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Korean Red Ginseng reduces chronic social defeat stress-induced

mood disorders via N-methyl-D-aspartate receptor modulation in

mice

Bo-Ram Leeq, Ju-Hyun Leeq, Yong-Hyun Ko, Jee-Yeon Seo, Kwang-Hyun Hur,
Young-Jung Kim, Seon-Kyung Kim, Seong-Eon Kim, Seok-Yong Lee, Choon-Gon Jang*

Department of Pharmacology, School of Pharmacy, Sungkyunkwan University, Suwon, 16419, Republic of Korea

a r t i c l e i n f o

Article history:

Received 28 March 2019

Received in Revised form

11 September 2019

Accepted 1 November 2019

Available online 7 November 2019

Keywords:

Anxiety

Chronic social defeat stress

Korean Red ginseng

NMDA receptor

Social avoidance

a b s t r a c t

Background: A chronic social defeat stress (CSDS) model has been proposed as relevant to stress-induced

behavioral change in humans. In this study, we examined the effect of Korean Red Ginseng (KRG) on

CSDS-induced mood disorders and protein expression in an animal model.

Methods: To evaluate the effect of KRG on social defeat stress, test mice were exposed in the resident

aggressor's home cage compartment for 14 days beginning 1 h after KRG treatment (10, 20, and 40 mg/

kg, per oral (p.o.)). After the exposure, behavioral tests to measure anxiety, social interaction, and

depression-like behavior were performed. To investigate the underlying mechanism, N-methyl-D-

aspartate receptor expression levels in CSDS-induced mice were evaluated using Western blot analysis.

Results: CSDS induced anxiety-like behaviors by decreasing central activity in the open-field test and

open-arm approach in the elevated plus maze test and led to social avoidance behavior in the social

interaction test. CSDS mice showed upregulated NR1, NR2A, and NR2B expression in the hippocampus.

KRG 20 and 40 mg/kg ameliorated anxiety-like activities and KRG 20 mg/kg alleviated social avoidance

by decreasing time in the corner zone. KRG treatment recovered CSDS-induced NR1, NR2A, and NR2B

protein levels in the hippocampus.

Conclusion: These results indicate that KRG has a therapeutic effect on CSDS-induced mood disorder by

alleviating N-methyl-D-aspartate receptor overexpression in the hippocampus.

� 2019 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Continuous social stress, such as issues in interpersonal re-

lationships and a role loss at work, can predispose people to mental

illnesses, such as depression and anxiety, as well as fear of being

excluded from social groups [1,2]. In addition, recent reports have

indicated that childrenwho have been subjected to school violence

have a more dangerous level of post-traumatic stress disorder than

those who were not victimized by peers [3]. Among laboratory

stress models, the chronic social defeat stress (CSDS) model, which

is associatedwith social conflict, is useful because of high predictive

validity [4]. Many researchers have shown that social defeat is a

crucial factor in causing various psychopathological changes similar

to what people experience in their lives. Stefanski [5] had found a

marked decrease in corticosteroid-binding globulin and testos-

terone after 7 days of social stress. After being defeated, rats, mice,

and tree shrews have shown a variety of behavior changes, such as

sleep pattern disturbances, anhedonia, decreased locomotor ac-

tivity, and impaired memory performance [6e9]. From previous

studies, CSDS is an appropriate tool for understanding stress-

induced mood disorders. Therefore, we can use the CSDS model

to study the treatments that relieve mental diseases due to social

stress.

When suffering from stress-related illness, such as post-trau-

matic stress disorder and Cushing's disease, it has been shown that

hippocampal volumes were significantly reduced [10], suggesting

that there is a chronic imbalance in endogenous neurotransmitters,

such as glutamate [11]. In addition, chronic restraint stress had
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induced a contraction of dendrites in CA3 of the hippocampus,

which are involved in stress-induced hippocampal structural

plasticity [12]. Many studies have evaluated that the hippocampus

is involved in the stress-related pathological process. Therefore, the

hippocampus is the best-studied brain region for evaluating the

effects of CSDS on the brain.

