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Abstract. Paecilomyces hepiali contains identical chem-
ical constituents to Cordyceps sinensis, and it presents 
antidepressant-like activity via regulating noradrenergic and 
dopaminergic systems. Behavioral despair depression models 
serve important roles in scientific screening and evaluation 
of antidepressants. The present study aims to investigate the 
antidepressant-like activity of P. hepiali extract (PHC) in 
chronic unpredictable mild stress (CUMS)-induced rat model 
of depression. Following four weeks of treatment, similar to 
fluoxetine at 3 mg/kg (positive drug), PHC at doses from 0.08 
to 2.0 g/kg strongly increased sucrose preference and reduced 
the immobility time of depression-like rats in forced swim-
ming test. The hypo-level of adrenocorticotropic hormone, 
noradrenaline and glucocorticoid receptor in serum and 
hypothalamus of depression-like rats was enhanced by PHC. 
PHC normalized CUMS-induced disorders of dihydroxyphen-
ylacetic acid, dopamine, 5-hydroxytryptamine (5-HT) and 
5-hydroxyindoleacetic acid in serum and/or hypothalamus of 
depression-like rats. Moreover, PHC enhanced the expression 
of tyrosine hydroxylase and reduced the levels of dopamine 
D2 receptor and 5-HT2A receptor in hypothalamus. These 
results suggested that the antidepressant-like effects of PHC 
in CUMS-induced depression are associated with not only the 
modulation of dopamine, but also the regulation of 5-HT.

Introduction

Depression, a debilitating mental disorder, is a leading 
cause of disability worldwide (1), and ~350 million people 
currently suffer from depression (2). Although monoamine 

deficiency and stress have been proposed as two major causes 
of depression (3), the pathogenic mechanisms have not been 
clearly understood. According to monoamine hypothesis, 
metabolites of both dopamine (DA) in the hippocampus 
and/or serotonin (5-HT) in the prefrontal cortex contribute 
to depression attack (4). Furthermore, the abnormal changes 
of 5-HT2A receptor, dopamine D2 receptor (DRD2), and 
tyrosine hydroxylase (TH) are observed in major depression 
patients (5,6). In clinical mediation, four kinds of antidepres-
sant drugs, including selective serotonin reuptake inhibitors 
(SSRIs), tricyclic antidepressants, serotonin-noradrenaline 
reuptake inhibitors and monoamine oxidase inhibitors, are 
commonly applied (7); however, it was difficult to predict 
their adverse reactions with high relapse rates and the long 
onset of therapeutic action (8). Due to the limited application 
of existing antidepressant drugs, the search for alternative 
therapies is highly demanded.

Herbal medicine is a valuable reservoir for novel drugs 
regarding its potent efficacy with few side effects, and it is 
also an effective alteration in depression therapy (9). As a 
precious medicinal product in China and other Asian coun-
tries, Cordyceps sinensis features with a broad spectrum of 
health benefits including antioxidant and immunomodulatory 
properties (10). The supercritical C. sinensis extract displays 
an antidepressant-like activity, which seems to originate 
from the alterations of noradrenergic and dopaminergic 
systems rather than the serotonergic system (11). Cordycepin 
(3'‑deoxyadenosine), a major bioactive component isolated 
from C. militaris, shows antidepressant-like effects in a mice 
model induced by chronic unpredictable mild stress (12). 
Paecilomyces hepiali, a parasitic fungus generally found 
in C. sinensis, contains identical chemical constituents and 
similar bioactivities to C. sinensis (13). The authors previously 
confirmed various pharmacological activities of polysaccha-
ride-enriching P. hepiali extract via regulating the oxidative 
system (14,15). However, its potential regulatory effect on 
depression-like rat models and molecular mechanism has not 
been reported yet.

