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from DRDE, Gwalior and housed in animal facility under
standard husbandry conditions (25±2°C temp., 60-70%
relative humidity and 12 h photoperiod) with standard rat
feed (Pranav Agro Industries, India) and water ad libitum.
Experiments were conducted in accordance with the
guidelines set by the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
India and experimental protocols were approved by the
institutional animal ethics committee (994/ERe/GO/06/
CPCSEA). HFD (30%) was procured from VRK Nutritional
Solutions, Pune (India).

Experimental design

Thirty animals were divided into five groups of six
each as follows: Group 1: received regular diet and water
for 8 weeks. Group 2-5: received 30% HFD and 10%
alcohol for 2, 4, 6 and 8 weeks respectively. Animals of
all the groups were euthanized; blood was collected,
serum was isolated to assess various biochemical
variables. Tissue samples from liver and kidney were
immediately processed for the biochemical analysis.

Isolation of serum and homogenate preparation

After keeping the blood for 1 h at room temperature,
serum was isolated by centrifugation at 1000×g for 15
min and stored at “20ÚC until analyzed. Tissue samples
of liver and kidney were homogenized with ice cold 150
mM KCl solution for determination of TBARS activity. For
GSH determination, tissues were homogenized in 1%
sucrose solution. The homogenates (10%, w/v) of liver
and kidney were prepared in chilled hypotonic solution

for proteins, cholesterol and triglyceride.

Serological analysis

Serum transaminases (AST and ALT), alkaline
phosphatase (ALP), bilirubin, albumin, glucose,
triglycerides, cholesterol, urea and uric acid were
determined using diagnostic kits according to
manufacturer’s instructions (Erba).

Tissue biochemical analyses

Tissues of liver and kidney were immediately
processed for determination of total cholesterol24 and
triglycerides13.

Glutathione and TBARS assay in liver and kidney

The GSH was determined using dithionitrobenzoic
acid (DTNB)7 and optical density was recorded
immediately at ë 412 nm. Thio barbituric acid reactive
substances was assayed for lipid peroxidation18 and
optical density was recorded immediately at ë 535 nm.

Statistical analysis

Data were expressed as mean±SE of six animals
used in each group. Statistical analysis was carried out
using one way analysis of variance (ANOVA) considering
significant at 5% level and 1% level followed by student’s
t-test considering significant at pd”0.05 and pd”0.0120.

Result and Discussion
High fat diet consumption plays a central role to

develop obesity which further leads to insulin resistance
and non-alcoholic fatty liver disease (NAFLD)11. Excessive

TABLE -1: Effect of combined consumption of HFD and Alcohol on liver function test

ALT AST ALP Bilirubin Albumin
(IU/L) (IU/L) (IU/L) (mg/dL) (mg/dL)

Group 1 39.2±3.58 65.3±4.61 251±18.77 0.26±0.02 4.54±0.29

Group 2 84.3±6.62** 80.2±6.75 521±34.76** 0.52±0.04** 4.50±0.31

Group 3 122±8.31** 90.1±6.60* 706±41.99** 0.83±0.06** 3.66±0.23*

Group 4 128±10.00** 98.1±6.32** 860±55.67** 1.06±0.08** 3.41±0.20*

Group 5 132±10.14** 103±7.22** 930±57.33** 1.39±0.09** 3.12±0.20**

ANOVA 28.4ω 6.70ω  49.6ω  59.5ω 5.04ω

Data are expressed as mean ± SE; n=6; Significant P value Toxicants vs control * Pd”0.05 and ** Pd”0.01. For
students test significant ANOVA at Pd”0.05 ù.

Abbreviations: Group 1= Control; Group 2= High Fat Diet + Alcohol (2 weeks); Group 3= High Fat Diet + Alcohol (4
weeks); Group 4= High Fat Diet + Alcohol  (6 weeks); Group 5= High Fat Diet + Alcohol + (8 weeks). AST= Aspartate
Transaminases; ALT= Aspartate Transaminases; ALP= Alkaline Phosphatase.
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alcohol consumption is a major public health problem
that contributes substantially to the global burden of
mortality and morbidity. Alcoholic liver diseases (ALD)
can be induced by excessive consumption of alcohol,
which is encompassed a spectrum of clinical signs and
morphological changes with 5.9% of deaths worldwide10.

Serum AST, ALT and ALP are major markers for
the assessment of hepatocellular damage. In present
study, combined consumption of HFD and alcohol caused
sharp elevation in ALT, AST, ALP and bilirubin with decline
in albumin after 2, 4, 6 and 8 weeks intoxication as
compared to control group (Pd”0.05; Pd”0.01). However,
no significant alteration was noted in AST and albumin in
2 weeks intoxicated rats (Table-1). AST and ALT activities
increase significantly in obese diabetic animals2,9. Alcohol
intake damages plasma membrane of hepatocytes and
increases liver markers enzymes in circulation19.
Increased activities of ALT, AST and ALP in the present
study strongly supported significant hepatotoxic effects
of high fat diet21 and alcohol19 in rats.

