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Abstract 
 

Alcohol is widely abused as a psychoactive drug. Emblica officinalis is known for its therapeutic effects 
and the present study is aimed at investigating therapeutic efficacy of aqueous extract of Emblica 
officinalis (AEEO) against alcohol-induced damage. Thirty three percent (v/v) alcohol (10 g/kg body 
weight) and AEEO (250 mg/kg body weight/day) was orally administered once a day for 60 days. 
Chronic alcohol feeding resulted in higher activities of the alcoholic plasma marker enzyme gamma 
glutamyl transferase ( GT) and abnormalities in plasma lipid and lipoproteins, minerals as well as 
activities of plasma transaminases (AST and ALT), alkaline phosphatase (ALP) and lactate 
dehydrogenase (LDH). Chronic alcohol administration significantly lowered the activities of superoxide 
dismutase (SOD), catalase (CAT) glutathione peroxidase (GPx) and the content of reduced glutathione 
(GSH) in erythrocytes. The AEEO supplementation to chronically alcohol fed rats beneficially 
modulated plasma lipids and lipoprotein patterns, minerals, and vitamin C and also corrected zigzags in 
plasma enzyme activities and improved antioxidant and defense enzyme machinery status. However, 
AEEO supplementation resulted in a significant increase in GSH content and the activities of SOD, CAT 
and GPx. AEEO can contribute to the alleviation of alcohol induced adverse effects by enhancing the 
status of antioxidant defense system and by regulating lipid and mineral metabolism. 
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INTRODUCTION 

 
Chronic excessive alcohol consumption is more prevalent 
all over the world and is associated with tissue and organ 
damage leading to coronary heart disease, alcohol liver 
disease and several other manifestations including neu-
rological disorders for which therapeutic approaches are 
sought (Lee, 2006; Pramyothin et al., 2006). Enhanced 
oxidative stress and decreased antioxidant status indu-
ced by ethanol metabolism play a major role in the cau-
sation of alcohol toxicity and damage (Dey and Ceder-
baum, 2006). Chronic alcohol consumption has major eff-
ects on the absorption, elimination, and serum concentra-
tions of many physiologically important electrolytes and 
minerals (McClain et al., 1986). The research work that 
has been conducted for the past fifty years is mainly to 
understand the metabolism, pathologies and characteristic 
physiological as well as biochemical actions/mechani-
sms related to alcohol. This facilitated us to understand   
 
 
 

 
 
 
 

 
new concepts and theories successfully from alcohol toxi-
city to treatment (Seitz et al., 2005).  

Due to several undesirable effects of synthetic drugs, 
the world population is turned towards medicines derived 
from locally available plants or native extracts of edible 
plant parts. The developments of alcoholism remedies 
have medical, social and economical significance. In view 
of the pitfalls of psychological dependence and adverse 
effects of synthetic drugs, the development of low toxicity 
and high efficiency medicines derived from natural pro-
ducts exhibit expansive market prospects (Xu et al., 
2005). Emblica officinalis is a medium to large deciduous 
tree belonging to a small subgenus of trees of the Eupho-
rbiaceae widely growing in different parts of India, Srilan-
ka, Pakistan, Uzbekistan, S.E. Asia and China. Emblica 
officinalis is known for its antioxidant properties and for its 
therapeutic effects, and is a component in more than 
hundred herbal formulations that are widely used in India 
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and other countries. The fruits of Emblica are widely con-
sumed raw, cooked or pickled, but they are also principle 
constituents of Ayurvedic preparations (Scartezzini et al., 
2006). The wide use of Emblica officinalis in India for 
various purposes prompted us to select the same to treat 
alcohol toxicity which has not been done so far. Under 
these circumstances Emblica officinalis opens up a new 
avenue to treat alcohol related problems. Hence present 
study is aimed at investigating the therapeutic efficacy of 
Emblica i.e. alleviation of alcohol toxicity and alcohol 
induced adverse effects in rats. 

 
MATERIALS AND METHODS 
 
Chemicals 
 
The chemicals used in the present study were procured from Sigma 
Chemical Co. (St. Louis, MO, USA) and SISCO Research Labora-
tories (Maharashtra, India). Ethanol used for administration to rats 
was obtained by re-distillation. An aqueous Emblica officinalis fruit 

extract was obtained from Chemiloids Ltd, Vijayawada, Andhra Pra-
desh, India (Manufacturers and exporters of herbal extracts). AEEO 
5% was prepared in distilled water freshly prior to use. 

