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Mechanism of ginsenoside Rb; against OGD/R damage
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Abstract. In order to study the mechanisms of ginsenoside
Rb; (G-Rb;) against oxygen-glucose deprivation/reoxygen-
ation (OGD/R) injury in HT22 cells based on metabolomics
and PCR array, HT22 cells were randomly divided into control
group, model group, G-Rb; high-dose group (10 ymol/l) and
G-Rb; low-dose group (5 umol/l). Except for the control group,
which was left untreated, the remaining groups were incubated
with 10 mmol/l Na,S,0, in sugar-free DMEM medium for 2 h
and then replaced with serum-free high-sugar DMEM medium
for 2 h in order to replicate in vitro OGD/R model. Trypan blue
staining was used to detect the cell viability; flow cytometry
was used to detect apoptosis; western blotting was used to detect
the protein expression levels of Bax, Bcl-2 and caspase-3. The
metabolomics were used to analyze the differential metabolites
of G-Rb; affecting OGD/R in order to find the relevant meta-
bolic pathways. PCR array assay was performed to identify
the expression of the differential genes. G-Rb; could inhibit
HT22 apoptosis according to the result of cell morphology,
trypan blue staining and flow cytometry. The levels of Bax
and caspase-3 protein expression were decreased, whereas the
level of Bcl-2 protein expression was increased after the treat-
ment of G-Rb,. Metabolomics results showed that a total of
31 differential metabolites between OGD/R group and G-Rb;
group, such as guanosine level, was downregulated, the levels
of enalaprilat and sorbitol were upregulated, affecting ABC
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transporters, galactose metabolism, citrate cycle and other
related metabolic pathways; according to the result of PCR
array, it was observed that G-Rb; significantly downregulated
Trp63, Trp73, Dapkl, Caspl4 and Cd70 pro-apoptotic genes.
In conclusion, G-Rb; has a significant protective effect on the
OGD/R model simulated in vitro, and the mechanism may be
related to the inhibition of apoptosis by affecting metabolites.

Introduction

Stroke, which is the leading cause of death in China, mainly
comprises cerebral hemorrhage and cerebral infarction, of
which cerebral ischemia accounts for nearly 80% of stroke
cases (1,2). According to survey results, stroke has become the
second leading cause of death worldwide, with high rates of
incidence, recurrence and high disability, especially among
the elderly (3,4). Thrombolytic and neuroprotective therapies
are the main clinical treatments of this disease; however, in
cases of cerebral ischemia, thrombolysis and reperfusion can
cause secondary damage to the brain, leading to death and
disability (5-9). This undoubtedly brings economic pressure
and physical and emotional pain to the families of patients.
Therefore, there is an urgent need to find effective drugs for
the treatment of stroke.

Traditional Chinese medicine has unique advantages and
roles in the treatment of diseases. Panax notoginseng (Burk.)
F.H. Chen is a geo-authentic Chinese medicinal material from
Wenshan, Yunnan, which is used as a medicine with dried
roots and rhizomes. Although there is high annual production
of Panax notoginseng stems and leaves, the utilisation rate of
the 226 saponin constituents is extremely low. The most abun-
dant of these saponins is ginsenoside Rb; (G-Rb;; Cs;HgO,,).
A large amount of resource waste could be reduced by full
utilization of G-Rb;. It has been shown to have a variety of
biological activities, including cardiovascular protection and
brain protection (10). Liu et al (11) found that G-Rb; inhibits
apoptosis and protects against myocardial ischemic-reperfu-
sion. Ginsenosides protect against the damage brought about
by oxygen-glucose deprivation/reoxygenation (OGD/R) in
hippocampal neuron HT22 cells through an anti-oxidative
stress mechanism (12). These findings showed that G-Rb; has
great potential in the treatment of stroke; thus, in the present
study it was aimed to define more clearly the mechanism by
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which G-Rb; protects against cerebral ischemic-reperfusion
injury (CIRI). The present study aimed to use a HT22
cell-based replica of the OGD/R model, combined with
metabolomics and PCR array analyses, to determine whether
G-Rb; ameliorates OGD/R injury through inhibition of cell
apoptosis.

Liquid chromatography (LC)-mass spectrometry (MS) has
been proved to be a powerful and reliable analytical method
with high sensitivity and structural separation ability (13,14).
The occurrence of CIRI leads to alterations in systemic
metabolites, which cause a series of complex cascade reac-
tions that ultimately lead to apoptosis (15,16). Metabolomics
analysis can be used to the biological functions and metabolic
pathways of metabolites in vivo (17,18). Therefore, untargeted
metabolomics were also used to conduct an in-depth explora-
tion of the changes in metabolite levels related to the actions of
G-Rb; against OGD/R injury.