Therefore, it was hypothesized that P. hepiali mycelium 
aqueous extract (PHC) may possess an antidepressant-like 
property. To test this hypothesis, the biological activities of 

Dopamine and serotonin contribute to Paecilomyces hepiali 
against chronic unpredictable mild stress induced 

depressive behavior in Sprague Dawley rats
JUAN WANG1,2,  YANGE LIU1,  LANZHOU LI1,  YIDI QI1,  YUANZHU ZHANG1,  

LONGTU LI1,  LIRONG TENG1  and  DI WANG1

1School of Life Sciences, Jilin University, Changchun, Jilin 130012; 2College of Life 
Sciences, Liaoning University, Shenyang, Liaoning 110036, P.R. China

Received November 8, 2016;  Accepted June 21, 2017

DOI: 10.3892/mmr.2017.7261

Correspondence to: Dr Di Wang, School of Life Sciences, Jilin 
University, 2699 Qianjin Street, Changchun, Jilin 130012, P.R. China
E‑mail: jluwangdi@gmail.com

Key words: Paecilomyces hepiali, chronic unpredictable mild 
stress, anti-depression, dopamine, 5-HT



WANG et al:  ANTIDEPRESSANT-LIKE ACTIVITY OF NATURAL PRODUCTS5676

PHC on chronic unpredictable mild stress (CUMS)-induced 
depression-like rat models were analyzed. A forced swimming 
test (FST) was applied to test the effect of PHC on depression 
behaviors of rats. The levels of DA, 5-HT and related factors 
were detected to investigate the possible mechanism.

Materials and methods

P. hepiali mycelium aqueous preparation. P. hepiali 
(Preservation no. CCTCC M 2014670) was obtained from the 
China Center for Type Culture Collection (Wuhan, China), 
and cultured in a 100 l full-automatic fermenter (BaoXing 
Bio-engineering Equipment Co., Ltd., Shanghai, China; www.
bxbio.com/Product.aspx?bid=54&sid=0) with a defined liquid 
medium containing: 30 g/l sucrose, 10 g/l peptone, 18 g/l yeast 
extract powder, 3.0 g/l MgSO4•7H2O, 3.0 g/l KH2PO4•3H2O, 
10 g/l (NH4)2SO4, 0.011 g/l ZnCl2 and 0.25 g/l vitamin B1. The 
fermentation conditions were as follows: Loading volume was 
70 l/100 l, initial pH was 6.5, rotation speed was 300 rpm, 
ventilation volume was 200 l/h, culture temperature was 26˚C, 
inoculum age was 3.5 days, and inoculum size was 5%. All the 
chemical reagents used in the submerged fermentation were 
obtained from Sigma-Aldrich; Merck KGaA (Darmstadt, 
Germany).

P. hepiali mycelium was extracted at 80˚C two times for 
4 h in double-distilled water. After centrifugation at 4,515 x g 
for 10 min, the supernatant was sequentially concentrated in 
an evaporator (Buchi Labortechnik AG, Flawil, Switzerland) 
under reduced pressure and freeze-dried condition to produce 
solid aqueous extract. PHC contains 9.8% polysaccharides, 
15.5% total proteins, 5.9% organic acid and 0.4% adenosine.

Open field test. The animal experimental protocol was 
approved by the Animal Ethics Committee of Jilin University 
(Changchun, China). Sprague Dawley male rats [six weeks; 
180 to 220 g; purchased from Norman Bethune University 
of Medical Science, Jilin University (Changchun, China; no. 
SCXK (JI)‑2014‑0013)] were maintained on a 12 h light/dark 
cycle (lights on from 7:00 to 19:00) at 23±1˚C with water and 
food available ad libitum.

The open field test was conducted according to the method 
described previously (16). The apparatus was a gray wooden 
square box (30 cm length x30 cm width x30 cm height) lined 
with black rubber. Sprague Dawley male rats were divided 
into four groups (n=16 each) randomly, and orally treated with 
2.0 ml/kg of sterile saline and 0.08, 0.4 and 2.0 g/kg of PHC. A 
total of 10 min later, rats were individually placed in the center 
area of the box for 10 min free exploration. The total moving 
distance was recorded by a digital video camera positioned 
above the arena.

