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ABSTRACT

Background: Many ginsenosides have been shown to be efficacious for major depressive disorder (MDD),
which is a highly recurrent disorder, through several preclinical studies. We aimed to review the liter-
ature assessing the antidepressant effects of ginsenosides on MDD animal models, to establish systematic
scientific evidence in a rigorous manner.
Methods: We performed a systematic review on the antidepressant effects of ginsenoside evaluated in
in vivo studies. We searched for preclinical trials from inception to July 2019 in electronic databases such
as Pubmed and Embase. In vivo studies examining the effect of a single ginsenoside on animal models of
primary depression were included. Items of each study were evaluated by two independent reviewers. A
meta-analysis was conducted to assess behavioral changes induced by ginsenoside Rg1, which was the
most studied ginsenoside. Data were pooled using the random-effects models.
Results: A total of 517 studies were identified, and 23 studies were included in the final analysis. They
reported on many ginsenosides with different antidepressant effects and biological mechanisms of ac-
tion. Of the 12 included articles assessing ginsenoside Rg1, pooled results of forced swimming test from 9
articles (mean difference (MD): 20.50, 95% CI: 16.13-24.87), and sucrose preference test from 11 articles
(MD: 28.29, 95% CI: 22.90-33.69) showed significant differences compared with vehicle treatment. The
risk of bias of each study was moderate, but there was significant heterogeneity across studies.
Conclusion: These estimates suggest that ginsenosides, including ginsenoside Rg1, reduces symptoms of
depression, modulates underlying mechanisms, and can be a promising antidepressant.
© 2020 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

with those without multiple diseases or chronic physical condi-
tions; therefore, a large population is vulnerable to this disease [3].

Depression has a high mortality and prevalence rate, as well as a
high probability of relapse and complications such as suicide or
substance abuse, which can impose a social burden. According to a
World Health Organization (WHO) report, over 264 million people
of all ages are affected by depression, and it was the third leading
cause of years lived with disability (YLDs) [1]. In 2008, the WHO
reported major depressive disorder (MDD) as the third cause of
burden of disease, and predicted that it will be the first in 2030 [2].
Depression has the disadvantage of not only being expensive to
treat, but also poses a social burden such as burden of family care
and reduced workplace productivity. Depression is also 2-3 times
more likely to develop in people with multiple diseases compared

The drug market for depressive disorder in 2015 was $3.18
billion, and is expected to grow to $5.79 billion by 2025 [4]. Anti-
depressants are also used for various psychiatric conditions such as
panic disorder, post-traumatic stress disorder, and somatic dis-
eases. This extensive use of antidepressants is required in diverse
fields, thus the social demand for new drugs with less side effects is
increasing. For this reason, there is a growing interest in natural
therapeutics which were already recognized for their safety and
effectiveness through previous preclinical and clinical studies.

Ginseng refers to the roots of some plants of the species Panax
sp.. It consists of the major commercial ginsengs such as Panax
ginseng Meyer (P. ginseng; Korean ginseng), Panax quinquefolius
(American ginseng), and Panax notoginseng (Chinese ginseng), and
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also includes Panax japonicum (Japanese ginseng) and Panax viet-
namensis (Vietnamese ginseng). These ginsengs have been used to
treat a wide range of diseases for more than 2,000 years worldwide.
P. ginseng was commonly used as an apoptogenic agent in East Asia,
including Korea, China, and Japan, to improve physical perfor-
mance, increase vitality, increase resistance against stress and ag-
ing, and activate the immune system. As its active ingredients, more
than 40 types of ginsenosides have been identified and isolated [5].
Ginsenosides are classified into the protopanaxadiol type (Ginse-
noside Ral-3, Rb1-2, Rc, Rd, Rg3, Rh2-3), protopanaxatriol type
(ginsenoside Re, Rf, Rg1-2, Rh1), oleanolic acid type (ginsenoside
Ro), and ocotillol type (Makonoside-Rs from Vietnamese ginseng)
[5,6]. P. ginseng has traditionally been used in various ailments in
the nervous system including MDD. The antidepressant effect of
P. ginseng itself was studied using a chronic mild stress model [7],
chronic restraint stress model [8], menopause depression model
[9], and an addiction-withdrawal model [10] so far. Various studies
have been performed on each type of ginsenosides to demonstrate
their antidepressant effects, and various mechanisms were sug-
gested to contribute to this.

However, to date, no systematic review has been performed
with regards to preclinical studies of ginsenosides on depression.
Studies conducted on the specific ginsenosides explore various
behavioral changes and underlying mechanisms using many kinds
of models, doses, and administration routes. They sometimes
report contradictory results despite the same research methods.
Due to their small sample sizes, the results of some previous studies
had low statistical power. Therefore, in this study, we conducted a
rigorous and overall systematic review and meta-analysis on the
antidepressant effects of ginsenosides, to provide evidence and a
potential reference for its clinical uses.

2. Materials and methods
2.1. Search strategy

Two trained researchers independently performed searches on
ginsenosides on depressive disorder using electronic databases
including Pubmed and Embase for original studies published up to
23 July 2019. We used the search strategy in Pubmed as follows:
(Ginsenosides [Mesh] OR Panax [Mesh] OR Ginseng [Tiab] OR
panax [tiab] OR ginsan [tiab] OR "jen shen" [tiab] OR shinseng [tiab]
OR "ren shen" [tiab] OR renshen [tiab] OR schinseng [tiab] OR ninjin
[tiab] OR ginsenoside [tiab] OR gingilone [tiab] OR panaxoside
[tiab] OR protopanaxa [tiab] OR protopanaxadiol [tiab] OR proto-
panaxatriol [tiab] OR panaxagin [tiab] OR ginsenol [tiab] OR gin-
senine [tiab] OR "ginseng saponin”[tiab]) AND (Depression [Mesh]
OR "Depressive disorder” [Mesh] OR Depress*[tiab] OR “emotional
disorder”[tiab] OR “psychological disorder”[tiab] OR “psychological
distress”[tiab] OR “emotional distress”[tiab] OR "emotional stres-
s"[tiab]). We also performed a hand search. The reference lists from
relevant publications were used to identify further relevant
research articles and reviews.

2.2. Inclusion criteria and exclusion criteria

The inclusion criteria were (i) studies which used each ginse-
noside as a pure chemical compound alone; (ii) in vivo studies on
animal subjects; and (iii) studies that primarily focused on
depressive disorder. The exclusion criteria were (i) studies that
used the whole ginseng extract or mixture which contained many
different ginsenosides and other components as the intervention;
(ii) studies that used metabolites of ginsenosides produced after
digestion; (iii) case reports, clinical trials, abstracts, comments,
reviews, or editorials; (iv) studies that did not test the efficacy of

ginsenoside on depression. To determine their eligibility for in-
clusion, two authors (YK and SC) assessed the titles and abstracts of
the identified articles, and obtained copies of the articles to review
the study design and methodology that administered ginsenoside
and measured behavioral changes in MDD model rodents. We did
not have any restrictions on the language, publication year, and
study design.