 
Animals and experimental design 
 
Two month old male albino Wistar rats, weighing about 120-140g, 
were procured from Sri Venkateswara Enterprises (Bangalore, In-
dia), acclimatized for seven days in our animal house and main-
tained at standard conditions. The animals were divided in to four 
groups of eight each, group I – controls, group II – alcohol, group III  
– alcohol plus AEEO (A+AEEO) and group IV- AEEO alone. The 
dose of the AEEO in the present study was based on the earlier 
reports (Jeena and Kuttan, 2000). Controls rats received iso-caloric 
amounts of glucose equals that of alcohol, 33% alcohol was admi-
nistered orally at a dose of 10g /kg body weight/day, AEEO were 

administered orally (250 mg/ kg body weight/day) between two 
successive alcohol treatments to provide a gap of 12 h between the 
treatment of alcohol. Animals were fed on standard pellet diet with 
water ad libitum and all animals received human care continuously 
for 60 days. At the end of experimental period, the rats in each 
group were fasted overnight, and sacrificed by cervical decapita-
tion. Blood was collected by cardiac puncture into heparinized tu-
bes was separated into plasma and formed elements and analyzed 
immediately. The present work was undertaken with prior approval 

by our departmental as well as institutional ethical committee. 
 
Plasma analysis 
 
The plasma total cholesterol (Allian et al., 1974), triglycerides 
(Fossati and Principe, 1982), HDL-cholesterol (Zlatkis et al., 1953), 
LDL-cholesterol, VLDL-cholesterol (Friedwold et al., 1972) levels as 
well as activities of AST and ALT (Reitman and Frankel, 1957), al-
kaline phosphatase and lactate dehydrogenase (Teitz, 1976) were 
determined using commercial kits (Span diagnosis Ltd, Surat, In-
dia) . Plasma -glutamyl transferase (Rosalki and Tarlow, 1974) vita-
min C (Roe and Kuther, 1961), calcium (Carl and Edward, 1996), 
phosphorous (Fiske and Subbarow, 1925), iron (Ramsay, 1958) 
sodium (Trinder, 1951), potassium (Jacobs and Hoffman, 1931) and 
chloride (Schales and Schales, 1941) were determined. 

 
Erythrocyte antioxidant enzyme activities 
 
Erythrocytes separated from whole blood by the method adopted by 

Beutler et al., (1975). Erythrocytes were washed thrice with 0.9% 

 
 
 
 

 
NaCl and suspend in 1 volume of 0.9% NaCl. The packed cell volu-
me was adjusted to 5% with PBS- pH7.5 (10mM phosphate buffer 
saline). Hemoglobin in erythrocytes was determined by the method 
of Samuel (1989). Reduced glutathione (GSH) content was estima-
ted according to the method of Beutler et al., (1963) and expressed 
as µmoles/gHb. The superoxide dismutase (SOD) activity was mea-
sured based on the ability of the enzyme to inhibit the autoxidation 
of adrenaline and was assayed by using the method described by 
Mishra and Fridovich (1972) from hemoglobin free hemolysate. 
SOD activity was expressed as Units/mg Hb/min. The Catalase 
(CAT) activity in hemolysate was estimated by the method of Chan-
ce (1954) . The activity of the enzyme was calculated using the 

extinction coefficient of H2O2 as 0.071 cm
-1

 mol
-1

 and expressed as 

IU x 10
4
/g Hb at 37

0
C. The glutathione peroxidase (GPx) activity 

was measured using the method of Rotruck et al., (1973). The acti-

vity of GPx was expressed as moles of glutathione oxidized/min/ 
mg Hb. 

 
Statistical analysis 
 
Mean and standard deviation values of all the parameters were det-

ermined for each group. Duncan’s multiple range test (Bennet and 
Franklin, 1967) was performed to determine significant difference 

among the groups. A p<0.05 was considered statistically significant. 

 

RESULTS 
 
Levels of cholesterol, triglycerides and lipoprotein patt-
erns in plasma of different experimental rat groups are 
presented in Table 1. Increased cholesterol, triglycerides, 
LDL-C, VLDL-C in plasma followed by a decrease in 
HDL-C in alcoholic rats is evident from the data. AEEO 
administration to alcoholic group not only decreased plas-
ma cholesterol, triglycerides but also lipoprotein patterns 
viz. LDL-C, VLDL-C with no change in HDL-C when com-
pared with alcoholic rats. No adverse changes were ob-
served in rats administered with AEEO alone, when com-
pared with control rats.  

