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a b s t r a c t

Background: Gintonin is a new material of ginseng that acts through the ginseng-derived lysophos-
phatidic acid (LPA) receptor ligand. The gintonin-enriched fraction (GEF) inhibits amyloid plaque accu-
mulation in the cortex and hippocampus, improves cognitive dysfunction by increasing acetylcholine
levels, and promoted hippocampal neurogenesis in an animal model of Alzheimer's disease. We evalu-
ated the effect of the GEF on the cognitive performance of subjects with subjective memory impairment
(SMI).
Methods: In this eight-week, randomized, assessor- and participant-blinded, placebo-controlled study,
participants with SMI were assigned to three groups receiving placebo, GEF 300 mg/day or GEF 600 mg/
day. The Korean versions of the Alzheimer's Disease Assessment Scale (K-ADAS), Mini-Mental State
Examination (K-MMSE), and Stroop color-word test (K-SCWT) were also evaluated along with the safety
profiles.
Results: One hundred thirty-six participants completed the study. After eight weeks, we analyzed
intergroup differences in primary or secondary outcome score changes. When we compared the GEF
group with the placebo group, we observed significant improvements in the K-ADAS and K-SCWT scores.
The GEF group did not show a significant improvement in K-MMSE and BDI scores compared to the
placebo group. No adverse events were observed in the gintonin and placebo groups for eight weeks.
Conclusion: The GEF is safe and effective in improving subjective cognitive impairment related to both
the K-ADAS and K-SCWT in this study. However, further large-scale and randomized controlled studies
are warranted to secure other cognitive function tests besides the K-ADAS and K-SCWT, and to confirm
the findings of the current study.
© 2023 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

Panax ginseng Meyer is an herbal medicine known as a tradi-
tional tonic, which improves memory function after long-term

intake in humans. Ginseng contains various bioactive compounds.
Recent studies on gintonin, a non-saponin ginseng component,
have shown several characteristics that other ginseng components,
such as ginseng saponins, do not have. Gintonin contains a high
concentration of exogenous lysophosphatidic acids (LPAs), which
can enhance cognitive function through various mechanisms
involving G protein-coupled LPA receptors [1]. The brain is rich in
LPAs, which perform vital pluripotent functions ranging from brain
development to cognitive processes. Previous in vitro and in vivo
investigations have shown that gintonin might be responsible for
improvements in cognitive function in preclinical studies [2,3]. For
example, gintonin-mediated activation of G protein-coupled LPA
receptors in neurons attenuates the production and accumulations
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of b-amyloid (Ab), a key cause to Alzheimer's disease development,
that derives from the amyloid precursor protein (APP) via amyloi-
dogenic pathways. In addition, gintonin attenuates Ab-induced
neurotoxicity to protect neurons and rather activates non-
amyloidogenic pathways [4]. Thus, gintonin stimulates the forma-
tion of the soluble amyloid precursor protein a (sAPPa), which has
neuroprotective properties and anti-apoptotic effects of neurons
[4,5]. Gintonin-mediated G-protein-coupled LPA receptors activa-
tion is also coupled to glutamate receptors, throughwhich gintonin
stimulates synaptic transmission, resulting in long-term potentia-
tion (LTP) induction in hippocampus [6,7]. Furthermore, gintonin
enhances choline acetyltransferase activity, an acetylcholine syn-
thase enzyme, leading to increased acetylcholine production in the
hippocampus and cortex [3,4]. In addition, gintonin stimulated
hippocampal neurogenesis in an animal model of Alzheimer's
disease (AD) and improved cognitive performance [3,4]. Thus, the
underlying mechanisms of gintonin on anti-AD efficacy is clear in
its preclinical studies.