2.3. Data extraction

All the data were extracted from the included studies inde-
pendently by two participants (YK and SC). The following details of
the study design were extracted from each study: (1) first author's
name and the publication year; (2) individual data were obtained
for each study, including sample size, species, sex, weight, and type
of MDD model; (3) main experimental groups; substances used as
experimental and control treatments; the dose, method, and timing
of ginsenoside administration; (4) outcome measures were
included.

Ginsenoside Rgl (Rgl) was most abundantly investigated
among the included studies and we extracted the results of the
forced swimming test (FST) and sucrose preference test (SPT) to
perform meta-analysis. The primary outcome of interest were
behavioral tests to assess depressive-like behavior, including the
FST and SPT.

When data were only reported graphically, we used a digital
screen ruler (Adobe ruler) to detect values. When data for each
group were measured at different timelines, we adopted data from
the final time point. When a multiple doses were assessed, we
extracted the data of respective results. If we could not find
whether the reported measure of variance was SD or SEM, we
assumed that it was SEM, because the study might otherwise cause
inadequate weight in the meta-analysis. All data were extracted by
two independent reviewers.

2.4. Quality assessment

We assessed the methodological quality regarding risk of bias
based on a modified scale from the Collaborative Approach to
Meta-Analysis and Review of Animal Data from Experimental
Studies (CAMARADES) [11]. The scale was modified from CAMAR-
ADES according to the features preclinical studies on depression
and includes the following criteria: (1) peer reviewed publication;
(2) control of temperature; (3) random allocation to groups; (4)
blinded induction of depression; (5) blinded assessment of
behavioral outcome; (6) use of anesthetic without significant
intrinsic neuroprotective activity; (7) calculation of the sample size
necessary to achieve sufficient power; (8) appropriate animal
model which uses animals without relevant comorbidities (aged,
diabetic, or hypertensive); (9) compliance with animal welfare
regulations; (10) statement of potential conflict of interests. Two
authors (YK and SC) independently assessed study quality and
discussed any difference in opinions. Each study was given a quality
score out of a possible total of 10 points, and the average score of
was calculated.

2.5. Statistical analysis

The statistical analyses and forest plots were conducted using
the RevMan 5.3.5 software (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark). For the meta-
analysis, in terms of the pooled results, continuous data were
expressed as mean differences (MD) with associated 95% confi-
dence intervals (CI) using the random-effects model. Mean differ-
ence for the value at post-treatment was used. Random-effects
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models were used because the number of animals of the included
studies was small and heterogeneity among studies need to be
considered. I? statistic was used to assess statistical heterogeneity.
Subgroup meta-analysis was performed according to dose (mg/kg).
Publication bias was looked for using funnel plotting. P-values <
0.05 were considered statistically significant.

3. Results
3.1. Study inclusion

After searching in electronic databases and removing duplicates,
we identified 517 records. Of these, 484 records were excluded as
they did not meet our inclusion criteria during screening of the
titles and abstracts. Then, 33 full-text articles were assessed for
eligibility, and 10 records were excluded after reading the full
article text for the following reasons: mixture of multiple ginse-
nosides was investigated [12,13], ginseng was investigated [14],
metabolites were investigated [15—17], no adequate control was
applied [18,19], a review article [20], cell culture study [21]. Finally,
23 studies were finally included (Fig. 1).

3.2. Characteristics of included studies

A total of 606 animals were included, of which 332 were under
ginsenosides treatment and 274 were under vehicle treatment. Of
the 23 included studies, one article was written in Chinese and the
rest were in English (Table 1).

3.2.1. Animals

Six studies used C57BL/6 mice [22—27], 3 studies used ICR mice
[28—30], NIH mice [31], and Swiss albino mice [32] in each
experiment. Seven studies used Wistar rats [33—39] and 5 used
Sprague Dawley rats [40—44]. Except for one study [26], all other
studies used male animals.

747 records identified through
database searching

Pubmed (216)

Embase (490)

Hand search (41)

"4>| 230 duplicates removed

517 of records screened

484 of records excluded after
screening the title and
abstract

\4

33 of full-text articles
assessed for eligibility

10 of full-text articles excluded
» Mixture of multiple
ginsenosides was investigated
(2)

» Ginseng was investigated (1)
» Metabolites were investigated
3)

* No adequate control was

\ 4 applied (2)

23 of studies included in * Review article (1)
quantitative synthesis « In vitro study (1)

A\ 4

Fig. 1. Flow chart of the included studies. 747 records identified, 517 records screened,
33 reviewed in detail, and 23 included for analysis.

The chronic unpredicted mild stress (CUMS) model was the
most frequently used model of MDD [23,24,26,28,31,33,34,36—
39,41—44]. The duration of the CUMS procedure varied from
three weeks [44], four weeks [26,33,41,42], five weeks [31,34,36—
39], six weeks [24], seven weeks [28,43], and eight weeks [23].
The chronic immobilization stress (CIS) model was also used, which
lasted ten days [40]. Two studies used a 2-week-long chronic social
defeat stress model [25,27] and one study used a 5-week-long so-
cially isolated depression model [32]. Some studies adopted
chemicals to establish a depression model. Of the 3 studies which
used lipopolysaccharide (LPS), 2 used an intraperitoneal (ip) route
[29,30], while the other used an intracerebroventricular (icv) route
[35]. One study used an ip injection of reserpine, which depletes
amines in neurons and induces a depressive-like state [31].
Furthermore, an intra-prefrontal cortex (PFC) injection of L-alpha-
aminoadipic acid (L-AAA), gliotoxin was also adopted to ablate
astrocytes in the PFC which resembles the state of patients with
MDD [22].

3.2.2. Interventions

Fourteen species of ginsenosides were examined in the included
studies. Rgl was the most frequently investigated [23,28,34—
39,41-44]. In addition, ginsenoside Rb1 (Rb1) [28,33], ginseno-
side Rb3 (Rb3) [31], ginsenoside Rd (Rd) [28], ginsenoside Re (Re)
[28,40], ginsenoside Rg2 (Rg2) [24], ginsenoside Rg3 (Rg3)
[25,26,29], ginsenoside Rg5 (Rg5) [27], and ginsenoside Rh2 (Rh2)
[30] were used in the studies. Ginsenoside Rf (Rf) [22], a unique
ingredient of P. ginseng was also investigated, while notoginseno-
side R1 [28] from P. notoginseng and Majonoside-R1 [32],
Majonoside-R2 [32], and vina-ginsenoside-R2 [32] from
P. vietnamensis were also studied.

