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bstract

Numerous peripheral and hypothalamic peptides control food intake. Among these signals are orexin, an orexigenic molecule released into
he olfactory bulb by centrifugal hypothalamic fibres and leptin, an anorexigenic molecule that is released peripherally and can pass through the
lood–brain barrier. In the present study, we injected either orexin or leptin, intracerebroventricularly, and their effect on olfactory performance was
valuated in two groups of rats, using a behavioral paradigm based on conditioned olfactory aversion. Rats were made aversive to water odorized
ith isoamyl acetate (ISO) at 10−5 (1 �l in 100 ml of water). One group was injected with orexin versus saline and the other with leptin versus

aline. They were then presented with different concentrations (lower than 10−5) of ISO-odorized water to compare their ability to avoid the ISO-
−9 −7
rink. Orexin decreased ISO-drink consumption, showing increased avoidance of the ISO concentrations tested which ranged from 10 to 10 .

onversely, the administration of leptin resulted in a dose dependant increase in the odorized-drink consumption for ISO 10−10. Orexin therefore
ncreases and leptin decreases olfactory sensitivity. Orexin and leptin modulate the olfactory performance in a similar way as do physiological
nduced fasting and satiation and appear to be important factors in the interdependency of olfaction and food intake.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Olfaction is one of the main external cues which can
nduce feeding independently from the nutritional cravings of
n organism [54]. Most animals including humans use this
ense to appreciate food palatability and initiate food intake
14,24,35,36,41–43,59] and impairment of the olfactory sig-
al may affect the control of eating behavior [20,33,39]. Thus,
eciphering how olfactory mechanisms are involved in feeding
ehavior appears to be a relevant way to better define some of
he factors responsible for obesity and other eating disorders,

hether caused by genetic or environmental factors.
In humans, the feeding state modulates olfactory sensitivity

26–29,35,38,63,68]. In animals, although this modulation had

∗ Corresponding author. Tel.: +33 3728 7463; fax: +33 43728 7601.
E-mail address: pviret@olfac.univ-lyon1.fr (P. Duchamp-Viret).

s
a
e
[
s
i
t

166-4328/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.bbr.2007.05.033
een reported [11], it had never been specifically analyzed until a
ery recent behavioral experiment by our team where the ability
o detect odors was compared in fasted and satiated rats [1].
asting and satiation were found to increase and decrease the
lfactory detection power of rats.

The findings that the feeding state has a direct influence on
lfactory sensitivity raises the question of what the chemical
ignals involved in such changes in olfactory performance are,
.e. in the crosstalk between the hypothalamic feeding network
nd the olfactory system. Numerous peripheral or hypothala-
ic molecules have been reported to act in the priming and

topping of food intake [44]. Among these molecules, orexin
ppears especially interesting since a considerable body of
vidence has pointed to it being a stimulator of food intake

15,34,44,47,55,57]. In the central nervous system, orexin is
ynthesized and secreted by hypothalamic neurons [13,58] and
s released into the olfactory bulb (OB) and cortices from cen-
rifugal fibers originating directly from the lateral hypothalamic

mailto:pviret@olfac.univ-lyon1.fr
dx.doi.org/10.1016/j.bbr.2007.05.033


1 Brain

a
t

[
s
i
f
f
r
a
o
m
[
i

b
a
i
l
b
f

i
s
o
e
b
o
w
b
(
u

2

2

n
o
a
w
C

o
r
t
a
1

2

a
s
p
i
w
a
t
c

2

S
(
d
n
t

2

2

c
w

i
w
s
m
o
(

T
t
4
o
a
i
a
m
w
e
o
b
w
u
s
a
i
stability was checked by giving rats the choice between ISO at 10 and tap water
(aversion retest).

When the tubes contained two different drinks, their right–left position was
systematically interchanged across sessions. At the beginning of each session,
rats were intentionally placed under the tube containing the ISO-odorized water.

Fig. 1. Schematic representation of the overall course of the orexin (A) and
24 A.K. Julliard et al. / Behavioural

reas [8,12,13,52,58]. It is thus possible that orexin is involved in
he signaling between the hypothalamus and olfactory centers.

One of the most potent among satiety signals, leptin
5,16,17,22] is synthesized peripherally by the adipocytes and
ecreted in direct proportion to the degree of adiposity [46] act-
ng on the hypothalamic feeding networks which in turn regulate
ood intake by initiating satiety [46,48,64]. Leptin is involved in
at regulation, insulin signaling, glucose homeostasis and bone
emodeling and appears to be of great interest for a therapeutic
pproach to obesity [9]. It has also been proposed that leptin is
ne of the major signal mediators involved in modulating perfor-
ance of the olfactory system in relation to the alimentary status

37] and indeed, leptin receptor expression has been shown to
ncrease in the olfactory epithelium of fasted rats [4].