On the other hand, AD including dementia, is growing concerns
in aging populations worldwide, presenting a significant clinical
and socio-economic burdens to both families and caregivers [8].
Recent studies have indicated that the pathophysiological, func-
tional, and structural changes in the brain associated with AD can
occur slowly and progressively for up to 20 years before clinical
symptoms become evident [9]. Therefore, identifying and modi-
fying the early stages of AD is crucial for preventing or improving
the clinical progress of dementia [10,11]. Subjective memory
impairment (SMI) in the elderly is characterized by a perceived
decline in memory function relative to the subject's prior abilities,
without any accompanying abnormalities in other cognitive func-
tions. SMI or mild cognitive impairment (MCI) is very frequent in
aging societies of over 65 years and substantially affects daily
functions in severe conditions [12]. Although the presence of SMI is
strongly linked to an increased risk of progression to AD, taking
preventive medications for AD at the SMI stage is not recom-
mended because of their limited clinical benefits over many kinds
of adverse events (AEs), which commonly include nausea, vomit-
ing, diarrhea, or sleep disturbance [12e16]. Therefore, the role of
dietary supplements and traditional herbal medicines with neu-
roprotective effects has been emphasized, although most of these
have insufficient scientific evidence to improve cognitive function
[17]. Based on previous preclinical studies related to anti-AD drugs,
gintonin may be a candidate for the amelioration of memory
impairment in SMI humans.

This study aims to evaluate the cognitive enhancing effects and
safety of the GEF in individuals with SMI using a randomized,
placebo-controlled clinical trial design, with both the assessors and
participants blinded to the treatment assignment.

2. Materials and methods

2.1. Study subjects

Subjects between the ages of 50 and 85 years who exhibited
subjective memory impairment were recruited from the Neurology
Department of Seoul National University Hospital, as previously
detailed in a report [18]. In brief, subjective memory impairment
was defined as a subject's self-reported feeling of reduced memory
function, without any objective cognitive impairment, and was
evaluated through the Korean Mini-Mental State Examination (K-
MMSE), with a minimum score of 23 [18]. We excluded subjects
who met any of the following describe criteria (Table 1): Subjects
who (1) were taking ginseng and/or health functional foods con-
taining ginseng components; (2) were allergic to or hypersensitive
to ginseng; (3) had a diagnosis of liver disease or had serum alanine
transaminase, aspartate aminotransferase, or bilirubin
levels � three times the upper limit of the normal range; (4) had
chronic kidney disease with a serum creatinine level ˃ 2.0 mg/dl or
on dialysis; (5) had a medical status that interfered with food ab-
sorption or oral administration of the drug; (6) were being treated
for major mental illnesses such as mood disorders or schizo-
phrenia; (7) had been diagnosed with dementia; (8) were taking
medications for dementia, drugs or other dietary supplements that
could affect memory and cognitive function, or other drugs on
clinical trials for cognitive improvement within 4 weeks from the
time of inclusion; (9) were addicted to alcohol or other drugs; (10)
were pregnant, planning a pregnancy, or breastfeeding; or (11) had
participated in another clinical trial within one month of visit.

The clinical trial was registered with the Korea Center for Dis-
ease Control and Prevention ‘s Clinical Research Information Ser-
vice, under the registration number KCT0004636 on October 01,
2019. Additionally, the study protocol and supporting documen-
tation received approval from the Institutional Review Board (IRB)
of SNUH (registration numbers: 1908-103-1056 and 1804-122-
940). The study was conducted in accordance with the regulations
set forth by the SNUH IRB as well as the guidelines established by
the International Conference on Harmonization for Good Clinical
Practice. All participants who were enrolled provided written
informed consent.

