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Abstract
Geniposide as the major active component of Gardenia jasminoides Ellis has neuroprotective
activity. This study elucidated the potential antidepressant-like effect of geniposide and its
related mechanisms using a depression rat model induced by 3 consecutive weeks of chronic
unpredictable mild stress (CUMS). Sucrose preference test, open field test (OFT) and forced
swimming test (FST) were applied to evaluate the antidepressant effect of geniposide.
Adrenocorticotropic hormone (ACTH) and corticosterone (CORT) serum levels, adrenal gland
index and hypothalamic corticotrophin-releasing hormone (CRH) mRNA expression were
measured to assess the activity of hypothalamus–pituitary–adrenal (HPA) axis. Hypothalamic
glucocorticoid receptor α (GRα) mRNA expression and GRα protein expression in hypothalamic
paraventricular nucleus (PVN) were also determined by real-time PCR and immunohistochem-
istry, respectively. We found that geniposide (25, 50, 100 mg/kg) treatment reversed the CUMS-
induced behavioral abnormalities, as suggested by increased sucrose intake, improved crossing
and rearing behavior in OFT, shortened immobility and prolonged swimming time in FST.
Additionally, geniposide treatment normalized the CUMS-induced hyperactivity of HPA axis, as
evidenced by reduced CORT serum level, adrenal gland index and hypothalamic CRH mRNA
expression, with no significant effect on ACTH serum level. Moreover, geniposide treatment
upregulated the hypothalamic GRα mRNA level and GRα protein expression in PVN, suggesting
geniposide could recover the impaired GRα negative feedback on CRH expression and HPA axis.
These aforementioned therapeutic effects of geniposide were essentially similar to fluoxetine.
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Our results indicated that geniposide possessed potent antidepressant-like properties that may
be mediated by its effects on the HPA axis.
& 2015 Elsevier B.V. and ECNP. All rights reserved.
1. Introduction

Depression is a common and serious mental disorder char-
acterized by feelings of sadness. It is a major cause of
disability, and imposes a substantial health threat to the
modern society (Kessler, 2012). Although the pathogenic
process of depression development is very complex and still
elusive, the pathological role of chronic stress and the
consequent hyperactivity of the hypothalamus–pituitary–adre-
nal (HPA) axis have been verified in the pathogenesis and
neurobiology of depression (Swaab et al., 2005).

The hyperactive HPA axis in patients with depressive and
anxiety disorders, indicated by increased levels of cortisol
(corticosterone in rodents, CORT) (Holsboer, 2001), hypertro-
phy of pituitary and adrenal cortex (Modell et al., 1997) and
over-expressed hypothalamic corticotrophin-releasing hor-
mone (CRH) (Wang et al., 2008), has mostly been ascribed
to impaired feedback regulation of the HPA axis, possibly
caused by altered function of the glucocorticoid receptor (GR)
(Anacker et al., 2011). In turn, antidepressants ameliorate
many of the neurobiological disturbances in depression includ-
ing HPA axis hyperactivity, partly by restoring GR function, and
thereby alleviate depressive symptoms (Mason and Pariante,
2006). Similarly, the HPA axis in depressive animal models is
also modified by chronic stress and normalized by antidepres-
sants (Raone et al., 2007). These findings indicate that the
HPA axis and GR feedback may be an important target of
antidepressant action.

However, many current clinical antidepressants (mainly
aimed at modulating monoamine neurotransmission) have
only 60–70% effective response rates on patients (Rush et al.,
2006; Willner et al., 2013), and long-term medication always
causes significant side effects including cardiotoxicity, sexual
dysfunction and sleep disorder (Sarko, 2000). Therefore, it is
necessary to explore and develop more effective and reliable
new antidepressants. With advantages in terms of safety,
tolerability and patient compliance (Meeks et al., 2007),
herbal therapies currently have been introduced for the
treatment of depression and provide prospective alterna-
tive/complementary strategies (Thachil et al., 2007). Parti-
cularly, clinical trials revealed that compared with synthetic
antidepressants, the extract of St John’s wort (Hypericum
perforatum) had much lower incidence of adverse reaction
and its safety might be considered more favorable (Schulz,
2006; Woelk, 2000). The extracts and isolated compounds of
medicinal plants in drug discovery and development have
attracted increasing attentions of many scholars. In fact, in
China and other oriental countries, numerous plant-derived
compounds including peoniflorin, glycyrrhizin, rosmarinic
acid, and hypericin with apparent antidepressant effects
and high safety margins have become a novel pharmacother-
apy in the treatment of affective disorders (Zhang, 2004).
Geniposide, an iridoid glycoside compound, is the main
bioactive component of Gardenia jasminoides Ellis (called
Zhi-Zi in Chinese pharmacopoeias) and possesses diverse ben-
eficial biological and pharmacological activities, including anti-
oxidant, anti-inflammatory and anti-arthritic properties, with
little toxicity and adverse effects (Wang et al., 2014). Interest-
ingly, the medicinal plant Zhi-Zi is included in many traditional
medicine formulations such as “Yueju Wan” and “Zhi-Zi-Hou-Pu
Tang” for treatment of psychiatric illnesses including depres-
sion, anxiety and irritability (Wei et al., 2008; Yao et al., 2013).
The Zhi-Zi extraction and geniposide increased the social
interaction time of mice through an anxiolytic-like effect
(Toriizuka et al., 2005). Additionally, several recent studies
reported that geniposide could improve the ability of learning
and memory in Alzheimer-like rat model (Gao et al., 2014),
reduce amyloid β peptide-induced toxicity (Yin et al., 2012) and
promote neurite outgrowth (Liu et al., 2009), indicating the
neuroprotective effects of this compound. However, detailed
analysis on the antidepressant effect of geniposide and its
relationship with the HPA axis remains poorly understood.

The present study focused on the antidepressant effect of
geniposide using a classic depression rat model induced by
chronic unpredictable mild stress (CUMS) (Willner, 1997;
Willner et al., 1987), as evaluated by sucrose preference test,
open field test (OFT) and forced swim test (FST). Additionally,
adrenocorticotropic hormone (ACTH) and CORT serum levels,
adrenal gland index, hypothalamic CRH and GRα mRNA levels,
and GRα protein expression in the paraventricular nucleus
(PVN) were assessed to explore the regulatory effect of
geniposide on the HPA axis and its possible action mechanisms.

