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a  b  s  t  r  a  c  t

This  study  aims  to examine  the  antidepressant-like  action  of Ghrelin  (Ghr),  a hormone  synthesized  pre-
dominantly  by  gastrointestinal  endocrine  cells  and  released  during  periods  of negative  energy  balance,  in
two behavioral  models:  tail suspension  test  (TST),  a predictive  model  of  antidepressant  activity,  and  the
olfactory  bulbectomy  (OB), an  established  animal  model  of depression.  The  reduction  in the  immobility
time  in  the  TST  was  the  parameter  used  to  assess  antidepressant-like  effect  of Ghr.  The  depressive-like
eywords:
hrelin
ail suspension test
lfactory bulbectomy
yperactivity

behavior  in  olfactory  bulbectomized  mice  was  inferred  through  the  increase  in  the immobility  time  in
the  TST  and  the  hyperlocomotor  activity  in the  open-field  test.  Ghr  produced  antidepressant-like  effect
in TST  (0.3  nmol/�l, i.c.v.),  and  reversed  OB-induced  depressive-like  behavior.  In  conclusion,  these  results
provide clear  evidence  that  an acute  administration  of ghrelin  produce  antidepressant-like  effect  in  the
TST  and  OB.
ntidepressant

. Introduction

Ghrelin (Ghr) is a hormone discovered based on its ability to
timulate growth hormone (GH) release by activating the GH sec-
etagogue receptor (GHSR1a). This receptor is found at highest
oncentrations in the pituitary and hypothalamus [12]. Ghrelin acts
rimarily at these sites stimulating GH release and food intake to
egulate energy homeostasis and body weight [23,43].  Abundant
xpression of GHSR1a in the hypothalamus highlights its important
ole in energy metabolism, nevertheless a high GHSR1a expression
s also found in extra-hypothalamic neuronal populations [10,51].

An increasing number of articles were published during the past
ecade showing advances in the knowledge about the hypothala-

ic  peptides that regulate feeding behavior. Recent work has begun

o draw connections between hypothalamic feeding peptides (i.e.
CH, NPY, CART, etc.) and depression. Many of them have been

Abbreviations: ANOVA, analysis of variance; Ghr, ghrelin; GH, growth hormone;
B,  olfactory bulbectomy; OFT, open field test; TST, tail suspension test.
∗ Corresponding author at: Cátedra de Fisiología Humana, Facultad de Ciencias
édicas, Universidad Nacional de Córdoba, Santa Rosa 1085-X5000ESU, Córdoba,

rgentina. Tel.: +54 351 4332019; fax: +54 351 4332019.
E-mail address: vcarlini@live.com.ar (V.P. Carlini).

196-9781/$ – see front matter © 2012 Elsevier Inc. All rights reserved.
ttp://dx.doi.org/10.1016/j.peptides.2012.03.031
© 2012  Elsevier  Inc.  All rights  reserved.

shown not only to regulate feeding but also alter reward mech-
anisms, which suggest that they could have effects on anhedonia
related symptoms and also have been implicated in depression and
anxiety-like behaviors [1]. Recent studies have suggested that key
metabolic signals such as Ghr may  interact with CNS circuits to
regulate reward and mood [15–17,48].  Lutter et al. [27] investi-
gated the potential role of Ghr in the development of depressive
symptoms induced by chronic stress in a model of restricted food
intake and have shown that Ghr is effective against depressive-like
symptoms induced by chronic stress, suggesting that this peptide
participates in the regulation of mood.

Depression is a disorder that is projected to become the second
biggest contributor to the global burden of disease and disabil-
ity for the year 2020 [34]. Several brain regions as limbic cortex,
hippocampus, amygdale, and anterior cingulated cortex are been
implicated in the pathophysiology of the depression. Recent neu-
roimaging studies have demonstrated selective structural changes
across various limbic and nonlimbic circuits in the brains of
depressed patients, and post-mortem morphometric studies have
revealed decreased neuron densities in several brain structures,

supporting the idea that major depression may  be related to impair-
ments of structural plasticity [9].  There is evidence that depression
can lead to reductions of the volume not only of the hippocampal
formation, but also of the amygdale [24,25].

dx.doi.org/10.1016/j.peptides.2012.03.031
http://www.sciencedirect.com/science/journal/01969781
http://www.elsevier.com/locate/peptides
mailto:vcarlini@live.com.ar
dx.doi.org/10.1016/j.peptides.2012.03.031
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The bilateral olfactory bulbectomy (OB) in rodents is an animal
odel that appears to fulfill many of the necessary criteria for a

epression model. There is an overlap between abnormalities in
nimals with OB and the changes observed in patients with major
epression, such as: hyperactive responses in a novel and stressful
nvironment [14,29,52],  increased aggressiveness [31,37] and poor
erformance in passive avoidance task [3].

