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Effects of an Herbal Medicinal Product Composed of Three Herbal Materials on 
Lipopolysaccharide-induced Depression-like Behaviors in Mice
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Abstract : An herbal medicinal product consisting of three kinds of herbal materials, Prunella vulgaris L. (Lamiaceae), 
Clematis chinensis Osbeck (Ranunculaceae) and Trichosanthes kirilowii Max. (Cucurbitaceae) has been prescribed in 
the clinic for treating rheumatoid arthritis in Korea. In the present study, we investigated the antidepressive effect of this 
herbal complex extract (HCE) on lipopolysaccharide (LPS)-induced depression-like behavior. The effects of HCE on LPS-
induced depressive-like behaviors were evaluated using a forced swimming test (FST) and splash test. In addition, we 
also evaluated locomotor activity and anxiety-like behaviors using the open field test and elevated plus-maze (EPM) test. 
Inflammatory cytokines were evaluated in the cortical regions. HCE attenuated anxiety-like behavior in the EPM test and 
depressive- and anhedonia-like behaviors induced by LPS in the FST and splash test. In addition, LPS-induced increases 
in the phosphorylation levels of protein kinase B (Akt) and glycogen synthase kinase 3 beta (GSK-3β) and expression 
levels of proinflammatory factors in the cortex were normalized by HCE. Moreover, decreases in the level of BDNF in the 
cortex were attenuated by HCE. These results suggest that HCE attenuates inflammation-induced depression-like behaviors 
through its normalization of Akt-GSK-3β signaling and proinflammatory factors and its upregulation of BDNF in the cortex 
and that HCE has therapeutic potential for depressive disorders in inflammatory states.
Keywords : Herbal medicinal product, Depressive disorder, Lipopolysaccharide, Proinflammatory factor, 
BDNF, Akt-GSK-3β signaling

Introduction

Depressive disorders impact approximately 4.4% of 
the global population, and disability from this disorder 
accounted for 7.5% of all causes of global disability in 
2015.1 The pathological mechanism of depression or 
its biomarker is still unclear, and the current diagnosis 
of depressive patients has focused on their mood and 
cognitive symptoms according to the Hamilton depression 
rating scale (HAM-D) scores and Manual of Diagnosis and 
Statistics of Mental Disorders (DSM-V) criteria.2–4 Current 
therapeutics for depression are categorized by selective 
serotonin reuptake inhibitors (SSRIs), serotonin and 
norepinephrine reuptake inhibitors (SNRIs), monoamine 
oxidase inhibitors (MAOIs) and other mechanisms. Such 

antidepressants effectively reverse affective mood disorders 
or cognitive dysfunctions.5,6 However, recent studies 
suggest that depressive patients have poor drug adherence 
due to its adverse effects, such as drowsiness, nausea 
or vomiting and sexual problems.7 Therefore, new anti-
depressive drugs with fewer adverse effects are urgently 
needed.

I t  has  been acknowledged that  the  number  of 
inflammatory markers increases in patients with 
depression.8–11 Furthermore, several clinical studies have 
shown that anti-inflammatory drugs, such as nonsteroidal 
anti-inflammatory drugs (NSAIDs) or cytokine inhibitors, 
have a therapeutic effect on depressive-like disorders.12–14 
Several mouse models with depressive disorders also 
showed overexpression of proinflammatory cytokines, 
including interleukin (IL)-1β and tumor necrosis factor 
(TNF)-α in blood and/or brain tissues of the prefrontal 
cortex (PFC) and hippocampal regions, indicating that 
inflammatory cytokines play important roles in the 
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causes or maintenance of depression.15–17 Similarly, direct 
inhibition of IL-1β expression also had a therapeutic effect 
on anxiety- and depression-like behaviors induced by 
lipopolysaccharide (LPS) in mice.18 These results suggest 
that a new drug with anti-inflammatory activity and fewer 
adverse effects might be a promising agent if it exhibits 
anti-depressive activities. We aim to find new drugs from 
herbal materials for anti-depressants because of their 
fewer adverse effects and low costs associated with normal 
pharmacotherapy.19–23 In addition, we are attempting to 
develop new drugs by repurposing herbal prescriptions that 
exhibit anti-inflammatory activity. 