2. Experimental procedures

2.1. Drugs and reagents

Geniposide was isolated from Gardenia jasminoides Ellis and
provided by Prof. Wen-jian Tang (School of Pharmacy, Anhui Medical
University, Hefei, China), with a purity of 99% (HPLC). The structure
of geniposide was shown in Figure 1. Fluoxetine hydrochloride
(Prozac) as a positive control drug was obtained from Eli Lilly
Pharmaceuticals (Suzhou, China). ACTH and CORT enzyme-linked
immunosorbent assay (ELISA) kits were purchased from RapidBio
Lab (California, USA). GR antibody was obtained from Santa Cruz
Biotechnology (California, USA). All PCR primers were produced by
Sangon Biotech Company (Shanghai, China).

2.2. Animals and drug administration

Sixty male Sprague-Dawley rats weighing 140–160 g were obtained
from the Experimental Animal Center of Anhui Medical University.
After 7-day acclimatization, rats were randomly divided into six
groups (10 rats per group): normal control group, CUMS group, three
geniposide-treated groups (25, 50, 100 mg/kg geniposide+CUMS)



Figure 1 The structure of geniposide (Chemical formula:
C17H24O11; Molecular weight: 388.37).
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and the fluoxetine-treated group (10 mg/kg fluoxetine+CUMS). The
animals were housed in plastic cages under standardized conditions
of temperature (20–22 1C) and humidity (50–60%) with a 12 h light–
dark cycle (lights on at 7:00 AM). The study and all protocols were
approved by the Ethic Committee and the Animal Experimental
Committee of Anhui Medical University, which complied with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publications No. 8023, revised 1978).
Geniposide and fluoxetine were suspended in 0.5% sodium carbox-
ymethylcellulose (CMC-Na) at certain concentrations before use.
Rats in drug-treated groups were intragastric administrated with
geniposide or fluoxetine in a volume of 10 ml/kg, once a day from
day 8 to day 21 after CUMS exposure. Rats in normal control and
CUMS groups received an equivalent volume of 0.5% CMC-Na
solution. The detailed schedule of the experimental protocol is
shown in Figure 2.

2.3. Chronic unpredictable mild stress procedure

The CUMS procedure was performed according to the references
(Chen et al., 2009; Willner et al., 1987) with minor modifications.
The normal control group of rats were housed together (5 rats per
cage, cage size: 55 cm� 40 cm� 20 cm) with free access to food
and water, while the CUMS and drug-treated groups of rats were
housed singly (1 rat per cage, cage size: 29 cm� 18 cm� 16 cm) and
exposed to the following stressors: (1) 24 h of food and water
deprivation; (2) 24 h of cage tilting (301); (3) 30 min of warm swim
at 30 1C; (4) 5 min of cold swim at 8 1C; (5) 1 min of tail pinch (1 cm
from the tip of the tail); (6) 24 h of soiled bedding (200 ml water in
a cage); (7) 24 h of social crowding (25 rats per cage, cage size:
76 cm� 55 cm� 22 cm). These stressors were performed between
09:00 h and 12:00 h (except 24 h of stressors) once daily in a
randomized order for 3 consecutive weeks, and each stressor
represented 3 times within 21 days.

2.4. Behavioral tests

Behavioral tests were performed in the order listed in Figure 2, i.e.,
sucrose preference test on day 22 and 23, open field test on day 25
and forced swim test on day 27 and 28. Only one test was performed
each day and approximately 24 h elapsed between tests. The
behavioral tests were carried out between 09:00 h and 14:00 h,
with matching between the groups. All behavioral scoring was
performed by a trained observer unaware of the animal treatment.

2.4.1. Sucrose preference test
The sucrose preference test was used to measure anhedonia and
performed according to references (Willner et al., 1987) with minor
modifications. Briefly, all rats were firstly trained to consume
sucrose solution for 24 h: two bottles of 2% (w/v) sucrose solution
were placed in each cage. After a 12-h period of food and water
deprivation, all rats were given free access to two bottles contain-
ing 100 ml of 2% sucrose solution and 100 ml of tap water,
respectively, for 3 h. Then the consumption volumes of sucrose
solution and water were recorded. The sucrose preference (%) of
each rat was calculated as the proportion of sucrose solution from
the total liquid ingested.

2.4.2. Open field test (OFT)
To assess the possible effects of geniposide on locomotor and
exploratory behavior, rats were submitted to the open-field para-
digm as previously described (Cai et al., 2010; Ramos and Mormede,
1998). The test was performed under bright ambient room light.
The open field apparatus consisted of four-sided black wooden box
(96 cm� 96 cm� 50 cm). The floor was divided into 16 equal
squares by white lines (6 mm), and the four central squares were
defined as the center area. The rats were placed individually into
the center area and left free to explore the unfamiliar arena for
5 min. The number of total squares crossed, rearing and grooming
were manually recorded during this period. This apparatus was
cleaned and dried after occupancy by each rat.

2.4.3. Forced swim test (FST)
The FSTwas conducted as previously described (Detke et al., 1995;
Porsolt et al., 1977) except for slight modifications. The transparent
glass vessel for FSTwas 60 cm in height and 25 cm in diameter, filled
with 30 cm of water (maintained at 24–25 1C), so that rats could not
support themselves by touching the bottom with their paws or tail.
The FST paradigm includes 2 sections: an initial 15-min pre-test
followed by a 5-min test 24 h later. After each session, the rats were
removed from the cylinders, dried with towels and placed into
heated cages for 15 min, and then returned to their home cages.
Test sessions were videotaped for later scoring. Rats were con-
sidered to be immobile when they did not make any active
movements. Swimming was considered when rats make active
swimming or circular movements. Struggling was recorded when
rats make active movements with their forepaws in and out of the
water along the side of the swim chamber.

2.5. Measurement of ACTH and corticosterone (CORT)
serum concentrations

Twenty-four hours after the FST, rats were euthanized with chloral
hydrate, and blood samples were collected in heparin-coated tubes,
immediately chilled on ice and centrifuged at 4 1C. Serum was stored at
�20 1C for measuring ACTH and CORT serum concentrations using
commercially available ELISA kits. The samples and standards were all
run in duplicates and the data were then averaged.

2.6. Measurement of adrenal gland index

The adrenal glands of rats were immediately removed and weighed
post mortem. The index of adrenal gland was expressed as the
percentage (%) of adrenal glands wet weight (mg) to body weight
(g) of each rat.

