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ARTICLE INFO ABSTRACT

Keywords: Ginseng is a traditional herbal medicine used for prevention and treatment of various diseases as a tonic. Recent
Alzheimer’s disease scientific cohort studies on life prolongation with ginseng consumption support this record, as those who
ISVII\EII consumed ginseng for more than 5 years had reduced mortality and cognitive decline compared to those who did

not. Clinical studies have also shown that acute or long-term intake of ginseng total extract improves acute
working memory performance or cognitive function in healthy individuals and those with subjective memory
impairment (SMI), mild cognitive impairment (MCI), or early Alzheimer’s disease (AD) dementia who are taking
AD medication(s). Ginseng contains various components ranging from classical ginsenosides and polysaccharides
to more recently described gintonin. However, it is unclear which ginseng component(s) might be the main
candidate that contribute to memory or cognitive improvements or prevent cognitive decline in older in-
dividuals. This review describes recent clinical contributors to ginseng components in clinical tests and in-
troduces emerging evidence that ginseng components could be novel candidates for cognitive improvement in
older individuals, as ginseng components improve SMI cognition and exhibits add-on effects when co-
administered with early AD dementia drugs. The mechanism behind the beneficial effects of ginseng compo-
nents and how it improves cognition are presented. Additionally, this review shows how ginseng components can
contribute to SMI, MCI, or early AD dementia when used as a supplementary food and/or medicine, and proposes
a novel combination therapy of current AD medicines with ginseng component(s).

Ginseng components

1. Introduction

Ginseng (Panax ginseng Meyer) root has been traditionally used as a
tonic in China, Japan, and Korea for over 2000 years. The traditional
tonic effects of ginseng extract include energizing the body, clearing
brain and mood elevation, and finally brain health and longevity [1].
Currently, ginseng is used as a functional food or alternative and/or a
complementary medicine for health worldwide. There are several
ginseng components, which are reponsible for tonic such as ginseno-
sides, ginseng polysaccharides and gintonin [1]. Accumulating

evidences show that ginseng components exhibit beneficial effects
against cognitive impairments [2].

On the other hand, dementia is a brain disease including AD, in
which normal cognitive functions are maintained during the growth
period, but cognitive dysfunctions with accompanying personality
changes occur in old age [2,3]. Besides cognitive decline, other common
symptoms of AD include apathy (reduced interest in others), emotional
changes (e.g., becoming easily angered), behavioral changes (e.g.,
repeating questions, leaving the house unconditionally), difficulties
with language fluency, and weak will [4-7]. But dementia does not
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affect the patient’s consciousness [7]. AD dementia has various causes.
Recent studies have identified that it is caused by a decrease in the
ability to remove neurotoxic waste products [e.g., p-amyloid (Ap) and
tau protein] that accumulate in the brain with aging. If the waste
product called Ap is efficiently removed from the brain, there is no
problem. Otherwise, Ap molecules form aggregates and become
water-insoluble Af polymers. Thus, A polymers can lead to AD through
brain inflammation and oxidative stresses [8, 9]. As these Ap polymers
spread to other brain areas, they cause toxicity to neurons, resulting in
the death of nerve cells around p-amyloid plaques, which are large Ap
polymer aggregates [8]. In addition, f-amyloid plaques-induced neuron
deaths, observed in most patients with AD dementia, are closely asso-
ciated with the brain acetylcholine deficiency. p-amyloid (Ap) and tau
protein also induce glutamate-mediated excitatory neurotoxicity via
NMDA receptor over-activation, which results in neurodegeneration
[10].

There are at least three stages through which normal individuals may
progress to AD dementia due to aging or other causes such as brain
microvessel infarctions [11,12]. The first stage is subjective memory
impairment or subjective cognitive impairment (SMI or SCI). In this
stage, SMI performance on objective memory tests falls within the
normal range. However, individuals with SMI typically complain that
their memory have subjectively deteriorated [13]. In mild cognitive
impairment (MCI), cognitive functions, especially memory, are reduced
compared to those of the same age group in the normal population.
However, the ability to carry out daily activities remains intact, resulting
in a condition that has not yet progressed to dementia severity, and is
thus referred to as MCI. MCI is an intermediate stage between normal
aging and dementia (Fig. 1). If SMI and MCI are not corrected or
improved with appropriate treatment or medication, individuals may
exhibit the early symptoms of AD dementia over time. These symptoms
include memory impairment, difficulty in remembering names and
phone numbers, language disorders, decreased visual and spatial abili-
ties (disorientation), diminished computational ability, changes in per-
sonality and emotions, and abnormal behavior [13] (Fig. 1).

This review article mainly focuses clinical reports rather than in vitro
and in vivo studies on ginseng-induced improvement of cognitive func-
tions from normal people to early Alzheimer’s disease (AD) patients.
This review article also shows the merits of ginseng utilization for
human applications, since ginseng exhibits fewer side effects than cur-
rent cognitive improvement-related drugs.