JOINS® (SKI306X, SK Chemicals, Seongnam, Korea), 
an herbal medicinal product, has been prescribed in the 
clinic for treating rheumatoid arthritis in Korea for a few 
years and consists of three kinds of herbal materials, 
Prunella vulgaris L. (Lamiaceae), Clematis chinensis 
Osbeck (Ranunculaceae), and Trichosanthes kirilowii Max. 
(Cucurbitaceae). It is well known that JOINS® exerts good 
antipyretic, analgesic, and anti-inflammatory effects.24,25 
Interestingly, it has been reported that rheumatoid 
arthritis is associated with incidence of depressive 
disorders.26,27 Therefore, we assumed that JOINS®, as an 
anti-inflammatory agent, would be a beneficial agent for 
treating depressive-like disorders if its anti-inflammatory 
activity is also exhibited in the brain. 

In this study, we aimed to probe whether the herbal 
complex extract (HCE), or its main active compound, 
rosmarinic acid (RA), could ameliorate LPS-induced 
depression-like behaviors in a mouse model. We employed 
several behavioral tests, including the forced swimming 
test, and explored the possible mechanism of HCE.

Experimental

Animals – Five-week-old male ICR mice weighing 
25–30 g were purchased from Orient Co. Ltd., a branch 
of Charles River Laboratories (Seongnam-si, Korea). All 
mice were maintained with free access to water and food at 
a constant temperature (23±1℃) and humidity (60±10%) 
under a 12 h light and dark cycle (light on at 7:30 a.m.) 
at the University Animal Care Unit for one week before 
all experiments. All experimental protocols using animals 
were approved by the IACUC of Kyung Hee University 
(KHSASP-20-340).

Materials – RA, LPS and desipramine were purchased 

from Sigma-Aldrich Chemical Co. (St. Louis, MO). Anti-
IL-1β, anti-IL-6, anti-TNF-α, anti-cyclooxygenase-2 
(COX-2), anti-nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-κB), anti-protein kinase B (Akt), 
anti-glycogen synthase kinase-3β (GSK-3β), anti-β-actin, 
and anti-tropomyosin receptor kinase B (TrkB) antibodies 
were purchased from Santa Cruz Biotechnology, Inc. 
(Santa Cruz, CA). Anti-phosphorylated-GSK-3β antibodies 
were purchased from Cell Signaling Technology (Danvers, 
MA). Anti-brain-derived neurotrophic factor (BDNF) 
antibody was purchased from Abcam (Cambridge, UK). 
Anti-phosphorylated-TrkB antibody was purchased from 
Millipore Co. (Burlington, MA). Anti-phosphorylated-
Akt antibody and all secondary antibodies were purchased 
from GeneTex, Inc. (Irvine, CA). The HCE prepared in 
our previous work was used in the present study.28 In brief, 
each herbal material (C. chinensis, 30 g; P. vulgaris, 30 g; 
T. kirilowii, 60 g) was purchased from Edam Pharm. Co. 
(Seoul, Korea) and extracted twice with 30% ethanol (1.2 
L) under reflux (60℃) for 4 h. After filtration, the extract 
was concentrated and partitioned with n-butanol three 
times. The n-butanol fractions obtained were concentrated 
and freeze-dried into a powder (yield, 2.39±0.05%). The 
quality consistency of HCE was maintained by measuring 
the concentration of RA (average concentration was 
14.35±0.04 mg/g) through HPLC analysis, as previously 
described.28

Drug administration and behavioral procedures 
– HCE was dissolved in 10% Tween 80 solution. RA, 
desipramine, and LPS were dissolved in 0.9% saline 
solution. The day before behavior tests, mice were injected 
with LPS (1.0 mg/kg, i. p.) for establishing an LPS-induced 
depressive-like animal model (Fig. 1). The next day, 

