
Abstract

Aims/Hypothesis. Ageing is associated with metabolic
alterations characterised by changes in energy expen-
diture, obesity, leptin and insulin resistance. The
Lou/C rat, an inbred strain of Wistar origin, is present-
ed as both an obesity-resistant rat and a model of heal-
thy ageing.
Methods. To characterise the mechanisms underlying
obesity resistance in Lou/C rat, we measured food in-
take and energy expenditure by indirect calorimetry at
1, 6, 12, 18, and 24 months of age. Moreover, plasma
insulin and leptin concentrations were assessed by ra-
dioimmunoassay in Lou/C and Wistar rats throughout
their life span.
Results. Compared to Wistar rats, Lou/C rats present-
ed a higher food intake only at 24 months of age and
they had a higher energy expenditure at 6 and 12
months of age (+21% and +14%, respectively). Plas-
ma insulin concentration increased markedly in 18-

and 24-month-old Wistar rats, but remained stable
during ageing in Lou/C rats. From the age of 6
months, the plasma leptin concentrations in Wistar
rats were higher than in Lou/C rats of the same age
(four-, seven-, five- and threefold higher at 6, 12, 18,
24 months of age, respectively).
Conclusion/interpretation. Compared to Wistar rats,
Lou/C rats did not develop insulin resistance as con-
firmed by a higher glucose infusion rate during the
hyperinsulinaemic-euglycaemic clamp. These data
provide evidence that insulin resistance is associated
with the excess of adipose tissue in Wistar rats. Not
only Lou/C rats present a higher median life span than
Wistar rats (+20%), but they also show a healthy age-
ing process considering fat accretion and insulin resis-
tance. [Diabetologia (2003) 46:1489–1496]
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lin. Insulin is considered as an adiposity signal. Its
plasma concentration is associated with the amount of
fat stores [1, 2] and insulin receptors are expressed in
the brain, especially in the paraventricular nuclei 
involved in the control of energy intake [3, 4]. Insulin
resistance is associated with fat accretion [5] and/or
with the effect of ageing on the insulin receptor [6].
Leptin, which is secreted by adipocytes, provides
feedback information on the lipid stores towards the
hypothalamus. Leptin contributes to the regulation of
both food intake and energy expenditure [7, 8]. The
plasma leptin concentration is directly related to body
fat mass [9, 10] but during ageing, increased concen-
trations of plasma leptin appears dissociated from fat
stores [11]. However, it is extremely difficult to differ-

Ageing is associated with metabolic disorder charac-
terised notably by changes in energy expenditure, fat
distribution leading to increased adiposity and insulin
resistance.

Several hormones can affect both energy expendi-
ture and fat mass, amongst which are leptin and insu-



entiate between ageing and increased fat mass, which
is the main determinant of the origin of leptin resis-
tance.

Since adiposity increases during ageing in most rat
strains, numerous studies have used caloric restriction
in an attempt to discriminate between the process of
ageing per se and the effect of fat-mass accumulation
on the development of metabolic diseases observed
during ageing in rats. Thus, the diminution of visceral
fat induced by caloric restriction could counteract the
age-associated decrease in hepatic insulin action [12].
Whereas a study [13] using a caloric restriction model
concluded that adiposity plays a key role in the devel-
opment of leptin resistance, another group [14] has
suggested that the leptin resistance is not induced by
the fat-mass accumulation only. Nevertheless, as the
later study has pointed out, the development of leptin
resistance in caloric restricted rat could be due to 
leptin-independent mechanisms activated by chronic
caloric restriction. To solve this type of limitation, the
metabolic-ageing interaction could be studied in a
new and more suitable model, the obese-resistant
Lou/C rat. Indeed, the Lou/C rat, an inbred strain of
Wistar origin, is presented both as an obesity-resistant
rat [15] and as a relevant model of healthy ageing
[16]. Whereas the Wistar rat develops spontaneous
obesity [17], the Lou/C rat has a lighter body weight
and smaller amounts of adipose tissue regardless of
age [15, 16, 18].