2. Associations of ginseng intake and life prolongation in human

Long-term ginseng intake could prolong life span without mental and
physical health risks [1]. Modern epidemiology has demonstrated that
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this belief regarding ginseng may be true. Yi et al. [14] conducted the
first cohort study with a long-term follow-up on the association between
ginseng intake and mortality in the Kangwha area of Korea, a repre-
sentative ginseng cultivation area. The study followed 6282 subjects
over 55 years for 18.8 years, from March 1985 to December 2003. They
found that, after adjusting for all parameters using Cox proportional
hazards models, the all-cause mortality for male—but not fema-
le—ginseng users was significantly lower than that of non-users [14].
However, they did not clearly explain why a sex difference in ginseng
intake-induced reduction of mortality in older individuals may exist.
Pradhan et al. [15] reported a cohort study on the association between
ginseng intake and mortality in 40-70 year-old women in Shanghai,
China. They followed approximately 56,000 female participants with an
average follow-up of 14.7 years and used Cox proportional hazards
models for statistical analysis, similar to the previously mentioned
Korean study. They found that regular ginseng users aged >6 years
showed significant reductions in all-cause mortality compared with
non-user. Regular ginseng consumption, particularly over long dura-
tions, is associated with a decreased risk of all-cause death, death due to
cardiovascular diseases, and death due to other diseases [15]. However,
they found that the mortality risk did not decrease if ginseng was taken
to treat existing illnesses [15], raising the possibility that ginseng intake
might be useful for the prevention of diseases rather than disease ther-
apy. Unfortunately, these cohort studies did not showed direct
co-relationship between ginseng intake and keeping brain healthy or
brain diseases like dementia in prolonging life span [14,15]. They only
showed that ginseng intake reduced all-cause mortality. However, this
article will show you that the keeping a healthy brain through long-term
ginseng intake may contribute to the longevity of long-term ginseng
users.

3. Long-term follow-up (cohort) studies show the contribution
of long-term ginseng intake for cognitive improvement in older
individuals

Lho et al. [16] conducted a study on the effect of long-term ginseng
extract intake on cognitive improvement in healthy individuals older
than 60 years in Korea. A long-term follow-up study (cohort) analysis
was performed on 6422 elderly subjects at 2-year intervals from 2010 to
2016, excluding all factors that could affect the analysis (n = 6422;
mean age = 70.2 £ 6.9 years, education = 8.0 + 5.3 years, female =
56.8%). The research team divided the participants into three groups
based on the duration of their use of ginseng: “Subjects who do not take
ginseng,” “Subjects who take ginseng but for less than 5 years,” and
“Subjects who have taken ginseng extract for more than 5 years.” In
addition to group categorization, the research team used two screening

AD treatment
(not completely developed)

Gintonin+Conventional AD treatment

= Combination therapy

(Gradual decline of cognition:

Validated in human application studies)

D treatment

Progression of AD over time

Fig. 1. Summary of strategies for preventing cognitive decline in human beings. Since Alzheimer’s disease (AD) is incurable and AD therapy has not been completely
developed, combination therapy using conventional AD medicines and ginseng components, such as gintonin, may be beneficial for improving AD symptoms and
preventing the dramatic decline of cognitive functions in AD progression. SMI, subjective memory impairment. MCI, mild cognitive impairment.

246



R. Lee et al.

Journal of Ginseng Research 48 (2024) 245-252

Table 1
Summary of a cohort study on cognitive decline and AD dementia prevention effects after long-term ginseng intake.
Survey Number of Age Cognitive function Long-term ginseng intake or MCI or cognitive Dementia incidence Reference
year participants assessment methods not dysfunction rate (%) rate (%)
2012-2016 6422 >60 CERAD and MMSE Did not take ginseng 32.6 4.6 [16]
Have been taking ginseng for 27.1 (p < 0.001) 1.8
less than 5 years
Taking ginseng for more than5  24.7 (p < 0.001) 0.5

years

tools to determine the general cognitive abilities of older individuals
according to whether they were taking ginseng for the medium or long
term. The first was the Consortium to Establish a Registry for Alz-
heimer’s Disease (CERAD), a neurocognitive questionnaire used to
determine the presence of MCI. The other was the Mini-Mental State
Examination (MMSE), a simple test for AD dementia. used. The re-
searchers collected and analyzed the data on cognitive functional ability
[16].

They found that individuals who took ginseng for >5 years after the
age of 60 exhibited higher CERAD and MMSE scores than older in-
dividuals who did not take ginseng for >5 years. They reported notable
cognitive maintenance and a decrease in AD dementia proportion by
approximately 8% when ginseng was taken for over 5 years compared to
the group that did not take ginseng for 5 years. The dementia incidence
rate also decreased substantially, from 4.6 to 0.5% (Table 1). They
concluded that their study objectively proved that long-term use of
ginseng could delay the onset of MCI and AD dementia due to age
(Table 1, p < 0.001) [16].

