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Abstract

Aims/hypothesis. Ageing is associated with insulin
and leptin resistance in mammals. These alterations
might be caused by the increased adiposity associated
with ageing, by ageing alone or both. We studied
whether leptin resistance occurs at the central level in
the Wistar rat and we aimed to discriminate between
the effects of ageing from those of the increased adi-
posity associated with ageing.

Methods. Leptin was infused intracerebroventricularly
at aconstant rate in young adult, old and old Wistar rats
fasted for 3 months, using osmotic pumps. The effects
on body weight, daily food intake, Lee index, adiposity
and serum leptin values were analysed. The effect of
food restriction on the expression of the long form of
leptin receptor in the hypothalamus was a so studied.
Results. Leptin decreased daily food intake and body
weight in young and old Wistar rats. With a dose of

10 pg/day similar responses were obtained in young
and old rats but with a dose of 0.2 pg/day, only young
rats showed decreases in these parameters. Food-
restriction in old rats lowered adiposity and serum
leptin to values close to those of young rats, recovered
responsiveness to i.c.v. administration of leptin at the
dose of 0.2 pg/day and increased leptin receptor ex-
pression in the hypothalamus.
Conclusion/interpretation. Our data show that old
Wistar rats have a decreased response to leptin at the
central level. Food-restriction recovers leptin respon-
siveness and increases leptin receptor in the hypothal -
amus suggesting that adiposity plays a key role in the
development of leptin resistance associated with age-
ing. [Diabetologia (2002) 45:997-1003]

Keywords Leptin, leptin-resistance, food-restriction,
ageing, Wistar rat.

Leptin, the product of the ob gene, is mainly expressed
in adipose tissue and plays a key role in the regulation
of energy balance [1]. Leptin reaches its main targetsin
the hypothalamus, whereby after interaction with its re-
ceptor turns on signa transduction mechanisms, leading
to an increase in energy expenditure and a decrease of
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food intake [2, 3, 4]. This has favoured the concept that
leptin acts as a feedback signal to maintain the equilibri-
um of the energy baance and consequently the set point
of adiposity. Although this idea triggered expectations
for controlling body weight, it has become clear that
most cases of obesity in rodents and humans, have in-
creased adiposity and BMI despite high serum leptin
concentrations [2]. Moreover, a direct relation between
adiposity or BMI and serum leptin concentrations has
been described [2, 5]. Ageing is commonly associated
with increased adiposity. Elevated adiposity and serum
leptin concentrations have been reported in two rat mod-
els of ageing [6, 7]. Although in these cases it seems
that a lack of leptin sengitivity or leptin resistance pre-
vails, it is not clear if leptin resistance is due to ageing
itself, to ageing-associated increased adiposity or both.
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There are several possible mechanisms underlying
leptin resistance. Leptin transport across the blood-
brain barrier and/or the blood-cerebrospinal fluid bar-
rier, any of the steps of the hormonal signal transduc-
tion cascade in the hypothalamus or even steps be-
yond the leptin-sensitive neurons are possible targets
to be altered in leptin resistance states such as obesity
and ageing. Alteration of leptin transport across the
blood-brain barrier has been proposed to occur in
obese humans [8, 9], in New Zealand obese mice [10]
and in diet-induced obese mice [11]. An impairment
in the leptin signal transduction cascade has been
shown in the old Fisher 344XBN rat [12, 13].

Old Wistar rats are characterized by periphera in-
sulin resistance without overt alterations in glucose
homeostasis and a moderate increase in adiposity
without a considerable increment in the obesity Lee
index [7, 14, 15]. These rats aso show increased se-
rum leptin concentrations during ageing, suggesting
that they are leptin resistant [7]. Central leptin resis-
tance has been reported in diet-induced obese [16] but
not in old Wistar rats. The fact that old Wistar rats
show a decreased uptake of leptin in hypothalamic
nuclei with a lower expression of leptin receptor [7],
suggest that these rats are also candidates for central
leptin resistance associated with ageing. We therefore
have studied the effects of i.c.v. administration of
several doses of leptin for 7 days in young adult and
old rats, on both, body weight loss and daily food
intake. In an attempt to distinguish the role of the
ageing-associated adiposity from that of ageing itself
on leptin resistance, the effects of long-term food
restriction on the above mentioned parameters and
leptin receptor expression in the hypothalamus were
also studied.

