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a b s t r a c t

Background: QiShen YiQi pills (QSYQ) is a Traditional Chinese Medicine (TCM) formula, which has a
significant effect on the treatment of patients with myocardial infarction (MI) in clinical practice.
However, the molecular mechanism of QSYQ regulation pyroptosis after MI is still not fully known.
Hence, this study was designed to reveal the mechanism of the active ingredient in QSYQ.
Methods: Integrated approach of network pharmacology and molecular docking, were conducted to
screen active components and corresponding common target genes of QSYQ in intervening pyroptosis
after MI. Subsequently, STRING and Cytoscape were applied to construct a PPI network, and obtain
candidate active compounds. Molecular docking was performed to verify the binding ability of candidate
components to pyroptosis proteins and oxygen-glucose deprivation (OGD) induced cardiomyocytes in-
juries were applied to explore the protective effect and mechanism of the candidate drug.
Results: Two drug-likeness compounds were preliminarily selected, and the binding capacity between
Ginsenoside Rh2 (Rh2) and key target High Mobility Group Box 1 (HMGB1)was validated in the form of
hydrogen bonding. 2 mM Rh2 prevented OGD-induced H9c2 death and reduced IL-18 and IL-1b levels,
possibly by decreasing the activation of the NLRP3 inflammasome, inhibiting the expression of p12-
caspase1, and attenuating the level of pyroptosis executive protein GSDMD-N.
Conclusions: We propose that Rh2 of QSYQ can protect myocardial cells partially by ameliorating
pyroptosis, which seems to have a new insight regarding the therapeutic potential for MI.
© 2022 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article
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1. Introduction

TCM has received wide attention recently in clinical major dis-
eases. At the same time, its clinical promotion is limited, including
the ambiguity of drug composition and treatment mechanism [1].
In recent years, the development of virtual screening network
technology [2,3], which has brought opportunities for the study of
active ingredients and specific mechanisms of TCM formula. The
use of this biological information and virtual computing tools can
more efficiently and accurately predict active ingredients and tar-
gets from TCM [4].
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Molecular docking is a computational program that is used to
identify the binding sites between drug proteins and macromo-
lecular targets [5,6], initially to identify macromolecules and small
molecules [7], and now is developed to assist drug discovery pro-
grams, such as drug repositioning, drug reverse screening, molec-
ular repositioning, and other processes [8]. TCM formulas are
difficult to identify due to the complexity of their active ingredients,
and with the continuous improvement of molecular docking
technology, the active ingredients in TCM formulas can be well
predicted. Some researchers have selected efficient drug candidates
of Chinese herbal compounds involved in tumor immune regula-
tion and elucidated the potential basis in vivo and in vitro experi-
ments [9]. Network pharmacology was first proposed in 2007 [10],
which covers many links such as systems biology, network analysis,
and biological information, and is an integration platform based on
a comprehensive database to explain the relationship betweenTCM
and diseases [11]. Collecting the active compounds of TCM formulas
predicts of compounds-related targets by different databases,
constructs a network diagram between herb-disease targets, maps
the common target proteins between herb and diseases, then,
performs network topology analysis of biological processes and
signaling pathways for these targets, and finally validates the
analysis results through different experiments. In conclusion, the
intervention of network pharmacology can further predict the
possible signaling pathways and biological processes. We previ-
ously clarified the possible links of Si-Miao-Yong-An Decoction
(SMYAD), classic TCM formulas, treating cardiovascular disease by
network pharmacology, and experimentally verified the possible
mechanism by which SMYAD promotes the maturation of Vasa
Vasorum to stabilize vulnerable plaques [12,13]. Therefore, the in-
tegrated application of network pharmacology and molecular
docking can clarify the pharmacodynamic basis of TCM formulas,
explain the compatibility of components and potential mechanism
research, and more deeply understand the scientific connotation of
multiple components and multiple targets of TCM.

