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Short-term effects of leptin on lipid metabolism in the rat
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Abstract In this study, we have examined the short-term effects
of leptin on lipid metabolism in the rat. Acute leptin adminis-
tration induced hypertriglyceridaemia (31% increase in plasma
triacylglycerols) which was not associated with changes in
lipoprotein lipase activity in white adipose tissue. Surprisingly,
leptin administration did not induce any changes in the lipogenic
rate in either white adipose tissue or liver. Leptin administration
caused a decreased tissue uptake of exogenous '4C-triacylglyc-
erols. These data suggest that leptin induces important changes
in lipid uptake in adipose tissue and skeletal muscle which could
be responsible for the observed hypertriglyceridaemia.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

The ob gene protein, also known as leptin, is a 16-kDa
protein synthesized and secreted by adipose tissue in propor-
tion to fat stores. It has been proposed to have a role as a
ponderostat signal informing the brain of the adipose tissue
mass and therefore to be involved in the regulation of energy
balance [1-4]. Administration of recombinant leptin reduces
food intake and produces weight loss [2,3,5], increases energy
expenditure [2,6] and increases plasma insulin and glucose [7]
in oblob mice. Leptin also decreases food intake and body
weight in non-obese mice [2,3], therefore a failure to produce
adequate amounts of leptin or resistance to its central actions
would result in the development of obesity.

Leptin is thought to exert its actions on energy homeostasis
through the long form of the leptin receptor which is present
in the hypothalamus (although at least five other receptor
forms have been cloned) and in certain peripheral organs,
including adipose tissue. In the hypothalamus, leptin may
modulate the activity of neuropeptide Y (NPY), glucagon-
like peptide-1 (GLP-1), and other peptides that influence feed-
ing behaviour [8-11]. Indeed, Fan et al. [12] and Huszar et al.
[13] have shown that the melanocortin-4 receptor and its pep-
tide ligand, melanocyte-stimulating hormone (MSH), are im-
portant in the pathogenesis of obesity in mice with the yellow
Agouti mutation. Very recently, Kristensen et al. [14] have
shown that CART (cocaine- and amphetamine-regulated tran-
script) is a satiety factor that may mediate hypothalamic lep-
tin action. Many studies have indicated that leptin and obesity
are clearly associated. Thus, ob/ob mice are obese and mani-
fest great similarities to animals with lesions in the ventrome-
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dial hypothalamus, leading to the prediction that leptin acts
on the central nervous system to suppress appetite. This hy-
pothesis is supported by the fact that intraventricular infusion
of leptin is more effective than intraperitoneal administration
in causing weight loss in mice [5]. However, pair-feeding stud-
ies in both obese and lean mice have demonstrated that leptin
effects cannot be accounted for entirely by reduced food in-
take [15]. Thus it is not clear whether leptin acts solely
through its central effects or peripherally via functional recep-
tors detected in non-neuronal tissues, such as lung, liver, kid-
ney, gonads and fat [16-19]. In addition other molecules may
also be involved. Thus, tumour necrosis factor-o. (TNF) con-
tributes to obesity-related hyperleptinemia by regulating leptin
release from adipocytes [20]. Indeed, the elevated expression
of the cytokine in adipose tissue during obesity [21] may be
responsible for the increased leptin production [20]. Leptin
also increases the expression of uncoupling proteins [22],
UCP1 (present only in brown adipose tissue) and UCP2
(widely distributed), and this may certainly be related to the
effects of the ob protein on energy expenditure. In fact, the
effects on UCP1 could be mediated by Bs-adrenergic receptors
[22].

In spite of the plethora of investigations that have appeared
since its recent discovery, very few studies have concentrated
on leptin metabolic effects, particularly in relation to lipid
metabolism. Therefore it was the aim of the present investi-
gation to see if the acute administration of leptin to rats could
have any effects on lipid metabolism.

2. Materials and methods

2.1. Animals

All animals (male Wistar rats weighing 65-85 g) were fed ad libitum
on a chow diet consisting (by weight) of 54% carbohydrate, 17%
protein and 5% fat (the residue was non-digestible material), with
free access to drinking water, and were maintained at an ambient
temperature of 22+ 2°C with a 12-h light/12-h dark cycle (lights on
from 08.00 h).