Materials and methods

Experimental animals. Young (3 months) and old (22-24
months) Wistar albino male rats, weighing 418+9 g (n=18) and
795+23 g (n=17), respectively, were obtained from the Centre
of Molecular Biology “Severo Ochoa’ (Madrid, Spain). Rats
were housed individually in climate controlled quarters with a
12-h light cycle and handled according to the European Union
laws and the Nationa Institutes of Health (NIH) guidelines.
The rats were fed a standard |aboratory chow. Special care was
taken to minimize animal suffering and to reduce the number
of animals used.

Food restriction. 20 to 21 month-old rats (761+18 g, n=10)
were placed in individual cages and were fed daily with an
amount of chow equivalent to 75 to 80% of the normal food
intake [7] until they reached a reduction of about 25% of their
body weight at the beginning of the experiment. Usually this
was achieved 1 month from the start of nutritional restriction.
The rats were weighed weekly and the amount of food provid-
ed was adjusted individually to maintain their weight. The av-
erage amount of chow given for maintenance was 21 g. The
rats were used at the age of 23 to 24 months.

Leptin administration. Rats were anaesthetized by inhalation
of a mixture of O,, NO,, and isoflurane (Pharmacia-Upjohn,
Barcelona, Spain) and placed in a stereotaxic frame (David
Koppf, Tujunga Calif., USA). After an incision of the scalp, an
unilateral opening of the skull was made with a dental drill at
—1.6 mm lateral to the midline and 0.8 mm anterior to bregma,
according to Paxinos and Watson [17]. Then a cannula
(4x0.36-mm length x diameter) connected to a mini-osmotic
pump (model 2001; Alzet, Palo Alto, Calif., USA) was im-
planted in the right lateral cerebral ventricle. The cannula was
fixed to the skull with dental cement. Osmotic minipumps,
with a releasing rate of 1 pl/h were filled with rat-leptin
(Sigma, St.Louis, Mo., USA) diluted as prescribed by the
dealer. Leptin concentrations were adjusted to 0.41 pg/ul
(10 pg/day), and 0.0082 pg/u (0.2 pg/day) with PBS. Control
rats were implanted with a minipump containing vehicle ad-
justed to the same osmolarity of the leptin dilution. The rats
were killed under tribromoethanol anesthesia (250 mg/100 g
body weight) a week after the implantation of the minipumps
and visceral fat was removed and weighed to assess adiposity.
During the leptin or vehicle administration, food-restricted rats
were allowed free access to food.

Immunohistochemical detection of leptin receptors. Immuno-
histochemical detection of leptin receptor was carried out as
described before [7]. Briefly, 40 um coronal sections of the hy-
pothalamus from cardially perfused and fixed rats with 4%
paraformaldehyde in phosphate buffer pH 7.4 were treated to
block endogenous peroxidase with 1% H,O, in phosphate
buffer saline and incubated for 48 h at 4°C with goat polyclo-
nal antiserum against a peptide mapping at the carboxy termi-
nus of mouse leptin receptor (M-18; dilution 6:1000; sc 1834,
lot No. k159, Santa Cruz Biotechnology, Santa Cruz, Cdlif.,
USA) in PBS containing 0.02% Triton-X-100, 1% gelatin, and
5% foetal bovine serum. After three rinses in PBS, sections
were processed according to the immunoperoxidase procedure
(ABC kit, elite, Vector Burlingame, Calif., USA) using 3-3'di-
aminobenzidine as chromogen combined with nickel enhance-
ment [19]. After several rinses in PBS, sections were mounted
in slide glasses, dried, dehydrated gradually in ethanal, cleared
in xylene and covered with DEPEX (Serva, Heidelberg, Ger-
many). In control sections, omitting the primary antibody, no
immunoreaction was seen.