Few studies have clarified the origin of obesity resis-
tance of Lou/C rat. Energy accumulation results from
the difference between energy input and output. Rats
lose their capability to adapt their metabolic rate to
maintain their energy balance during ageing [19].
Therefore, the first aim of our study was to compare the
metabolic profile between Lou/C and Wistar rats. We
characterised energy expenditure by indirect calorime-
try and food intake in the obese-resistant Lou/C and
Wistar rats at 1, 6, 12, 18, and 24 months. Our second
aim was to distinguish the role of the ageing-associated
adiposity from that of ageing itself on the development
of insulin and leptin resistance. We measured plasma
insulin and leptin concentrations in the two strains at
each age and insulin resistance was measured by hyper-
insulinaemic-euglycaemic clamp at 22 months.

Materials and methods

Experimental animals. Male Wistar and Lou/C rats (Harlan,
Gannat, France) were housed in a temperature-controlled room
at 24±1°C with a 12-h light cycle and were allowed free access
to food (AO3, UAR, 3.2 kcal/g) and water. All experiments
were carried out according to the ethical principles laid down
by the French (Ministère de l’Agriculture) and EU Council Di-
rectives for care and use of laboratory animals (N 02889).

Measurements of food intake and energy expenditure. Rats
were allowed to acclimate in individual cages for 1 week be-

fore their food intake was measured. Food intake was moni-
tored daily during the following week from the difference be-
tween the amount of food provided and the amount remaining.

Energy expenditure was measured by indirect calorimetry
at 26±1°C, the thermoneutrality for rats [20]. Oxygen and car-
bon dioxide concentrations in downstream exhaust gases were
successively measured in five different cages. To avoid errors
resulting from sequential changes from one cage to another,
common parts of the system were rinsed for 90 s, after which
gas exchanges were measured for 40 s. A computer-controlled
system of three-way valves allowed for sequential analysis of
the five cages every 11 min. One cage was left vacant and
served as reference for measuring ambient O2 and CO2. Air
samples were pumped at a constant flow rate, controlled within
strict limit by a mass flowmeter (precision <1%; Tylan, FM
380), and directed to a paramagnetic oxygen analyser (range
0–100%, time delay <3 s; Klogor, France) and an infrared car-
bon dioxide analyser (range 0–1%, time delay <3 s; Gascard I,
Edinburgh Sensors) after being dried through a Permapure
system and calcium chloride, which was changed twice daily.
The system was calibrated daily with pure nitrogen to set up
the zero of the analysers and with a standard gas mixture
(CFPO) containing 20.5% O2 (accuracy 20.44–20.56%), 0.5%
CO2 (accuracy 0.495–0.505%), and 79% nitrogen to set up the
sensitivity. The measuring system was found to be accurate
within 0–1% by bleeding known rates of CO2 and N2, as well
as known rates of O2 and CO2. Analog signals from the analy-
sers and mass flowmeter were digitised with an interface card
and stored in a desktop computer. After a period of acclimati-
sation of 24 h, O2 and CO2 concentrations were measured con-
tinuously over 24 h. Thirty minutes were required to calibrate
the system, clean the cages, change food and water and weigh
the animals. The differences between O2 consumed and CO2
produced in occupied cages and O2 and CO2 concentrations in
the empty reference cage, multiplied by the air flow through
the cages, yielded the respiratory gas exchanges of animals.
Energy expenditures were calculated according to the Depocas
and Hart method [21].

Determination of adiposity levels. The weights of adipose tis-
sues were measured at 6 and 24 months of age, afterwards the
rats were killed by decapitation. Adiposity was also evaluated
by the Lee index, which is the cubic root of body weight in
grams divided by the naso-anal length. The Lee index is highly
correlated with the percentage of body fat [22].

Noradrenaline content in adipose tissues. The noradrenaline
contents was assayed in interscapular brown adipose tissue,
retroperitoneal and epididymal adipose tissues of Wistar and
Lou/C rats at 6 months of age by high-performance liquid
chromatography coupled with electrochemical detection
(HPLC-ED).