Recently, Lee et al. [17] recruited 160 healthy individuals between
65 and 90 years and divided them into 2 groups: one with long-term
ginseng intake and the other without any ginseng intake. They studied
the possible beneficial effects of long-term ginseng extract intake on
AD-related cognitive function and found that the long-term ginseng
intake group showed higher scores in delayed episodic memory than the
group that did not take ginseng; however, the non-memory-related score
did not differ between the 2 groups. The effect of ginseng extract intake
only appeared prominent over a long period of ginseng intake (>5
years). Since the decline in delayed episodic memory is one of the in-
dicators of the earliest cognitive changes in patients who will develop
AD dementia, ginseng intake might be beneficial for preventing the
decline of delayed episodic memory, possibly delaying the conversion
from MCI to AD dementia in older individuals (Table 2) [17].

Although it is known that the apolipoprotein €4 (APOE4) gene in-
creases AD dementia risk, the reason it does so is not well understood
[18]. Lee et al. [17] also compared delayed episodic memory scores
between older individuals with APOE4-negative and -positive genes in
their ginseng intake group. Interestingly, they found that delayed
episodic memory scores were significantly higher in the APOE4-negative
than in the APOE4-positive subgroup. This seems to indicate that
ginseng extract intake over a longer duration is beneficial for delayed
memory function in old age, but these effects might be limited to
APOE4-negative individuals. Currently, how APOE4-positive genes
might negatively affect ginseng intake-induced delayed memory
improvement is unknown, and further studies are required to elucidate
the effects of positive APOE4 allele gene in humans.

4. Effects of ginseng total extract on normal young adults or
older individuals with SMI, MCI, and AD dementia

One of the physiological and pharmacological actions of ginseng is
nootropic [19]. There are two types of memory or cognition studies that
have explored the effect of ginseng use on humans. The first involves a
single dose and acute or immediate memory improvement tests. In these
studies, ginseng extract enhanced moment-related performance,
including immediate word recall. A single dose of ginseng extract
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demonstrated prolonged effects on memory function, even after 2 weeks
[20-22]. Another set of studies aimed to examine the effects of
long-term treatment with ginseng extract, mainly on SMI, MCI, and early
AD dementia [23-30]. These studies include the Alzheimer’s Disease
Assessment Scale-Cognitive Subscale (ADAS-cog), Mini-Mental State
Examination (MMSE), and other cognition-related neuropsychological
tests, as described below.

5. Acute adiministration of ginseng total extract to young
healthy adults enhances acute or immediate memory functions

Following long-term cohort studies on the relationship between
ginseng intake and cognitive changes, several studies have demon-
strated the acute effects of ginseng on cognitive or memory improve-
ments in young, healthy adults. Kennedy et al. demonstrated that the
intake of G115, which contains standardized 4% ginsenosides, improved
immediate working memory performance compared to the placebo
group. Interestingly, the memory-enhancing effects of G115 were not
dosage-dependent [20-22]. In 2022, using 61 healthy individuals (30
Cereboost group and 31 placebo) with average age of 20.5 years in UK,
Bell et al. reported that American ginseng extract, known as Cer-
eboost™, improved working memory and attention during the imme-
diate postprandial period, since Cereboost intake redudced error scores

Table 2
Comparison of ginseng gintonin and ginsenosides in cognition-related functions.
Ginseng Gintonin Ginseng total extract References
components (including
ginsenosides/
polysaccharides
Major effects in in e Synaptic e Anti-oxidative [9,45-47,
vitro and transmission stresses 49-51,57,
preclinical in e Long-term e Anti-inflammation 58,61,63,
vivo tests potentiation e Acetylcholine 65]
o Acetylcholine synthesis
synthesis e AP formation
e AP formation inhibitions
inhibitions e Cognition
e Hippocampal
neurogenesis
o Cognition
Mode of action e LPA receptors- e Non-receptor [9,40,55]
mediated mediated actions
signaling path-
ways in nervous
systems
Effects for e SMI and early AD e SMI, MCI, and [23-30,34]
cognitive dementia early AD dementia
improvements
in clinical tests
Standardized or e Standardized e Non-standardized [23-32,43,
non- (300-600 mg/ KRG total extract 44]
standardized day) (4.5-9.0 g/day
and daily (long-term);
dosage in standardized
clinical tests 100-600 mg
(acute) in G115 or
Cereboost (acute),
Adverse effects o Neglectable o Neglectable [23-32]
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of rapid visual information processing task (RVIP) and increased accu-
racy of attention network task (ANT) scores ([F(1414.98) = 20.50, p <
0.001) [31]. These effects were amplified following two weeks of
treatment (acute-on-chronic) compared to acute testing alone [31].
Contrastingly, Yeo et al. [32] demonstrated that the administration of
non-standardized Korean red ginseng extract to healthy young male
adults (aged 19-25 years; 8 red ginseng and 7 placebo group) decreased
central area latency time in the P300 event-related potential (ERP) test
compared placebo group [Cz (p < 0.008), C3 (p < 0.005), C4 (p <
0.002), and C mean (p < 0.003)]. As the P300 ERP test is a type of
computerized cognitive function test, the P300 latency serves as an
index of the processing time required before response generation. It
represents a sensitive temporal measure of the neural activity underly-
ing the processes of attention allocation and immediate memory [11].
Additionally, P300 latency is negatively correlated with mental function
in healthy individuals, with shorter latencies and amplitudes associated
with superior cognitive performance [11]. Collectively, these studies
indicate that a single dose of standardized or non-standardized ginseng
extract can enhance memory function and reduce ERP latency time,
which is the time required for response generation processes.

