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Icariin alters the expression of glucocorticoid receptor, FKBPS
and SGK1 in rat brains following exposure to chronic mild stress
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Abstract. Icariin, a flavonoid and a major constituent of
Herba Epimedii, has been previously demonstrated to possess
potential antidepressant-like effects. In the present study, we
established a rat model of depression induced by unpredict-
able chronic mild stress (CMS) in order to examine the effects
of icariin treatment. The rats were allocated into the control
group or one of the treatment groups [exposure to CMS plus
oral administration of saline, icariin (20 or 40 mg/kg) or fluox-
etine (10mg/kg)]. We examined the therapeutic effects of icariin
administration on depression-like behaviors (with a sucrose
preference test), on the mRNA and protein expression of gluco-
corticoid receptor (GR), FK506 binding protein 5 (FKBP5) and
serum- and glucocorticoid-inducible kinase 1 (SGK1), as well
as on the distribution of GR (in the cytoplasm and nucleus) in
both the hippocampus and the prefrontal cortex following expo-
sure to CMS. Our results revealed that the oral administration
of icariin (20 and 40 mg/kg) for 35 consecutive days attenu-
ated the development of depression-like behaviors induced by
exposure to CMS. The increased mRNA expression of GR and
SGKI1 in the prefrontal cortex was reversed by icariin treatment.
Moreover, the CMS-induced increases in the levels of cytosolic
GR and SGK1 were partially restored by icariin administration
in both the hippocampus and the prefrontal cortex, particularly
in the hippocampus. Icariin also partially reversed the upregu-
lated epxression of nuclear GR in the prefrontal cortex and that
of FKBPS5 in the hippocampus. On the whole, our findings indi-
cate that icariin may have therapeutic applications as a potential
antidepressant with multiple targets in both the hippocampus
and prefrontal cortex. It exerts antidepressant-like effects by
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restoring the negative feedback regulation of the hypothalamic-
pituitary-adrenal axis, which is at least partially attributed to
normalization of the distribution of GR, and decreases in the
expression levels of FKBP5 and SGK1.

Introduction

The hypothalamic-pituitary-adrenal (HPA) axis is the major
system involved in the stress response, and the dysregulation of
the HPA axis is associated with depression (1). The activation of
the HPA axis may lead to the release of glucocorticoid (GC) from
the adrenal glands (2,3). GCs regulate stress responses, including
the successful adaptation to stress through the negative feedback
regulation of the HPA axis by binding to the glucocorticoid
receptor (GR) (4). Under pathological conditions, the impair-
ment of the GR-mediated negative feedback system of the HPA
axis results in constant HPA axis hyperactivity and chronically
high GC levels, leading to the development of depressive disor-
ders (5,6). FK506 binding protein 5 (FKBP5), which promotes
GR stability and reduces GR sensitivity to GC, is a negative
modulator of GR activity that may inhibit the negative feedback
loop of the HPA axis (7,8). Serum- and glucocorticoid-inducible
kinase 1 (SGK1) has also been implicated in the cellular stress
response, as well as in neuronal function; it is a modulator of
GC effects on neurogenesis and GR function, particularly in
depression (9-11). The hippocampus and the prefrontal cortex
are involved in the negative feedback regulation of the HPA axis
and in the pathogenesis of depression (1,4,12).

Icariin [2-(4'-methoxylphenyl)-3-rhamnosido-5-hydroxyl-
7-glucosido-8-(3'-methyl-2-butylenyl)-4-chromanone] (Fig. 1), a
flavonoid, is a major constituent of Herba Epimedii, and exerts a
wide range of pharmacological activities. Our previous studies
demonstrated that icariin may potentially function as a novel
antidepressant (13-15), which exerts an antidepressant effect by
inhibiting neuroinflammation (15), protecting against corticos-
terone-induced apoptosis in rat hippocampal neurons (16), as
well as by regulating the function of the HPA axis (14,17-19).
In the present study, a chronic mild stress (CMS) protocol was
used in order to establish a rat model of depression, which
mimics many of the symptoms of depression in humans (20).
We examined the therapeutic effects of icariin administration
on depression-like behaviors, the mRNA and protein expres-
sion of GR, FKBP5 and SGK1, as well as the distribution of GR
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in the cytoplasm and the nucleus in both the hippocampus and
the prefrontal cortex induced by exposure to CMS.