Depression‑like rat model establishment and drug treatment 
procedure. The chronic stress procedure was described previ-
ously (17). Briefly, rats were exposed to different stressors 
daily including forced swimming for 5 min at 4˚C, 12 h food 
deprivation and 12 h water deprivation, overnight illumina-
tion, 24 h damp bedding, 30 min noise, 8 h cage tilt (40˚C) 
and 1 min tail pinch. To prevent habituation, all stressors were 
randomly scheduled over one week and repeated throughout 
the 8 week experiments. All stressors were applied individually 

and continuously. The non-treated control rats were housed in 
a separate room without contact with the stressed groups. All 
rats were weighed every week, and drug treatment dosages 
were calculated depending on their bodyweights.

Depression-like rats were divided randomly into five 
groups of 16, and given oral treatments of 2.0 ml/kg of sterile 
saline solution (model group), 3.0 mg/kg of fluoxetine hydro-
chloride (Flu; purchased from Zhongxi Pharmaceutical Co., 
Ltd, Shanghai, China; positive control group), and 0.08, 0.4 
and 2.0 g/kg of PHC. Another 16 rats were given 2.0 ml/kg 
sterile saline solution and served as the normal control group. 
The drug treatment started following 4 weeks CUMS expo-
sure and lasted for the next consecutive four weeks. Drug 
treatment was 1 h before the daily CUMS procedures.

Sucrose preference test. Following four weeks' treatment, 
rats were housed alone and trained to adapt to drinking 
sucrose water. Two bottles of 1% sucrose water were located 
randomly in every cage at the first two days, and at the third 
day, the water was replaced with tap water. After training, 
rats were deprived of food and water for 20 h. A bottle of 1% 
sucrose water and a bottle of tap water were given to rats at 
random location in the cage. Then the consumption amount 
of 1% sucrose water and total liquid was measured in the next 
2 h. The sucrose preference index was calculated according to 
the following equation: Sucrose preference = sucrose intake 
(g)/[sucrose intake (g) + tap water intake (g)] x 100% (18).

Forced swimming test (FST). At 30 min following the last 
administration, rats were placed in an open cylindrical 
container (30x32 cm) with 29 cm depth and 24±1˚C 
temperature water. A decrease in the immobility duration 
is a measurement of antidepressant-like activity. Immobility 
duration was defined as the time that the rat spent floating in 
the water without struggling and making only small move-
ments necessary to keep its head above the water. The total 
immobility duration of each rat was recorded in the last 
5 min in a 6 min test.

Blood and hypothalamus collection. Following the sucrose 
preference test, blood was obtained from the caudal vein 
after an overnight fast, and centrifuged at 972 x g for 10 min 
at room temperature. The samples were stored at ‑80˚C for 
assay.

Hyperactivity of corticotropin-releasing factor (CRF) 
neurons in hypothalamus is a prominent feature in depres-
sion, and is considered to be the ‘final common pathway’ 
for a major part of the depressive symptomatology (19). The 
hypothalamus is responsible for certain metabolic processes 
and other activities of the autonomic nervous system. In 
neuroanatomy, hypothalamus forms the ventral part of the 
diencephalon, which is located below the thalamus. At the 
end of the experiments, rats were decapitated and the hypo-
thalamus was quickly removed from the brains, weighed and 
frozen in ‑80˚C until the following experiment.

