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ABSTRACT

Background: The roots of Panax vietnamensis Ha et Grushv. (PV) are used
in the preparation of local drugs to treat cardiovascular and cerebrovascular
diseases. However, it is still not clear if the saponins extracted from PV show
a protective effect against myocardial injury, and if so, what are its primary
active ingredients. Materials and Methods: In this study, a rat model of
ischemic myocardial injury induced by isoproterenol was established, and
the effect of PV saponin extract (PVS) on the heart rate and changes in
the S-T segment were studied. The compounds were isolated through
chromatographic techniques. H9c2 damaged cells, after induction by
H,0,, were established and then treated with ocotillol-type ginsenosides
at a concentration of 0.5, 1, 3, 10, and 30 pug/mL. Then, the cell viability,
rate of cellular apoptosis, and apoptosis-related protein expression levels
were detected by MTT assay, flow cytometry, and Western blot analysis.
Results: PVS inhibited the elevation in the S-T segment and heart rate in
rats with myocardial ischemia induced by isoproterenol. Four ocotillol-type
ginsenosides and six dammarane-type ginsenosides were isolated from
the PVS. Ocaotillol-type ginsenosides compounds 1, 2, and 3 showed the
effect of increasing the cell viability of H9c2 cardiomyocytes after induction
with H,0,, and of them, compound 3 showed the strongest activity.
Furthermore, compound 3 significantly inhibited the apoptosis of H9c2
injured cells, decreased the expression level of Bax and caspase 3, and
increased the expression level of Bcl-2. Conclusion: PVS shows positive
effect against myocardial injury. Compound 3 isolated from PVS protected
H9c2 cells from damage caused by H,O, by inhibiting apoptosis. These
results will provide an important reference for the treatment of coronary
heart disease.

Key words: Apoptosis, H9c2 cardiomyocytes, ocotillol-type ginsenosides,
Panax vietnamensis Ha et Grushv

SUMMARY
® Panax vietnamensis Ha et Grushv. saponin has a protective effect on myocardial
injury, and majoroside R1 isolated from it is its main active substance.

INTRODUCTION

Coronary artery disease is a disease characterized by the high rate of
morbidity and mortality.") According to World Health Organization,
in 2016, approximately 17.9 million people have died of cardiovascular
disease globally accounting for approximately 31% of the total global
deaths (reported on May 17, 2017). In 2030, this number will increase to
23.6 million, of which 12 million will be deaths caused by coronary heart
disease.l?! The application of drug thrombolytic therapy, arterial bypass,
percutaneous transluminal coronary angioplasty, cardiopulmonary
bypass surgery, and other methods can make the ischemic heart regain
oxygen-rich blood perfusion in a short time and restore the supply
oxygen. However, the sudden reperfusion of blood flow in the ischemic
area will aggravate myocardial structural damage and functional
damage, which means, it can cause myocardial ischemia/reperfusion
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injury (MI/RI).?* Therefore, how to effectively reduce this damage and
develop low-toxic and high-efficiency anti-MI/RI drugs is an important
research direction.

It is known that MI/RI damage mechanisms mainly include the
production of free radicals of oxygen, calcium ion overload, activation
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of the inflammatory response by endothelial cells and neutrophils, and
cellular apoptosis. At present, globally, the research and development
on MI/RI is being conducted on a large scale. The topics mainly
include antioxidants, enzymatic and non-enzymatic antioxidants,
anti-inflammatory cytokines, and so on.”* At the same time, some
medicinal plants and their products have gradually entered the public
eye due to their remarkable clinical effects.

P. vietnamensis Ha et Grushv.(PV) was discovered in the mountains at
an altitude of 1800 m in Kon Tun Province in central Vietnam in 1973
and was officially named in 1985. It is praised as “divine medicine” by
local people and has been used for a long time as a lifesaving medicine
for curing diseases and strengthening the body. This plant is cultivated
in Jinpin of Yunnan province and is used as a medicinal plant to treat
cardiovascular and cerebrovascular diseases.”!"! Previous studies
have shown that PV increases physical strength; reduces fatigue
and is hypoglycemic, anticancer agent, and hepatoprotective.!'>!*!
A previous studies reported that PV mainly contains ginsenosides
including dammarane-type, oleanane-type, and ocotillol-type
ginsenosides.!"*!¢l However, to the best of our knowledge, so far, there
are no data on cardiovascular and cerebrovascular pharmacological
activities of PV.

Therefore, in this study, we aimed to evaluate the protective effect of PV
saponins against myocardial injury and isolate, purify, and identify the
active substances in it.

MATERIALS AND METHODS

Chemical and reagents

Dimethyl sulfoxide (DMSO) was purchased from Shanghai Acmec
Biochemical Co., Ltd (Shanghai, China). Sulfuric acid ethanol was
purchased from ANPEL Laboratory Technologies (Shanghai, China).
Analytical-grade EtOH, MeOH, CHCIS, and EtOAc were purchased from
Aladdin (Shanghai, China). MTT was obtained from Sigma-Aldrich
Co (St. Louis, MO, USA). Trapidil and isoproterenol were purchased
from Zrbiorise (Shanghai, China). Hydrogen peroxide (1000 umol/L)
was purchased from PythonBio Technologies Inc.(Guangzhou, China).
Nifedipine was obtained from Solarbio (Beijing, China). RIPA lysate
solution was purchased from Beyotime Biotechnology (Shanghai,
China).