The duration of ginsenoside administration varied. In 5 studies,
the duration was less than seven days [22,29—31,35]. Those of 6
studies were less than fourteen days [23—25,27,32,40] and those of
7 studies were less than thirty days [26,31,33,41—44]. The duration
of administration lasted for more than thirty days in 7 studies
[28,34,36—39,41].

Drugs were administered via the per os (po) route [22,26,28—
31,33,41-44] and ip route [23—25,27,32,34—40]. All the studies
set the control group as the group receiving the vehicle treatment.

3.2.3. Outcome measures

3.2.3.1. Behavioral change. Every included study assessed behav-
ioral changes after the administration of ginsenosides. The FST, SPT,
and tail suspension test (TST) are representative tests for evaluating
antidepressant efficacy. The FST [22,24,26,28—30,32—34,36—43]
and SPT [23-28,31,34—39,41,43—45] were equally used in 17
studies. Seven studies used the TST [22,24,26,28—30,32]. The open
field test [38,39,44], elevated plus maze [40], and novelty-
suppressed feeding test [31] were used to assess anxiety. The
active avoidance conditioning test [40] was used to measure
associative learning and memory. Social interaction was also
examined [25,27].

3.2.3.2. Physiological change. As depression alters physiological
parameters such as body weight, food intake, and sleep, some
studies evaluated changes in these parameters. Eight studies
measured weight gain [23,24,26,29,35,40,41,43] and 2 of them
simultaneously confirmed a change in food intake [29,35]. Alter-
ation in sleep structure was measured using pentobarbital-induced
sleep test [41].

3.2.3.3. Histological analysis. Brain regions of interest were as fol-
lows. Most studies focused on the hippocampus [22—
31,35,40,41,44]. The PFC was frequently studied



Table 1

Characteristics of studies included in systematic review of antidepressant effects of ginsenosides

Ginsenoside Depression model Animal species Weight Experimental group Control group Outcome Intergroup difference Method of Time of First author, year
(sex, n) administration ginsenoside
administration
Rb1 CUMS ICR mice (male, 20-25¢g Rb1 (10 mg/kg, po)  vehicle for 5w + (1) Behavioral test: TST, (1) p<0.01 po 30 min before Yao, 2012 [28]
10/10) for 5w + CUMS for 7w FST, SPT~ or p < 0.05or n.s. stress
CUMS for 7w (2) Monoamine (2) p<0.010r
neurotransmitter: p < 0.05o0rns.
(i) Hippocampus: 5-HT, 5-
HIAAT, 5-HIAA/5-HT <,
NE?, DAT, DOPAC &
(ii) Frontal cortex: 5-HT?1, 5-
HIAA <, 5-HIAA/5-HT <,
NE1, DA<, DOPAC~
(iii) Striatum: 5-HT<, 5-
HIAA <, 5-HIAA/5-HT <,
NE«<, DAt, DOPAC
Rb1 CUMS Wistar rats (male, 200-220g Rb1 (4, 8, 16 mg/kg, Vehicle for (1) Behavioral test: FST| (1) ns po 60 min prior to the Wang, 2017 [33]
6/6) po) for 3w+CUMS 3w-+CUMS for 4w  (2) Monoamine neurotransmitter in  (2) p < 0.01 or p < 0.05 experiment
for 4w whole brain: 5-HT1, 5-HIAAT,
NE1, DA1, HVA«~, DOPAC <
Rb3 (A)Reserpine-induced ~ NIH mice (male, (A)Rb3 (30, 75, 150 (A)Saline + RES (2.5 (A)Rectal temperaturef, palpebral (B)p < 0.05 or p < 0.01 Cui, 2012 [31]
(B)CUMS model (A) 19/21, (B) 11/ mg/kg, po) for mg/kg, ip) ptosis | (©)
1 7d + RES (2.5 mg/ (B)Saline + CMS for (B) (1) p<0.050r p <001
kg, ip) 5w (1) Behavioral test: NSFT|, SPTt (2) p <0.05
(B)Rb3 (30, 75, 150 (2) Hippocampus weight 1 3) p<001
mg/kg, po) for (3) BDNF1(HP, PFC), 5-HT1(PFC, Am),
3w + CUMS for NE1(PFC) | (HP, Am),
5w DA | (PFC, HP, Am)
Rd CUMS ICR mice (male, 20-25g Rg1 (10 mg/kg, po)  vehicle for (1) Behavioral test: TST|, FST|, SPT« (1) p < 0.001 or po 30 min before Yao, 2012 [28]
10/10) for 5w + CUMS for 5w + CUMS for 7w  (2) Monoamine neurotransmitter: p < 0.05o0r ns stress
7w (2) p<0.010rp<0.05
(i) Hippocampus: 5-HT?, 5- or n.s.
HIAAT, 5-HIAA/5-HT <,
NE?, DA, DOPAC
(ii) Frontal cortex: 5-HT?1, 5-
HIAA <, 5-HIAA/5-HT <,
NE1, DA<, DOPAC~
(iii) Striatum: 5-HT<, 5-
HIAA <, 5-HIAA/5-HT <,
NE«<, DAt, DOPAC~
Re CUMS ICR mice (male, 20-25¢g Rg1 (10 mg/kg, po)  vehicle for (1) Behavioral test: TST|, FST|, SPT< (1) p < 0.001 or po 30 min before Yao, 2012 [28]

10/10)

for 5w + CUMS for
7w

5w + CUMS for 7w

(2) Monoamine neurotransmitter: p < 0.05 or n.s.
(2) p<0.01orp<0.05
(i) Hippocampus: 5-HT?, 5- or n.s.
HIAAT, 5-HIAA/5-HT <,
NE1, DA1, DOPAC <
(ii) Frontal cortex: 5-HT?, 5-
HIAA <, 5-HIAA/5-HT <,
NE1, DA<, DOPAC -
(iii) Striatum: 5-HT<, 5-
HIAA <, 5-HIAA/5-HT <,
NE<«<, DAt, DOPAC

stress

(continued on next page)
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Rgl

Rgl

Rgl

Rgl

Rgl

Rg2

Rg3

CUMS

CUMS

CUMS

CUMS

LPS-challenged mice

CUMS

CUMS

CSDS

Wistar rats (male,
18/18)

Wistar rats (male,
12/12)

Wistar rats (male,
12/12)

Sprague-Dawley
rats (male, 12/12)

Wistar rats (male,
6/6)

