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Obesity is a major problem for Libya. The need for research and ways to tackle obesity related
problems initiated us to undertake an experimental approach utilizing mice wherein we tried
to create an acute metabolic stress using high fat diet which does not precipitate obesity. The
mice were fed with high fat diet for 3 weeks and 7 weeks period respectively where
histological changes in liver indicate the presence of steatosis without marked changes in
body weight. Fasting blood glucose level, serum lipid profile and the levels of adiponectin and
leptin were measured. The presence of oxidant stress is evaluated by estimating liver glucose6-phophsate dehydrogenase activity, glutathione (G.SH) levels and thiobarbutric acid
reactive products (TBAR) measured as MDA levels. Adiponectin /Leptin ratio is taken as a
marker to evaluate the effect of metabolic stress. It was observed that there were no marked
changes in body weight of the experimental animals. The serum levels of adiponectin was
increased significantly in 3 and 7 weeks duration with a possible increase in the levels of
leptin in the 7 week rodents with impaired glucose tolerance, dyslipidemia and insulin
resistance. The ratio between adiponectin and leptin remained higher during the acute phase
of metabolic stress as evidenced in the 3 weeks group when compared to 7 week group which
showed a significant reduction. It appears therefore, adiponectin/leptin ratio could be a
better biomarker of acute metabolic stress.
c Copyright 2010 BioMedSciDirect Publications IJBMR -ISSN: 0976:6685. All rights reserved.

1. Introduction
Obesity is one of the major risk factors of insulin resistant states
like NAFLD, type 2 diabetes, gall stone disease, coronary artery
disease, hepatic dysfunction and is associated with many metabolic
derangements that impair insulin sensitivity.1,2 The Middle East
region has the highest dietary energy surplus among developing
countries, and there is evidence of a rapid rise in noncommunicable
disease risk factors, especially obesity1 . The prevalence of insulin
resistance and metabolic syndrome is high in Libyan population.
Type 2 diabetes affected >16% in Libya which is the highest
prevalence in North Africa and among Arabic nations.
Nonalcoholic fatty liver disease (NAFLD) has now emerged as a
global health challenge. In 1980, Ludwig et al, noticed fatty
infiltration in the liver biopsy of nonalcoholic patients.3 Later,
NAFLD was observed in diabetes mellitus (DM) and obesity.4,5 In
type 2 diabetes, NAFLD occurs in up to 75% of patients.6 In obesity,
NAFLD and hepatic fibrosis are prevalent. In fact, DM is an
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independent risk factor for liver-related deaths in NAFLD.7 Obesity
and DM are often accompanied by insulin dysregulation of glucose
and lipid metabolism. Potentially hepatotoxic fatty acids in
hyperinsulinemic states can lead to NAFLD. Obesity per se is a risk
factor of NAFLD: visceral fat is a predictor of hepatic steatosis.8
Reduction in visceral fat mass has also been shown to decrease
hepatic insulin resistance. Lipid-laden hepatocytes can store
nonpolar hepatotoxic agents. The ensuing susceptibility to oxidant
damage leads to lipid peroxides and unsaturated keto-aldehydes.
The latter can cause hepatic necrosis and enhanced fibrogenesis.
Starting from a simple steatosis NAFLD, can proceed to
steatohepatitis and fibrosis. Cirrhosis and/or hepatic carcinoma
can be terminal complications.9 In the present study an attempt has
been made to induce fatty liver without an increase in body weight
to study the effect of acute increase in fat deposition in hepatocytes
of experimental mice. In other words, these mice did not become
obese during the study because the percentage of fat in their diet
and the period of diet treatment were not great enough to alter the
body weight gain or the carcass lipid content compared to the
group fed normal chow. Therefore, we can be sure that our results
were restricted to the effects of the diet and were not due to
metabolism changes induced by obesity.
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The parameters analyzed were oxidant-antioxidant status, liver
transaminases, alkaline phosphatase, glucose-6-phosphate
dehydrogenase activity and serum adiponectin and leptin level

N: Number of animals

2. Materials and Methods:

HFD1=weight of of high fat diet group mice at first dayof feeding

The experimental mice taken for the present study were
maintained in the animal house with access to the diet and water ad
libitum with 8 hours of light and 8 hours of dark. The mice were
weighed and the following groups ( 10 mice/group)were studied:

