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Abstract: Evidence has shown that gastrin-releasing peptide receptor (GRPR) is involved in responses to stress and
anxiety. The primary role of GRPR is to stimulate corticotrophin-releasing hormone (CRH) or adrenocorticotropic hormone (ACTH) secretion. Thus, the mechanisms of GRPR signaling should be elucidated to discover novel therapeutic
targets for treating depression. This study aimed to investigate GRPR alterations in the C57 mouse hypothalamus
after the animals were subjected to stress and fluoxetine treatments. Specifically, we subjected the mice to isolation
and chronic unpredictable mild stress (CUMS) for three weeks to establish an experimental model of depression.
These mice were subsequently treated with fluoxetine for three weeks. Then, we performed the sucrose preference
test and the open field test and measured food intake and body weight to explore the effects of stress and fluoxetine
on activity and anhedonia. After fluoxetine treatment, we also assessed changes in the levels of GRPR expression
in the hypothalamus using immunohistochemistry, western blotting, and real-time quantitative PCR (RT-PCR). We
found that stressed mice showed significant reductions in locomotion, food intake/body weight, and sucrose preference; these reduced parameters indicated a state of anhedonia. Marked increases in mRNA and protein expression of GRPR in the hypothalamus of CUMS-exposed mice were also observed, although treatment with fluoxetine
reversed these stress-induced changes. Our results also demonstrated the feasibility and effectiveness of the C57
mouse model of depression established by CUMS and isolation. After fluoxetine treatment was administered, the
animals’ depression symptoms were alleviated, and these behavioral alterations were accompanied by specific
changes in mRNA and protein expression of GRPR in the hypothalamus. These results suggest that GRPR may be
implicated in depression; therefore, new therapeutic targets of depression focused on GRPR signaling should be
explored.
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Introduction
Depression, which is one of the most prevalent
mental disorders with high prevalence and
mortality, is expected to become the second
most common disease after coronary heart disease by 2020 [1-3]. Depression is characterized by several clinical symptoms, such as
chronic depressed mood, inability to experience pleasure, loss of interest in activities,
fatigue, feelings of worthlessness, and suicidal
tendencies [4, 5]. Although considerable improvements have been achieved in the treatment of depression using antidepressants, the

etiology of depression remains unclear [6].
Many of these antidepressants often produce
side effects, such as obesity, cognitive impairment, and sexual dysfunction. Therefore, novel
antidepressants with enhanced efficacy and
few adverse effects should be developed.
Gastrin-releasing peptide receptor (GRPR)
binds to gastrin-releasing peptide (GRP), which
belongs to the family of bombesin (BB)-like peptides that are highly expressed in the hypothalamus [7]. This high expression corresponds to
this peptide’s function in regulating hypothalamus-pituitary-adrenal (HPA) axis hormone secretion. Indeed, evidence has implicated the
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Figure 1. Experimental procedure. Mice in the ccontrol, CUMS + isolation +
NS, and CUMS + isolation + fluoxetine were tested (sucrose preference test,
food intake/body weight test, and open field test) at 0, 22, and 44 d and
sacrificed within 12 h of the last tests.

GRPR signaling pathway in central nervous system diseases, and the anatomical distribution
of GRPR is consistent with its proposed function in emotional and stress-related behaviors
[8, 9]. GRPR also participates as a molecular
key player in mental disorders [10]. The HPA
axis plays an important role in the pathogenesis of depression because stress has been
associated with the onset of depression [11].
Studies have shown that GRPR expression at
the hypothalamus and pituitary levels is involved in the multifactorial regulation of adrenocorticotropic hormone (ACTH) secretion [12].
Although GRPR participates in several psychiatric diseases, including dementia, schizophrenia, autism, and anxiety disorders [10], the
potential role for this receptor in the pathophysiology of depression remains unknown.
Chronic unpredictable mild stress (CUMS) has
been successfully used to establish a rat
depression model, and isolated male mice subjected to CUMS also show anxiety and depressive-like behaviors [13]. Therefore, we isolated
animals and subjected them to CUMS to produce a mouse model of depression. Furthermore, we explored the likely mechanisms for
the involvement of GRPR in depression by analyzing its expression levels in the hypothalamus
of mice subjected to CUMS.
Materials and methods
Animals
A total of 30 male C57 mice, weighing 14 g to
18 g, were used in this experiment. These C57
mice were obtained from the Center of
Experimental Animals of Wuhan University. All
of the mice were housed in plastic cages and
maintained under standard laboratory conditions (12 h/12 h light/dark cycle; 22 ± 2°C;
food and water ad libitum) for one week before
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the start of the experiment.
The experimental procedures
were conducted in accordance
with the guidelines for the care
and use of laboratory animals
issued by the Ministry of
Science and Technology of the
People’s Republic of China in
2006.
Fluoxetine treatment