Materials and methods

Reagents. Icariin, [98.93% purity, as verified by high-perfor-
mance liquid chromatography (HPLC)] was purchased from the
Shanghai Ronghe Medical Science Co., Ltd. (Shanghai, China).
Fluoxetine was obtained from Eli Lilly Co. (Suzhou, China)
and diluted in saline to a final concentration of 10 mg/ml. A
nuclear and cytoplasmic protein extraction kit, BCA kit and
loading buffer were purchased from the Beyotime Institute of
Biotechnology (Haimen, China). The rat corticosterone ELISA
kit was obtained from eBioscience (San Diego, CA, USA). The
primers for the nuclear receptor subfamily 3, group C, member 1
(glucocorticoid receptor) (Nr3cl), FKBP5, SGK1 and 3-actin
genes encoding rat GR, FKBP5, SGK1 and [3-actin, respectively,
were supplied by Sangon Technologies (Shanghai, China).

Animals and ethics approval. Fifty male Sprague-Dawley (SD)
rats (5 weeks old, weighing 120-140 g) were purchased from
the Shanghai Laboratory Animal Co. (SLAC; Shanghai,
China). All the rats were individually housed in a laminar-flow
room under specific pathogen-free (SPF) conditions and reared
under the following conditions: an average room temperature
of 22+1°C, a relative humidity of 50-60%, a 12 h light/dark
cycle (lights on from 6:00 a.m. to 6:00 p.m.) and access to food
and water ad libitum. The rats were allowed to acclimatize for
at least 7 days prior to the commencement of the experiments.
All experiments were conducted in accordance with the ethical
standards of the Animal Care and Use Committee at Huashan
Hospital of Fudan University (Shanghai, China). All efforts
were made to minimize the number of animals used and their
suffering.

Chronic stress paradigm and drug treatment. The CMS-exposed
and the control groups were housed in separate rooms under
similar standard conditions. The procedure for the induction
of CMS consisted of once or twice daily exposure to various
unpredictable mild stressors in a random order for 5 weeks
according to our standard protocol (15), which may lead to
a chronic depression-like state that develops gradually over
time (21). The stressors included: food deprivation (24 h), over-
night water deprivation (18 h) followed by 1 h of empty water
bottle replacement, cage tilt (45°) for 18 h, overnight illumina-
tion (60 W lamp) for 13 h, soiled cage with 200 ml water in
100 g sawdust bedding for 21 h, forced swimming at 12°C for
5 min, physical restraint in a clear plastic tube with air vents at
the nasal end for 2 h and pair housing for 24 h. The rats in the
different groups received either the vehicle (saline 1 ml/100 g
for both the control and CMS groups), icariin (20 and 40 mg/
kg) or fluoxetine (10 mg/kg) by oral administration once daily
for 35 days. The body weight of all the rats was weighed and
recorded on the 1st and 35th days of the experiment using a plat-
form scale. The behavioral tests were performed at least 16-18 h
after the final treatment in order to avoid the acute effects of
drug treatments.

Sucrose preference test (SPT). All the rats were initially trained
to consume palatable sucrose solution (1%, w/v) by providing it
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Figure 1. Chemical structure of icariin (C;;H,,0,5; molecular weight, 676.67).

Table I. Sequences of primers used for RT-qPCR.

GenBank
Gene accession no. Sequence (5'-3")
Nr3cl  NM_012576.2 F: GGGACACGAATGAGGATTG
R: CACACTGCTGGGACTTGAT
FKBP5 NM_001012174.1 F: GTTCAGCTGTGCAATCCAGA
R: AGGGTGTTCTGTGCTCTTCAA
SGK1 NM_001193568.1 F: GCCTGCCTCCGTTCTACA
R: GCCTTGCTGAGTTGGTGAT
B-actin  NM_031144.2 F: CCTCTATGCCAACACAGT
R: AGCCACCAATCCACACAG

FKBP5,FK506 binding protein 5; SGK1, serum- and glucocorticoid-inducible
kinase 1; F, forward; R, reverse.

as the only drinking fluid for 48 h in order to avoid neophobia.
On the 36th day, all the rats were deprived of water for 23 h prior
to the test. Sucrose preference was then determined by giving
the rats a free choice for 1 h between 2 identical bottles placed
in the cage and filled with either 1% sucrose solution or tap
water. The SPT is used to determine deppressive states, as the
animals are observed to examine their interest in seeking out a
sweet rewarding drink as opposed to plain drinking water. The
selection of the sweetened drink is typical of normal behaviour,
and the non-selection of the sweetened drink is indicative of
depression. Sucrose preference was defined as (ml sucrose/total
ml consumed) x100%.