The possible effects of Ghr on depressive-like symptoms and its
ole as an alternative therapeutic tool for the treatment of depres-
ion have not been clarified yet. Thus, this study aims, to examine
he antidepressant-like action of Ghr using the tail suspension test
TST, a test predictive of antidepressant activity), and to investigate
he possibility that Ghr could reverse some of the depressive-like
ehaviors induced by OB in female mice.

. Materials and methods

.1. Animals

Adult female mice (Albino Swiss-SWR/J (q)) with an initial body
eight of ∼=25 g were used in this study. The colony room was main-

ained under controlled temperature (20 ± 2 ◦C) and light (12 h
ight, 12 h dark), with access to water and food ad libitum.

All procedures performed were conducted in accordance to the
uidelines of the Institutional Committee of Laboratory Animal Care
nd Use, School of Medical Sciences, National University of Córdoba.
ifferent animals were used for each behavioral test.

.2. Drugs and treatment

Ghrelin (Neosystem, France) was dissolved in saline, divided
nto aliquots and kept at −20 ◦C until the day of the experiment.
he peptide was infused acutely into the lateral ventricle (i.c.v.)
5 min  before the tail suspension (TST) or open-field test (OFT).

.3. Experimental procedure

Two experiments were performed:
The first set of experiments were performed to analyze if an

cute i.c.v. administration of Ghr modifies the animals performance
n the TST and in the open-field test in relation to those infused

ith saline. The animals were cannulated and 7 days after recovery,
ice received different doses of Ghr (0.03, 0.3 and 3.0 nmol/�l)

r saline (control) 15 min  before the test in order to evaluate its
ntidepressant-like action.

The second set of experiments was performed in order to eval-
ate the possibility that Ghr could reverse some of the symptoms
f depression induced by OB. The animals were divided into two
roups:

a) Sham group (without OB): mice received the same surgery pro-
cedure that the bylbectomized animals, except that the olfactory
bulbs were not removed.

) Bulbectomized group (OB): animals were subjected to the
surgery procedure for ablation of the olfactory bulbs.

Both groups were treated i.c.v. with only infusion of saline
sham-vehicle and OB-vehicle), Ghr 0.3 nmol/�l  (sham-Ghr 0.3 and
B-Ghr 0.3) or Ghr 3.0 nmol/�l  (sham-Ghr 3.0 and OB-Ghr 3.0).
hese doses were selected from a dose-response curve carried out
n the first set of experiments.

For the surgery, the animals were anesthetized using a combi-

ation of 55 mg/kg ketamine HCl (Vetanarcol König: Laboratorios
önig S.A, Argentina) and 11 mg/kg xylazine (Kensol König: Labora-

orios König S.A, Argentina). After surgery, the animals were housed
n individual cages.
 35 (2012) 160–165 161

The occurrence of estrous cycle was  evaluated daily by vaginal
smears to females of all the experimental groups, between day 16
after OB surgery and the final of the treatment. All the behavioral
tests were conducted during the diestrus phase (approximately
seven days after i.c.v. surgery).

2.4. Olfactory bulbectomy surgery (OB)

Midsagittal incision was given on the skull and the skin was
retracted. The soft tissues overlying the skull were removed. The
landmarks of the skull, bregma and lambda, were identified and
the skull was  oriented such that both points were positioned in
horizontal level. After clearing the underlying fascia, a burr-hole
2 mm in diameter was  drilled through the skull 8 mm anterior to the
bregma and 2 mm to either side of the midline. While the olfactory
bulbs were removed by suction, care was taken to avoid the damage
to frontal cortex. Then the burr-holes were filled with haemostatic
sponge in order to control the bleeding. Sham-operated rats were
treated in the same way, but the olfactory bulbs were left undis-
turbed. Furthermore, the i.c.v. cannulation was performed as given
below.

2.5. Intracerebroventricular surgery

Thirsty days after OB surgery, mice were placed in a stereotaxic
apparatus and subjected to i.c.v. surgery. Cannulae were implanted
in a lateral ventricle using a steel guide cannula, according to the
methods described by [33]. The coordinates relative to bregma
were: anterior 0.2 mm,  lateral 1.0 mm and vertical 2.8 mm.  Can-
nulae were fixed to the skull surface with dental acrylic cement.
Seven days after surgery, animals were injected with ghrelin or
saline (control) using a 10 �l Hamilton syringe connected by Pe-
10 polyethylene tubing to a 30-gauge needle extending it 0.75 mm
beyond the guide cannula. Each infusion of 1 �l was  delivered over
a 1 min  period.