Neurotransmitters in serum and hypothalamus detection. An 
equal volume of 10% perchloric acid was added into plasma 
samples for deproteinization. Following centrifugation at 
9,724 x g for 20 min at 4˚C, supernatants were collected for high 
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performance liquid chromatography (HPLC) analysis. The 
methodology was similar as the previous study (20). The chro-
matographic system consists of a Waters 510 solvent delivery 
pump (Waters Corporation, Milford, MA, USA), a Rheodyne 
7725 (Sigma‑Aldrich; Merck KGaA) injector, and a Waters 460 
electrochemical detector with glassy carbon electrode (Waters 
Corporation). The columns used were a C18 column (5 mm, 
250x4.6 mm) and a C18 guard column (5 mm, 30x4.6 mm) 
from Phenomenex (Torrance, CA, USA). The mobile phase 
(1 ml/min flow rate) was 0.1 M citric acid, 0.05 mM Na2EDTA, 
225 mg/l HSA and 8.5% acetonitrile (apparent pH 2.71). The 
concentration of dihydroxyphenylacetic acid (DOPAC), and 
noradrenalin (NE), 5-hydroxyindoleacetic acid (5-HIAA) and 
5-hydroxytryptamine (5-HT) in serum were analyzed by the 
HPLC system. A chromatography Station for Windows (p/n 
A24, DataApex, Prague, Czech Republic) was used for the 
quantitative analysis of peaks in the chromatograms.

The concentration of glucocorticoid receptor (GR; cat. 
no. YY41836) and adrenocorticotropic hormone (ACTH; cat. 
no. YY02106B) in serum were measured using commercially 
available ELISA kits (R&D systems, USA) following the 
manufacturer's instructions.

One part of hypothalamus was dissected, weighed and 
lysed with double distilled water. The concentration of DA 
(cat. no. YY41896), 5‑HT (cat. no. YY41983), 5‑HIAA (cat. 
no. YY41497), GR, ACTH, DOPAC (cat. no. YY18432) and 
NE (cat. no. YY 42097) was measured using commercially 
available ELISA kits (R&D Systems, Inc., Minneapolis, MN, 
USA) following the manufacturer's instructions.

Western blotting. One part of hypothalamus was homogenized 
in radioimmunoprecipitation assay buffer (Sigma-Aldrich; 
Merck KGaA) containing 1% protease inhibitor cocktail 
(Sigma‑Aldrich; Merck KGaA) and 2% phenylmethanesulfonyl 
fluoride (Sigma‑Aldrich; Merck KGaA). Protein concentra-
tions were determined by Bradford method, and 40 µg proteins 
were separated using a 10% SDS‑PAGE gel and transferred 
electrophoretically onto nitrocellulose membranes (0.45 µm; 
Bio Basic, Inc., Markham, ON, Canada). The transferred 
membranes were then blotted at 4˚C overnight with the 
primary antibodies against the dopamine receptor D2 (DRD2; 
cat. no. sc‑5303), tyrosine hydroxylase (TH; cat. no. sc‑73152), 
5-hydroxytryptamine receptor 2A (5-HT2A receptor; cat. 
no. sc-166775) and GAPDH (cat. no. sc-47724) (Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) at a dilution of 
1:1,000, and it was followed by incubation with horseradish 
peroxidase‑conjugated secondary antibodies (1:2,000, cat. no. 
sc‑358914) at room temperature for 2 h. Chemiluminescence 
was detected using an enhanced chemiluminescence detection 
kit (cat. no. RPN2134, GE Healthcare Life Sciences, Little 
Chalfont, UK). The intensity of the bands was quantified by 
scanning densitometry using ImageJ software Image (v2.1.4.7, 
National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All values were expressed as 
mean ± standard error of the mean. A one‑way analysis of 
variance was used to detect statistical significance followed 
by post‑hoc multiple comparisons (Dunn's test) using SPSS 
16.0 software (SPSS Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Antidepressant‑like activity of PHC. PHC reported no signifi-
cant effects on rat moving distance in open field (P>0.05; 
Table I). At the second week, CUMS reduced nearly 22.7% 
body weight of rats compared with non-treated control group 
(P<0.001; Table II). Four weeks PHC and Flu treatment made 
the CUMS rats regained body weight (P<0.05; Table II). 
Sucrose preference tests were used to operationally define 
anhedonia. Compared with CUMS rats, 0.4 and 2.0 g/kg of 
PHC resulted in nearly 53.0 and 73.9% increment on sucrose 
preference (P<0.05; Fig. 1A). Similar to Flu, PHC strongly 
reduced immobility time in FST in CUMS rats (87.5 sec vs. 
141.8 sec in CUMS rats; P<0.01; Fig. 1B).