2.7. Expressions of CRH and GRα mRNA in
hypothalamus

Whole brains were immediately collected post mortem. Five brains in
each group were randomly selected to collect hypothalamus with the
following limits: anterior border of the optic chiasm, anterior border of
the mamillary bodies, and lateral hypothalamic sulci (Yasin et al.,
1993). Tissues were quickly frozen in liquid nitrogen and preserved at



Figure 2 Detailed schedule of the experimental design. CUMS, chronic unpredictable mild stress; ACTH, adrenocorticotropic
hormone; CORT, corticosterone; CRH, corticotrophin-releasing hormone; GRα, glucocorticoid receptor α; IHC, immunohistochem-
istry; PVN, paraventricular nucleus.
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�80 1C. Total RNA was extracted from the hypothalamus using Trizol
method according to the protocol (Invitrogen, CA, USA). cDNA were
synthesized by a RevertAid First Strand cDNA Synthesis Kit (Thermo
Scientific, PA, USA). Quantitative PCR (Q-PCR) was performed using
SYBR Green PCR Kit (Applied Biosystems, USA) and an ABI Prism 7000
Sequence Detector system in 25 μl volume for 40 cycles: 15 s at 95 1C;
60 s at 64 1C (CRH) or 60 1C (GRα). The following primers sequences for
target genes were used: CRH, 50-CAGAACAACAGTGCGGGCTCA-30 and 50-
AAGGCAGACAGGGCGACAGAG-30; GRα, 50-GTGAAATGGGCAAAGGCGAT-30
and 50-ATCTCCAACCCAGGGCAAAT-30; β-actin, 50-TTGCTGACAGGATGCA-
GAA-30 and 50-ACCAATCCACACAGAGTACTT-30. The 2-ΔΔCt method was
used to determine relative amount of mRNA, and the result from each
sample was normalized against that of the β-actin. The relative
amplification efficiencies of the primers were tested and shown to be
similar.
2.8. Expression of GRα protein in the hypothalamic PVN

Another five whole brains in each group were fixed in 4% paraformal-
dehyde at 4 1C for 24 h, then blocked and embedded in paraffin.
Immunohistochemical staining of GRα was performed in every eighth
section taken along the rostrocaudal axis throughout PVN according to
standard procedures. The sections were hydrated, rinsed and
microwave-treated in 0.05 M citrate-buffered saline. Sections were
treated with 3% hydrogen peroxide for 10 min at room temperature
followed by incubated in 5% goat serum (15 min, 37 1C). Subsequently,
sections were incubated overnight at 4 1C with primary antibody against
GRα (1:100; Santa Cruz Biotechnology, CA, USA). Sections were
incubated with biotinylated goat-anti-rabbit secondary antibodies
(1:200; Vector Laboratories, CA, USA) and avidin-biotin horseradish
peroxidase complex (1:200; Vector Laboratories) for 30 min at 37 1C,
respectively. Sections were visualized with diaminobenzidine for
10 min, dehydrated, hyalinized in xylene and mounted with neutral
gum. Photographs were collected using a computerized Nikon 80i light
microscope equipped with a Canon Digital camera (PowerShot S40). The
number of GRα-immunoreactive cells within the PVN was counted
bilaterally at 200�magnifications by an investigator unknown the
experimental groups and the total number of GRα-immunoreactive
cells throughout the PVN for each rat was semi-quantitatively estimated
as described previously (Bao et al., 2005).
2.9. Statistical analysis

Statistical analysis was performed by SPSS 11.5 software for Windows.
All results were expressed as mean7standard error of the mean (SEM)
and po0.05 was considered to be statistically significant. The statistical
analysis between groups was carried out by one-way analysis of variance
(ANOVA) followed by least significant difference (LSD) post hoc test.
3. Results

3.1. Geniposide treatment attenuated CUMS-
induced depression-like behaviors in rats

In sucrose preference test (Figure 3A), one-way ANOVA showed
significant differences in sucrose preference among animal
groups [F(5,54)=12.188, po0.001]. Subsequent group com-
parisons performed by LSD post hoc analysis revealed that the
sucrose preference in CUMS group was significantly lower than
that in normal control group. Treatment with geniposide (50,
100 mg/kg) or fluoxetine (10 mg/kg) increased the percentage
of sucrose consumption compared with CUMS group.

Figure 3B presents the effects of geniposide on the OFT in
CUMS rats. One-way ANOVA results showed significant differ-
ences between animal groups in the number of crossing [F
(5,54)=4.876, po0.01] and the number of rearing [F(5,54)
=5.338, po0.001]. Rats in CUMS group showed a significant
decrease in the numbers of crossing and rearing compared with
normal control group. The reduced crossing numbers was
significantly reversed by 2 weeks treatment with geniposide
(50 mg/kg) or fluoxetine (10 mg/kg) in CUMS rats. Geniposide
(100 mg/kg) or fluoxetine (10 mg/kg) treatment apparently
increased the rearing frequency. However, there were no
significant differences in the numbers of grooming among all
groups [F(5,54)=0.250, p=0.938]. In addition, in order to rule
out any interference of locomotion in the interpretation of
behavioral results, the effect of geniposide on normal rats was
assessed in the open-field paradigm. Geniposide oral adminis-
tration at doses of 25, 50 and 100 mg/kg for 2 weeks did not
alter the numbers of crossing, rearing and grooming of the non-
stressed rats in the OFT (data shown in the Supplement).

In FST (Figure 3C), one-way ANOVA showed significant
differences among various groups in the immobility time [F
(5,54)=10.363, po0.001] and the swimming time [F(5,54)
=5.683, po0.001]. LSD post hoc analysis revealed that CUMS
rats exhibited the visible increased immobility time and
decreased swimming time than normal control rats. Genipo-
side, at doses of 25, 50 and 100 mg/kg, led to a dose-
dependent reduction in the immobility time compared with
CUMS group. Additionally, geniposide (100 mg/kg) produced a
significant increase in the swimming time compared with
CUMS group. As a positive control drug, similar therapeutic
effects were found in fluoxetine-treated group. There were no
significant statistical differences among all groups with regard
to the struggling time [F(5,54)=0.684, p=0.638].