A significant decrease in the activities of erythrocyte 
CAT, SOD and GPx with a fall in GSH content in alcohol 
group was observed (Table 2). AEEO administration to 
alcohol treated rats showed relatively increased activities 
of these enzymes and GSH content. Treatment with 
AEEO alone to control rats did not alter the GSH content 
and these enzyme activities.  

Enhanced activities of the plasma enzymes viz., AST, 
ALT, ALP and LDH in alcoholic group are depicted in 
Table 3. AEEO administration to rats resulted in signi-
ficant decrease the activities of the above enzymes in 
alcohol fed group. Further, the activity of the marker enz-
yme GT in alcohol treated rats, are shown in Table 3. As 
expected values of the enzyme were higher in rats that 
received alcohol alone. Though alcoholic rats that recei-
ved AEEO showed a significant elevation in the enzyme 
activity and the increase is more pronounced in alcohol 
alone administered rats. The two other non alcoholic gro-
ups viz., control and AEEO alone administered group 
showed normal activities of the enzyme.  

Table 4 shows minerals (calcium, phosphorous and iron), 

electrolytes (Na
+
, K

+
 and Cl

-
) and vitamin C levels in 



 
 
 

 
Table 1. Effect of AEEO administration on plasma lipid profile in chronic alcoholic rats. 

 

Parameter Control  Group  

  Alcohol A+AEEO AEEO 

Cholesterol 76.80 ± 5.03
b
 99.42 ± 5.27

a
 80.90 ± 5.86

b
 74.03 ± 5.61

b
 

Triglycerides 75.61 ± 5.12
b
 97.10 ± 3.11

a
 77.10 ± 8.14

b
 70.83 ± 7.90

b
 

HDL-Cholesterol 38.60 ± 3.48
a
 26.41 ± 3.71

c
 34.15 ± 3.12

b
 32.90 ± 1.62

b
 

LDL-Cholesterol 21.14 ± 1.97
c
 51.20 ± 1.43

a
 31.11 ± 1.67

b
 23.97 ± 1.42

c
 

VLDL-Cholesterol 15.12 ± 1.22
b
 19.42 ± 1.62

a
 15.42 ± 1.42

b
 14.16 ± 1.60

b
 

Atherogenic index 
#
 0.98 ± 0.02

c
 2.76 ± 0.05

a
 1.36 ± 0.01

b
 1.15 ± 0.01

c
 

 
All the values (mg/dL) are mean ± SD of eight rats in each group. 

abc
 means in the same column not sharing a common 

superscript are significantly different ( p< 0.05) between groups. 
#
 Atherogenic index = Total cholesterol – HDL-cholsterol/HDL-cholesterol.

 

 
 

 
Table 2. Effect of AEEO administration on erythrocyte GSH content and antioxidant enzymes in chronic alcoholic rats. 

 

Parameter Control  Group  

  Alcohol A+AEEO AEEO 

GSH (µmol/ g Hb) 3.42 ± 0.14
a
 3.08 ± 0.19

c
 3.20 ± 0.24

b
 3.40 ± 0.16

a
 

Catalase (IUx10
4
/ g Hb) 8.64 ± 0.14

a
 6.48 ± 0.41

c
 8.11 ± 0.15

b
 8.51 ± 0.13

a
 

SOD (Units/mg Hb/min) 6.02 ± 0.16
a
 4.14 ± 0.04

c
 5.27 ± 0.07

b
 6.15 ± 0.06

a
 

GPX ( mols of GSH oxidized /min /mg Hb) 15.84 ± 0.22
a
 11.41 ± 0.21

c
 13.58 ± 0.16

b
 15.97 ± 0.17

a
 

 
Values are mean ± SD of eight rats in each group. 

abc
 means in the same column not sharing a common superscript are significantly 

different ( p< 0.05) between groups. 
 
 

 
Table 3. Effect of AEEO administration on plasma SGOT, SGPT, ALP,  GT and LDH in chronic alcoholic rats.  