Materials and methods

Cell culture and drug delivery. HT22 cells derived from
mouse hippocampal neuronal cell line (cat. no. CC-Y2137,
Shanghai Enzyme Research Biotechnology Co., Ltd.) were
utilized. High sugar medium DMEM (cat. no. 01-043-1A;
Biological Industries) with 1% penicillin-streptomycin
liquid (cat. no. 03-031-5B; Biological Industries) and 10%
fetal bovine serum (cat. no. 504090618; Shanghai Yeasen
Biotechnology Co., Ltd.) were used for cell culture at
37°C with 5% CO, in a HF90 incubator (Shanghai Lishen
Scientific Equipment Co., Ltd.). When the cells proliferated
to the logarithmic growth period, they were transferred into
6-well plates at a concentration of 1x10%/ml for the subse-
quent experiments. G-Rb; (cat. no. CCPE900218; Henan
Wanjia Standard Material R&D Center Co., Ltd.; https://cdn.
bzwzzx.com/product/search.html?keywords=G-Rb3&pagei
ndex=1; purity =99.86%) was dissolved in phosphate-buff-
ered saline to a mother liquor concentration of 1 mmol/l.
The cells were randomly divided into 4 groups: Control
group, OGD/R group, G-Rb; high dose group (10 gmol/l)
and G-Rb; low dose group (5 ymol/l). Since relevant cell
safety experiments were already conducted in the previous
study, it was found that the effective concentrations of G-Rb;
to improve OGD/R were 2.5, 5 and 10 gmol/l (12); For the
present study, it was observed that the most effective drug
concentrations were 5 and 10 gmol/l and were therefore
selected for the experiments.

OGD/R model. Na,S,0, is an effective oxygen scavenger
without harming the cells, thus Na,S,0, (cat. no. S817915;
Shanghai Macklin Biochemical Co., Ltd.) was chosen to
simulate the OGD/R model in this experiment. When the
cell density increased to 80-90%, except for the control
group which was left untreated, the remaining groups were
incubated with 10 mmol/l Na,S,0, in sugar-free DMEM (cat.
no. 01-042-1A; Biological Industries) at 37°C for 2 h and then
replaced with serum-free high-sugar DMEM at 37°C for 2 h
in order to replicate the in vitro OGD/R model. Meanwhile,
in the G-Rb; group, the drug started being added 24 h before
modelling, and continued until the end of re-glycation and
reoxygenation.

Trypan blue staining for cell viability measurement. HT22
cells were used to inoculate 6-well plates at a uniform
inoculum density of 1x10%/ml (2 ml cell suspension per well).
When cells proliferated to logarithmic growth phase, a total of
1 ml EDTA-free trypsin (cat. no. 15050-065; Thermo Fisher
Scientific, Inc.) was added to each well at 37°C for 1 min,
followed by the addition of trypan blue (cat. no. G1019; Wuhan
Servicebio Technology Co., Ltd.), which was mixed with the
cell suspension at a ratio of 1:9 and was then left to stand at
room temperature for 2 min. A 20 pl aliquot of the cell suspen-
sion was aspirated to a hemocytometer for observation under
an inverted microscope (DMI1; Leica Microsystems Ltd.). In
total, four large squares in the field of vision of the hemocy-
tometer were selected for counting cells. Subsequently, the cell
viability was calculated.

Flow cytometry to detect apoptosis. HT22 cells were used
to inoculate 6-well plates at a uniform inoculum density
of 1x10%/ml (2 ml cell suspension per well). The cells were
digested with 1 ml of EDTA-free trypsin at 37°C for 1 min and
were subsequently collected. Annexin V-AbFluor™ 488/PI
apoptosis detection kit (cat. no. KTA0002; Abbkine Scientific
Co., Ltd.) was utilized. The cells were first resuspended in
100 1 AnnexinV Binding Buffer diluted in deionized water
to which, 5 ul of AnnexinV-AbFluor™488 was added, and
then incubated on ice for 15 min. A total of 2 ul propidium
iodide dye was pre-added. Detected was performed by flow
cytometry (FACSCelesta; BD Biosciences) within 30 min. BD
FACSDiva™ software (v8.0.1.1;) was used to analyze data.

