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Previous studies suggest a possible link between leptin and decreased
lipid levels, however, the role of leptin in high-fat diet-induced hyperlipide-
mia remains unclear. The aim of our study was to evaluate the effect of ad-
ministering leptin on plasma and tissue lipids in mice fed a high-fat diet.
Feeding a high-fat diet (2% cholesterol, 0.125% bile salts, 5% peanut oil) to
four-week-old healthy mice for a period of 45 days, resulted in significantly
elevated levels of plasma and tissue total cholesterol, phospholipids, free
fatty acids and triglycerides as compared with those of the control mice.
Subsequently after thirty days, exogenous leptin (230 �g/kg ip) was admini-
stered simultaneously with the daily dose of high-fat diet every alternate day
for fifteen days. Leptin administration significantly reduced the levels of to-
tal cholesterol, phospholipids, free fatty acids and triglycerides in the plas-
ma, liver, heart and kidney of both the control and high-fat diet fed mice.
Moreover, leptin administration markedly reduced the levels of plasma LDL,
VLDL and elevated plasma HDL and the activity of lipoprotein lipase as
compared with the untreated control and high-fat diet fed mice. Thus, leptin
administration was found to have a marked protective effect against hyper-
lipidemia and thus obesity, by virtue of its lipid lowering effects.
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INTRODUCTION

Obesity is nowadays a common and challeng-
ing health problem. Obesity is a predisposing factor
for many adverse health outcomes like noninsulin-
dependent diabetes mellitus (NIDDM), insulin re-
sistance, atherosclerosis, dyslipidemia and cardio-
vascular diseases [5]. Obesity results from a positive
energy balance that is, when caloric intake chroni-
cally exceeds energy expenditure [4]. The current
environmental risk factors include overconsump-
tion of energy (increase in fat to carbohydrate ratio)
and decrease in physical activity. These factors of-
fer more reasonable explanation for the recent dra-
matic surge in the prevalence of obesity [15].

Leptin, a 16kDa circulating hormone produced
and released primarily by adipocytes, exerts a regu-
latory control on food intake and energy expendi-
ture [3]. Plasma leptin concentrations are correlated
with total fat mass, percent body fat and body mass
index [BMI] acting as a sensing hormone or “lipos-
tat” in a negative feedback control from adipose
tissue to the hypothalamus, the brain centre respon-
sible for satiety [9]. Thus, leptin informs the brain
about the abundance of body fat, thereby allowing
feeding behavior, metabolism and endocrine phy-
siology to be coupled to the nutritional state of the
organism. Leptin deficient ob/ob mice exogenously
treated with leptin have a pronounced body weight
loss with a distinct loss of discernible body fat [3].
This effect is not only attributable to a decreased
food intake but also to an increased basal metabolic
rate with selective promotion of fat metabolism [16].

Recent clinical investigations have disclosed
obesity as a risk factor in atherogenesis. Our aim
was to investigate the effect of administering ex-
ogenous leptin on plasma and tissue lipids, lipopro-
teins and lipoprotein lipase in high-fat diet fed
mice. These findings were compared with those of
the control mice that received exogenous leptin.

MATERIALS and METHODS

Animals

Sixty healthy male Swiss mice (20–25 g) were
procured from the Central Animal House, Rajah
Muthiah Medical College, Annamalai University.
They were housed (3 per cage) in plastic cages (47
× 34 × 18 cm) lined with husk renewed every 24 h
and had free access to drinking water and food. The
animals were maintained in compliance with the

principles and guidelines of the ethical committee
for animal care of Annamalai University in accor-
dance with the Indian National Law on animal care
and use [19].

Mouse recombinant leptin

Mouse recombinant leptin [purity � 97% as de-
termined by SDS-PAGE] was purchased from
Sigma Chemical Co., St. Louis, MO, USA.

Reconstitution

Reconstitution of leptin was done by adding 0.5
ml of 0.2 �M filtered 15 mM HCl. After the protein
was dissolved, 0.3 ml of 7.5 mM 0.2 �M filtered
NaCl was added. The dissolved protein was then
stored in a refrigerator. The hormone was diluted
with phosphate buffered saline just before use.

Experimental induction of hyperlipidemia

Hyperlipidemia in mice was induced by admin-
istering a high-fat diet comprising 2% cholesterol,
0.125% bile salts and 5% peanut oil mixed with the
powdered standard pellet diet.