2.6. Tail suspension test (TST)

The TST has become one of the most widely used models for
assessing antidepressant-like activity in mice. The test is based
on the fact that animals subjected to the short-term, inescapable
stress of being suspended by their tail, will develop an immobile
posture. The total time of immobility induced by the test was mea-
sured according to the method described by Steru et al. [39] and
performed 15 min  after i.c.v. saline or Ghr administration. Briefly,
mice both acoustically and visually isolated were suspended 50 cm
above the floor with an adhesive tape placed at approximately
1 cm from the tip of the tail. Immobility time was recorded during
a 6 min  period. Mice were considered immobile only when they
hung passively and completely motionless. The immobility time
was recorded by an observer blind to the drug treatment [2,28].

2.7. Open-field test (OFT)

Mice were individually placed in a wood box
(40 cm × 60 cm × 50 cm)  with the floor of the arena divided
into 12 equal squares. The number of squares crossed with all
paws (crossing), was registered during a period of 6 min. The floor
of the open-field apparatus was  cleaned with ethanol 10% between
tests.

Animals were tested in the OFT on day 0, under basal conditions
(preoperative period) and day 14 after OB surgery (postoperative

period). Aproximatelly, on the day 37, after i.c.v. surgery in the
diestrus phase, the animals were again exposed to the open-field
test (post-treatment period); in order to assess the locomotor activ-
ity as previously described [28,35] (see Fig. 1). In this last evaluation
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OFT(post-treatment period)

OFT (ba sal condi tion ) OFT (postope rative pe riod )

5 or  7 days  recover y

15 min.

Day 0 1 14 30 TSTGhr infusion 16

yregruS .V.C.IyregruS BO in diestrous

phase

Estrous cycles was evaluated daily by  vaginal smears 

Fig. 1. Experimental protocol in the second set. The animals were divided into two  groups: without OB group (sham) and bulbectomized group (OB). Animals were tested in
the  open-field test (OFT) on day 0, under basal conditions (preoperative period) and day 14 after OB surgery (postoperative period). On the day 30, i.c.v. surgery was  carried.
A e open-field test (post-treatment period) 15 min  after of Ghr infusion and other group
w  16 and the final of the treatment, the occurrence of estrous cycle was evaluated daily by
v

t
I
i
e

2

h
h
v
a
m
s

2

m
r
w

m
t
c

3

3

3
i

0
3

i
(
a
e

m
(
0
(

S
al

in
e

G
hr 

0.
03

nm
ol/u

l

G
hr 

0.
3 

nm
ol/µ

l

G
hr 

3.
0 

nm
ol/µ

l

0

50

100

150

200

250

*

Im
m

o
b

il
it

y
 T

im
e
 (

s
e
c
)

Fig. 2. Effect of intracerebroventricular ghrelin (Ghr) on the immobility time in
the TST in mice. Saline: control animals infused with sterile saline solution. Mice
received different doses of Ghr (0.03, 0.3 and 3.0 nmol/�l) or saline (control) 15 min
before the test. Results are expressed as mean ± SEM. N = 7–12 animals in each group.
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fter  recovery, in the diestrus phase, one animals group were again exposed to th
ere  submitted to tail suspension test (TST) 15 min  after Ghr infusion. Between day

aginal smears to females of all the experimental groups.

he locomotor activity was recorded after 15 min  of Ghr infusion.
t is well known that in the OB model, the increased exploration
n an enclosed arena such as the open-field apparatus is one of the
arliest and most widely accepted index of behavior [20,45].

.8. Histology

After the behavioral test, mice were anesthetized with chloral
ydrate and subjected to a cardiac perfusion with paraformalde-
yde (4%) and their brains were removed. The OB lesions were
erified. Frontal sections were cut with a cryostat (Leica, Germany),
nd the injection size was localized. Only results obtained from ani-
als in which the tips of the cannulas were placed into i.c.v. and

howed complete ablations of olfactory bulbs were considered.

.9. Statistical analysis

In the first set of experiments results are given as the
ean ± SEM and were analyzed by one-way ANOVA (dose-

esponse curve). LSD test for post hoc comparison was  performed
hen appropriate.

In the second set of experiments, data are expressed as
ean ± SEM and evaluated with two-way ANOVA and LSD post hoc

est were applied. All p values ≤ 0.05 were considered as statisti-
ally significant.

. Results

.1. First set of experiments

.1.1. Effect of ghrelin on immobility time in the TST and activity
n the open-field test

In the TST, the immobility time was: saline: 192.14 ± 13.62; Ghr
.03 nmol/�l:  189.33 ± 8.25; Ghr 0.3 nmol/�l: 148.88 ± 11.89; Ghr
.0 nmol/�l:  174.75 ± 9.54; (n = 7–9).

Ghrelin 0.3 nmol/�l  significantly decreased the immobility time
n the TST as compared to the control group treated with saline
Fig. 2). The percentage of reduction in immobility time was
pproximately 22%. The One-way ANOVA revealed a significant
ffect of Ghr treatment in the TST (F (3, 28) = 3.15; p < 0.05).