Collection of brain tissue. In order to avoid fluctuations in
hormone levels, all the rats were decapitated between 11:00 a.m.
and 1:00 p.m. on the 37th day. The entire hippocampus and
prefrontal cortex of each rat brain were rapidly dissected on
ice, frozen in liquid nitrogen and stored at -80°C for further
analysis.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from the rat
hippocampus and prefrontal cortex using TRIzol reagent
followed by treatment with RNase-free DNase I (both from
Invitrogen Life Technologies, Carlsbad, CA, USA). Reverse
transcription was performed using the One-Step RNA-PCR
kit (Takara, Dalian, China), according to the manufacturer's
instructions. Quantitative (real-time) PCR was performed on a
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7300 Real-Time PCR system using SYBR-Green PCR Master
Mix (Sangon Technologies). Following the addition of the
primers (Table I) and template DNA in duplicate, PCR amplifi-
cation was performed as follows: 95°C for 10 min, 40 cycles of
60°C for 60 sec and 95°C for 15 sec, and a melting curve from
60 to 95°C to ensure the amplification of a single product. The
cycle passing threshold (Ct) was recorded for each mRNA, and
[-actin was used as the endogenous control for data normaliza-
tion. The relative expression levels were calculated using the
244 method.

Western blot analysis. The proteins were extracted from the
rat hippocampus and prefrontal cortex using a nuclear and
cytoplasmic protein extraction kit (Beyotime Institute of
Biotechnology). The protein concentrations were quantified
using the BCA method. The protein samples (40-80 ug) were
dissolved with an equal volume of loading buffer, separated
on 10% SDS-PAGE and then electrotransferred at 90V to
PVDF membranes. The membranes were blocked with TBST
containing 5% non-fat milk for 1 h at room temperature
followed by incubation with primary antibodies in the refrig-
erator overnight at 4°C. The following primary antibodies were
used: rabbit anti-GR (1:3,000, ab109022), rabbit anti-FKBP5
(1:3,000, ab2901), rabbit anti-SGK1 (1:1,000, ab59337) (all
from Abcam, Cambridge, MA, USA) and rabbit anti-f-actin,
rabbit anti-lamin B (1:1,000; Bioworld Technology Co., Ltd.,
Nanjing, China). The blots were washed extensively with TBST
and incubated with secondary antibodies in TBST/5% non-fat
milk for 1 h at room temperature. Subsequently, the signal was
detected using an enhanced chemiluminescence method (ECL
kit; Millipore, Billerica, MA, USA). Finally, the membranes
were imaged and analyzed using Quantity One Image Analysis
Software (Syngene, Cambridge, UK).

Statistical analysis. Statistical analysis was performed using
SPSS 20.0 software. All data in the figures are presented as
the means + SD. One-way analysis of variance (ANOVA)
was performed if the data followed a normal distribution and
the variances were homogeneous; the least significant differ-
ence (LSD) test was used for further pairwise comparison. The
non-parametric test was adopted if the data did not follow a
normal distribution or the variances were not homogeneous; the
Games-Howell test was used for further pairwise comparison.
A value of p<0.05 was considered to indicate a statistically
significant difference.