C57BL/6 mice
(male, 10/10)

C57BL/6 mice
(female, 10/10)

C57BL/6 mice
(male, 10/10)

220-240¢g

160-180 g

160-180 g

NR

250-270g

NR

NR

NR

Rg1 (40 mg/kg, ip)
for 5w+ CUMS for
5w

Rg1 (40 mg/kg, ip)
for 5w+ CUMS for
5w

Rg1 (40 mg/kg, ip)
for 5w + CUMS for
5w

Rg1 (20,40 mg/kg,
po) for 21d+CUMS
for 21d

Rg1 (10, 30 mg/kg.
ip) for 4d + LPS (5 pg,
icv)

Rg2 (10,20 mg/kg, ip)
for 2w+CUMS for 6w

Rg3 (50, 100, 150
mg/kr, po) for
4w + CUMS for 4w

Rg3 (10, 20 mg/kg,
ip) for 2w+CSDS for
14d

Saline + CUMS for
5w

CUMS for 5w

CUMS for 5w

Saline(po) for
21d+CUMS for 21d

vehicle (ip) for
4d + LPS (5 pg, icv)

Vehicle (ip) + CUMS

for 6w

vehicle (po) + CUMS

for 4w

vehicle (ip) +CSDS
for 14d

(1) Behavioral test: SPT1, FST (immo- (1) p < 0.01
bility time |, swimming time1) (2) p<0.01orp<0.05
(2) Iba-1t1, GFAP?1 in vmPFC 3) p<0.01
(3) inflammatory cytokine: IL-1B1,  (4) p < 0.01 or p < 0.05
IFN-y 1, TNF-a.1 and those mRNA (5) p < 0.05
in vmPFC (6) p<0.05
(4) oxidative stress: DHE |, ROS1,4- (7) p < 0.01 or p < 0.05
HE1, MDA? in vmPFC (8) p<0.01o0rp<0.05
(5) Spine density 1, Synapse numbert
in vmPFC
(6) synaptic-related proteins: p-
CREB1, BDNF?, PSD-951, Syn-
aptophysint in vmPFC
(7) neuronal apoptosis: TUNEL|,
NeuN1, NeuN/cleaved Caspase 31
in vmPFC
(8) apoptosis-related proteins:
Cleaved caspase3 1, Caspase91,
Bcl-21, P-p38, P-p65 |, Nrf21 in
vmPFC
(1) Behevioral test: SPTt, FST|, OFT1 (1) p < 0.05
(2) Spine densityt, Synapse numbert (2) p < 0.05
in vmPFC (3) p<0.05
(3) Synaptic plasticity: miR-134 |,
Limk11, p-cofilint
(1) Behavioral test: SPTT,
FST | (immobility time |, swim-
ming time1), OFT1(Crossing1,
Rearings?)
(2) Synapse number? in BLA
(3) Synaptic plasticity: miR-134 in
BLA
(4) CREB1, pCREB1, BDNF? in BLA
(1) Behavioral test: SPT1(ns), OFT1
(2) Amino acids in hippocampus:
Aspl, Glu], Taut, GABAT
(1) body weight gaint, food intake? (1) p < 0.01 or p < 0.05
(2) Behavioral test: SPT1(preferencet, (2) p < 0.01 or p < 0.05
water intake1) (3) p<0.05
(3) 5-HIAA/5-HT <, KA/KYN? in brain (4) p < 0.05
(4) BDNF mRNA < in hippocampus, 1 (5) p < 0.01
in cortex (6) p<0.01o0rp<0.05
(5) peripheral immunomodulation:  (8) p < 0.01 or p < 0.05
plasma IL-6 |, TNF-o. <, IL-10 <
(6) IL-13 mRNA|, IL-6 mRNA |, TNF-o,
mRNA|, IL-10 <, IL-1B} in
hippocampus
IL-1p mRNA |, IL-6 mRNA |,
TNF-o mRNA|, IL-10 1, IL-
1Bin cortex (7) Iba-1|
(8) iNOS mRNA |, COX-2 mRNA <,
MPO mRNA |, MMP-2 mRNA |,
MMP-9 mRNA <, ICAM-1 mRNA |
(1) Body weight gaint (1) p<0.01
(2) Behavioral test: SPT1, FST], TST| (2) p < 0.01
(3) BDNF1, pTrkBt, pCREB? in
hippocampus

(1) p<0.01
(2) p<0.01
(3) p<0.01

(1) p<0.05
(2) p<0.05o0rp<0.01

(1) Behavioral test: FST|(ns), TST|, (1) p < 0.05
SPT1, body weight — (2) p<0.05

(2) BDNF?, CREB<, p-CREB < in
bilateral hippocampi

(1) Behavioral test: social inter- (1) p<0.01
action?, STP1t (2) p<0.01

(2) BDNF1, pTrkB1, pCREB? in
hippocampus

po

po

30 min prior to Fan, 2018a [37]

CUMS exposure

60 min prior to Fan, 2018b [38]

CUMS exposure

30 min prior to Yu, 2018 [39]
stress exposure
NR Wu, 2012 [44]

3 consecutive days Zheng, 2014 [35]
(once daily) and

rightly after the

central injection of

LPS

NR Ren, 2017 [24]

Before stress Zhang, 2017 [26]

A day after the You, 2017 [25]

stress period

(continued on next page)

sapisouasuis Jo s1affo Jupssaidapnuy / oy ‘H-'S pub wiy A

144



Table 1 (continued )

Ginsenoside Depression model Animal species Weight Experimental group Control group Outcome Intergroup difference Method of Time of First author, year
(sex, n) administration ginsenoside
administration

Rg3 LPS-challenged mice ICR mice (male, NR Rg3 (20, 40 mg/kg, LPS (0.83 mg/kg, ip) (1) behavioral test: body weight?, (1) p<0.01 po Before and the Kang, 2017 [29]
10/10) po) twice daily for food intaket, FST|, TST| (2) p<0.01 same day on LPS
4d+ LPS (0.83 mg/kg, (2) neuroinflammation: mRNA (3) p<0.050rp < 0.01 injection
ip) expression of pro-inflammatory  (4) p < 0.05 or p < 0.01

cytokines (IL-18, IL-6, TNF-a.) |, (5) p<0.050rp < 0.01
IDO| in the hippocampus
(3) neuroimmune activation: Iba-1,
p-1kB-a/IkB-a.|, p-NF-kB p65/NF-
kB p65 |
(4) plasma pro-inflammatory
cytokines: IL-6 |, TNF-a.| in
plasma
(5) plasma kynurenine |, kynurenine/
tryptophan ratio |

