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ABSTRACT
Objective: Alcohol is one of the widely used and abused drugs in the society. Chronic alcohol consumption causes various hepatic lesions that are
grouped under common term, alcoholic liver diseases. Dietary intake of fats, especially repeatedly heated polyunsaturated fatty acid (∆PUFA)
produces various lipid peroxidative end products which can aggravate the pathological changes produced by ethanol. In the present study, we have
investigated the effect of wheatgrass on alcohol and ΔPUFA induced hyperlipidemia in male albino wistar rats.
Methods: In our study, we analysed the liver marker enzymes AST and ALT in plasma and lipid profiles: free fatty acids, triglycerides, cholesterol
and phospholipids in liver.
Results: Our results showed that there was an increase in the activities of AST and ALT in plasma of alcohol and ΔPUFA rats. Treatment with the
wheatgrass effectively prevented the release of these marker enzymes. The levels of cholesterol, triglycerides and free fatty acids were increased
whereas the levels of phospholipids were decreased in alcohol and ΔPUFA groups compared to normal. This was reversed significantly on treatment
with wheatgrass. Histopathological observations were also in correlation with the biochemical parameters.
Conclusion: Results obtained in the study proves that wheatgrass can effectively protect the liver and has hypolipidemic effect in alcohol and PUFA
induced liver toxicity.
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INTRODUCTION
Alcohol related liver diseases are one of the current challenging
health problems in the world. Ethanol is known to promote
accumulation of hepatic fat, leading to fibrosis and cirrhosis [1, 2, 3].
Alcohol's metabolism via alcohol dehydrogenase in liver, generates
high NADH/NAD+ ratio, alters the oxidation-reduction potential of
the hepatic cell, which in turn inhibits the fatty acid oxidation and
enhances triglyceride synthesis resulting in fatty liver [4].
Polyunsaturated fatty acid (PUFA) is highly recommended nowadays
due to its hypocholesterolemic effect [5]. But some studies have
shown that PUFA increases the oxidative stress status of the hepatic
cells [3]. Alcoholics generally eat fried food made up of PUFA along
with alcohol. The combined ingestion of alcohol and fried food
aggravates the alcohol related liver diseases [6, 7].
Wheatgrass refers to the young grass of wheat (Triticum aestivum)
germinated for a period of 6 to 10 days. It contains vitamin C and E,
ß carotene, ferulic acid, vanilic acid and phenols, especially
flavonoids. Wheatgrass juice is found to have healing properties in
various degenerative diseases and is known to benefit blood cells,
bones, glands, kidney and other parts of the body [8, 9, 10]. Since
little or no work has been done on the antihyperlipidemic effects of
wheat grass, the present study was designed to analyse its role on
alcohol and ΔPUFA induced hyperlipidemia.
MATERIALS AND METHODS
Animals
Male albino rats, Wistar strain, of body weight 140-160g bred in
central animal house, Pondicherry University were used in this
study. The animals were fed on the standard pellet diet
(Hindustan Lever Limited, Mumbai, India). Water was given ad
libitum. The standard pellet diet comprised 21% protein, 5%
lipids, 4% crude fiber, 8% ash, 1% calcium, 0.6% phosphorus,
3.4% glucose, 2% vitamins and 55% nitrogen free extract
(carbohydrates). It produces a metabolisable energy of 3600 K
Cal. The animals were housed in plastic cages under controlled
condition of 12h light / 12h dark cycles, 50% humidity and at 30
 2C.

The animals used in the present study were maintained in
accordance with the guidelines of the National Institute of Nutrition,
Indian Council for Medical Research, Hyderabad, India and approved
by the Institutional Animal Ethical Committee (PU/IAEC/11/06),
Pondicherry University.
Materials Used
Absolute ethanol was obtained from Hayman Private Limited,
England. Sunflower oil marketed by Gold Winner was purchased
from local market, Puducherry, India. Sunflower oil was subjected to
heating at 180°C for 30 minutes, twice. The oil was analyzed by gas
chromatography and found to contain altered fatty acid composition
[11]. All chemicals and solvents used were of the highest purity and
analytical grade.
Experimental design
The animals were divided into 4 groups of 6 rats each.
Group 1 normal (N) - Rats were given standard pellet diet
Group 2 (alcohol+PUFA) - Rats were given 20% ethanol orally,
using intragastric tube + 15% heated sunflower oil mixed with
standard pellet diet once daily.
Group 3 (alcohol+PUFA+WG) - Rats were given 20% ethanol
orally, using intragastric tube + 15% heated sunflower oil mixed
with standard pellet diet + wheatgrass (75 mg/Kg b. Wt.) orally as a
suspension once daily.
Group 4 (WG) - Rats were given standard pellet diet + wheatgrass
(75mg/Kg b. Wt.) orally as a suspension once daily.
At the end of the experimental period (45 days), rats were sacrificed
after an overnight fast by cervical dislocation
Sample Preparation
Blood was collected in heparinised tubes and plasma was separated
by centrifugation at 1000g for 15 minutes. Liver tissues were
removed, cleared off blood and immediately transferred to ice-cold
containers containing 0.9% NaCl. A known amount of tissue was
weighed and homogenized in appropriate buffer (10%) for the
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estimation of various parameters. Tissue lipids were extracted
according to the method of Folch et al., [12].
Biochemical estimation
The activity of aspartate transaminase (AST) and alanine
transaminase (ALT) in plasma were estimated by the procedure of
Reitman and Frankel [13]. Antihyperlipidemic action of wheatgrass
extract was assessed by analyzing the levels of free fatty acids by the
method of Falholt et al., [14], triglycerides by the method of Foster
and Dunn [15], cholesterol by the CHOD-PAP method of Allain et al.,
[16] by using AGAPPE reagent kit and phospholipids by the method
of Zilversmit and Davis [17].
For histopathological studies, two animals from each group were
perfused with 10% formalin and the liver tissues were separated
and stored in 10% formalin. They were later sectioned using a
microtome, dehydrated in graded alcohol, embedded in paraffin
section, and stained with hematoxylin and eosin (H&E).

