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a  b  s  t  r  a  c  t

Background:  Recently,  gintonin  and gintonin-enriched  fraction  (GEF)  have  been  isolated  from  ginseng,
a  herbal  medicine.  Gintonin  induces  [Ca2+]i transition  in cultured  hippocampal  neurons  and  stimu-
lates  acetylcholine  release  through  LPA  receptor  activation.  Oral  administration  of  GEF  is  linked  to
hippocampus-dependent  cognitive  enhancement  and other  neuroprotective  effects;  however,  effects
of  its  long-term  administration  on hippocampal  gene  expression  remains  unknown.  Here,  we  used  next-
generation  sequence  (NGS)  analysis  to examine  changes  in  hippocampal  gene  expressions  after  long-term
oral  administration  of GEF.
Methods:  C57BL/6  mice  were  divided  into  three  groups:  control  group,  GEF50  (GEF  50  mg/kg,  p.o.),  and
GEF100  (GEF  100  mg/kg,  p.o.).  After  22  days,  total  RNA  was  extracted  from  mouse  hippocampal  tissues.
NGS  was  used  for gene  expression  profiling;  quantitative-real-time  PCR  and  western  blot  were  performed
to  quantify  the  changes  in  specific  genes  and  to confirm  the  protein  expression  levels  in treatment  groups.
Results:  NGS  analysis  screened  a total  of 23,282  genes,  analyzing  11-related  categories.  We  focused  on
the neurogenesis  category,  which  includes  four  genes  for candidate  markers:  choline  acetyltransferase
(ChAT)  gene,  �3-adrenergic  receptor  (Adrb3)  gene,  and  corticotrophin-releasing  hormone  (Crh)  gene,
and tryptophan  2,3-dioxygenase  (Tdo2)  gene.  Real-time  PCR showed  a marked  overexpression  of ChAT,

Adrb3, and  Crh  genes,  while  reduced  expression  of Tdo2.  Western  blot  analysis  also  confirmed  increased
ChAT  and  decreased  Tdo2  protein  levels.
Conclusion:  We  found  that GEF  affects  mouse  hippocampal  gene  expressions,  associated  with  memory,
cognitive,  anti-stress  and  anti-anxiety  functions,  and  neurodegeneration  at differential  degree,  that  might
explain  the  genetic  bases  of GEF-mediated  neuroprotective  effects.

© 2020  Korea  Institute  of  Oriental  Medicine.  Publishing  services  by  Elsevier  B.V.  This  is  an  open
he  CC
access  article  under  t

ntroduction

Ginseng (Panax ginseng C.A. Meyer) has been recognized as a

raditional herbal medicine for well-being and longevity for thou-
ands of years in Asian countries.1 In animal and clinical studies,
inseng has been proved to improve immunity, prevent the aging
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process, and strengthen physical performance.2,3 The pharmaco-
logical effects of ginseng are limited to act not only as antioxidants
but also as immune enhancers and attenuators of metabolic dis-
eases. In addition, ginseng has been widely studied in regard to
cognitive enhancement and the treatment of neurodegenerative
diseases.4,5 The active ingredients of ginseng have also been studied
extensively and classified as saponin and non-saponin fractions.

Recently, gintonin was isolated as one of the non-saponin com-

ponents from ginseng through multiple steps using crude ginseng
total saponin fraction. A gintonin-enriched fraction (GEF) was later
obtained from ethanol extraction of ginseng through water frac-
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Table 1
Sequences of the primers for real-time polymerase chain reaction.