6. Long-term adiministration of ginseng total extract to healthy
adults and older individuals with SMI or MCI improves cognitive
function

6.1. Cognitive improvement in normal, SMI, and MCI individuals
following long-term ginseng intake

Namgung et al. [33] examined the effects of non-standardized
Korean red ginseng total extract on brain volume changes and cogni-
tive improvement in healthy adults aged 18-65 years (8 weeks, 1
g/day). They were divided into two groups: 19 placebo and 18 total
ginseng extract intake group. After 8 weeks, they measured the volume
changes in the gray matter area of the left parahippocampal gyrus,
which plays an important role in memory encoding and retrieval. They
found a significant increase in the ginseng total extract intake group
compared with the placebo group (z = 2.20, p < 0.03) [33]. Next, they
assessed improvements in cognition-related domains such as executive
function, attention, and memory between the two groups. Although
there was no significant difference between the placebo and ginseng
intake groups in each cognition-related domain such as executive
functions, attention and memory, the cognitive domain composite
scores of three domains exhibited significant intergroup differences.
This indicates that long-term ginseng intake affects brain volume, which
is closely related to cognitive function, and that an increase in para-
hippocampal brain volume may contribute to enhanced cognitive
function [33].

The effects of ginseng compopnent, gintonin, or non-standardized
Korean red ginseng total extract on human memory and cognition can
be categorized into three types. The first category includes the
cognition-enhancing effects of standardized gintonin-enriched fraction
(GEF) targeting the SML. In an assessor- and participant-blinded placebo-
controlled study, Lee et al. [23] demonstrated that after 8 weeks with 76
participants, which was devided into 39 GEF and 37 placebo, the GEF
group exhibited significant improvement in K-MMSE scores and the
number of correct answers in both word reading and color reading
scores in the Korean Color Word Stroop Test (K-CWST), although there
was no significant intergroup difference between the placebo and GEF
groups. A subsequent study by Lee et al. (2023), also using the GEF,
revealed that 136 participants completed the study, which was devided
into 61 GEF and 55 placebo group. After 8 weeks, intergroup differences
in changes in primary or secondary outcome scores were analyzed.
When comparing the GEF and placebo intake groups, they found sig-
nificant improvements in the K-ADAS and K-SCWT scores (90.96 +
42.24, p < 0.011 and 89.33 + 40.95, p < 0.001, with GEF 300 mg/day).
The GEF group did not show a significant improvement in K-MMSE
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scores compared to the placebo group. Interestingly, the effects of GEF
on ADAS improvement were dose-dependent, as 600 mg intake led to
rapid ADAS improvement after 4 weeks compared to 300 mg adminis-
tration, which showed ADAS improvement after 8 weeks. These reports
indicate that the number of participants involved in clinical tests could
be an important factor in GEF-mediated cognitive improvement [24].

Park et al. [25] investigated the effects of non-standardized Korean
red ginseng total extract (3 g/day, 6 month intake) in individuals with
MCI (aged 50-75 years) in a randomized double-blind placebo-con-
trolled clinical trial. They were divided into ginseng intake group (n =
45) or placebo group (n = 45). The K-MMSE, Korean Instrumental Ac-
tivities of Daily Living (K-IADL) scale, and Seoul Neuropsychological
Screening Battery (SNSB) were used to assess changes in cognitive
function. They found that ginseng had no significant effects on MMSE
and K-IADL scores compared to the placebo group. However, MCI sub-
jects in the ginseng intake group compared to placebo group exhibited
significant improvements in the Rey Complex Figure Test (RCFT) im-
mediate recall scores (p < 0.0405 and p < 0.0342 in per-protocol (PP)
and intention-to-treat (ITT) analyses, respectively), as well as in the
RCFT 20-min delayed recall (p < 0.0396 and p < 0.0355 in PP and ITT
analyses, respectively), throughout over 6 months. These results suggest
that ginseng extract and ginseng component may improve cognition in
SMI and MCI [25].