Interscapular brown adipose tissue, epididymal and retro-
peritoneal tissues were placed in a convenient volume, related
to the weight of tissue, of 0.4 mol/l perchloric acid containing
2.7 mmol/l EDTA-Na2 and dihydroxybenzylamine as an inter-
nal standard. Tissues were subsequently pounded and cooled in
an ice bath for 10 min. Thereafter 400 µl of KOH-formiate
were added and after stirring the resulting homogenate was
centrifuged (3500×g, 10 min). A 0.5 ml aliquot of supernatant
was taken and added with 0.5 ml water, 100 µl 0.75% sodium
bisulfite and the pH was adjusted with 2.8 mol/l Tris-HCl buff-
er. Thereafter, the mixture was stirred for 20 min with 20 mg
acid-washed alumina, the supernatant discarded and the alumi-
na washed three times with 1 ml each time of rinsing solution
containing 14 mmol/l Tris-HCl, 2.7 mmol/l EDTA-Na2. Cate-
cholamines were then eluted from the alumina with 200 µl

1490 D. Perrin et al.: Resistance to obesity in Lou/C rats prevents ageing-associated metabolic alterations



0.3 mol/l perchloric acid containing 1 mmol/l EDTA-Na2 and
1 mg sodium bisulfite per ml. This eluate was stirred (5 min),
centrifuged (8800×g, 15 min) and an aliquot (10 µl) subse-
quently injected into reverse-phase column (Spherisorb ODS-
2, 5 µm, 125 mm×4 mm) with a mobile phase consisting of
50 mmol/l citric acid, 50 mmol/l sodium acetate, 1 mmol/l ED-
TA-Na2, 437 mmol/l acetic acid, 4.3 mmol/l octane sulfonate
and 5% methanol. The flow rate was 0.9 ml.min−1. Noradrena-
line was measured at +0.67 V versus the Ag+/AgCl reference
electrode (ELDEC 102 Chromatofield, Chateauneuf-les-
Martigues, France).

Plasma hormone measurements. Insulin and leptin concentra-
tions were measured in the plasma. At each age, blood samples
of Wistar and Lou/C rats were collected from the tail vein in
microtubes coated with EDTA-Na2. After centrifugation
(5000×g, for 15 min), the plasma were collected, aliquoted and
kept at −80°C until assay. Rat leptin and insulin were assessed
by radioimmunoassay with a kit purchased from Linco Re-
search (St. Louis, Mo., USA). Fifty µl of plasma were used for
each measurement. The limit of sensitivity and linearity for the
rat leptin assay was 0.5 and 50 ng/ml, respectively and, 0.1 and
10 ng/ml for the insulin assay.

Hyperinsulinaemic-euglycaemic clamp. Hyperinsulinaemic-eu-
glycaemic clamps were carried out according to [23] except
that the clamps were done on awake and unrestrained animals.
Animals used for this experimentation were 22 months old.
Two polyethylene catheters (EO 3403, Biotrol, Villeron,
France) were inserted, one into the right jugular vein and the
other into the left carotid under halothane anaesthesia. They
were exteriorised through an incision in the nape of the neck
and filled with citrate saline. The carotid catheter was used for
blood sampling and the jugular one for intravenous infusion.
Clamps were conducted at least 4 to 5 days after surgery to 
allow animals to overcome the surgical stress and to adapt to
the cannulation. All animals were deprived of food the night
before the hyperinsulinaemic-euglycaemic clamp. Rats were
infused with human neutral insulin (Actrapid HM, 40 U/ml,
Novo Industry, Denmark) at 6 mU/kg·min (in saline plus 1%
albumin fatty acid free) to achieve steady concentrations of
plasma insulin. Blood samples of 25 µl were collected at 5-min
intervals to measure glycaemia (Glucose Analyser II, 
Beckman) and 100 µl of blood were taken at 0, 60 and 120 min
of the clamp for insulin measurement by double antibody ra-
dioimmunoassay (CIS Bio international, Gif/Yvette, France).
Blood glucose was maintained at the basal level (6 mmol/l)
through an adjusted perfusion of glucose solution using a peri-
staltic roller pump (Gilson). Delivery rates of the pumps were
controlled after each clamp. Glucose infusion rate was calcu-
lated as the glucose perfused during the second hour of the
clamp required to maintain euglycaemia. Results are expressed
as mg glucose per kg/min and were considered as a measure of
glucose utilisation for the whole body.