Recent studies have confirmed that increased stress-induced

modulation of the glutamate release and transmission is an

important factor in inducing changes associated with depression

[13e15]. For example, animals that have been through chronic mild

stress showed increased N-methyl-D-aspartate receptor (NMDAR)

subtype mRNA levels in the hippocampus [16]. Moreover, chronic

restraint stress paradigms had induced increases in glutamate

release from hippocampal synaptosomes, which led to dysregula-

tion of glutamate secretion [17]. Furthermore, several gluta-

matergic modulating agents, such as N-methyl-D-aspartate

antagonist ketamine, have been proven to show rapid antidepres-

sant effects in mood disorders [18e20]. Within the glutamatergic

system, NMDARs, which are composed of a subunit NR1 and a

subunit NR2, play a key role in fast synaptic glutamate transmission

[16]. NR2A and NR2B are activated when coexpressed with NR1,

with each of the NR2 subunits having different roles in NMDAR

function [21]. Specifically, a previous study recently showed that

chronic mild stress increased NR1 and NR2B protein expression, as

well as mRNA levels in the rat ventral hippocampus [16]. Further-

more, NR2B-knockout animals could not regulate stress-induced

depression-like behaviors [22]. These results explained how the

mechanismmediated by NR2B-containing receptors is important in

modulating mood disorders. In addition, NMDARs at synaptic sites

cluster through the C-terminal of NR2 subunits and are organized

to the postsynaptic membrane through postsynaptic density-95

(PSD-95) [23,24]. PSD-95 acts as a scaffolding protein for the

postsynaptic NMDAR, linking postsynaptic glutamate receptors

together and connecting them to intracellular signaling pathways

[25]. From these results, chronic stress affects mood disorders by

modulating hippocampal NMDARs, in particular the NR2 subunits

and PSD-95.

Because stress is the fundamental cause of mood disorders,

antidepressants are thought to modulate stress-related respon-

siveness and susceptibility [26]. However, traditional antidepres-

sants exhibit various side effects [27]. Thus, there is a need to

develop natural products that have fewer side effects. Korean Red

Ginseng (KRG) is the commonly used herbal medicine in Asia for

enhancing energy and immunity. In general, KRG has a variety of

biological activities that benefit human health, such as antiin-

flammatory activity in lipopolysaccharide (LPS)-stimulated in vivo

and in vitro studies and antioxidant effects in stressed mice and in

cellular stress [28e30]. In addition, KRG has positive effects on

humans exposed to high stress by stabilizing the sympathetic

nervous system and improving cognitive function [31]. However,

there have been no studies researching the effect of KRG on a CSDS

model. Therefore, to understand the mechanism of KRG in social

defeat stress, we investigated the effect of KRG on CSDS-induced

mood disorders using various behavioral tests, including anxiety,

locomotor activity, social avoidance, and depression-like behavior.

Furthermore, we examined molecular changes in NMDAR subunits,

including PSD-95, in the hippocampus of CSDS mouse models.

2. Materials and methods

2.1. Animals

Seven-week-old male C57BL/6J mice (Dae Han Bio Link Co., Ltd,

Eumseong, Korea) weighing 19-21 g were used. After arrival, the

animals were kept 10 per cage (27�42� 18 cm) and habituated for

1 week before using in experimental procedures.

For aggressors, we used male CD-1 mice (4 weeks old, 38-42 g)

purchased from Koatech Co., Ltd (Pyongtaek, Korea). After arrival,

the animals were singly housed (21� 24�12 cm) and acclimatized

for 6 weeks before using in experimental procedures. When male

CD-1 mice were housed singly for an extended time, they become

aggressive and territorial with unfamiliar males. In addition, at 10

weeks of age, the CD-1 mice weighed more than 40 g, which made

them more threatening to C57BL/6J mice (the intruder).

The animals had approach to water and food ad libitum. The

mice were sustained in a climate and humidity-controlled room

under a 12-h light/dark cycle (lights on 07:00 to 19:00). All tests

were carried out according the National Institutes of Health (NIH)

Guide for the Care and Use of Laboratory Animals and the approval

of the Institutional Animal Care and Use Committee of Sung-

kyunkwan University (SKKUIACUC2018-12-01-1).