RNA extraction and RT-PCR. Hypothalami were dissected and
total RNA was isolated using an RN-easy mini kit (Qiagen-
ref.74104). The cDNA was synthesized from 5 pg of DNase-
treated RNA [20] by using the reverse-transcriptase activity
from Moloney murine leukaemia virus (Gibco-BRL Cergy
Pantoise, France), and pd[N]g (Boehringer Mannheim, Germa-
ny) as arandom primer. The reactions were done in 20 ul, and
then diluted to 100 W, of which 15 pl were used as a template
for Ob-Rb-PCR reactions, and 5 pl for actin ones. The forward
primer for Ob-Rb PCR was 5'-GCATGCAGAATCACTGA-
TATTTGG-3' and the reverse primer was 5-TGGATAAA-
CCCTTGCTCTTCA-3'. Both were synthesized according to
the published sequence for the long form (Ob-Rb) of the rat
leptin receptor [21] and flank a 318 bp fragment (nucleotides
2756-3074). The rat actin primers were 5'-GGTATGGAAT-
CCTGTGGCATCCATGAAA-3 for the 5" end, and 5-GTG-
TAAAACGCAGCTCAGTAACAGTCC-3 for the 3 end.
Both primers flank a 356 bp fragment [22]. The PCR reactions
were done in atotal volume of 50 pl with 1 unit of thermosta-
ble DNA polymerase from Thermus thermophilus (Biotools).
The template was denatured for 5 min at 94°C, followed by 35
cycles (30 cycles for actin amplification) with the following
temperatures: denaturation 1 min at 94°C, annealing 2 min at
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55°C and elongation for 1 min at 72°C. Reactions were fin-
ished with a final extension of 10 min at 72°C. After the reac-
tion, the samples were electrophoresed in 2.5% agarose gels,
and the amplified bands were analysed with Kodak digital
science 1D program (Rochester, N.Y., USA). Relative amount
of amplification was calculated in each sample and expressed
as ng amplified cDNA from Ob-Rb/ng amplified cDNA from
actin used as control of amplification. Control reactions with
different number of cycles were done previously to select con-
ditions of amplification in the linearity range.

Other analytical procedures. Food consumption was measured
daily from the difference between the amount of food provided
and the amount remaining. This parameter was followed since a
week before minipump implantation until the rats were killed.
Body weight was a so measured daily during the same period of
time. Blood samples were taken from the tail vein of rats fasted
overnight. Serum leptin was measured using a radioimmuno-
assay kit (Linco Research, St. Charles, Mo., USA). Adiposity
and Lee index were calculated as described before [6]. A Lee
index expresses the difference between Lee index values calcu-
lated at the start and at the end of the treatment.

Satistical analysis. Statistical comparisons were done by one-
way or two-way analysis of variance (ANOVA) using the
Prophet software (BNN Systems and Technologies, Cam-
bridge, Mass., USA). When significant differences were found,
the Duncan post hoc test was used to analyse differences be-
tween means. A p value of 0.05 or less was considered for sig-
nificant differences.

Results

Chronic treatment with leptin is accompanied with a
decrease in body weight in different experimental mod-
els. The decrease in body weight after 6 days of treat-
ment with saline and different doses of leptin in young
and old rats is shown (Fig. 1). A decrease in body
weight was observed in rats treated with saline and was
higher in the old rats. Nevertheless, after subtracting
these losses from those achieved with leptin treatments
(Fig. 1), a specific effect of Ieptin was observed in both
groups of rats. With a leptin dose of 0.2 ug/day, young
rats had a decrease in body weight compared with the
control rats treated with saline. This leptin dose seems
to be saturating for young rats since a further increment
in the amount of leptin infused up to 10 pg/day, did not
induce grester losses of weight. In old rats, infusion of
0.2 pg/day of leptin did not induce a body weight de-
crease different from that observed in the control
sdine-treated rats. In contrast, the dose of 10 pg/day of
leptin caused a greater loss of body weight than in sa-
line-treated rats. These data show that leptin, with the
highest dose used (10 pg/day), brings about a signifi-
cant and specific response (Fig. 1) in both young and
old rats; athough, with the lower dose (0.2 pg/day),
only young animals showed a specific and significant
response in body weight loss.

The mean daily food intake for both young and old
rats during the following 6 days after pump implanta-
tion is shown (Fig. 2). Similar decreases in this
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Fig. 1. Changein body weight due to leptin treatment: Change
in body weight in young (Y) and old (O) rats after 6 days of
i.c.v. administration of saline or leptin at the indicated doses as
described in Methods. Grey bars represent changes in body
weight specificaly due to leptin treatment, after subtracting
the change in body weight observed in each saline. Data are
means + SEM of 56 animals per group. One-way ANOVA
indicates significant effect of leptin treatment on body weight
compared with values in vehicle-treated rats in young (p<0.03)
and old animals (p=0.05). *p<0.05, different from the saline-
treated rats

parameter were obtained in both groups of rats with the
highest dose of leptin probed. However, when a lower
dose of leptin was used (0.2 pg/day), a lower response
was observed in the old rats compared with young adult
rats. The mean daily food intake in rats infused with
saline was similar for both, young and old rats.