Ghrelin administration did not cause any change in the loco-

otor activity of mice as compared to saline control group

Fig. 3) (saline: 64.29 ± 12.62; Ghr 0.03 nmol/�l: 67.80 ± 2.29; Ghr
.3 nmol/�l:  43.29 ± 7.76; Ghr 3.0 nmol/�l: 71.75 ± 8.27; n = 7–9),
F (3, 30) = 0.72; p > 0.05).

Fig. 3. Effect of intracerebroventricular ghrelin (Ghr) on the crossings number in the
open-field test in mice. Saline: control animals infused with sterile saline solution.
Mice received different doses of Ghr (0.03, 0.3 and 3.0 nmol/�l) or saline (control)
15 min  before the test. Results are expressed as mean ± SEM. N = 7–12 animals in
each group.
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Fig. 4. Effect of ghrelin (Ghr) on the immobility time in the TST in sham and OB mice.
Sham (without OB): mice received the same surgery procedure that the animals with
OB, except that the olfactory bulbs were not removed. OB: bulbectomized group:
Animals were subjected to the surgery procedure for ablation of the olfactory bulbs.
Results are expressed as mean ± SEM. N = 10 animals in each group. *Significant dif-
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Fig. 5. Effect of ghrelin (Ghr) on crossings number in the open-field test in sham
and OB mice. Sham (without OB): mice received the same surgery procedure that
the  animals with OB, except that the olfactory bulbs were not removed. OB:  bulbec-
tomized group: Animals were subjected to the surgery procedure for ablation of the
olfactory bulbs. Results are expressed as mean ± SEM. N = 10 animals in each group.
erences comparison with sham-saline animals, p ≤ 0.05. &Significant differences
omparison with OB-saline animals, p ≤ 0.05.

.2. Second set of experiments

.2.1. Effect of ghrelin on the immobility time in the TST in sham
nd OB mice

In this set of experiments we studied the effects of i.c.v. Ghr
dministration on the immobility time in OB and sham mice.
s shown in Fig. 4. OB animals treated with saline presented
n increase on immobility time as compared with sham ani-
als (p < 0.05). OB mice injected with Ghr 0.3 nmol/�l  exhibited

 decrease on immobility time (p ≤ 0.05) in relation to animals
dministered with saline (OB-saline), indicating that Ghr was able
o reverse the immobility response in OB mice.

Sham animals treated with Ghr 0.3 nmol/�l  showed significant
eductions with respect to the control animals on immobility time,
onfirming the evidence of the antidepressant-like effect of this
ompound (Fig. 4). The two-way ANOVA test revealed a signifi-
ant interaction between the Ghr treatment and condition (sham
nd OB) (F = 3.38, df = 2, p ≤ 0.05); a significant effect of the animals
ondition (F = 13.12, df = 1, p ≤ 0.05) and a significant effect of Ghr
dministration (F = 56.98, df = 2, p ≤ 0.05).

.2.2. Ghrelin effect on the OFT in animal models of depression
The Ghr effect on crossing behavior observed in the open-field

est in animal models of depression are shown in Fig. 5. As depicted
n Fig. 4, OB animals had significantly altered locomotion activity.
B showed a significant increase on the crossings in relation to
ontrol animals (sham-saline); however, Ghr (0.3 nmol/�l) admin-
stration significantly reduced the crossings behaviors (p ≤ 0.05).

The two-way ANOVA test revealed a significant interaction
etween Ghr treatment and condition (sham and OB) (F = 6.79,
f = 2, p ≤ 0.05); a significant effect of condition (F = 19.85, df = 1,

 ≤ 0.05) and a significant effect of Ghr administration (F = 19.75,
f = 2, p ≤ 0.05).

.2.3. OB effects on estrous cycles
Bulbectomized animals showed a significant decrease in the

umber of estrus cycles during the evaluation period (≈23 days)

2.16 ± 0.19 vs. 3.35 ± 0.13 estrus cycles) and in the length of the
strous cycles observed with respect to control animals (1.06 ± 0.11
s. 1.41 ± 0.11 days).
*Significant differences comparison with sham-saline animals, p ≤ 0.05. &Significant
differences comparison with OB-saline animals, p ≤ 0.05.

4. Discussion

In the present work, our results demonstrate that Ghr pro-
duced a significant antidepressant-like response in the TST and was
capable of reversing the hyperactivity induced by olfactory bulbec-
tomy. Taking into account that there are few studies that report
behavioral changes induced by OB in females and that depres-
sion is more prevalent in women than in men  [50], this study
was carried out in female mice. We provide the first evidence that
acute administration of Ghr induces an antidepressant-like effect
in an animal model of depression, as the olfactory bulbectomy
in female mice. Indeed, these data along with previous evidence
suggesting that neural circuits involving the prefrontal cortex, hip-
pocampus, amygdala, pallidum between other, are involved in the
pathophysiology of cognitive and emotional symptoms of depres-
sion and also the fact that various of these extra hypothalamic
structures present Ghr receptors seems suggest that probably neu-
ronal circuits of the above mentioned structures could be target
for the antidepressant-like response showed in this manuscript
[12,24,25].