2.2. Study design and procedures

The study was designed as a randomized, placebo-controlled
trial, with both the assessors and participants being blinded to
the treatment assignments. Prior to the intervention, the partici-
pants underwent a thorough review of their medical histories,
physical examinations, and laboratory tests at baseline as described

Table 1
List of Study Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

Age (year old) 50 � 85 < 50 or 85 <
K-MMSE score � 23 < 23
Liver function test (AST, ALT, or bilirubin levels) < three times the upper limit of the normal range � three times the upper limit of the normal range
Renal function (serum creatinine level) � 2.0 mg/dl ˃ 2.0 mg/dl
Cognitive function Subjective memory complain Dementia
Participation another clinical trial > one month � one month
Taking medications, food affecting cognition > 4 weeks � 4 weeks
Allergic to ginseng None Yes
Other medical conditions GI absorption dysfunction

Major mental illness
Addiction
Pregnancy (planning breast feeding)

AST (aspartate aminotransferase); ALT (alanine transaminase); GI (Gastrointestinal).
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in a previous report [18,19]. Participants who met the inclusion
criteria were assigned to either the test or control group in a 1:1
ratio using randomization. The sample size for the study was
determined based on the results of a prior study involving 80 de-
mentia patients, which showed a difference of 1.3 points in K-
MMSE score changes between the test and placebo groups, with a
standard deviation of 0.4 points for the score changes in each group
[19]. A total of 154 subjects were recruited from the 65, 25, and 64
in the test (GEF 300 mg/day and GEF 600 mg/day) and control
(placebo) groups, with a 5% dropout rate, significance level of 5%,
and power of 80%. The allocation concealment and randomization
processes were conducted by a third-party organization, Biofood
Contract Research Organization (CRO), which was not involved in
the research process. The subjects were enrolled in the study and
assigned a randomization number. Biofood CRO then used a
computer-generated random list to assign the participants to either
the test or control group based on their randomization number.
Block randomization was used to allocate the participants to the
test and control groups. All group assignment data for each
participant were kept confidential and sealed by Biofood CRO.

One tablet is 400 mg containing GEF 150 mg and 250 mg
excipient compounds. The GEF group received either two or four
tablets of GEF 150 mg, along with 250 mg excipient compounds
such as dextrin, crystalline cellulose, caramel pigment, gardenia
yellow pigment, magnesium stearate, and silicon dioxide, once
daily for eight weeks. Meanwhile, the control group received either
two or four tablets of crystalline cellulose 374mg, alongwith 26mg
of other excipient compounds such as caramel pigment, gardenia
yellow pigment, magnesium stearate, and silicon dioxide to make
the same 400 mg tablet, once daily for the same duration. The GEF
and placebo tablets used in the study were manufactured by Gin-
tonin KU Biotech Co., Ltd. in a good manufacturing practice facility
and stored at room temperature. The daily dosage of GEF admin-
istered to the participants was determined based on amouse in vivo
experiments that observed cognitive improvement after 25-100
mg/kg/day of GEF and on conversion of dosage in human adults
with a body weight of 60 kg [6,20]. The tablets used in this study
(placebo and GEF intake groups) appeared to be identical.

Randomization was carried out at the SNUH Clinical Research Unit
using a computeregenerated list of random numbers. Follow-up
examinations were conducted four and eight weeks after treat-
ment, during which the participants underwent physical and lab-
oratory examinations and were monitored for any AEs.

2.3. Measurements

At baseline, four weeks, and eight weeks following gintonin
administration, the K-MMSE [21], Korean version of the Alz-
heimer's Disease Assessment Scale (ADAS-K) [22], and Korean
version of the Stroop Color-Word Test (K-SCWT) were used to
evaluate cognitive functions as described in a previous report [23].
Two neurology specialists, who were blinded to patient allocation
and clinical information, conducted the outcome assessments.
Treatment-emergent AEs were identified and recorded in accor-
dance with the Medical Dictionary for Regulatory Activities (Med-
DRA) [24].

2.4. Primary and the secondary end points

The primary endpoint was designated as changes in MMSE total
scores at four and eight weeks from the baseline, and the secondary
endpoints were specified as changes in K-ADAS total scores, ADAS
scores in the cognitive and non-cognitive domains (ADAS-Cog and
ADAS-noncog), number of correct answers in word- and color-
reading domains of the K-SCWT test, and CDR scores at four and
eight weeks from the baseline.