QSYQ is a standardized Chinese herbal preparation (Approval
number of CFDA: Z20030139) approved by the China Food and
Drug Administration (CFDA) in 2003 [14], which consists of Hedy-
sarum Multijugum Maxim (HM), Radix Salviae (SM), Panax Noto-
ginseng (PN), and Dalbergia Odorifera (DO) at a proportion of 10:5:
1:0.067 [15]. QSYQ is widely used in clinical practice for patients
with cardiovascular disease of Qi deficiency and blood stasis syn-
drome, with significant clinical efficacy and safety [16]. Further-
more, we have previously shown that QSYQ can regulate energy
metabolism, relieve ventricular remodeling and inhibit the in-
flammatory response after MI [17].

Pyroptosis is a programmed cell death mode different from
apoptosis, which depends on the activation of aspartate-specific
caspase-1 (caspase-1) [18]. Accumulating evidence suggests that
the NLRP3-caspase-1 axis plays an important role in inflammation-
induced cell death after MI [19]. Although QSYQ can inhibit the
inflammatory response after MI [20], the specific active ingredient
is unclear, and whether this active ingredient can relieve pyroptosis
is also uncertain. In this study, we aimed to further screen the top
candidate bioactive components of QSYQ in intervening pyroptosis
after MI by network pharmacology and molecular docking
comprehensive techniques, and to verify the protective effect of the
candidate drugs on H9c2 cells by in vitro, providing value for the
clinical indications of QSYQ and the candidate component drugs.
229
2. Materials and methods

2.1. Collection and screening of bioactive compounds in QSYQ

The main components of QSYQ: Huangqi (Hedysarum Multi-
jugum Maxim, HM), Danshen (Radix Salviae, RS), Sanqi (Panax
Notoginseng, PN), Jiangxiang (Dalbergiae Odoriferae Lignum, DO). All
candidate herbal compounds of QSYQ were screened by use of
TCMSP (http://tcmspnw.com/) [21], and the screening criteria
were: relative molecular mass (MW) � 500, oral bioavailability
(OB)� 50%, drug-likeness (DL)� 0.1, and drug half-life (HL)� 5.We
screened the molecules of bioactive compounds with MW � 500 to
select the molecules that are easier to absorb and improve the ef-
ficacy of TCM. OB � 50% have good absorption and slow meta-
bolism after oral administration [22], DL � 0.18 were chemically
suitable for drug development [23].

2.2. Herb-compound-target network construction

The corresponding target genes of each active ingredient were
searched in the TCMSP database. Use UniProt (https://www.
uniprot.org/) database to convert all gene proteins into corre-
sponding gene symbols with “Homo sapiens” species to standardize
gene names and organisms [24], The resulting gene targets were
intersected with the selected molecules of HM, RS, PN and DO and
analyzedwith Cytoscape (https://cytoscape.org/) to construct herb-
compound-target networks [25].

2.3. Identification of pyroptosis-related targets and MI-related
targets

Through GeneCards (https://www.genecards.org/) database to
screen details associated with pyroptosis and MI [26], and only
“Homo sapiens” genes linked to pyroptosis and MI were acquired.
Subsequently, TCMSP and Cytoscape were mapped to the drug-
compound-target network associated with pyroptosis and MI by
using a Venny 2.1 online tool.

2.4. ADEM parameter analysis of top candidate drugs

The primary measure to evaluate the top candidate active
compounds in the clinic is toxicokinetics (ADME), which mainly
includes OB, DL, and HL. Due to the hemodynamic changes in pa-
tients with MI, resulting in reduced blood flow to organs, the drugs
cannot be metabolized [27]. Therefore, the higher the OB amount,
the lower the HL value, indicating the value of this component as a
drug candidate.