Fig. 1 The experimental schedule of lipopolysaccharide (LPS) 
treatment and behavior tests. LPS (1.0 mg/kg, i.p.) was injected 1 
day before the open field test (OFT). Each behavior experiment was 
conducted for 4 days from Day 1 after LPS administration (Day 0). 
After the completion of behavior tests, the animals were euthanized 
for mechanistic studies. OFT, open field test; EPM, elevated plus-
maze test; ST, splash test; FST, forced swimming test.
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mice were administered HCE (30, 100, 300 mg/kg, p.o.), 
RA (1, 3, 10 mg/kg, p.o.) or vehicle solution 1 h before 
each behavior test and introduced into each designated 
behavioral test (Fig. 1). Desipramine (15 mg/kg, i. p.) as a 
positive control was injected 30 min before each test. All 
behavior tests were conducted during 10:00–17:00 under 
dim light and recorded by EthoVision system (Noldus, 
Wageningen, the Netherlands). All data were analyzed 
by a researcher who was well-trained and blind to each 
treatment.

Open field test (OFT) – The OFT for measuring 
spontaneous locomotor behavior was conducted as 
described previously.29 The OFT was performed in clean 
black Plexiglas boxes (W×D×H:41.5×41.5×41.5 
cm) equipped with the video-based EthoVision System 
(Noldus, Wageningen, the Netherlands). Mice were initially 
introduced into the center of the box and allowed to freely 
explore the test box for 30 min (Day 1). Total distance 
moved and crossing of center zone (W×D:13.8×13.8 cm) 
were calculated for evaluating the effects of HCE and RA 
on spontaneous locomotor activity. The test box was wiped 
with 70% ethanol-soaked tissue between each trial. 

Elevated plus-maze (EPM) test – The EPM was a 
cross-shaped apparatus 40 cm above the ground, which 
was used to measure anxiety-like behavior in rodents.30 The 
apparatus divided into four-elevated arms with quadrants of 
equal lengths (W×D:7×30 cm) which were radiated from 
a central platform (W×D:7×7 cm). The four-elevated 
arms consisted of two open arms and two closed arms 
(D×H:30×30 cm). During testing (Day 2), each mouse 
was placed on the central area with head-facing open arms. 
Free exploration behavior of each mouse was recorded for 
5 min and the time spent in each arm during 5 min was 
analyzed by the video-based EthoVision System (Noldus, 
Wageningen, the Netherlands). The apparatus was cleaned 
prior to each trial using 70% ethanol solution.

Splash test – Splash test was used to detect anhedonia-
like behaviors in mice, as described elsewhere.31,32 Mice 
were placed into the test cage (W×D×H:15.2×26.7×12.1 
cm) and allowed to freely habituate the test cage for 1 min. 
After habituation, the prepared 10% sucrose solution was 
evenly sprayed on the dorsal of the mouse (0.5 mL), and 
the grooming time was manually measured during 5 min 
(Day 3). At the end of each trial, mice were wiped with 
clean water, and the test box was wiped using 70% ethanol 
spray.

Forced swimming test  (FST) –  The FST was 
conducted, as described previously 30. Mice were put into 
a glass cylinder sink (H×W:25×14 cm), filled with 20 cm 
fresh water (24±2℃), and allowed to swim for 6 min (Day 
4). The swimming behaviors of each mouse were recorded 
by video camera. The feces of mice floating above the sink 
were fished out between each trial. The time of immobility, 
defined as few movements as necessary to keep its head 
above water, was analyzed during the last 4 min during 
6 min using a video-based EthoVision System (Noldus, 
Wageningen, the Netherlands).