6.2. Older individuals with early AD dementia shows cognitive
improvement after long-term ginseng intake

There are direct application studies of non-standardized ginseng
total extract or standardized GEF as a supplement for patients with early
AD dementia who are taking AD-related medicine(s) [23,26-30]. Pa-
tients are aged 50-80 years and were diagnosed with Alzheimer’s dis-
ease and they had been treated with either donepezil, galantamine,
memantine or rivastigmine. The number of patients in these studies was
10-15. The period of ginseng total extract intake typically ranges from 8
to 24 weeks, with a dosage of non-standardized Korean red ginseng total
extract raging from 4.5 to 9.0 g/day [26-30]. In a study using GEF,
patients took 300 mg/day gintonin for 8 weeks [23]. These studies
primarily employed cognitive parameters such as the MMSE and
ADAS-Cog tests. Long-term administration of non-standardized Korean
red ginseng total extract or GEF, in combination with conventional AD
drugs, gradually improved cognitive function compared to baseline
MMSE or ADAS-cog scores measured before ginseng intake, with mini-
mal adverse effects [26-30,34]. Long-term treatment with relatively
high doses of non-standardized ginseng total extract for more than 12
weeks also improved the frontal assessment battery, an indication of
frontal cortical activity encompassing the right temporal, parietal, and
occipital areas in elderly patients with AD [30]. Unfortunately, all of
these studies were randomized open-label trials without a double-blind
placebo group, with small study populations.

Interestingly, two types of studies have examined whether the long-
lasting effects of ginseng on cognitive function persist after ginseng
discontinuation of ginseng intake. The results of the 12-week and 24-
week follow-up studies yielded different conclusions. The 24-week
follow-up studies after ginseng discontinuation showed that the im-
provements in ADAS and MMSE scores achieved through long-term
ginseng intake (4.5 and 9.0 g/day for 24 weeks) were maintained.
Conversely, intake of ginseng (4.5 g/day for 12 weeks) led to a decline in
cognitive function, reverting to baseline scores after 12 weeks of ginseng
discontinuation. These findings imply that a ginseng intake duration of
longer than 12 weeks is necessary to maintain these effects, even after
stopping ginseng consumption. Although these studies were conducted
without a proper placebo group, they aligned well with previous cohort
studies, indicating that long-term ginseng intake spanning several years
(>5 years) results in less cognitive decline in older people and lower
mortality rates compared to non-ginseng users [26,28,29].
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7. What are the active molecules of ginseng extract responsible
for improvements of human cognitive functions?

7.1. The main ginseng components

Ginseng contains at least three active components: ginseng ginse-
nosides, ginseng polysaccharides, and gintonin [35-37]. Ginsenosides
were the first compounds isolated from ginseng and belong to a class of
plant glycosides called ginseng saponins. Saponins are present in most
plants. Ginseng saponins (or ginsenosides) are unique saponins found
exclusively in ginseng. Although ginsenosides display a wide range of
effects in vitro, the specific types or individual pure ginsenosides
responsible for these effects have not been clearly defined. Because
ginsenosides do not have their own target receptor(s) on the plasma
membrane of animal and human cells, their roles as ligands for physi-
ological and pharmacological actions remain uncertain [35]. Ginseng
polysaccharides, which consist of low and high molecular weight
glucose polymers, can be classified into two groups. One group com-
prises neutral ginseng neutral polysaccharides, whereas the other con-
sists of acidic polysaccharides rich in galacturonic acid and glucuronic
acid. Recent animal studies have demonstrated that acidic poly-
saccharides are effective in boosting the immune system and providing
neuroprotections [38]. The most recent discovery is gintonin, a novel
glycolipoprotein. Its ative ingredients are lysophosphatidic acids (LPAs).
LPAs are recognized as ligands that specifically bind to LPA receptors in
the plasma membranes of animal and human cells. Thus, gintonin
functions as a ginseng-derived G-protein-coupled LPA receptor ligand.
This is supported by the fact that the action of gintonin can be blocked
by an LPA receptor antagonist [39]. LPA and LPA1/6 receptor subtypes
are abundant in the mouse brain, among six LPA receptor subtypes [40].
Thus, ginseng gintonin exerts physiological and pharmacological effects
on various LPA receptor subtypes in brain [39].

7.2. Ginseng components, dosages, and compositions that have been used
to clinically study human cognitive improvements

Clinical studies have employed three types of ginseng preparations to
investigate human cognitive improvement. The first type consists of
ginseng extracts that contain standardized 4% ginsenosides from Panax
ginseng and standardized 10% ginsenosides from American ginseng,
Cereboost™ [20-22,31,41,42]. The second type encompasses straight-
forward non-standardized ginseng extracts derived from Korean white
ginseng or Korean red ginseng [26-30]. The third type involves the
utilization of standardized gintonin (GEF), which contains approxi-
mately 0.2% LPAs as the active ingredient [23,24]. For Korean and
American ginseng (Panax quinquifolius L.) preparations, dosages range
from 100 to 600 mg/day, primarily targeting acute effects on cognitive
function [20-22,31,41,42]. The dosages of non-standardized ginseng
extracts obtained from Korean white and red ginseng range from 4.5 to
9.0 g/day and were administered over a period of 12-24 weeks [26-30].
In the case of ginseng GEF, dosages vary from 300 to 600 mg/day and
are administered for a duration of 8 weeks [23,24] (Table 2).