 

Parameter Control   Group   

  Alcohol A+AEEO AEEO 

SGOT (IU/L) 26.53 ± 3.16
c
 78.02 ± 3.31

a
 59.70 ± 3.76

b
 25.85 ± 2.95

c
 

SGPT (IU/L) 26.30 ± 3.84
c
 84.02 ± 11.38

a
 55.44 ± 5.80

b
 26.58 ± 3.67

c
 

ALP (IU/L) 69.21 ± 9.04
c
 315.54 ± 28.19

a
 159.77 ± 25.85

b
 50.16 ± 3.29

c
 

LDH (IU/L) 360.90 ± 4.16
c
 481.12 ± 15.09

a
 391.77 ± 3.90

b
 354.60 ± 14.16

c
 

GT (U/L) 5.51 ± 0.60
c
 25.36 ± 1.46

a
 12.65 ± 1.25

b
 5.37 ± 0.82

c
 

 
Values are mean ± SD of eight rats in each group. 

abc
 means in the same column not sharing a common 

superscript are significantly different ( p< 0.05) between groups. 
 

 

plasma of different groups of rats. Alcohol administration 
to rats significantly decreased levels of plasma vitamin C, 
electrolytes and minerals was observed when compared 
to control group. Rats administered AEEO as well as 
alcohol showed significantly augmented the levels of the 
vitamin C, electrolytes and minerals near to control val-
ues. AEEO alone administered rats did not showed any 
alterations. 
 

 
DISCUSSION 
 
Present study suggested a therapeutic strategy for alco-

holic injury by the use of Emblica officinalis fruit extract. 

 
 

 

Ethanol induced free radicals generation during the meta-
bolism leading to oxidative stress are largely responsible 
for alcohol induced adverse effects causing damage (Wu 
and Cederbaum, 2003). Since alcoholism remedies with 
promising novel therapeutic strategies involving phyto-
chemicals, the use of natural extracts from plant foods 
aiming to reduce the risk of oxidative stress (Xu et al., 
2005).  

Our work evidenced the therapeutic efficacy of AEEO in 
vivo not only by reducing alcohol induced oxidative 
damage but also by ameliorating the characteristic chan-
ges observed in alcohol group in lipids (cholesterol and 
triglycerides), lipoproteins (LDL, VLDL and HDL) upon 
Emblica supplementation. Reduced plasma cholesterol 



 
 
 

 
Table 4. Effect of AEEO on plasma vitamin C and mineral content in alcohol-treated rats. 

 

Parameter Control  Group  

  Alcohol A+AEEO AEEO 

Vitamin C (mg/dL) 1.55 ± 0.07
b
 1.10 ± 0.09

c
 1.46 ± 0.05

b
 1.73 ± 0.08

a
 

Sodium (mM/L) 140.31 ± 3.79
a
 106.72 ± 9.44

c
 122.33 ± 8.11

b
 141.88 ± 4.43

a
 

Potassium (mM/L) 5.47 ± 0.37
a
 3.63 ± 0.31

c
 4.57 ± 0.33

b
 5.20 ± 0.43

a
 

Chloride (mM/L) 145.89 ± 2.50
a
 117.37 ± 6.02

c
 139.51 ± 4.37

b
 148.03 ± 2.96

a
 

Calcium (mg/dL) 10.91 ± 0.33
a
 8.92 ± 0.41

b
 10.51 ± 0.72

a
 10.82 ± 0.43

a
 

Phosphorus (mg/dL) 5.67 ± 0.24
a
 4.45 ± 0.32

c
 5.12 ± 0.34

b
 5.91 ± 0.21

a
 

Iron (µg/dL) 175.28 ± 3.24
a
 151.47 ± 4.16

b
 174.66 ± 4.37

a
 176.69 ± 3.05

a
 

 
Values are mean ± SD of eight rats in each group. 

abc
 means in the same column not sharing a common superscript 

are significantly different ( p< 0.05) between groups. 
 

 

content in AEEO supplemented alcoholic group in the 
present study can be attributed to the hepatic increased 
cholesterol catabolism induced by AEEO as observed by 
Anila and Vijayalakshmi (2002) and Kim et al., (2005). 
Besides decreased cholesterol synthesis by regulating / 
inhibiting the activity of the rate limiting enzyme HMG-
CoA reductase was reported earlier (Saravanan et al., 
2007). However the possibility of regulation of HMG-CoA 
reductase by the principles of AEEO at transcription or 
translation levels can not be ruled out. Further the reduc-
tion in LDL, VLDL, cholesterol and triglycerides in alcoho-
lic rats receiving AEEO suggests the cardio protective 
effects of Emblica by inhibiting NF-kB transcriptional 
pathways through modulating hepatic PPAR expression, 
suggesting that Emblica may be beneficial in preventing 
atherosclerotic cardiovascular diseases as reported by 
Yakozawa et al. (2007).  