General experimental procedure

The column chromatography (CC) was performed using silica gel (100-
200 or 200-300 mesh, Qingdao Marine Chemical, Inc., Shandong,
China), AB-8 macroporous resin (Tianjing Hongbo resin Inc., Tianjing,
China), and Sephadex LH-20 (Amersham Pharmacia Biotech, Uppsaia,
Sweden). Thin-layer chromatography (TLC) was performed using
GF254 silica gel on glass plates (Qingdao Marine Chemical, Inc.,
Shandong, China) with different proportion of solvents. The spots
were revealed by spraying 5% sulfuric acid in ethanol. '"H-NMR and
BC-NMR were conducted using AVANCE III-600 spectrometers with
TMS which was used as an internal standard (Bruker Optics, Ettlingen,
Germany).

Plant material

The plants of PV were collected in Jingpin, Yunnan province, which is in
the southwest of China, in June 2018. The plants were identified by Prof.
Shenchao Yang, and a voucher specimen (Accession no: PV20180601)
was deposited in the Key Laboratory of Medicinal Plant Biology, Yunnan
Agricultural University. The plant collection and experiments were
reviewed and approved by the National and Local Joint Engineering
Research Center on Germplasm Innovation and Utilization of Chinese
Medicinal Materials in southwestern China.
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Extraction and isolation of Panax vietnamensis
saponins

PV powder (10 kg) was extracted thrice with 70% ethanol. The extracts were
combined, and the concentrated extract was dried using a rotary evaporator.
The concentrate (2 kg) was chromatographed on an AB-8 macroporous
resin column with elution with distilled water until the Molisch reaction
was negative, and then with elution with 80% ethanol (10 L). The eluent was
concentrated to obtain the total saponin extract (2.8 kg).

The total saponin extract was passed through a CC on silica gel (with
solvent systems CHCls:CHSOH: H,0, 10:1:0-5:5:1), and the eluting
fractions were identified using TLC to yield five fractions (Fr. A-Fr. E).
Fr. C (300 g) was passed through a silica-gel column (CHCL,: CH,OH:
H,0, 8:2:0.2-7.5:2.5:0.25) to yield four sections: Fr. C-1 to Fr. C-4. Fr.
C-1 was passed through a Rp-18 column (H,0: CH,OH, 90:10) and a
Sephadex LH-20 column (CH,OH) to yield compounds 2 (10 g), 3 (2.5 g),
and 4 (246 mg), respectively. Fr. C-2 was passed through a silica gel
column (CHCI,: EtOAc: MeOH: H, 0, 8:3:2:0.2) and then purified with an
Rp-18 column (H,0: CH,OH, 60:40) to obtain compound 5 (10 mg). Fr.
C-3 was separated using silica gel column (CHCIS:CH3OH: H,0, 8:2:0.2;
CHCIL,: EtOAc: CH,OH: H,0, 8:3:2:0.2) to yield compounds 1 (10 mg),
7 (9 mg), 8 (10 mg), and 9 (10 mg). Fr. C-4 was passed through a silica
gel column (CHCIL,;: CH,OH: H,0, 8:1:0.1) and Rp-18 column (CH,OH:
H,0, 50:50-80:20) to yield compounds 6 (11 mg) and 10 (18 mg).

Cell culture

H9¢2 cardiomyocytes were purchased from the National Cell Bank of
Shanghai Institute of Cell Research. The cells are cultured in Dulbecco’s
modified Eagles medium (HyClone, CA, USA), which contained
10% fetal bovine serum (Gibco BRL, Grand Island, NY, USA) and
1% streptomycin/penicillin (Solarbio, Beijing, China). The culture
conditions are 37°C under 5% CO,.

MTT assay

MTT assay was performed as previously described.'”” H9c2
cardiomyocytes were seeded into 96-well plates (5 x 10° cells/well). After
24 h, the cell culture medium was replaced with serum-free medium.
After 4 h, the cells were either treated with vehicle (0 ug/mL), saponin
extract (5, 10, 30, 100, 300 pg/mL), four ocotillol-type ginsenosides (0.5,
1, 3, 10, and 30 pg/mL), or trapidil (30 ug/mL) for 4 h. Then, 20 uL
of 5 mg/mL MTT solution was added and incubated for 4 h. Then,
the supernatant was discarded, and 200 uL of DMSO was added to
dissolve the formazan crystals formed. Next, the absorbance of the
color developed was read at 568 nm on a microplate reader (Thermo
Scientific™ Multiskan™ FC, Waltham, MA, USA).