Fluoxetine (Shanghai Jinhuan
Chemical Co., Ltd., China) was
immediately dissolved in normal sodium before
each use. Daily injections of fluoxetine (10 mg/
kg) [14-16] or saline vehicle were intraperitoneally administered to the C57 mice for three
weeks.
Experimental design
A total of 30 male C57 mice were randomly
divided into three groups: the CUMS + isolation
+ NS (normal saline) group (CNS group; n = 10);
the CUMS + isolation + fluoxetine group (CF
group; n = 10); and the control group (Ctrl
group; n = 10). We recorded the results of the
behavioral experiments, including the sucrose
preference test and open field test, and measured food intake and body weight. This experiment was performed before stress was induced
(0 d), after stress was induced (22 d), and after
fluoxetine was administered (44 d). The details
of the experimental procedures are shown in
Figure 1. These mice were individually subjected to stress induction, treatment injections,
and behavioral assessments.
CUMS
The majority of the stressors used to induce
CUMS were slightly modified from the procedures described in previous studies [13, 17-19].
The mice were subjected to the following mild
stressors for three weeks: housed in a cage
tilted at 45° for 24 h; exposed to damp sawdust for 24 h; maintained in an empty cage for
24 h; subjected to food deprivation for 24 h;
subjected to water deprivation for 24 h; tail
clamped for 3 min; immobilized in a 30-ml
syringe for 1 h; and exposed to alterations of
the light/dark cycle. Each mouse was individually exposed to these stressors and these
stressors were never presented simultaneously.
Am J Transl Res 2016;8(7):3097-3105
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Sucrose preference test
All of the mice were trained to consume 1%
sucrose solution. The training consisted of an
initial sucrose solution exposure for 24 h without another water source, followed by a consecutive 12 h with a bottle of 1% sucrose solution and a bottle of water [20]. Before each test
was performed, the mice were deprived of
water for 12 h (9 p.m. to 9 a.m.). The mice were
subsequently presented with a bottle of 1%
sucrose solution and a bottle of water for 24 h
(the positions of these bottles were exchanged
after 12 h). Sucrose intake and water intake
were measured by comparing the weights of
the bottle before and after the test window, as
described by Willner et al. (1987). Sucrose preference was calculated using the following equation: sucrose preference = sucrose intake/total
fluid intake.
Food intake/body weight test
The mice were deprived of food for 12 h (9 p.m.
to 9 a.m.) before each test. Then, these mice
were provided with food and water ad libitum
for 24 h. We compared the weights of food
before and after the test window and divided
the result by the animals’ corresponding body
weights.
Open field test
An open field test was performed, as previously
described, to determine the spontaneous activity of the mice [21]. In this test, each experimental mouse was placed at the center of a
rectangular cage (80 cm × 40 cm × 40 cm). The
mice were observed directly and continuously
using a video tracking system for 10 min
(Ethovision 3.0, Noldus, The Netherlands). The
locomotor activity (distance traveled) of the
mice was quantified using the video tracking
system. The apparatus was thoroughly cleaned
before the next animal test was performed.
Detecting GRPR in the paraventricular nucleus
of the hypothalamus (PVN) by immunohistochemical (IHC) staining
The mice were decapitated, and their hypothalamus was dissected. The tissue samples were
preserved in a 4% paraformaldehyde solution,
dehydrated, embedded in paraffin, and then
cut systematically into a series of 7-μm coronal
sections. Specifically, we chose the paraventricular nucleus of the hypothalamus (PVN) as
the targeting nucleus for our study because of
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our preliminary supportive results and its easily
recognized anatomical feature (adjacent to the
third ventricle). The paraffin-embedded sections were removed and subsequently immersed in distilled water. These sections were
washed in 0.1 M PBS, treated with 1% H2O2 for
20 min, and incubated using a blocking buffer
(5% normal goat serum) at room temperature
for 10 min. The sections with goat serum were
discarded and were incubated with an antiGRPR antibody (MBL, MC-830, 1:200 dilution)
at 4°C overnight. Then, the sections were incubated with a secondary antibody at room temperature for 15 min, washed three times with
0.1 M PBS, and stained with 3,3’-diaminobenzidine for 15 min without any light. These specimens were dehydrated, cleared, and mounted
with neutral gums. Positively stained images of
the PVN were analyzed using a light microscope. The reagents used for the entire process were obtained from UltraSensitive TMSPk (Fuzhou Maixin Company, China).
Western blot analysis of GRPR
Western blot analysis was performed as previously reported [22, 23] with slight modifications. The frozen tissue samples were thawed
and homogenized in 50 µl of RIPA lysate containing 50 mM Tris (pH 7.4), 150 mM NaCl, 1%
NP-40, and 0.5% sodium deoxycholate (Beyotime, P0013B). The homogenates were cleared by centrifugation (12,000×g, 30 min, 4°C),
and the supernatants were collected and
stored at -80°C. The protein concentration was
subsequently determined using a colorimetric
assay (BCA protein assay kit, Beyotime, P0010)
in accordance with the manufacturer’s protocol. The protein samples were separated at
100 V on 10% polyacrylamide gel electrophoresis for GRPR analyses. After electrophoresis
was performed, the proteins were transferred
onto polyvinylidene membranes (Millipore,
IPVH00010) using a transfer unit that was run
at 200 mA for 130 min. The membranes were
blocked using 5% non-fat dry milk with Trisbuffered saline containing Tween 20 (TBST) at
room temperature for 2 h. Then, these membranes were incubated with anti-GRPR antibody (MBL, MC-830, 1:200 dilution) at 4°C and
gently shaken overnight. These membranes
were washed in TBST buffer five to six times for
5 min each and then blocked with secondary
antibodies at room temperature for 2 h. GAPDH
was used as a loading control to analyze relative protein quality.
Am J Transl Res 2016;8(7):3097-3105