Statistics and results expression. All data were analysed with
the Statview software (Abacus Concepts Berkeley, Calif.,
USA). The values are given as means ± SEM. The organ
weights, plasma hormones and food intake values for the
Lou/C rats and Wistar rats were compared using ANOVA with
two between-subject factors (age and strain). Individual com-
parisons were done with post-hoc Fischer LSD test when ap-
propriate. Data concerning the energy expenditure were ex-
pressed in relation to the metabolic body size as kg0.67 to stan-
dardise for differences in body weight [24] and were subjected
to two-way ANOVA with one between-subject factor (strain)
and one within-subject factor (time). For simple comparison

between two groups, a Student’s t test was used. A p value of
0.05 or less was considered for significant differences.

Results

Body and organ weights. At each age studied, the
Lou/C rats presented a lower body weight than the
Wistar rats (Fig. 1). The ANOVA indicates a main 
effect of age (p<0.0001), a main effect of strain
(p<0.0001), as well as an age × strain interaction
(p<0.0001). The differences observed were −46%
(p<0.0001), −36% (p<0.0001), −42% (p<0.0001), 
−39% (p<0.0001) and −45% (p<0.0001) at 1, 6, 12, 18
and 24 months of age, respectively.

The two strains showed the same weight of inter-
scapular brown adipose tissue at 6 months of age,
while a lower weight of inter-scapular brown adipose
tissue was noticed in the Lou/C rats at 24 months of
age (−53%, p<0.001). The more striking weight dif-
ferences concerned the white adipose tissue. The
Lou/C rats had less retroperitoneal and epididymal
white adipose tissues than the Wistar rats at 6 months
of age and these differences were strengthened at 24
months of age (Table 1). Indeed, the weight of retro-
peritoneal white adipose tissue did not change in
Lou/C rats between 6 and 24 months of age but dou-
bled in Wistar rats. Similarly, the amount of epididy-
mal adipose tissue was three- and fourfold lower in
Lou/C rats at 6 and 24 months of age, respectively.
According to the differences in white adipose amount,
we noticed a lower obesity Lee index in Lou/C rats
compared to Wistar rats (−5%, p<0.01 and −6%,
p<0.01, at 6 and 24 months of age, respectively).

Energy expenditure and food intake. We noticed in the
two strains a marked decrease of food intake calculat-
ed independent of body mass by dividing by (body
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Fig. 1. Body weights of male Wistar rats (solid squares) and
Lou/C rats (open losanges) with increasing age. Results are ex-
pressed as means ± SEM. Numbers of animals are 21 for 
Wistar rats and 25 for Lou/C rats at 1 and 6 months of age, 13
for Wistar rats and 17 for Lou/C rats at 12 and 18 months and
four for Wistar rats and five for Lou/C rats at 24 months. *in-
dicates significant statistical difference between the Wistar rats
and the Lou/C rats (p<0.001)



weight)0.67 between 1 and 6 months of age (−56%,
p<0.0001 and −60%, p<0.0001, for the Wistar and the
Lou/C rats, respectively; Fig. 2). At the following ag-
es, Wistar rats showed a slight decrease in food intake
that led to a lower food intake at 24 compared to 6
months of age (−19%, p<0.05). From 6 months of age
in the Lou/C rats, we did not notice a main effect of
age (p>0.60) on food intake. The daily food intake did
not differ significantly during ageing between Wistar
and Lou/C rats except at 24 months of age when
Lou/C rats showed a higher food intake than Wistar
rats (+23%, p<0.05).

The energy expenditure expressed per metabolic
body mass (J/min.kg0.67) decreased in developing 
Wistar rats between 1 and 6 months of age and re-
mained constant thereafter (Fig. 3). In Lou/C rats, the
decrease of energy expenditure during ageing is more
progressive and compared to Wistar rats, we noticed a
higher energy expenditure in Lou/C rats at 6 months
of age (+21%, p<0.05) and at 12 months of age
(+14%, p<0.05).