Western blot – Mice were sacrificed immediately after 
the forced swimming test (Day 4) and their brains were 

Fig. 2 Effects of herbal complex extract (HCE) or rosmarinic acid 
(RA) on the LPS-induced depressive-like behaviors in the forced 
swimming test. HCE (30, 100, 300 mg/kg, p.o.), RA (1, 3, 10 mg/
kg, p.o.), or vehicle (10% Tween 80 solution) was administered to 
mice. Desipramine (15 mg/kg, i.p.) was used as a positive control. 
Depressive-like disorder was induced by LPS (1 mg/kg). After 
habituation, HCE, RA, or vehicle was administered one hour before 
the test, and desipramine was administered 30 min before the test. The 
data represent the means±SEM (n=8-10 per group) of the immobility 
time. ***p<0.0001, vs. the control group treated with vehicle; #p<0.05, 
###p<0.0001, vs. the LPS-treated group; CON, control.
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removed. The whole cortex and hippocampus were isolated 
from the removed brain and homogenized in Tris-HCl 
buffer (20 mM, pH 7.4). Homogenates were centrifuged 
at 14,000 rpm for 20 min at 4℃ and the supernatant was 
harvested. The sample which was quantified containing 
15 μg of protein were separated through 6–12% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gels under reducing situation and subsequently 
transferred to polyvinylidene fluoride (PVDF) membranes 
at 300 mA for 2 h. Then, the PVDF membranes were 
incubated for 2 h with blocking solution (5% skim 
milk) at room temperature. Subsequently, the samples 
were incubated overnight with diluted anti-IL-1β, IL-
6, TNF-α, COX-2, NF-κB, BDNF, pTrkB, or TrkB 
(1:1000 dilution in 3% skim milk) and pAkt, Akt, pGSK-
3β, GSK-3β, or β-actin (1:3000 dilution) antibodies at 
4 ℃ and washed six times with Tween 20/Tris-buffered 
saline (TTBS). Thereafter, the membranes were incubated 
with suitable secondary antibodies (1:5000 dilution) 
for 2 h at room temperature and washed with TTBS for 
60 min. The membrane was developed with enhanced 
chemiluminescence and the immunoblot was analyzed 
using the Multigauge bio-imaging program on the LAS-
4000 mini system (Fujifilm Life Science USA, Stamford, 
CT) with ImageJ software (NIH, Bethesda, MD).

Statistical analysis – Data were expressed as the 
means±standard errors of the means (S.E.M.). The data 
from splash test, EPM test, OFT, FST, and Western blot 
assay were analyzed by a one-way analysis of variance 
(ANOVA) followed by Newman-Keuls post hoc test. All 
behavioral data were analyzed by well-trained researchers 
who were blind to any treatment. The criterion for 
significance was set at p<0.05.

Results and discussion

We evaluated whether HCE or RA could alleviate LPS-
induced depressive-like behavior through FST. One-
way ANOVA revealed that there were significant group 
differences on the immobility time (HCE, F5,54=9.610, 
p<0.05; RA, F5,55=6.957, p<0.05) (Fig. 2A and B). A 
single injection of LPS both in the HCE or RA treatment 
experiments extended immobility time with significant 
difference compared to control group (p<0.0001), 
indicating that the depressive-like mice model was 
constructed successfully after LPS injection. HCE (100 
mg/kg) or RA (3 mg/kg)-treated mice struggled and 

decreased immobility time in FST (p<0.0001), as observed 
in desipramine-treated group.

To determine if HCE or RA reverses anhedonia-like 
behavior induced by LPS in mice, the splash test was 
employed and there were significant group differences on 
the grooming time (F5,53=8.467, p<0.05) (Fig. 3A). LPS 
treatment significantly decreased grooming time compared 
to normal group (p<0.05), showing that anhedonia-like 
behaviors could be induced by LPS.33 The administration 
of HCE (100 mg/kg) significantly increased grooming time 
compared to the LPS-treated group (p<0.05). In the case 
of RA treatment, one-way ANOVA showed that there were 
significant group differences in grooming time (F5,53=9.457, 
p<0.05) (Fig. 3B). Decreased grooming time by LPS 
treatment was increased by the administration of RA (3 mg/