2.5. Statistical analysis

SPSS® (version 28.0; IBM, Armonk, New York, USA) was utilized
for all statistical analyses. Efficacy analyses were conducted based
on the per-protocol set, while safety analyses were performed
based on the safety set (SAF). SAF was defined as all subjects who
received at least one dose of the GEF and underwent a minimum of
one safety assessment after the baseline evaluation. Notably, the
absence of AEs served as a safety assessment. Analysis was

Fig. 1. A flow chart illustrating the study process.
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performed based on the treatment received, and all participants
who received the GEF were included in the GEF treatment group.
Continuous variables were analyzed using analysis of variance
(ANOVA) and presented as means with their corresponding stan-
dard deviations. Frequencies were used to describe categorical data,
and the chi-square test or Fisher's exact test was used to compare
variables. For continuous variables with unknown or non-normal
distributions, the Wilcoxon rank-sum test was employed, with
statistical significance determined at a test level of P < 0.05.
Changes in scores from baseline to four and eight weeks after
treatment were assessed using the paired t-test or Wilcoxon rank-
sum test. Repeated-Measures Analysis of Variance (RM-ANOVA)
was used to compare changes in scores between the groups.

3. Results

3.1. Baseline characteristics and participant's flow

A total of 154 participants were enrolled between October 2018
and December 2022. Of the 154 participants, 90 were randomly
assigned to receive the GEF at a dose of 300 mg/day or 600 mg/day,
whereas the remaining 64 were assigned to the placebo group
(safety set). During the follow-up period, 18 subjects withdrew
from the study (9 in the GEF group and 9 in the placebo group)
because of a lack of consent to continue participation. Finally, 136
participants (61 in the GEF 300 mg/day group, 20 in the GEF 600
mg/day group, and 55 in the placebo group) completed the study
(Fig. 1). The demographic and baseline clinical characteristics were
similar among the groups (Table 2).

3.2. Outcome measures

In terms of the primary and secondary efficacy outcomes, our
observations indicated a statistically significant difference after GEF
intake in the changes in K-ADAS-Cog total scores at every time
point (from four to eight weeks) compared to the placebo group, as
illustrated in Fig. 2 and Table 3. However, there were no significant
differences after GEF intake in the changes of K-ADAS-noncog
scores compared to the placebo groups (Table 3). For the primary
outcome measure, there was no significant difference in the K-
MMSE score changes between the gintonin (GEF 300 mg/day and
GEF 600 mg/day) and placebo groups. The changes in K-MMSE
scores between baseline and at four and eight weeks were not
statistically significant in either the GEF or placebo groups
(P¼ 0.419 and 0.223 at four and eight weeks in the GEF 300mg/day
group and P ¼ 0.325 and 0.387 at four and eight weeks in the GEF
600 mg/day group).

However, we observed significant differences in K-SCWT scores
between the two groups. The evaluation time in the word-reading
domain of the K-SCWT in the GEF group (GEF 300 mg/day)

decreased significantly compared to that in the placebo group at
four and eight weeks (90.96 ± 42.24, P ¼ 0.011 and 89.33 ± 40.95,
P ¼ 0.001, respectively). This change was not observed in the pla-
cebo group (P ¼ 0.098 and P ¼ 0.570, respectively). There was no
significant difference in the number of correct answers in theword-
reading domain of the K-SCWT between the two groups (P ¼ 1).

The number of correct answers in the color-reading domain of
the K-SCWT increased significantly compared to the placebo group
at four and eight weeks in the GEF 600 mg/day group
(108.21 ± 9.46, P¼ 0.037 and 109.90 ± 4.03, P¼ 0.031, respectively).
However, there was no statistically significant difference observed
in the evaluation time for the color-reading domain of the K-SCWT
between the two groups (P ¼ 0.393, Table 3).

In the SAF analysis, ten AEs were reported: three in the GEF
group and seven in the placebo group. However, there was no
statistically significant difference in the incidence of AEs between
the two groups (P ¼ 1.000; Table 4). Every AE was of mild or
moderate degree, and none of the events had a definite or probable
causal relationship with drug administration. One of the reported
AEs was severe; however, this did not show any relationship with
gintonin administration in the placebo group.