7.3. The working principles of ginseng components for improvements of
human cognitive functions

In humans, both standardized and non-standardized ginseng total
extracts have been shown to enhance immediate cognitive performance
after acute single dosages, as well as to improve cognitive functions in
the elderly and individuals with early AD dementia through long-term
intake [20-32]. Although these studies have established the effects of
standardized and non-standardized ginseng total extracts on neuropsy-
chological parameters linked to human cognition, it remains unclear
whether long-term ginseng intake can reduce the accumulation of senile
amyloid plaques in the AD brain, similarly to recent AD medicines [43,
44]. Our understanding of the molecular mechanisms underlying
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cognitive improvement by ginseng in humans is largely drawn from in
vitro and in vivo transgenic AD animal studies. In vitro studies have
shown that ginseng components such as gintonin and ginsenosides
exhibit antioxidative effects. Consequently, these components inhibit
the production of reactive oxygen species (ROS) and free radicals within
neuronal mitochondria, thereby promoting neuronal health. Excessive
ROS and free radicals in the brain can disrupt calcium homeostasis, as
well as nuclear and mitochondrial DNA integrity, leading to alterations
in neurotransmission and synaptic activity [9].

Ginseng components, such as ginsenosides and gintonin, have also
been shown to attenuate neuroinflammations. Thus, they suppress the
formation of inflammation-related products like Cox-2, IL-1p, IL-8 and
TNF-a as well as overexpressions of astrocyte GFAP and microglia Iba-1.
Additionally, these components inhibit Ap formation and induced
neuronal cell death [9]. In in vivo preclinical transgenic AD animal
model studies, oral administration of ginseng components inhibited
amyloid plaque accumulation in the hippocampus and cortex. It also
increases the brain acetylcholine concentration by elevating choline
acetyltransferase activity, which is responsible for acetylcholine syn-
thesis, while reducing acetylcholinesterase activity, which is responsible
for acetylcholine breakdown [45]. Furthermore, oral administration of
ginseng components such as gintonin enhances the expression of
brain-derived neurotrophic factor (BDNF) in the hippocampus [46-48].
Ultimately, the diverse physiological and pharmacological benefits
associated with ginseng components contribute to significant improve-
ments in cognition-related behavioral tests, such as the Morris water
maze, passive avoidance, and Y-maze tests [49]. These preclinical as-
sessments can serve as substitutes for human cognitive function tests
conducted before clinical testing.

7.4. The roles of each ginseng component in improvement of human
cognitive functions

Ginsenosides and ginseng polysaccharides are not endogenously
present in animals or humans. Its primary role in maintaining brain
health involves reducing oxidative stress by increasing the activities of
glutathione peroxidase and superoxide dismutase, while decreasing
lactate dehydrogenase and malondialdehyde levels [50-52]. Ginseno-
sides play a pivotal role in inhibiting neuroinflammation stemming from
AP production and brain aging. They also activate a-secretase while
inhibiting p-secretase and y-secretase, resulting in the reduced produc-
tion of Ap and increased production of sAPPa, which are beneficial
neurotrophic factors in the nervous system [9,52]. Thus, ginseng gin-
senosides and polysaccharides exert beneficial effects through
non-receptor-mediated mechanisms, offering neuroprotection against
induced neurotoxicity caused by aging (Table 2).

Conversely, LPAs are endogenously present in animals and humans
and their physiological and/or pharmacological effects are mediated by
LPA receptors [53]. The primary functions of LPA/LPA receptors include
cell proliferation, migration, and survival, highlighting their pluripotent
nature [54]. Ginseng gintonin, which contains LPAs as its functional
components, activates LPA receptors [55]. The activation of LPA re-
ceptors by gintonin transmits extracellular information to the cytosol
through the initiation of primary signaling pathways from the cell
membrane to the nucleus in neuronal cells. This sequence unfolds as
follows: gintonin—>LPA receptor subtypes—Gag,11—phospholipase
C—IP3—1P3 receptor binding on endoplasmic reticulum (ER)—transient
mobilization of cytosolic Ca?" from ER with a clear mode of action [55].
Free cytosolic Ca" is a secondary mediator of various cellular events.
For instance, gintonin stimulates glutamate release via Ca?*-mediated
exocytosis from hippocampal cells; induces synaptic facilitation and
long-term potentials, which are essential for learning and memory via
LPA receptors; promotes enhancement of hippocampal-dependent
memory; and triggers hippocampal neurogenesis [46,56,57]. More-
over, gintonin stimulates in vitro and in vivo the release of acetylcholine
and BDNF in the brain, and induces the synthesis of acetylcholine and
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Table 3
Comparison of AD medicine and ginseng components including gintonin.
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AD medicines