Consumption of high fat diet for 10 weeks resulted
in development of insulin resistance, hepatic lipid
accumulation, and increased oxidative hepatocellular
damage21. In present study, combined consumption of
HFD and alcohol significantly increased serum
triglycerides, cholesterol in all toxic duration (Pd”0.05;
Pd”0.0115)22. Glucose level was significantly decreased
after HFD and alcohol consumption for 4, 6 and 8 weeks,
may be due to hampered metabolic activity of hepatic
cells (Pd”0.01) (Table-2). Urea is the main nitrogen
containing metabolic products of protein metabolism, uric

acid is the major product of purine bases, adenine and
guanine. Creatinine is endogenously produced and
released into body fluid and its clearance is measured
as an indicator of glomerular filtration rate8. Present study
showed high levels of urea and uric acid after consumption
of HFD and alcohol which indicated hampered excretion
due to severe glomerular injury6 23.

Liver plays a major role in increasing the cholesterol
production during obesity. NAFLD and ALD is
characterized by the accumulation of lipids in the liver
which aggravates normal liver functions. HFD and alcohol
consumption significantly increased triglycerides and
cholesterol level in liver for all toxic duration (Pd”0.01)
and kidney for 2 weeks at 5% and 4, 6 and 8 weeks at
1% (Fig. 1 E-H). Hepatic lipid accumulation in high fat
consuming mice may be due to the increased production
of endogenous fatty acids and increased supply of free
fatty acids to the liver.

Oxidative stress can exert destructive effects on
the membrane lipids, cellular proteins and nucleic acids
by inducing direct lipid peroxidation. Cellular injuries by
oxidative stress have been confirmed by measurement
of lipid peroxidation in term of TBARS16.  In present study,
combined consumption of HFD and alcohol increased
oxidative stress and cellular damage in liver and kidney,
as indicated by enhanced TBARS production and
diminished GSH contents in 2, 4, 6 and 8 weeks duration
as compared to control (Pd”0.01; Fig. 1 A-D). GSH plays
a major role in antioxidant defense by inhibiting cellular
oxidative damage through the removal of free radicals and
helps to prevent numerous diseases including obesity,

TABLE -2: Effect of combined consumption of HFD and Alcohol on serum biochemistry

Triglyceride Cholesterol Glucose Urea Uric acid
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

 Control 28.9±2.27 23.4±1.95 99.1±7.41 24.8±2.03 2.23±0.17

HFD+Alc 2W 118±8.48** 47.6±3.66** 92.3±7.23 31.6±1.84* 3.81±0.25**

HFD+Alc 4W 296±19.20** 66.2±4.87** 71.7±6.78* 45.9±3.89** 4.11±0.25**

HFD+Alc 6W 328±25.61** 72.3±5.66** 66.8±5.33** 52.1±4.03** 4.86±0.30**

HFD+Alc 8W 356±25.21** 80.1±6.13** 63.3±5.35** 58.6±4.68** 5.13±0.30**

ANOVA  71.4ω 28.0ω 7.34ω 19.6ω 24.0ω

Data are expressed as mean ± SE; n=6; Significant P value Toxicants vs control * Pd”0.05 and ** Pd”0.01. For
students test significant ANOVA at Pd”0.05 ù.

Abbreviations: Group 1= Control; Group 2= High Fat Diet + Alcohol  (2 weeks); Group 3= High Fat Diet + Alcohol
(4 weeks); Group 4=  High Fat Diet + Alcohol (6 weeks); Group 5=  High Fat Diet + Alcohol + (8 weeks).
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Fig.1:  Effect of combined consumption of high fat diet and alcohol on oxidative stress and lipid metabolism

Data are expressed as mean ± SE; n=6; Significant P value HFD+alcohol vs control * Pd”0.05 and ** Pd”0.01; for
student’s test significant ANOVA at Pd”0.05 ù.

Lipid peroxidation Glutathione Triglycerides Cholesterol

Hepatic Renal Hepatic Renal Hepatic Renal Hepatic Renal

ANOVA              44.5ω 30.0ω 40.0ω 59.4ω 31.5ω 8.27ω 36.4ω 24.1ω

Abbreviations: Group 1= Control; Group 2= High Fat Diet + Alcohol (2 weeks); Group 3= High Fat Diet + Alcohol (4
weeks); Group 4= High Fat Diet + Alcohol (6 weeks); Group 5= High Fat Diet + Alcohol (8 weeks).
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type 1 and 2 diabetes, hypertension and cancer.
Increased oxidative stress after high fat diet22 and
alcohol19 consumption might be due to excessive
production of oxygen free radicals and impaired cellular
antioxidant defenses1,12,19. Hyperlipidemia is a major
culprit for promoting oxidative stress by induction of lipid
peroxidation and diminishing antioxidant defense system.

Numerous studies revealed that antioxidants can protect
from lipid peroxidation through the removal of free radicals
in high fat diet and alcohol intoxicated animals19,22.  Result
of the present study confirms that combined consumption
of high fat diet and alcohol caused serious damage in
liver as well as kidney.
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