Table 2
Demographic and Baseline Clinical Characteristics

Placebo (n ¼ 55) GEF 300 mg/day (n ¼ 61) GEF 600 mg/day (n ¼ 20)

Female sex (%) 41 (74.55%) 41 (67.21%) 15 (75.00%)
Age (years) 69.38 ± 9.14 69.21 ± 9.02 69.74 ± 7.08
Education level (%) 12.04 ± 3.98 11.00 ± 3.23 12.00 ± 3.82
Hypertension (%) 15 (27.28%) 13 (21.31%) 3 (15.00%)
Regular alcohol drinker 1 (1.82%) 10 (16.39%) 12 (60.00%)
Smoking
Non-Smoker (%) 49 (89.09%) 55 (90.16%) 19 (95.00%)
Ex-Smoker (� 6 months %) 3 (5.45%) 2 (3.28%) 0 (0.00%)
Current Smoker (%) 4 (7.27%) 4 (6.56%) 0 (0.00%)

Data are reported as mean ± standard deviation.

Fig. 2. The change in the mean ADAS-cog score from baseline to week 8 was calculated
using an observed case analysis, and the SD was represented by the error bars. The
endpoint carried forward at week eight showed a statistically significant difference
(P < 0.05). GEF 600 mg/day administration showed a significant improvement of K-
ADAS-cog at week four and GEF 300 mg/day administration presented a significant
improvement of K-ADAS-cog at week eight, both compared to placebo group. The
symbols depicted are as follows: the black circle for placebo group, the white circle for
GEF 300 mg/day group, and the black triangle for GEF 600 mg/day group. *Placebo vs
GEF 600 mg/day at week four, P < 0.05 byWilcoxon Signed Rank Test, **Placebo vs GEF
300 mg/day at week eight, P < 0.05 by Wilcoxon Signed Rank Test.
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4. Discussion

We previously reported the results of a randomized, assessor-
and participant-blinded, placebo-controlled trial that investigated
the effect of the GEF on cognitive function in subjects with SMI [18].
However, due to the limited number of participants, the previous
study did not show a significant improvement in cognitive func-
tions after eight weeks of GEF administration compared to the

placebo group, although GEF intake itself for eight weeks showed
significant improvements in the K-MMSE and K-SCWT [18]. In the
present study, we increased the number of subjects with SMI and
administered two doses of gintonin (300 and 600mg/day) for eight
weeks. Therefore, this is the second randomized, assessor- and
participant-blinded, placebo-controlled study to investigate the
effect of GEF intake on cognitive function in patients with SMI. Our
findings showed that the GEF significantly improved cognitive

Table 3
Primary and Secondary Outcomes at Baseline, Four Weeks, and Eight Weeks

Placebo
(n ¼ 55)

GEF 300 mg/
day (n ¼ 61)

Inter-group
difference

P
valuey

GEF 600 mg/
day (n ¼ 20)

Inter-group
difference

P
valuey

K-MMSE Baseline 27.66 ± 1.89 27.67 ± 1.62 27.05 ± 1.93
4 week 27.64 ± 2.45 27.58 ± 2.20 27.89 ± 1.76
Change 1 0.84 �0.083 0.21 (0.08~0.35) 0.42 0.842 0.28 (0.06~0.50) 0.325
8 week 27.89 ± 1.86 27.97 ± 1.93 27.89 ± 1.76
Change 2 0.84 0.3 �0.29 (�0.32~-

0.25)
0.22 0.842 �0.22 (�0.25~-

0.20)
0.387

ADAS-cog Baseline 10.5 ± 4.62 10.40 ± 0.56 12.17 ± 1.39
4 week 9.74 ± 4.45 9.10 ± 0.46 11.18 ± 1.18
Change 1 �0.806 �1.302 �1.54 (�2.05~-

