
Review Article

Atypical formations of gintonin lysophosphatidic acids as new
materials and their beneficial effects on degenerative diseases

Ji-Hun Kim a, Ra Mi Lee a, Hyo-Bin Oh b, Tae-Young Kim b, Hyewhon Rhim c,
Yoon Kyung Choi d, Jong-Hoon Kim e, Seikwan Oh f, Do-Geun Kim g, Ik-Hyun Cho h,
Seung-Yeol Nah a, *

a Ginsentology Research Laboratory and Department of Physiology, College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea
b Department of Efficacy Study, Institute of Jinan Red Ginseng, Jeollabuk-do, Republic of Korea
c Center for Neuroscience, Korea Institute of Science and Technology, Bio/Molecular Informatics Center, Republic of Korea
d Department of Bioscience and Biotechnology, Konkuk University, Seoul, Republic of Korea
e College of Veterinary Medicine, Biosafety Research Institute, Chonbuk National University, Jeollabuk-do, Republic of Korea
f Department of Molecular Medicine, School of Medicine, Ewha Womans University, Seoul, Republic of Korea
g Dementia Research Group, Korea Brain Research Institute, Daegu, Republic of Korea
h Department of Convergence Medical Science, College of Korean Medicine, Kyung Hee University, Seoul, Republic of Korea

a r t i c l e i n f o

Article history:
Received 13 December 2022
Accepted 12 February 2023
Available online 21 February 2023

Keywords:
Degenerative diseases
Ginseng
ginseng-derived neurotrophin
Gintonin lysophosphatidic acids
New material

a b s t r a c t

Fresh ginseng is prone to spoilage due to its high moisture content. For long-term storage, most fresh
ginsengs are dried to white ginseng (WG) or steamed for hours at high temperature/pressure and dried
to form Korean Red ginseng (KRG). They are further processed for ginseng products when subjected to
hot water extraction/concentration under pressure. These WG or KRG preparation processes affect gin-
senoside compositions and also other ginseng components, probably during treatments like steaming
and drying, to form diverse bioactive phospholipids. It is known that ginseng contains high amounts of
gintonin lysophosphatidic acids (LPAs). LPAs are simple lipid-derived growth factors in animals and
humans and act as exogenous ligands of six GTP-binding-protein coupled LPA receptor subtypes. LPAs
play diverse roles ranging from brain development to hair growth in animals and humans. LPA-mediated
signaling pathways involve various GTP-binding proteins to regulate downstream pathways like [Ca2þ]i
transient induction. Recent studies have shown that gintonin exhibits anti-Alzheimer's disease and anti-
arthritis effects in vitro and in vivo mediated by gintonin LPAs, the active ingredients of gintonin, a
ginseng-derived neurotrophin. However, little is known about how gintonin LPAs are formed in high
amounts in ginseng compared to other herbs. This review introduces atypical or non-enzymatic path-
ways under the conversion of ginseng phospholipids into gintonin LPAs during steaming and extraction/
concentration processes, which exert beneficial effects against degenerative diseases, including Alz-
heimer's disease and arthritis in animals and humans via LPA receptors.
© 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 is a traditional herbal medicine used in Korea,
Japan, and China, now used worldwide in various health tonics as
an anti-aging ingredient that improves the functioning of nervous
and non-nervous systems and also as an immunity booster for body

defenses against invasions of pathogenicmicroorganisms [1]. Panax
ginseng contains diverse components for its tonic effects [2]. Fresh
ginsengs obtained after the harvest of 4e6 years old ginseng are
easy to rot at room temperature, as these have a high-moisture
content of 70e80% [3]. For example, spontaneous glycolysis re-
actions in fresh ginseng also occur to increase and release heat,
which can easily lead to microbial reproductions and contamina-
tions and subsequently lead to decay [4]. Therefore, in Korea, fresh
ginsengs are further processed after harvest for long-term storage
traditionally. There are two ways to the preservation of fresh
ginseng. The first is to dry fresh ginseng at a specific temperature or
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under the sun to reduce the water content to less than 14%, to
obtain white ginseng (WG) [5]. Korean Red ginseng (KRG) is also
traditionally formed from fresh ginseng using another unique
method prevalent in Korea. This method for KRG preparation in-
cludes steaming for 2e3 h under high temperatures (95e100 �C),
pressure, and dryness [5]. Finally, the water content of KRG is less
than 15%. The KRG is sold in the market or subjected to further
extraction and concentration using hot water or ethanol at high
temperatures to produce KRG products. Thus, most fresh ginsengs
after harvest go through two processes before consumer con-
sumption of ginseng.

An accumulating body of evidence shows that steaming fresh
ginseng under high pressure to prepare KRG induces changes in
ginseng components [5]. For example, KRG has different ginseno-
side compositions in content and type of ginsenosides, ginseng
polysaccharides, and arginine-fructose-glucose complex formation
by Maillard reaction compared to fresh ginseng [5,6]. These
changes in ginseng components during the conversion of fresh
ginseng to KRG may result from non-specific effects of heat, H2O/
moisture, and pressure during steaming and drying, supported by
the finding that new types of minor ginsenoside isomers with low
molecular weights are formed from high molecular weight ginse-
nosides during these processes [5]. Their content changes are
dependent on temperature and pressure [5]. KRG hardens, and its
color changes to red or dark brown after steaming and drying,
whereas the color of fresh ginseng is usually yellowish-white after
harvest [6]. It is unlikely that these physical and chemical changes
during steaming and extraction affect only ginsenosides, ginseng
polysaccharides, and arginine, among other ginseng components
[5,7].

