid 
peroxidation. In the present study, the levels of plasma MDA in 
the alcoholics were significantly increased, as compared to those 
in the healthy controls [Table/Fig-1], which is in agreement with 
the findings of many studies [31,32]. In addition, MDA showed a 
positive significant correlation with the GGT levels [Table/Fig-2]. 
It could be linked to the generation of free radicals by multiple 
mechanisms, as has been discussed above and the induction of 
GGT. The main pathway for the alcohol metabolism involves the 
enzyme, alcohol dehydrogenase [33,34], which metabolizes alcohol 
into toxic acetaldehyde, whose interaction with the cell proteins and 
the lipids can result in free radical generation and cellular damage. 
High oxygen free radical production, as was evidenced by increased 
levels of MDA and decreased levels of GSH, support the hypothesis 
that there is increased oxidative stress in the patients with alcoholic 
liver disease [35]. 

Nevertheless, there is accumulating evidence which indicates 
a possible causative involvement of oxidative stress in the 
pathophysiology of human ALD.

CONCLUSION
The present study supports the hypothesis that excessive alcohol 
intake increases the hepatic oxidative stress. Hence, it is not 
surprising that the antioxidants, as well as the GSH-precursors, 
are being explored as a supportive treatment or to prevent further 
deterioration in ALD. The use of the biological markers of alcohol 

[Table/Fig-5]: Synthesis of glutathione (GSH) via the γ-glutamyl cycle (Meister’s cycle) and antioxidant functions of GSH

[Table/Fig-6]: Oxidative stress as a plausible link between chronic 
alcoholism and alcoholic liver disease (ALD)
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drinking (GGT), antioxidant depletion (GSH) and hepatic damage 
(MDA), may be of help for the risk assessment in ALD. A better 
understanding of the pathophysiological mechanism and the 
correlation between the alcohol intake, the biological markers, and 
oxidative stress, is an important issue for the better management 
of ALD.
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