Gene name Forward primer sequence Reverse primer sequence Size (bp)

Chat AGGGCAGCCTCTCTGTATGA ATCCTCGTTGGACGCCATTT 241
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Tdo2  GGTGCTGCTCTGCTTGTTTG 

Adrb3  ATCACTCTGTCTCCAGGCTCT 

Crh  CAACCTCAGCCGGTTCTGAT 

ionation producing a higher yield than gintonin.6 Gintonin acts
s a novel G protein-coupled lysophosphatidic acid (LPA) recep-
or ligand from outside of cells, since its active ingredients are
PAs.7 Thus, gintonin is a non-saponin and non-acidic polysac-
haride component isolated from ginseng.6 The functional studies
ave shown that gintonin transiently increases the intracellu-

ar calcium level in neuronal cells through LPA receptor signal
ransduction pathways and elicits calcium-dependent diverse
hysiological activity.8 In in vivo studies, gintonin-mediated acti-
ation of LPA-LPA receptor axis induces many beneficial brain
unctions; the increased hippocampal synaptic transmission and
ong-term potentiation (LTP), brain-derived neurotrophic factor
BDNF) expression, attenuation of hippocampal aging, enhance-

ent of hippocampal dependent-cognitive functions, and finally
revention and attenuation of neurodegenerative diseases.9–11

Relatively little is known on the relationships between
intonin-mediated beneficial effects on hippocampal functions and
ippocampal gene expression regulations after gintonin adminis-
ration. In the present study, we used next-generation sequencing
NGS) analysis to identify gintonin-mediated hippocampal gene
egulations after long-term oral administration of GEF.13,14 We fur-
her confirmed the changes in them through quantitative real-time
olymerase chain reaction (qRT-PCR) and western blotting and
ried to elucidate the co-relationships between gintonin-mediated
egulations of hippocampal gene expression and its beneficial
ffects on brain functions.

ethods

intonin-enriched fraction preparation

Gintonin-enriched fraction (GEF) was prepared from Panax gin-
eng as per previously reported method.15 Briefly, one kilogram
f four-year-old Korean white ginseng (Korea Ginseng Coopera-
ion, Daejeon, Korea) was locally purchased. The ginseng was  cut
nto small pieces (>3 mm),  heated in 70% ethanol at 80 ◦C for 8 h,
nd repeated 8 times for extraction. The extracts (344 g) were dis-
olved in distilled cold water in a ratio of 1:10 and stored at 4 ◦C
or 24 h. Next, the extracts were passed through water fractiona-
ion and centrifugation (3000 rpm, 20 min) to obtain a precipitate
efore lyophilization. The lyophilized sample was designated as
EF. For in vivo studies, the GEF stock was prepared with saline.
hus, dosage of GEF (50 or 100 mg/kg) was dissolved in saline before
ral administration with gavage.

nimals and experimental protocols

8-week-old C57BL/6 mice males (18−20 g) were purchased
rom OrientBio (Chuncheon, Korea) and used for all experiments.
nimals were kept at a humidity level of 50 ± 5% with a 12 h/12 h

ight-dark cycle and were fed with ad libitum.  All experiments were
erformed in accordance with the Guidelines for the Care and
se of the Institute for Laboratory Animal Research (ILAR, 2010).

his protocol was approved by the Institutional Animal Care and
se Committee of Konkuk University (No. KU17109). Mice were

andomly divided into three groups (n = 6/group): control group,
intonin-enriched fraction (GEF) at 50 mg/kg group (GEF50 group),
TCGAGGCTCCTCCCTGTAAA 124
TGCCTATTGTGAGAGATGGTCC 139
GGAAAAAGTTAGCCGCAGCC 160

and GEF at 100 mg/kg (GEF100 group). The control group was
treated only with saline, while the GEF50 and GEF100 groups were
given GEF at 50 mg/kg or 100 mg/kg, respectively, after dissolving
in saline daily for 22 days. After drug administration, mice were
anesthetized with diethyl ether and hippocampal tissue samples
were removed and frozen for further experiment.

RNA sample preparation

Total RNA from mouse hippocampus was isolated using TRI-
zol reagent (Invitrogen, Waltham, MA,  USA) according to the user’s
manual with minor modification. The RNA concentration and purity
were analyzed via spectrophotometer at 260/280 nm (NanoDrop
ND1000 3.8.1 System, Thermo Fisher Scientific, Waltham, MA,
USA), and the cDNA was  synthesized using the total RNA. Briefly,
the cDNA reaction mixture was  prepared in advance and synthe-
sized from 1 �g of total RNA using a High Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific, Waltham, MA,  USA),
according to the user’s manual. After the PCR conditions were
confirmed, real-time PCR was  performed with reverse-transcribed
cDNA. All the experiments were conducted on ice, and the remain-
ing RNA and synthesized cDNA was  stored at −70 ◦C for further
experimental processes.