Ginseng components (gintonin, standardized or non-  References

standardized ginseng extracts)

The main mode of
actions in brain

Acetylcholine esterase inhibitors
NMDA receptor antagonists

(Lecanemab) or amyloid plaque removal (Nonenamab)

Clinical efficacy

Nonenamab)
Duration of treatment Lecanemab and Nonenamab
(week)

Current status

Clinical applications after prescription

Adverse effects (%) Several adverse effects reported: brain edema or cerebral
hemorrhage; Lecanemab (13%) and Nonenamab (25%)

Future directions New other medicine developments

Purchase costs

insurance affordable?)

Antibody-based drugs: amyloid plaque formation inhibition

Cognitive improvements in AD dementia in early and moderate states
Inhibition of cognitive decline by 27% with Lecanemab and 35% by

Acetylcholinesterase inhibitors: drug covered by insurance affordable
NMDA receptor antagonists: drug covered by insurance affordable
Antibody-based medicines: very expensive (drug covered by

Anti-oxidative stresses
e Anti-neuroinflammations
LPA receptors-mediated effects

[9-21,43,44,47,50,
51,57,58,60]

SMI or SCI

MCI

Early AD dementia

Gintonin

Non-standardized ginseng extracts

Just functional food but not for cognitive
improvements as a HMP

Negligibly minor adverse effects reported

[10-13,19-21,27-32,
36,37]

[10-12,19,23-27,
29-32]
[10,59]

Add-on effects as an adjuvant if AD medicine
combo therapy

A preventive natural medicine against AD
dementia

e Not covered by insurance

Costs to buy standardized or non-standardized
ginseng extracts is variable

Gintonin prepared from KRGM will be affordable
price

BDNF in vivo via LPA receptors [45-48].

7.5. Additive or synergistic effects of combining different ginseng
components on cognitive improvements

When various ginseng components are combined, they may com-
plement one another, leading to additive or synergistic effects. Although
ginsenosides and ginseng polysaccharides lack their own inherent
membrane receptors, they exert beneficial effects through non-receptor-
mediated mechanisms, such as non-specific antioxidative and anti-
neuroinflammatory effects within the nervous system [9]. Contrast-
ingly, ginseng gintonin-containing LPAs have high affinity for mem-
brane LPA receptors and exert specific effects through these receptors.
As previously mentioned, its primary action via LPA receptors is to
mobilize cytosolic Ca®" transiently [2,36]. This mobilized Ca?* triggers
a cascade of processes that enhance cognitive function, including
acetylcholine and glutamate release/synthesis, ion channel regulation,
hippocampal BDNF release, and neurogenesis [2,36]. Thus, the combi-
nation of non-receptor-mediated anti-oxidative stress and
anti-neuroinflammatory effects of ginsenosides and ginseng poly-
saccharides, along with the diverse gintonin-LPA receptor-mediated
benefits within the nervous system, can work in tandem. The effects of
gintonin, which are achieved through LPA receptor regulation, distin-
guish it from those of ginsenosides and polysaccharides. Hence, their
effects are likely additive or synergistic in enhancing human cognitive
function (Fig. 1 and Table 2).

7.6. Ginseng gintonin as a novel candidate for improvement of cognitive
functions in older individuals with SMI or early AD dementia

Ginseng gintonin is a promising ginseng-derived nootropic agent for
older individuals due to its numerous merits [23,24]. Nevertheless,
before considering its industrial applications, two challenges must be
addressed. First, gintonin production requires several steps to obtain a
gintonin-enriched fraction [58]. Second, the prices of white and red
ginseng are considerably higher than those of other herbal medicines.
Consequently, fractionation of the gintonin-enriched fraction could
significantly increase manufacturing costs, adding to the complexity.
This is a key reason why most commercial ginseng products are
concentrated hot water extracts reduced to 65% to lower water content.
A recent study offered a solution using Korean red ginseng marc
(KRGM). Large amounts of KRGM are produced annually after Korean
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red ginseng water extraction for product manufacturing. Thus, KRGM is
considered a type of leftover. Approximately 20% of KRGM is repur-
posed as animal feed or crop compost, with the remaining 80% dis-
carded as waste. Lee et al. [59] found that a simple ethanol extraction of
KRGM could produce KRGM-derived gintonin containing an LPA C;g.»
content comparable to the gintonin-enriched fraction from white
ginseng [59]. The KRGM gintonin has multiple advantages. First, KRGM
is relatively economical, with thousands of tons produced annually,
ensuring a consistent supply. KRGM gintonin production can be effi-
ciently scaled up through one-step ethanol extraction at low cost and
high efficiency [59]. Additionally, the mode of action of KRGM gintonin
is the same as that of gintonin-enriched fraction, as both harness their
effects via LPA receptors [59]. Korea’s Ministry of Food and Drug Safety
has approved its use as a food additive [59]. If KRGM gintonin could be
utilized industrially after demonstrating the improvement of cognitive
function in older individuals, it would exemplify the transformation and
upcycling of KRGM from a simple leftover or waste to a functional food
or herbal medicinal product (HMP).