It is well known that the bilateral destruction of the olfac-
tory bulbs results in behavioral, neurochemical, neuroendocrine,
neuroimmunologic and morphological changes, which are com-
patible and comparable with those observed in depressive patients
[38]. In general, changes induced by OB are measurable, replica-
ble and reversed only by chronic administration of antidepressants
including SSRIs (Selective Serotonin Reuptake Inhibitors) [19].
Noteworthy, a few studies in the literature have shown that the
acute administration of riluzole or zinc was able to produce a rapid
reversal of the hyperlocomotion activity induced by OB [32,40].  In
the present study, Ghr administered acutely produced reversal of
the hyperlocomotion induced by OB.

Since its introduction almost 20 years ago, the TST has become
one of the most widely used models for assessing antidepressant-
like activity in mice. The test is usually quite short, and the amount
of time that animals spend immobile is recorded either manually
or through an automated device [28,39].  Antidepressant treat-
ments decrease these immobility scores and it has been postulated
that immobility may  be analogous to the clinical observations
in depressed patients, which often lack sustained expenditure of
effort reflected in a pronounced psychomotor impairments [47].

Our results shown that OB mice exhibited an increased immobil-
ity time in relation to control animals (sham), an indicative of a
depressive-like behavior, and that Ghr 0.3 nmol/�l  reversed that
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mmobility and promoted the occurrence of escape-related behav-
or, suggesting an antidepressant effect of this peptide. In addition,
he acute administration of Ghr modified the performance of mice
ested in the TST also in non-bulbectomized animals.

Our results also showed that Ghr restored the performance of
ulbectomized adult female mice in the OFT. The locomotor hyper-
ctivity in an enclosed arena such as the open-field apparatus is
ne of the earliest and most widely accepted indices of depressive
ehavior in bulbectomized rats or and mice. Our results showed
hat OB increased the locomotor activity (crossings) in the open-
eld with respect to sham animals and that acute central Ghr
dministration in OB mice restores this performance. This is, as far
s we are aware of, the first report suggesting that Ghr reverses the
yperactivity induced by OB in mice. The hyperactivity observed in
pen-field environment is the most commonly assessed behavioral
hange in the OB model, a response which is attenuated following
hronic, but not acute antidepressant treatments [23,26].

The difference in the threshold dose to induce antidepressant-
ike effect in TST and OFT in sham animals could probably attributed
o the relative density of receptors in the brain structures involved
n each behavioral paradigm.

Our findings are in line with those reported by Lutter et al. [27] in
hich an increase in plasmatic Ghr levels induced by chronic food

estriction as well an sub-cutaneae injection of Ghr causes an anxy-
litic and antidepressant-like behavior in the elevated plus maze
est and in the forced swimming test, respectively. However, our
esults contrast with the conclusion of a recent study reported by
ansson and col., who demonstrated that chronic central Ghrelin

reatment to rats increases anxiety- and depression-like behavior
11].

Several lines of evidence have suggested that psychopatho-
ogical improvement of major depression is associated with a
ignificant decrease in plasma Ghr levels [8,36,42]; however, the
esults obtained in humans studies are inconsistent and some pub-
ications found no difference in plasma ghrelin levels in patients

ith major depressive disorders [8,22].  The discrepancy may  be due
o differences in the dose used and/or the administration chronicity.

With respect to the mechanism involved in the reversal of the
epression symptoms induced by Ghr, it is well known that olfac-
ory bulbectomy reduces the levels of neurotransmitters such as
erotonin [13,26,44] and noradrenaline, as well as enhances proin-
amatory cytokines that participates in the psychopathology of
epression [45]. On the other hand, it has been demonstrated that
xogenous Ghr modulates release of proinflammatory cytokines,
nhibiting the production of TNF-�, IL1�,  IL 6 and IL 8 in human
ndothelial cells, which could play key roles in the psychopathology
f depression [46]. In addition, decreased central monoaminergic
unction is an established hypothesis for the ethiopathogenesis
f depression [24]. It has been demonstrated that Ghr increases
oradrenergic transmission [5,7,18] that supports an antidepres-
ant action. Thus, considering the above mentioned findings we can
ypothesize that the Ghr effects reversing the symptoms of depres-
ion could probably be attributed to a decrease in proinflamatory
ytokines and/or enhancement of noradrenergic transmission.
evertheless, the results presented in this paper are preliminary to
orroborate this hypothesis and further studies must be performed.