Assays were also conducted in the presence of H,O, using a method
similar to that described above. Briefly, H9¢2 cardiomyocytes were seeded
into 96-well plates (5 x 10° cells/well). After 24 h, the cells were cultured
in a serum-free medium. After 4 h, the cells were treated with vehicle,
ocotillol-type ginsenosides, or trapidil for 4 h. Then, the supernatant
was discarded, and 100 uL of the normal medium containing 125 pM
H,0, was added. After 6 h, 20 uL of 5 mg/mL MTT solution was added
and incubated for 4 h. Then, the supernatant was removed, and 200 uL
of DMSO was added. Absorbance was read at 568 nm on a microplate
reader (Thermo Scientific™ Multiskan™ FC, Waltham, MA, USA).

In vivo experiment

Acute MI rat model was induced in accordance with the method as
described previously."¥ A total of 50 male 8-week-old Sprague-Dawley
rats (Changzhou Cavans Laboratory Animal Co., Ltd) were adaptively fed
for 1 week. Then, the mice were randomly divided into five groups: control
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group (distilledwater); positivecontrolgroupwith-nifedipine(12.5mg/kg);
and saponin extract low-dose (50 mg/kg), medium-dose (100 mg/kg),
and high-dose (200 mg/kg) groups. Each group of rats was fed via
intragastric gavage, and 5 min later, isoproterenol (20 mg/kg) was injected
subcutaneously. After gavage on the third day, 40 mg/kg 1% sodium
pentobarbital was injected intraperitoneally for anesthesia. Then, the
anesthetized rats were fixed and connected the BL-420E + biological
function experiment system, and the changes electrocardiogram (ECG)
were observed. After subcutaneous injection of isoproterenol, the changes
of S-T segment and heart rate were recorded at the following time points:
1 min, 2 min, 3 min, 4 min, 5 min, 10 min, and 15 min. The standard
voltage and paper speed were 10 mm-mV " and 25 mm-s™', respectively.

Observation of cell morphology

H9c2 cardiomyocytes were seeded in 60 mm culture plates (1 x 10° cells/
plate). After 24 h of incubation, the medium was replaced with
serum-free medium and incubated for 4 h. Then, the cells were
treated with either vehicle (0 pg/mL), compound 3 (0.5, 1, 3, 10, and
30 ug/mL), or trapidil (30 ug/mL) for 4 h. Then, the supernatant was
discarded, and 100 uL of the normal medium containing 125 uM H,O,
was added. After 6 h, fresh culture medium was subsequently added,
and the cells were observed under an inverted microscope with x 100
magnification (Olympus, Tokyo, Japan) and photographed.

Cell apoptosis assay

Flow cytometry was performed as previously described.!"” Briefly, H9c2
cardiomyocytes were seeded into 6-well plates (1 x 10° cells/well) and
incubated for 24 h. Then, the cell culture medium was replaced with
serum-free medium. After 4 h, the cells were incubated with vehicle
(0 pg/mL), compound 3 (10 and 30 ug/mL), or trapidil (30 ug/mL) for
4 h. Then, the supernatant was discarded, and 100 puL of the normal
medium containing 125 uM H,0, was added. After 6 h, the rate of cell
apoptosis was detected according to the manufacturer’s protocol (Sigma-
Aldrich, Germany) and analyzed within 1 h on a flow cytometry (BD,
FACSCalibur, CA, USA).

Western blot analysis

Western blot analysis was performed as previously described.” Briefly,
H9c2 cardiomyocytes were seeded into 6-well plates (1 x 10° cells/well)
and incubated for 24 h. Then, the cell culture medium was replaced with
serum-free medium. After 4 h, different samples of the cells were treated
with vehicle (0 pg/mL), compound 3 (10 and 30 pg/mL), or trapidil (30
ug/mL) for 4 h, and then the supernatant was discarded, and 100 uL of the
normal medium containing 125 uM H,O, was added to each plate. After
6 h, the total protein of H9c2 cardiomyocytes was extracted using RIPA
lysate buffer containing phenylmethylsulfonyl fluoride (PMSF) (RIPA:
PMSF = 100: 1). The concentration of protein was measured, and the
samples were prepared for Western blot analysis. The protein sample was
loaded onto the electrophoresis device through a micropipette, and then
the protein was transferred onto PVDF membrane (Merck Millipore,
Billerica, MA, USA). The membrane was blocked with 5% bovine serum
albumin at room temperature for 1 h to prevent nonspecific binding.
After 1 h, the primary antibodies (caspase-3 (1:1000, Santa Cruz, CA,
USA), Bax, Bcl-2 (1:1000, Abcam, CA, USA), and f-actin (1:2000,
Cell Signaling Technology, MA, USA)] were added and incubated at
4°C overnight. Then, an appropriate peroxidase-labeled secondary
antibody (IgG; 1:5000, R and D Systems, USA) was added and incubated
at room temperature for 1 h, the membranes were visualized using a
chemiluminescence system and analyzed using Image-J software (Media
Cybernetics, Silver Springs, MD, USA) and GraphPad Prism 5 (La Jolla,
CA, USA).
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Statistical analysis

All data are represented as mean + standard error of mean. Unpaired
Student’s t-test and one-way analysis of variance were performed
using GraphPad Prism 5 software. The acceptable level for statistical
significance was P < 0.05.