HFD2=weight of high fat diet group after three weeks of feeding
high fat diet

Group 1 : Control group
HFD1: Experimental group which was given the high fat diet for one
day

* denotes significance at p≤0.05 when compared to control

HFD3= weight of high fat diet group after seven weeks of feeding
high fat diet
Fig :1.Histogram of Body weight in mice feeding on high fat diet

HFD2: Experimental group which was given high fat diet for 2 weeks
HFD3: Experimental mice treated with high fat diet for 5 weeks.
High fat diet (30%) was made specially using animal fat in the
laboratory and dose arrived at with experimental studies based on
histological changes observed in the liver of experimental animals.
At the end of each experimental period the animals were
sacrificed by decapitation.
The liver was dissected out and blood samples were collected.
The liver samples taken were subjected to histological studies along
with the biochemical investigations. The levels of liver alanine and
aspartate transaminases, alkaline phosphatase, glucose 6
phosphate dehydrogenase, lactate dehydrogenase activities along
with tissue levels of glutathione (G.SH), phosphate and lipid per
oxide potential measured as LPO were analyzed using standard
procedures. Serum adiponectin and leptin concentration were
measured by enzyme immunoassay.

Table: 2. Fasting serum glucose concentration in mice feeding
on high fat diet ( Mean ± S.D.)

Statistical analysis was carried out using one way analysis of
variance (ANOVA) test to assess the statistical significance between
control and HFD groups. The difference between the mean ±
standard error of the biochemical values was tested for significance.

HFD1= fasting serum glucose concentration of high fat diet group
mice at first dayof feeding

3. Results
The Effect of high Fat on body weight in all the experimental
groups (HFD1 diet at the end of 1 day, HFD 2( at the end of 3 weeks)
and HFD 3( at the end of 7 weeks) studied were not significantly
changed to indicate that an increase in body weight is responsible
for the metabolic changes observed in the experimental animals
(Table. 1 and Figure 1).
Table: 1. Body weight in mice feeding on high fat diet(HFD)
( Mean ± S.D.)
Group
Parameter
Body weight (gm)

CONTROL
N =10
32.50±0.79

HFD1
N =10

HFD2
N =10

HFD3
N =10

31.20±0.71 31.30±1.89 31.20±0.71

Group
Parameter

CONTROL
N =10

HFD1
N =10

HFD2
N =10

HFD3
N =10

FBS (mg/dl)

225±29

196±38

249±47

322±63*

N: Number of animals * denotes significance at p≤0.05 when
compared to control

HFD2== fasting serum glucose concentration of high fat diet
group after three weeks of feeding high fat diet
HFD3== fasting serum glucose concentration of high fat diet
group after seven weeks of feeding high fat diet
Fig :2.Histogram ofSerumglucose concentration in mice feeding
on high fat diet
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Table: 3. Adiponectin concentration in mice feeding on high fat
diet ( Mean ± S.D.)
Group
Parameter

CONTROL
3WKS
N =10

CONTROL
7WKS
N =10

HFD
3WKS
N =10

HFD
7WKS
N =10

Adiponectin

2.67±0.72

2.60±0.90

3.60±0.33*

3.50±0.54

Leptin

2.25±0.137

2.30±0.125

2.34±0.140

3.69±0.140
0.94

Adiponectin/
1.186
Leptin

1.45
1.130

N: Number of animals
* denotes significance at p≤0.05 when compared to control

Table: 5 Hepatic Aspartate transaminase(AST)/Glutamateoxaloacetate transaminase (GOT) enzyme activity
in mice
feeding on high fat diet ( Mean ± S.D.)
Group
Parameter
GOT IU/mg protein

CONTROL
N=

HFD
N=

4.7±1.3

7.8±2.5

N: Number of animals * denotes significance at p≤0.05 when
compared to control
Glutamate-oxaloacetate transaminase GOT
Fig .5.Histogram ofHepatic AST/GOT activity in mice feeding
on high fat

Control2wks=mean adiopnectin concentration after two weeks in
control group
Control 5wks=mean adiopnectin concentration after five weeks
in control group
HFD2wks=mean adiponectin ,,Leptin ,Adiponectin/leptin ratio
concentration after two weeks in high fat diet group
HFD 5wks=mean adiponectin,Leptin ,Adiponectin/leptin ratio
concentration after five weeks in high fat diet group
Table: 4. Hepatic Alanine Amino transaminase(ALT)/
Glutamic-Pyruvic Transaminase (GPT)activity in mice
feeding on high fat diet ( Mean ± S.D.)
Group
Parameter