Statistical Analysis
Statistical analysis was done by analysis of variance (ANOVA)
followed by Tukey’s test. p≤0.05 was considered to be statistically
significant.
RESULTS
Figure 1 and 2 shows the changes in the activities of plasma AST and
ALT, respectively. The activities of these liver markers were
increased significantly in plasma of alcohol and ΔPUFA groups and
reduced on treatment with wheatgrass.
ANOVA followed by Tukey's test. Values are mean ± SD from 6 rats
in each group. Bars not sharing a common superscript differ
significantly at P ≤0.05.
ANOVA followed by Tukey's test. Values are mean ± SD from 6 rats
in each group. Bars not sharing a common superscript differ
significantly at P ≤0.05.

Fig. 1: Activities of AST in plasma

Fig. 2: Activities of ALT in plasma

Fig. 3: Levels of free fatty acids in liver

Fig. 4: Levels of triglycerides in liver

Fig. 5: Levels of cholesterol in liver

Fig. 6: Levels of phospholipids in liver
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Figure 3 and 4 shows the changes in the levels of free fatty acids and
triglycerides in liver, respectively. The levels were significantly
increased in alcohol and ΔPUFA groups, which were decreased after
wheatgrass treatment.
ANOVA followed by Tukey's test. Values are mean ± SD from 6 rats
in each group. Bars not sharing a common superscript differ
significantly at P ≤0.05.
ANOVA followed by Tukey's test. Values are mean ± SD from 6 rats
in each group. Bars not sharing a common superscript differ
significantly at P ≤0.05.
Figure 5 shows the cholesterol levels in liver. The levels were high in
alcohol and ΔPUFA treated rats which were significantly reduced
after wheatgrass treatment.
ANOVA followed by Tukey's test. Values are mean ± SD from 6 rats
in each group. Bars not sharing a common superscript differ
significantly at P ≤0.05.
Figure 6 depicts the phospholipids levels in liver. The levels of
phospholipids were decreased in alcohol and ΔPUFA treated rats,
which were significantly increased after wheatgrass treatment.
ANOVA followed by Tukey's test. Values are mean ± SD from 6 rats
in each group. Bars not sharing a common superscript differ
significantly at P ≤0.05.
Figure 7 shows the histopathology of liver. Mild portal inflammation
and increased microvesicular fatty acid changes were seen in alcohol
and ΔPUFA group (Fig. 7B). Treatment with wheatgrass effectively

reduced the pathological abnormalities and only inflammatory cell
infiltrations were seen in the treated liver (Fig. 7C). Normal
histology was unaltered in wheatgrass control rats (Fig. 7D).
DISCUSSION
Worldwide unhealthy alcohol consumption remains a major health
problem [18]. Heavy alcohol consumption primarily affects the liver
[1]. Liver plays an important role in lipid metabolism and therefore,
it is expected to have abnormal lipid profile with severe liver
dysfunction [19].
Liver marker enzymes like AST and ALT are hallmark for the hepatic
injury due to alcohol [20, 21]. Increases in the levels of these
enzymes are indices of increased permeability, damage and necrosis
of hepatocytes [20]. Moreover, the membranes are made up of lipid
conjugates particularly, PUFA, which are highly susceptible for lipid
peroxidation which also contribute to the leak of liver marker
enzymes [1].
Thermal oxidation of fat, especially PUFA, modifies the nutritional
property and exacerbates the alcoholic liver injury [5]. Thus in our
study the combined ingestion of alcohol and ΔPUFA might have
disturbed the normal architecture of the hepatic cells and released
the biomarker enzymes in the plasma. Wheatgrass is a good source
of phenolics [8], which are known to be powerful antioxidants. The
antioxidant activity of phenols may be due to various mechanisms
like free radical scavenging, hydrogen donating, singlet oxygen
quenching and metal ion chelating ability [22]. Thus the phenols
present in the wheatgrass could have effectively prevented the
membrane damage and decreased the leak of liver marker enzymes