Western blotting (WB) detection of protein expression. The
HT?22 cells of each group in the logarithmic growth phase were
collected and cultured in 6-well plates at a density of 6.5x10>/ml
for 24 h. The cells were lysed on the ice with RIPA lysis buffer
(cat. no. PO013C; Beyotime Institute of Biotechnology). The
supernatant was centrifuged at 12,000 x g at 4°C for 5 min.
Determination of protein concentration by BCA method (cat.
no. P0010; Beyotime Institute of Biotechnology). According
to the molecular weight, 10% separation gel and 5% compres-
sion gel were prepared, 20 pg protein samples were added to
each lane, and separated by SDS-PAGE electrophoresis for
30 min; the electrophoresis was terminated when the desired
target band reached the appropriate position. The cut PVDF
membrane (0.45 um; cat. no. IPFL85R; MilliporeSigma)
was soaked in methanol for 1 min. After the transfer, the
membrane was blocked with 5% skim milk (cat. no. P0216;
Beyotime Institute of Biotechnology) powder for 1 h at room
temperature. Subsequently, the membranes were incubated
at 4°C overnight with the following primary antibodies: Bax
(1:2,000; cat. no. 50599-2-1g; Proteintech Group, Inc.), Bcl-2
(1:1,000; cat. no. sc-7382; Santa Cruz Biotechnology, Inc.),
caspase-3 (1:1,000; cat. no. 9662; Cell Signaling Technology,
Inc.) and B-actin (1:1,000; cat. no. ab8226; Abcam). Then,
the membranes were incubated for 1 h at room temperature
with the following secondary antibodies: Goat anti-rabbit
IgG (1:10,000; cat. no. ab6721; Abcam) and rabbit anti-mouse
IgG (1:10,000; cat. no. ab6728; Abcam). The aforementioned
membrane washing procedure was repeated. Next, the lumi-
nescent reagent liquid A and liquid B were mixed in equal
volume and were applied in the membrane. After 5 min, the
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protein bands were detected with Tanon-6600 luminescence
imaging workstation (Shanghai Tianneng Life Science Co.,
Ltd.). Protein expression was analyzed by using the ImageJ v2
software (National Institutes of Health) to analyze the optical
density values.

Metabolomics sample collection. HT22 cells were inoculated
into 6-well plates at a concentration of 1x10°/ml. The cells
were divided into an OGD/R group and a G-Rb; group, using
one sample per two wells, with a total of six samples collected
for analysis. Glass beads (cat. no. G8772; Shanghai Lianshuo
Biotechnology Co., Ltd.) and 1,000 pl acetonitrile (cat.
no. AS1121; Shanghai Yaokan Chemical Industry Co., Ltd.)
were added, and the mixture was vortexed for 30 sec and then
ground for 2 min at 60 Hz in a tissue grinder. The mixture was
transferred to a centrifuge tube, spun at 14,000 x g for 10 min
at 4°C, the supernatant was isolated, and 300 pl of a 2-chlo-
rophenylalanine (4 ppm) solution were accurately prepared
using acetonitrile with 0.1% formic acid (cat. no. 28905;
Thermo Fisher Scientific, Inc.) (1:9, v/v). The solution was
used to re-dissolve the samples. The supernatant was filtered
through a 0.22 ym membrane and was subsequently added to
the detection vials for LC-MS analysis.

LC/MS conditions. Chromatographic conditions: Waters
ACQUITY (Waters Corporation) and ACQUITY UPLC®
HSS T3 (2.1x150 mm, 1.8 pm) (Waters Corporation) column
were used with a flow rate of 0.25 ml/min at 40°C. The injec-
tion volume was 2 ul. The mobile phases were: 0.1% formic
acid in acetonitrile (B1) and 0.1% formic acid in water (A1)
in positive ion mode, and the gradient elution program was
as follows: 0-1 min, 2% B1; 1-9 min, 2-50% BI1; 9-12 min,
50-98% B1; 12-13.5 min, 98% B1; 13.5-14 min, 98-2% BI;
14-12 min, 98-2% B1; 14-20 min, 2% B1. In negative ion mode,
the mobile phases were acetonitrile (B2) and ammonium
formate water (A2), and the gradient elution procedures were
as follows: 0-1 min, 2% B2; 1-9 min, 2-50% B2; 9-12 min,
50-98% B2; 12-13.5 min, 98% B2; 13.5-14 min, 98-2% B2;
14-17 min, 2% B2.