Quantitative real-time polymerase chain reaction (qRT-PCR) and
primer design

Quantitative real-time PCR analysis was performed as follows:
the mRNA levels of each target gene were normalized to that of
�-actin mRNA and fold-change was calculated using the 2−��CT

method as previously described.16 All qRT-PCR primer pairs were
designed within 250 bp, and the sequences are shown in Table 1.
The reaction buffer contained 10 pmoL/�L of each primer set and
template (1ststrand cDNA), iQ SYBR Green Supermix (Bio-Rad, USA,
California) according to the manufacturer’s protocol. After qRT-PCR
was performed in the CFX96 Touch Real-Time PCR Detection Sys-
tem (Bio-Rad, CA, USA), the quantitative data were analyzed using
CFX Maestro software using �-actin as a reference gene. The qRT-
PCR amplification conditions were as follows: pre-denaturation at
95 ◦C for 3 min, 44 repeats of the denaturation step at 95 ◦C for
10 s, and at 60–62 ◦C for 30 s. To detect the presence of non-specific
products, a melt curve was set to 75–95 ◦C at 0.5 ◦C increments. All
samples were analyzed in duplicate.

Western blot analysis

15 �g of total proteins from lysed mouse hippocampus were
used to detect ChAT and Tdo2. The cells were lysed with modi-
fied Radio immunoprecipitation assay buffer (RIPA buffer) with a
protease inhibitor cocktail. Choline acetyltransferase (ChAT) and
tryptophan 2,3-dioxygenase (Tdo2) were detected by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS–PAGE)
and blotted to 0.45 �m PVDF membrane using either rabbit

anti-ChAT polyclonal antibody(1:1000) or rabbit anti-Tdo2 poly-
clonal antibody (1:1000). The blotted membrane was stripped and
reprobed with mouse anti-� actin monoclonal antibody conju-
gated with HRP (1:25,000). Images were visualized using Clarity
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Fig. 1. Transcriptomic analysis of mouse hippocampus after oral administration of GEF. A. Visualization of gene expression through the Volcano map. These data show the
gene  expression distributions between the control and GEF treated groups. These figures show a broad range of expression patterns for the selection of genes with specific
brain-related functions. The results were analyzed based on more than 2.0-fold change and factors with p-value <0.05. The x-axis represents the fold-change and the y-axis
represents the p-value. The red dot in the right shows the distribution chart of up-regulated genes, and the green dot shows the distribution chart of down-regulated genes.
It  represents the overall expression of genes and identifies distribution of selected candidate genes associated with specific brain functions. The left panel represents the
GEF50  group and the right panel represents the GEF100 group. B. The number of genes expressed between control and GEF treatment groups with different dosages. The
results  were analyzed using the criteria of more than 2.0-fold change and factors. The white bar shows the up-regulated genes and the grey bar shows the down-regulation
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estern ECL Substrate (Bio-Rad, Hercules, CA, USA) using the
Bright CL1000 (Thermo Fischer Scientific, MA,  United States).
hemi-documentation was conducted for further documentation
reservation followed by densitometry analysis of the blots using
he ImageJ program.

GS (RNA-sequencing) analysis

The animals of each treatment group were anesthetized and the
ippocampus was isolated from the mouse brain. The hippocam-
us was immediately stored in liquid nitrogen. After total RNA
amples were isolated, RNA quality check (500 pg–2 �g total RNA
or RNA-seq), fluorescence labeling, hybridization, and scanning

ere performed according to the manufacture’s protocol (E-biogen,
eoul, Korea). All data normalization and selection of fold-change
f genes were analyzed using ExDEGA (Excel-based Differentially
xpressed Gene Analysis tool, E-biogen Technology). Fold changes
ere analyzed as the ratio between the GEF50 or GEF100 group

ormalized to the control group resulting in log2 gene expression
alues.
tatistical analysis

All values are presented as either mean ± S.E.M. or % of control.
 p-value under 0.05 was considered to be statistically significant.
 the groups treated with GEF at different dosages. The results were analyzed using
esents the GEF50 group and the right side represents the GEF100 group. The top of
derline denotes the number of down-regulated genes.