Figure 3 Effects of geniposide on CUMS-induced depression-
like behaviors in rats. (A) Sucrose consumption percentage (%)
in sucrose preference test; (B) number of total squares crossed,
rearing and grooming in open field test (OFT). (C) Time of
immobility, swimming, and struggling in forced swim test (FST).
Data are mean7SEM (n=10). ##po0.01 compared with the
normal control group. npo0.05, nnpo0.01 compared with the
CUMS model group. CUMS, chronic unpredictable mild stress.
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3.2. Geniposide treatment attenuated CUMS-
induced hyperactivity of HPA axis in rats

As shown in Figure 4, there were significant differences among
various animal groups in ACTH serum level [F(5,54)=6.598,
po0.001], CORT serum level [F(5,54)=11.070, po0.001], adre-
nal gland index [F(5,54)=2.501, po0.05] and hypothalamic CRH
mRNA level [F(5,24)=4.629, po0.01]. The results of group
comparisons revealed that 3 weeks of CUMS resulted in
significant increases of ACTH and CORT serum levels compared
with normal control rats (Figure 4A and B). Fluoxetine treatment
on CUMS rats reversed the elevated ACTH serum level con-
trasted to CUMS group, while geniposide showed no statistical
significance, although had a down tendency (Figure 4A). Genipo-
side (50, 100 mg/kg) or fluoxetine treatment significantly
reduced the CORT serum level of CUMS rats (Figure 4B). In
addition, geniposide (100 mg/kg) or fluoxetine treatment
remarkably decreased the adrenal gland index (%), which was
significantly higher in CUMS rats than that in normal control rats
(Figure 4C). Moreover, the elevated hypothalamic CRH mRNA
level in CUMS rats was dose-dependently restored by geniposide
(25, 50, 100 mg/kg) treatment (Figure 4D).

3.3. Geniposide treatment increased the
hypothalamic GRα mRNA level and GRα protein
expression in the hypothalamic PVN of CUMS rats

The Q-PCR results revealed that 3 weeks of CUMS caused a
significant decrease of GRα mRNA level in the hypothalamus
compared with normal control rats, but the reduced level was
recovered by geniposide or fluoxetine treatment, and the dose
of geniposide (100 mg/kg) or fluoxetine showed statistical
significance contrasted to CUMS group [F(5,24)=4.647,
po0.01] (Figure 5A). Representative photomicrographs of
GRα protein immunostaining in the hypothalamic PVN from
different groups were listed in Figure 5B–G. GRα-
immunoreactive neurons in the hypothalamic PVN were visible
fewer in CUMS rats (Figure 5C) than those in normal control
rats (Figure 5B), indicating that GR protein expression in the
PVN may be down-regulated with CUMS induction. In contrast,
relative more GRα-immunoreactive cells were observed in the
hypothalamic PVN from geniposide or fluoxetine-treated
groups (Figure 5D–G). Consistent with Q-PCR findings, results
of semi-quantitative evaluation also indicated that the GRα-
immunoreactive cell number in hypothalamic PVN from CUMS
rats was significantly reduced than that from normal control
rats, and geniposide (25, 50, 100 mg/kg) treatment increased
the number of GRα-immunoreactive cells in a dose dependent
manner compared with CUMS group [F(5,24)=19.983,
po0.001] (Figure 5H).

4. Discussion

In this study, we demonstrated that geniposide showed appar-
ent antidepressant-like effects on CUMS-induced depressive
rats, as indicated by increased sucrose preference, improved
locomotor and exploratory activity in OFT, decreased immobi-
lity and increased swimming time in FST. These behavioral data
were similar to the classic antidepressant fluoxetine. In addi-
tion, geniposide treatment on CUMS rats reduced serum CORT
level, adrenal gland index and hypothalamic CRH mRNA
expression, suggesting that geniposide could attenuate the
hyperactivity of the HPA axis in CUMS rats, which was partly
mediated by increasing the hypothalamic GRα mRNA level and
GRα-immunoreactive cell numbers in the PVN.

Considering that drugs enhancing locomotor activity may
cause false positive behavioral results, we performed OFT in
normal rats to check this aspect (data shown in Supplement).



Figure 4 Effects of geniposide on the HPA axis in CUMS-induced depressive rats. (A) Serum ACTH concentration with ELISA assay;
(B) serum CORT concentration with ELISA assay; (C) adrenal gland index (%) expressed as the ratio of adrenal gland weight (mg) to
body weight (g). (D) CRH mRNA expression in the hypothalamus, detected by real-time Q-PCR. Data are mean7SEM (A–C: n=10;
D: n=5). ##po0.01 compared with the normal control group. npo0.05, nnpo0.01 compared with the CUMS model group. ACTH,
adrenocorticotropic hormone; CORT, corticosterone; CRH, corticotrophin-releasing hormone; CUMS, chronic unpredictable mild
stress.
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Geniposide treatment at doses of 25, 50 and 100 mg/kg did
not affect ambulatory or rearing behavior in the non-stressed
rats in the open-field paradigm, suggesting that the increased
locomotion in the OFT and decreased immobility in the FST
elicited by geniposide in CUMS rats cannot be attributable to a
psychostimulant action of this compound.

In CUMS procedure, animals are exposed to chronic and
continuous low-grade stressors analogous to those associated
with human depression. CUMS-induced animals show a lot of
ethological symptoms and neurobiological abnormalities,
which are similar to those exhibited in depressed patients
(Willner, 1997). Therefore, CUMS-induced depressive animal
model has good validity and reliable predictability to evalu-
ate the potential antidepressants using classic behavioral
tests such as sucrose preference test, OFT and FST (Willner
et al., 2013). Herein, rats with 3 consecutive weeks of CUMS
exhibited the behavioral deficits, which were symptoms of
most human depressive states, including decreased sucrose
preference, reduced crossing and rearing activity in OFT,
prolonged immobility time in FST. These behavioral changes
of CUMS rats suggested that this model of depression was
successfully established.
The sucrose preference test represents the anhedonia-like
behavioral change and is a behavioral paradigm detecting
antidepressant effects in CUMS-induced model of depression
(Papp and Willner, 1991). Anhedonia, a central feature of
human major depression, is defined as a decrease in respon-
siveness to rewards as reflected by a reduced consumption of
sucrose solutions. We found that 2 weeks of geniposide
treatment by daily gavage on CUMS rats could reverse the
decreased sucrose preference, indicating an affirmative anti-
anhedonia effect of geniposide on the CUMS rats. The OFT is
widely used to assess locomotor and exploratory behavior in
experimental animals (Ramos and Mormede, 1998). In the OFT,
the CUMS rats exhibited decreased crossing and rearing
frequency, indicating reduced spontaneous locomotion and
exploration in these animals. Geniposide administration
showed an apparent ameliorative effect on locomotor and
exploratory behavior including crossing and rearing frequency
of CUMS rats. The FST, described originally by Porsolt et al.
(1977) and modified by Detke et al. (1995), is a classical
behavioral model in rodents for assessing pharmacological
antidepressant activity by measuring the persistence time
of immobility, swimming and struggling. In FST, the main