MS conditions. A Thermo Q Exactive MS detector (Thermo
Fisher Scientific, Inc.) with an electrospray ioniation source
was used to collect data separately in positive and nega-
tive ion modes, the settings were as following: Positive ion
spray voltage, 3.50 kV; negative ion spray voltage, -2.50 kV;
sheath gas, 30 arbs; auxiliary gas, 10 arbs and capillary
temperature, 325°C. The primary full scan was performed at
a resolution of 70,000 m/z, with a primary ion scanning range
of 100-1,000 m/z. Higher-energy collisional dissociation was
used for the secondary cleavage, with a collision energy of 30
eV and a secondary resolution of 17,500 m/z. The first 10 ions
of the acquired signal were fragmented, with dynamic exclu-
sion used to remove unnecessary tandem MS information.

Metabolic data processing and analysis. The raw files
were converted to mzXML file format using MSConvert
in the ProteoWizard package (v3.0.8789), with parameters
set to ‘bw=2’, ‘ppm=15’, ‘peakwidth=c’ (parameters, 5,30),
‘mzwid=0.015", ‘mzdiff=0.01" and ‘method=centWave’ (19-21).
After obtaining the quantitative list of substances, the following
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databases: HMDB (22), massbank (23), LipidMaps (24),
mzcloud (25) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) (26) were used to identify the substances, followed
by data rectification. The quality control samples with rela-
tive standard deviation >30% of the substances were removed.
The R language Ropls package (v1.15.0; Autodesx) was used
to perform principal component analysis (PCA), partial
least-square discriminant analysis (PLS-DA). The sample data
were analyzed by orthogonal partial least-square discriminant
analysis (OPLS-DA) to reduce dimensions. The final screening
was performed via calculating the P-value and variable projec-
tion importance (VIP) value, and metabolite molecules were
considered statistically significant when the P-value was
<0.05 and the VIP value was >1. Pathway analysis was mainly
carried out by MetaboAnalyst software (v6.0) developed by
Xia-lab of McGill University in Canada, which is used for
enrichment analysis of differential metabolites obtained from
screening, and for browsing differential metabolites by using
pathway maps in KEGG Mapper tool (27).

Apoptosis PCR array. Firstly, according to the RNA extraction
kit (cat. no. DP430; Tiangen Biotech Co., Ltd.), the RNA of
OGD/R group and G-Rb; group was extracted, its concentra-
tion and purity were detected by a spectrophotometer and it
was subsequently reversed into cDNA. The substance was
diluted and mixed to a total volume of 100 ul, and was then
placed on ice. According to the PCR array kit for detection
of gene expression. (cat. no. we-mRNAO0263-M; Shanghai
WcGene Technology Co., Ltd.; www.wcgene.cn) plates were
centrifuged at 100 x g for 20 sec before use and the sealing
membrane was carefully torn off at the end of centrifuga-
tion. A total of 920 ul of cDNA were prepared and mixed the
components are revealed in Table I, then add the prepared
mixed sample into a 96-well plate (9 ul per well), the plate was
then sealed with a transparent sealing membrane, centrifuged
at 100 x g for 20 sec and was finally assessed on the PCR
instrument (Veriti™ 96-Well Fast Thermal Cycler; Thermo
Fisher Scientific, Inc.). The reaction system was set at 10 ul,
and the conditions are shown in Table II. The real time PCR
reaction was started on the machine, and the results were
exported for data analysis. The PCR primer sequences were
not provided by the company, although the primer sequences
of the differential genes are included in Table SI.

Statistical analysis. Data are expressed as the mean + standard
deviation (SD) (n=6). Data were statistically analyzed using
GraphPad Prism 8.0 software (Dotmatics) and were normally
distributed. If the variances were equal, Bonferroni's multiple
comparison test was performed using one-way analysis of
variance (ANOVA). If the conflicts were not equal, Dunnett's
multiple comparison test was used in Welch's ANOVA test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Trypan blue staining and flow cytometry. The cell morphology
after G-Rb, intervention indicated that G-Rb, effectively
improved OGD/R injury (Fig. 1A). The results of trypan blue
staining showed that cell viability was significantly higher in
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Table I. Formulation of cDNA and components.

Components

Volume (9 ul
per well in
96-well plates)

WCGENE® mRNA gPCR mix (2x)

cDNA sample
RNase-free ddH,O

Total volume

510 ul
100 pl
310 ul
920 ul

Table II. PCR reaction conditions.