GRPR mediates antidepressant-like effect

Figure 2. A. Effects of CUMS and fluoxetine on
sucrose preference of mice. B. Food intake/body
weight test of mice. C. Total distance traveled by
mice in the open field test. Data are represented as
means ± S.D. *P < 0.05 (Multiple comparison between groups was performed using L-S-D method).

Measuring mRNA levels by real-time PCR
The C57 mice were euthanized by cervical dislocation. Their brains were rapidly removed,
snap-frozen, and stored at -80°C until use.
Total RNA was extracted from the hypothalamus and collected using TRIzol reagent (Invitrogen, 15596-018) containing DNase to remove potential genomic DNA contamination in
accordance with the manufacturer’s instructions. mRNA was reverse transcribed to cDNA
using a first-strand synthesis kit (Fermentas,
#K1622). A total of 20 μl of the RT reaction was
subjected to PCR amplification using the SYBR
Green/Fluorescein qPCR Master Mix (2×; Fermentas, #K0242) according to the supplier’s
manual. The primer pair sequences for β-actin
(5’-CACGATGGAGGGGCCGGACTCATC-3’ and 5’TAAAGACCTCTATGCCAACACAGT-3’) and GRPR
(5’-AGCTGACAGGTACAAAGCCATT-3’ and 5’-AGGGTGTAGCTCATTGGAGTGT-3’) were subjected to
the following amplification conditions: 1 cycle
of 50°C for 2 min, 95°C for 10 min and then 40
cycles of 95°C for 30 s and 60°C for 30 s.
β-actin was quantified and used as an internal
control for normalization. Fold differences in
mRNA levels from the control values were calculated using the cycle threshold values. PCRs
were run in triplicate for each brain sample; at
3100