Figure 5 Effects of geniposide on the hypothalamic GRα mRNA level and GRα protein expression in the hypothalamic PVN of CUMS
rats. (A) GRα mRNA level in the hypothalamus. (B–G) Representative immunohistochemical images of GRα in the hypothalamic PVN
from different groups (100� ): (B) normal, (C) CUMS model, (D) geniposide 25 mg/kg, (E) geniposide 50 mg/kg, F) geniposide
100 mg/kg, (G) fluxetine 10 mg/kg. (H) Semi-quantitative evaluation of GRα-immunoreactive cell numbers in the hypothalamic PVN.
Data are mean7SEM (n=5). ##po0.01 compared with the normal control group. npo0.05, nnpo0.01 compared with the CUMS
model group. GRα, glucocorticoid receptor α; PVN, paraventricular nucleus; CUMS, chronic unpredictable mild stress.
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indication of the antidepressant-like effect of any given
compound is the marked reduction in immobility duration (Yi
et al., 2008). Herein, CUMS rats exhibited prolonged immobi-
lity time and geniposide treatment on CUMS rats produced a
dose-dependent reduction in the immobility time in FST.
Moreover, the evaluation of active behaviors (i.e., swimming
and struggling) gives additional information about the mechan-
ism of action that mediates antidepressant-like property: the
drugs that modulate serotonergic neurotransmission (e.g.,
fluoxetine) increase swimming behavior, while those that
modulate catecholaminergic neurotransmission (e.g., reboxe-
tine) increase struggling behavior (Cryan et al., 2005; Detke
et al., 1995). Like fluoxetine, here geniposide increased
swimming time and failed to affect struggling time in the
FST in CUMS rats, implying that geniposide might act through a
serotonergic mechanism. This is relevant to the HPA-inhibitory
effects of geniposide (discussed below).

The HPA axis is the key neuroendocrine system involved in
regulation of the ‘flight, fight, fright’ response to stressful
stimuli (Swaab et al., 2005). Although it should be acknowl-
edged that many depressed patients did not show evidence
of HPA hyperactivity, the HPA axis dysfunction has been
closely implicated in the pathogenesis of depression
(Holsboer and Barden, 1996). In the present study, the
CUMS rats showed hyperactivity of the HPA axis accompa-
nied by behavioral deficits in contrast to the normal rats, as
evidenced by increased serum levels of ACTH and CORT,
adrenal gland index and hypothalamic CRH gene expression.
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Our findings indicated that geniposide or fluoxetine treat-
ment on CUMS rats could reverse the elevated changes of
the HPA axis, i.e., the reduction of CORT serum level,
adrenal gland index and hypothalamic CRH mRNA expres-
sion, suggesting the antidepressant-like effects of genipo-
side through normalizing of the aberrant HPA axis function
in CUMS rats. In addition, there are functional interactions
between the HPA axis and the serotonergic system. Hyper-
activity of HPA axis (e.g., elevation of CRH and hypersecre-
tion of cortisol) resulted in hyporesponsivity of hippoca-
mpal 5-hydroxytryptamine (5-HT) to stress in rat brain
(Damjanoska et al., 2003; Pitchot et al., 2001). Endogenous
CRH modulated 5-HT transmission in animal models of
depression (Price et al., 2002). Fluoxetine, an antidepres-
sant of the selective serotonin reuptake inhibitor class, was
found to decrease the hypothalamic CRH mRNA levels as
well as CORT serum concentration in CUMS rats (Damjanoska
et al., 2003). The increased swimming time in the FST we
observed here indicated that geniposide may influence the
central serotonergic system via its regulation of the HPA
axis. However, the detailed actions and mechanisms of
geniposide in the serotonergic system require further
investigation.

As the central driving force, CRH neurons in the hypotha-
lamic PVN regulate the HPA axis and are closely involved in
depression pathogenesis (Herman et al., 2005). In this
process, GR (that is, the functional subtype GRα) mediates
the negative feedback of glucocorticoid on CRH expression
and HPA axis especially under stress (Myers et al., 2012).
Within the hypothalamus, strong GR-immunoreactivity was
seen in practically all CRH-immunoreactive neurons in the
PVN (Owen, 2002), and activated GR complexes transfered
into cell nucleus and repress CRH expression by binding to
the negative nGRE in CRH gene promoter (Malkoski and
Dorin, 1999). The direct inhibitory effect of corticosteroids
on CRH transcription is mostly mediated by GR in the
hypothalamic PVN, and thus regulates the whole state of
the HPA axis (Bali et al., 2008). Transgenic mice with
impaired GR function exhibited a hyperactive HPA axis and
desipramine treatment increased hypothalamic GR mRNA
expression and dexamethasone-binding activity accompa-
nied by decreased CORT and ACTH plasma levels (Pepin
et al., 1992). In patients with depression, decreased
expression and impaired function of GRα was also found in
the hypothalamic PVN (Bao et al., 2008). Many studies
showed that antidepressants exerted their action through
increasing the expression and protein levels of hypothalamic
GR and recovering impaired feedback inhibition of HPA axis
(Gomez-Lazaro et al., 2012). Traditional Chinese Medicine
“Xiang-Su-San”, which was used clinically in East Asia for
the treatment of depression-like symptoms, could reverse
the decreased GR expression in the hypothalamic PVN of a
depression mouse model induced by a combination of forced
swimming and chronic mild stresses (Ito et al., 2006). These
findings mentioned above indicated that GR might be a
pivot of depression and of antidepressant treatment.

In this study, we found that CUMS exposure caused a
down-regulated hypothalamic GRα mRNA expression and a
decreased number of GRα-immunoreactive cells in the
hypothalamic PVN, whereas chronic geniposide treatment
could restore the hypothalamic GRα mRNA level in a dose
dependent manner and increase the GRα-immunoreactive
cell number in the hypothalamic PVN. These results sug-
gested that the regulatory effects of geniposide on the
CUMS-induced aberrant HPA axis might be mediated, at
least in part, by the recovery of the impaired GRα negative
feedback function in the hypothalamus.