Cycle Temperature  Time Remarks
Pre-denaturation 1 95°C 30 sec -
Denaturation 40 95°C 5 sec -
Annealing 40 60°C 30 sec Open
extension fluorescence
acquisition
channel
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Figure 1. Effect of G-Rb; on OGD/R-induced HT22 cell morphology and apoptosis. (A) Morphology of HT22 cells in each group. (B) Trypan blue staining.
Blue color represents apoptotic cells as indicated by red arrows in the figure, and unstained cells are normal cells. (C) Detection of apoptosis by flow cytometry.
Each point in the figure represents a cell, the X-axis and Y-axis represent the fluorescence intensity of the cells in the two channels of FITC and PI, the upper
left quadrant represents the cell debris, which are the mechanically damaged cells, the lower left quadrant represents the normal cells, the upper right quadrant
represents the late apoptotic and necrotic cells, and the lower right quadrant represents the cells with early apoptosis. The sum of the early apoptotic and late
apoptotic cells is the total number of each group of HT22 cells. The sum of early apoptotic cells and late apoptotic cells is the number of apoptotic cells in each
group. (D) Chemical structure of G-Rb;. (E) Statistics of cell survival rate by trypan blue staining. “#P=0.0003 and Q=0.0006 vs. control group; “P=0.0016
and Q=0.0016 vs. OGD/R group. (F) Statistical graph of total apoptosis rate in each group. #*P<0.0001 vs. control group; “P=0.0086 and Q=0.0086,

o

deprivation/reoxygenation.

P<0.0001 vs. OGD/R group. Statistical results were all analyzed by one-way ordinary ANOVA (n=6). G-Rb, ginsenoside Rb;OGD/R, oxygen-glucose



SPANDIDOS

: 5§ PUBLICATIONS BIOMEDICAL REPORTS 21: 187, 2024 5
A B C
0.5 0.3
Bax - W | 20 kDa HitH# w Ak
0.4 o *
é 5 03 kwk Kk E § 0.2 HitH
Bel-2 | 26 kDa gg 0'2 g%
Ta 0. =a
2 3 5 01
T o1 @
Caspase-3 - 32 kDa
0.0 0.0
5 T 10 5 s T 10 5
€ 8 —— = (DD FRR—
8§ 3 GRb 8§ 3 GRb
(umol/l) (umol/l)
D E.
0.3 @ 03 HiH#
b g
Cleaved & ] £k X
caspase-3 - 17 kDa 85 02 8502 L
g 7] =71
og 29
2% o1 2501
pactin | ARG | - 0: 5 o
= 0.0 5 0.0
—_ — — . @ .
g § 25 5% T T 10 5 @ 3 T 10 5
§ g gEEE 5 9 om 5 3 om
S © Fs43 S 8 @Ry, S 8 &Ry,
{umol/) (umol/y

Figure 2. Western blot analysis of related protein expression. (A) Bax, Bcl-2, caspase-3 and cleaved caspase-3 protein expression are illustrated. (B) Bax
protein expression statistic graph. Compared with the control group, the OGD/R group had a significant difference (*#P<0.0001) with upregulated expression,
compared with the OGD/R group, and downregulated expression in the G-Rb; group (““P=0.0004 and Q=0.0008; “P=0.0019 and Q=0.0019). (C) Statistical
graph of Bcl-2 protein expression, which was downregulated in the OGD/R group compared with the control group (*P=0.0005 and Q=0.0015) and upregu-
lated in the G-Rb, group compared with the OGD/R group with significant differences (""P=0.0002 and Q=0.0003; "P=0.0144 and Q=0.0144). (D) Caspase-3
protein expression statistics were not significantly different between the model group and the G-Rb; group. (E) Cleaved caspase-3 protein expression statistics
had significant difference and upregulated expression in the OGD/R group compared with the control group (*#P<0.0001), downregulated expression in
the G-Rb; group compared with the OGD/R group, and significant difference ("*P=0.0005 and Q=0.001; ‘P=0.0185 and Q=0.185). G-Rb, ginsenoside Rbs;

OGD/R, oxygen-glucose deprivation/reoxygenation; kDa, kilodalton.

the drug treatment group than the model group (P<0.001), at a
drug concentration of 10 gmol/l, indicating that G-Rb; effec-
tively improved the survival rate of HT22 cells in the OGD/R
model (Fig. 1B and E). Similarly, the apoptosis rate showed that
G-Rb;, effectively inhibited apoptosis (Fig. 1C and F). When
the dose of G-Rb; reached 10 ymol/l, there was significant
difference compared with the model group (P<0.0001). The
chemical structural formula of G-Rbs; is illustrated in Fig. 1D.

WB assay results. Protein expression levels of Bax, Bcl-2,
caspase-3 and cleaved caspase-3 are shown in Fig. 2A. There
was no significant difference in the expression of caspase-3
protein compared with either the control or model groups
(Fig. 2D). The OGD/R group showed increased levels of Bax
and cleaved caspase-3 protein expression (Fig. 2B and E),
and decreased levels of Bcl-2 protein expression (Fig. 2C),
compared with the control group. The levels of Bax and cleaved
caspase-3 protein expression were decreased (Fig. 2B and E)
and the levels of Bcl-2 protein expression were increased,
compared with the G-Rb; group (Fig. 2C). The original blots
of Fig. 2 are shown in Fig. S1.