Animals were intravenously injected with murine recombinant lep-
tin (1 mg/kg body weight) dissolved in sterile saline, and sacrificed 3.5
h later under diethyl ether anaesthesia. Samples of arterial blood and
tissues (skeletal muscle, heart, adipose tissue and liver) were rapidly
collected for further processing.

2.2. Biochemicals

Biochemicals were all reagent grade and obtained either from Boeh-
ringer Mannheim S.A. (Barcelona, Spain) or from Sigma Chemical
Co. (St. Louis, MO, USA). Radiochemicals were purchased from
Amersham Int. (Amersham, Bucks., UK). Recombinant murine leptin
was purchased from PeproTech Ltd. (London, UK). The purity of the
reagent was greater than 95% and it contained less than 0.1 ng/ug of
endotoxin.

2.3. Circulating leptin and insulin

Plasma leptin was determined by means of a rat radioimmunoassay
kit (Linco Res. Inc., St. Charles, MO, USA). Plasma insulin was
quantified with a rat radioimmunoassay kit from Amersham Int.
(Amersham, Bucks., UK).
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2.4. Circulating triacylglycerols and cholesterol

Plasma triacylglycerols were measured by the method of Eggstein
and Kreutz [23]. Plasma cholesterol was measured by means of a kit
(Menarini Diagnostics, Italy).

2.5. Lipoprotein lipase activity

Tissue lipoprotein lipase (LPL) activity was measured by a modifi-
cation of the technique of Nilsson-Ehle and Ekman [24]. Tissue sam-
ples (retroperitoneal adipose tissue and tibialis muscle) were homog-
enized and used in an assay system containing [*H]triolein as
substrate; [*H]-fatty acids released after a 30-min incubation period
were extracted and determined by the method of Nilsson-Ehle and
Schotz [25].

2.6. Lipogenic rate in vivo

Tissue lipogenesis and liver cholesterogenesis were measured by
using 3H,O as previously described [26]. At 1 h before being sacri-
ficed, the animals were injected with 0.2 ml (2 mCi) of *H,O intra-
peritoneally. Tissues were saponified and fatty acids extracted by the
method of Stansbie et al. [27].

2.7. Lipid oxidation and tissue lipid accumulation

The metabolic fate of an orally administered ['*C]-lipid load was
examined as described by Oller do Nascimiento and Williamson [28]
in another group of animals of the same characteristics indicated
above. About 0.5 g (2 uCi) of [ Cltriolein per rat were given enterally
by gastric intubation, without anaesthetic but with minimal stress to
the animal. After 3.5 h, the animals were killed, using diethyl ether as
anaesthesia. The gastrointestinal tract (plus contents) was homoge-
nized in 150 ml of 3% (w/v) HCIO,. Samples were taken of liver,
interscapular brown adipose tissue (IBAT), retroperitoneal white adi-
pose tissue (WAT), hindleg muscle and heart. Samples of tissues were
saponified and the lipid was extracted [27]. The extracted fatty acids
were dissolved in 8 ml of liquid scintillation fluid for determination of
[**C]-lipid formation. Triolein absorption was calculated by subtract-
ing total gastrointestinal radioactivity from that administered.

2.8. Statistical analysis
Statistical analysis of the data was performed by means of Student’s
1-test.

3. Results and discussion

In spite of the plethora of investigations devoted to leptin,
very few have considered the effects of leptin on intermediate
metabolism. The results presented here constitute the first
study of the short-term effects of leptin administration on
lipid metabolism in the rat. Previous investigations have
shown that in addition to being produced by adipocytes [1]
and having a role in the control of food intake [29], leptin has
important effects on thermogenesis and metabolism. Leptin
stimulates glucose metabolism increasing glucose turnover
and decreasing liver glycogen [30]. Leptin also seems to act
on muscle metabolism where it increases glycogen [30] and
induces fatty acid oxidation [31]. This last effect is observed
in incubating muscle, therefore demonstrating that leptin ef-