A limitation of the present study is that drug treatment
was simultaneous with stress exposure, which may lead to
inevitable anti-stress (or potentially, anxiolytic-like) action of
geniposide. Stressful conditions can precipitate anxiety and
depression. Symptoms of anxiety and depression commonly
co-occur, and high rates of comorbidity among anxiety and
depressive disorders are well-established (Kaufman and
Charney, 2000). In the present study, the CUMS rats displayed
typical depression-like behaviors including decreased sucrose
preference and increased immobility in the FST, and these
depression-like behaviors were significantly ameliorated by
treatment with both fluoxetine and geniposide, confirming
positive antidepressant effects of geniposide. On the other
hand, geniposide may also have potential anxiolytic-like
effect on CUMS rats. In rodents, anxiety and behavioral
habituation are often analysed in terms of exploratory
behavior, especially during exposure to an open field
(Brenes Saenz et al., 2006). Geniposide treatment signifi-
cantly increased the rearing frequency of CUMS rats in the
OFT, suggesting an anxiolytic effect. Consistently, the
research by Toriizuka et al. (2005) demonstrated that genipo-
side oral administration exerted an anxiolytic effect in mice
by increasing the total social interaction time. Thus, genipo-
side may possess antidepressant and potential anxiolytic-like
activities in CUMS rats.

In conclusion, the current study indicated that genipo-
side, the major active component of Gardenia jasminoides
Ellis, exhibited antidepressant-like properties on the CUMS-
induced depressive rats. This action of geniposide might be
mediated by its regulatory effect on the HPA axis, which is
partly due to the recovery of the impaired GRα negative
feedback function in hypothalamus. Further work is needed
to explore the detailed mechanisms of action underlying the
antidepressant effect of geniposide.

Role of funding source

This study was supported by National Natural Science Foundation of
China (81201052), Anhui Provincial Natural Science Foundation
(1208085QH149), Grants for Scientific Research of BSKY (XJ201104)
from Anhui Medical University and Program for the Outstanding Youth
Teachers of Anhui Medical University (2013025). The funding sources
had no further role in study design; in the collection, analysis and
interpretation of data; in the writing the report; and in the decision
to submit the paper for publication.

Conflict of interest

All authors declare that they have no conflicts of interest.

Contributors

Rong Li developed the original idea for the research and wrote parts
of the manuscript. Wen-jian Tang isolated and prepared geniposide
from Gardenia jasminoides Ellis. Gang Meng managed the literature
searches and designed the statistical analyses. Li Cai and Xiang-
yang Hu performed the gene expression experiments and wrote the



L. Cai et al.1340
first draft of the manuscript. Rong Li and Ting-ni Wu performed
animal model experiments and immunohistochemistry analysis. All
authors have read and approved the final manuscript.

Acknowledgements

We would like to thank Mr. Feng Yang and Dr. Jing-bo Shi for their
technical assistance.

Appendix A. Supporting information

Supplementary data associated with this article can be
found in the online version at http://dx.doi.org/10.1016/
j.euroneuro.2015.04.009.

References

Anacker, C., Zunszain, P.A., Carvalho, L.A., Pariante, C.M., 2011.
The glucocorticoid receptor: pivot of depression and of anti-
depressant treatment? Psychoneuroendocrinology 36, 415–425.

Bali, B., Ferenczi, S., Kovacs, K.J., 2008. Direct inhibitory effect of
glucocorticoids on corticotrophin-releasing hormone gene
expression in neurones of the paraventricular nucleus in rat
hypothalamic organotypic cultures. J. Neuroendocrinol. 20,
1045–1051.

Bao, A.M., Hestiantoro, A., Van Someren, E.J., Swaab, D.F., Zhou,
J.N., 2005. Colocalization of corticotropin-releasing hormone
and oestrogen receptor-alpha in the paraventricular nucleus of
the hypothalamus in mood disorders. Brain 128, 1301–1313.

Bao, A.M., Meynen, G., Swaab, D.F., 2008. The stress system in
depression and neurodegeneration: focus on the human
hypothalamus. Brain Res. Rev. 57, 531–553.

Brenes Saenz, J.C., Villagra, O.R., Fornaguera Trias, J., 2006.
Factor analysis of Forced Swimming test, Sucrose Preference
test and Open Field test on enriched, social and isolated reared
rats. Behav. Brain Res. 169, 57–65.

Cai, L., Yan, X.B., Chen, X.N., Meng, Q.Y., Zhou, J.N., 2010. Chronic
all-trans retinoic acid administration induced hyperactivity of
HPA axis and behavioral changes in young rats. Eur. Neuropsy-
chopharmacol. 20, 839–847.

Chen, X.N., Meng, Q.Y., Bao, A.M., Swaab, D.F., Wang, G.H., Zhou,
J.N., 2009. The involvement of retinoic acid receptor-alpha in
corticotropin-releasing hormone gene expression and affective
disorders. Biol. Psychiatry 66, 832–839.

Cryan, J.F., Valentino, R.J., Lucki, I., 2005. Assessing substrates
underlying the behavioral effects of antidepressants using the
modified rat forced swimming test. Neurosci. Biobehav. Rev. 29,
547–569.

Damjanoska, K.J., Van de Kar, L.D., Kindel, G.H., Zhang, Y.,
D’Souza, D.N., Garcia, F., Battaglia, G., Muma, N.A., 2003.
Chronic fluoxetine differentially affects 5-hydroxytryptamine
(2A) receptor signaling in frontal cortex, oxytocin- and
corticotropin-releasing factor-containing neurons in rat para-
ventricular nucleus. J. Pharmacol. Exp. Ther. 306, 563–571.

Detke, M.J., Rickels, M., Lucki, I., 1995. Active behaviors in the rat
forced swimming test differentially produced by serotonergic
and noradrenergic antidepressants. Psychopharmacology (Berl)
121, 66–72.

Gao, C., Liu, Y., Jiang, Y., Ding, J., Li, L., 2014. Geniposide
ameliorates learning memory deficits, reduces tau phosphoryla-
tion and decreases apoptosis via GSK3beta pathway in
streptozotocin-induced Alzheimer rat model. Brain Pathol. 24,
261–269.

Gomez-Lazaro, E., Garmendia, L., Beitia, G., Perez-Tejada, J.,
Azpiroz, A., Arregi, A., 2012. Effects of a putative
antidepressant with a rapid onset of action in defeated mice
with different coping strategies. Prog. Neuropsychopharmacol.
Biol. Psychiatry 38, 317–327.