2.2. KRG administration

KRG extract was obtained from the Korea Ginseng Corporation

(Buyeo, Chungnam, Korea). In brief, ginseng was steamed (90-

100�C, 3 h), dried in a chamber (50-80�C), extracted with circu-

lating hot water (85-90�C), and then filtered. The filtrates were

concentrated under reduced pressure and lyophilized. KRG con-

tained the following ginsenosides by HPLC analysis: Rb17.98 mg/g;

Rg3 3.23 mg/g; Rc 3.11 mg/g; Rb2 2.89 mg/g; Rg2s 2.20 mg/g; Re

1.86 mg/g; Rg11.63 mg/g; Rf 1.6 mg/g; Rh11.17 mg/g; Rd 1.03 mg/g;

and other minor ginsenosides. The stressed animals were segre-

gated at random into four groups: CSDS mice treated with a

deionizedwater injection (CSDS group) and CSDSmice treatedwith

10 mg/kg, 20 mg/kg, or 40 mg/kg of KRG (CSDSeKRG groups). All

mice were given oral injections of KRG or deionized water daily 1 h

before social defeat stress.

2.3. Chronic social defeat stress

Nonexperimental C57BL/6J mice were used as screeners during

the screening process. A screener was introduced into the CD-1

home cage for 180 s per session. We performed three consecutive

sessions, once daily. On each subsequent day, we used different

screeners for each CD-1 mice. An aggressor CD-1 mice was used in

social defeat experiments according to the following criteria: (1)

CD-1 mouse expressed aggression, for instance pulling a C57BL/6J

mouse down and biting it for at least 5 s; (2) the initial aggression

time had to bewithin 60 s of the start of the session; and (3) the CD-

1 mouse attacked a C57BL/6J mouse in at least two consecutive

sessions.

The CSDS procedure was performed as described [32,33] with

minor modifications. Briefly, an aggressor mouse was put on one

part of the divided home cage during the night before initiating the

first social defeat stress. On the first day, a C57BL/6J mouse was

introduced into the compartment of resident aggressor's home

cage. The defeats lasted 10 min or less. At the end of time, the

intruder was transferred to the opposite compartment divided by

an acrylic divider with holes and maintained sensory contact until

the next day. Intruder was exposed to social defeat stress for 14

days. For each subsequent daily defeat, they were moved daily to a

novel resident's home cage. Control mice were housed in the

compartment of equivalent cages and rotated to a new cage daily

without physical contact with their cage members. The experiment

was conducted between 9 and 12 a.m. Starting on the 11th day of

chronic social defeat, behavioral experiments were performed in

the afternoon (3-6 p.m.).
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2.4. Open-field test

The animals explored an open-field chamber (30 � 30 � 30 cm)

for 10 min under dim light. Using a tracking system (NeuroVision,

Pusan, Korea), the distance traveled was recorded as a locomotor

activity. The center time was used as an anxiolytic index.

2.5. Social interaction test

The social interaction test (SIT) was carried out depending on

the method of Golden et al [32] and Tsankova et al [33] with slight

modification. The SIT was assessed in the same condition as that of

open-field test (OFT). A wire cage (13 � 11 � 25 cm) was put in the

middle of the edge of the chamber. The test consisted of two 150-s

phases, parted by a 30 s break. During the first session (“no target”),

there was an empty wire cage. In the second session (“target”), an

aggressor was put into the wire cage. In the testing, the aggressor is

novel to the test mouse (the defeated C57BL/6J mouse). Movement

of test mouse was recorded using an automated tracking system

(EthoVision 3.0, Noldus, Wageningen, Netherlands). Cumulative

times and movement in the “interaction zone” (the 5 cm width

around the wire cage) and the “corner zone” (two corners of a 7� 7

cm shaped square across the interaction zone) were calculated. The

“interaction zone time” was the difference in time spent in the

interaction zone between when the target was present and the

target was not present. As an alternative method, SIT could also be

expressed as a social interaction (SI) ratio. The SI ratio was assessed

by dividing the time spent in the interaction zone when the target

was in thewire cage by the time spent in the interaction zonewhen

there was no target.