RESULTS

The protective effect of Panax vietnamensis saponin
extract on myocardial injury

To investigate whether PV saponin extract (PVS) shows protective effect
against myocardial injury, a rat model of ischemic myocardial injury was
established. We found that isoproterenol significantly caused changes in
the ECG-ST in rats. However, the extract group and the positive drug
group significantly improved the ST changes induced by isoproterenol
when compared with the control group [Table 1]. In addition,
isoproterenol significantly increased the heart rate of rats; however,
the 100 mg/kg extract and the positive drug significantly decreased the
heart rate of the rats when compared with the control group [Table 2].
These results indicated that the PVS has the effect of protecting rats from
ischemic myocardial injury.

Separation, purification, and identification of Panax
vietnamensis saponin extract

To determine the active substances in the saponin extract, we isolated,
purified, and identified the active components of the extract. The
compounds were separated and purified by repeated CC on silica gel,
Sephadex LH-20, and high-performance liquid chromatography. Their
structures were determined by spectroscopic analyses of 'H-NMR
and BC-NMR data. Four of the isolated compounds were identified
as ocotillol-type ginsenosides: 20(S), 24(S)-epoxydammarane-3 f, 6a,
12 B, 25-tetrol (1);"° majonoside R, (2);*' majonoside R (3);*" and
vina-ginsenoside R, (4).! The other six compounds were identified as
dammarane-type ginsenoside: ginsenoside Rg, (5),* 20 (R)-ginsenoside
Rh (6),” notoginsenoside R, (7),* ginsenoside R, (8),
floralginsenoside A (9),"*” and ginsenoside Rs, (10)"*”! [Figure 1].

Compound 3 protects H2c9 cardiomyocytes from
H,O_-induced injury

To determine whether the four compounds identified in this study, which
are ocotillol-type ginsenosides, are cytotoxic to H2c9 cardiomyocytes,
we evaluated their effects on the survival rate of H2c9 cardiomyocytes
through MTT assay. We found that any of the four compounds had no
effect on cell viability [Figure 2a] indicating that they are nontoxic to
H2c9 cardiomyocytes.

Then, we used the H,0,-induced H2c9 cardiomyocyte injury model
to study the inhibitory effects of ocotillol-type ginsenosides on
cardiomyocyte injury. The results showed that compared with the
cell viability in the control group (i.e., the group including neither
H,O, nor any ginsenoside), the cell viability in the H,0, group (i.e.,
the group including H,O, but no ginsenoside) was significantly
decreased. In addition, compared with the H,O, group, inclusion of
any of the compounds (1-4) (each at 0.5, 1, 3, 10, and 30 ug/mL)
showed significant increase in the growth of H9¢2 cardiomyocytes in
a dose-dependent manner. Quantitatively, the cell viability increased
from 57.59% + 2.37% for the H,0, group to higher levels (significantly
so in most cases) for the groups containing the compounds together
with H,0,: specifically to 61.91% # 3.16%, 72.65% + 2.31%, 64.02%
+2.78%, 66.88% + 3.20% (P < 0.05), and 75.42% * 3.24% (P < 0.01),
respectively, for the compound (1) group to 59.81% =+ 3.98%, 68.29%
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Table 1: Effect of Panax vietnamensis Ha et Grushv. saponin extract on S-T segment changes in myocardial ischemia rats

Groups Dosage (mg/kg) Changes of S-T segment after intravenous administration of isoproterenol (mV)
1 2 3 4 5 10 15 (min)
Control 0.11+0.06 0.12+0.05 0.14+0.05 0.14+0.05 0.13£0.07 0.11+0.04 0.13+0.05
Extract 50 0.07£0.05 0.09£0.05 0.06+0.03** 0.09+0.04 0.12+0.07 0.08+0.05 0.08+0.07
100 0.09+0.07 0.09+0.05 0.08+0.06 0.07+0.05 0.09+0.04 0.09£0.05 0.07+0.05*
200 0.10+0.04 0.07+0.03 0.07+0.05* 0.08+0.06 0.10£0.04 0.10+0.09 0.10+0.06
Nifedipine 12.5 0.08+0.04 0.11+0.04 0.08+0.03* 0.08+0.03 0.06+0.04* 0.07+0.04* 0.09+0.05
Compared with the control group, *P<0.05, **P<0.01
Table 2: Effect of Panax vietnamensis Ha et Grushv. saponin extract on the heart rate in myocardial ischemia rats
Groups Dosage Heart rate (times/min)
(mg/kg) 0 1 2 3 4 5 10 15 (min)
Control - 440.6£52.4 408.4£56.0 414.9+48.4 405.3+45.7 400.8+49.7 403.0£46.0 399.6+132.6 438.6+22.8
Extract 50 388.3+29.9 397.7+114.8 348.7+80.0 368.1+64.0 376.3x111.6 349.4+98.3 343.7+75.9 346.9+91.8
100 426.6+45.8 358.4+45.04 363.1+45.04 363.1+37.64 354.7+30.704 357.7+30.74 357.7+35.6%4 354.0+70.94
200 408.5+55.6 380.0£55.6 380.0£55.6 380.0£55.6 380.0£52.2 377.3£52.2 377.3£52.2 377.3£103.5
Nifedipine 12.5 399.4444.5  323.1+£39.3*%A  328.7+43.1*%4 326.2+37.9** 332.6+40.1** 331.4+43.8** 324.7443.8°%4  322.9+99.1%4
Compared with the control group, *P<0.05, **P<0.01; compared with 0 min, 4 P<0.05
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Figure 1: The structure of Compound 1-10. Glc, 8-D-glucopyranosyl; Xyl, 3-D-xylopyranosyl