Ginseng also contains lipids such as phospholipids, although
ginseng phospholipids are 1e2% in content, and the distribution of
ginseng phospholipids varies depending on the portion of ginseng
[8e11]. However, relatively little is known about the changes in the
types and content of ginseng phospholipids during ginseng pro-
cessing. Recently, Nah et al observed that WG and KRG contain a
new material called gintonin, a glycolipoprotein complex, and the
active ingredient of gintonin is lysophosphatidic acids (LPAs), one of
the bioactive phospholipids in nervous and non-nervous systems
[11e13]. Gintonin shows neuroprotective effects in vitro and in vivo
on animal models and clinical trials [14e18]. However, there is no
information on how gintonin LPAs are formed from ginseng. This
review provides information that ginseng phospholipids might also
undergo various changes to turn into gintonin LPAs during ginseng
steaming and extraction/concentration with different characteris-
tics compared to the other ginseng components such as ginseno-
sides and ginseng polysaccharides.

2. Chemical structure of LPAs

Phospholipids are major structural components of cell mem-
brane lipid bilayers in animals and plants. However, recent studies
have shown that phospholipids play critical roles in information
transfer from the extracellular to the intracellular side. LPAs are
simple bioactive glycerophospholipids for brain development and
functions (Fig. 1) [19]. LPAs are enriched particularly in the animal
brain as membrane-derived lipid mediators [20]. LPAs are also
precursors for further synthesis of diacyl phospholipids. The
chemical structure of LPAs consists of three structural motifs: the
phosphate (-PO4�) group of the polar head, the glycerol group of
the backbone, and the hydrophobic tail of non-polar fatty acid
(Fig. 1). LPAs lack a fatty acid acyl-chain at either sn-1-position or
sn-2-position, containing only a hydroxyl (-OH�) group at 1-
position or 2-position instead, which makes them designated “1-
acyl-2-lyso-glycerol-3-phosphate or 1-lyso-2-acyl-glycerol-3-

phosphate” (Fig. 1A and B). Thus, there are two different LPA iso-
mers, dependent on the position of the acyl chain. LPAs detected in
cells have various sizes of acyl chains, i.e., LPA C16:0, LPA C18:1, and
LPA C18:2, attached at either the sn-1 or sn-2 position of the glyc-
erol backbone. LPAs possess better water solubility than other
phospholipids because of their -PO4� head and the free eOH�

group without the fatty acid chain of the glycerol backbone, a
different charactersitic from other phospholipids. The -PO4� group
of the polar head acts as a critical functional group for binding to
LPA receptors. The hydrolysis of the LPA -PO4� head group causes a
loss of the biological functions of LPA by lipid phosphate phos-
phatase [21].

Fig. 1. Structures of lysophosphatidic acids (LPAs) and their isomers that are present in
ginseng gintonin. LPA consists of a phosphate head group, glycerol backbone group,
and tail fatty acid group. A fatty acid tail acyl group can bind to the glycerol backbone
at position 1 or 2, which makes an LPA isomer depending on the position of the acyl
group.
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3. Ginseng contains LPAs, lysophospholipids, and other
phospholipids

A recent study showed that gintonin and a gintonin-enriched
fraction (GEF) contain high amounts of LPAs compared to the
other herbal medicines [11,22]. The order of LPA amounts was LPA
C18:2 >> LPA C16:0 > LPA C18:1 [11]. LPAs can be present as iso-
mers depending on the postition of their acyl groups (Fig. 1). LPA
isomers can also have other residues at the 3-phosphate head
group, such as choline, ethanolamine, glycerol, and inositol.
Further, they can be lysophospholipids. The GEF also contains
diverse lysophospholipids incluidng lysophosphatidylcholine
(LPC), lysophosphatidylethanolamine (LPE), lysophosphatidylgly-
cerol (LPG), and lysophosphatidylinositol (LPI), although their
contents are not much high compared to LPAs and PAs, and their
order in gintonin is LPC > LPE > LPG > LPI (Fig. 2) [11]. In addition,
these lysophospholipids can be classified as 1-acyl-2-lyso-

phospholipids or 1-lyso-2-acyl-phospholipids. These LPAs and
lysophospholipid isomers act as GTP-binding-protein coupled re-
ceptor (GPCR) ligands. Hitherto, 16 such LPA and lysophospholipid
GPCRs have been identified, with one, four, and six receptors of LPI,
lysophosphatidylserine, and LPA, respectively [23e26]. In addition,
previous reports suggest that gintonin LPI could play a role in the
GPR55 ligand, known as an atypical cannabinoid receptor in the
animal body [25]. We also demonstrated that GEF contains abun-
dant linoleic acid compared to other free fatty acids (FFAs), and GEF
linoleic acid could act as a ligand for GPR41, known as one of the
fatty acid receptors [27]. Thus, ginseng contains three exogenous
ligands for GPR55 and GPR41, the LPA receptor subtypes.

The GEF also contains phosphatidic acids (PAs), formed after
attachment of one molecule of fatty acid at either 1-acyl-2-lyso-
glycerol-3-phosphate or 1-lyso-2-acyl-glycerol-3-phosphate
(Fig. 4). Interestingly, GEF contains a high amount of PAs, and
their order is PA C16:0-18:2 >> PA C18:2-18:2, that is 1-palmitoyl-
2-linoleoyl-sn-glycero-3-phosphate >> 1-linoleoyl-2-linoleoyl-sn-
glycero-3-phosphate (Fig. 4). The GEF also contains phosphatidyl-
choline (PC) in the order PC C16:0-18:2 >> PC C18:2-18:2 [11], i.e.,
1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphatidylcholine >> 1-
linoleoyl-2-linoleoyl-sn-glycero-3-phosphatidylcholine. It also in-
cludes other phospholipids, such as phosphatidylethanolamine
(PE), phosphatidylglycerol (PG), and phosphatidylinositol (PI). In
summary, gintonin LPAs, lysophospholipids, and linoleic acid play
crucial roles in biological systems (Fig. 2).