2.6. Elevated plus maze test

The elevated plus maze (EPM) test was conducted as described

[34] with slight modification. The EPM test composed of two open

arms (30 � 5 cm), two closed arms (30 � 5 cm), and a central

platform (2.5 � 2.5 cm) with a height of 50 cm from the ground. At

the beginning of the 5-min session, the animals were put in the

central zone toward the closed arm. The percentage of open arm

entries, time and movement, and total distance moved were

measured using a tracking system.

2.7. Tail suspension test

We used a specifically manufactured box (40 � 120 � 25 cm

depth) for the tail suspension test (TST). To avoid each animal

interacting with or observing others, the box was divided into

three-walled rectangular compartments. The animal tails were

affixed to the middle top of the compartment using tape. Once all

the tape was applied, recording was initiated and the session was

identified before the mice were suspended. During the 6-min test

session, the last 4-minwas analyzed as the immobility time using a

tracking system. Immobility time (percent change in body move-

ment below a 10% threshold) and mobility time (above 20%) were

captured.

2.8. Western blot method

Western blot method was carried out as previously provided

[35]. Briefly, the hippocampus was dissected after behavioral ex-

periments. Isolated hippocampus was homogenized and incubated

on ice for 30 min. After centrifugation, the supernatant was

extracted by lysis buffer. Eight percent sodium dodecyl sulfate

polyacrylamide gel electrophoresis was used to subject the protein

samples. Anti-NR1 (1:1000), anti-NR2A (1:1000), anti-NR2B

(1:1000), and anti-PSD-95 (1:1000) antibodies were purchased

from Abcam (Cambridge, UK). Densitometric analysis was then

performed using data obtained from at least three independent

experiments. To determine band density, the enhanced

chemiluminescence approach was used by immersing the probed

membrane for 5 min in a 1:1 mixture of enhanced chem-

iluminescence reagents A and B (DonginLS, Seoul, Korea). Mem-

branes were then exposed to a photographic film for a fewminutes.

Protein bands were quantified by densitometric analysis using

ImageJ program from NIH (Bethesda, MD, USA).

2.9. Statistical analysis

All results are expressed as mean� standard error of meanwith

Prism 6.0 software (GraphPad Software, Inc., San Diego, CA, USA).

Changes in body weight and immobility time measured every

minute were analyzed by two-way analysis of variance (ANOVA).

Other behavioral tests were analyzed by one-way ANOVA. These

behavioral data were analyzed with Fisher least significant differ-

ence (LSD) test. Western blot data were analyzed by one-way

ANOVA followed by Bonferroni testing. Statistical significance was

set at p < 0.05 in all statistical analysis (Fig. 1).

3. Results

3.1. KRG recovers weight loss caused by CSDS

Firstly, we observed changes in body weight every morning

before social defeat to assess the CSDS-induced physiological

changes. Beginning on day 5 of defeat stress, the CSDS group

dramatically decreased body weight compared with the control

group (Fig. 2, F (36, 430) ¼ 0.9860, p < 0.05) and did not recover

until day 10 of defeat stress (p < 0.05 and p < 0.01). However, the

CSDSeKRG 20 mg/kg group effectively reversed this reduction

observed in the CSDS group from day 5 and on day 10 (p < 0.05,

Fig. 1. Experimental schedule. The CSDS protocol lasted 14 days. Before the CSDS procedure, baseline body weight was measured. The KRGeCSDS group was treated with KRG 1 h

before defeat stress. The CSDS group and the nonstress group received only DW. After 14 days of CSDS, behavioral tests and molecular analysis were carried out. KRG, Korean Red

Ginseng; CSDS, chronic social defeat stress; DW, deionized water.
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p < 0.01, and p < 0.001). The CSDSeKRG 40 mg/kg group also

effectively recovered body weight from day 8 and on day 10

(p < 0.05 and p < 0.01).

3.2. KRG shows anxiolytic-like behavior induced by CSDS in the

EPM test

To evaluate anxiety-like behaviors, EPM test was conducted.