least three independent sample pairs were
used for each statistical analysis.
Statistical analysis
All the analyses were carried out in individual
animals by using different statistical tests
according to the effect examined. Specifically,
for behavior experiment, the data were analyzed by 1-way analysis of variance. Conversely,
the effects of prolonged CUMS and pharmacological treatment were evaluated by 2-way analysis of variance, with stress (CUMS vs Ctrl) and
treatment (CF vs CNS) as independent factors.
Between-group comparisons were conducted
by analyzing the data using a post hoc method.
For graphic clarity, data are presented as means ± standard error of the mean (SEM). The
analyses were performed using SPSS (Statistical Package for the Social Sciences) 18.0 software. Statistical significance was set at P <
0.05.
Results
Sucrose preference tests, food intake/body
weight test and open field tests
Figure 2 shows the results for sucrose preference (Figure 2A), food intake/body weight
Am J Transl Res 2016;8(7):3097-3105
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Figure 3. Effects of stress and fluoxetine on
GRPR levels in PVN of mice. Images were
shown for GRPR immunostaining in PVN. (A) 1
for group C, 2 for group CSNS, 3 for CSF and
counting the number of cells of the images for
(B). Data are represented as means ± S.D. *P <
0.05 (Multiple comparison between groups was
performed using L-S-D method).

Figure 4. Effects of CUMS and fluoxetine
on GRPR levels in the hypothalamus of
mice. Representative western blot bands
(A) 1 and 2 for group C, 3 and 4 for CSNS,
5 and 6 for CSF) and densitometric analyses of the bands for (B). Data are represented as the means ± S.D. *P < 0.05
(Multiple comparison between groups
was performed using L-S-D method).

(Figure 2B), and total distance traveled (Figure
2C) among the three groups during the entire
experimental period. At the beginning of the
experiment, no significant difference was observed among the three groups.
At the end of the stress treatment, the CNS and
CF groups displayed significant reductions in
sucrose preference (mean ± SD; 0.81 ± 0.04
for the control group; 0.62 ± 0.05 for the CNS
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group; and 0.61 ± 0.04 for the CF group; F =
64.37, P < 0.05) (Figure 2A), food intake/body
weight (0.18 ± 0.01 for the control group; 0.15
± 0.01 for the CNS group; and 0.15 ± 0.01 for
the CF group; F = 24.54, P < 0.05) (Figure 2B),
and total distance traveled (8,695.64 ±
1,183.09 cm for control group; 3,482.55 ±
676.92 cm for the CNS group; and 3,288.82 ±
718.08 cm for the CF group; F = 118.91, P <
0.05) (Figure 2C). Compared with the control
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fluoxetine treatment was administered. The
GRPR expression of the CNS group significantly
increased compared with that of the control
group and the CF group (GRPR: 48.60 ± 9.10
for the control group, F = 15.63; 77.60 ± 7.20
for the CNS group, F = 0.75; and 53.40 ± 9.86
for the CF group, F = 30.51, P < 0.01).
GRPR protein expression

Figure 5. Effects of CUMS and fluoxetine on GRPR
levels in the hypothalamus of mice. mRNA levels of
GRPR determined by real-time PCR. Data are represented as means ± S.D. *P < 0.05 (Multiple comparison between groups was performed using L-S-D
method).