Results

Effects of icariin on body weight and sucrose preference rate
in rats exposed to CMS. Fig. 2A shows that the body weight
of the rats exposed to CMS for 5 weeks was significantly
lower than that of the control animals (p<0.01), and it was
markedly increased by treatment with icariin (40 mg/kg) and
fluoxetine (10 mg/kg) compared with the CMS group (p<0.01).
The body weight of the rats in the fluoxetine group was higher
than that in the icariin (40 mg/kg) group (p<0.05) on day 35.
Moreover, as shown in Fig. 2B, the rats exposed to CMS for
5 weeks displayed a significantly reduced preference for sucrose
solution (p<0.01) compared with the control rats. Treatment with
icariin (20 and 40 mg/kg) and fluoxetine (10 mg/kg) reversed the
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Figure 2. Icariin treatment attenuates depression-like behaviors in a rat model
of depression induced by CMS. (A) Effects of icariin on the body weight of
CMS-exposed rats. These data show body weight on days 1 and 35. (B) Effects
of icariin on the sucrose preference of CMS-exposed rats. Data represent the
means + SD, n=10 rats/group for body weight, n=8-10 rats/group for the sucrose
preference test. “p<0.01 vs. control; "*p<0.01 vs. CMS; °p<0.01 vs. CMS + ICA
(20 mg/kg); “p<0.05 vs. CMS + ICA (40 mg/kg). CMS chronic mild stress; ICA,
icariin; FLX, fluoxetine.

CMS-induced reduction in sucrose preference (p<0.01). Thus,
icariin may be useful in reducing depression-like behaviours.

Effects of icariin on mRNA Nr3cl expression and on cytosolic
and nuclear GR levels in the hippocampus and prefrontal
cortex of rats exposed to CMS. As shown in Fig. 3A and B,
exposure to CMS slightly decreased the mRNA expression
of Nr3cl in the hippocampus (p>0.05); however, the mRNA
expression of Nr3cl was significantly increased in the prefrontal
cortex (p<0.01) of rats exposed to CMS, compared with the rats
in the control group. Following treatment with icariin (20 and
40 mg/kg) and fluoxetine (10 mg/kg), the mRNA expression of
Nr3cl in the prefrontal cortex was markedly decreased (p<0.01;
levels were similar to those of control group). Compared
with the control group, the expression of cytosolic GR was
significantly upregulated by exposure to CMS in both the
hippocampus and the prefrontal cortex (p<0.05 and p<0.01,
respectively; Fig. 3C and D), whereas treatment with icariin (20
and 40 mg/kg) and fluoxetine (10 mg/kg) significantly decreased
the expression of cytosolic GR in the hippocampus (p<0.01,
p<0.01 and p<0.05, respectively), compared with the CMS
group. The upregulated cytosolic GR expression in the prefrontal
cortex was only downregulated by icariin (20 mg/kg) (p<0.01),
whereas the expression level was further increased in the icariin
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Figure 3. Icariin treatment normalizes the mRNA expression of Nr3cl and GR distribution in the hippocampus and the prefrontal cortex of CMS-exposed rats.
(A) CMS induced a slight decrease in the mRNA expression of Nr3cl in the hippocampus and (B) a significant increase in the mRNA expression of Nr3cl in
the prefrontal cortex, which was significantly decreased by icariin. (C and D) CMS induced an increase in cytosolic GR expression in the hippocampus and the
prefrontal cortex, and icariin reduced the accumulation of cytosolic GR in the hippocampus and in the prefrontal cortex at a dose of 20mg/kg. (E and F) Nuclear
GR expression was only upregulated by exposure to CMS in the prefrontal cortex, and icariin (20mg/kg) reversed this effect. Data represent the means + SD,
n=3 rats/group. “p<0.01 and “p<0.05 vs. control; "p<0.01 and "p<0.05 vs. CMS. Nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor),
Nr3cl; CMS, chronic mild stress; ICA, icariin; FLX, fluoxetine; GR, glucocortcoid receptor.

(40 mg/kg) group (p<0.01). As demonstrated in Fig. 3E and F,  prefrontal cortex by exposure to CMS (p<0.05), compared with
nuclear GR expression in the hippocampus was not affected by  the control group. Treatment with icariin (20 mg/kg) signifi-
exposure to CMS (p>0.05); however, it was upregulated in the  cantly reduced the distribution of nuclear GR in the prefrontal
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Figure 4. Icariin treatment (40mg/kg) abrogates the increase in the protein expression of FKBPS5 in the hippocampus of CMS-exposed rats. (A and B) exposure
to CMS had no effect on the mRNA expression of FKBPS5 in the hippocampus and the prefrontal cortex of rats. (C and D) CMS induced an increase in FKBP5
protein expression in the hippocampus and the prefrontal cortex, and icariin treatment (40mg/kg) abrogated the upregulation in the expression of FKBPS in the
hippocampus. Data represent the means + SD, n=3 rats/group. “p<0.01 vs. control; "p<0.01 and "p<0.05 vs. CMS. FKBP5, FK506 binding protein 5; CMS, chronic

mild stress; ICA, icariin; FLX, fluoxetine.

cortex (p<0.01), compared with the CMS group, whereas icariin
(40 mg/kg) and fluoxetine (10 mg/kg) had no effect on nuclear
GR expression in the prefrontal cortex.