Experimental design

The animals were divided into four groups. Wa-
ter was given ad libitum. Animals in groups 1 and 2
received standard pellet diet (Lipton Lever Ltd.,
Mumbai) and animals in groups 3 and 4 received
high-fat diet during the initial period of 30 days. At
the end of the initial period of 30 days, the animals
were treated as follows for the next 15 days.
Group 1 – control mice continued on standard pel-

let diet.
Group 2 – control mice continued on standard pel-

let diet and given mouse recombinant
leptin (230 �g/kg) ip every alternate
day for 15 days.

Group 3 – animals continued on high-fat diet.
Group 4 – animals continued on high-fat diet and

given mouse recombinant leptin (230
�g/kg) ip every alternate day for 15
days.

The animals were monitored closely every day
and weighed every week. At the end of the total ex-
perimental period of 45 days after an overnight
fast, the animals were administered light ether ane-
sthesia and sacrificed by cervical dislocation. Plas-
ma was separated and processed for the determina-
tion of total cholesterol [25], phospholipids [26],
free fatty acids [6], triglycerides [8] and lipopro-
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teins [25]. Liver, heart and kidney were cleared of
the adhering fat, weighed in a torsion balance and
the lipids were extracted [7]. Total cholesterol,
phospholipids and free fatty acids were also esti-
mated in the tissues. Lipoprotein lipase (LPL, EC
3.1.1.34) activity in the plasma was determined by
the method of Korn [14] and protein by the method
of Lowry et al. [17].

Histological investigations

Liver slices fixed for 48 h in 10% formalin were
processed for paraffin embedding following the
standard microtechnique [10]. Sections (5 �m) of
liver stained with hematoxylin and eosin, (H&E)
were mounted in neutral disterene dibutyl phthalate
xylene (DPX) medium and evaluated for histopa-
thological changes under a light microscope.

Statistical analysis

All the obtained results were expressed as means
± SD of 6 mice in each group. A one-way ANOVA
was done followed by Duncan’s multiple range test
and the level of statistical significance was set at
p < 0.05.

RESULTS

The effect of high-fat diet and leptin on body
weight is given in Table 1. The weight gain was
significantly higher in high-fat diet fed mice
(Group 3) as compared with the control animals
(Group 1) till the 30th day of the experiment. Exo-
genous leptin administration to the control and
high-fat diet fed mice (Groups 2 and 4) resulted in
a sudden decline in the weight gain both in the con-
trol and high-fat diet fed mice.

Effect of high-fat diet and leptin on food intake
by the mice is presented in Table 2. The food intake
gradually increased in all the groups till the 30th
day. Administration of leptin resulted in a sudden
fall in the food intake both by the control as well as
the high-fat diet fed mice.

The plasma concentrations of total cholesterol,
phospholipids, free fatty acids and triglycerides
were significantly increased in mice fed the high-
fat diet (Group 3) as compared with those fed the
control diet (Group 1) (Tab. 3). Similarly, the levels
of phospholipids, free fatty acids and triglycerides
in the liver, heart and kidney were significantly ele-
vated in mice fed the high-fat diet as compared
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with those fed the control diet (Tab. 4 and 5). Ad-

ministration of exogenous leptin significantly low-

ered the concentration of cholesterol, phospholipids,

free fatty acids and triglycerides in the plasma,

liver, heart and kidney of both the high-fat diet fed

mice and the control mice (Groups 2 and 4), re-

spectively.
The levels of LDL, VLDL were increased and

the levels of HDL and the activity of LPL were de-

creased in the plasma of high-fat diet fed group as

compared with the control group (Tab. 6). Signifi-

cant reduction in LDL and VLDL values were ob-

served in mice treated with exogenous leptin both

in the control group and in animals fed the high-fat

diet. But the concentration of plasma HDL choles-

terol and LPL was significantly elevated on leptin

treatment. The atherogenic index (TC/HDL-C) was

also high in the high-fat diet fed animals and was

significantly lowered in mice treated with leptin.

Figure 1 shows the histopathologic changes in
the liver of control (Fig. 1A), the leptin-treated
(Fig. 1B), high-fat diet-treated (Fig. 1C) and the
high-fat diet + leptin-treated groups (Fig. 1D) of
mice, respectively. Liver of control animals showed
central vein and hepatocytes arranged in the form
of cords (Fig. 1A). The liver samples of animals
treated with high-fat diet showed macrovesicular
type of fatty change (Fig. 1C). Reduced macro-
vesicular type fatty change was observed on leptin
administration to high-fat diet fed mice (Fig. 1D).
Leptin per se had no significant effect on liver his-
tology (Fig. 1B).