Noradrenaline adipose tissue. At 6 months of age,
Lou/C rats showed an higher noradrenaline content in
interscapular brown adipose tissue (+47%, p<0.0001),
in retroperitoneal and epididymal white adipose tis-
sues (+85% and +57%, p<0.0001, respectively) com-
pared to the Wistar rats (Table 2).

Plasma hormone concentrations. Whereas insulin
concentration remained stable during ageing in the
Lou/C rats, there was a marked increase in the 
18-month-old Wistar rats that led to a three- to four-
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Table 1. Body weight, Lee index, adipose tissue weights of Wistar and Lou/C rats at 6 and 24 months

6 months 24 months

Wistar rats Lou/C rats Wistar rats Lou/C rats
n=7 n=8 n=4 n=5

Body weight (g) 423±16 256±7* 622±24 333±6*
Lee index 302±2 287±3* 309±3 291±3*
rWAT weight (g) 8.123±0.662 1.877±0.190* 17.1±2.2 2.52±0.47*
eWAT weight (g) 11.117±0.928 3.481±0.106* 19.72±2.03 4.26±0.22*
iBAT weight (g) 0.376±0.044 0.307±0.027 0.992±0.102 0.455±0.061*

Data are expressed as means ± SEM, the number of animals in
each group is indicated in column headings (n). *indicates sig-
nificant statistical difference between Wistar and Lou/C rats

(p<0.05). rWAT, retroperitoneal white adipose tissue; eWAT,
epididymal white adipose tissue; iBAT, interscapular brown
adipose tissue

Fig. 2. Daily energy intake of Wistar (black bars) and Lou/C
rats (white bars) at 1, 6, 12, 18 and 24 months of age. Results
are expressed as means ± SEM. Numbers of animals are eight
for Wistar and LouC rats at 1, 6, 12 an 18 months and four for
Wistar rats and six for Lou/C rats at 24 months. *indicates sig-
nificant statistical difference between the Lou/C rats and the
Wistar rats (p<0.05)

Fig. 3. Daily energy expenditure of Wistar (black bars) and
Lou/C rats (white bars) at 1, 6, 12, 18 and 24 months of age.
Results are expressed as means ± SEM. Numbers of animals
are eight for Wistar and LouC rats at 1, 6, 12 an 18 months and
four for Wistar rats and six for Lou/C rats at 24 months. *indi-
cates significant statistical difference between the Lou/C rats
and the Wistar rats (p<0.05)

Table 2. Noradrenaline content (pmol·g−1) in adipose tissues at
6 months in Wistar and Lou/C rats

rWAT eWAT iBAT

Wistar rats 85.7±7.2 278.9±50.9 3092±394
Lou/C rats 158.7±10.2* 437.6±51.7* 4560±326*

The data are expressed as means ± SEM of eight animals per
group. *p<0.05 denotes a significant difference between 6-
month-old Wistar and Lou/C rats. rWAT, retroperitoneal white
adipose tissue; eWAT, epididymal white adipose tissue; iBAT,
interscapular brown adipose tissue



fold higher insulin concentrations in Wistar rats than
in Lou/C rats at 18 and 24 months of age (Fig. 4).
The plasma leptin concentration (Fig. 5) was charac-
terised by a progressive and limited increase through-
out ageing in Lou/C rats that led to a leptin concen-
tration fourfold higher at 24 months of age than at 
1 month of age. Wistar rats showed a more sustained
increase in leptin concentration that was 22-fold
higher at 12 months than at 1 month of age. Thereaf-
ter, the leptin concentration tended to decrease 
until 24 months. From the age of 6 months, the leptin
concentrations in Wistar rats were higher than in
Lou/C rats of the same age (four-, seven-, five- and
threefold higher at 6, 12, 18, 24 months of age, re-
spectively).

Hyperinsulinaemic-euglycaemic clamp. Overnight
fasting plasma insulin concentration was 0.92±0.12
ng/ml in Lou/C rats compared with 1.68±0.45 ng/ml
Wistar rats at 22 months of age (p<0.05). Basal 
glucose infusion rate to maintain euglycaemia during
exogenous perfusion of 6 mU/kg·min insulin was
30.8±4.0 mg/kg·min in Lou/C rats versus 16.7±2.7
mg/kg·min in Wistar rats (p<0.05) (Fig. 6).