Table 2
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Table 1
Plasma leptin and insulin levels following leptin administration

Experimental group

Control Leptin-treated
Leptin (ng/ml) 0.74£0.13 5.78 £ 1.63%**
Insulin (ng/ml) 0.60+0.03 0.63+0.07

For more details, see Section 2. The values are mean = S.E.M. for five
animals. Statistical significance of the results (Student’s z-test) (leptin
vs. control): ***P < (.001.

fects are direct. In spite of these studies, very few have con-
centrated on the metabolism of the adipocyte, the leptin-pro-
ducing cell. Very recent studies suggest that leptin can directly
modulate adipose tissue lipolysis, both in normal rats [32] and
obese (oblob) mice [33], but not in obese fa/fa rats or dbl/db
mice, where there is a lack of leptin receptor function. Leptin
produced by the fat cells could constitute a mechanism to
modulate its own lipid metabolism. The main objective of
this investigation was therefore to analyze the short-term ef-
fects of exogenous leptin administration on lipid metabolism,
particularly in adipose tissue.

Following leptin administration, the levels of the protein
increased 7.8-fold in relation with the non-treated controls
(Table 1). Interestingly, leptin administration did not cause
any changes in circulating insulin (Table 1). It has been pre-
viously reported that leptin impairs metabolic actions of in-
sulin in adipose tissue [34] and muscle [31]. In addition, the
circulating levels of leptin seem to be correlated with those of
circulating insulin [35]. However, non-insulin-dependent dia-
betics show leptin levels which do not differ from those of
non-diabetic humans of the same body mass index [36].
Although ob gene expression in rats is up-regulated by insulin
under euglycaemic conditions, interestingly short-term insulin
administration does not increase leptin secretion in humans
[37]. Our data seem to indicate that the contrary is also true,
at least in experimental animals.

Leptin administration resulted in an increase in plasma tri-
acylglycerols (31%) which was not associated with changes in
total plasma cholesterol (Table 2). We therefore decided to
investigate the mechanism responsible for the leptin-induced
hypertriglyceridaemia. One of the factors that could be in-
volved is a decreased clearance of circulating triacylglycerols
in the form of either chylomicra or very low density lipopro-
teins (VLDL). In fact, the uptake of this type of triacylglycer-
ols is mediated through the activity of lipoprotein lipase
(LPL), an enzyme present in the endothelium of many tissues
that cleaves triacylglycerols into fatty acids and glycerol and
allows the cell internalization of these metabolites. Surpris-
ingly, leptin administration did not have any effects on LPL

Tissue lipoprotein lipase activity and circulating triacylglycerols and cholesterol in leptin-treated rats

Tissue Experimental group

Control Leptin-treated
Plasma triacylglycerols (mg/100 ml) 722+1.7 94.8 £7.4%
Plasma cholesterol (mg/100 ml) 83.5%£2.6 80.6 4.1
LPL activity
White adipose tissue (retroperitoneal fat pads) 0.830+0.067 0.687 £0.069
Skeletal muscle (tibialis) 0.158 £0.006 0.141 £0.006

For further details, see Section 2. Lipoprotein lipase (LPL) activity is expressed as nmol of fatty acid released/min per mg of tissue. The results are
mean values = S.E.M. for five animals. Statistical significance of the differences (leptin vs. control) (Student’s ¢-test): *P < 0.05.
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Table 3
Tissue lipogenic and cholesterogenic rates in leptin-treated rats
Tissue Experimental group
Control Leptin-treated

Liver a 9.61£1.22 9.49+1.83

b 41.1+5.41 41.7+£8.92

c 1.73+0.14 1.88+0.26

d 7.42+0.48 8.26+1.26
White adipose tissue a 5.38+1.10 7.36%1.75

b 0.85+0.20 0.88+0.19
Brown adipose tissue a 29.0+£5.26 23.6+4.00

b 7.331£0.54 8.4710.78

For further details, see Section 2. Tissue lipogenesis is expressed both as: (a) umol of 3H,O/h/g of tissue and (b) umol of *H,O/h/total tissue (in the
case of adipose tissue, only retroperitoneal fat pads were considered). Cholesterogenic rate was calculated as (c) pmol of *H,O/h (non-saponified
lipids)/g of tissue or (d) umol of *H,O/h (non-saponified lipids)/total tissue. The results are mean values = S.E.M. for five animals.