Intracerebroventricular (icv) administration of orexin has
een demonstrated to increase food intake in rats [15,56,58,66]
nd mice [47] and icv administration of leptin to decrease food
ntake in both rats [16,34,50,61] and humans [19,32,49] which
ed us to hypothesize that these two molecules should be capa-
le of mimicking very closely the feeding states of physiological
asting and satiation.

In order to decipher some of the mechanisms underlying the
nfluence of the feeding state on olfactory sensitivity, the present
tudy addresses the question of the action of orexin and leptin
n olfactory perception. The aim was to provide experimental
vidence of the involvement of orexin and leptin in the crosstalk
etween hypothalamic and olfactory structures by showing that
rexin and leptin act on olfactory sensitivity in a very similar
ay to that of fasting and satiety. This was done by pairing the
ehavioral paradigm based on conditioned olfactory aversion
COA) with icv injections of orexin and leptin in rats placed
nder a strictly controlled food-intake regimen.

. Materials and methods

.1. Animals

The experiments were carried out in accordance with the European Commu-
ity Council Directive of November 24, 1986 (86/609/EEC), for the care and use
f laboratory animals and every effort was made to minimize animal suffering
nd keep to a minimum the number of animals used. Experimental protocols
ere approved by the Comité d’Expérimentation Animale of the Université
laude Bernard, Lyon 1.

The orexin and leptin experiments were performed on two different groups
f 12 naive male Wistar rats. The rats (2 months old and weighing 220/240 g on
eceipt) were purchased from Charles River Laboratories (France). On arrival,
hey were housed individually in Plexiglas chambers at constant temperature
nd relative humidity (22 ± 0.5 ◦C and 50 ± 5%). All rats were kept under a
2 h light–12 h dark cycle and were weighted daily at 09:00 a.m.

.2. Surgery

The surgical procedures we used have been described in detail by Mistry et
l. [48]. Drugs were icv administered through cannula (Plastic One, 22-gauge
tainless steel guide) implanted in the left lateral cerebral ventricle. The correct
ositioning of the cannula was verified by an intense drinking response to an icv

njection of angiotensin II (100 ng; Sigma–Aldrich, France) after which the rats
ere allowed to recover for 7 days in their home cage with free access to food

nd water before the water-restriction pre-study phase began. During this period,
hey were handled daily and the dummy cannula inserted in the icv cannula was
arefully removed and replaced.
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.3. Drugs

Orexin A was purchased from Bachem AG (Switzerland) and leptin from
igma–Aldrich (France). The orexin was administrated at a dose of 10.7 �g/rat
3 nmol) and leptin at 30 or 90 ng/rat (18.75 and 56.25 pmol). The two drugs were
elivered in 3 �l of saline vehicle (NaCl 9‰) over 60 s. Neither the orexin [31]
or the leptin [45] injected at these doses were found to quantitatively change
he food intake.

.4. Behavioral protocol

.4.1. Common features of the experiments
The behavioral tests utilized in the two experiments were based on beverage

onsumption. One week prior to testing the rats were habituated to a 22 h/day
ater restriction schedule which continued throughout the experiments.

The behavioral tests were conducted in parallel in groups of four rats in
ndividual Plexiglas operant chambers (330 mm × 210 mm × 180 mm) details of
hich can be found elsewhere [1]. Two plastic tubes were mounted on opposite

ides of the flat ceiling of each chamber. Each tube was connected to a custom-
ade capacitance circuit which allowed the experimenter to measure the amount

f liquid consumed by the rat and to record its licks using a CED 1401 interface
CED, Cambridge) connected to a computer.