Effects of icariin on the expression of FKBPS in the hippo-
campus and prefrontal cortex of rats exposed to CMS.
As shown in Fig. 4, the mRNA expression of FKBP5 was
increased (although not signifiantly) in both regions of the
brain following exposure to CMS (p>0.05), whereas the protein
expression of FKBP5 was significantly upregulated (p<0.01)
in both the hippocampus and the prefrontal cortex of the rats
in the CMS group, compared with those in the control group.
Treatment with icariin (40 mg/kg) and fluoxetine (10 mg/kg)
markedly abrogated the upregulation in the expression of
FKBPS5 in the hippocampus (p<0.01; the levels were close
to those of the control group), whereas they had no effect on
FKBPS5 protein expression in the prefrontal cortex. Moreover,
fluoxetine (10 mg/kg) also significantly downregulated the
mRNA expression of FKBPS5 in the prefrontal cortex (p<0.05),
compared with the CMS group.

Effects of icariin on the expression of SGKI in the hippo-
campus and prefrontal cortex of rats exposed to CMS. As
shown in Fig. 5A and B, the mRNA expression of SGK1 was
significantly increased (p<0.01) in the prefrontal cortex of the
CMS-exposed rats, whereas there was no significant differ-
ence in the hippocampus, compared with the control group
rats. Following treatment with icariin (20 and 40 mg/kg) and
fluoxetine (10 mg/kg), the mRNA expression of SGK1 was
markedly decreased in the prefrontal cortex (p<0.01; levels
were close to those of the control group), and was also decreased
in the hippocampus (p<0.05, p<0.01 and p<0.01, respectively),
compared with the CMS group. As shown in Fig. 5C and D, the
protein expression of SGK1 was upregulated by exposure to
CMS in both the hippocampus and prefrontal cortex (p<0.01),
as compared with the control group. Treatment with icariin (20
and 40 mg/kg) and fluoxetine (10 mg/kg) significantly decreased
the expression of SGK1 in the hippocampus (p<0.01), and in
the prefrontal cortex following treatment with the higher dose
of icariin and fluoxetine (p<0.05 for 40 mg/kg icariin, p<0.01
for 10 mg/kg fluoxetine), compared with the CMS group.
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Figure 5. Icariin treatment reduces the upregulation in the mRNA and protein expression of SGK1 in the hippocampus and the prefrontal cortex of CMS-exposed
rats. (A) There was no significant increase in the mRNA expression of SGK1 in the hippocampus whereas (B) SGK1 levels were upregulated in the prefrontal
cortex of the CMS rats, and icariin markedly normalized its expression. (C and D) The protein expression of SGK1 was increased by exposure to CMS in the
hippocampus and the prefrontal cortex, and icariin reduced the upregulated protein expression of SGK1 in both brain regions, particularly in the hippocampus.
Data represent the means + SD, n=3 rats/group. “p<0.01 and “p<0.05 vs. control; "p<0.01 and “p<0.05 vs. CMS; *p<0.01 vs. CMS+ICA (20 mg/kg); *p<0.01 vs.
CMS + ICA (40 mg/kg). Serum- and glucocorticoid-inducible kinase 1,SGK1; CMS, chronic mild stress; ICA, icariin; FLX, fluoxetine.

Furthermore, fluoxetine (10 mg/kg) decreased SGK1 expres-
sion in the prefrontal cortex to a lower level than in the icariin
treatment groups (p<0.01).