CONTROL
N =10

HFD
N =10

GPT IU/mg protein

2.60±1.90

8.90±1.75*

Table: 6. Hepatic alkaline phosphatase activityin mice feeding on
high fat diet ( Mean ± S.D.)
Group
Parameter
ALKP IU/mg protein

N: Number of animals * denotes significance at p≤0.05 when
compared to control
GPTGlutamic-Pyruvic Transaminase
Fig :4.Histogram ofHepatic ALT/GPT activity in mice feeding on
high fat diet

CONTROL
N =5

HFD
N =5

3.90±0.98

1.65±0.10

N: Number of animals * denotes significance at p≤0.05 when
compared to control
ALKPalkaline phosphatase
Fig .6. Histogram of Hepatic Liver alkaline phosphatase activity
in mice feeding on high fat
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Table: 7.Hepatic glucose 6-phosphate dehydrogenase activity
in mice feeding on high fat diet ( Mean ± S.D.)
Group
Parameter

CONTROL
N =5

HFD
N=5

G6PDH
IU/mg protein

519±31.7

285±8.9*

Table: 9.lipid peroxidation activityin mice feeding on high fat
diet ( Mean ± S.D.)
Group
Parameter
LPO µM/g fresh tissue

CONTROL
N=
110±13.4

HFD
N=
214±8.3*

N: Number of animals * denotes significance at p≤0.05 when
compared to control

N: Number of animals
* denotes significance at p≤0.05 when compared to control
LPOlipid peroxidation

G6PDH=glucose 6-phosphate dehydrogenase

Fig .9.Histogram ofHepaticlipid peroxidation activity in mice
feeding on high fat

Fig .7.Histogram ofHepaticglucose 6-phosphate dehydrogenase
in mice feeding on high fat

Table: 8. reduced glutathione activity in mice feeding on high
fat diet ( Mean ± S.D.)
Group
Parameter
GSH mg/ mg protein

CONTROL
N =5

HFD
N=5

24.9±4.4

21.0±3.3

N: Number of animals
* denotes significance at p≤0.05 when compared to control
reduced glutathioneGSH
Fig .8.Histogram ofHepaticreduced glutathione activity in mice
feeding on high fat

Table: 10.Hepatic lactate dehydrogenase activity and phosphate
content in mice feeding on high fat diet ( Mean ± S.D.)
Group
Parameter

CONTROL
N=

HFD
N=

LDH IU/mg protein

1087±472

824±30

PO4 mg/g fresh tissue

24.8±13.6

22±7.5

N: Number of animals
* denotes significance at p≤0.05 when compared to control
LDHlactate dehydrogenase PO4phosphate
Fig .10.Histogram ofHepaticHepatic lactate dehydrogenase
activity and phosphate content in mice feeding on high fat
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4. Discussion:
In the present study it is observed there was increase in liver
transaminases levels treated with high fat diet, the increase being
more significant in alanine transaminase (ALT) than aspartate
transaminase (AST) as marker of steatosis as reported in other
studies. Therefore the biochemical changes reported represent a
change in fat content of liver leading to other biochemical changes
reported rather than due to a change in body weight ( obesity).
Abnormal levels of aminotransferases (ie, aspartate
aminotransferase [AST] and alanine aminotransferase [ALT]) and
bilirubin are found in about one third of hospitalized patients with
alcohol-induced steatosis. In such patients, elevated bilirubin levels
largely result from an increase in the indirect reacting fraction and
may reflect alcohol-associated hemolysis. AST levels are usually
higher than ALT. The absolute values of serum AST and ALT are
almost always less than 500 IU/L.10
An elevated AST or ALT level may be the only abnormality in
patients with fatty liver; these levels may be elevated as much as 10fold. However, AST and ALT levels may be normal in some patients
with fatty liver or NASH. In the absence of cirrhosis, an AST-to-ALT
ratio greater than 1 suggests alcohol use, whereas a ratio of less
than 1 may occur in patients with NASH.
Therefore, liver transaminases should not be considered as
mere biomarkers of liver damage but central players in the
pathophysiology of the NAFLD in particular or the MS components
in general.11
The change in blood glucose concentration followed by an
increase in adiponectin levels in our study indicate that there is an
initial increase in adiponectin levels ( which could be a reflection of
adiponectin resistance) as physiological response to a pathological
deposition of fat in hepatocytes. This observation is quite contrary
to the results reported by Peng et al12 who have proposed that
adiponectin signaling may be a crosslink between HF diet, hepatic
inflammation and nonalcoholic fatty liver disease. In fact, they
found that HF diet-induced liver steatosis was associated with a
reduction in serum adiponectin levels and downregulation of
adipoR2 expression in the liver. But in our studies there was an
increase in adiponectin levels in both HFD groups followed by a
significant increase in leptin levels in the HFD group treated for 7
weeks. The initial increase in adiponectin levels may be a
compensatory mechanism to maintain homeostatsis with respect
to steatosis possibly as a result of an increase in insulin levels or to
increase insulin sensitivity. Later the increase in leptin levels in the
7 week group suggests that hyperleptinemia may along with the
increase in adiponectin levels possibly indicate insulin as well as
leptin resistance. Such a change in adipocytokines is more evident
when taken as adiponectin :leptin ratio which seems to be more
than 1 in the earlier groups and less than 1 in the 7 week group.The
ratio between adiponectin and leptin remained higher during the
acute phase of metabolic stress as evidenced in the 3 weeks group
when compared to 7 week group which showed a significant
reduction. It appears therefore, adiponectin/leptin ratio could be a
better biomarker of acute metabolic stress due to insulin
resistance.13