The behavioral experiments are schematically illustrated in Fig. 1A and B.
hey are based on conditioned olfactory aversion. Rats were first trained to drink

ap water in the operant chambers for 3 days (not shown). During the following
days, corresponding to COA establishment, the rats only had access to water

dorized with ISO at 10−5 (corresponding to 1 �l of ISO in 100 ml of water
t which dilution ISO is only perceived olfactorily) [62]. On the first day, the
soamyl acetate was paired with an intraperitoneal injection of LiCl (10 ml/kg
t 0.15 M) 15 min later to make the animals sick. Then only those which drank
ore than 0.5 ml of ISO during any of the subsequent 3 days were injected
ith LiCl. Once COA was established, the aversion was tested on day 0 (D0) of

ach experiment by giving the animals the choice between tap water and water
dorized with ISO 10−5. During the test period the rats were offered a choice
etween tap water and water odorized with ISO at different concentrations which
ere chosen according to the results of our preceding experiment [1]. Indeed,
sing the same test, we had shown that olfactory detection performances differed
ignificantly between physiologically fasted and satiated rats for ISO at 10−9

nd 10−8. The present concentration range used in orexin and leptin experiments
ncludes these values. At the end of the two experiments, 7 days later (D7), COA

−5
eptin (B) experiments. COA was tested on D0 (aversion test) and tested again
n D7 (aversion retest) where the rats had a choice between ISO 10−5 and tap
ater. In both experiments the test period ran from D1 to D6. The nature of the

cv injection and the ISO concentration are given for each day. Orexin (ORX)
as icv injected at 10.7 �g/rat and leptin (Lept) at either 30 or 90 ng/rat.
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Fig. 2. Schematic representation of the daily schedule of the orexin (A) and
leptin (B) experiments. For both experiments, the behavioral tests comprised
two sessions, S1 and S2. Orexin experiments were done on satiated rats, at
t
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he beginning of the light phase, the animals having ad libitum access to food.
eptin experiments were done in fasted rats at the beginning of the dark phase,

he animals having access to food for 2 h/day from 01:00 to 03:00 p.m.

at olfactory sensitivity for ISO was thus assessed using a forced-choice task,
nd not by using a simple choice task, since the thirsty rats were forced to smell
he odorized tube first. This procedure was chosen to avoid the possibility that
he rats, highly motivated by thirst, would go by chance to the pure water tube
rst, drink only water, and not sample the ISO tube.

.4.2. Specifics of the orexin experiment
The colony lighting was controlled according to a normal 12 h light–12 h

ark cycle with light being turned on at 09:00 a.m. (Fig. 2A). The rats had ad
ibitum access to food, so they were satiated at the beginning of the test, and
ad access to water only from 1:00 to 3:00 p.m. They were submitted to two
-min daily test sessions performed at 10:00 a.m. (S1) and 11:00 a.m. (S2). As
hown in Fig. 1A, the test schedule ran over 6 days (D1–D6). Each daily test
eriod started at 9:00 a.m. with an icv injection of saline (D1, D3 and D5) or
rexin (D2, D3 and D4). Then during the two 5-min daily test sessions, the rats
ere offered the choice between tap water and water odorized at different ISO

−9 −8 −7
oncentrations: ISO at 10 (D1–D2), 10 (D3–D4) and 10 (D5–D6).

.4.3. Specifics of the leptin experiment
The colony lighting was controlled according to an inverted 12 h light–12 h

ark cycle with light being turned off at 09:00 a.m. (Fig. 2B). The rats were
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able 1
hysiological and behavioral parameters measured in rats included in the orexin and

Orexin experiment

Saline Orexin

eight (g) 317.77 ± 5.9 318.88 ± 5.48
ean food intake (g) – –
ean fluid intake (ml) 7.82 ± 0.96 9.64*** ± 0.89
umber of side changes 5.04 ± 0.48 5.67 ± 0.45

or each measure, comparisons were made inside each experimental group, orexin a
rexin and leptin experiments as well as the mean food intake for the rat injected with
***P < 0.005). The numbers of side changes during the test did not significantly diff
Research 183 (2007) 123–129 125

abituated and kept on a 22 h food- and water-restriction schedule. As they had
ccess to food and water only from 01:00 to 03:00 p.m., they were fasted at the
eginning of the test. The detection test comprised two 5-min sessions: S1 at
0:00 a.m. and S2 at 11:00 a.m. As shown in Fig. 1B the test schedule ran over
days (D1–D6). Each daily test period started at 9:00 a.m. with an icv injection
f saline (D1 and D4) or leptin (30 ng on D2 and D5; 90 ng on D3 and D6).
hen during the two 5-min daily test sessions, the rats were offered the choice
etween tap water and water odorized at different ISO concentrations: ISO at
0−10 (D1–D3) and ISO at 10−9 (D4–D6).

.4.4. Data processing and statistical analysis
The raw data collected during each test session were the volumes of tap and

dorized water consumed by the rats and the sequences of licks recorded at each
ube by the detectors connected to the CED 1401 apparatus. The volumes were
tilized to calculate the proportion of odorized water consumed with respect to
he total beverage intake. The licking recording sequences were processed to
etermine the number of side (tube) changes during each session.