mice, the CNS and CF groups showed no significant differences.
After fluoxetine was administered for three
weeks, the CF group did not significantly differ
from the control group but did show significant
differences compared to the CNS group
(sucrose preference: 0.82 ± 0.04 for the control group; 0.63 ± 0.07 for the CNS group; and
0.79 ± 0.03 for the CF group; F = 39.29, P <
0.05; food intake/body weight: 0.18 ± 0.01 for
the control group; 0.13 ± 0.01 for the CNS
group; and 0.17 ± 0.01 for the CF group; F =
35.74, P < 0.05; total distance traveled:
8,656.60 ± 1,363.05 cm for the control group;
2,900.21 ± 859.79 cm for the CNS group; and
8,253.92 ± 877.90 cm for the CF group; F =
91.99, P < 0.05).
The reductions in sucrose consumption and
food intake indicated that the C57 mice
exposed to stress decreased their responsiveness to rewarding stimuli. Moreover, the reduction in total distance traveled showed that the
mice were less active. However, treatment with
fluoxetine for three weeks could reverse these
stress-induced changes.
IHC staining
We observed significant GRPR expression in
the PVN, periventricular nucleus (PEV) and ventromedial hypothalamic nucleus (VMH). We
selected the PVN as the targeting area because
of its significantly up-regulated GRPR expression and easily recognizable anatomical features (adjacent to the third ventricle). Figure 3
shows the GRPR expression in the PVN of the
three groups after stress was induced and
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Figure 4 shows GRPR protein expression in the
three groups. The GRPR level of the CNS group
significantly increased compared with that of
the control group and the CF group (GRPR: 1.00
± 0.13 for the control group, F = 42.11; 1.87 ±
0.15 for the CNS group, F = 4.72; and 1.28 ±
0.09 for the CF group, F = 23.41, P < 0.05).
GRPR mRNA expression
We also analyzed the mRNA expression of
GRPR in the hypothalamus by RT-PCR after
CUMS was induced and fluoxetine treatment
was administered. The RT-PCR results revealed
that the mRNA expression of GRPR in the hypothalamus of the control group did not significantly differ from that in the CF group but significantly differed from that in the CNS group
(1.03 ± 0.04 for the control group, F = 12.53;
1.35 ± 0.15 for the CNS group, F = 0.76; and
1.11 ± 0.01 for the CF group, F = 6.65, P <
0.05) (Figure 5).
Discussion
In this study, three-week exposure to CUMS
and isolation was used to establish a classical
model of depression in mice. The results
showed that fluoxetine treatment (10 mg/kg)
could reverse the decreased activity of the
mice in the open field test and increase sucrose
preference and food intake/body weight. Chronic fluoxetine treatment could also restore the
stress-induced increase in GRPR expression.
These results provide additional insights into
the potential value of targeting GRPR signaling
in patients suffering from depression.
CUMS is one of the most validated rodent models used to study depression because of its
etiological characteristics and predictive validity [18, 19, 24]. The locomotor activity in the
open field test corresponds to certain aspects
of explorative behavior in new environments
[25]. This investigation demonstrated that
stress significantly reduced the distance traveled by the mice in the open field test, which
indicated that stressed mice were less active.
Am J Transl Res 2016;8(7):3097-3105
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Moreover, the food intake/body weight of the
mice in the CUMS group was lower than that in
the control group. This decreased food intake/
body weight in the stressed mice in our study
suggested that stress induced depression.
Studies on the CUMS paradigm have also used
a reduction in sucrose intake as a measure of
anhedonia and technique efficacy [26]. The
index in our sucrose preference test represented anhedonia-like behavior, which is a major
symptom of depression in humans [15].
Thus, behavioral defects, including stressinduced decreased activity and waned interest,
indicate several depressive-like symptoms in
humans. We found that stress-induced changes in mice could be normalized by chronically
administering fluoxetine (10 mg/kg).
These behavioral changes associated with
depression may be accompanied by alterations
in GRPR expression in the hypothalamus. Our
experiments showed a remarkable increase in
the mRNA and protein expression of GRPR in
the hypothalamus of stress-exposed mice.
However, after these mice were treated with
fluoxetine for three weeks, the mRNA and protein expression of GRPR in the hypothalamus
was restored to values that were not significantly different from those in the control group.
GRP was first extracted from a European frog
by Anastasi in 1971. GRP is a small regulatory
peptide exhibiting homology to BB [27]. GRP is
also widely distributed in the central nervous
system [28], and the BB family of peptides has
been recognized as stress peptides. Merali et
al. [29] found that mice exhibiting depression
show an increase in GRP, and this result is consistent with the outcome of our study. Furthermore, systemic administration or specific intraventricular injection of GRPR agonists was
shown to produce endocrine and behavioral
changes similar to stress-induced changes,
and GRPR antagonists could reverse these
effects [30].
Stress evokes a plethora of physiological and
behavioral responses that can impair the prevention and restoration of homeostasis [3133]. Physiological stress responses involve the
activation of two interrelated systems: the sympathetic nervous system and the HPA axis [34,
35]. Studies have suggested that GRP induces
corticosterone release by binding to GRPR; this
release occurs by stimulating ACTH secretion
[36]. Moreover, previous studies on molecular
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biology have suggested that GRP can regulate
5-serotonin and dopamine concentrations in
the central nervous system [37, 38]. The results
of our study further support GRPR-mediated
chronic stress-induced depression. However,
the role of the GRPR signaling pathway in the
treatment of depression should be investigated
in further studies.
The established C57 mouse model of depression induced by CUMS and isolation was reliable and stable, although additional research
should be conducted using a larger sample
size. In fact, our future studies will utilize GRPR
knockout and conditional knockout mice to
fully understand the precise role of GRPR in
depression. The results of such studies will further facilitate the diagnosis and treatment of
patients with depression.
Acknowledgements
This research was supported by grants from
the National Natural Science Foundation of
China (30971040, 81271496, 81201058,
81401117), Key Projects in the National
Science & Technology Pillar Program during the
Twelfth Five-year of China (2012BAI01B00).
Disclosure of conflict of interest
None.
Address correspondence to: Zhongchun Liu, Department of Psychiatry, Renmin Hospital, Wuhan
University, Jiefang Road 238#, Wuhan 430060, P. R.
China. Tel: 86-88041911-81399; Fax: 86-2788072022; E-mail: zcliu6@whu.edu.cn