Feasibility evaluation of metabolomics experimental data.
The screening methods for differential metabolites mainly
include PCA, PLS-DA and OPLS-DA. PCA is an unsuper-
vised discriminant analysis method, which reveals clustering
of the samples within the groups and dispersion of the samples
between the groups. The results were reliable (Fig. 3A and B).

The advantage of PLS-DA over PCA is that it is a supervised
discriminant analysis method, in which the samples have to
be specified and grouped, and the separation of groups was
improved compared with the PCA analysis (Fig. 3C and D).
The OPLS-DA is based on PLS-DA, with orthogonal trans-
formation correction, which improves the model's resolving
ability and validity. The samples were further resolved with
OPLS-DA analysis to characterize the true differences
between groups and identify biomarkers from them. In both
positive and negative ion modes, intra-group sample clustering
and inter-group sample dispersion could be observed in the
OGD/R group and the G-Rb; group (Fig. 3E and F), suggesting
that the results can be used for further analysis.

Screening for differential metabolites. In this method, P-value
<0.05 and VIP value >1 were used to screen for differential
metabolites between groups, and a total of 31 metabolites
showed significant differences (Table III). In total, 12 metabo-
lites were upregulated: 3-indoleacetonitrile, 4-pyridoxic acid,
enalaprilat, (R) 2,3-dihydroxy-3-methylvalerate, sorbitol,
yohimbine, 4-fumarylacetoacetate; pimelic acid, oleamide,
dihydrouracil, linoleic acid and cis-4-hydroxy-D-proline. In
addition, 19 metabolites were downregulated: geranyl diphos-
phate, cis-aconitate acid, D-arabitol, D-lyxose, D-galactose;
alpha-D-glucose, adipic acid, isocitric acid, 6-phosphogluconic
acid, 3-hydroxymethylglutaric acid, linoleic acid, thiamine,
aminoethylphosphate, L-glutamate-gamma-semialdehyde,
geranyl diphosphate, procollagen 5-hydroxy-L-lysine,
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Figure 3. Detection of metabolomics data and differential metabolite screening. (A and B) PCA scores plots. Arranged in order to positive and negative ions.
(C and D) PLS-DA score plots. The samples were specified and grouped in positive and negative ion order using PLS-DA to eliminate random errors unrelated
to the purpose of the study. (E and F) OPLS-DA scores plots. The more clustered the samples within the group and the more dispersed the samples between
the groups, the more reliable the results. (G) Clustering heat map of 31 differential metabolites. Red color means higher expression, blue color means lower
expression, the top clustering line is the clustering line of OGD/R group and G-Rb; group, the left side is the clustering line of metabolites, and the expression
of metabolites can be clearly observed on the right side. (H) Differential metabolite volcano plot. Red dots represent upregulated differential metabolites, blue
dots represent downregulated differential metabolites. (I) Differential metabolite enrichment analysis score plot. Horizontal coordinate differential abundance
score is the total number of upregulated metabolites-total number of downregulated metabolites/total number of metabolites. Vertical coordinate is the
pathway, and the size of the dot represents the number of enriched differential metabolites in the pathway. M, Model group; R, G-Rb; group; PCA, principal
component analysis; PLS-DA, partial least-square discriminant analysis; OPLS-DA, PLS-DA.
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Table III. Differential metabolite statistics.

Total number

Total number of

Group of metabolites Upregulated Downregulated differential metabolites
RVSM 291 12 19 31
M, Model group; R, G-Rb; group.
Bel2 |
—
Bax
caspase-3
&
ﬁ > 9 — | guanosine — ABC transporter = —
_ag#p G-Rb3

OGD/R
HT22 cell

Y. Tip63. Trp73.

|~ Dapkl, Caspl4, Cd70

apoptosis Cerebral ischemia

.

Figure 5. Summary diagram of the protective mechanism of G-Rb; against OGD/R-induced HT22 cells. G-Rb3 was first found to inhibit apoptosis by
regulating the balance of apoptotic protein Bax/Bcl-2, then regulating the expression of guanosine, and finally verified by PCR array. Combining the afore-
mentioned results, it was hypothesized that G-Rb3 can protect HT22 cells from OGD/R-induced damage by inhibiting apoptosis. The image was created with
Figdraw (www.figdraw.com). G-Rb;, ginsenoside Rb;; OGD/R, oxygen-glucose deprivation/reoxygenation.

phosphoglycolic acid, guanosine and suberic acid. The
screening results are presented in Table SII.