All statistical procedures were performed using SAS software. Vari-
ble distribution was first tested for normality using Shapiro–Wilk and
olmogorov–Smirnov tests. If the studied variable followed a normal distri-
ution, data analysis was performed using the ANOVA method. Otherwise,
he drugs’ effects on behavior or ISO intake were analyzed by using the
on-parametric Wilcoxon two-sample test. P-values < 0.05 were considered as
tatistically significant.

. Results

During the orexin and leptin experiments, several physio-
ogical and behavioral parameters were controlled (Table 1).
he weight of rats remains stable over the orexin and leptin
xperiments. Although orexin or leptin have not been reported
o change food intake at the utilized doses, food intake was

easured in the leptin experiments because, first the ani-
als were kept on a 22 h food-restriction schedule (versus an

d libitum regimen for orexin experiment) and second, their
estrained access to food occurred in the hours following the
ests (Fig. 2). In Table 1, it can be seen that food intake is
ot affected by leptin. The drinking behavior in the operant
hamber was analyzed, for drug versus saline, by comparing
he amounts of fluid consumed (tap water + odorized water). It
s shown that the orexin injections significantly increased the
iquid intake (P < 0.005). In contrast, no significant change was
bserved for leptin regardless of the dose injected. To evalu-
te whether the drugs changed the locomotor activity of the

ats inside the test apparatus, the numbers of side changes dur-
ng the sessions were compared. Neither leptin nor orexin were
ound to have a significant influence on the number of side
hanges.

leptin experiments

Leptin experiment

Saline Leptin 30 Leptin 90

291.58 ± 6.69 290.83 ± 7 293.12 ± 7.45
19.52 ± 0.98 21.28 ± 0.12 19.56 ± 1.09
6.10 ± 0.69 6.97 ± 0.62 6.14 ± 0.70
4.92 ± 0.32 5 ± 0.58 4.5 ± 0.47

nd leptin, between saline and drug injection. The weight remains stable over
leptin. The mean fluid intake is significantly increased in rats receiving orexin

er in any condition. ±: S.E.M.
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Fig. 3. Effect of orexin on ISO-drink consumption as a function of concentra-
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Fig. 5. Parallel between the physiologically induced and the drug-mimicked
feeding states: comparison of ISO-drink consumptions. The physiologically
satiated rats correspond to the control rats injected with saline during the
orexin experiment. The physiologically fasted rats correspond to the control rats
injected with saline during the leptin experiment. The physiologically fasted
and ORX rats consumed significantly less ISO-drink than the physiologically
satiated and Lept rats (P < 0.05). The physiologically fasted rats consumed less
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ions. The rats decreased their ISO consumption under orexin as compared to
aline, regardless of the concentration; this decrease was highly significant for
SO 10−9 (**P < 0.01).

In both experiments, COA establishment was checked on D0
y giving the rats the choice between ISO 10−5 and tap water
Fig. 1). In both groups of rats, COA was perfectly established
ince they consumed less than 0.5 ml of ISO 10−5 odorized
ater. COA was tested again at the end of each experiment on
7 when ISO intake was not found to significantly differ from

hat on D0, indicating that there was no COA attenuation.
In Fig. 3, the two curves give the proportion of ISO intake as

function of the concentration in the control (NaCl) and orexin
njected rats. The amounts consumed per rat in each test sessions
S1 and S2) were averaged. For 10−9, 10−8 and 10−7-odorized
ater, the two curves show a significantly higher consumption

han that observed for 10−5 (P < 0.005), and inversely propor-
ional to the ISO concentration. The curves show that the rats
ecreased their ISO consumption when under orexin compared
ith saline whatever the concentration, and that this decrease
as highly significant for ISO 10−9 (P < 0.01). Since it has been

hown that the ability of rats to manifest COA by avoiding ISO
s an appropriate index of their olfactory perception [1], these
esults indicate that orexin increases olfactory sensitivity in the
at similarly to physiological fasting.
The three curves in Fig. 4 give the proportion of odorized
uid intake as a function of ISO concentration after saline, leptin
0 ng or leptin 90 ng injections. In this experiment, the control
ats were physiologically fasted. Consequently whatever the ISO

ig. 4. Effect of leptin on ISO-drink consumption as a function of concen-
rations. Both doses of leptin increased the rat’s ISO-drink consumption at
0−10 (leptin 30 ng: **P < 0.005; leptin 90 ng: ***P < 0.0001); the highest dose
eflected a more potent effect.
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SO-drink than orexin fasted rats (*P < 0.05). The physiologically satiated rats
nd leptin rats did not consume significantly different amounts of the ISO-
dorized drink.