DISCUSSION

Our results show that high-fat diet and/or leptin
administration leads to significant alterations in the
levels of tissue lipids, plasma lipids, lipoproteins
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and LPL activity. The high-fat diet fed mice showed

a significantly higher weight gain than the control

mice (Group 1) as expected, but there was a signifi-

cant decrease in the weight gain on administering

exogenous mouse recombinant leptin. This weight

loss is not only attributable to a decreased food in-

take, but also to an increased BMR with selective

promotion of fat metabolism [16]. In this context,

previous studies show that the primary target organ

of leptin is hypothalamus. Specifically, leptin in-

creases the expression of corticotropin releasing

factor (CRF), decreases neuropeptide Y (NPY) and

affects the expression of other neuropeptides in-

volved in appetite and energy balance [1].
The plasma, liver, heart and kidney levels of

cholesterol, phospholipids, triglycerides and fatty

acids were significantly elevated in high-fat diet

fed mice which are directly related to high inci-

dence of obesity and other lipid associated disor-

ders. These findings in high-fat diet fed mice corre-

lated with the earlier reports from our lab [12, 13].
Administration of exogenous leptin signifi-

cantly lowered the plasma and tissue cholesterol,

phospholipids, TG and fatty acid levels in the con-

trol and high-fat diet fed mice. Leptin is known to

regulate lipid metabolism both indirectly through

the CNS and directly in the peripheral tissues. Both

pathways end up with similar outcomes, a decrease

in TG synthesis and increase in lipolytic rates and

lipid oxidation. This is achieved by a reduction in

calorie intake, causing increased reliance on inter-

nal energy stores, mainly TG. Modulation of en-

ergy expenditure by leptin through inhibition of

normal drops in metabolic rate, essentially acts to

further increase TG use. This shift in metabolism

towards a catabolic route coupled with the direct li-

polytic and oxidative effects of leptin on peripheral

tissues sum together to cause more rapid utilization

of TG stores [21].
Plasma VLDL and LDL concentrations were

also significantly higher in mice fed the high-fat

diet as compared with the control mice, but the le-

vels were significantly lower on administering exo-

genous leptin to the control and high-fat diet fed

mice. Both VLDL and LDL have a positive role in

obesity and other related disorders [11, 22, 24].

These lipoproteins are chemically modified by oxi-

dation or glycation in the initial stages of atheroma

formation. The oxidized or modified lipoproteins

do not react with LDL receptors leading to esterifi-

cation of cholesterol and conversion of macro-
phages to foam cells thereby contributing to the de-
velopment of atherosclerosis and obesity associ-
ated disorders [20]. Moreover, the activity of LPL
was also significantly lower in the high-fat diet fed
mice, which can cause the accumulation of chylo-
microns and VLDL. Leptin administration resulted
in the optimum activity of plasma LPL. Thus, com-
paratively low levels of VLDL and LDL found in
the leptin-treated animals may be correlated with
the optimal activity of plasma LPL observed in
these animals.

HDL is considered to be a beneficial lipoprotein
[18] and has a negative effect on hyperlipidemia,
obesity and atherogenesis. In our study, plasma
HDL concentration was significantly lower in mice
that received a high-fat diet than the control mice,
whereas it was more or less similar to that of the
control mice on leptin administration. The lowered
HDL levels in high-fat diet fed mice can be attrib-
uted to decreased plasma LPL and lecithin choles-
terol acyl transferase (LCAT) activities in these
mice. Silver et al., demonstrated that ob/ob (mutant
leptin gene) mice hepatocytes had reduced binding,
association, degradation, recycling at the endoso-
mal recycling component and resecretion of HDL
apoproteins and this defect in the liver catabolism
of HDL was reversed by low-dose leptin treatment
[23]. Thus, leptin might play an important physio-
logical role in regulating plasma HDL and apopro-
tein levels.

A high atherogenic index is also a major crite-
rion in obesity and lipid associated disorders.
Though the index was significantly higher in mice
fed the high-fat diet than in control animals, the
mice treated with leptin did not show an increase in
atherogenic index.

Moreover, histological observations of the liver
in our study showed macrovesicular type of fatty
change. Administering leptin to high-fat diet fed
mice significantly reduced the fatty change which
proves that elevated systemic leptin levels can at-
tenuate accumulation of fat in the liver, preventing
lipoapoptosis.

CONCLUSION

Our findings indicate that intraperitoneal injec-
tion of leptin lowered the levels of plasma and tis-
sue lipids such as triglycerides, free fatty acids, to-
tal cholesterol, LDL and VLDL and elevated the
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levels of HDL and LPL as compared with those fed
the high-fat diet. This is of interest since elevated
lipid concentrations can lead to obesity and related
disorders. It can be concluded that administration
of recombinant leptin to high-fat diet fed mice can
significantly prevent the rise in plasma lipids and
lipoproteins and tissue lipids.
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