References
[1]

[2]

[3]

[4]

Kessler RC, Berglund P, Demler O, Jin R, Koretz
D, Merikangas KR, Rush AJ, Walters EE and
Wang PS. The epidemiology of major depressive disorder: results from the National Comorbidity Survey Replication (NCS-R). JAMA 2003;
289: 3095-3105.
Phillips MR, Yang G, Zhang Y, Wang L, Ji H and
Zhou M. Risk factors for suicide in China: a national case-control psychological autopsy
study. Lancet 2002; 360: 1728-1736.
Kessler RC, Merikangas KR and Wang PS.
Prevalence, comorbidity, and service utilization for mood disorders in the United States at
the beginning of the twenty-first century. Annu
Rev Clin Psychol 2007; 3: 137-158.
Percaccio CR, Engineer ND, Pruette AL, Pandya
PK, Moucha R, Rathbun DL and Kilgard MP.
Environmental enrichment increases paired-

Am J Transl Res 2016;8(7):3097-3105

GRPR mediates antidepressant-like effect

[5]

[6]

[7]

[8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]

3104

pulse depression in rat auditory cortex. J Neurophysiol 2005; 94: 3590-3600.
Strauman TJ, Vieth AZ, Merrill KA, Kolden GG,
Woods TE, Klein MH, Papadakis AA, Schneider
KL and Kwapil L. Self-system therapy as an intervention for self-regulatory dysfunction in depression: a randomized comparison with cognitive therapy. J Consult Clin Psychol 2006; 74:
367-376.
Nestler EJ, Gould E, Manji H, Buncan M, Duman RS, Greshenfeld HK, Hen R, Koester S,
Lederhendler I, Meaney M, Robbins T, Winsky
L and Zalcman S. Preclinical models: status of
basic research in depression. Biol Psychiatry
2002; 52: 503-528.
Ladenheim EE, Jensen RT, Mantey SA and Moran TH. Distinct distributions of two bombesin
receptor subtypes in the rat central nervous
system. Brain Res 1992; 593: 168-178.
Luft T, Flores DG, Vianna MR, Schwartsmann
G, Roesler R and Izquierdo I. A role for hippocampal gastrin-releasing peptide receptors in
extinction of aversive memory. Neuroreport
2006; 17: 935-939.
Mountney C, Sillberg V, Kent P, Anisman H and
Merali Z. The role of gastrin-releasing peptide
on conditioned fear: differential cortical and
amygdaloid responses in the rat. Psychopharmacology (Berl) 2006; 189: 287-296.
Roesler R, Henriques JA and Schwartsmann G.
Gastrin-releasing peptide receptor as a molecular target for psychiatric and neurological disorders. CNS Neurol Disord Drug Targets 2006;
5: 197-204.
Post RM. Transduction of psychosocial stress
into the neurobiology of recurrent affective disorder. Am J Psychiatry 1992; 149: 999-1010.
Olsen L, Knigge U and Warberg J. Gastrin-releasing peptide stimulation of corticotropin secretion in male rats. Endocrinology 1992; 130:
2710-2716.
Ma XC, Jiang D, Jiang WH, Wang F, Jia M, Wu J,
Hashimoto K, Dang YH and Gao CG. Social
isolation-induced aggression potentiates anxiety and depressive-like behavior in male mice
subjected to unpredictable chronic mild stress.
PLoS One 2011; 6: e20955.