+ 3.29%, 72.07% + 2.56%, 81.25% + 6.15% (P < 0.01), and 85.90%
+ 2.32% (P < 0.01), respectively, for the compound (2) group; to
59.78% + 2.98%, 70.09% + 2.73%, 79.86% + 5.14% (P < 0.01), 82.69%
+2.92% (P < 0.01), and 85.52% + 3.72% (P < 0.001), respectively, for
the compound (3) group; and to 58.76% * 4.28%, 65.38% + 3.01%,
66.45% + 6.16% (P < 0.01), 66.67% + 3.66%, and 69.82% + 2.28%,
respectively, for the compound (4) group; as well as to 75.05% =+
4.16% (P < 0.05) for the trapidil group [Figure 2b]. These results
indicated that compounds 1, 2, and 3 each have a protective effect
against H,0,-induced H9c2 cardiomyocyte injury; compound 3

Pharmacognosy Magazine, Volume 18, Issue 77, January-March 2022

showed the strongest activity. Therefore, we conducted further
experiments using compound 3.

Compared with the control cells, which displayed polygonal shapes
and were tightly arranged, the H2c9 cells treated with H,O, were small
in size, round in shape, and less in number. However, compound 3
effectively reversed these signs of damage of H,O, on the cells [Figure 2c].
These results showed the compound 3 is effective in protecting H2c9

cardiomyocytes from H,0O,-induced injury.
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Compound 3 inhibits the apoptosis of
H,O,-induced H2c9 cardiomyocytes

We performed flow cytometry to investigate the regulatory effect of
compound 3 on H,0,-induced apoptosis in H2c9 cardiomyocytes.
According to the results, compared with the control cells (0%
H,0,), the rate of apoptosis of H,0,-induced H2c9 cardiomyocytes
significantly increased to 40.97% =+ 3.24% (P < 0.001).
However, compared with the H,O, group, compound 3 (10
and 30 pg/mL) significantly decreased the rate of apoptosis
of H,0,-induced H9c2 cardiomyocytes in a dose-dependent
manner (28.70 + 2.40% [P < 0.05] and 22.40% + 1.47% [P < 0.001],
respectively). In addition, the inhibitory effect of compound 3 was
found to be equivalent to that of the same dose of the positive-control
drug trapidil (26.13% + 0.98%) [Figure 3a and b].

To further determine the regulatory effect of compound 3 on
cellular apoptosis, the expression levels of apoptosis-related
proteins were detected through Western blot analysis. According
to our results, compared with the control group, H,O,
significantly increased the expression levels of Bax (P < 0.05) and
caspase-3 (P < 0.01) and increased the expression levels of Bax/Bcl-2
ratio (P = 0.07) [Figure 4a, b, d, and e]. However, compared with
the H,O, group, compound 3 (30 ug/mL) significantly decreased the
expression levels of Bax (P < 0.05) and caspase-3 (P < 0.01), increased
the expression of the Bcl-2 (P < 0.05), and decreased the Bax/Bcl-2

ratio [Figure 4]. In addition, the rate of inhibition of apoptosis was
similar for both compound 3 and trapidil. These results indicated
that compound 3 protects H9c2 cardiomyocytes from H,O,-induced
injury by inhibiting cell apoptosis.

DISCUSSION

PV is an important biological resource, which contains both the chemical
components of Panax ginseng and Panax notoginseng, and more
abundant ocotillol-type saponins, which has a wide range of research and
utilization value. These herbs have been well researched in the aspects of
pharmacology, phytochemical components, ginsenoside biosynthesis,
and so on. However, although it has a powerful pharmacological effect,
the mechanism of action at the molecular level is still unclear. Therefore,
it is necessary to conduct a comprehensive scientific study in future.