When compared with nonstressed controls, the CSDS group

showed a significant decrease in open arm entries (Fig. 3A, F (4,

44) ¼ 7.700, p < 0.01), time spent (Fig. 3B, F (4, 44) ¼ 4.139,

p < 0.01), and movement (Fig. 3C, F (4, 44) ¼ 4.896, p < 0.001).

However, the CSDSeKRG 20mg/kg groupmarkedly recovered open

arm entries, time spent, and movement as comparedwith the CSDS

group (p< 0.05 and p< 0.01). In addition, when orally treated with

KRG 40 mg/kg, the outcomes were also clearly increased as

compared with the CSDS group (p< 0.01 and p< 0.001). In the KRG

10 mg/kg group, no significant differences were observed. There

were no differences of total movement during the 5-min test in all

groups (Fig. 3D, F (4, 44) ¼ 0.6595).

3.3. KRG restores anxiety-like behaviors induced by CSDS in the OFT

The OFT was conducted for 10 min without adaptation to the

open field. For the CSDS group, the center area count (Fig. 4A) and

the time spent in the central zone (Fig. 4B) were significantly

reduced when compared with the control group (F (4, 38) ¼ 7.674,

p < 0.001; F (4, 38) ¼ 8.100, p < 0.001). Moreover, there was a

significant decrease of locomotor activity in the CSDS group

(Fig. 4C, F (4, 38) ¼ 5.741, p < 0.001). However, for the CSDS 40 mg/

kg group, the center area count, time in the center area, and loco-

motor activity were all recovered when compared with the CSDS

group (p < 0.05, p < 0.01 and p < 0.001). There were no reversal in

groups of KRG 10 mg/kg and KRG 20 mg/kg.

3.4. KRG changes social avoidance induced by CSDS

The day after the OFT, SIT was conducted to evaluate social

behavior without adaptation to the open field. The CSDS group

exhibited a substantial reduction in interaction zone time, in the SI

ratio, and in total movement in interaction zone as compared with

the control group (Fig. 5A, F (4,37) ¼ 6.389, p < 0.001; Fig. 5C, F

(4,37) ¼ 11.71, p < 0.001; Fig. 5E, F (4,37) ¼ 6.919, p < 0.001).

Decreased movement in interaction zone was significantly recov-

ered by treatment with 20 mg/kg of KRG (p< 0.05). However, there

were no differences in interaction zone time and in the SI ratio.

With time spent and distance moved in the corner zones, the CSDS

group showed a notable increase (Fig. 5B, F (4.37) ¼ 5.087,

p< 0.001; Fig. 5D, F (4,37)¼ 3.339, p< 0.01; Fig. 5F, F (4,37)¼ 3.876,

p < 0.01). These increases were significantly ameliorated by treat-

ment with 20 mg/kg of KRG (p < 0.05).

3.5. KRG relieves depression-like behavior in the TST

The TST was performed on the last day of the behavioral

experiment. There were no changes in immobility time, strong

mobility time, and velocity between the control group and CSDS

groups (Fig. 6A, F (9,140) ¼ 0.2334; Fig. 6B, F (3, 35)¼ 3.453; Fig. 6C,

F (3, 35) ¼ 2.753; Fig. 6D, F (3, 35) ¼ 2.807). However, the KRG 40

mg/kg group showed changes of immobility time, strong mobility

time, and velocity when compared with the CSDS group (p < 0.05,

p < 0.01, and p < 0.001).

3.6. KRG modulates NMDAR levels in CSDS-induced mice

The CSDS group showed significantly increased NMDAR subunit

levels, including NR1 (Fig. 7A, F (3, 8) ¼ 71.81, p < 0.001), NR2A

(Fig. 7B, F (3, 8) ¼ 119.9, p < 0.001), and NR2B (Fig. 7C, F (3,

12) ¼ 18.69, p < 0.01), in the hippocampus as compared with the

control group. As shown in Fig. 7D though, CSDS did not induce

changes in PSD-95 in the hippocampus (F (3, 8) ¼ 8.366). In KRG 40

mg/kg group, the increases of NMDAR and PSD-95 levels in the

hippocampus were significantly reduced as compared with the

CSDS group (p < 0.01 and p < 0.001).