Differences between the means of the control and treatment groups
were compared using unpaired Student’s t-test or one-way ANOVA.

Results

Visualization of overall gene expression patterns and selection of
candidate genes

After NGS analysis using different GEF treatments, we  first
obtained volcanic plots, a type of scatter plot, which shows a
relative difference in the negative base-10 log and base-2 log
fold-changes, respectively. The overall mouse hippocampal gene
expression aspects after GEF50 or GEF100 administrations were
visually confirmed with fold change >2 (x-axis) and p-value < 0.05
(y-axis) compared with the control vehicle group using volcanic
plots (Fig. 1A). Red dots represent up-regulated genes and green
dots represent down-regulated genes in the hippocampus. This
allows for immediate identification of gene expression and signifi-
cant genes in this volcano map.

As shown in Fig. 1B, in terms of the number of genes expressed,
the GEF50 group as compared to the control group, expressed a
total of 712 genes, including 244 up-regulated genes and 467 down-

regulated genes (Fig. 1B). GEF100 group showed gene expression
changes for a total of 566 genes, including 162 up-regulated genes
and 404 down-regulated genes (Fig. 1B). The Venn diagrams show
the number of expressed genes either up/down in common for the
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Fig. 2. Hierarchical clustering heatmap analysis of mouse hippocampus after oral
administration of GEF. Log2 fold-change vs. p-value plot of next- generation
sequencing (NGS) data analysis of gene expression in isolated mouse hippocampus
after oral administration of GEF over saline-treated mice (n = 6), highlighting down-
regulated genes (green <4-fold) and up-regulated genes (red >4-fold). Hierarchical
clustering heatmap shows the result of hierarchical clustering (HCL) through MeV
 R. Lee, N.-E. Lee, S.-H. Choi et al. / Integ

ontrol and GEF groups (Fig. 1C). The Venn diagram results were
nalyzed under the condition that the fold change value was at least
.00 and the p-value was <0.05. Compared to the control group, 72
enes were up-regulated, 236 genes were down-regulated, and 1
as contra-regulated in common for the GEF50 and GEF100 treat-
ent groups (Fig. 1C).

ifferentially expressed genes in mouse hippocampus by
ierarchical clustering (HCL) method

Gene expression changes in the mouse hippocampus of con-
rol vehicle, GEF50 or GEF100 group NGS analysis (RNA-seq) was
lso screened. Multi Experimental Viewer (MeV) program was  used
o generate hierarchical clustering (HCL) based on the expres-
ion patterns of the differentially expressed gene candidates. The
esulting gene list with expression pattern levels was clustered
ogether, showing the up-regulated genes with red color and the
own-regulated genes with a green color marker (Fig. 2). The up-
down-regulated genes were classified as >4.0-fold change after
ral administration of GEF50 or GEF100 as compared to the control
roup. These data confirmed the 14 most up-regulated genes and
he gene list according to the expression pattern (Fig. 2).

dentification of genetic changes after GEF administration

The differentially up/down-regulated genes between control
nd GEF treatment groups were classified into the following 11
unctional groups: aging, angiogenesis, apoptotic, cell differentia-
ion, cell migration, cell proliferation, extracellular matrix, immune
esponse, inflammatory response, neurogenesis, and secretion. This
lassification comes from differentially expressed genes (DEGs)
nalysis, which is defined based on Quickgo (https://www.ebi.
c.uk/QuickGO/). Gene expression of GEF-related functions in
ouse hippocampus was identified (Table 2 and Supplementary

ables 1, 2, 3, 4, 5, 6, 7, 8, and 9), and the most significantly
egulated genes in the classification analysis category were neu-
ogenesis. As shown in Fig. 1A, we selected candidates such
s hippocampal choline acetyltransferase (ChAT), �3-adrenergic
eceptor (Adrb3), corticotropin-releasing hormone (Crh), and tryp-
ophan 2,3-dioxygenase (Tdo2) genes (Fig. 1A).