At present, the incidence and mortality of coronary heart diseases are
increasing year by year, and the age of onset is getting younger and
younger. Coronary artery recanalization is the main method for the
treatment of coronary heart disease, but it is easy to cause MI/RI after
coronary artery recanalization. Therefore, it is of great significance to
develop drugs that can combat MI/RI. Our research shows that PVS can
significantly inhibit myocardial injury in rats with myocardial ischemic
injury. In addition, ten ginsenosides were isolated from the extract of
PV, with four of them being ocotillol type ginsenosides and the other six
being of the dammarane type ginsenosides. Among them, ocotillol type
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Figure 4: The effect of compound 3 on the expression levels of apoptosis proteins in H9c2 cardiomyocytes. One set of H9c2 cardiomyocytes was treated with
compound (3) (0, 10 and 30 ug/mL) and another with trapidil (30 pug/mL), each for 4 h, and then treated with 125 uM H,O, for 6 h. (a) Western blot results
showing the levels of caspase-3, Bax, and Bcl-2 of H9c2 cardiomyocytes. (b, ¢, €) Quantifications of the relative protein levels of (b) Bax, (c) Bcl-2, and (e)
caspase-3, and (d) the ratio of Bax to Bcl-2. Mean + standard error of mean (n = 3). *P < 0.05 and **P < 0.01 compared with control; P < 0.05 and #P < 0.01

compared with H,0, group
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ginsenoside, compound 3, showed the strongest protective effect against
myocardial injury by inhibiting cellular apoptosis, which will provide an
important reference for the treatment of coronary heart disease.
Ocotillol type saponins are tetracyclic triterpenoids with furan rings in
their side chains. Ocotillol type saponins are found in less quantity in
plants, yet they show strong biological activities including protection
against myocardial injury, enhancement of neuronal activity, and
antitumor activity.?**! At the same time, studies on the in vitro
metabolism of some C-20 ginsenosides without carbonyl group suggest
that their effect on microsomal enzymes in animal liver predisposes to
the generation of ocotillol type metabolites.?**!] Some scholars speculate
that the trace quantity of ocotillol ginsenosides is responsible for the
actual activity in the body."? At present, studies have confirmed that
ginsenosides have cardiocerebral vascular protection. However, these
results have not been reported for PV saponins. Therefore, we studied the
protective effect of PVS against myocardial injury, as well as separated,
purified, and identified the main active components in PVS.

Apoptosis is the typical manifestation and main pathological mechanism
of MI/RLP*! Previous studies have shown that injury to cardiomyocytes
caused by apoptosis is an important cause of various heart diseases.”*!
Therefore, preventing the process of cellular apoptosis is important in
preventing MI/RI-induced myocardial damage, thereby slowing down
or even preventing the occurrence of heart failure.” In this study,
we evaluated the regulatory effect of compound 3 on the apoptosis
of H,0,-induced H2c9 cardiomyocytes. We found that compound 3
significantly decreased the apoptosis induced by H,0,, and its inhibitory
effect was comparable to that of positive drugs.

Caspase-3 is an enzyme that plays an important role in the process of
cellular apoptosis.*® Bcl-2 and Bax are two important members of the
Bcl-2 family of apoptosis-regulating genes. Both can regulate cellular
apoptosis by forming homodimers or heterodimers.®” In this study,
we determined the regulatory effect of compound 3 on the expression
level of apoptotic protein in H,O,-induced H9c2 cardiomyocytes. Our
results showed that compound 3 significantly inhibited the increase
in the ratio of Bax/Bcl-2 and the increase in the expression level of
caspase3 in cells induced by H,O,. These results were consistent with the
effects of P. notoginseng saponins, i.e., antagonizing free radical damage,
decreasing the expression levels of caspase-3 and Bax, and increasing the
expression levels of Bcl-2 to inhibit neuronal apoptosis.**!

CONCLUSION

PVS exhibits a positive effect against myocardial injury. In this study,
a total of ten ginsenosides were isolated from the PVS; of them, four
were ocotillol-type ginsenosides and the other six were dammarane-type
ginsenosides. Ocotillol-type ginsenosides, that is., compounds 1, 2,
and 3, protected H9c2 cardiomyocytes against H,O,-induced injury.
Compound 3 showed the strongest effect through inhibition of cellular
apoptosis.

Acknowledgements

This work was financially supported by the Yunnan Province agricultural
basic research joint project (2018FG001-037) and the National Natural
Science Foundation of China under Grant (81860680).

Statement of ethics

The present investigation conforms to the standard ethical procedures
approved by Institutional Animal Care and Use Committee (IACUC),
Yunnan Agricultural University (IACUC-20200514-23), in compliance
with the ARRIVE guidelines.!!

42

Financial support and sponsorship

This work was financially supported by the Yunnan Province agricultural
basic research joint project and the National Natural Science Foundation
of China.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AR et al. Heart
disease and stroke statistics-2020 update: A report from the American Heart Association.
Circulation 2020;141:e139-596.

2. Yang Y, Duan W, Li Y, Jin Z, Yan J, Yu S, et al. Novel role of silent information regulator 1 in
myocardial ischemia. Circulation 2013;128:2232-40.

w

. Floyd CN. Dual antiplatelet therapy in coronary artery disease: Comparison between ACC/
AHA 2016 and ESC 2017 guidelines. Eur Cardiol 2020;15:1-3.