Fig. 3 Effects of herbal complex extract (HCE) or rosmarinic acid 
(RA) on the LPS-induced anhedonia-like behaviors in the splash test. 
HCE (30, 100, 300 mg/kg, p.o.), RA (1, 3, 10 mg/kg, p.o.), or vehicle 
(10% Tween 80 solution) was administered to mice. Desipramine (15 
mg/kg, i.p.) was used as a positive control. Anhedonia-like activity 
was induced by LPS (1 mg/kg). After habituation, HCE, RA or vehicle 
was administered one hour before the test, and desipramine was 
administered 30 min before the test. The data represent the means±
SEM (n=9-10 per group) of grooming time. *p<0.05 vs. the control 
group treated with vehicle; #p<0.05, vs. the LPS-treated group; CON, 
control.
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kg) (p<0.05). Nonetheless, desipramine could not reverse 
grooming time decreased by LPS treatment.

To examine the effects of HCE or RA on the anxiety-like 
behavior induced by LPS,  mice were administered HCE or 
RA 1 h before the EPM test. One-way ANOVA presented 
a significant difference between groups on the percentage 
of time spent in the open arms (F5,53=2.813, p<0.05) (Fig. 
4A). The time spent in open arms (%) was significantly 
decreased by LPS injection compared to normal group 
(p<0.05), suggesting that LPS injection induced an 
anxiety-like behavior.33 Furthermore, with the treatment 
with HCE (30, 100 or 300 mg/kg, p.o.) or desipramine (15 
mg/kg, i.p.), the percentage of time spent in open arms was 
significantly increased compared to LPS-treated group, 
as did desipramine. In the case of RA, one-way ANOVA 
presented an obvious difference between groups on the 
percentage of time spent in the open arms (F5,54=2.992, 
p<0.05) (Fig. 4B). With the treatment with RA (3 and 10 
mg/kg) and desipramine, the percentage of time spent in 
the open arms significantly increased compared to LPS-
injected group, respectively.

To investigate the effect of HCE or RA on hypo-
locomotor behavior induced by LPS, an OFT was 
conducted. One-way ANOVA revealed that there was a 
significant group difference on the moved distance and 
the crossing number of center zone (distance moved, 
F5,48=18.08, p<0.05; crossing number of center zone, 
F5,52=9.574, p<0.05) (Fig. 5A and B). In contrast to control 
group, the LPS-treated group showed significantly fewer 
number of center zone crossing (p<0.05) and decreased 
total distance moved in 30 min (p<0.05). HCE slightly 
reversed the decrease of total moving distance induced 
by LPS at 100 and 300 mg/kg but not significantly, as 
desipramine did not. In the case of RA, one-way ANOVA 
revealed that there was a significant group effect between 
the groups (distance moved, F5,54=13.77, p<0.05; crossing 
number of center zone, F5,53=3.204, p<0.05) (Fig. 5D and 
E). The LPS-treated group showed significantly fewer 
times of center zone crossing (p<0.05) and decreased total 
distance moved in 30 min (p<0.05). As observed in HCE 
administration group, RA slightly reversed the decrease of 
total moving distance induced by LPS at 3 and 10 mg/kg 
but not significantly.

We examined the phosphorylation levels of Akt, 
GSK-3β or TrkB, or the level of BDNF expression 
after administration of HCE in the cortical region. The 

expression levels of each signaling molecule were 
analyzed in the cortex (pAkt, F5,30=5.200, p=0.015; pGSK-
3β, F5,30=10.26, p<0.0001; pTrkB, F5,30=2.737, p=0.0375; 
BDNF, F5,30=2.912, p=0.0341). As shown in Fig. 6, LPS 
treatment markedly increased the levels of pAkt (p<0.01) 
and pGSK-3β (p<0.001) and decreased BDNF expression 
levels and its receptor phosphorylation (p<0.05). The 
increased levels of pAkt and pGSK-3β, and decreased 
BDNF expression in the cortex were significantly reversed 
by the HCE administration (100 or 300 mg/kg). However, 
pTrkB showed only a tendency of increase in HCE 
administration, but not significantly.