In an attempt to discriminate between the effects
of ageing-associated adiposity from those of ageing,
old rats were maintained under food restriction for
3 months, and the effect of i.c.v. administration of leptin
at the dose that was effective in young but not in old rats
was studied. Decreases in adiposity (from 4.9+0.3 to
2.440.3; p<0.001) and Leeindex (from 319+3 to 302+4;
p=0.0013) were found in food-restricted rats compared
with the old rats fed ad libitum. The variations of these
parameters and serum leptin concentrations after i.c.v.
administration of leptin to young, old and food-restrict-
ed old rats is shown (Table 1). Saline infused old rats
had higher serum leptin concentrations and adiposity
index than saline infused young rats. According to the
changes in body weight (Fig. 1), an effect of leptin on
the A Lee index is observed in young but not in old rats.
Lower adiposity was only found in young rats after
treatment with the highest dose of leptin. Saline infused
food-restricted old rats had a serum leptin concentration
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Table 1. Changesin serum leptin, Lee index and Adiposity index after i.c.v. leptin treatment of young, old, and food-restricted old
Wistar rats
Leptin 3-month old 24-month old 24-month old food-restricted
[ug/day] — : — _ — _
AlLee Adiposity  Leptin AlLee Adiposity Leptin AlLee Adiposity  Leptin
Index Index [%]  [ng/ml] Index Index [%] [ng/ml] Index Index [%]  [ng/mi]
0 —2.1+£2.0 2.6£0.2 1.4+0.1 —45+1.0 4.0+0.8° 8.8+2.7° 8.0£1.8c 3.2+t0.5 2.7£0.4¢
0.2 —-6.9+ 1.12  2.1+0.5 1.4+0.4 -4.2+1.0 4.0+0.3° 9.0+£3.20 0.3+1.1ac  3.1+0.4 1.4+0.2ac
10 —7.2+1.12  1.3t0.22 1.1+0.3 —-6.5+1.6 4.1+0.8° 7.8£2.30 n.d. n.d. n.d.

p<0.05 were considered for significant differences

ap<0.05 significantly different compared with the same group
treated with saline

bp<0.05 significantly different compared with 3-month-old rats
¢p<0.05 significantly different compared with 24-month-old rats.
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Fig. 2. Mean daily food intake during leptin treatment: Young
(white bars) and old (black bars) rats were treated i.c.v. with the
indicated doses of leptin by means of osmotic minipumps im-
planted as indicated in Methods. For each rat the mean daily
food intake was calculated during treatment. Data are means
+ SEM of 56 animals per group of treatment. *p<0.05
**p<0.01; significantly different from sdinetreated rats;
#p<0.05; significantly different from old rats
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and adiposity index close to those of young rats. In these
rats, i.c.v. administration of leptin at 0.2 pg/day had an
effect, preventing the increase in Lee index observed in
rats infused with vehicle.

In comparisons between young and old rats, two-
way ANOVA showed an effect of leptin treatment on
A Lee Index (p=0.006) and an effect of age on adipos-
ity index (p=0.0002) and serum leptin concentrations
(p=0.0029). In comparisons between rats fed ad lib-
itum and food-restricted old rats, a two-way ANOVA

n.d., not determined

Table shows changes in serum leptin, Lee index and adiposity
index after i.c.v. administration of saline or leptin during 6
days as described in Methods. Data are expressed as means
+ SEM of 5-6 different ratsin each group
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Fig. 3. Daily food intake of young, old and food-restricted old
rats during trestment with either saline or 0.2 pg/day of leptin.
Data of daily chow consumed by young, old and food-restricted
old Wistar rats during 6 days of treatment with saline (o) or
0.2 pg/day of leptin (e ). Data are means + SEM of five rats per
group. Daily food intake at start represents the mean value of
food intake during a week before pump implantation in young
and old rats fed ad libitum. Food-restricted old rats were pro-
vided with 21 g of chow daily before pump implantation. Two-
way ANOVA indicates a significant effect of leptin treatment
on food intake for young (p=0.0007) and food-restricted old
rats (p<0.0001). One-way ANOVA shows a significant effect of
the time of treatment in leptin-infused young (p=0.003) and
food-restricted old (p=0.02) rats and in vehicle-treated food-
restricted old rats (p=0.043). *p<0.05 compared with vehicle-
treated rats
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Fig. 4. Evolution of body weight of food-restricted old rats
during treatment with either saline or 0.2 pg/day of leptin.
Osmotic minipumps containing saline (o) or leptin (o) were
implanted in food-restricted old rats, and the rats were fed dur-
ing 6 days. Figure shows the evolution of body weight
throughout the treatment. Data are means = SEM of five ani-
mals per group. Two-way ANOVA shows an effect of leptin
treatment (p<0.0001) on body weight. One-way ANOVA
shows an increase in body weight during the treatment for
vehicle-treated animals (p=0.048). *p<0.05 compared with
vehicle-treated rats
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Fig. 5a—c. Leptin receptor immunoreactivity in the arcuate nu-
cleus and the wall of the third ventricle. Immunoreaction using
a polyclonal antiserum against a peptide mapping the carboxy
terminus of leptin receptor in representative frontal sections
from young (a), old (b) and food-restricted old (c) rats as de-
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test indicated an effect of food restriction on A Lee
Index (p<0.0001) and serum leptin (p=0.01). On the
other hand, i.c.v. infusion of leptin did not increase
serum leptin concentrations in any of the groups.