activity in white adipose tissue. It has been previously re-
ported that chronic leptin administration (20 mg/kg/day) in
mice resulted in decreased circulating triacylglycerols with
an increase in LPL gene expression [22]. Similarly Chen et
al. [38] reported that sustained hyperleptinemia of 8 ng/ml
induced for 28 days by infusing a recombinant adenovirus
containing the rat leptin cDNA (AdCMV-leptin) in rats re-
sulted in hypotriglyceridaemia. It has to be pointed out, how-
ever, than these chronic leptin administration models involve
an important reduction in food intake which partly accounts
for the reduced triacylglycerol concentration. To further in-
vestigate the cause of the hypertriglyceridaemia, we decided to
analyze the lipogenic rate in vivo as estimated by the incor-
poration of 3H,O into tissue lipids. Interestingly, the lipogenic
rate was unchanged in the liver, suggesting that an increased
hepatic fatty acid synthesis and ulterior esterification and
VLDL release were not involved in the increase in circulating
triacylglycerols that followed leptin administration (Table 3).
Both WAT and IBAT lipogenic rates were also unaltered by
leptin administration.

From the results obtained it seems quite clear that an en-
hanced liver lipogenic rate could not account for the leptin-
induced hypertriglyceridaemia. In spite of the fact that admin-
istration of the ob protein resulted in no significant changes in
tissue LPL activity, a tendency for the activity values to be
lower is observed in both adipose tissue and skeletal muscle.
Since adipose tissue and skeletal muscle represent about 50%
of body weight in the rat [39], a small decrease in LPL activity

Table 4

could be responsible for the observed increase in circulating
triacylglycerols. To further investigate this possibility, we de-
cided to examine the tissue uptake of an exogenous triacylgly-
cerol load (Table 4). The results clearly show that the total
uptake of ['C]triolein was decreased both in skeletal (34%)
and cardiac (30%) muscles and white (34%) and brown (57%)
adipose tissues, while no changes in uptake were observed in
liver (Table 4). Interestingly, leptin administration resulted in
no changes in the intestinal absorption of the exogenous lipid
load (Table 4). The results presented here are in agreement
with those of Chen et al. [38] demonstrating that in vivo
hyperleptinemia (induced in normal rats by adenovirus gene
transfer) completely ablated fat tissue suggesting a specific
lipoatrophic activity for leptin. The same research group
[40] has shown that leptin depletes triacylglycerol content in
the liver, skeletal muscle and pancreas without increasing fatty
acid oxidation, thus suggesting intracellular oxidation. Our
results are also in full agreement with those of Muoio et al.
[31], clearly demonstrating that leptin alters lipid partitioning
in skeletal muscle and suggesting that, in some cases, the
skeletal muscle mass can exert important effects on triglycer-
idaemia.
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Intestinal absorption and metabolic fate of [**C]triolein in leptin-treated rats

Parameter Experimental group
Control Leptin-treated
[**C]Triolein absorption (% of administered dose) 85.4+2.7 86.4%1.6
[**C]-Lipid accumulation (% of absorbed dose)
Liver 0.975%0.063 0.956+0.059
White adipose tissue 2.660+0.330 1.260 £ 0.380*
Brown adipose tissue 1.422+0.298 0.610+£0.177*
Skeletal muscle (tibialis) 0.228 +0.022 0.151 £0.024*
Heart 0.246%+0.013 0.173+£0.010%*

For further details, see Section 2. Intestinal absorption was assessed 3.5 h after an oral ['*C]triolein administration. Tissue lipid accumulation values
are expressed as % of absorbed dose/g. The results are mean values* S.E.M. for five animals. Values that are significantly different (leptin vs.

control) by Student’s ¢-test are indicated by: *P <0.05, **P <0.01.
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