onfirmation of changes in hippocampal gene expression by
RT-PCR

To confirm the reliability of the NGS (RNA-seq) data, the relative
xpression analysis of four selected genes was performed by quan-
itative real-time PCR (qRT-PCR) (Fig. 3). The expression of the ChAT
ene was significantly increased in GEF50 compared to the control
roup (Fig. 3A). Interestingly, the ChAT gene expression level with
EF50 were higher than that of GEF100, showing that ChAT gene
xpression was not dose-dependent on GEF and low dose of GEF
eems more effective for the increase of brain ChAT gene expres-
ion. The expression of the Tdo2 gene was found to be gradually
ecreased in both dosages of GEF treatment groups compared to
he control group (Fig. 3B). The expression of Adrb3 showed a sig-
ificant increase only in GEF100, even though it showed a slight

ncrease in the GEF50 group (Fig. 3C). Crh gene expression was
ignificantly increased in both GEF50 and GEF100 groups when
ompared to the control group (Fig. 3D). The consistency of qRT-

CR results with the NGS (RNA-seq) data confirmed the influence of
EF administration on the expression of the selected genes. Thus,

esults were consistent with NGS analysis data, even at the mRNA
evel of the genes.
programs. Top 11 upregulated genes and the top 20 downregulated genes are shown
in  GEF vs Saline-treated mice. Black color represents the baseline, up-regulated
genes are denoted by red color, and down-regulated genes by green color.

Confirmation of changes in protein levels by western blotting

In addition, western blotting was  performed to analyze the two
selected enzymes that were related to the functions of neurotrans-
mitter synthesis (Fig. 4). GEF administration also increased ChAT

expression at protein levels, and the rise was almost similar in both
GEF50 and GEF100 groups (Fig. 4A). Next, the Tdo2 protein expres-
sion level was  observed and the overall expression in both dosages
was reduced compared to the control group (Fig. 4B). Western blot-

https://www.ebi.ac.uk/QuickGO/
https://www.ebi.ac.uk/QuickGO/
https://www.ebi.ac.uk/QuickGO/
https://www.ebi.ac.uk/QuickGO/
https://www.ebi.ac.uk/QuickGO/
https://www.ebi.ac.uk/QuickGO/
https://www.ebi.ac.uk/QuickGO/
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Table  2
List of expressed genes by GEF: Aging group.

Gene symbol GEF50/Control GEF100 /Control transcript id Description

Plxnd1 3.396 2.421 NM 026376 plexin D1
Itgb3 2.932 2.219 NM 016780 integrin beta 3
Kdr  0.347 0.482 NM 010612 kinase insert domain protein receptor
Nrp1  0.335 0.458 NM 008737 neuropilin 1
Sema5a 0.417 0.453 NM 009154 sema domain, seven thrombospondin repeats

(type 1 and type 1-like), transmembrane
domain (TM) and short cytoplasmic domain,
(semaphorin) 5A

E2f7 0.384 0.443 NM 178609 E2F transcription factor 7
Jun  0.474 0.396 NM 010591 jun proto-oncogene
Ccbe1 0.239 0.222 NM 178793 collagen and calcium binding EGF domains 1

Fig. 3. Quantitative real-time polymerase chain reaction (qRT-PCR) analysis of gene expression change. 50 mg/kg (GEF50) and 100 mg/kg (GEF100) were orally administered
to  mice and the total RNA from the hippocampus was  extracted. A. ChAT expression mRNA changes. ChAT expression is overexpressed in both GEF50 and GEF100 compared
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t
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o  controls. B. Tdo2 expression shows gradual down-regulation in GEF treated grou
n  GEF50 group compared to controls. D. In both GEF50 and GEF100 groups, Crh exp
ll  values are expressed as the mean ± SEM of the independent experiment (n = 4) i

ing results for the ChAT and the Tdo2 protein expression analysis
ere well consistent with the NGS data and qRT-PCR data.