The effects of i.c.v. administration of leptin
(0.2 pyg/day) on daily food intake in young, old and
food-restricted old rats during treatment is shown
(Fig. 3). Saine-infused young and old rats had a tran-
sient decrease in food intake in the first day after sur-
gery but they had arapid recovery with no differences
from their previous records of food intake. In contrast,
saline-infused food-restricted animals showed an in-
crease in daily food intake compared with the old rats
fed ad libitum, in spite of surgery. Thei.c.v. infusion
of 0.2 pg/day of leptin lowered daily food intake in
young but not in old rats fed ad libitum. The same
dose of leptin in food-restricted old rats decreased
food intake compared with saline-treated rats.

The evolution of body weight in food-restricted old
rats when the dose of 0.2 pg/day was administrated is
shown (Fig. 4). Saline-treated rats increased in body
weight during 3 days reaching a plateau thereafter.
Leptin infusion prevented the above-mentioned in-
crease, showing a tendency to lower this parameter.

The first step of leptin action is mediated by its re-
ceptor. Therefore, the expression of leptin receptor
(Ob-Rb) was also studied. Figure 5 shows representa-
tive pictures of leptin receptors detected by immuno-
histochemistry. A clear decrease in the amount of lep-
tin receptor was found in old rats. Food restriction
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scribed in Methods. The pattern was reproduced in 4-5 differ-
ent rats per group. Inserts on the upper right corners of each
picture correspond to magnification (2.5x) of marked areas.
Arrows point to inmunoreactive cells. Bars represent 150 pm.
arc, arcuate; 3v, third ventricle
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Fig. 6. Expression of Ob-Rb in hypothalamus. Expression of
Ob-Rb in hypothalamus from young, old and old food-restricted
rats was analysed by RT-PCR as indicated in Methods and is
quantified astheratio of ng of Ob-Rb cDNA amplified per ng of
cDNA of actin under the reaction of conditions used. Values are
means + SEM of four separate measurements per group of rats.
ap<0.005 significantly different compared with young rats.
bp<0.01 significantly different compared with old rats. F-R,
food-restricted
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dramatically increased the detection of leptin receptor
in the arcuate and periventricular nuclel compared
with non-restricted old rats. Consistent with this data,
ODb-Rb leptin receptor MRNA levels in the hypothal a-
mus of old rats were lower than in the young rats and
food restriction almost restored this parameter to the
values observed in young rats (Fig. 6).

Discussion

In agreement with previous reports [7], our data show
that old Wistar rats have higher concentrations of
serum leptin and adiposity than control mature adult
animals. This, together with the fact that body weight
and daily food intake are also higher in old than in
young rats [7], suggest that old Wistar rats present
leptin resistance. This agrees well with the data of
other authors who described leptin resistance in other
rodent models of ageing [12, 13, 18, 23]. A decrease
in the ratio CSF-to-serum leptin concentrations sug-
gested that a failure at the level of the transport from
blood to CSF could be the cause of leptin resistance in
obese humans [8]. This also has been reported in an-
other experimental model with leptin resistance such
as the New Zealand obese mice [10]. These animals
respond to i.c.v. leptin administration with similar sen-
sitivity as lean mice but did not respond to peripheral
leptin administration. In old obese Fisher 344XBN
rats, leptin resistance has been reported to occur at the
central level [13, 24] and to involve alterationsin lep-
tin signal transduction cascade [12, 13].