4. A typical processes for the formation of LPAs and other
lipids in biological systems

The subset activations of G protein-coupled receptors are closely
associated with phospholipid hydrolysis of the plasma membrane
through signaling pathways that transfer external stimuli to
intracellular sides [28]. Thus, membrane phospholipids can be hy-
drolyzed by four different phospholipases [28] (Fig. 3). Phospholi-
pase A1 cleaves at position sn-1, liberating second messenger FFAs
and 1-lyso-2-acyl-lyso-phospholipid (Fig. 3). Phospholipase A2
cleaves at positions sn-2, releasing second messenger FFAs such as
arachidonic acid and 1-acyl-2-lyso-phospholipid (Fig. 3) [29]. Thus,
phospholipase A1 and A2 produce two different isomers in bio-
logical systems. Free arachidonic acid is a precursor for the
biosynthesis of eicosanoids, i.e., prostaglandins, thromboxanes, and
leukotrienes. They have many broad ranging actions, including
defenses against exterior damage and pathogens.

Phospholipase C (PLC) removes the phosphoryl headgroup of
glycerophospholipids to produce inositol phosphates, second
messengers. The generated phosphatidylinositol 3-phosphate dif-
fuses into the cytosol and binds the phosphatidylinositol 3-
phosphate receptor at the endoplasmic reticulum to elicit tran-
sient intracellular Ca2þ mobilization. The remaining diacylglycerols
(DAGs) (Fig. 3), the other product after PLC action, induce protein
kinase C (PKC) activation. Both calcium and PKC have vital roles in
various regulations of intracellular membrane trafficking, cell
proliferation, and other cellular processes [30,31].

Phospholipase D (PLD) acts on structural phospholipids in the
membane, such as PC and PE, to produce PA [32]. The PA thus
synthesized has emerged as a critical modulator of cellular activity
in eukaryotes, e.g., for cytoskeletal rearrangements, secretion,
endocytosis, and respiratory burst in animals, as well as resistance
against freezing, wounding, pathogen elicitation, dehydration, and
salts in plants (Fig. 4). On the other hand, serum lyso-PLD, also
called autotaxin, acts on animal serum LPCs, abundant in animal
serum, to produce plasma LPA [33]. Thus, at least five

Fig. 2. Lysophospholipids such as lysophosphatidylcholine (LPC), lysophosphatidyle-
thanolamine (LPE), and lysophosphatidylinositol (LPI) are present in gintonin-enriched
fraction. These can act as a ligand for their respective receptors on the animal cell
membrane or can also be converted into LPA C18:2 under steaming and extraction
processes. Newly formed lysophosphatidic acids (LPAs) from lysophospholipids can
exist as LPA isomers as described in Fig. 1.
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phospholipases, including lyso-PLD, hydrolyze phospholipids to
release FFAs during eicosanoid synthesis to synthesize lysophos-
pholipids as a precursor for LPAs with their water-soluble heads
bearing inositol phosphates, choline, ethanolamine, glycerol, and
serine. Inositol phosphate and choline act as a second messenger
and an acetylcholine precursor, respectively [34].

5. Atypical or non-enzymatic formations of gintonin LPAs
and lysophospholipids from ginseng phospholipids

The PA, PC, PE, PG, PI, and other phospholipids and cholesterol
constitute lipid bilayers of the cell membrane in animals or plants
[8e11]. These membrane phospholipids are relatively unstable and
are easily oxidized or hydrolyzed in an atypical manner when
exposed to abnormal conditions, e.g., heat, pressure, or oxidative
stress, in addition to specific phospholipase actions [34e36]. For
example, phospholipids such as PA, abundantly present in animal
or plant cell membranes, are hydrolyzed to lysophospholipids (i.e.,
LPA) and FFAs, if polyunsaturated fatty acids are present at posi-
tions 1 or 2 of the glycerol backbone. In addition, the same atypical

Fig. 3. Phospholipases are enzymes that hydrolyze membrane phospholipids into fatty acids and other hydrophilic or lipophilic substances. There are four major classes, which are
distinguished by the type of reaction that these catalyze: Phospholipase A cleaves the sn-1 acyl chain (where sn refers to stereospecific numbering). Phospholipase A2 cleaves the sn-
2 acyl chain, usually releasing arachidonic acid. Phospholipase C cleaves before the phosphate, releasing diacylglycerol and a phosphate-containing head group. PLCs play a central
role in signaling transduction, releasing 2nd messenger inositol triphosphate. Phospholipase D cleaves after the phosphate, releasing phosphatidic acid and alcohol. Lysophos-
pholipase D (also called autotaxin) cleaves lysophospholipids before the phosphate, releasing lysophosphatidic acids (LPAs) and other hydrophilic components such as choline,
ethanolamine, glycerol, or inositol.

Fig. 4. Phospholipids like phosphatidic acids (PAs) are abundant in gintonin-enriched
fraction and they can be converted into LPA C16:0 or LPA C18:2 under steaming and
extraction processes. Newly formed lysophosphatidic acids (LPAs) from PAs can exist as
LPA isomers as described in Fig. 1.

Fig. 5. Summary of a possible atypical process for the formation of lysophosphatidic
acids (LPAs) from various phospholipids and lysophospholipids in gintonin and
gintonin-enriched fractions. Ginseng contains phospholipids such as phosphatidic acid
(PA), phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylglycerol
(PG) and phosphatidylinositol (PI). These phospholipids can be converted into the
corresponding lysophospholipids and then finally become LPAs under steaming and
extraction processes. LPAs can be at once formed from phospholipids or sequentially
via lysophospholipids.
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principle can be applied to other phospholipids (PC, PE, PG, and PI)
to produce lysophospholipids with the production of FFAs. LPAs are
formed when choline, ethanolamine, glycerol, or inositol are
separated further from the polar head at position 3 of these lyso-
phospholipids [34] (Figs. 4 and 5).