iscussion

As previously reported, treatment of gintonin or GEF to neuronal
ells induces [Ca2+]i transient through LPA receptor activation,
hich is involved in intracellular and intercellular communica-

ions and in neurotransmitter and hormone release regulations
hat enhance synaptic transmission and further improve cognitive
unctions.3 We  further showed that in vitro gintonin-mediated cel-
ular effects via LPA receptors are coupled to beneficial effects in
nimal models of neurodegenerative diseases such as Alzheimer’s
isease (AD) and Parkinson’s disease (PD).8,10,17,18 Although pre-

ious in vitro and in vivo studies demonstrated GEF-mediated
ctions on normal brain and neurodegenerative diseases after oral
dministration, the effects of GEF on a broad spectrum of genetic
xpressions in animal brain, especially in the hippocampus was not
pared to control as GEF dose increases. C. Adrb3 expression significantly increases
n is significantly increased. �-actin was  used as a comparative quantitation control.
licate. *p < 0.05.

fully understood. In the present study, we  used NGS analysis (RNA-
seq) to elucidate GEF-mediated gene expression regulations.12

Here, we  screened mouse hippocampal gene expression changes
using NGS analysis, quantitative real-time PCR, and western blot
analysis to confirm differentially expressed genes after oral admin-
istration of GEF.

In this study, we  performed next-generation sequencing (NGS)
analysis to determine the changes in hippocampal gene expres-
sions after GEF administration. The volcano map, a type of scatter
plot which shows the level of gene expression between the control
group and the treatment groups, showed the overall gene expres-
sion patterns and we selected 4 candidate genes that were related
to the brain, specifically those associated with cognitive functions,
emotion, and stress memory such as ChAT, Adrb3, Crh, and Tdo2
(Fig. 1A). Genetic plots were used to observe the expression pat-

terns of each group (Supplementary Fig. 5). The plot showed a
group expression of the ChAT gene (Supplementary Fig. 5A). The
expression of ChAT gene was significantly increased in the GEF50
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Fig. 4. Expression of ChAT and Tdo2 proteins detected by western blot analysis. A. A significant increase in ChAT expression was observed in both groups with GEF adminis-
t ice an
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ration. Either saline, GEF 50 mg/kg or GEF 100 mg/kg was orally administered to m
.  Tdo2 expression change was  observed using an anti-Tdo2 antibody showing a si
s  the mean ± SEM of three independent experiments in triplicate (n = 3). *p < 0.05.

roup as compared to the control group. The expression patterns
f the Adrb3 gene (Supplementary Fig. 5C) and the Crh gene (Sup-
lementary Fig. 5D) showed up-regulation in both GEF groups
GEF50 and GEF100) compared to the control group. The Tdo2 gene
xpression exhibited overall down-regulation, showing a gradual
ecrease in GEF50 and GEF100. Thus, the oral administration of GEF
own-regulated the Tdo2 gene in the mouse hippocampus (Supple-
entary Fig. 5B). This suggests that after GEF administration, ChAT,

drb3, Crh genes were up-regulated, whereas the Tdo2 gene was
own-regulated. In addition, gene and protein expressions were
onfirmed by real-time PCR and western blot (Fig. 3 and Fig.4).
hus, GEF administration regulates 4 genes in a differential man-
er. In western blotting analysis, we especially chose ChAT and
do2, since two enzymes are closely related with the syntheses
f neurotransmitters such as acetylcholine and 5-HT in brain.