To study whether or not aged Wistar rats have
central leptin resistance, we studied the physiologic
effects of i.c.v. administration of leptin. Vehicle-

C. Fernandez-Galaz et al.: Long-term food restriction prevents ageing-associated central leptin resistance in wistar rats

infused rats were used in comparison with leptin-
treated rats to evaluate the possible influence of sur-
gery on the different parameters tested. Although the
loss of body weight in old rats is higher than in young
rats, these changes amounted some 2% and 3% for
young and old rats respectively. This might be due to
a more difficult recovery from surgery in the case of
old rats. Nevertheless, daily food intake was not
altered compared with its previous records before
pump implantation with the exception of the first day,
probably due to the surgery.

Our data shows that i.c.v. infusion of leptin specifi-
cally induces decreases in body weight, food intake and
Leeindex in a dose-dependent manner in young and old
rats. Moreover, leptin treastment was effective without
increasing serum leptin concentrations, indicating that
the observed effects were achieved through the central
action of leptin and not by its periphera action due to a
possible leakage of the hormone from CSF to blood.

Of interest, young and old rats treated with the
highest dose of leptin undergo similar decreases in
food intake but when a lower dose is used, the re-
sponse in old rats is reduced. When daily food intake
was calculated per unit of body weight, young rats
showed a higher value than old rats but the pattern of
response to leptin remained similar to that mentioned
above. Young rats respond to low and high doses of
leptin, whereas old rats show only a response to the
highest dose used (data not shown). These data show
that old Wistar rats have central leptin resistance dur-
ing ageing and that this resistance could be due to de-
creased sensitivity. Nevertheless, a decreased maxi-
mum responsiveness cannot be ruled out. According-
ly, the specific effect of leptin on body weight loss
was similar in both groups of rats with the highest
dose of leptin used but when alower dose was admin-
istrated, old rats showed a very poor response. Data
showing lower effects on food intake and body weight
reduction using acute daily i.c.v. administration of lep-
tin in old Fisher 344XBN rats have been described by
others [24]. A decreased maximum response, rather
than a decreased sensitivity has been reported after
central administration of leptin in old Fisher 344XBN
rats [13]. This discrepancy, apart from differences in
the rat model, could rely on the methodological ap-
proaches used in each case: an in vitro assay such as
STAT-3 phosphorylation after acute injections of lep-
tin in Fisher 344XBN rats [13] versus in vivo respons-
es under lower amounts of leptin chronically infused.

The decreased responsiveness to i.c.v. administra-
tion of leptin in old Wistar rats could be the result of
ageing, increased adiposity, or the combination of both
circumstances. Long-term (3 months) physiologic food
restriction in old rats induces a decrease in body
weight and brings adiposity and serum leptin concen-
trations near to those of young rats. This allows the
effect of central administration of leptin in old rats
with adiposity and serum leptin concentrations close to
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those of young rats to be studied. Although the
decrease in adiposity index in saline-infused food-
restricted rats does not reach statistical significance
compared with the old rats fed ad libitum, this can be
explained by the increase of daily food intake observed
after 3 months of food restriction. Nevertheless, our
data shows that i.c.v. infusion of leptin to aged food-
restricted rats reduces food intake and prevents the in-
crease in body weight compared with saline-infused
control rats, indicating that these rats recover the
ability to respond to the lower dose of leptin used. Al-
though some effects due to ageing alone cannot be
ruled out, these data suggest that the increase of adi-
posity plays a key role in the development of central
leptin resistance associated with ageing.

The decreased responsiveness of old Wistar ratsisin
agreement with the reported decreased uptake of leptin
by hypothalamic nuclei and expression of Ob-Rb leptin
receptor in these rats [7]. Concerning the mechanisms
responsible for the lower presence of Ob-Rb in old rats,
it seems possible that the increased concentrations of
serum leptin, characteristic of these rats, might lead to a
desensitisation or to down-regulation . In this sense, our
data shows that food restriction lowers serum leptin
concentrations and leads to an increase in the Ob-Rb
leptin receptor expression in the hypothalamus. This
could explain, in part, the improved leptin responsive-
ness of food-restricted old rats. Nevertheless, our re-
ported decreases in the expression of Ob-Rb leptin re-
ceptor during ageing could also be another manifesta-
tion of ageing and/or obesity not directly related to a
down-regulation process. On the other hand, the fact
that food-restricted old rats, though centrally treated
with leptin, show higher daily food intake than the old
rats fed ad libitum, indicates that other factors, besides
central leptin should also play arole in energy balance.

In conclusion, our work, besides the existence of
central leptin resistance in the old Wistar rat, shows
that food restriction restores leptin responsiveness and
increases leptin receptor expression, supporting the
key role of age-associated adiposity in the develop-
ment of leptin resistance.
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