7.7. Comparisons of current AD medicines with ginseng components
includng gintonin in improvements of human cgonitive improvements: A
possible utilization of ginseng components like gintonin as an adjuvant of
AD dementia therapy to obtain maximal efficacy of AD medicines

Currently, three categories of medicines have been approved by the
FDA for conventional treatment of AD dementia. One is an acetylcholine
degradation inhibitor or NMDA receptor antagonist [10,60], while
another is a recently approved antibody treatment designed to eliminate
Ap peptides or inhibits AB polymerization, otherwise resulting in brain
amyloid plaque accumulations [43,44]. Acetylcholine degradation in-
hibitors or NMDA receptor antagonists only offer symptomatic relief for
AD dementia but do not represent a comprehensive cure.
Antibody-based therapeutics that inhibit Ap aggregates or amyloid
plaque accumulation in the brain face the challenge of traversing the
BBB because of their high molecular weight [43,44]. Approximately 1%
of antibody-based drugs permeate the brain. However, these treatments
have considerable adverse effects such as brain edema and hemorrhage,
making them both medically problematic and cost-intensive for pro-
longed use (Table 3).

Contrastingly, ginseng gintonin, isolated from ginseng, suppressed
the accumulation of brain amyloid plaques in an AD mouse model and
had no side effects, even when taken for a long time [45,49,61].
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Furthermore, if we consider the use of KRGM gintonin, the treatment
would be both cost-effective and economical [59]. Additionally, ginseng
gintonin opens BBB transiently via LPA1/3 receptors and increases brain
permeability in vitro and in vivo studies [62-64], with gintonin demon-
strating the capacity to maintain BBB integrity disrupted by Af in AD
animal mouse models [65]. Ginseng gintonin transiently opens the BBB
and enhances the permeability of donepezil, an AD medicine, by 30% in
rats, along with 70 kDa high molecular weight dextrin [62]. Notably, in
a clinical study employing dynamic contrast-enhanced magnetic reso-
nance imaging (DCE-MRI), Lee et al. [66] found that gintonin-mediated
cognitive enhancement is closely linked to a gintonin-mediated increase
in BBB permeability. Although ginseng extract or gintonin is currently
not approved as HMP, it is worthwhile to test whether the combination
therapy of current AD medicines with ginseng extract or gintonin shows
add-on effects compared to AD medicine alone. If clinical tests demon-
strate enhanced efficacy when gintonin is used as an add-on therapy
with AD drugs, it will pave a new avenue for targeted combination
therapies for AD with ginseng components, such as gintonin (Fig. 1).

8. Safety of long-term ginseng component intake

Numerous clinical studies related to cognitive improvements have
shown that acute and long-term ginseng extract or ginseng components,
such as G115, Cereboost™, or gintonin intake, do not cause adverse
events [22,31,44,60]. The frequency of adverse effects (nasopharyngitis,
upper respiratory tract infection, headache, diarrhea, dizziness, and
pruritus) was comparable with that in the placebo group. In cases where
adverse effects were observed, the symptoms tended to be mild rather
than severe [24,26-30,43]. Therefore, ginseng extract and ginseng
components are considered safe for individuals of all ages, ranging from
young to older adults (Table 2).

9. Perspective and conclusion

Recent cohort and clinical studies have shown that ginseng extract
intake at a single dose improves acute cognitive performance, and that
long-term ginseng intake improves cognitive function in older in-
dividuals with SMI and MCI. Additionally, co-administration of ginseng
components, such as gintonin, with AD drugs in patients with early AD
dementia exhibited additive effects on cognitive improvement. How-
ever, although the clinical efficacy of non-standardized ginseng total
extract or standardized ginseng components, such as gintonin, for
cognitive or memory improvements has been accumulated in clinical
trials, standardized or non-standardized ginseng total extract or ginseng
components are not fully established for clinical use as HMP. This is
mainly because most previous clinical trials using ginseng were pilot
studies with a small number of study participants without the mass
assessment of the efficacy, safety, and tolerability.

In conclusion, in order for ginseng to be recognized as HMP rather
than a current functional food for cognitive improvement in the future,
it might be necessary to provide additional biological markers or evi-
dence that link neuropsychological improvements (e.g., ADAS, MMSE)
to the alleviation of AD brain pathology. This could potentially be
assessed through advanced imaging techniques such as amyloid-
positron emission tomography (PET) or tau-PET, within the context of
a comprehensive and large-scale investigations with ginseng component
standardization.
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