4. Discussion

Social defeat associated with social conflict is not just a factor of

physical stress. After short physical exposure, intruders are put into

an opposite section of the resident cage for the rest of the test (until

the next physical attack). This allows for psychological damage to

the resident without physical exposure [36]. Social defeat stress

induces a number of physiological changes. Specifically, body

weight reduction is a general phenomenon in stress-related dis-

orders, which results from appetite loss, and suggests a major in-

dicator of stress [37,38]. In our study, as the defeat stress

progressed, a marked decrease of body weight was observed in the

CSDS group when compared with the control group. This result

agrees with previous studies showing chronic stress effects, such as

chronic mild stress, chronic restraint stress, and CSDS, on body

weight [39e41]. In addition, a previous report had also demon-

strated that rats consistently exposed to restraint stress lost body

weight quickly and did not recover even if they were not stressed

[42]. In this study, whenmicewere treated with 20 and 40mg/kg of

KRG 1 h before attack, the body weight loss recovered. Thus, this

result suggests that KRG has an effect of restoring weight loss

caused by CSDS in a short period of time. However, the body weight

trajectory of treated animals was different among groups. A pre-

vious study showed that a ginseng extractetreated group did not

seem to gain body weight compared with a control group [43]. In

contrast, several studies have reported that KRG reduced body

weight gain and fat content [44,45]. In particular, they suggested

that KRG contributes to weight loss through modulation of lipid

metabolism and insulin signaling. These results support our finding

that the higher was the dose of KRG, the greater was the body

Fig. 2. Effect of KRG on body weight changes in CSDS-induced mice (n ¼ 7-12/group).

*p < 0.05 and **p < 0.01 compared with the control group. #p < 0.05, ##p < 0.01, and

###p < 0.001 compared with the CSDS group. KRG, Korean Red Ginseng; CSDS,

chronic social defeat stress.
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Fig. 3. Effects of KRG on anxiety-like behavior of CSDS-induced mice in the EPM test (n ¼ 9-10/group). (A) The percentage of open arm entries, (B) The time spent in the open arm,

(C) Movement in the open arm, and (D) Total movement were determined. **p < 0.01 and ***p < 0.001 compared with the control group. #p < 0.05, ##p < 0.01, and ###p < 0.001

compared with the CSDS group. EPM, elevated plus maze; KRG, Korean Red Ginseng; CSDS, chronic social defeat stress.

Fig. 4. Effects of KRG on anxiety-like behavior of CSDS-induced mice in the OFT (n ¼ 7-10/group). (A) Counts in the center, (B) The time spent in the center, and (C) Total

movement were determined. ***p < 0.001 compared with the control group. #p < 0.05, ##p < 0.01, and ###p < 0.001 compared with the CSDS group. KRG, Korean Red Ginseng;

CSDS, chronic social defeat stress; OFT, open-field test.

J Ginseng Res 2021;45:254e263258



Fig. 5. Effects of KRG on social avoidance behavior of CSDS-induced mice in the SIT (n ¼ 7-10/group). Each mouse was put into a chamber and allowed to interact with an unfamiliar

target in the interaction zone. (A) Results are expressed as interaction zone time, (B) Corner zone time, (C) The SI ratio in the interaction zone, (D) The SI ratio in the corner zone, (E)

Total movement in interaction zone, and (F) Total movement in corner zone. (G) Representative track image of total movement. **p < 0.01 and ***p < 0.001 compared with the

control group. #p < 0.05 compared with the CSDS group. KRG, Korean Red Ginseng; CSDS, chronic social defeat stress; SIT, social interaction test; SI, social interaction.
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weight loss effect, although this did not increase body weight gain

compared with the 20-mg/kg KRG group. Thus, we cautiously

conclude that animals treated with 20 and 40 mg/kg of KRG may

show differences in body weight gain because of the antiobesity

effect of KRG.