Discussion

Uponbinding to GC, the GR undergoes aconformational change,
which allows it to translocate to the nucleus (7). In the nucleus,
the GR binds to glucocorticoid response elements (GRE) on the
target DNA as a positive or negative transcription factor in order
to regulate the transcription of GR-responsive genes (12,22,23).
The decreased mRNA expression of GR has been found in the
frontal cortex of post-mortem tissue from patients with schizo-
phrenia and mood disorders (24), and in the hippocampus in
rodent models of depression induced by social defeat (13) or
CMS (25,26), as well as in the hippocampus and the prefrontal
cortex of mice receiving chronic dexamethasone treatment (27).
Moreover, it has been demonstrated that the cytosolic GR
levels in the ventral hippocampus and the prefrontal cortex are

significantly increased following exposure to CMS, and they
may be completely normalized (mainly in the prefrontal cortex)
by the administration of duloxetine (1). Previous research has
also demonstrated that the novel antidepressant icaritin exerted
therapeutic effects by increasing the downregulated mRNA
expression of GR in the hippocampus of socially-defeated
mice (13); emodin opposed depression-like behaviors in
CMS-exposed mice by upregulating the mRNA expression
of hippocampal GR (26). In the present study, the GR mRNA
expression in the hippocampus was slightly decreased by expo-
sure to CMS; however, this effect was not significant, which is
a similar trend to that observed in previous research (25,26).
Notably, in contrast to the findings of Skupio ef al (27), in this
study, the GR mRNA expression was markedly upregulated by
exposure to CMS in the prefrontal cortex, which was decreased
by icariin and fluoxetine treatment. Cytosolic GR expression in
both the hippocampus and the prefrontal cortex was increased
by exposure to CMS, as has been demonstrated by previous
research (1), which indicated decreases in GC sensitivity of the
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GR in these brain regions. Icariin and fluoxetine normalized
the increased expression of cytosolic GR in hippocampus,
and only icariin (20 mg/kg) downregulated the expression of
cytosolic GR in the prefrontal cortex, which was unexpectedly
upregulated by icariin (40 mg/kg). The expression of nuclear
GR in the hippocampus exhibited no obvious change following
exposure to CMS, although fluoxetine decreased its expres-
sion. In the prefrontal cortex, exposure to CMS upregulated
the expression of nuclear GR, which was only decreased by
icariin at 20 mg/kg, but not icariin at 40 mg/kg or fluoxetine.
Previous research has confirmed that GR mitochondrial
translocation also exists in the hippocampus and cortex of
rats (28), and chronic high-dose corticosterone treatment may
decrease the GR levels in the mitochondria in both primary
cortical neurons and rodent prefrontal cortex (29). As serum
corticosterone levels were upregulated in CMS-exposed rats
in this study (data not shown), decreased mitochondrial GR in
the hippocampus may also exist, which may be one reason for
the slight decrease in the GR mRNA and the increased level
of cytosolic GR in the hippocampus of the CMS-exposed rats.
Following exposure to CMS in the present study, the observed
increase in GR mRNA expression in the prefrontal cortex was
contrary to previous findings (27). Moreover, the increased
levels of cytosolic and nuclear GR in the prefrontal cortex were
not in line with the increase in GR mRNA (2-3-fold increase).
Further studies are warranted in order to explore the reason
for these unexpected results. In the prefrontal cortex, the
opposing effects of icariin (20 mg/kg) and icariin (40 mg/kg)
on the level of cytosolic GR, as well as the unaltered level of
nuclear GR in the icariin (40 mg/kg) group may indicate that
the antidepressant-like effects exerted by icariin are not strictly
dose-dependent.

As a negative modulator of GR activity, the mRNA and
protein expression of FKBP5 may be induced by GR activa-
tion (7). When FKBP5 is bound to GRs, the GR has a lower
binding affinity for GC and is retained in the cytoplasm.
FKBP5 also enhances the stability of the GR, potentially
protecting it from proteolysis, and reduces GR sensitivity to
GCs (7). It has been found that CMS or chronic dexamethasone
treatment may increase the mRNA and/or protein expression
of FKBPS5 in the brain of rodents, particularly in the hippo-
campus and the prefrontal cortex (1,27,30,31). The upregulation
of the mRNA and protein expression of FKBP5 in the frontal
cortex has also been associated with the depression status (3).
Antidepressants may significantly reverse increases in the
mRNA and protein expression of FKBP5 in the hippocampus
and/or prefrontal cortex of CMS-exposed rats (1,31). In line
with previous research, this study found that exposure to CMS
had a tendency to increase the mRNA expression of FKBP5,
but markedly upregulated FKBPS5 protein expression in the
hippocampus and the prefrontal cortex. Icariin (40 mg/kg)
and fluoxetine reversed the CMS-induced increase in FKBP5
protein expression in the hippocampus, whereas the protein
expression of FKBPS5 in the prefrontal cortex was not affected
by either icariin or fluoxetine, which provides evidence for the
specific targets of icariin in the treatment of depression.