In contrast, ghrelin’s suppressive effect on central release of
erotonin [4],  may  rather suggest a depressogenic effect such as
timulatory action on the hypothalamic–pituitary–adrenal (HPA)
xis [21,30,41].  The HPA axis hyperactivity is closely associated
ith depressive disorders [6].

In addition, our work also demonstrated that OB could mod-

fy the estrous cycles, reducing both the length and number of
ycles. This evidence is in accordance with a study by Whitten and
hamplin that olfactory bulbectomized mice presented a decreased
umber of cycles after the surgery procedure [49].

[
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In conclusion, the present study shows that OB mice exhibited
depressant-like behavior (hyperactivity and increased immobil-
ity time in TST) and that these parameters were reversed by the
acute treatment with ghrelin, indicating that this compound may
be effective for the treatment of depression.

Conflict of interest

The authors have not any potential conflicts of interest related
to this paper.

Acknowledgements

This work was  supported by grants from CONICET (Consejo
Nacional de Investigación Científica y Técnica), SECyT-UNC (Sec-
retaría de Ciencia y Técnica de la Universidad Nacional de Córdoba)
and the Swedish Research Council (VR, Medicine). The authors
thank Estela Salde (CONICET’s technician) for her assistance in ani-
mal  histology.

References

[1] Berton O, Nestler E. New approaches to antidepressant drug discovery: beyond
monoamines. J Nat Rev Neurosci 2006;7(2):137–51 [Review].

[2]  Binfaré RW,  Rosa AO, Lobato KR, Santos AR, Rodrigues AL. Ascorbic acid admin-
istration produces an antidepressant-like effect: evidence for the involvement
of  monoaminergic neurotransmission. Prog Neuropsychopharmacol Biol Psy-
chiatry 2009;33(3):530–40.

[3] Broekkamp CL, Garrigou D, L.Loyd KG. Serotonin-mimetic and antidepressant
drugs on passive avoidance learning by olfactory bulbectomised rats. Pharma-
col  Biochem Behav 1980;13:643–6.

[4] Brunetti L, Recinella L, Orlando G, Michelotto B, Di Nisio C, Vacca M.  Effects of
ghrelin and amylin on dopamine, norepinephrine and serotonin release in the
hypothalamus. Eur J Pharmacol 2002;454:189–92.

[5] Date Y, Shimbara T, Koda S, Toshinai K, Ida T, Murakami N, et al. Peripheral
ghrelin transmits orexigenic signals through the noradrenergic pathway from
the  hindbrain to the hypothalamus. Cell Metab 2006;4(4):323–31.

[6]  de Kloet ER, Sibug RM,  Helmerhorst FM,  Schmidt MV.  Stress, genes and the
mechanism of programming the brain for later life. Neurosci Biobehav Rev
2005;29(2):271–81.

[7]  Emanuel AJ, Ritter S. Hindbrain catecholamine neurons modulate the
growth hormone but not the feeding response to ghrelin. Endocrinology
2010;151(7):3237–46.

[8] Emul HM,  Serteser M,  Kurt E, Ozbulut O, Guler O, Gecici O. Ghrelin and leptin
levels in patients with obsessive-compulsive disorder. Prog Neuropsychophar-
macol 2007;31:1270–4.

[9] Fuchs E, Czeh B, Kole MH, Michaelis T, Lucassen PJ. Alterations of neuroplastic-
ity in depression: the hippocampus and beyond. Eur Neuropsychopharmacol
2004;14(5):S481–90.

10] Guan XM,  Yu H, Palyha OC, McKee KK, Feighner SD, Sirinathsinghji DJ, et al.
Distribution of mRNA encoding the growth hormone secretagogue receptor in
brain and peripheral tissues. Brain Res Mol  Brain Res 1997;48(1):23–9.

11] Hansson C, Haage D, Taube M,  Egecioglu E, Salomé N, Dickson SL. Central
administration of ghrelin alters emotional responses in rats: behavioural, elec-
trophysiological and molecular evidence. Neuroscience 2011;180:201–11.

12] Howard AD, Feighner SD, Cully DF, Arena JP, Liberator PA, Rosenblum CI, et al.
A  receptor in pituitary and hypothalamus that functions in growth hormone
release. Science 1996;273(5277):974–7.

13] Jancsar SM,  Leonard BE. Changes in neurotransmitter metabolism following
olfactory bulbectomy in the rat. Prog Neuropsychopharmacol Biol Psychiatry
1984;8:263–9.

14] Jancsár SM,  Leonard BE. The effect of (±)mianserin and its enantiomers on the
behavioural hyperactivity of the olfactory-bulbectomized rat. Neuropharma-
cology 1984;23(9):1065–70.

15] Jerlhag E, Egecioglu E, Dickson SL, Andersson M,  Svensson L, Engel JA. Ghrelin
stimulates locomotor activity and accumbal dopamine-overflow via central
cholinergic systems in mice: implications for its involvement in brain reward.
Addict Biol 2006;11:45–54.