Discussion

The Lou/C rat has been recently described as a model
of successful ageing. Indeed, the Lou/C rats present a
median life span (50% of survivors) of 29 months
whereas Wistar rats present a median life span of 24
months and Lou/C rats have a healthier life than 
Wistar rats [16, 25]. In agreement with previous re-
ports [15, 16, 18], we found that this prolonged life
span is associated with a reduced and stable adipose-
tissue mass in Lou/C rat. On the other hand, the 
Wistar rat has been characterised as a spontaneous
model of obesity during ageing [17]. Indeed, the
weights of white adipose tissues, especially the weight
of retroperitoneal white adipose tissue, whose growth
is correlated with the accretion of body lipid [17], are
markedly lower in Lou/C compared to Wistar rats.
The absence of fat accumulation, confirmed by the
lower obesity Lee index measured in Lou/C rats,
could be partly explained by the higher energy expen-
diture noticed at 6 and 12 months of age.

The higher noradrenaline content in retroperitoneal
white adipose tissue and epididymal white adipose tis-
sue of the Lou/C rats could lead to an enhanced lypo-
lysis and an inhibition of white adipose tissue devel-
opment [26, 27], resulting in the lower adipose tissue
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Fig. 4. Plasma insulin concentration of Wistar rats (solid
squares) and Lou/C rats (open losanges) at 1, 6, 12, 18 and 24
months of age. Results are expressed as means ± SEM. Num-
bers of animals are 9, 6, 8, 7, 4 for Wistar rats and 8, 7, 9, 7, 5
for Lou/C rats at 1, 6, 12, 18 and 24 months respectively. *in-
dicates significant differences between the Lou/C rats and the
Wistar rats (p<0.05). # indicates significant statistical differ-
ence between age in Wistar rats (p<0.05). No main effect of
age has been detected in Lou/C rats

Fig. 5. Plasma leptin concentration of Wistar rats (solid squar-
es) and Lou/C rats (open losanges) at 1, 6, 12, 18 and 24
months of age. Results are expressed as means ± SEM. Num-
bers of animals are 10, 6, 8, 7, 4 for Wistar rats and 9, 7, 9, 7, 5
for Lou/C rats at 1, 6, 12, 18 and 24 months, respectively. *in-
dicates significant differences between the Lou/C rats and the
Wistar rats (p<0.05). # indicates significant statistical differ-
ence between two successive ages (p<0.05)

Fig. 6. Insulin sensitivity assessed using an euglycaemic-hy-
perinsulinaemic clamp in Wistar rats and Lou/C rats at 22
months of age. Results are expressed as means ± SEM of nine
Wistar rats and five Lou/C rats. The plasma glucose concentra-
tions are shown in Wistar rats (solid losanges) and Lou/C rats
(open losanges) and the glucose infusion rate are shown in 
Wistar rats (solid squares) and Lou/C rats (open squares)



weights noticed in the Lou/C rats. These findings sug-
gest an increased mobilisation of the metabolic sub-
strates which allow an increased energy expenditure
and a reduced fat-mass.

The interscapular brown adipose tissue is speciali-
sed in heat production. The sympathetic nervous
system is the major effector of thermogenesis through
the release of noradrenaline from nerve endings pres-
ent in both vessels and adipocytes [28, 29]. In brown
adipose tissue, noradrenaline, mainly through β-recep-
tors, activates proliferation [30, 31] and induces the
uncoupling protein-1 (UCP-1) expression [32]. UCP-1
uncouples the mitochondrial respiratory chain from
oxidative phosphorylation, so that energy, instead of
being used for ATP production, is dissipated as heat.
Genetically (Zucker) or glutamate-induced obese rats
show a reduced activity of the sympathetic nervous
system, which participates in the reduced thermogenic
function of interscapular brown adipose tissue and in
this way contributes to the development of obesity
[33, 34, 35]. Thus, the enhanced sympathetic activity
in interscapular brown adipose tissue of Lou/C rats
could lead to a change in the thermogenic capacity
partly accounting for the higher resting metabolism
observed in this strain.