SGK1, another GR target gene, which may be induced at
both the mRNA and protein levels by GC, may act as a modu-
lator of GC for neurogenesis and GR function. Therefore, it
is involved in the pathogenesis of depression and may serve
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as a target for antidepressants (9-11,32). It has been demon-
strated that SGK1 is involved in the GC-induced reduction of
the proliferation and differentiation of human hippocampal
progenitor cells, by acting both downstream of GR activation
(through SGK 1-dependent inhibition of the Hedgehog pathway)
and upstream of GR activation (through SGK1-dependent GR
phosphorylation and nuclear translocation) (11). Hedgehog
signaling promotes neuronal differentiation (33), and therefore
the SGK1-dependent inhibition of this pathway results in
decreased neurogenesis. The mRNA expression of SGK1 has
been found to be significantly increased (positive correlation
with mRNA expression of FKBP5) in the peripheral blood of
drug-free depressed patients, as well as in the hippocampus of
rats subjected to CMS (11). In addition, GC treatment clearly
increased the expression of SGK1 in human neural stem cells,
as did chronic restraint in the hippocampus and the prefrontal
cortex in rodent models of depression (27,34). Consistently,
in the present study, exposure to CMS significantly increased
the mRNA expression of SGK1 in the prefrontal cortex, and
the protein expression of SGK1 in both the hippocampus and
the prefrontal cortex. In the hippocampus, there was a slight
increase in the mRNA expression of SGK1 following exposure
to CMS; however, this effect was not significant. The administra-
tion of icariin and fluoxetine markedly suppressed the increase
in the mRNA expression of SGK1 in the prefrontal cortex
and the protein expression of SGK1 in both the hippocampus
and the prefrontal cortex, among which fluoxetine decreased
SGKI to a lower level than icariin did in the prefrontal cortex.
As regards the mRNA and protein expression of SGK1 in
the prefrontal cortex, dose-dependent effects were observed
between the icariin treatment groups. In addition, the increased
mRNA and protein expression of SGK1 in the hippocampus
and/or prefrontal cortex following exposure to CMS revealed
that SGK1 may mainly participate in the downstream activa-
tion of GR in this study, which suggests that the inhibition of
the Hedgehog pathway may also play a role in this model of
experimental depression induced by CMS. Further studies are
warranted in order to confirm this hypothesis.

To the best of our knowledge, this is the first study to
demonstrate that icariin treatment may reverse depression-like
behaviors in rodent models by downregulating the expression
of FKBP5 and SGK1 in the hippocampus and/or the prefrontal
cortex, and by normalizing the GR distribution between the
cytoplasm and the nucleus, which are similar to the effects of
fluoxetine to a certain degree. These data extend the mecha-
nisms of icariin in treating depression, and provide molecular
evidence that icariin may serve as a potentially effective
antidepressant with specific targets in different regions of the
brain, which may aid in the development of novel pharmaco-
therapeutic approaches that selectively target these important
molecules. However, further experimental research with more
samples, as well as large-scale randomized controlled clinical
trials are necessary in the future in order to elucidate the
molecular mechanisms underlying the pathogenesis of depres-
sion, and to examine in detail the mechanisms responsible for
the antidepressant-like effects of icariin from experimental and
clinical perspectives.

In conclusion, the present study demonstrated that the anti-
depressant-like effects of icariin are at least partially attributed
to the normalization of GR distribution between the cytoplasm
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and the nucleus, as well as to decreases in the expression of
FKBP5 and SGK1 in the hippocampus and/or prefrontal cortex,
which may restore the normal negative feedback regulation of
the HPA axis and normal neurogenesis in related brain regions.
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