4. Spadaccio C, Antoniades C, Nenna A, Chung C, Will R, Chello M, et al. Preventing treatment

failures in coronary artery disease: What can we learn from the biology of in-stent restenosis,

vein graft failure, and internal thoracic arteries? Cardiovasc Res 2020;116:505-19.

5. Bugger H, Pfeil K. Mitochondrial ROS in myocardial ischemia reperfusion and remodeling.
Biochim Biophys Acta Mol Basis Dis 2020;1866:165768.

6. Carbone F, Bonaventura A, Montecucco F. Neutrophil-related oxidants drive heart and brain
remodeling after ischemia/reperfusion injury. Front Physiol 2019;10:1587.

7 He S, Wang X, Chen A. Myocardial ischemia/reperfusion injury: The role of adaptor proteins
Crk. Perfusion 2017,32:345-9.

8. Binder A, Ali A, Chawla R, Aziz HA, Abbate A, Jovin IS. Myocardial protection from

ischemia-reperfusion injury post coronary revascularization. Expert Rev Cardiovasc Ther
2015;13:1045-57.

9. Zhu S, Fushimi H, Cai S, Chen H, Komatsu K. A new variety of the genus panax from
Southern Yunnan, China and its nucleotide sequences of 18S ribosomal RNA gene and matK

gene. J Jpn Bot 2003;78:86-94.

10. Dung HT, Grushvitsky IV. Panax vietnamensis, a new panax species. J Jpn Bot 1985;4:518.

. Danny L. Vietnamese ginseng: A rare species of panax. Herbal Gram 2001;52:50.

12. Tran QL, Adnyana IK, Tezuka Y, Nagaoka T, Tran QK, Kadota S. Triterpene saponins from
Vietnamese ginseng (Panax vietnamensis) and their hepatocytoprotective activity. J Nat
Prod 2001;64:456-61.

13. Konoshima T, Takasaki M, Tokuda H, Nishino H, Duc NM, Kasai R, et al. Anti-tumorpromoting
activity of majonoside-R2 from Vietnamese ginseng, Panax vietnamensis Ha et Grushv. (I).
Biol Pharm Bull 1998;21:834-8.

14. Nguyen MD, Nguyen TN, Kasai R, Ito A, Yamasaki K, Tanaka O. Saponins from Vietnamese
ginseng, Panax viethamensis Ha et Grushv. collected in central Vietnam. I. Chem Pharm
Bull (Tokyo) 1993;41:2010-4.

15. Nguyen MD, Kasai R, Ohtani K, Ito A, Nguyen TN, Yamasaki K, et al. Saponins from
Vietnamese ginseng, Panax vietnamensis HA et Grushv. collected in central Vietnam. II.
Chem Pharm Bull (Tokyo) 1994;42:115-22.

16. Duc NM, Kasai R, Ohtani K, Ito A, Nham NT, Yamasaki K, et al. Saponins from Viethamese
ginseng, Panax viethamensis Ha et Grushv. collected in central Vietnam. Ill. Chem Pharm
Bull (Tokyo) 1994;42:634-40.

17 Fu W, Sui D, Yu X, Gou D, Zhou Y, Xu H. Protective effects of ginsenoside Rg2 against
H,0,-induced injury and apoptosis in H9c2 cells. Int J Clin Exp Med 2015;8:19938-47.

18. Wang XR Wang PF, Bai JQ, Gao S, Wang YH, Quan LN, et al. Investigating the effects and
possible mechanisms of danshen- honghua herb pair on acute myocardial ischemia induced
by isoproterenol in rats. Biomed Pharmacother 2019;118:109268.

19. Tong JS, Zhang QH, Huang X, Fu XQ, Qi ST, Wang YP et al. Icaritin causes sustained
ERK1/2 activation and induces apoptosis in human endometrial cancer cells. PLoS One
2011;6:16781.

20. Zang M, Zhang Y, Zhang B, Hu L, Li J, Fan Z, et al. CEACAMB®6 promotes tumor angiogenesis
and vasculogenic mimicry in gastric cancer via FAK signaling. Biochim Biophys Acta
2015;1852:1020-8.

21.

Morita T, Kasai R, Tanaka O, Zhou J, Yang T, Shoji J. Saponins of Zu-Tziseng, Rhizomes of
Panax japonicus CA MEYER var. major (BURK.) CY Wu et KM FENG, collected in Yunnan,
China. Chem Pharm Bull 1982;30:4341-5.

Pharmacognosy Magazine, Volume 18, Issue 77, January-March 2022



JING XIE, et al.: Ocotillo-type Ginsenosides Protect H9c2 Cardiomyocytes against H,O,-Induced Apoptosis

22.

23.

24.

25.

26.

27,

28.

29.

30.

31

Matsuura H, Kasai R, Tanaka O, Saruwatari Y, Fuwa T, Zhou J. Further studies on
dammarane-saponins of Sanchi-ginseng. Chem Pharm Bull 1983;31:2281-7.