Similarly, ginseng contains phospholipids such as PA, PC, PE, PG,
and PI [8e11]. Although not reported until now, ginseng phos-
pholipids might be no exception in changes of phospholipid in-
gredients during steaming with high pressure and drying processes
for KRG. There might be two atypical routes for gintonin LPA for-
mations of ginseng phospholipids by atypical hydrolysis under
heat, moisture/H2O, and pressure. One such way is via the degra-
dation of PAs under heat, moisture/H2O, and high pressure. As
shown in Fig. 4 (red circle), PA has two acyl groups in the glycerol
backbone. Unsaturated fatty acids such as linoleic acid and oleic
acid are more prone to hydrolysis and oxidation than saturated
fatty acids in phospholipids [35e37]. Then, LPAs are formed after
the liberation of one of the fatty acids at position 1 or 2. The GEF
contains much more PA C16:0-C18:2 than PA C18:2-C18:2 [11].
Therefore, PA C16:0-C18:2 can be converted to produce 1-
palmitoyl-2-lyso-glycerol-3-phosphate (LPA C16:0) or 1-lyso-2-
linoleoyl-glycerol-3-phosphate (LPA C18:2) under heat, H2O/mois-
ture, and high pressure with the liberation of FFAs such as linoleic
acid or palmitic acid (Fig. 4). In addition, PA C18:2-C18:2 can be
converted to produce 1-linoleoyl-2-lyso-glycerol-3-phosphate (LPA
C18:2) or 1-lyso-2-linoleoyl-glycerol-3-phosphate (LPA C18:2).
Thus, PA C18:2-C18:2 can be converted into two kinds of LPA C18:2,
which differ from each other in the position of their acyl groups.

Other phospholipids, such as PC, PE, PG, and PI, can be first
converted into lysophospholipids such as LPC, LPE, and LPI by
liberating FFA at position 1 or 2 [11] (Fig. 5). These lysophospholi-
pids can be 1-acyl-2-lyso-phospholipids or 1-lyso-2-acyl-phos-
pholipids, dependent on the saturated or unsaturated fatty acid
type at position 1 or 2 as shown in Fig. 5. These lysophospholipids
can be hydrolyzed further atypically to LPAs by liberating polar
head groups such as choline, ethanolamine, glycerol, or inositol
(Fig. 5).

6. An acyl-group migration of LPAs and lysophospholipids in
gintonin

As shown in Fig. 1, ginseng phospholipids are hydrolyzed under
physical actions to produce LPAs from PAs and other phospholipids
such as PC, PE, PG, and PI. These phospholipids can be converted
into lysophospholipids, which can be converted further into gin-
tonin LPAs. These LPAs will be 1-palmitoyl-2-lyso-sn-glycerol-3-
phosphate (LPA C16:0), 1-oleoyl-2-lyso-sn-glycerol-3-phosphate
(LPA C18:1) or 1-linoleoyl-2-lyso-sn-glycerol-3-phosphate (LPA
C18:2). Interestingly, lysophospholipids including LPAs and LPC
have characteristics that acyl and phosphoryl group can migrate
other empty position at 1 or 2 [38,39] (Figs. 1 and 5). Thus, it is
known that 1-palmitoyl-2-lyso-sn-glycerol-3-phosphate, 1-lyso-2-
oleoyl-glycerol-3-phosphate, and 1-linoleoyl-2-lyso-sn-glycerol-3-
phosphate are unstable, and they are quickly converted to the
corresponding 1-lyso-2-palmitoyl-glycerol-3-phosphate, 1-oleoyl-
2-lyso-glycerol-3-phosphate, and 1-lyso-2-linoleoyl-glycerol-3-
phosphate by a spontaneously occurring intra-molecular acyl or
phosphoryl migration reactions, respectively [40]. Therefore, it has
been challenging to detect and quantify 2-acyl-1-lyso-phospho-
lipids in biological samples as 2-acyl-1-lyso-phospholipids are
unstable and yielding amixture of 1-acyl-2-lyso-phospholipids and
2-lyso-1-acyl-phospholipids [40]. Plückthun and Dennis (1982)
demonstrated that 1-palmitoyl-2-lysophosphatidylcholine, an LPC,
prepared by PLA2, is the equilibrium mix consisting of approxi-
mately 90% of 1-acyl-2-lyso-phospholipids and 10% of 2-acyl-1-

lyso-phospholipids [41]. However, it is unlikely that lysophospho-
lipids, including LPAs in gintonin and GEF, also drive spontaneously
occurring intra-molecular acyl or phosphoryl migration reactions,
as these do not exist in free form and instead bind to ginseng major
latex-like protein151 (GLP151) and form complexes with other
ginseng-derived carbohydrates and lipids as described below in
detail [42].

7. Gintonin LPAs may be more stable than free LPAs

Free LPA spontaneously migrates to 1-acyl-2-lyso-glycerol 3-
phosphate or 1-lyso-2-acyl-glycerol 3-phosphate and lysophos-
pholipid as described above (Figs. 1 and 5). Furthermore, if 1-acyl-
2-lyso-glycerol 3-phosphate or 1-lyso-2-acyl-glycerol 3-phosphate
has a polyunsaturated fatty acid like linoleic acid at acyl position
like gintonin LPAs, it will be easily oxidized and lose its biological
activity [35] (Fig. 1). Ginseng-derived gintonin LPAs or lysophos-
pholipids have different characteristics from those of free LPAs or
other free lysophospholipids, as these are bound with GLP151
proteins and other ginseng components such as ginseng carbohy-
drates and other lipids [42]. Therefore, gintonin is a kind of glyco-
lipoprotein complex [12] (Fig. 6), although LPAs are a bioactive
species in gintonin among lysophospholipids [11,13]. Thus, there
are several supporting pieces of evidence that gintonin LPAs are
more stable than free LPAs. First, previous reports show that gin-
tonin LPAs are not isolated from ginseng as free LPAs. Instead,
gintonin is isolated using anion exchange column chromatography
following ethanol or organic solvents extractions, as gintonin is a
complex with negatively charged components [11] (Fig. 6). Second,
after SDS-PAGE of gintonin, the molecular weight of GEF is
approximately 17 kD [11], whereas, the molecular weight of free
LPA C18:2 is nearly 433 Da [13]. Gintonin is reported to have car-
bohydrates, lipids, and proteins, as observed by staining gel on the
respective components-Periodic acid-Schiff staining, Sudan black
for lipids, and Coomassie staining proteins [11]. The order of car-
bohydrate, lipid, and protein content is
carbohydrate ¼ lipid > proteins [11]. LPAs in gintonin might be
tightly bound with the other components of gintonin, as gintonin
LPAs are not readily released even with methanol extraction of
gintonin several times. Finally, in solution, gintonin LPAs exhibit
more prolonged effects on Ca2þ-activated chloride channel activa-
tion in Xenopus oocytes than free LPA [13]. Thus, other components
of gintonin besides LPAs might contribute to LPA stability in solu-
tion in addition to the role of LPA carrier, storage, and transfer to
target LPA receptors with a high affinity [41]. Gintonin itself also
showed antioxidant effects [43]. Thus, gintonin has an ability for
free radical scavenging effects, providing an additional contributing
factor for more stability of gintonin LPAs. These characteristics of
gintonin LPAs may contribute to the prolonged impact of their
biological actions compared to free LPAs [11].