16] Jerlhag E, Egecioglu E, Dickson SL, Douhan A, Svensson L, Engel JA. Ghrelin
administration into tegmental areas stimulates locomotor activity and
increases extracellular concentration of dopamine in the nucleus accumbens.
Addict Biol 2007;12:6–16.

17] Jerlhag E, Egecioglu E, Landgren S, Salome N, Heilig M,  Moechard D, et al.

Requirement of central ghrelin signaling for alcohol reward. Proc Natl Acad
Sci  USA 2009;106:11318–23.

18] Kawakami A, Okada N, Rokkaku K, Honda K, Ishibashi S, Onaka T. Leptin inhibits
and ghrelin augments hypothalamic noradrenaline release after stress. Stress
2008;11(5):363–9.



ptides

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

V.P. Carlini et al. / Pe

19]  Kelly JP, Wrynn AS, Leonard BE. The olfactory bulbectomized rat as a model of
depression: an update. Pharmacol Ther 1997;74(3):299–316 [Review].

20] Klein D, Brown TS. Exploratory behavior and spontaneous alternation in blind
and anosmic rats. J Comp Physiol Psychol 1969;68(1):107–10.

21] Kluge M,  Schüssler P, Steiger A. Duloxetine increases stage 3 sleep and sup-
presses rapid eye movement (REM) sleep in patients with major depression.
Eur Neuropsychopharmacol 2007;17(8):527–31.

22] Kluge M,  Schussler P, Schmid D, Uhr M,  Kleyer S, Yassouridis A, et al.
Ghrelin plasma levels are not altered in major depression. Neuropsychobiology
2009;59:199–204.

23] Kojima M,  Kangawa K. Ghrelin: structure and function. Physiol Rev
2005;85(2):495–522 [Review].

24] Krishnan V, Nestler EJ. The molecular neurobiology of depression. Nature
2008;455(7215):894–902 [Review].

25] Lorenzetti V, Allen NB, Fornito A, Yücel M.  Structural brain abnormalities in
major depressive disorder: a selective review of recent MRI  studies. J Affect
Disord 2009;117(1–2):1–17 [Review].

26] Lumia AR, Teicher MH,  Salchli F, Ayers E, Possidente B. Olfactory bulbectomy as
a  model for agitated hyposerotonergic depression. Brain Res 1992;587:181–5.

27] Lutter M,  Sakata I, Osborne-Lawrence S, Rovinsky SA, Anderson JG, Jung S,
et al. The orexigenic hormone ghrelin defends against depressive symptoms
of  chronic stress. Nat Neurosci 2008;11(7):752–3.

28] Machado DG, Kaster MP,  Binfaré RW,  Dias M,  Santos AR, Pizzolatti MG,  et al.
Antidepressant-like effect of the extract from leaves of Schinus molle L. in mice:
evidence for the involvement of the monoaminergic system. Prog Neuropsy-
chopharmacol Biol Psychiatry 2007;31(2):421–8.

29] Mar  A, Spreekmeester E, Rochford J. Fluoxetine-induced increases in open-field
habituation in the olfactory bulbectomized rat depend on test aversiveness but
not on anxiety. Pharmacol Biochem Behav 2002;73:703–12.

30] Mozid AM,  Tringali G, Forsling ML,  Hendricks MS,  Ajodha S, Edwards R,
et  al. Ghrelin is released from rat hypothalamic explants and stimulates
corticotrophin-releasing hormone and arginine-vasopressin. Horm Metab Res
2003;35(8):455–9.

31] Noguchi S, Inukai T, Kuno T, Tanaka C. The suppression of olfactory bulbectomy-
induced muricide by antidepressants and antihistamines via histamine H1
receptor blocking. Physiol Behav 1992;51:1123–7.

32] Nowak G, Szewczyk B, Wieronska JM,  Branski P, Palucha A, Pilc A, et al.
Antidepressant-like effects of acute and chronic treatment with zinc in
forced swim test and olfactory bulbectomy model in rats. Brain Res Bull
2003;61:159–64.

33] Paxinos G, Franklin KBJ. The mouse brain in stereotaxic coordinates. 2nd ed.
San Diego: Academic Press; 2003.

34] Pichot W,  Scantamburlo G, Pinto E, Ansseau M.  Recovering from depression: a
matter of objective and determination. Rev Med  Liege 2010;65:370–80.
35] Rodrigues AL, Rocha JB, Mello CF, Souza DO. Effect of perinatal lead exposure on
rat behaviour in open-field and two-way avoidance tasks. Pharmacol Toxicol
1996;79(3):150–6.