Anxiety is a frequent comorbid feature with other psychiatric

disorders. Notably, symptoms of depression occur in up to 90% of

patients with anxiety [46]. In accordance with the 10th revision of

the International Statistical Classification of Disease and Related

Health Problems, the “mixed anxiety and depressive disorder”

classification has been included [47]. In this study, CSDS induced

anxiety in both the EPM test and OFT. The CSDS group showed

decreased open arm frequency, time spent in open arm, and open

arm movement in the EPM test, as well as reduced center counts

and center time in the OFT. A decrease in these factors would be

suggestion of classical characteristics to induce anxiety [48]. These

results correspond to previous findings that have observed the

appearance of an “anxious profile” in stress-induced models

[40,49,50]. However, when treated with KRG repeatedly, the anx-

iogenic features were significantly decreased, and the time in the

open arm was restored to control group numbers in the EPM test.

When the mice were presented a novel environment in OFT,

exploratory behavior was decreased in the CSDS group. Similarly,

Saul et al [51] had reported that a 3-day stress exposure during

adolescence resulted in a reduction of locomotor activity in the OFT.

These data proposed that the mice being exposed to a repeated

stress developed anhedonia that was accompanied by anxiety-

related behavior, including decreased exploration of novel envi-

ronments [52]. As a result, it was confirmed that locomotor activity

decreased because of anhedonia caused by CSDS, but was restored

by continuous KRG administration.

Many studies using SIT have shown that mice exposed to social

defeat become persistently aversive to social stimuli [53]. In the

present study, defeated mice also displayed significantly reduced

time in the interaction zone and showed increased time in the

corner zone. This response is long-lasting [49] and changed by

chronic administration of antidepressants [54]. Here, the results we

presented did not show significant recovery of the difference of

interaction zone time within the KRG group. In contrast, the corner

zone time within the KRG group was effectively decreased. One

explanation for this outcome is a mild effect of KRG on social

avoidance induced by CSDS. The KRG dosewe used in this study did

Fig. 6. Effects of KRG on depression-like behavior of CSDS-induced mice in the TST (n ¼ 9-10/group). All data were analyzed in the final 4 min of total 6-min. (A) Immobility time

measured at 1 min intervals, (B) Immobility time, (C) Strong mobility time, and (D) Velocity were determined. #p < 0.05, ##p < 0.01, and ###p < 0.001 compared with the CSDS

group. KRG, Korean Red Ginseng; CSDS, chronic social defeat stress; TST, tail suspension test.
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not directly affect social interaction, such as notably recovering the

interaction zone time reduced by CSDS, but indirectly affected it by

reducing the difference of the corner zone. Another potential

explanation is the effect of KRG on recovery of movement in the

interaction zone. When we observed that the time in the corner

zone was significantly reduced within the KRG 20 mg/kg group, it

was thought that the decreased locomotor activity due to stress-

induced anhedonia was restored. Therefore, we calculated the

movement ratio according to presence or absence of target

(Fig. 5Ee5F). As a result, it was confirmed that the movement ratio

in the interaction zone was significantly increased in KRG 20 mg/kg

group. Thus, in the stressed mice, the movement ratio in the

interaction zone was reduced by the effect of freezing, one of the

fear-related behaviors of the target. However, when KRG was

treated, the movement ratio in the interaction zone was increased.

This change was confirmed in the movement ratio in the corner

zone as well. However, we did not observe a dose-dependent effect,

and only the KRG 20 mg/kg group showed a significant effect on

these parameters. This implies that KRG influences social avoidance

and other behaviors differently, perhaps because of dissimilar

behavioral features. The SIT evaluates interactions with other ani-

mals as ameasure of sociability. Therefore, the effective dose of KRG

would be different because the SIT is distinct from other tests, such

as the EPM test and OFT that evaluate behavioral characteristics of

test mice in isolation.

Furthermore, we found that CSDS-induced mice trended

toward increased immobility time and decreased strong mobility

time and velocity. As shown in Fig. 6A, the CSDS group showed

Fig. 7. Effects of KRG on expression levels of NMDARs and PSD-95 in the hippocampus of CSDS-induced mice (n ¼ 3-4/group). (A) The expression levels of NR1, NR2A (B), NR2B (C),

and PSD-95 (D) were examined by Western blot analysis. Mice were decapitated 60 min after TST. The hippocampus was dissected for Western blot analysis. **p < 0.01 and

***p < 0.001 compared with the control group. ##p < 0.01 and ###p < 0.001 compared with the CSDS group. KRG, Korean Red Ginseng; CSDS, chronic social defeat stress; TST, tail

suspension test; NMDARs, N-methyl-D-aspartate receptors; PSD-95, postsynaptic density-95.