8. Characterizing the formation of gintonin LPAs

This review article details the mechanism of the formation of
gintonin LPAs in an atypical way under harsh conditions such as
heat, H2O/moisture, and high pressure, differing from the typical
process of formation of LPAs by phospholipases that are present in
cells or body fluids. Interestingly, gintonin LPAs exhibit high affinity
with LPA receptors as much as free LPAs do, which means that
gintonin LPAs are not only stable in aqueous solution but also in
heat under harsh conditions [11]. Gintonin shows some charac-
teristics gintonin is glycolipoprotein complexes, which consist of
LPAs, lysophospholipids, and fatty acids/phospholipids/lipids with
ginseng proteins and carbohydrates. However, the question of how
these glycolipoprotein complexes are formed remains unresolved.
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One possibility that follows is that LPAs, lysophospholipids, phos-
pholipids, fatty acids, and other lipids are formed from various
phospholipids as well as neutral and acidic lipids, which can be
derived from the lipid components of the ginseng cell membrane
and can also originate from products secreted by lipid secretory
ducts that are abundantly present in ginseng [44,45]. Ginseng lipid
secretory ducts are well developed for lipid secretions, and their
numbers also increase with ginseng age [45]. These ducts also

secrete other ginseng components for ginseng metabolism main-
tenance [45]. These ginseng cell membranes and ginseng lipid
secretory ducts collapse during fresh ginseng processing for WG or
KRG preparation and KRG extraction/concentration under heat,
H2O/moisture, and high pressure, which aggregate with each other
for the formation of the gintonin complex (Fig. 6). The hydrophobic
components of gintonin aggregates come together on the inner
surface of gintonin complexes. On the other hand, the hydrophilic
components of gintonin such as the -PO4

� group of LPA and PA, head
groups of minor lysophospholipids such as choline, ethanolamine,
glycerol and inositol, amine and carboxyl groups of proteins, and
the OH� group of glucose in carbohydrates are exposed on the
outer surface of gintonin complexes (Fig. 6) [11e13]. Thus, gintonin
LPAs might provide unique characteristics in their compositions
and biological actions compared to the free LPAs [11].

9. Beneficial effects of gintonin on nervous and non-nervous
systems

9.1. Gintonin can modulate information transfer in brain neurons
through the regulation of neurotransmitter and gliotransmitter
release

The primary mode of action of gintonin to exhibit its biological
effects is through [Ca2þ]i transient via LPA receptor-phospholipase
C-IP3 signaling transduction pathways [11]. Neurotransmitter- or
neurohormone-mediated [Ca2þ]i transient is coupled to neuro-
transmitter or neurohormone release in neuronal systems resem-
bling themode of action adopted by gintonin [46e50]. The released
neurotransmitters or neurohormones in central nervous systems
participate in diverse modulations of neuronal activities from
learning and memory to sleep and awakening via Ca2þ-dependent
ion channel enzymes and receptors. Hippocampus is a critical brain
region involved in learning and memory, and hippocampal dys-
functions are closely associated with cognitive impairments [51]. In
adult hippocampal slices, gintonin treatment induced the release of
glutamate and enhanced synaptic transmission by increasing
spontaneous firing frequency [52]. The LPA1/3 receptor antagonist
attenuated the gintonin-mediated enhancement of synaptic
transmission. In addition, gintonin-mediated synaptic transmission
enhancement is coupled to long-term potentiation (LTP) induction
[53]. In molecular mechanism studies on synaptic transmission and
LTP induction, gintonin stimulates glutamate release, and the
released glutamate activates N-methyl-d-aspartate (NMDA) and
non-NMDA receptors for synaptic transmission enhancement as
well as LTP induction in the hippocampus [52,53]. In addition to
gintonin actions on hippocampal glutamate release, recent studies
showed that gintonin also stimulates acetylcholine, dopamine,
norepinephrine, and serotonin release in the brain, adrenal gland,
and intestinal systems, respectively [46,50]. These gintonin-
mediated neurotransmitter or neurohormone releases might play
critical roles in neuromodulations in central and peripheral ner-
vous systems besides hippocampal synaptic transmission and LTP
induction.

On the other hand, astrocyte, one of the glia, mainly plays a
metabolic supporting role for neighboring neurons. Recent studies
revealed that astrocytes also play a modulating role in neurons by
forming tripartite synapses with neurons in addition to bipartite
synapses between neurons [54]. Thus, astrocytes modulate pre-
synaptic and postsynaptic information transfer by forming synap-
ses with presynaptic and postsynaptic neuron terminals by
releasing gliotransmitters [47]. In addition to neurotransmitter
release, gintonin treatment to astrocytes elicits [Ca2þ]i transient via
LPA receptor-phospholipase C-IP3 signaling transduction pathways
and stimulates gliotransmitters such as glutamate and ATP from

Fig. 6. A hypothetical formation of gintonin glycolipoprotein complex. The cell
membranes and lipid secretory ducts of fresh ginseng collapse during steaming pro-
cesses, accompanying the transformation of ginseng components such as ginsenosides,
phospholipids, and other ginseng ingredients under high pressure. There may be a mix
of various ginseng components derived from ginseng cell membranes and lipid
secretory ducts, which form a complex of glycolipoproteins with hydrophilic compo-
nents exposed on the outer surface and hydrophobic components sequestered on the
inner surface. Most of the outer surface of the gintonin complex has negative charges,
as gintonin is isolated using anion exchange chromatography [13.14].
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astrocytes [47]. Thus, the gintonin-mediated release of glio-
transmitter and neurotransmitter supports the notion that gintonin
could coordinate synaptic functions or synaptic physiology that
transfers information between bipartite neuronal synaptic ele-
ments through neurotransmitter release and also impact astrocytic
tripartite synapses through the Ca2þ-dependent release of glio-
transmitters (Fig. 7).