Differential metabolite analysis. Heatmaps provide relative
quantitative hierarchical clustering of differential metabolites,
where clustered metabolites have similar expression patterns and
may have similar functions or participate in the same metabolic
processes or cellular pathways. Red color indicates the higher
expression level and blue colour indicates lower expression level
(Fig. 3G). The distribution of differential metabolites between
the two groups of samples can be visualized using a volcano
plot, where the horizontal coordinates represent the multiplicity
of differences and the vertical coordinates represent the signifi-
cance. Red represents metabolites with significant upregulation,
blue represents metabolites with significant downregulation
and gray represents metabolites with no significant differences
(Fig. 3H). To observe the overall changes in metabolism, this
assessment captured the average and overall changes in all
metabolites in the pathway based on differential abundance
scores. The differential metabolites between the G-Rb; and
OGD/R groups mainly interacted through ABC transporters,
galactose metabolism, glyoxylate and dicarboxylate metabo-
lism, citrate cycle, linoleic acid metabolism and other different
pathways affect nerves, energy metabolism and other systems
together. These data illustrated that the higher the contribution
of a detected metabolite under the ABC transporters and galac-
tose metabolism pathways, the more significant is the effect of
the differential metabolite on these pathways (Fig. 31).

Apoptosis PCR array. A total of 87 target genes in the apop-
tosis PCR array (Fig. 4A) were investigated, according to the
‘log,FoldChange’ value as a reference. In total, the results
revealed that 30 target genes were upregulated and 57 target
genes were downregulated (Table SIII). The differential genes
screened according to llog,FoldChange =1 were the following:
Trp63, Trp73, Dapkl, Caspl4 and Cd70, all of which were
downregulated in expression by the action of G-Rb; (Fig. 4B).

Discussion

In the present study, hippocampal neuron HT22 cells were
used to replicate the OGD/R model for simulation of CIRI,
and to explore the mechanism of G-Rb; against OGD/R injury
in apoptosis at the metabolite level. Under normal condi-
tions, Bcl-2 family member Bax exists in the cytoplasm as
a monomer. Apoptosis is caused by the interaction between
pro- and anti-apoptotic members of the Bcl-2 family, which
activates the release of the hydrolase caspase-3 into the cyto-
plasm. This in turn activates the form of caspase-3 which can
damage the cytoskeleton and organelles, and degrade DNA
and other proteins (28,29). Following intervention with G-Rb;,
the expression between Bax and Bcl-2 is balanced and inhib-
ited, thereby protecting HT22 cells from damage caused by
CIRI. Apoptosis is the most important determinant of stroke,
and inhibiting apoptosis is a key treatment factor (30,31).
Although preliminary studies by the group have shown that
G-Rb; may reduce the damage caused by OGD/R through
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antioxidant effect, the mechanism of action at the metabo-
lite level remains unclear. Therefore, based on the authors'
research group, cell viability was detected by trypan blue
staining and cell apoptosis was assessed with flow cytometry.
The Bax and Bcl-2 proteins play a key regulatory role in the
process of apoptosis. Specifically, the ischemic stroke stimu-
lates Bax translocation, triggering apoptosis, which Bcl-2
acts to prevent. Therefore, the ratio of Bax to Bcl-2 has an
important role in apoptosis (32,33). Caspase-3 is an enzyme
that promotes apoptotic proteins, playing a key regulatory role
in a variety of apoptotic pathways and leading to apoptosis
due to cleavage when apoptotic signals are received (34,35).
In the present study, WB assays were conducted to show that
G-Rb;increased the expression of anti-apoptotic protein Bcl-2,
and decreased that of pro-apoptotic protein Bax and caspase-3
protein. Taken together, these results demonstrated that G-Rb,
alleviated OGD/R injury by inhibiting apoptosis.