Rg5 CSDS C57BL/6 mice NR Rg5(5,10,20,40 mg/ Vehicle (1) Behavioral test: Social inter- (1) p<0.01 ip A day after the last Xu, 2017 [27]
(male, 10/10) kg, ip) for (ip)+CSDS(10min) action?, SPTt (2) p<0.01 stress
14d+CSDS(10min) for 14d (2) hippocampal BDNF1, p-TrkB1,
for 14d PCREB1
Rh2 LPS-challenged mice ICR mice (male, 18-22¢g Rh2 (7.5, 15,30 mg/ LPS (0.83 mg/kg, ip) (1) behavioral test: FST|, TST| (1) p<0.01o0rp<005 po Before LPS Chen, 2019 [30]
10/10) kg, po) for 7d + LPS (2) BDNF1, TrkB1, Sirt11, Nrf21, p-  (2) p < 0.01 or p < 0.05 injection
(0.83 mg/kg, ip) NF-kBp65 |, p-IkB-a.| in (3) p<0.01
hippocampus (4) p<0.05
(3) Inflammation: TNF-«.|, IL-6| in
hippocampus

(4) Oxidative stress: SOD1 in
hippocampus

Notoginsenoside R1 CUMS ICR mice (male, 20-25g R1 (10 mg/kg, po) for vehicle for (1) Behavioral test: TST«, FST— (1) n.s. po 30 min before Yao, 2012 [28]
10/10) 5w + CUMS for 7w 5w + CUMS for 7w stress

Majonoside-R1 socially isolated Swiss albino mice  18-22g MR1 (5,10 mg/kg, ip) vehicle (1) Behavioral test: TST|, FST| (1) p<0.01 ip NR Duong, 2016 [32]
depression mouse (male, 10/10) for 10d + isolation (ip) + isolation stress (2) Oxidative stress: MDA (n.s.), GSH? (2) p < 0.01
model stress for 5w for 5w

Majonoside-R2 socially isolated Swiss albino mice 18-22g MR2 (5,10 mg/kg, ip) vehicle (1) Behavioral test: TST|, FST| (1) p<0.01 ip NR Duong, 2016 [32]
depression mouse (male, 10/10) for 10d + isolation (ip) + isolation stress (2) Oxidative stress: MDA |, GSH1 (2) p <0.05o0r
model stress for 5w for 5w p < 0.001

vina-ginsenoside-R2 socially isolated Swiss albino mice  18-22g VR2 (5,10 mg/kg, ip) vehicle (1) Behavioral test: TST|, FST| (1) p<0.01 ip NR Duong, 2016 [32]
depression mouse (male, 10/10) for 10d + isolation (ip) + isolation stress (2) Oxidative stress: MDA |, GSH1 (2) p<0.05o0r
model stress for 5w for 5w p < 0.001

BNDF, brain-derived neutrophic factor; TrkB, tropomyosin-related kinase B; Sirt1, sirtuin type 1; Nrf2, nuclear-related factor 2; p-NF-«B, phosphorylated nuclear factor-«B; p-IkB-a, phosphorylated inhibitor of kB-a; TNF-a,
tumor necrosis factor-alpha; IL-6, interleukin 6; SOD, superoxide dismutase; NSFT, Novelty-suppressed feeding test; CSDS, chronic social defeat stress model; TST, tail suspension test; FST, forced swimming test; NR, not
reported; n.s., not significant; MDA, malondialdehyde.
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[22,31,34,37,38,41—43] and some studies examined broader area
such as the cortex [35] or frontal cortex [28]. In addition, the
amygdala [31,36,39], striatum [28], and locus coeruleus [40] were
evaluated. Two studies performed biochemical analysis using the
whole brain [32,33].

Some studies sought to identify changes in astrocytes by
assessing glial fibrillary acidic protein (GFAP) levels [22,37], neu-
rons by neuronal nuclear protein (NeuN) levels [22,37], and
microglia by Iba-1 levels [29,35,37]. Cui, Jiang [31] examined the
weight of the hippocampus and Wu, Zhu [44] assessed the amino
acids changes in the hippocampus.

3.3. Underlying mechanisms

Neuroprotective effects were the most reported results in the
included studies. Brain-derived neutrophic factor (BDNF) [23—
27,30,31,34,36,39,40], extracellular-signal-regulated kinase (ERK)
phosphorylation [23,34], cAMP response element-binding protein
(CREB) phosphorylation [23—27,34,36,39], tropomyosin-related
kinase B (TrkB) phosphorylation [23—25,27,30], protein kinase A
(PKA) phosphorylation [36], sirtuin type 1 (Sirt1), nuclear-related
factor 2 (Nrf2) [30], NF-kBp65 phosphorylation, and inhibitor of
kB-a. (IkB-a.) phosphorylation [29,30] were studied.

Plasma concentration of interleukin (IL)-6 [29,35], tumor ne-
crosis factor-alpha (TNF-a) [29,35], IL-10 [35], and their mRNAs [35]
were measured. Hippocampal or cortical concentration of IL-1P
[35,37], IL-6 [30,35], TNF-0. [30,35,37], IL-10 [35], interferon (IFN)-y
[37], and their mRNAs [29,37] were measured. Indoleamine 2,3-
dioxygenase (IDO) activity was also evaluated [29].

Serum corticosterone [23,40,41], corticotrophin-releasing factor
(CRF) in hypothalamus [40] and glucocorticoid receptor (GR) [41] in
the brain was observed. Alterations in serum testosterone levels
were studied [41].

In terms of monoamine neurotransmitters, the concentration of
5-hydroxytryptamine [28,31,33,35], dopamine [31,33], and
norepinephrine [28,31,33] were measured.

Regarding oxidative stress, superoxide dismutase (SOD) [30],
inducible nitric oxide synthase (iNOS), cyclooxygenase (COX)-2,
myeloperoxidase (MPO), matrix metalloproteinase (MMP)-2,
MMP-9, intercellular adhesion molecule (ICAM)-1 [35], reactive
oxygen species (ROS), 4-hydroxynonenal (HNE) [37], malondial-
dehyde (MDA) [32,37], glutathione (GSH) [32] were examined.
Neurogenesis was evaluated using doublecortin X (DCX) [23] and
Ki-67 [22].

Rg1 especially caused changes in synaptic ultrastructure [36—
39,42] and spine density [23,37,38]. Rgl regulated synaptic-
related protein expression such as miR-134 [38,39], Limk1 [38],
p-cofilin [38], PSD-95 [37], and synaptophysin [37]. Rg1 decreased
ultrastructural changes in the astrocyte gap junction and prevented
the decrease in connexin 43 (Cx43) protein expression [43]. The
effect of Rg1 against apoptosis was also assessed using a TUNEL
assay, and apoptosis-related proteins such as cleaved caspase-3,
caspase-9, Bcl-2, phosphorylated p38, p65, and Nrf2 [37].