9.2. Gintonin can act as a ginseng-derived neurotrophin with brain-
derived neurotrophic factor (BDNF)-like actions

It is known that LPAs are abundant in the brain and saliva. LPA
plays as a lipid-derived neurotrophin [55e59]. Neurotrophins are
usually peptides or proteins that help to stimulate neurogenesis
and dendritogenesis [58]. Interestingly, LPA is a neurolipid acting
like a neurotrophin. Brain-derived neurotrophic factor (BDNF) is
one of the representative neurotrophins [57]. The roles of BDNF in
brain neurons include the survival of existing neurons, encouraging
growth, neurogenesis, and differentiation of new neurons with
dendritogenesis [58]. Similarly, gintonin stimulates in vitro and
in vivo BDNF production in the brain and spinal cord motor neu-
rons. Gintonin also affects neurons through BDNF-like activity but
via LPA receptor activation [48].

Recently, in vitro study showed that gintonin stimulates the
dendritic growth of striatal neurons in the brain tissue [59]. In

addition, gintonin also promotes dendritic spine formation. Den-
dritic spines originated from dendritic filopodia, and gintonin
treatment increased the number of dendritic filopodia [59].
Gintonin-mediated stimulations of dendritic growth, dendritic
spine, and filopodia formations were achieved via the LPA1/3 re-
ceptor, as gintonin-mediated actions of dendritic growth were
blocked by Ki16425, an LPA1/3 receptor antagonist. Another
intriguing characteristics of gintonin is its synergistic effects on
dendritic growth with BDNF [59]. Sub-concentrations of gintonin
or BDNF alone did not elicit any dendritic growth of neurons.
However, when a combination of gintonin or BDNF sub-
concentrations was co-treated to striatal neurons, there were dra-
matic increases in dendritic growth. These synergistic actions of
gintonin and BDNF on dendritic growth may be due to the
convergence of the two growth factors, although their signaling
transduction pathways differ. In other words, gintonin is a kind of
exogenous neurotrophic factor with different receptors, different
from BDNF.

In addition to stimulating effects on gintonin-mediated
neuronal dendritic growth, gintonin also induces the in vitro pro-
liferation of hippocampal neural progenitor cells (NPCs). Gintonin
treatment increased 5-bromo-20-deoxyuridine (BrdU) incorpora-
tion in hippocampal NPCs [48]. Gintonin increased the immuno-
staining of NeuN, a biomarker protein for mature neurons,
confirming that gintonin induced hippocampal neuron

Fig. 7. Summary of a possible linkage of LPA formations in ginseng and their ageing-related degenerative diseases effects via LPA receptor signaling pathway-coupled trophic effects.
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proliferation [48,60]. Gintonin also increased LPA1 receptor
expression in hippocampal NPCs [48,60]. However, the gintonin-
induced increase in BrdU incorporation and immunostaining of
NeuN biomarkers was blocked by an LPA1/3 receptor antagonist
and Ca2þ chelator, suggesting that gintonin-induced hippocampal
neuron proliferation is mediated by LPA receptors in a Ca2þ-
dependent manner [60]. Oral administration of the GEF also
increased hippocampal BrdU incorporation and LPA1/3 receptor
expression in adult wild-type and transgenic AD mice [48]. Ginto-
nin increased the number of hippocampal neurons in adult wild-
type mice and a transgenic AD mouse model [48,60,61].
Gintonin-mediated in vitro and in vivo hippocampal neuron pro-
liferation and dendritogenesis support the notion that gintonin
could mimic BDNF action in the nervous system as a neurolipid.
Thus, gintonin might be a novel candidate for ginseng-derived
neurotrophin via LPA receptor regulations (Fig. 7).

9.3. Prevention and improvement of degenerative diseases by
gintonin

9.3.1. Alzheimer's disease
It has been recorded in traditional Korean medical books that

ginseng consumption for a long time will clear the mind. Based on
the information, many studies have investigated the benefits of
ginseng against Alzheimer's disease (AD) dementia [62]. AD de-
mentia causes a cognitive dysfunctions with changes in emotions
and behaviors of which patients are unaware, resulting in increased
levels of stress and economic burdens to family members and
caregivers [63]. Gintonin shows anti-AD dementia effects in four
ways. First, gintonin inhibits the pathway for Ab generation, a
dementia-causing peptide in the brain, from amyloid precursor
protein (APP) in the neuron membrane. Instead, gintonin produces
soluble APP a (sAPPa), which is beneficial to the nervous system
acting via a non-amyloidogenic pathway [64]. Naturally, less Ab is
produced in the presence of gintonin. Even if Ab is produced, gin-
tonin prevents the neurotoxic action of Ab, which kills neurons
[64].

Second, gintonin exhibits antioxidant and anti-inflammatory
effects against Ab in the AD animal model brain. Endogenous Ab
formation in the brain in AD animal model mice or direct Ab in-
jection into mouse brain causes oxidative stress and neuro-
inflammation through microglia and astrocyte activation [65].
However, oral administration of gintonin reduced the elevated
levels of oxidative stress by upregulating the expression of Nrf2/
HO-1, thereby reducing the generation of reactive oxygen species
(ROS) and lipid peroxidation. In addition, gintonin also suppressed
activated microglial cells and inflammatory cytokine mediator
formations such as interleukin-6, tumor necrosis factor, and
cyclooxygenase-2 in the brains of Ab-injected mice [65].