oncentration, their consumption of the ISO-drink was very low,
nd lower than that of the control rats in the orexin experiments
Fig. 3), which were physiologically satiated. This low initial
onsumption makes it all the more obvious that both doses of
eptin increased ISO-drink consumption at 10−10 (leptin 30 ng:
< 0.005; leptin 90 ng: P < 0.0001), the highest dose reflecting
more potent effect. These results indicate that leptin decreases
lfactory sensitivity similarly to physiological satiation [1], in a
ose dependant manner.

Because our experiments were based on the assumption that
rexin and leptin are two important agents linking the fasted
nd satiated states to olfactory perception, Fig. 5 focuses on
he parallel between the physiologically induced and the drug-

imicked feeding states. We expected that the physiologically
asted control rats (of the leptin experiment) and the ad libitum
ed rats injected with orexin would demonstrate similar ISO-
rink consumption. This was the case as in both experiments
he rats consumed significantly less ISO-drink than the satiated
nes, i.e. the physiologically satiated rats under saline (of the
rexin experiment) and the leptin satiated rats (P < 0.05). How-
ver, the physiologically fasted control rats consumed even less
SO-drink than did the orexin fasted rats (P < 0.05). Likewise,
he physiologically satiated control rats and the leptin satiated
ats were expected to consume similar proportions of ISO. Again
his proved to be true since the leptin rats (90 ng) and physiolog-
cally satiated rats consumed significantly more ISO-drink than
id the others although the relative amounts consumed were not
ignificantly different.

. Discussion
By studying the general drinking behavior of rats under drugs,
rexin was found to significantly increase the overall drink con-
umption. This confirms the previously reported results of Kunii
t al. [40]. Orexin is furthermore well known to influence loco-



Brain

m
S
o
t
o
i
t
a
o

e
c
c
t
p
t
f
i
s
o
T
f
O
w
I
m
b
t
e
e
G
o
s

s
p
p
i
c
t
s
t
v
v
[
r
I
s
I
i
c
d
t
T
s
o
t

t
f
o
i
O

a
i
f
m
o
o
l
t
t
b
n
g
a
a
a
o
p
m

i
a
n
f
i
i
t
t
w
d
o
h
h
a
a
c
s
p
p
l
o
c
t
s
a

c
a

A.K. Julliard et al. / Behavioural

otor activity and plays an important role in arousal [7,65].
imilarly, leptin has also been stated to exert a positive influence
n locomotor activity [10] and reported to normalize locomo-
ion in hypoactive ob/ob mice [51]. In our paradigm, neither
rexin nor leptin induced significant changes in locomotor activ-
ty as measured by the number of side changes. This allows us
o exclude that the effects of orexin and leptin on ISO-drink
voidance or intake are attributable, even in part, to their effect
n locomotor activity or arousal.

Using the same COA paradigm we showed in a previous
xperiment that fasted rats avoid ISO-drink at very low con-
entrations which are undetectable when rats are satiated and
oncluded that fasting increases olfactory sensitivity [1]. In order
o mimic fasting, orexin was administered during the early light
hase (at 09:00 a.m.) when its effect on feeding has been said
o be at a maximum [18,31]. Under these conditions, rats were
ound to avoid low concentrations of ISO, despite the global
nfluence of orexin which tends to increase the total drink con-
umption and orexin clearly appears to be able to modulate
lfactory perception in exactly the same direction as fasting does.
his supports the idea that orexin has an important role in the

asted status, at least regarding changes in olfactory perception.
rexin can be assumed to act directly at the level of the OB net-
ork where it is released by hypothalamic fibers [8,12,13,52,58].

n recent electrophysiological studies it was shown that orexin
odulates the electrophysiological activity of the OB network

oth in vitro [30] and in vivo [2] by acting on orexin receptors
ypes localized on different neuronal subpopulations [30]. Hardy
t al. [30] also reported that orexin could change mitral cell
xcitability to electrical shocks applied on the olfactory nerve.
iven the present results, we assume that the centrifugal action
f orexin might modulate the sensitivity of OB neurons to the
ensory input.