Starting at the metabolite level in the exploration of the
mechanism of action of G-Rbs;, it was revealed that its protec-
tive effect on OGD/R-induced HT22 cells was mainly mediated
through changes in metabolites such as nitrogen-containing
organic compounds and lipid compounds. A total of 31 metab-
olites were analyzed for between-group differences between
the G-Rb; and OGD/R groups. A total of 12 metabolites were
upregulated after G-Rb; intervention, such as 3-indolacetoni-
trile, enalaprilat, (R) 2,3-dihydroxy-3-methylvalerate, sorbitol,
4-pyridoxic acid, 4-fumarylacetoacetate and pimelic acid. On
the other hand, a total of 19 metabolites were downregulated,
such as D-arabitol, D-lyxose, cis-aconitate, 6-phosphogluconic
acid, isocitric acid, adipic acid and guanosine. One of these
metabolites, guanosine, belongs to the group of endogenous
guanine nucleosides that have been shown to protect neurons
from damage and induced cell death; it as a trophic factor to
promote neuroprotection during oxygen-glucose deprivation,
and to exert anti-inflammatory effects (36-38). D-galactose is a
naturally occurring aldose in the body, which is usually metab-
olized into glucose by galactokinase and uridine transferase,
and stored as glycogen in liver, muscle and adipose tissue.
When administered at high doses, exogenous D-galactose
induces senescent effects in several organs by increasing
oxidative stress, apoptosis and inflammation. This in turn leads
to cognitive decline; however, ameliorating oxidative stress in
hippocampal neurons can alleviate such damage. In vitro assays
revealed that D-galactose decreases the viability of HT22
cells and causes apoptosis (39-41). Yohimbine is a selective
a,-adrenergic blocking agent with neuroprotective effect (42).
Sorbitol is an osmotic dehydrating diuretic drug that acts, by
increasing plasma osmolality, drawing water out of the eye,
brain and othertissues into the blood vessels, reducing tissue
edema, protecting brain tissue and indirectly protecting HT22
cells (43). Previous studies have shown a close relationship
between stroke and high blood pressure (44-46). Hypertension
causes >1.5 million strokes each year and the second highest
number of deaths worldwide. Antihypertensive therapy helps
to prevent most ischemic strokes. Enalaprilat belongs to the
angiotensin-converting enzyme inhibitors drug class, which
significantly reduces systolic and diastolic blood pressure. The
drugs normalize central and cerebral hemodynamic parameters
and reduce the degree of strain on the renin-angiotensin-aldo-
sterone regulatory system, thus protecting stroke patients and
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indirectly protecting HT22 cell damage (44-46). Linoleic
acid protects OGD/R damage by inhibiting the increase of
Ca** induced by OGD, causing an increase in reactive oxygen
species levels and reducing apoptosis (47). The aforementioned
metabolites that were altered after G-Rb; intervention are
closely related to apoptosis. Therefore, it was hypothesized
that increases or decreases in the levels of these metabolites
might be related to G-Rb; mediated protection against OGD/R
induced HT22 cell damage through inhibition of apoptosis.
Subsequent KEGG enrichment analysis demonstrated that
G-Rb; might act by regulating metabolic pathways involving
ABC transporters, galactose metabolism and citrate cycle.
This led to the hypothesis that guanosine may have potential
as a biomarker for the diagnosis of CIRI attenuated by G-Rb;.

Based on the metabolomics-based analysis, the expression
of apoptotic genes using PCR array with llog,FCI=1 was veri-
fied as the screening condition. This identified the following
five differential genes, all of which are pro-apoptotic: i) Trp63
and Trp73,the main members of the 7rp53 family, which induce
apoptosis when they are overexpressed (48,49); ii) Dapkl,
the key gene in the process of ischemic neuronal death (50);
iii) Caspl4, a member of the caspase family and a central
player in the execution phase of apoptosis (51); and iv) Cd70,
which belongs to the tumour necrosis factor family and induces
apoptosis by regulating T-cell activity (52-54). The results of
the present study showed that G-Rb; significantly downregu-
lated these five pro-apoptotic genes, with consistent results in
PCR array and WB assays. Combined with the flow cytometry
and trypan blue staining results, the data consistently support
a possible role for G-Rb; in the inhibition apoptosis.

Owing to the relative complexity of the pathogenesis
of stroke, there are certain limitations to the present study,
such as the lack of verification of metabolites and metabolic
pathways and the research angle being relatively simple. In
addition, it was not verified whether other active components
of Panax notoginseng have a protective effect on cerebral
ischemia and reperfusion. The lack of in-depth analysis affects
the comprehensiveness of the research results. Validation
of metabolomics results by animal experiments will be
considered.

In conclusion, it was found in the present study that
G-Rb; protects against OGD/R injury through a mechanism
involving altered guanosine and regulation of the ABC
transporters metabolic pathway to inhibit apoptosis (Fig. 5).
It can be hypothesized that G-Rb; can improve CIRI. While
there remain numerous other complex pathological factors
of stroke to be examined in the future, the present study
provides a reference for the clinical application of G-Rb; in the
treatment of stroke.
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