B.-R. Lee et al / Effect of KRG on chronic social defeat stress 261



increased immobility over time, but the difference was not signif-

icant. Depressive symptoms as evaluated by the TST were not

entirely evident. Many researches have shown that depression-like

behaviors induced by stress differ from each other depending on

various stress factors (e.g., defeat stress, unpredictable stress, mild

stress, etc.), stress duration, and the experimental animal strain

[38,40,50,52]. Furthermore, C57BL/6 mice strongly tend to climb up

their tail, which would have negated the results of the TST [55]. In

our study, when the stressed group was treated with 40 mg/kg of

KRG, the immobility time was decreased as compared with the

CSDS group. In addition, as shown in Fig. 6Ce6D, strong mobility

time and velocity were increased. This result suggests that KRG can

possibly act as an effective antidepressant for relieving stress-

related responsiveness.

Here, we evaluated the effect of KRG on NMDARs and PSD-95

expression in the hippocampus. Alterations of NMDARs have

been studied in brain regions involved in mood disorders, such as

the hippocampus [56]. A previous study reported that rats under-

went chronic mild stress significantly increased the mRNA

expression of NR1, NR2A, and NR2B in the ventral hippocampus,

whereas rats chronically administered with duloxetine, one of the

antidepressants, reduced the mRNA level of NR1, NR2A, and NR2B

[16]. In this study, significant increases in NR1, NR2A, and NR2B

protein expression were observed in the hippocampus of the CSDS

group. PSD-95 levels were also increased, although the increase

was not significant. Therefore, the present study suggests that the

CSDS-induced increase of NMDARs may lead to abnormal hippo-

campus function in stress-related mood disorders. However, in the

CSDSeKRG 40 mg/kg group, expression of NMDARs and PSD-95

was significantly reversed. Collectively, these data suggest that

KRG may optimize glutamate function by regulating NMDARs,

which interact with PSD-95.

As described in the Introduction, we suggest that not only the

simple expression level but also the ratio of NR2A and NR2B levels

is important in modulation of NMDAR function. In a previous study,

chronic mild stress increased NR2B mRNA level but not NR2A

mRNA in the rat dorsal hippocampus [16]. However, in our study,

there was no significant difference in ratio of NR2A to NR2B among

groups (data not shown). We reject the assumption that the func-

tion of NMDARs related to mood disorders is dependent on change

in NR2B. Instead, we conclude that expression of all hippocampal

NMDARs is important in modulation of NMDAR function in our

chosen CSDS model.

In previous reports, some of the ginsenosides, especially Rb1

and Rg3, were studied for their effects on stress-related changes

[57e59]. When Rb1 was administered orally, immobilization-

stressed animals showed recovery from decreased brain-derived

neurotrophic factor (BDNF) levels in the hippocampus and from

increased levels of polyamine, which is a known stress stimuli

marker in the brain [57,58]. In addition, Rg3 displayed an anxio-

lytic effect on chronic unpredictable stress by normalizing the

serotonergic system [59]. Consistent with the previous studies, the

KRG powder in the present study had high levels of Rb1 (7.89 mg/

g) and Rg3 (3.23 mg/g). This suggests that Rb1- and Rg3-enriched

KRG plays an important role in inhibiting CSDS-induced mood

disorders by mitigating NMDAR upregulation.

In conclusion, our two primary findings were that KRG signifi-

cantly ameliorated CSDS-induced mood disorders, specifically so-

cial avoidance, anxiety, and locomotor activity, and KRG recovered

upregulated expression of NMDARs and PSD-95 related to stress-

induced affective disorders in the hippocampus. These findings

provide valuable insights into mood disorders that are caused by

social stress and the roles of NMDARs in a CSDSmodel. Overall, KRG

has therapeutic potential as a treatment for stress-related mood

disorders.
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