To observe the change of inflammation-associated 

Fig. 4 Effects of herbal complex extract (HCE) or rosmarinic acid 
(RA) on the LPS-induced anxiety-like behaviors in the elevated plus-
maze test. HCE (30, 100, 300 mg/kg, p.o.), RA (1, 3, 10 mg/kg, p.o.), 
or the vehicle (10% Tween 80 solution) was administered to mice. 
Desipramine (15 mg/kg, i.p.) was used as a positive control. Anxiety-
like activity was induced by LPS (1 mg/kg). After habituation, 
HCE, RA or vehicle was administered one hour before the test, 
and desipramine was administered 30 min before the test. The data 
represent the means±SEM (n=9-10 per group) of the duration in the 
open arms. ***p<0.0001, **p<0.001, *p<0.05 vs. the control group 
treated with vehicle; #p<0.05, vs. the LPS-treated group; CON, 
control
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factors induced by LPS, we investigated the expression 
levels of inflammatory cytokines after the administration 
of HCE in the cortex (IL-1β, F5,30=3.327, p=0.0165; IL-6, 
F5,30=3.865, p=0.008; TNF-α, F5,29=3.865, p=0.0104; COX-2, 
F5,29=10.10, p<0.0001; NF-κB, F5,30=5.895, p=0.0007). LPS 
treatment could activate inflammatory reactions through the 
activation of toll-like receptor 4 (TLR4) which induces the 
activation of NF-κB, and activated NF-κB increased pro-
inflammatory factors including IL-1β, IL-6, or TNF-α.34 
As expected, levels of IL-6, TNF-α, COX-2, and NF-κB 
were significantly increased after administration of LPS 
(p<0.05, p<0.01 or p<0.001). The above inflammation-
associated factors were normalized by HCE (100 mg/
kg) administration, as observed in desipramine treatment. 
However, levels of COX-2 and NF-κB were unchanged by 
the high dose of HCE (300 mg/kg).

In the present study, we attempted to explore whether 
HCE as an anti-inflammatory agent has anti-depressive-
like activity under a drug repositioning strategy. We 

observed that the administration of HCE could ameliorate 
LPS-induced depression- and anxiety-like symptoms. In 
addition, HCE reversed the increased levels of IL-1β, IL-
6, TNF-α, COX-2, and NF-κB expression induced by LPS 
injection and normalized the levels of pAkt, pGSK-3β, and 
BDNF expression.

Several lines of evidence suggest that the levels of 
inflammatory factors in patients with depression have 
a high correlation with depression.8,35–39. LPS promotes 
secretion of proinflammatory cytokines, nitric oxide, 
and eicosanoids and is typically used for establishing a 
depressive-like animal model.40,41 In our present study, 
increased immobility time and decreased time spent in the 
open arms and grooming time were observed after LPS 
administration, indicating that the LPS-induced depressive 
mouse model is useful for determining depressive-like 
behaviors. Previously, we reported that HCE ameliorates 
schizophrenia-like symptoms in mice,28 suggesting 
that HCE or its active constituents could penetrate 

Fig. 5 Effects of herbal complex extract (HCE) or rosmarinic acid (RA) on the LPS-induced hypo-locomotor behaviors in the open field test. 
HCE (30, 100, 300 mg/kg, p.o.), RA (1, 3, 10 mg/kg, p.o.), or vehicle (10% Tween 80 solution) was administered to mice Hypo-locomotor 
behavior was induced by LPS (1 mg/kg). After habituation, HCE, RA or vehicle was administered one hour before the test, and desipramine (15 
mg/kg, i.p.) used as positive control was administered 30 min before the test. The crossing of center zone (A, HCE; C, RA), and total distance 
moved (cm) in 30 min (B, HCE; D, RA are exhibited. The data represent the means±SEM (n=8-10 per group) ***p<0.0001, vs. the control 
group treated with vehicle; CON, control.
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Fig. 6 Effects of herbal complex extract (HCE) on the LPS-induced phosphorylation levels of Akt, GSK-3β, and TrkB and the expression level of 
BDNF in the cortex. HCE (30, 100, 300 mg/kg, p.o.) or vehicle (10% Tween 80 solution) was administered one hour before the test. Desipramine 
(Des) used as positive control was administered 30 min before sacrificing the mice. The data represent the means±SEM (n=6 per group). 
Immunoreactivity was normalized to control (taken as 1.0). *p<0.05, vs. the control group; **p<0.01, vs. the control group; ***p<0.001, vs. the 
control group; #p<0.05, vs. the LPS-treated group; ##p<0.01, vs. the LPS-treated group; ###p<0.001, vs. the LPS-treated group; CON, control.