Compared to Wistar rats, there is no difference in
food intake expressed per unit of metabolic mass in
Lou/C rats except at 24 months of age. The higher
food intake in old age attests a better general metabol-
ic condition of Lou/C rats than Wistar rats since 
senescent rats showed a decrease in food intake [36].

Obesity has been linked to the development of sev-
eral pathologies such as insulin resistance, Type 2 dia-
betes and cardiovascular diseases. Our study provides
evidence that insulin resistance is closely related to
the excess of adipose tissue as suggested by the in-
creased insulinaemia and the decreased glucose 
infusion rate during hyperinsulinaemic-euglycaemic
clamp observed in Wistar rats compared to Lou/C rats.
Furthermore, Lou/C rat shows a lower leptinaemia
than Wistar rat. Leptin is associated with several met-
abolic risk factors related to the diabesity syndrome
[37, 38] and plays a causative role in the metabolic
decline seen with ageing [39]. Thus, we showed that
Lou/C rats not only show a healthy ageing process
considering the insulin sensitivity but also probably
display healthy ageing considering the leptin related
syndrome.

Considering the thermogenic effect of leptin [7]
and the increased plasma leptin concentration mea-
sured in Wistar rats between 6 and 12 months, we
should observe an increased energy expenditure in
that group. But, since energy expenditure remained
constant between 6 and 24 months in Wistar rats, our
study confirms the ageing-associated leptin resistance
noticed in this strain [19, 40]. In addition, our data
suggest that Lou/C rats do not develop leptin resis-
tance during ageing. In contrast to the Wistar rats,

which presented a rapid and marked increase of plas-
ma leptin concentration as early as 6 months of age,
Lou/C rats showed a progressive and weak increase in
plasma leptin concentration. Although the increase in
plasma leptin concentration observed during ageing is
partly due to the development of obesity, this augmen-
tation is disproportionate to the mass of body fat,
which suggests leptin resistance [11, 12, 22]. The 
leptin resistance could result from a diminished densi-
ty in leptin receptors and an impaired leptin signal
transduction [40, 41].

Insulin resistance was attested by the higher glu-
cose infusion rate measured in Lou/C rats compared
with Wistar rats, during the hyperinsulinaemic-eu-
glycaemic clamp. Although insulin sensitivity was
measured in 22-month-old rats, Wistar rats probably
developed insulin resistance at an earlier age. Howev-
er, since hyperleptinaemia preceded hyperinsulinae-
mia, leptin could contribute to the development of in-
sulin resistance [42].

The reason why Lou/C rats live longer than Wistar
rats has not been determined. A recent study showed
that IGF-1 receptor regulates the life span in mice
[43]. Of interest, IGF-1 blood concentration is re-
duced in male and female Lou/C rats [44]. One 
hypothesis could be that Lou/C rats are a natural form
of hypopituitarism resulting in low growth hormone
and IGF-1 productions. Indeed several similarities ex-
ist between Lou/C rats and heterozygous knock-out
mice of IGF type 1-receptor (IGF1-R). Both animal
models present an increase in longevity. The increase
in longevity is greater in female than in male rats (in
Lou/C rats, the median life span is 29 months for
males and 33–34 months for females, [16]). The re-
duction in body weight is more pronounced in Lou/C
versus Wistar rats (−40%) compared to the reduction
in body weight observed in IGF1-R knock-out mice 
(−8%). The food intake not modified in Lou/C rats
and in IGF1-R knock-out mice and the energy expen-
diture transiently increased only in Lou/C rats com-
pared to Wistar rats, suggest that these metabolic 
features are not involved in the mechanism of a pro-
longed life span.

In conclusion, our study provides evidence that
Lou/C rats could be considered as a good model of
healthy ageing considering metabolic features such as
energy balance, insulin and leptin resistance. The low-
er adiposity observed in Lou/C rats compared to 
Wistar rats associated with the non-development of in-
sulin resistance in Lou/C rats emphasises the impor-
tance of fat accretion on insulin regulation with ageing.
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