1.03)
0.16 �0.99 10.74

(8.73~12.75)
0.03§

8 week 8.82 ± 4.55 7.99 ± 0.46 9.54 ± 1.35
Change 2 �1.73 �2.41 �1.22 (�1.63~-

0.81)
0.04§ �2.63 9.64 (7.30~11.98) 0.68

ADAS-non cog Baseline 4.93 ± 4.27 4.89 ± 4.09 8.62 ± 8.28
4 week 5.34 ± 4.00 5.07 ± 3.83 8.59 ± 7.77
Change 1 0.41 0.18 0.05 (�0.16~-0.27) 0.41 �0.03 8.19 (6.02~10.37) 0.80
8 week 5.22 ± 3.90 4.80 ± 3.94 8.06 ± 8.46
Change 2 0.29 �0.09 0.20 (�0.09~-0.48) 0.21 �0.56 7.84 (5.78~9.90) 0.43

BDI-II Baseline 15.27 ± 8.01 15.25 ± 8.76 15.89 ± 10.55
4 week 15.53 ± 8.4 15.07 ± 8.74 14.37 ± 9.39
Change 1 �1.53 0.27 2.25 (�0.10~-4.60) 0.32 �0.18 13.94

(11.64~16.25)
0.45

8 week 14.23 ± 8.15 14.68 ± 10.16 15.11 ± 9.88
Change 2 �1.04 �0.57 2.72 (1.38~4.05) 0.47 �0.79 14.33

(10.91~17.76)
0.46

K-SCWT correct answer in word-reading
domain (number)

Baseline 110.9 ± 3.63 109.61 ± 5.64 111.7 ± 0.97
4 week 110.9 ± 2.73 110.98 ± 3.93 110.6 ± 5.25
Change 1 0.07 1.37 �1.72 (�5.67~2.23) 0.87 �1.07 �0.64 (�1.15~-

0.14)
0.30

8 week 111.1 ± 3.59 110.9 ± 4.02 110.9 ± 5.38
Change 2 0.23 1.25 �1.33 (�3.54~0.89) 0.475 �0.66 0.73 (�0.47~1.93) 0.63

K-SCWT evaluation time in word-reading
domain (sec)

Baseline 99.05 ± 51.67 98.75 ± 43.92 112.3 ± 53.59
4 week 86.63 ± 27.34 90.96 ± 42.24 106.5 ± 42.47
Change 1 �12.43 �7.79 24.7 (11.02~38.36) 0.011* 5.17 25.73

(9.55~41.92)
0.18

8 week 91.56 ± 37.97 89.33 ± 40.95 109.3 ± 34.53
Change 2 �7.5 �9.41 17.9 (�3.65~39.4) 0.001** 1.79 11.31

(10.08~12.53)
0.09

K-SCWT correct answer in color-reading domain
(number)

Baseline 111.4 ± 0.98 112 ± 0.00 109.3 ± 6.20
4 week 108.8 ± 7.52 107.8 ± 10.37 108.2 ± 9.46
Change 1 �2.61 �4.21 �1.67 (�3.81~0.47) 0.52 �1.04 �3.72

(�8.26~0.81)
0.04*

8 week 109.7 ± 5.63 110.0 ± 3.09 109.9 ± 4.03
Change 2 �1.76 �1.98 �0.16 (�0.60~0.29) 0.98 0.64 �1.78 (�3.47~-

0.08)
0.03*

K-SCWT evaluation time in color-reading
domain (sec)

Baseline 150.7 ± 55.17 165.7 ± 47.54 232.8 ± 114.3
4 week 167.1 ± 85.21 152 ± 43.50 202.9 ± 104.2
Change 1 16.34 �13.7 �28.58