Yahara S, Kaji K, Tanaka O. Further study on dammarane-type saponins of roots, leaves,
flowerbuds, and fruits of Panax giinseng CA Meyer. Chem Pharm Bull 1979;27:88-92.

Zhou J, Wu M, Taniyasu S, Besso H, Tanaka O, Saruwatari Y, et al. Dammarane-saponins
of sanchi-ginseng, roots of Panax notoginseng (Burk.) FH Chen (araliaceae): Structures of
new saponins, notoginsenosides-R1 and -R2, and identification of ginsenosides-Rg2 and -R.
Chem Pharm Bull 1981;29:2844-50.

Sanada S, Kondo N, Shoji J, Tanaka O, Shibata S. Studies on the saponins of ginseng. II.
Structures of ginsenoside Re, -Rf and -Rg2. Chem Pharm Bull 1974,22:2407-12.

Yoshikawa M, Sugimoto S, Nakamura S, Matsuda H. Medicinal flowers. XI. Structures of
new dammarane-type triterpene diglycosides with hydroperoxide group from flower buds of
Panax ginseng. Chem Pharm Bull (Tokyo) 2007;55:571-6.

Baek NI, Kim JM, Park JH, Ryu JH, Kim DS, Lee YH, et al. Ginsenoside Rs (3), a genuine
dammarane-glycoside from Korean red ginseng. Arch Pharm Res 1997;20:280-2.

ChenY, Fu F, XinY, Mei Z. Protective effect of ocotillol on acute myocardial injury induced by
LAD in rat. J Mol Cell Cardiol 2007;42:5215.

Nakata H, Kikuchi Y, Tode T, Hirata J, Kita T, Ishii K, et al. Inhibitory effects of ginsenoside
Rh2 on tumor growth in nude mice bearing human ovarian cancer cells. Jpn J Cancer Res
1998;89:733-40.

Gu Y, Wang GJ, Sun JG, Jia YW, Wang W, Xu MJ, et al. Pharmacokinetic characterization of
ginsenoside Rh2, an anticancer nutrient from ginseng, in rats and dogs. Food Chem Toxicol
2009;47:2257-68.

LiL, Chen X, Zhou J, Zhong D. In vitro studies on the oxidative metabolism of 20(s)-ginsenoside
Rh2 in human, monkey, dog, rat, and mouse liver microsomes, and human liver s9. Drug
Metab Dispos 2012;40:2041-53.

Pharmacognosy Magazine, Volume 18, Issue 77, January-March 2022

32.

33.

34.

35.

36.

37

38.

39.

40.

a1,

Wang W, Wang L, Wu X, Xu L, Meng Q, Liu W. Stereoselective formation and metabolism
of 20(S)-protopanaxadiol ocotillol type epimers in vivo and in vitro. Chirality 2015;27:170-6.
Fliss H, Gattinger D. Apoptosis in ischemic and reperfused rat myocardium. Circ Res
1996;79:949-56.

Kumar D, Kirshenbaum LA, Li T, Danelisen |, Singal PK. Apoptosis in adriamycin

cardiomyopathy and its modulation by probucol. Antioxid Redox Signal 2001;3:135-45.

Song JQ, Teng X, Cai Y, Tang CS, Qi YF. Activation of Akt/GSK-3beta signaling pathway is
involved in intermedin (1-63) protection against myocardial apoptosis induced by ischemia/
reperfusion. Apoptosis 2009;14:1061-9.

Choudhary GS, Al-Harbi S, Almasan A. Caspase-3 activation is a critical determinant of
genotoxic stress-induced apoptosis. Methods Mol Biol 2015;1219:1-9.

Ashkenazi A, Fairbrother WJ, Leverson JD, Souers AJ. From basic apoptosis discoveries to
advanced selective BCL-2 family inhibitors. Nat Rev Drug Discov 2017;16:273-84.

Hu S, Wu Y, Zhao B, Hu H, Zhu B, Sun Z, et al. Panax notoginseng saponins protect cerebral
microvascular endothelial cells against oxygen-glucose deprivation/reperfusion-induced
barrier dysfunction via activation of PI3K/Akt/Nrf2 antioxidant signaling pathway. Molecules
2018;23:2781.

Wu T, Jia Z, Dong S, Han B, Zhang R, Liang Y, et al. Panax notoginseng saponins
ameliorate leukocyte adherence and cerebrovascular endothelial barrier breakdown upon
ischemia-reperfusion in mice. J Vasc Res 2019;56:1-10.

Wang X, Wang S, Wang J, Guo H, Dong Z, Chai L, et al. Neuroprotective effect of
xueshuantong for injection (Lyophilized) in transient and permanent rat cerebral ischemia
model. Evid Based Complement Alternat Med 2015;2015:134685.

Percie du Sert N, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, et al. Reporting
animal research: Explanation and elaboration for the ARRIVE guidelines 2.0. PLoS Biol
2020;18:e3000411.

43