3.4. Methodological quality of studies

The quality of methodologies used in the studies were assessed
by a check list from CAMARADES. The average of the quality score
was 6.91, the lowest score was 5, and the highest was 8. All studies
had undergone a peer review and adopted appropriate animal
models without relevant comorbidities. No study reported blinded
induction of depression and calculation of the sample size (Table 2).

3.5. Meta-analysis on antidepressant effect of ginsenoside Rg1

As one of the most studied ginsenoside, Rg1 was studied in
various doses and its effects were assessed by a number of outcome
measures. We pooled the results from the FST and SPT, which were
the most commonly used tests among the included studies. A total
of 12 papers studied the antidepressant effect of Rg1 and they were
included in the meta-analysis [23,28,34—39,41—44]. Of the 12 pa-
pers included, 9 of the articles used FST [28,34,36—39,41—43] and
11 of the articles used SPT [23,34—39,41—44]. All the studies
assessed the effect of Rg1 treatment in comparison with a vehicle
treatment. A random effects analysis was conducted to compute an
MD between the two groups in both syntheses.

Regarding FST, the results from 9 studies were included in the
analysis and the total sample size was 288, of which 174 received
Rg1 and 114 received vehicle. We pooled the whole data which
were normalized by total time and found significant difference with
Rg1 treatment when compared with the control group (MD: 20.50,
95% CI: 16.13-24.87, Z = 9.20, p < 0.00001) (Fig. 2). There was
heterogeneity across studies (I = 93%, p < 0.00001). However, the
funnel plot showed no major asymmetry (Fig. 4(A)).

In the subgroup analysis of dosage subgroups, the mean differ-
ence of the immobility time increased in a dose-dependent
manner. The pooled estimate for the MD of the immobility time
was 14.08 (95% CI: 9.15-19.02) in the 2.5 mg/kg group, 17.76 (95% CI:
6.96-28.56) in the 10 mg/kg group, 21.59 (95% CI: 7.01-36.17) in the
20 mg/kg group, and 25.30 (95% CI: 21.63-28.98) in the 40 mg/kg
group. In all groups, Rgl was significantly associated with
decreased immobility time (Fig. 2).

The analysis of SPT included a total of 11 studies that had a total
sample size of 422, of which 280 animals received Rg1 and 142
received a vehicle treatment. The analysis showed that Rg1l was
significantly more effective than the vehicle in increasing sucrose
preference (MD: 28.29, 95% CI: 22.90-33.69, Z = 10.28, p < 0.00001)
(Fig. 3). We found significantly evident heterogeneity across the
studies (I> = 95%, p < 0.00001) and the funnel plot showed
asymmetry (Fig. 4(B)).

A subgroup analysis according to dosage showed that Rg1 was
significantly effective in every dosage. The pooled estimate for the
MD was 9.59 (95% CI: 4.94-14.25) in the 2.5 mg/kg group, 27.39
(95% CI: 14.20-40.57) in 5 mg/kg group, 28.73 (95% CI: 15.67-41.80)
in the 10 mg/kg group, 32.89 (95% CI: 17.77-48.00) in the 20 mg/kg
group, 13.80 (95% CI: 11.19-16.42) in the 30 mg/kg group, and 32.90
(95% Cl: 28.77-37.04) in the 40 mg/kg group. The mean difference of
sucrose preference also increased in a dose-dependent manner,
except in one subgroup which only included one study (Fig. 3).

4. Discussion

The aim of this study was to systemically review the antide-
pressant effects of various types of ginsenosides in animal models
of depression. This is the first systematic review and meta-analysis
of existing studies supporting the use of ginsenosides on depres-
sion in animal models. The results suggest that ginsenosides are
able to improve depression-related symptoms such as helplessness,
anxiety, weight gain, and insomnia by modulating a wide range of
biological mechanisms such as neuroinflammation, neurotrans-
mitter disruption, synaptic dysfunction, oxidative stress, and
apoptosis. Rgl dose-dependently improved behavioral changes
related to depressive symptoms in FST and SPT.

We assessed the efficacy of ginsenosides on depression using 23
studies. All the studies were published in the 2010s. We chose the
CAMARADES checklist with modifications for depression to assess
the risk of bias in studies. Considering previous studies which used
CAMARADES or its modified form [46,47], the score was moderate
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for most studies. However, none of the studies reported a blinded
induction of depression and calculation of the sample size neces-
sary to achieve sufficient power. Furthermore, no study measured
baseline values of the behavioral tests. Even though the assessors in
most studies were blinded to the subjects, there is still a lack of
confidence that the samples were consistent across groups at
initiation. The studies included did not discuss the sample size
calculation necessary to achieve sufficient power; therefore, the
results of the original articles may not be sufficient to ensure a
therapeutic effect of ginsenosides.

The molecular and biological mechanisms of the antidepressant
effects of ginsenosides are under investigation. Ginsenosides
widely induced effects, from the cortex to the limbic system,
including the hippocampus which was the most studied. They
altered neurons, astrocytes, and microglia, which are basic ele-
ments of brain. These changes were influenced by the following
mechanisms. This review showed that most studies focused on
neuroinflammation by assessing BDNF, ERK, CREB, TrkB, and their
phosphorylation. Immunomodulation was also detected both in the
brain and serum. It is reported that ginsenosides and their me-
tabolites/derivatives such as Rb1, Rb2, Rd, Re, Rg1, Rg3, Rg5, Rh1,
Rh2, Rp1, and compound K have anti-inflammatory effects and they
can be used for a diverse set of diseases which are related to in-
flammatory responses [6]. Even though metabolites produced after
digestion were excluded from this review, their effects have been
previously investigated. The intestinal metabolites of P. ginseng,
20(S)-Protopanaxadiol, 20(S)-Protopanaxatriol, and compound K
decreased depressive-like behavior and was shown to have anti-
inflammatory effects [15,16]. Since the most frequently used anti-
depressants were developed focused on regulation of hyperactivity
of the hypothalamic-pituitary-adrenal-axis and changes of relevant
neurotransmitter levels, it is important to investigate whether
ginsenosides modulate these. Rb1 and Rg1 was able to alter sero-
tonin, dopamine, and norepinephrine levels, while Rd and Re
affected both serotonin and norepinephrine levels and Rgl only
affected serotonin levels. Compound K altered serotonin and
dopamine levels [16] and 20(S)-Protopanaxadiol altered serotonin
and norepinephrine levels [17]. These results confirm the potential
that other protopanaxadiol type ginsenosides can modulate
monoamine neurotransmitter levels. Furthermore, changes in
oxidative stress, neurogenesis, and endocrinological aspect were
also caused by ginsenosides.