(�72.86~15.70)
0.48 �29.80 4.78

(�4.79~14.35)
0.18

8 week 153.9 ± 65.11 144.3 ± 49.57 198.5 ± 94.13
Change 2 3.21 �21.36 �11.87

(�30.66~6.93)
0.181 �34.28 26 (25.52~26.48) 0.14

Data are reported as mean ± standard deviation.
ADAS-K: Korean version of the Alzheimer's disease assessment scale; ADAS-cog/noncog: cognitive/non-cognitive domains of ADAS-K; BDI-II: Beck Depression Inventory-II; CI:
confidence interval; K-SCWT: Korean version of the color-word Strop Test; K-MMSE: Korean version of the Mini-Mental Status Examination. Change 1:4 weeks e baseline;
change 2:8-weeks-baseline.
xP < 0.05, Wilcoxon rank sum test by % of inter-group difference vs placebo group.
*P < 0.05, Wilcoxon rank sum test.
**P < 0.01, P value for the change from placebo, by Paired t-test or Wilcoxon rank sum test.
yP value for the test group and the placebo group, by repeated-measure ANOVA.
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function compared with the placebo group, as measured by the K-
ADAS-Cog and K-SCWT scores at four and eight weeks. However,
the primary outcome analyses, such as the K-MMSE, returned
negative results compared with the placebo group. In addition, GEF
administration for eight weeks did not result in any AEs throughout
the study period, indicating that no serious AEs occurred during the
intake of the GEF (Table 4). This result is consistent with previous
studies that have evaluated the effect of various candidate drugs on
cognitive improvement in individuals with mild cognitive impair-
ment (MCI) [14e16,25].

It is not yet understood why GEF intake showed a significant
improvement in ADAS-Cog and K-SCWT, but not in K-MMSE. This
may be due to the characteristics of the three types of cognitive
tests. The K-ADAS-Cog is a cognitive assessment tool with raw
scores ranging from 0 to 2.5, with higher scores indicating greater
cognitive dysfunctions [26]. The ADAS-Cog test is specifically used
to screen patients with early-stage dementia, as it has few false
positives and is comprehensive in several cognitive domains, such
as attention, memory, language ability, visuospatial composition
ability, praxis, and frontal lobe function. Therefore, it may be
helpful for diagnosing dementia. The ADAS-Cog is a useful tool for
sensitively detecting responses to treatment effects. Interestingly,
at week four, high-dose GEF (600 mg/day) administration resulted
in a significant improvement in ADAS-Cog scores, whereas low-
dose GEF (300 mg/day) administration showed improvement at
week eight (Fig. 2 and Table 3). This suggests a dose-dependent
effect in the short term and a time-dependent effect over a
longer period of GEF administration.

However, the K-MMSE was primarily designed to screen for
moderate Alzheimer's disease (AD) or dementia [21]. As many SMI
subjects have high baseline K-MMSE scores, it may be difficult to
confirm statistically significant differences in K-MMSE scores even
if there were some improvements, as shown in Table 3. This is
supported by the fact that GEF intake by SMI improved K-MMSE
scores [27]. Thus, the K-MMSE test may be less sensitive and may
not be suitable for assessing cognitive improvement in SMI sub-
jects, because SMI subjects are not yet diagnosed with AD. This may
be one reason why GEF intake in subjects with SMI did not show
significant cognitive improvement in the K-MMSE compared with
the control placebo group.

In addition, we found that GEF intake for four and eight weeks
(300 and 600 mg/day) improved the K-SCWT test (Table 3). The
Stroop color-word test is a commonly used cognitive assessment
tool that measures selective attention and inhibition in the frontal
lobes [23]. Our present study using the GEF with the K-SCWT test
showed significant improvements in subjects' cognitive abilities to

form and change cognitive sets, inhibit automatic responses,
respond appropriately to situational cues, and spontaneously
generate thoughts. These improvements may be attributed to the
ability of the GEF to increase brain acetylcholine levels, inhibit
acetylcholinesterase activity, and enhance hippocampal neuro-
genesis via gintonin-induced LPA receptor activation [3]. The acti-
vation of LPA receptors by gintonin has been identified as the
primary mechanism responsible for the observed cognitive im-
provements [27]. Recent studies have suggested that gintonin en-
hances synaptic transmission in the hippocampus through the
release of glutamate, which, in turn, is linked to long-term poten-
tiation. These findings were confirmed in hippocampal slices,
where treatment with an LPA receptor antagonist blocked the
enhancement of synaptic transmission [7]. Oral administration of
gintonin also increases the expression of the brain-derived neuro-
trophic factor (BDNF) in the hippocampus, which is a key molecule
for cognitive function in the brain [6]. The GEF's numerous bene-
ficial properties that are related with brain functions may
contribute cognitive function in elderly populations over 65 and
make it a promising dietary supplement for preventing SMI and/or
dementia.