PHC regulating neurotransmitters and hormones in serum. 
A significant reduction in serum levels of 5‑HT, ACTH and 
NE were observed in CUMS rats (P<0.05; Table III). Like 
Flu, PHC at 2.0 g/kg strikingly increased the concentration of 
5‑HT, GR and NE up to 30.4, 15.5 and 28.1% in CUMS rats 
(P<0.05; Table III). However, PHC and Flu fail to influence the 
levels of 5-HIAA and DOPAC (P>0.05; Table III).

PHC regulating GR, ACTH and NE levels in hypothalamus. 
A significant reduction in the levels of GR, ACTH and NE in 
hypothalamus was observed in CUMS rats (P<0.05; Fig. 2). 
Unlike Flu, PHC strikingly increased the hypothalamic 
concentration of GR, ACTH and NE up to 29.9% (P<0.001), 
23.1% (P<0.05) and 22.1% (P<0.001), respectively (Fig. 2).

Dopaminergic system involved in PHC‑mediated antidepres‑
sant‑like effects. CUMS strongly suppressed DA rather than 
DOPAC concentration in hypothalamus of depression-like 
rats (P<0.05; Fig. 3A). PHC at 2.0 g/kg enhanced ~8.2% DA 
concentration (P<0.05; Fig. 3A) and 10.4% DOPAC concen-
tration (P<0.01; Fig. 3B) in the hypothalamus compared with 
CUMS rats.

Simi la r  to  F lu,  PHC sign i f icant ly increased 
CUMS‑suppressed TH expression (109.5 and 148.5% vs. 
95.9% in CUMS rats) (P<0.05; Fig. 3C and D). A 25.7% reduc-
tion on DRD2 expression in hypothalamus of PHC-treated  
rats was observed compared with CUMS rats (P<0.01; Fig. 3C 
and D).

Serotonin related pathway involved in PHC‑mediated antide‑
pressant‑like effects. Compared with the non-treated control 
group, 10.0 and 7.8% reduction on 5‑HT and 5‑HIAA in the 
hypothalamus of CUMS rats were noted (P<0.05; Fig. 4A 
and B). Flu enhanced nearly 7.2% hypothalamic 5‑HT level; 
similarly, PHC ranging from 0.08 to 2.0 g/kg increased 17.3 
to 32.6% 5‑HT level compared with CUMS rats (P<0.001; 
Fig. 4A). PHC rather than Flu enhanced hypothalamic 5-HIAA 
concentration (P<0.05; Fig. 4B). Both Flu and PHC reduced 
the CUMS-enhanced 5-HT2A receptor expression in the 
hypothalamus of depression-like rats (P<0.05; Fig. 4C and D).

Discussion

Behavioral despair depression models play important roles 
in scientific screening and evaluation of antidepressants (21). 
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CUMS involves making rodents suffer from a series of repeated 
physical stressors for a prolonged period of time, which results in 
the development of anhedonic features, and thus makes it more 
closely resemble the chronic and multidimensional nature of 
clinical major depressive disorder (22). The current study inves-
tigates the antidepressant-like effects of PHC and its underlying 
mechanisms on CUMS-induced depression-like rats.

P. hepiali is a traditional Chinese medicine, and its crude 
nature suggests multi-effective components, which might target 
multi-molecules. The “systemic targeting” will eliminate the 
depression in a much natural way, so that fewer adverse side 
effects are expected. It may also explain its non-dose dependent 
manner observed in our present data. As reported, an amount 
of a natural product displaying pharmacological activities via 

Figure 1. Following a 4 week PHC (0.08, 0.4 and 2.0 g/kg) or fluoxetine (3.0 mg/kg) treatment, (A) sucrose preference and (B) the immobility time in forced 
swimming test were detected. Data are expressed as mean ± standard error of the mean (n=16). #P<0.05 and ##P<0.01 vs. NC; *P<0.05 and **P<0.01 vs. CUMS 
rats. PHC (L), low dose P. hepiali extract (0.08 g/kg) group; PHC (M), medium dose P. hepiali extract (0.4 g/kg) group; PHC (H), high dose P. hepiali 
extract (2.0 g/kg) group; NC, non‑treated control group; CUMS, chronic unpredictable mild stress induced depression‑like rat; Flu, fluoxetine hydrochloride 
(3.0 mg/kg) group.