The included studies mostly examined despair, anhedonia and
abnormalities in eating behavior. The effects of ginsenosides on
despair was evaluated the most, using FST and TST which are
common screening tests for antidepressants [48]. Rb1, Rd, Re, Rf,
Rgl, Rg2, Rg3, Rh2, majonoside-R1, majonoside-R2 and vina-
ginsenoside-R2 were shown to decrease despair [22,24,26,28—
30,32—34,36—43]. PFC [22,28,34,37,38,41—43], hippocampus
[22,24,26,28—-30,40,41], amygdala [36,39], striatum [28], and locus
coeruleus [40] were studied. SPT, active avoidance conditioning
test, and social interaction test are comprehensively associated
with anhedonia [49]. 37% of patients with depression suffer from
anhedonia but serotonin reuptake inhibitors failed to fully treat
anhedonia [50]. The anhedonia was consistently suggested to be
related to dopaminergic pathways. Included studies which
assessed dopamine did not show difference in sucrose preference
after administration of Rb1, Rb3, Rd, Rd, and Re [28,31,33]. Mean-
while, Re, Rg1, Rg2, Rg3, and Rg5 showed significant difference in
anhedonia-related parameters. Hippocampus [24—27,29,35,40,41],
PFC [34,35,37,38,41—43], amygdala [36,39] and locus coeruleus [40]
were the areas of interest and neuroplasticity were mostly inves-
tigated. Even though the studies did not limit to dopamine neurons,
the changes in dopaminergic mechanism by these ginsenosides
could be investigated further since the studied areas are known to

Table 2
Quality assessment of studies included in systematic review of antidepressant ef-
fects of ginsenosides following modified scale of CAMARADES

First author,year 1 2 3 4 5 6 7 8 9 10 Quality score
Chen2019[30] NEN J ¥ 3
Cui 2012 [31] VAN v VAN 8
Duong 2016 [32] v v oY 8
Fan 2018a [37] NI v v v oY 7
Fan 2018b [38] N Vv v oY 5
Huang 2013 [42] V + N J 5
Jiang 2012 [23] v v Y v vV 7
Jin 2017 [43] v v v v 7
Kang 2017 [29] ¢ v VAN 7
Kim 2019 [22] v v v vV 6
Lee 2012 [40] v Vv o Vv v oV 7
Liu 2016 [36] v v v Y v NV 7
Mou 2017 [41] v v N v vV 7
Ren 2017 [24] NEEN, NI v vV 7
Wang 2017 [33] V V v v Y 8
Wu 2012 [44] NN N N 5
Xu 2017 [27] NI, v v vV 7
Yao 2012 [28] v Vv o v Y VA 7
You 2017 [25] NEEN, v i v oY 7
Yu 2018 [39] N N v v vV 7
Zhang 2017 [26] + V J NEENEEN 7
Zheng2014[35] + V N NEENEEN| 7
Zhu 2016 [34] v oY v v oY 8

Studies fulfilling the criteria of: (1) peer reviewed publication; (2) control of tem-
perature; (3) random allocation to groups; (4) blinded induction of depression; (5)
blinded assessment of behavioral outcome; (6) use of anesthetic without significant
intrinsic neuroprotective activity; (7) calculation of the sample size necessary to
achieve sufficient power; (8) appropriate animal model which uses animals without
relevant comorbidities (aged, diabetic, or hypertensive); (9) compliance with animal
welfare regulations; (10) statement of potential conflict of interest.

be associated with anhedonia [51,52]. Re, Rg1, Rg2, and Rg3 influ-
enced a change of appetite [23,24,29,35,40,43]. Collectively, Re, Rg1,
Rg2, and Rg3 are thought to be able to cover diverse symptomatic
dimensions of depression.

In the present analysis, Rg1 was the most studied ginsenoside.
The most abundant compounds in P. ginseng are Rb3 and Rh1 in the
leaves, and Rb1 and Rc in the roots [53]. Despite being an active
ingredient in P. ginseng, the number of studies on Rg1 overwhelms
those of other ginsenosides despite its relatively low content. Rg1
was tested in CUMS model and LPS injection model, and showed
antidepressant effect on global dimension of depressive symptoms
including despair [28,34,36—39,41—43], anhedonia [23,34—39,41—
44], anxiety [38,39,44], and change of appetite [23,35,43]. Sleep
was solely examined in Rg1 [41]. Protective effect against neuro-
inflammation was investigated extensively with a variety of factors.
Especially, proinflammatory cytokines were examined in PFC and
hippocampus of both CUMS model and LPS injection model. Rg1
regulated 5-hydroxytryptamine [35] and its anxiolytic effect was
also verified by y-aminobutyric acid [44]. The modulatory effect of
HPA and HPG axis was associated [23,41]. Rg1 was solely found to
have an effect on apoptosis and synapse- or astrocyte gap junction-
related alterations in the studies included in this review, which
studied synapse number, spine density, synaptic plasticity. This
result is consistent with an in vitro study which showed that Rg1
ameliorated dysfunction of the astrocyte gap junction induced by
corticosterone in primary cortical and hippocampal astrocytes [21].
Therefore, a ginseng processing method to enhance the content of
Rg1 should be developed. Research regarding the antidepressant
effects and mechanisms of action of the remaining ginsenosides
should be further followed.

The antidepressant effect of Rg1l was dose dependent, as eval-
uated in both the FST and SPT. In this study, the SPT results from
some included studies were statistically insignificant while the FST
results were not. Although more than half of the studies of the
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Vehicle Ginsenoside Rg1 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random.95% CI 1V, Random, 95% CI
1.1.2 5 mg/kg
Huang 2013 41 3.666667 3 21 9.666667 10 6.1% 20.00[12.71, 27.29]
Jin 2017 69.70691 4.549431 3 56.56168 3.040245 10 6.6% 13.15[7.66, 18.63] R
Mou 2017 40.6586 4.032258 3 29.94624 4.341398 10 6.6% 10.71[5.42, 16.01] s
Subtotal (95% Cl) 9 30 19.3% 14.08 [9.15, 19.02] B
Heterogeneity: Tau? = 9.80; Chi? = 4.13, df = 2 (P = 0.13); 1> = 52%
Test for overall effect: Z = 5.59 (P < 0.00001)
1.1.3 10 mg/kg
Huang 2013 41 3.666667 3 20.66667 10 10 6.0% 20.33[12.87,27.79] -
Jin 2017 69.70691 4.549431 3 39.39195 1.771654 10 6.6% 30.31[25.05, 35.58] -
Mou 2017 40.6586 4.032258 3 29.32796 8.844086 10 6.1%  11.33[4.20, 18.46] -
Yao 2012 34.1948 3.551336 10 24.96484 4.061181 10 7.0% 9.23 [5.89, 12.57] -
Subtotal (95% CI) 19 40 259% 17.76 [6.96, 28.56] i
Heterogeneity: Tau? = 112.13; Chi? = 46.85, df = 3 (P < 0.00001); I> = 94%
Test for overall effect: Z = 3.22 (P = 0.001)
1.1.4 20 mg/kg
Huang 2013 41 3.666667 4 27 6.666667 10 6.6%  14.00[8.52, 19.48] e
Jin 2017 69.70691 4.549431 4 335958 2.012248 10  6.8% 36.11[31.48,40.74] =
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Fig. 2. Forest plot for antidepressant effects of ginsenoside Rg1 on the forced swimming test. Global effect estimate comparing immobility time between ginsenoside Rg1 and