Herman, J.P., Ostrander, M.M., Mueller, N.K., Figueiredo, H., 2005.
Limbic system mechanisms of stress regulation: hypothalamo–
pituitary–adrenocortical axis. Prog. Neuropsychopharmacol.
Biol. Psychiatry 29, 1201–1213.

Holsboer, F., 2001. Stress, hypercortisolism and corticosteroid
receptors in depression: implications for therapy. J. Affect.
Disord. 62, 77–91.

Holsboer, F., Barden, N., 1996. Antidepressants and hypothalamic–
pituitary–adrenocortical regulation. Endocr. Rev. 17, 187–205.

Ito, N., Nagai, T., Yabe, T., Nunome, S., Hanawa, T., Yamada, H.,
2006. Antidepressant-like activity of a Kampo (Japanese herbal)
medicine, Koso-san (Xiang-Su-San), and its mode of action via
the hypothalamic–pituitary–adrenal axis. Phytomedicine 13,
658–667.

Kaufman, J., Charney, D., 2000. Comorbidity of mood and anxiety
disorders. Depress. Anxiety 12 (Suppl 1), 69–76.

Kessler, R.C., 2012. The costs of depression. Psychiatr. Clin. North
Am. 35, 1–14.

Liu, J.H., Yin, F., Guo, L.X., Deng, X.H., Hu, Y.H., 2009. Neuropro-
tection of geniposide against hydrogen peroxide induced PC12
cells injury: involvement of PI3 kinase signal pathway. Acta.
Pharmacol. Sin. 30, 159–165.

Malkoski, S.P., Dorin, R.I., 1999. Composite glucocorticoid regula-
tion at a functionally defined negative glucocorticoid response
element of the human corticotropin-releasing hormone gene.
Mol. Endocrinol. 13, 1629–1644.

Mason, B.L., Pariante, C.M., 2006. The effects of antidepressants on
the hypothalamic–pituitary–adrenal axis. Drug News Perspect.
19, 603–608.

Meeks, T.W., Wetherell, J.L., Irwin, M.R., Redwine, L.S., Jeste, D.V.,
2007. Complementary and alternative treatments for late-life
depression, anxiety, and sleep disturbance: a review of rando-
mized controlled trials. J. Clin. Psychiatry 68, 1461–1471.

Modell, S., Yassouridis, A., Huber, J., Holsboer, F., 1997. Corticos-
teroid receptor function is decreased in depressed patients.
Neuroendocrinology 65, 216–222.

Myers, B., McKlveen, J.M., Herman, J.P., 2012. Neural regulation of
the stress response: the many faces of feedback. Cell. Mol.
Neurobiol. 32, 683–694.

Owen, D., 2002. From the womb to adulthood: programming
glucocorticoid and mineralocorticoid receptor expression in
the brain. Clin. Invest. Med. 25, 97–101.

Papp, M., Willner, P., Muscat, R, 1991. An animal model of
anhedonia: attenuation of sucrose consumption and place pre-
ference conditioning by chronic unpredictable mild stress.
Psychopharmacology (Berl) 104, 255–259.

Pepin, M.C., Pothier, F., Barden, N., 1992. Antidepressant drug
action in a transgenic mouse model of the endocrine changes
seen in depression. Mol. Pharmacol. 42, 991–995.

Pitchot, W., Herrera, C., Ansseau, M., 2001. HPA axis dysfunction in
major depression: relationship to 5-HT(1A) receptor activity.
Neuropsychobiology 44, 74–77.

Porsolt, R.D., Bertin, A., Jalfre, M., 1977. Behavioral despair in
mice: a primary screening test for antidepressants. Arch. Int.
Pharmacodyn. Ther. 229, 327–336.

Price, M.L., Kirby, L.G., Valentino, R.J., Lucki, I., 2002. Evidence
for corticotropin-releasing factor regulation of serotonin in the
lateral septum during acute swim stress: adaptation produced
by repeated swimming. Psychopharmacology (Berl) 162,
406–414.

Ramos, A., Mormede, P., 1998. Stress and emotionality: a multi-
dimensional and genetic approach. Neurosci. Biobehav. Rev. 22,
33–57.

Raone, A., Cassanelli, A., Scheggi, S., Rauggi, R., Danielli, B.,
De Montis, M.G., 2007. Hypothalamus–pituitary–adrenal

dx.doi.org/doi:10.1016/j.euroneuro.2015.04.009
dx.doi.org/doi:10.1016/j.euroneuro.2015.04.009
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref1
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref1
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref1
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref2
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref2
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref2
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref2
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref2
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref3
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref3
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref3
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref3
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref4
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref4
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref4
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref5
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref5
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref5
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref5
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref6
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref6
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref6
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref6
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref7
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref7
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref7
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref7
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref8
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref8
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref8
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref8
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref9
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref9
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref9
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref9
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref9
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref9
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref10
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref10
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref10
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref10
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref11
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref11
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref11
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref11
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref11
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref12
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref12
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref12
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref12
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref12
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref13
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref13
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref13
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref13
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref14
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref14
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref14
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref15
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref15
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref16
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref16
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref16
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref16
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref16
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref17
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref17
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref18
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref18
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref19
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref19
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref19
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref19
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref20
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref20
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref20
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref20
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref21
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref21
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref21
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref22
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref22
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref22
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref22
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref23
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref23
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref23
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref24
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref24
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref24
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref25
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref25
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref25
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref26
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref26
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref26
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref26
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref27
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref27
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref27
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref28
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref28
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref28
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref29
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref29
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref29
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref30
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref30
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref30
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref30
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref30
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref31
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref31
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref31
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref32
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref32


1341Antidepressant-like effect of geniposide on chronic unpredictable mild stress-induced depressive
modifications consequent to chronic stress exposure in an
experimental model of depression in rats. Neuroscience 146,
1734–1742.