Besides gintonin, several other natural products have been
studied for their potential benefits in treating or preventing de-
mentia in China and Japan [6,28e30]. Meta-analyses have shown
that several Chinese herbal medicines are effective in improving
cognitive function in AD patients [28]. Natural medicines are
particularly effective in combination with conventional AD drugs.
For example, the combination of Ginkgo biloba and donepezil had a
greater anti-amnestic effect than either drug alone in a
scopolamine-induced AD rat model without any changes in sys-
temic or brain exposure [31]. Clinical trials have also shown that
long-term intake of Ginkgo biloba improves cognitive function in
patients with AD and mild dementia [32]. Among Japanese herbal
medicines, the combination administration of Kami-Untan-To and
donepezil was also found to be more effective than treatment with
donepezil alone in improving cognitive functions [29]. Traditional
Korean medicines, such as ginseng, have demonstrated varying
degrees of memory benefits. Given the favorable safety profile of
gintonin, combining the GEF with conventional drugs may increase
its cognitive improvement effects, as reported in a previous study
[33]. However, a larger study involving patients with AD might be
required to confirm this hypothesis [33].

Several issues need to be addressed before the GEF can be
considered for clinical use as a treatment for AD and to establish
ADAS-Cog and/or K-MMSE as clinically meaningful primary out-
comes. First, previous researches of medicinal interventions on

Table 4
Profiles of Adverse Events

Placebo
(n ¼ 55)

Type (Number of
occurrence)

GEF 300 mg/day
(n ¼ 61)

Type (Number of
occurrence)

GEF 600 mg/day
(n ¼ 20)

Type (Number of
occurrence)

Severity Mild 5 tinnitus (1) 2 dyspepsia (1) 0
dizziness (1) chest pain (1)
pruritus (1)
facial edema (1) N/A
dyspepsia (1)

Moderate 1 plantar pain (1) 1 hyperprolactinemia (1) 0
Severe 1 dyspepsia (1) 0 0

Causality Definite 0 0 0
Probable 0 0 0
Possible 4 1 0
Unlikely 1 1 0
Unrelated 2 1 0

Placebo vs GEF 300 mg/day; P value ¼ 0.5.
Placebo vs GEF 600 mg/day; P value ¼ 0.5.
N/A: Not Applicable.
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individuals with MCI have demonstrated that alterations in
cognitive scores slowly progress over time, indicating that the
longer follow-up studies may be required for accurate assess of the
potential disease-modifying effects of GEF. Second, previous studies
included a large number of patients (ranging from to 250-2000) to
evaluate the clinical effects of candidate drugs [15,34e37]. Given
the promising trend observed in this study, future studies should
include a larger number of subjects to precisely evaluate the effects
of the GEF. Finally, this study only evaluated the effect of the GEF
alone; therefore, future studies are needed to investigate the ad-
ditive or synergistic effects of the GEF in combination with con-
ventional drugs on cognition in patients with AD [27].

5. Conclusion

The GEF is safe and was effective in the K-ADAS and evaluation
time in the word-reading and color-reading domains of the K-
SCWT in people with SMI within the current study setting. Thus,
the GEF intake was effective in improving both global cognitive
performance and frontal executive functions. Larger randomized
controlled trials with longer durations are needed to further
explore the efficacy of the GEF on cognition and to confirm the
findings of the current study. Further research is warranted in more
vulnerable populations such as those with mild cognitive impair-
ment and advanced age.
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