Grippo AJ, Beltz TG, Weiss RM and Johnson AK.
The effects of chronic fluoxetine treatment on
chronic mild stress-induced cardiovascular
changes and anhedonia. Biol Psychiatry 2006;
59: 309-316.
Willner P, Towell A, Sampson D, Sophokleous S
and Muscat R. Reduction of sucrose preference by chronic unpredictable mild stress, and
its restoration by a tricyclic antidepressant.
Psychopharmacology (Berl) 1987; 93: 358364.

[16] Surget A, Saxe M, Leman S, Ibarguen-Vargas Y,
Chalon S, Griebel G, Hen R and Belzung C.
Drug-dependent requirement of hippocampal
neurogenesis in a model of depression and of
antidepressant reversal. Biol Psychiatry 2008;
64: 293-301.
[17] Luo DD, An SC and Zhang X. Involvement of
hippocampal serotonin and neuropeptide Y in
depression induced by chronic unpredicted
mild stress. Brain Res Bull 2008; 77: 8-12.
[18] Willner P. Validity, reliability and utility of the
chronic mild stress model of depression: a 10year review and evaluation. Psychopharmacology (Berl) 1997; 134: 319-329.
[19] Muscat R, Papp M and Willner P. Reversal of
stress-induced anhedonia by the atypical antidepressants, fluoxetine and maprotiline. Psychopharmacology (Berl) 1992; 109: 433-438.
[20] Harro J, Haidkind R, Harro M, Modiri AR, Gillberg PG, Pahkla R, Matto V and Oreland L.
Chronic mild unpredictable stress after noradrenergic denervation: attenuation of behavioural and biochemical effects of DSP-4 treatment. Eur Neuropsychopharmacol 1999; 10:
5-16.
[21] Blokland A, Lieben C and Deutz NE. Anxiogenic
and depressive-like effects, but no cognitive
deficits, after repeated moderate tryptophan
depletion in the rat. J Psychopharmacol 2002;
16: 39-49.
[22] Bianchi M, Heidbreder C and Crespi F. Cytoskeletal changes in the hippocampus following
restraint stress: role of serotonin and microtubules. Synapse 2003; 49: 188-194.
[23] Bianchi M, Fone KF, Azmi N, Heidbreder CA,
Hagan JJ and Marsden CA. Isolation rearing induces recognition memory deficits accompanied by cytoskeletal alterations in rat hippocampus. Eur J Neurosci 2006; 24: 2894-2902.
[24] Gronli J, Bramham C, Murison R, Kanhema T,
Fiske E, Bjorvatn B, Ursin R and Portas CM.
Chronic mild stress inhibits BDNF protein expression and CREB activation in the dentate
gyrus but not in the hippocampus proper. Pharmacol Biochem Behav 2006; 85: 842-849.
[25] Katz RJ, Roth KA and Carroll BJ. Acute and
chronic stress effects on open field activity in
the rat: implications for a model of depression.
Neurosci Biobehav Rev 1981; 5: 247-251.
[26] D’Aquila P, Monleon S, Borsini F, Brain P and
Willner P. Anti-anhedonic actions of the novel
serotonergic agent flibanserin, a potential rapidly-acting antidepressant. Eur J Pharmacol
1997; 340: 121-132.
[27] Minamino N, Kangawa K and Matsuo H. Neuromedin B: a novel bombesin-like peptide identified in porcine spinal cord. Biochem Biophys
Res Commun 1983; 114: 541-548.