Fig. 7 Effects of herbal complex extract (HCE) on the LPS-induced upregulation levels of IL-1β, IL-6, TNF-α, COX-2 and NF-κB in the cortex. 
HCE (30, 100, 300 mg/kg, p.o.) or vehicle (10% Tween 80 solution) was administered to mice with same drug dosage. HCE or vehicle was 
administered one hour before the test, and desipramine (Des) employed as positive control was administered 30 min before sacrificing the mice. 
The data represent the means±SEM (n=5-6 per group). Immunoreactivity was normalized to control (taken as 1.0). *p<0.05, vs. the control 
group; **p<0.01, vs. the control group; ***p<0.001, vs. the control group; #p<0.05, vs. the LPS-treated group; ##p<0.01, vs. the LPS-treated 
group; ###p<0.001, vs. the LPS-treated group; CON, control.
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the brain-blood barrier and exert its pharmacological 
activities. Meanwhile, recent studies suggest that immune 
activation characterized by the upregulation of major 
proinflammatory cytokines plays a role in the pathogenesis 
of schizophrenia.36,42,43 Therefore, this finding reveals that 
both schizophrenia and depression are associated with 
increased inflammatory cytokines. This led us to reconsider 
whether HCE with anti-inflammatory effects in the brain 
has a therapeutic effect on depressive-like symptoms, 
and our research may extend the clinical applicability of 
JOINS®. Additionally, long-term use of HCE containing RA 
has already been reported in clinical trial.44 In the present 
study, we observed that HCE ameliorated the deficits in 
the EPM, FST, and splash test, showing that HCE could be 
beneficial in treating depression-like symptoms including 
anxiety and anhedonia symptoms.

Next, we investigated which compounds might be 
responsible for the antidepressive-like behaviors of HCE. 
Although several compounds are contained in the HCE, 
we employed RA to maintain the quality consistency of 
HCE because of its high amount in HCE. RA has been 
known to have anti-inflammatory or antioxidant actions.45,46 
Recently, it has been reported that LPS induced depressive-
like symptoms were attenuated by treatment with RA in 
mice.47 Similar behavioral outcomes were also observed 
in our study, although the dose ranges were different. 
RA administration (3 mg/kg, p.o.) changed depressive-
like, anxiety-like and anhedonia-like behaviors induced 
by LPS (1 mg/kg) in mice, and RA treatment (10 mg/kg) 
significantly increased the duration of open arms in the 
EPM test. Therefore, our present study demonstrated that 
HCE, or its main constituent RA, would be effective for 
treating the depressive-like, anxiety-like, and anhedonia-like 
symptoms observed in patients with depression. However, 
considering the active dosage of RA and HCE, RA might not 
solely be responsible for the anti-depression- or anxiety-like 
activity of HCE. Oleanolic, ursolic acid, and its glycoside 
are also contained in HCE, and such compounds are also 
reported to have antidepressive activity.48–50 Interestingly, 
HCE administration showed an inverted U-shaped dose-
response pattern in behavioral studies. Similar results were 
also observed for the expression levels of COX-2 and NF-
κB (vide supra). Although we cannot explain these results, it 
can be speculated as follows: A high dose of HCE (300 mg/
kg) or RA (10 mg/kg) is likely to decrease neurotransmitters 
that are associated with anti-depressive activities through 

their autoreceptors.51 Further research is needed to clarify 
this issue.