vehicle treatments and its subgroup analysis according to dosage.

lower dose subgroups reported a higher mean difference that those
of the 40 mg/kg subgroup, the pooled mean difference almost
increased in a dose-dependent manner. The 30 mg/kg subgroup
deviated from this tendency, but this is thought to be due to the
small number of studies. Some studies reported insignificant re-
sults in subgroups of dose 20mg/kg and 40mg/kg. If we simply
interpret the results from respective studies, it can be quite
controversial regarding its effect on behavioral change as there is a
criticism that FST usually reports positive results [54]. However, the
pooled results of the SPT in meta-analysis were statistically sig-
nificant and dose dependent as well. Considering these results, the
statistical insignificance might have been caused by the small
sample size of each study and could be complemented by the meta-
analysis.

These values should be interpreted cautiously, however, because
the differences between each strain should be considered. In the
meta-analysis of FST, Sprague Dawley rats were used in the studies
with the low doses (2.5, 10, 20mg/kg), and Wistar rats were used in
the studies with the high dose (40mg/kg). As Wistar rats and
Sprague Dawley rats did not show significant difference in immo-
bility time of the FST in the previous study comparing the strain
difference, there is low risk of bias [55]. In the meta-analysis of SPT,
Sprague Dawley rats and Wistar rats were used, except one study
which used C57BL/6. In the studies with the low doses (2.5, 5,10, 20
mg/kg), one used C57BL/6 and the others used Sprague Dawley rats.
The results of C57BL/6 mice showed homogeneous with those of
Sprague Dawley rats. In the studies with the high doses (30, 40 mg/
kg), one used Sprague Dawley rats and its result was heterogeneous
with and the others which used Wistar rats. In the previous study,
Sprague Dawley rats showed lower sucrose preference than Wistar

rats [55]. Considering this, the lower response of Sprague Dawley
rats in the dose of 40mg/kg can be attributable to the strain dif-
ference. Even though the mean differences of intervention from
control were pooled, their value could be susceptible to strain
difference.

The second most studied ginsenoside was Rg3 but each study
adopted different models of depression, which are CSDS, CUMS,
and LPS injection. Since its effect was confirmed using three
different models respectively mimicking different causes like socio-
environmental stressors and inflammation, Rg3 can be another
promising candidate for antidepressant [48]. However, the changes
were only limited to hippocampus so the changes could be inves-
tigated in other potential brain regions such as PFC and amygdala
[56,57].

Although they did not meet inclusion criteria, there were some
studies which explored the effect of ginsenosides on secondary
depression. The antidepressant effect of Rb1 [9,58], Rg1 [9], and Ro
[9] on female menopausal depression, Rg1 on male menopausal
depression [41], Rb1 on post-traumatic stress disorder [59], and Rf
[60] and Rg2 [61] on depressive symptoms in neuropathic pain and
Rh2 on those in cancer [62] were studied. As currently used anti-
depressants, ginsenosides can be exploited for use in patients with
a depressive state in diverse diseases as well as depressive disorder
itself.

There were few clinical trials which examined the effect of
ginseng or ginsenoside on depression. The effect of ginseng extract
and fermented red ginseng on the depressive symptoms was not
assessed in patients with primary depression, but assessed only in
postmenopausal women [63—65] and cancer patients [66]. One
study confirmed that Korean Red Ginseng could improve the
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Fig. 3. Forest plot for antidepressant effect of ginsenoside Rg1 on the sucrose preference test. Global effect estimate comparing sucrose preference between ginsenoside Rg1 and
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Fig. 4. Funnel plot for (A) the forced swimming test and (B) the sucrose preference test to determine publication bias.
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sympathetic nervous system and cognition in subjects with high
stress, but they excluded clinically significant depression as par-
ticipants [67]. However, considering the results from subsequent
preclinical studies, a clinical trial on the effects of either ginseng or
single ginsenosides on primary depression are worth researching.
The results of this study can be used as a reference for conducting
clinical trials in the future. The dose of Rgl administration in
humans could be inferred from the results of this meta-analysis.

There are some limitations of this study. First, animal experi-
ments which yielded neutral or negative results that went against
their hypothesis are not likely to be published; therefore, the pos-
sibility of bias in the included studies remain. Second, there was
statistically significant heterogeneity as measured by a significant Q
statistic and high I%. Inspection of the funnel plots showed asym-
metry, but this was expected given the heterogeneity of the
included studies in terms of factors such as dosage, species, dura-
tion of establishing the animal model. Third, no study was blinded
to the induction of depression in animal models or measured
baseline values of behavioral tests. The studies did not mention
calculations on the sample size necessary to achieve sufficient
power. For these reasons, the results of the original articles may
have a low possibility of demonstrating the therapeutic potential of
ginsenosides; thus the results of this study are susceptible to these
drawbacks. Fourth, this study included primary depression, and the
result can differ in secondary depression as mentioned above.

In conclusion, our study provides a collective review of the
preclinical studies assessing antidepressant effects of a variety of
ginsenosides by appraising them with rigorous strategies. Their
effects were evaluated by several behavioral tests and a number of
mechanisms in different brain regions connected to mood regula-
tion. Rg1, the most studied ginsenoside, was shown to decrease
depressive-like symptoms in a dose-dependent manner in the
pooled results from the meta-analysis. As depression has a high
recurrence rate and long-term morbidity, an effective treatment
that is stable and has a low risk of side effects during long-term
intake is necessary. Ginsenosides are components of P. ginseng,
which has a long therapeutic history; therefore, the results from
this review can provide feasibility to the development of new
drugs. Rg1 is especially a promising drug candidate for depression
based on their different mechanisms of action, which has been
revealed in previous bench studies, which could be used to develop
therapeutics from bench to bedside.
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