Chronic consumption of ethanol causes injury to the liv-
er cells. The activities of AST and ALT are the most sen-
sitive tests employed in the diagnosis of hepatic disea-
ses. The increased plasma GT activity in alcoholic rats, a 
marker enzyme for alcoholism was observed in the 
present study, but in alcoholic rats which received AEEO 
shows maximum depletion. The results of the present 
study reveal that increased activities of AST, ALT and 
ALP in alcoholic rats. Administering AEEO to alcoholic 
rats significantly decreased AST, ALT and ALP activities. 
Hepato protective activity of AEEO against alcohol indu-
ced adverse changes was evident from decreased acti-
vities of the above plasma enzymes and AEEO can pre-
serve the structural integrity of the liver from the adverse 

effects of ethanol. Superoxide (O2
-
) and hydroxyl radicals 

are known to cause marked injuries to the surrounding 
tissues and organs. Natural and synthetic compounds 
with antioxidant properties may help to alleviate the liver 
damage totally or partially. Therefore, removing superoxi-
de ion and hydroxyl radical is probably one of the most 
effective defense mechanisms against a variety of disea-
ses (Sheela and Angusti, 1995).  

Red blood cells are more prone to oxidative damage 

due to high content of polyunsaturated fatty acids, iron 

 
 

 

and oxygen (Hebbel, 1986). Alcohol induced adverse 
changes were evident from decreased red blood cell def-

ense enzyme activities viz., catalase, SOD and GP X fol-

lowed by GSH, plasma vitamin C depletion. In the pre-
sent study upon Emblica supplementation the above en-
zymes were restored to normal in red blood cells. More-
over, as reported by Bhattacharya et al., (2000) the tan-
noid principles emblicanin A, emblicanin B, punigluconin 
and pedunculagin may have contributed largely for the 
observed elevation in the activities of antioxidant machi-
nery as these principles are capable of enhancing the 
concentrations of SOD, CAT and GPx and the content of 
GSH and vitamin C. The antioxidant activity of Emblica 
does not depend only upon vitamin C content. In particu-
lar, the antioxidant activity of processed fruit is due to as-
corbic acid for only 60% or less, while in the other prod-
ucts this percentage increases as reported by Scartezzini 
et al., (2006).  

Electrolytes and minerals are involved in most cellular 
activities and assume a major role in metabolism. They 
have multiple functions such as holding fluids in compart-
ments of the body and maintaining normal acid-base bal-
ance. Chronic alcohol consumption has major effects on 
the absorption, elimination, and serum concentrations of 
many physiologically important electrolytes and minerals, 
including sodium, potassium, phosphorus, calcium, iron. 
Electrolyte disturbances may lead to severe and even 
life-threatening metabolic abnormalities such as liver dis-
ease, frequently have abnormal sodium serum concen-
trations, with hyponatremia as the most common altera-
tion. Sodium together with potassium assists in the main-
tenance of the body's electrolyte and water balance. In 
addition, potassium and sodium play an important role in 
nerve conduction, muscle contraction, and the trans-port 
of substances across membranes. Animal studies invol-
ving chronic alcohol intake have shown significant reten-
tion of water, sodium, potassium, and chloride after the 
first week of daily alcohol ingestion (Marsano and McCl-
ain 1989). Supplementation of AEEO to alcoholic rats sig-
nificantly maintained acid-base balance by increasing the 
absorption of electrolytes and minerals from intestine and 



 
 
 

 

inhibited electrolytes elimination through urine. 
In this study Emblica officinalis fruit extract has shown 

protective action against alcohol induced oxidative stress 
to the cells as evidenced by the lowered plasma transa-
minases, ALP, LDH and GT enzyme activities and ele-
vated levels of the enzymic and non-enzymic antioxi-
dants. In addition lowered cholesterol level and elevated 
HDL level demonstrate that Emblica officinalis fruit ext-
ract offers protection against cardiovascular risk. The act-
ive tannoid principles, poly phenolic compounds and vita-
min C present in AEEO could be contributed for the 
above mechanism. 
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