By inducing a dose dependant increase in ISO-drink con-
umption, and thus a decrease in ISO-drink avoidance, leptin
roduces an effect close to that of physiological satiation [1]. To
rove that leptin changes ISO-drink intake, we needed both to
ncrease the leptin dose and to decrease ISO concentrations (by
omparison with our preceding experiments [1]). Because lep-
in injections were done in physiologically fasted rats to mimic
atiation, leptin had to counteract the action of endogen pep-
ides including that of orexin which has been shown to have a
ery potent effect on olfactory performance, and which has a
ery high level during the dark period when animals are active
23,67]. As shown by the saline curve, the physiologically fasted
ats consumed little ISO-drink, even at the lowest concentration.
n these conditions, leptin had to counterbalance the high sen-
itivity accompanying the fasted state [1]. Leptin did this for
SO 10−10, thus significantly decreasing the olfactory sensitiv-
ty in the same direction as for physiological satiation. This is
onsistent with the finding that leptin injections in ob/ob mice
ecrease olfactory performance when food seeking, lowering
heir sensitivity to a level similar to that of wild-type mice [25].

he effect of leptin on olfactory performance is anatomically
upported by the fact that, along with the hypothalamus, the
lfactory system is also a major target for leptin, as leptin recep-
ors are strongly expressed in both the piriform cortex [6] and

i
n
t
t
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he OB [60]. Globally, our results point to an important role
or leptin in the satiated state at least regarding the changes in
lfactory perception. Further in vitro electrophysiological stud-
es are in progress to determine the precise action of leptin on
B neurons.
Our results are consistent with the conclusion that orexin

nd leptin probably modify processing in the olfactory bulb by
ncreasing or decreasing the olfactory detection power of rats
or a neutral odor. It is remarkable that their action appears to be
ore especially linked with low concentrations, with 10−9 for

rexin and 10−10 for leptin. Such a pharmacological action on
lfactory performance, linked with concentration of the stimu-
us has been already described by Pho et al. [53] who showed
hat intraperitoneal injections of rolipram impaired odor detec-
ion in mice specifically at low concentrations. In the olfactory
ulb, orexin has been experimentally demonstrated to act on the
etwork, by activating periglomerular and granular GABAer-
ic neurons or mitral cells [30]. Such an action may result in
modification in activation of the global network and thus the

ctivated glomerular map which depends on both odor quality
nd intensity [21]. Thus, it may be suggested that the action of
rexin or leptin could come into play at low levels of intensity,
robably by enhancing activation of the neuron network set in
otion at threshold concentrations of odorants.
The parallel made between the physiological and the drug-

nduced fasting and satiation reinforces the argument that orexin
nd leptin are important agents in the hypothalamic feeding
etwork/olfactory structure crosstalk. However physiological
asting appears to be more effective than orexin-induced “fast-
ng” in altering olfactory perception. This is probably due, even
n part, to the fact that the rats receiving orexin were fed ad libi-
um while the physiologically fasted rats were fed only during
he same 2-h period each day. The ad libitum fed rats therefore
ould have had different food intakes and probably had higher
egrees or at least different degrees of satiation. In addition,
rexin injections in ad libitum fed rats probably had to counteract
igh level of endogenous circulating leptin. Taken together, these
ypotheses probably account for the difference in ISO avoid-
nce and/or olfactory perception observed with physiological
nd orexin-induced fasting. Furthermore, physiological fasting
onsists in a far more complex chemical environment than does a
imple increase in orexin levels and the same remark is valid for
hysiological versus leptin-induced “satiety”. Indeed, numerous
eripheral and central chemical signals are involved in control-
ing the two feeding states and could also intervene to modulate
lfactory processing ([44], for a review). Thus, it is perfectly
onsistent that orexin and leptin influence the olfactory sensi-
ivity in a similar direction to that of physiological fasting and
atiety, but that they cannot be as potent as fasting and satiety
re.

The results lie within the scope of our experimental approach
oncerning the role of olfaction on feeding behavior [1–3,30]
nd enrich our previous data showing that olfactory sensitiv-

ty is modulated by the physiological feeding state [1]. We
ow have further insight into the signals underlying the interac-
ion between feeding state and olfactory sensitivity by showing
hat orexin and leptin are important agents in the hypothala-
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ic feeding network/olfactory pathway crosstalk. These results
pen important perspectives for evaluating the links between
he olfactory performance of some rat strains and their metabolic
pecificities leading to a tendency or not towards obesity and the
pecific links with their relative rates of orexin or leptin endogen
irculation. Such studies will provide important insights into the
nderstanding of the involvement of molecular signal deficit or
bundance in the development of pathophysiological metabolic
tates and their relationship with olfaction.
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