Table II. Regulatory effects of Flu and PHC on the bodyweight changes in CUMS rats.

Week NC CUMS Flu PHC (L) PHC (M) PHC (H)

Week 1 240.8±3.1 235.5±4.2 240.4±3.6 229.3±3.4 232.9±8.0 229.3±4.3
Week 2 329.7±16.8 255.0±5.9a 265.3±11.4 253.7±7.9 263.3±11.5 259.5±10.2
Week 3 365.6±9.8 274.6±6.3a 272.3±13.5 269.9±6.5 265.6±11.3 275.5±10.7
Week 4 385.5±9.6 301.3±5.9a 311.4±7.4 312.3±6.9 311.8±8.0 318.8±7.7
Week 5 391.3±5.8 329.2±14.4a 357.1±15.1 359.2±7.3 357.5±4.7 357.3±7.5
Week 6 399.0±10.5 330.8±15.8b 381.7±18.2c 378.8±11.8c 373.4±10.6c 373.9±6.2c

Week 7 404.1±6.1 331.2±12.6b 390.4±12.9d 390.6±16.1c 382.2±15.3c 385.4±7.9d

Week 8 406.0±4.0 337.1±14.1b 400.1±11.8d 395.1±14.5c 389.4±12.3c 401.9±8.3d

The changes on bodyweight in all experimental groups were monitored every week during CUMS process and drug administration period. 
Data are expressed as mean ± standard error (n=16) and analyzed by a one‑way ANOVA. aP<0.001, bP<0.01 vs. NC group; cP<0.05, dP<0.01 
vs. CUMS group. NC, non‑treated control group; CUMS, chronic unpredictable mild stress induced depression‑like rat; Flu, fluoxetine hydro-
chloride (3.0 mg/kg) group; PHC (L), low dose P. hepiali extract (0.08 g/kg) group; PHC (M), medium dose P. hepiali extract (0.4 g/kg) group; 
PHC (H), high dose P. hepiali extract (2.0 g/kg) group.

Table I. Effects of PHC on the distance traveled of rats in the open field test were analyzed.

Variable NC PHC (L) PHC (M) PHC (H)

Moving distance (m) 25.5±3.2 26.1±2.12 24.8±3.09 23.9±4.0

Data are expressed as mean ± standard error of the mean (n=16) and analyzed by a one‑way analysis of variance. NC, non‑treated control 
group; PHC (L), low dose P. hepiali extract (0.08 g/kg) group; PHC (M), medium dose P. hepiali extract (0.4 g/kg) group; PHC (H), high dose 
P. hepiali extract (2.0 g/kg) group.
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non-dose dependent manner is considered common among 
natural drugs (23,24).