Fig. 7: Histopathology of liver
It is well established that the earliest response to the chronic alcohol
consumption is the development of fatty liver [1]. During
metabolism of excess ethanol, high NADH is generated which alters
the redox status of the hepatic cell. This causes depressed citric acid
cycle, enhances hepatic lipogenesis, decreases hepatic release of
lipoproteins, increases lipolysis of peripheral fat, increases fat
uptake, thus predisposing fatty liver [23].
Triglycerides are transported to peripheral tissues by very low
density lipoprotein (VLDL). Heavy ethanol consumption blocks the
secretion of VLDL, thus suppressing the transport of triglycerides
and release of free fatty acid from lipoprotein [2].

On the other hand high intake of dietary fats leads to increased storage
of triglycerides not only in adipose tissues but also in liver [24].
Heavy alcohol consumption causes accumulation of fatty acids and
triglycerides in the liver by inducing the expression of key enzyme of
lipid synthesis like hepatic glycerol-3-phosphate acyltransferase,
fatty acid synthase, and malic enzyme [25]. Several reports have
suggested that phenolic antioxidants possess hypocholesterolemic,
hypolipidemic, antidiabetic, antihypertensive and anticancer
activities [26]. Wheatgrass treatment significantly reduced the lipids
levels, which could be due to the presence of phenolics, which might
have decreased the expression of key enzymes involved in lipid
synthesis.
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Alcohol increases the biosynthesis and decreases the catabolism of
cholesterol resulting in hypercholesterolemia. Various studies have
shown that oil rich in PUFA, increases the circulating cholesterol [27,
28]. These reports are in agreement with our finding that cholesterol
levels were increased in alcohol and ΔPUFA treated rats (fig. 5). This
may be related with the increase in HMG CoA reductase activity by
ethanol, which is a rate limiting enzyme involved in cholesterol
biosynthesis [27]. Moreover increased oxidative stress due to
alcohol induces the synthesis of cholesterol and fatty acid and
decreases their degradation [27]. Fatty acid is turn increases the
production of other lipids. As wheatgrass is a good source of
antioxidants like vitamin C and E, ferulic acid, vanilic acid and
phenolics [8], could have effectively reduced oxidative stress and
thus contributed for decreased cholesterol.
Phospholipids are the major constituents of the biomembrane and
are the primary targets of peroxidation process and they are altered
by ethanol consumption [27]. In our study we found a decrease in
the levels of phospholipids in liver (fig. 6), which could be due to
increased enzymatic degradation, which modify the composition,
structure and stability of the biomembranes thus leading to liver
dysfunctioning [27].

4.

5.
6.

7.
8.

9.

Induction of CYP2E1 by ethanol is the central pathway for the
generation free radicals [29]. Together with excess PUFA in diet, it
causes oxidative damage to cellular membranes and decreases the
membrane phospholipids [30]. Wheatgrass by the virtue of its
effective antioxidant property decreased the membrane damage and
could have preserved the levels of phospholipids.

10.

Thus in our study, wheatgrass effectively modulated the marker
enzymes and lipid profiles in the liver. This could be either by
enhanced protection against free radical attack, or by augmentation
of fatty acid turnover, or perhaps both. Wheatgrass is found to have
good antioxidant property.

12.

It is a rich source of vitamin C and E, ferulic acid, vanilic acid and
phenolic compounds especially flavonoids [8]. Datta et al., [1] has
shown that the most common antioxidants like tocopherol, β
carotene and ascorbic acid are potent hepatoprotective agents
against ethanol induced oxidative damage. Wheatgrass extract also
contains ferulic acid, a natural phenolic antioxidant that was found
to modulate the altered lipid profile during alcohol and ΔPUFA
induced toxicity [8, 31]. Due to the presence of such potent
antioxidants, wheatgrass extract could have effectively reduced the
lipid levels.
Histopathological observations were in correlation with our
biochemical results. Wheatgrass treatment effectively reduced the
pathological abnormalities and showed inflammatory cell
infiltration, which is a positive immune response (Fig. 7C). This
proves that wheatgrass is very effective in lowering the lipid levels
induced by alcohol and ΔPUFA.
Wheatgrass by virtue of its flavonoids and phenolics, effectively
protected the liver from alcohol and ΔPUFA induced damage. Hence
wheatgrass extract can become an effective therapeutic agent for
treatment of hyperlipidemia.
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