36] Schmid DA, Wichniak A, Uhr M,  Ising M,  Brunner H, Held K, et al. Changes
of  sleep architecture, spectral composition of sleep EEG, the nocturnal

[

 35 (2012) 160–165 165

secretion of cortisol, ACTH, GH, prolactin, melatonin, ghrelin, and leptin, and
the DEX-CRH test in depressed patients during treatment with mirtazapine.
Neuropsychopharmacology 2006;31:832–44.

37] Shibata S, Watanabe S, Liou SY, Ueki S. Effects of adrenergic blockers on
the inhibition of muricide by desipramine and noradrenaline injected into
the amygdala in olfactory bulbectomized rats. Pharmacol Biochem Behav
1983;18:203–7.

38] Song C, Leonard BE. The olfactory bulbectomised rat as a model of depression.
Neurosci Biobehav Rev 2005;29(4–5):627–47 [Review].

39] Steru L, Chermat R, Thierry B, Simon P. The tail suspension test: a new
method for screening antidepressants in mice. Psychopharmacology (Berl)
1985;85(3):367–70.

40] Takahashi K, Murasawa H, Yamaguchi K, Yamada M,  Nakatani A, Yoshida M,
et  al. Riluzole rapidly attenuates hyperemotional responses in olfactory bulbec-
tomized rats, an animal model of depression. Behav Brain Res 2011;216:46–52.

41] Takaya K, Ariyasu H, Kanamoto N, Iwakura H, Yoshimoto A, Harada M,
et al. Ghrelin strongly stimulates growth hormone release in humans. J Clin
Endocrinol Metab 2000;85(12):4908–11.

42] Treuer T. The potential role of ghrelin in the mechanism of sleep deprivation
therapy for depression. Sleep Med  Rev 2007;11:523–4, author reply 524-5.

43] Tschöp M,  Lahner H, Feldmeier H, Grasberger H,  Morrison KM,  Janssen OE,
et al. Effects of growth hormone replacement therapy on levels of corti-
sol  and cortisol-binding globulin in hypopituitary adults. Eur J Endocrinol
2000;143(6):769–73.

44] van der Stelt HM,  Breuer ME, Olivier B, Westenberg HG. Permanent deficits in
serotonergic functioning of olfactory bulbectomized rats: an in vivo microdial-
ysis study. Biol Psychiatry 2005;57:1061–7.

45] Van Riezen H, Leonard BE. Effects of psychotropic drugs on the behaviour
and  neurochemistry of olfactory bulbectomized rats. Pharmacol Ther
1990;47:21–34.

46] Waseem T, Duxbury M,  Ito H, Ashley SW,  Robinson MK.  Exogenous
ghrelin modulates release of pro- and anti-inflammatory cytokines in
LPS-stimulated macrophages through distinct signaling pathways. Surgery
2008;143(3):334–42.

47] Weingartner H, Silberman E. Models of cognitive impairment: cognitive
changes in depression. Psychopharmacol Bull 1982;18(2):27–42.

48] Wellman PJ, Hollas CN, Elliott AE. Systemic ghrelin sensitizes cocaine-induced
hyperlocomotion in rats. Regul Pept 2008;146:33–7.

49] Whitten WK,  Champlin AK. The role of olfaction in mammalian reproduction.
In:  Greep RO, editor. Handbook o f physiology, section 7: endocrinology. Amer-
ican Physiological Society; 1973, 2(1):109-23.

50] Wong ML,  Licinio J. Research and treatment approaches to depression. Nat Rev
Neurosci 2001;2(5):343–51 [Review].

51] Zigman JM,  Jones JE, Lee CE, Saper CB, Elmquist JK. Expression of ghrelin recep-

tor  mRNA in the rat and the mouse brain. J Comp Neurol 2006;494(3):528–48.
Erratum in: J Comp Neurol 2006; 499(4):690.

52] Zueger M,  Urani A, Chourbaji S, Zacher C, Roche M,  Harkin A, et al. Olfactory
bulbectomy in mice induces alterations in exploratory behavior. Neurosci Lett
2005;374:142–6.


	Acute ghrelin administration reverses depressive-like behavior induced by bilateral olfactory bulbectomy in mice
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Drugs and treatment
	2.3 Experimental procedure
	2.4 Olfactory bulbectomy surgery (OB)
	2.5 Intracerebroventricular surgery
	2.6 Tail suspension test (TST)
	2.7 Open-field test (OFT)
	2.8 Histology
	2.9 Statistical analysis

	3 Results
	3.1 First set of experiments
	3.1.1 Effect of ghrelin on immobility time in the TST and activity in the open-field test

	3.2 Second set of experiments
	3.2.1 Effect of ghrelin on the immobility time in the TST in sham and OB mice
	3.2.2 Ghrelin effect on the OFT in animal models of depression
	3.2.3 OB effects on estrous cycles


	4 Discussion
	Conflict of interest
	Acknowledgements
	References