ChAT is a gene involved in the synthesis of acetylcholine.19

cetylcholine acts on two types of receptors (muscarinic and nico-
inic) in the central nervous system and the muscarinic action of
cetylcholine in the central nervous system (CNS) is associated with
earning and memory.20 In AD, the ChAT gene is down-regulated
n the hippocampus and acetylcholine decreases19 and ChAT is

 biological candidate marker gene for AD.21 Therefore, the up-
egulation of the hippocampal ChAT gene activity is an important
actor in the prevention of mild cognitive dysfunction.22 In this
tudy, we found ChAT gene up-regulation in both GEF adminis-
rated groups. Thus, up-regulated expressions of the ChAT gene
fter administration of GEF suggest that GEF may  help to improve
ognitive function and to relieve AD by increasing acetylcholine
ynthesis in brain.19,22 These results are well consistent with the
revious report that gintonin administrations enhance ChAT pro-
ein expression in hippocampal neural progenitor cells and AD
nimal model.23

�3-adrenergic receptor (Adrb3) increases Trp content upon
eceptor activation, thereby increasing 5-HT synthesis.24 The
drenergic receptor expression is also affected by stress.25 During

25
tress, the Adrb3 gene is down-regulated and increases anxiety.
owever, the up-regulation of Adrb3 reduces anxiety by increasing
-HT levels in stress situations.24,25 Adrb3 activation also increases
ring rate of noradrenergic neurons in the rat locus coeruleus.24
d the protein from the hippocampus was extracted. �-actin was used as a control.
nt increase in either GEF50 or GEF100 vs control group. All values are represented

Corticotropin-releasing hormone (Crh), also known as
corticotropin-releasing factor, is a gene that is a major regulator
of the hypothalamic-pituitary-adrenal axis, which is an important
neuroendocrine system that mediates the stress response.26 The
Crh gene regulates cortisol secretion, which is associated with
lethargy and anxiety, increases cognitive concentration, and
enables quick judgment under stress.27

In this study, we  found the upregulation of Adrb3 and Crh
genes after GEF administration. Thus, the up-regulation of these
two genes may  increase 5-HT levels, which may  help to alle-
viate anxiety-related behaviors and to increase attention under
stress followed by a rapid decision-making process.25,26 Overall,
GEF administration may  help to reduce stress and anxiety through
the regulation of Adrb3 and Crh genes. In a previous report, we
showed that gintonin administration increases plasma 5-HT con-
centration derived from enterochromaffin cells and attenuates
depression-like behavior in mice.28 These results indicate that GEF
administration might exhibit anti-depression effects through cen-
tral and peripheral pathways.

Tryptophan 2,3-dioxygenase (Tdo2) is a gene that plays a cen-
tral role in the physiological regulation of tryptophan flux in the
human body as part of the entire biological process of trypto-
phan (Trp) metabolism and is involved in neurotoxic kynurenine
pathway.29,30 It is known that an overexpression of Tdo2 increases
the metabolism of kynurenine and induces neurodegenerative dis-
eases, and that Tdo2 protein expression levels are significantly
increased in AD patients.29 In addition, anxiety and depression
get worse when Trp, a precursor of 5-HT, and 5-HT concentra-
tions are lowered. However, Trp and 5-HT concentrations increase
when Tdo2 genes are suppressed, thereby relieving anxiety-related
behavior and enhancing cognitive function.31 In this study, we
found the down-regulation of the Tdo2 gene after the oral admin-
istration of GEF. Thus, decreased kynurenine metabolites and
increased Trp and 5-HT concentrations can lead to a reduction of
anxiety in the hippocampus and midbrain for improving search

32
activity and cognitive ability.
In summary, oral administration of GEF affects genetic changes

in the mouse hippocampus. Among the plethora of genes influ-
enced, 4 candidate genes were selected. GEF effects on these
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elected genes suggest that oral intake of GEF might be beneficial
or mitigation of cognition-related AD symptoms through upregu-
ation of ChAT and for the prevention of neurodegenerative diseases
hrough down-regulation of Tdo2. The analyses also indicate that
enes related to depression, anxiety, and stress can lower anxiety-
ike behavior and depression in a stressful environment through
p-regulation of Adrb3 and Crh. Finally, long-term GEF admin-

stration might be beneficial for cognitive functions, anxiety and
epression, and neurodegeneration, although further clinical stud-

es are required to prove them.
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