Rush, A.J., Trivedi, M.H., Wisniewski, S.R., Nierenberg, A.A.,
Stewart, J.W., Warden, D., Niederehe, G., Thase, M.E., Lavori,
P.W., Lebowitz, B.D., McGrath, P.J., Rosenbaum, J.F., Sackeim,
H.A., Kupfer, D.J., Luther, J., Fava, M., 2006. Acute and longer-
term outcomes in depressed outpatients requiring one or several
treatment steps: a STARnD report. Am. J. Psychiatry 163,
1905–1917.

Sarko, J., 2000. Antidepressants, old and new. A review of their
adverse effects and toxicity in overdose. Emerg. Med. Clin.
North Am. 18, 637–654.

Schulz, V., 2006. Safety of St. John’s Wort extract compared to
synthetic antidepressants. Phytomedicine 13, 199–204.

Swaab, D.F., Bao, A.M., Lucassen, P.J., 2005. The stress system in
the human brain in depression and neurodegeneration. Ageing
Res. Rev. 4, 141–194.

Thachil, A.F., Mohan, R., Bhugra, D., 2007. The evidence base of
complementary and alternative therapies in depression.
J. Affect. Disord. 97, 23–35.

Toriizuka, K., Kamiki, H., Ohmura, N.Y., Fujii, M., Hori, Y.,
Fukumura, M., Hirai, Y., Isoda, S., Nemoto, Y., Ida, Y., 2005.
Anxiolytic effect of Gardeniae Fructus-extract containing active
ingredient from Kamishoyosan (KSS), a Japanese traditional
Kampo medicine. Life Sci. 77, 3010–3020.

Wang, F., Cao, J., Hao, J., Liu, K., 2014. Pharmacokinetics,
bioavailability and tissue distribution of geniposide following
intravenous and peroral administration to rats. Biopharm. Drug
Dispos. 35, 97–103.

Wang, S.S., Kamphuis, W., Huitinga, I., Zhou, J.N., Swaab, D.F.,
2008. Gene expression analysis in the human hypothalamus in
depression by laser microdissection and real-time PCR: the
presence of multiple receptor imbalances. Mol. Psychiatry 13
(786-799), 741.

Wei, X.H., Cheng, X.M., Shen, J.S., Wang, Z.T., 2008. Antidepres-
sant effect of Yueju-Wan ethanol extract and its fractions in
mice models of despair. J. Ethnopharmacol. 117, 339–344.
Willner, P., 1997. Validity, reliability and utility of the chronic mild
stress model of depression: a 10-year review and evaluation.
Psychopharmacology (Berl) 134, 319–329.

Willner, P., Scheel-Kruger, J., Belzung, C., 2013. The neurobiology
of depression and antidepressant action. Neurosci. Biobehav.
Rev. 37, 2331–2371.

Willner, P., Towell, A., Sampson, D., Sophokleous, S., Muscat, R.,
1987. Reduction of sucrose preference by chronic unpredictable
mild stress, and its restoration by a tricyclic antidepressant.
Psychopharmacology (Berl) 93, 358–364.

Woelk, H., 2000. Comparison of St John’s wort and imipramine for
treating depression: randomised controlled trial. Br. Med. J.
321, 536–539.

Yao, A.M., Ma, F.F., Zhang, L.L., Feng, F., 2013. Effect of aqueous
extract and fractions of Zhi-Zi-Hou-Pu decoction against depres-
sion in inescapable stressed mice: restoration of monoamine
neurotransmitters in discrete brain regions. Pharm. Biol. 51,
213–220.

Yasin, S.A., Costa, A., Besser, G.M., Hucks, D., Grossman, A.,
Forsling, M.L., 1993. Melatonin and its analogs inhibit the basal
and stimulated release of hypothalamic vasopressin and oxyto-
cin in vitro. Endocrinology 132, 1329–1336.

Yi, L.T., Li, Y.C., Pan, Y., Li, J.M., Xu, Q., Mo, S.F., Qiao, C.F., Jiang,
F.X., Xu, H.X., Lu, X.B., Kong, L.D., Kung, H.F., 2008.
Antidepressant-like effects of psoralidin isolated from the seeds
of Psoralea Corylifolia in the forced swimming test in mice.
Prog. Neuropsychopharmacol. Biol. Psychiatry 32, 510–519.

Yin, F., Zhang, Y., Guo, L., Kong, S., Liu, J., 2012. Geniposide
regulates insulin-degrading enzyme expression to inhibit the
cytotoxicity of Abeta(1)(�)(4)(2) in cortical neurons. CNS
Neurol. Disord. Drug Targets 11, 1045–1051.

Zhang, Z.J., 2004. Therapeutic effects of herbal extracts and
constituents in animal models of psychiatric disorders. Life
Sci. 75, 1659–1699.

http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref32
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref32
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref32
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref33
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref34
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref34
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref34
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref35
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref35
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref36
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref36
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref36
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref37
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref37
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref37
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref38
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref38
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref38
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref38
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref38
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref39
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref39
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref39
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref39
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref40
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref40
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref40
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref40
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref40
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref41
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref41
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref41
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref42
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref42
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref42
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref43
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref43
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref43
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref44
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref44
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref44
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref44
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref45
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref45
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref45
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref46
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref46
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref46
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref46
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref46
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref47
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref47
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref47
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref47
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref48
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref48
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref48
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref48
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref48
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref49
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref49
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref49
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref49
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref49
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref50
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref50
http://refhub.elsevier.com/S0924-977X(15)00112-1/sbref50

	Antidepressant-like effect of geniposide on chronic unpredictable mild stress-induced depressive rats by regulating the...
	Introduction
	Experimental procedures
	Drugs and reagents
	Animals and drug administration
	Chronic unpredictable mild stress procedure
	Behavioral tests
	Sucrose preference test
	Open field test (OFT)
	Forced swim test (FST)

	Measurement of ACTH and corticosterone (CORT) serum concentrations
	Measurement of adrenal gland index
	Expressions of CRH and GRα mRNA in hypothalamus
	Expression of GRα protein in the hypothalamic PVN
	Statistical analysis

	Results
	Geniposide treatment attenuated CUMS-induced depression-like behaviors in rats
	Geniposide treatment attenuated CUMS-induced hyperactivity of HPA axis in rats
	Geniposide treatment increased the hypothalamic GRα mRNA level and GRα protein expression in the hypothalamic PVN of CUMS...

	Discussion
	Role of funding source
	Conflict of interest
	Contributors
	Acknowledgements
	Supporting information
	References