Reduced immobility time in FST following 4 week PHC 
treatment indicated its antidepressant-like effects. Distress 
evoked changes in neurotransmitters and stress hormones 
are associated with fear or certain types of anxiety-related 
behaviors (25). All these abnormal changes were observed 
in CUMS rats, which were normalized by PHC. Monoamine 
hypothesis points out that patients with major depression 
show a deficit in brain DA and/or DA metabolites (26). 
Antidepressants display therapeutic effects via increasing 
DA receptors expressions and DA levels (27). As an impor-
tant enzyme, TH limits DA synthesis (28), which is enhanced 
following PHC treatment in hypothalamus of CUMS rats. 
On the other hand, DRD2 has been confirmed as a target for 
the pharmacological treatment of depressive rumination (29), 
which is involved in mediating the stress response and 
neuronal mechanism of depression (30). The reduced DRD2 
expression was successfully observed in PHC-treated CUMS 
rats. Based on the present data, the dopaminergic system 
contributes to PHC-mediated anti-depressive like effects. On 
the other hand, DA is reported as the premise compounds 
of NE and it can be converted into DOPAC (31). A study 
on the noradrenergic system demonstrated that decreased 
levels of noradrenalin transporter are detected in patients 
with major depression (32). Due to the action on 5-HT and 
NE re-uptake, milnacipran effectively relieves depressive 
behaviors in patients (33). However, the detail roles of NE 
during the anti-depressive like effects of PHC need further 
investigation.

Clinical data reveal that platelet 5-HT and 5-HT1A 
receptor levels could serve as peripheral markers for the diag-
nosis of depression (34). PHC restored CUMS-reduced 5-HT 
and 5-HIAA concentration, and suppressed 5-HT2A receptor 
expression in the hypothalamus of depression-like rats. 
Atypical antipsychotic drugs augment the clinical response 
to SSRIs in treatment-resistant patients. One common feature 
of these atypical antipsychotic drugs is that they are able to 
occupy 5‑HT2 receptors in the brain and more specifically 
to block 5-HT2A-mediated responses (35). Blockade of the 

Figure 2. CUMS-induced depression-like rats were treated with PHC (0.08, 
0.4 and 2.0 g/kg) and fluoxetine (3.0 mg/kg) orally for 4 weeks. The levels of 
(A) GR, (B) ACTH and (C) NE in hypothalamus were analyzed via ELISA 
method. Data are expressed as mean ± standard error of the mean (n=16). 
#P<0.05 and ##P<0.01 vs. NC; *P<0.05, **P<0.01 and ***P<0.001 vs. CUMS rats. 
PHC (L), low dose P. hepiali extract (0.08 g/kg) group; PHC (M), medium 
dose P. hepiali extract (0.4 g/kg) group; PHC (H), high dose P. hepiali 
extract (2.0 g/kg) group; CUMS, chronic unpredictable mild stress induced 
depression-like rat; GR, glucocorticoid receptor; ACTH, adrenocorticotropic 
hormone; NE noradrenalin; NC, non‑treated control group; Flu, fluoxetine 
hydrochloride (3.0 mg/kg) group.

Table III. Effects of Flu and PHC on neurotransmitters and hormones in serum.

 5-HT (ng/ml) 5-HIAA (ng/ml) DOPAC (ng/ml) GR (ng/ml) NE (ng/ml) ACTH (pg/ml)

NC 10.0±0.7 3.4±0.1 23.9±1.6 1.22±0.07 11.8±0.6 11.9±0.5
CUMS 7.9±0.3a 3.6±0.2 21.9±1.6 1.16±0.08 8.9±0.2a 9.4±0.7a

Flu  9.5±0.6b 3.3±0.1 21.6±1.0 1.18±0.05 12.4±0.2c 10.7±0.8b

PHC (L) 9.3±0.4b 3.5±0.2 21.4±0.9 1.09±0.05 10.4±0.2b 11.5±0.7b

PHC (M) 10.4±0.5b 3.4±0.3 21.4±1.5 1.18±0.05 9.9±0.3b 11.2±0.9
PHC (H) 10.3±0.4b 3.5±0.2 22.3±1.2 1.34±0.09b 11.4±0.4b 10.7±0.3