The stimulation of adrenal glucocorticoid secretion by HF diet
has been described in animals and humans 14. Drake et al 15 observed
an increase in glucocorticoid clearance by hepatic A-ring reductase.
The authors of this study suggested that this mechanism could
protect against the metabolic complications of obesity induced by
HF diet.
In HF diet-treated mice the increase in glucose levels may be
due to an increase in corticosterone levels as shown by
glucocorticoid therapy via dexamethasone treatment in
adrenalectomized rats in other studies.16,17
The increase observed in MDA levels indicate high fat diet
induced generation of free radicals that could cause inflammation
and insulin resistance. Day and James(1998)18 proposed a “twohit” model to explain the progression of NAFLD. The “first hit”
involves the accumulation of triglyceride in hepatocytes and has
been specifically attributed to insulin resistance and obesity. The
progression of hepatic steatosis to NASH was attributed to a
“second hit” that leads to the development of liver inflammation and
fibrosis 18. Progression of NAFLD to NASH was linked to oxidative
stress and lipid peroxidation in the liver, leading to inflammation. 19
The increase in glucose 6 phosphate dehydrogenase activity
could be to generate more NADPH as the levels of reduced G.SH
were found to be decreased in the experimental groups of the
present study. Glucose-6-phosphate dehydrogenase (G6PD) is the
rate-limiting enzyme of the pentose phosphate pathway and the
principal source of NADPH, a major cellular reductant, and is
central to cell survival.20,21
Therefore, the increase in G6PDH activity with a fall in GSH
content could be a compensatory mechanism to counter hepatocyte
lipid induced inflammation.
It is also observed that there is an increase in LDH activity
followed by a fall in phosphate levels possibly due to an increase in
anaerobic metabolism to restore energy levels in an environment of
fat induced inflammation and metabolic derangement.22
An elevation in the levels of serum alanine aminotransferase
and alkaline phosphatase in high fat diet experimental animals
indicate liver steatosis and hepatic dysfunction. Administration of
high fat diet seemed also to have caused glucose intolerance as
shown by the blood glucose levels with an increase in lipid peroxide
potential indicating free radical generation causing probably
inflammation. It also brought about changes in the activities of
glucose 6 phosphate dehydrogenase required for keeping
glutathione in its reduced state providing NADPH for its reduction
from oxidized G.SH.
5. Conclusion
High fat diet-induces metabolic stress reflected by the elevation
in reactive oxygen species. The metabolic stress is reflected by
marked increases in hepatic transaminases marker of hepatic
dysfunction. The oxidant state of fat fed hepatocytes is reflected by
marked reduction in the levels of antioxidant like Glutathione
(G.SH) followed by a fall in G6PDH activity due to its over utilization
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to generate more NADPH to keep the available G.SH in the reduced
state. The increase in serum adiponectin levels fed high fat diet
indicates a definite role for adipocytokines in the energy
homeostasis . Further studies are being carried out to elucidate the
role of adiponectin in energy metabolism using different forms of
physical stress and its expression at the molecular level.
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