It is known that acetylcholine levels in the brain play a key role
in AD development, as patients with AD dementia have reduced
brain acetylcholine levels in addition to amyloid plaque accumu-
lations. The representative treatment for AD dementia (donepezil;
trade name, Aricept) currently used is a drug that increases the
concentration of acetylcholine in the brain by inhibiting the
enzyme (e.g., acetylcholinesterase) that decomposes acetylcholine.
The third role of gintonin is to stimulate acetylcholine release and
synthesis in the brain in vitro and in vivo. Gintonin stimulates
acetylcholine release and synthesis in cultured hippocampal neu-
rons [48]. In vivo studies have revealed that long-term oral
administration of gintonin to both normal mice and AD animal
model increases the expression of the enzyme choline acetyl-
transferase responsible for acetylcholine synthesis in the hippo-
campus and also neurogenesis [60]. However, it decreases the
expression of the enzyme responsible for acetylcholine hydrolysis,

resulting in an increase in acetylcholine levels and, thus, the
number of neurons in the AD animal model brain [48,60].

Thus, gintonin action in implicated in non-amyloidogenic
pathway activation, anti-oxidative stress, and anti-inflammatory
activity, and the reinforcement of the cholinergic system in the
brain. Administering gintonin to mice with dementia showed im-
provements in working memory, i.e., an ability to perceive space
and retain and remember information received through other
sensory organs, and association memory, i.e., the ability to recog-
nize the relationships between unrelated events, compared to mice
with dementia that did not ingest ginseng gintonin. In other words,
it has been shown that long-term administration of gintonin im-
proves cognitive function-related behaviors among mice with AD
dementia compared to mice with dementia that did not take gin-
tonin through hippocampal neurogenesis (Fig. 7) [60].

9.3.2. Parkinson's disease
Another representative neurodegenerative disease prevalent

worldwide is Parkinson's disease (PD) [66]. PD is the second most
common brain disease in the elderly after AD dementia. PD is
caused by the death of dopamine-producing neurons in the basal
ganglia, located in the inner central part of the brain below the
cerebrum [67]. Most patients with PD have the same mental and
cognitive functions as people get old. However, due to a lack of
dopamine in the brain, patients with PD themselves show neuro-
logical symptoms of motor dysfunctions due to abnormal behaviors
they do not want, resulting in changes in their posture, e.g.,
hunched back and trembling limbs, and the inability to move their
body quickly at will [68].

On the other hand, the brain is vulnerable to free radicals as
60e70% of the brain is composed of lipids. Brain lipids lose their
original functions when oxidized [69]. Endogenous antioxidants in
the brain prevent the oxidation of brain lipids. However, these are
insufficient to process all free radicals such as ROS produced by
substances that cause PD. In experimental animal PD studies, 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) administra-
tion is metabolized intoMPPþ, a main causative chemical for a lot of
ROS production selectively in dopaminergic neurons, which pro-
duces dopamine in basal ganglia in the brain, resulting in increased
oxidative stress, and only neurons that produce dopamine are
targeted selectively. Therefore, animals administered MPTP show
neurological symptoms resembling symtpoms of PD in humans
[70,71].

Administering gintonin to mice with PD improved the neuro-
logical symptoms of PD. Thus, when mice with PD ingested ginto-
nin, their neurological symptoms improved even if these mice had
PD. In neurological tests, when gintonin was ingested, the time
taken for the mice to descend from a pole was shorter, and exercise
time without falling off the treadmill exercise machine was much
longer than when ginseng gintonin was not taken [70]. In addition,
in nest-building tests conducted among PDmice, the mice who had
ingested gintonin built fine nests, whereas thosewho did not ingest
gintonin built poor-quality nests. In addition, the survival period of
PDmicewhowere administered gintonin is prolonged compared to
the survival of PD mice who were not administered gintonin [71].

The principle of preventing the occurrence of PD and alleviating
the neurological symptoms of gintonin was revealed. Gintonin
administration to animal PD model mice reduced the loss of tyro-
sine hydroxylase-positive neurons, inhibited microglial activation,
inhibited inflammatory mediator pathways (interleukin-6, tumor
necrosis factor, and cyclooxygenase-2) in regions that correspond
to human basal ganglia area, and also protected blood-brain barrier
(BBB) damages in the substantia nigra pars compacta or striatum
induced by MPTP administration or both [70,71]. In addition, gin-
tonin administration activated the nuclear factor erythroid 2-
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related factor 2 and heme oxygenase-1 (Nrf2/HO-1) pathways and
the inhibition of phosphorylation of the mitogen-activated protein
kinases and nuclear factor-kappa B signaling pathways [70]. In
other words, gintonin antioxidant and anti-inflammatory effects
are effective in the prevention of PD.

In addition to the preventive and improving effects of gintonin
against AD and PD, gintonin administration also alleviated amyo-
trophic lateral sclerosis, Huntington's disease, and multiple scle-
rosis in animal models [72e74]. The main mechanisms underlying
the alleviation of neurological symptoms and histological lesions in
these neurodegenerative diseases due to gintonin administration
include the attenuation of oxidative damage and neuro-
inflammation mediated via inhibition of ROS and proinflammatory
cytokines such as TNF-a, IL-6, IL-1, and IL-8 production via LPA
receptor regulation [75].

9.3.3. Clinical trials using gintonin
As gintonin administration to AD animal model mice attenuated

amyloid plaque accumulation in the cortex and hippocampus with
improvements in learning and memory functions [48,60,64], a
clinical trial was also performed. In an early clinical trial with a
small sample size of 10 participants with mild cognitive impair-
ment or early dementia, gintonin intake (300 mg/day, 12 weeks)
markedly improved Korean mini-mental state examination after 4
and 8 weeks compared to basal scores, whereas gintonin intake
(300 mg/day, 4 weeks) markedly improved the Korean cognitive
subscale of Alzheimer's disease assessment scale (ADAS-Cog-K) and
ADAS-non Cog-K scores after 4 weeks compared to the basal scores.
In terms of gintonin toxicity to humans, none of the subjects
complained of any adverse events throughout the administration of
gintonin for 12 weeks. Thus, gintonin administration was safe and
well tolerated by cognitively impaired elderly subjects [75].