The changes on neurotransmitters and hormones in serum were analyzed via high performance liquid chromatography and ELISA. Data are 
expressed as mean ± standard error of mean (n=16) and analyzed by a one‑way analysis of variance. aP<0.05 vs. NC group, bP<0.05 and 
cP<0.01 vs. CUMS group. 5-HT, 5-hydroxytryptamine; 5-HIAA, 5-hydroxyindoleacetic acid; DOPAC, dihydroxyphenyl acetic acid; GR, 
glucocorticoid receptor; NE, noradrenalin; ACTH, adrenocorticotrophic hormone; NC, non-treated control group; CUMS, chronic unpredict-
able mild stress induced depression‑like rat; Flu, fluoxetine hydrochloride (3.0 mg/kg) group; PHC (L), low dose P. hepiali extract (0.08 g/kg) 
group; PHC (M), medium dose P. hepiali extract (0.4 g/kg) group; PHC (H), high dose P. hepiali extract (2.0 g/kg) group.
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Figure 4. The serotonergic system was involved in the PHC-mediated antidepressant-like effect. Following 4 weeks of treatment, the levels of (A) 5-HT 
and (B) 5-HIAA in the rat hypothalamus were measured. (C) The alteration of 5-HT2A receptor in the hypothalamus was determined by western blotting. 
(D) Quantification of data was normalized by GAPDH and expressed as a percentage of that from corresponding non‑treated control rats. Data are expressed as 
mean ± standard error of the mean (n=16). #P<0.05 vs. NC; *P<0.05, **P<0.01. ***P<0.001 vs. CUMS rats. PHC (L), low dose P. hepiali extract (0.08 g/kg) group; 
PHC (M), medium dose P. hepiali extract (0.4 g/kg) group; PHC (H), high dose P. hepiali extract (2.0 g/kg) group; 5-HT, 5-hydroxytryptamine; 5-HIAA, 
5-hydroxyindoleacetic acid; 5-HT2A receptor, 5-hydroxytryptamine receptor 2A; NC, non-treated control group; CUMS, chronic unpredictable mild stress 
induced depression‑like rat; Flu, fluoxetine hydrochloride (3.0 mg/kg) group.

Figure 3. PHC‑mediated antidepressant‑like activity in CUMS rats was related to the dopaminergic system. CUMS rats were treated with PHC (0.08, 0.4 and 
2.0 g/kg) and fluoxetine (3.0 mg/kg) orally for four weeks. The levels of (A) DA and (B) DOPAC in rat hypothalamus were measured. (C) The hypothalamic 
expressions of TH and DRD2 were analyzed via western blotting. (D) Quantification data were normalized by GAPDH respectively and expressed as a percent 
of that from corresponding non‑treated control rats. Data are expressed as mean ± standard error of the mean (n=16). #P<0.05 vs. NC; *P<0.05, **P<0.01 vs. 
CUMS rats. CUMS, chronic unpredictable mild stress induced depression-like rat; PHC (L), low dose P. hepiali extract (0.08 g/kg) group; PHC (M), medium 
dose P. hepiali extract (0.4 g/kg) group; PHC (H), high dose P. hepiali extract (2.0 g/kg) group; DA, dopamine; DOPAC, dihydroxyphenyl acetic acid; TH, 
tyrosine hydroxylase; DRD2, dopamine D2 receptor; NC, non‑treated control group; Flu, fluoxetine hydrochloride (3.0 mg/kg) group.
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5-HT2A receptor enhances the 5-HT1A receptor-mediated 
neurotransmission in cortical and limbic areas, which links to 
the antidepressant efficacy (35). The modulation of PHC on 
serotonergic system may be involved in its antidepressant-like 
activity.

There is still a limitation in the current study. 5-HT2A 
receptor antagonists increase the firing rate of midbrain dopa-
minergic neurons in a state-dependent manner, and induce 
the activity of nigrostriatal DA-containing neurons (36).  
As reported, 5-HT2A receptors in the prefrontal cortex 
regulate mesocortical DA release (37). However, based on 
the data, it is hard to confirm the relationship between the 
dopaminergic and serotonergic systems on PHC-mediated 
antidepressant-like effects.

Taken together, the present study demonstrated that PHC 
possesses antidepressant-like activity, which may be related 
to its modulation of the dopaminergic system and the sero-
tonergic system. The experimental evidence was provided 
in supporting the clinical use of PHC as an effective agent 
against major depression.
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