It has been reported that the Akt-GSK-3β pathway is 
activated in a depressive-like behavior mouse model52 
and that activating this pathway restrains the expression 
level of BDNF.53 Additionally, the peripheral levels of 
BDNF were decreased in patients with depression.54 Akt is 
known to be activated by phosphoinositide 3-kinase (PI3K) 
through phosphorylation and restrains GSK-3β, which 
regulates cell survival.55 In addition, several studies have 
showed that the expression of BDNF and phosphorylation 
levels of TrkB are decreased by activation of the Akt-
GSK-3β pathway,56 which causes a lack of neuroplasticity 
or cell death.57 Therefore, we investigated the changes of 
Akt-GSK-3β signaling and the expression level of BDNF 
in the LPS-induced depression mouse model. In the LPS-
injected group, the phosphorylation level of the Akt-GSK-
3β pathway was increased, and the expression level of 
BDNF was decreased. In contrast, the administration of 
HCE (100 mg/kg) significantly normalized the Akt-GSK-
3β signaling pathway and increased the expression level 
of BDNF, although the TrkB activity decreased by LPS 
administration was not recovered by HCE administration. 
Taken together, the present studies suggest that HCE could 
ameliorate Akt-GSK-3β and BDNF signaling, which was 
impaired by LPS administration.

A growing number of studies have investigated to 
support the inflammatory hypothesis on the pathogenesis 
and treatment of depressive disorder. For example, 
chronic stress upregulates proinflammatory cytokines 
by activating IL-1β and IL-18 and autophagy system 
in the prefrontal cortical region.58 In addition, LPS 
activates the Akt-GSK-3β signaling pathway, which could 
promote inflammation.59 Meanwhile, growing evidence 
has demonstrated that inhibition of the IL-1β receptor 
can reduce the occurrence of depressive-like behaviors 
in rodents, indicating that regulation of inflammatory 
cytokines would be a novel strategy for developing anti-
depressant agents.60 In our present study, we also examined 
the effects of HCE on the expression levels of IL-1β, IL-
6, TNF-α, NF-κB, and COX-2 in the cortex of mice. 
HCE ameliorated LPS-induced proinflammatory cytokine 
expression, including IL-1β, IL-6, TNF-α and COX-2. In 
addition, in the HCE-treated group, the expression level of 
NF-κB was significantly decreased compared with that in 
the LPS-treated group. These results suggest that HCE is 
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able to inhibit the inflammatory reaction induced by LPS, 
and, thereafter, decrease pro-inflammatory factors. We 
investigated whether LPS treatment-induced microglial 
or astrocytic activation in the cortical or hippocampal 
regions to identify the origin of proinflammatory factors. 
However, we did not observe any changes in allograft 
inflammatory factor 1 (Iba-1), a marker of microglia, or 
glial fibrillary acidic protein (GFAP), a marker of astrocytes, 
immunoreactivities after the administration of LPS. It was 
reported that activated glial cells secrete cytokines after 
the initial phase of inflammation.61,62 Additionally, it was 
reported that the levels of inflammatory cytokines, such 
as IL-6 or IL-1β, were higher at 5 or 6 days after exposure 
to proinflammatory agents compared to the day after the 
exposure to pro-inflammatory agents.63 These results 
suggested that HCE could inhibit the late stages of LPS-
induced inflammatory responses.

In summary, HCE or its active compound, RA, 
administration attenuated LPS-induced depressive-, 
anxiety-, and anhedonia-like symptoms. These effects 
of HCE would be associated with its anti-inflammatory 
activity and its increase activity on BDNF expression level 
through Akt-GSK-3β pathway in the cortex. Collectively, 
our findings on the anti-depressant activity of HCE suggest 
that HCE would be useful for treating depressive patients 
with inflammation-associated symptoms.
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