In preclinical studies, acute gintonin administration opened the
BBB transiently [76] and facilitated brain delivery of donepezil, an
acetylcholinesterase inhibitor [77], prescribed for current AD
treatment as Aricept, into the brain by increasing BBB permeability
in addition to improvements in cognitive functions in AD animals
[76,77]. Therefore, Lee et al performed another clinical trial to
investigate the co-relationship between the enhancement of hu-
man BBB permeability and cognitive function improvement after
gintonin intake [78]. For this clinical trial, dynamic contrast-
enhanced magnetic resonance imaging (MRI) was used for the
evaluation of gintonin effects on brain vascular permeability
changes in different brain segments in human subjects [78]. In this
clinical trial, 10 participants with mild cognitive impairment were
randomized for an open-label pilot study. Gntonin intake (300 mg/
day) and placebo group and Korean versions of the Alzheimer's
disease assessment scale (ADAS-K) and dynamic contrast-
enhanced-MRI parameters including Ktrans and Vp in different
brain segments were accessed at baseline at 8 weeks after gintonin
intake. Lee et al observed that the increment of the Ktrans value in
the left thalamus from the baseline was significantly correlated
with the change of the ADAS-cog scores compared to the placebo
group [78]. This clinical trial demonstrated that gintonin intake
could enhance the BBB permeability in specific structures involved
in cognitive functions in the human brain [78]. In this clinical trial,
none of the subjects again also complained of any adverse effects
throughout the administration of gintonin, indicating that long-
term intake of gintonin does not have side effects. Although gin-
tonin intake for a long-term period provides evidence for im-
provements of cognitive functions as well as drug delivery through
facilitation of BBB permeability, the size of clinical trials of human
subjects involved was small. Therefore, further clinical trials might
be required with a larger scale of human subjects to secure the

effects of gintonin on cognitive functions and the facilitation of BBB
permeability.

9.4. Beneficial effects of gintonin in rheumatoid arthritis animal
model via LPA2 receptor

Another aging-related disease is arthritis. Arthritis is a disease of
joints in the body. Specifically, leg or foot arthritis causes painwhen
elderly people move to perform awalk or movement. Arthritic pain
renders the inability to walk or exercise and long-term lack of ex-
ercise in old people is closely associated with an increase in the
incidence of Alzheimer's disease. Recent studies also showed that
gintonin attenuated arthritis in two kinds of in vivo arthritis animal
models. In collagen-induced arthritis mouse and carrageenan/
kaolin-induced arthritis rat models, the oral administration of
gintonin improved the arthritic parameters such as a decrease in
body weight, arthritis score, knee joint thickness, squeaking score,
and swelling paws [79,80]. The improvements in arthritis by gin-
tonin oral administration were achieved via gintonin-mediated
anti-inflammatory effects in in vitro and in vivo histochemical
studies. Thus, treatment of gintonin to fibroblast-like synoviocytes
blocked IL-1b-induced pro-inflammatory mediators and inflam-
matory cytokine productions. Gintonin also exhibited anti-oxidant
effects by attenuating ROS formation that was stimulated by IL-1b.
Gintonin-mediated anti-arthritic effects were mediated via the
LPA2 receptor, as the LPA2 receptor antagonist blocked the
gintonin-mediated attenuations of IL-1b-induced pro-
inflammatory mediators. Thus, long-term oral administration of
gintonin shows anti-arthritic effects via anti-inflammatory and
anti-oxidant effects through preclinical studies. Further research is
required to verify whether there is an actual effect of improving
joint pain in humans through clinical trials.

9.5. Future considerations and conclusion

Many kinds of high molecular weight ginsenosides like ginse-
noside Rb1 break down into low molecular weight ginsenosides
such as ginsenoside Rg3 or other minor ginsenosides such as gin-
senoside Rg5 and Rk1 with fewer sugar components during fresh
ginseng processes. Similarly, it is very likely that ginseng phos-
pholipid components can also undergo changes in phospholipid
compositions in structures and contents under steaming, drying,
and extraction/concentration processes with hot water or ethanol
and high pressure as observed in ginsenosides. Thus, gintonin LPAs
are newly identified, and gintonin LPAs are a new materials of
ginseng obtained from traditional ginseng process methods in
Korea [11]. The main sources of gintonin LPAs might be ginseng
lysophospholipids and phospholipids, and these phospholipids
finally become gintonin LPAs with various beneficial effects (Fig. 7).
More importantly, LPAs are found in biological systems such as
organs and body fluids but ginsenosides are not. In addition, gin-
tonin LPAs, as exogenous LPA receptor ligands, exhibit diverse
physiological and pharmacological functions in nervous and non-
nervous systems via LPA receptors (Fig. 7), differing from individ-
ual ginsenosides, which do not have their plasma receptors in an-
imal cells.

Although beneficial effects of gintonin in age-related diseases
are here reviewed from in vitro and in vivo studies to human clinical
trials, it is exactly unknown, however, in which step(s) ginseng
phospholipids are converted into lysophospholipids and newly
formed lysophospholipids are further subsequently converted into
LPAs during ginseng processes. In addition, since gintonin LPAs are
not free forms of LPAs but exist as a glycolipoprotein complex, it
will be very interesting to elucidate when gintonin as a glyco-
lipoprotein complex is formed during fresh ginseng processes
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including extraction. In future studies, it will be necessary to reveal
how and when ginseng phospholipids including lysophospholipids
become LPAs and when gintonin glycolipoprotein complexes are
synthesized in these ginseng processes for the preparation of KRG
and KRG extraction/concentration for ginseng products.

In conclusion, elderly people often suffer from arthritis and
dementia at the same time. Thus, 70e80% of the population over 65
years suffer from degenerative arthritis, and one in 10 people in
Korea are affected by dementia. Lack of exercise in the elderly due
to joint pains is reported to have a close proportional relationship
with the onset of dementia such as Alzheimer's disease [81,82].
Finally, gintonin can be a candidate for the prevention of age-
related diseases as a new material in an aging society.
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