Am J Transl Res 2016;8(7):3097-3105

GRPR mediates antidepressant-like effect
[28] Dantas Ados S, Luft T, Henriques JA, Schwartsmann G and Roesler R. Opposite effects of low
and high doses of the gastrin-releasing peptide receptor antagonist RC-3095 on memory
consolidation in the hippocampus: possible
involvement of the GABAergic system. Peptides 2006; 27: 2307-2312.
[29] Merali Z, Hayley S, Kent P, McIntosh J, Bedard
T and Anisman H. Impact of repeated stressor
exposure on the release of corticotropin-releasing hormone, arginine-vasopressin and
bombesin-like peptides at the anterior pituitary. Behav Brain Res 2009; 198: 105-112.
[30] Merali Z, Kent P and Anisman H. Role of
bombesin-related peptides in the mediation or
integration of the stress response. Cell Mol
Life Sci 2002; 59: 272-287.
[31] Anisman H and Merali Z. Understanding stress:
characteristics and caveats. Alcohol Res
Health 1999; 23: 241-249.
[32] Sapolsky RM, Romero LM and Munck AU. How
do glucocorticoids influence stress responses? Integrating permissive, suppressive, stimulatory, and preparative actions. Endocr Rev
2000; 21: 55-89.
[33] Weninger SC, Dunn AJ, Muglia LJ, Dikkes P,
Miczek KA, Swiergiel AH, Berridge CW and Majzoub JA. Stress-induced behaviors require the
corticotropin-releasing hormone (CRH) receptor, but not CRH. Proc Natl Acad Sci U S A
1999; 96: 8283-8288.

3105

[34] Johnson EO, Kamilaris TC, Chrousos GP and
Gold PW. Mechanisms of stress: a dynamic
overview of hormonal and behavioral homeostasis. Neurosci Biobehav Rev 1992; 16: 115130.
[35] Kvetnansky R, Pacak K, Fukuhara K, Viskupic
E, Hiremagalur B, Nankova B, Goldstein DS,
Sabban EL and Kopin IJ. Sympathoadrenal system in stress. Interaction with the hypothalamic-pituitary-adrenocortical system. Ann N Y
Acad Sci 1995; 771: 131-158.
[36] Garrido MM, Martin S, Ambrosio E, Fuentes JA
and Manzanares J. Role of corticotropin-releasing hormone in gastrin-releasing peptidemediated regulation of corticotropin and corticosterone secretion in male rats. Neuroendocrinology 1998; 68: 116-122.
[37] Garrido MM, Fuentes JA and Manzanares J.
Gastrin-releasing peptide mediated regulation
of 5-HT neuronal activity in the hypothalamic
paraventricular nucleus under basal and restraint stress conditions. Life Sci 2002; 70:
2953-2966.
[38] Moody TW, O’Donohue TL and Jacobowitz DM.
Biochemical localization and characterization
of bombesin-like peptides in discrete regions
of rat brain. Peptides 1981; 2: 75-79.

Am J Transl Res 2016;8(7):3097-3105