2.5. Molecular docking to validate drug candidates

Whether the candidate ingredients initially screened can be
used as a drug candidate is affected by themolecular binding ability
to the target gene receptor [28]. In the PubChem database (https://
pubchem.ncbi.nlm.nih.gov/), the compound were determined, and
the 3D structure of the compound, constructed with Chem Office
software, was used as a ligand molecule. Using the RCSB PDB
(https://www.rcsb.org/) database to search the 3D structure of re-
ceptor molecules. MODELLER software was used to model and
AutoDock Tools1.5.6 was applied to predict the binding energy of
drug molecules and genes [29]. Possible binding sites of receptor to
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ligand were recorded. If the binding energy is less than�5 kJ mol�1

[30]. Finally, the docking results of the observed compounds and
proteins were analyzed using Pymol software.
2.6. H9c2 cells culture and OGD model construction

H9c2 cells were obtained from the Procell Life Science and
Technology (Wuhan, China) and cultured in high-glucose (con-
centration 4.5 g/L) DMEM. Logarithmic phase H9c2 cells were
collected and plated, then were placed in a cell incubator. The
culture medium was changed to a serum-free and glucose-free
DMEM, and the well plate was placed in the hypoxia chamber
(Billups-Rothenberg, USA) to maintain the oxygen concentration at
1%. The cells were cultured for 12 h or 24 h with hypoxia.
2.7. H9c2 cells viability assay and Rh2 concentration screening

Logarithmic phase H9c2 cells were collected and adjusted to a
density of 1 � 105/mL. The model was constructed according to the
experimental groups. At the end of the intervention, H9c2 were
added by 10 mL CCK-8 solution (Yeasen, Shanghai, China) for 3 h
before further enzyme analyses (Tecan, German).

H9c2 cells were added with graded Rh2 (0.1e50 mM), operated
according to the manufacturer's instructions of CCK8, and then
select the optimal concentration of drug treatment.
2.8. Scanning electron microscopy observation of H9c2 cells

H9c2 cells were fixed with 2.5% glutaraldehyde (Servicebio,
Wuhan, China) for 2 h, and then rinsed with 0.1% PBS three times,
afterward, the samples were fixed in 1% osmic acid (Ted Pella, USA)
for 2 h. Next, the samples were dehydrated through graded alcohols
(30, 50, 70, 95, and 100%) and dried. Finally, the sketches were
observed under a SU8100-HITACHI (Japan) scanning electron mi-
croscope (SEM) operating at 15 kV.
2.9. Measurement of IL-18 and IL-1b activities in cell supernatant

After the cells in each group were intervened, the cell super-
natant was collected and centrifuged at 1200 g for 10 min to
remove cell debris, IL-18 and IL-1b activities were measured using
two activity assay kits (NeoBioscience, China), according to the
manufacturer's instructions. Then their absorbance were detected
at 450 nm by spectrophotometry (Tecan, German).
2.10. Western blot analysis

The expression of proteins associated with pyroptosis were
measured byWestern blot analysis with specific primary antibodies
against NLRP3 (1:800), Caspase 1 (1:1000), GSDMD (1:500), IL-18
(1:1000), IL-1b (1:1000) and HMGB1 (1:500) (all from Abcam, UK).
2.11. Statistical analysis

Graph Pad Prism 8 statistical software was used for data analysis
and processing. All results were represented as means ± standard
deviation (SD) of at least three independent experiments. Student's
t-test or one-way ANOVA test was used for statistical analyses of
the difference between groups. P values < 0.05 were considered as
significant.
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3. Results

3.1. QSYQ-active compounds network analysis

By searching the TCMSP database, combined with characteris-
tics: OB � 50%, DL � 0.1, and HL � 5.35 active compounds were
selected, contained in HQ, DS, SQ, and JX are 13, 5, 13, and 4,
respectively. Basic information of active compounds in QSYQ
(Table S1). The results suggest that the same active ingredients may
exist in multiple herbs, and different herbs may contain multiple
effective active ingredients, which also further provides material
for the multi-target mechanism of TCM.
3.2. Herb-compound-target network construction in QSYQ

Convert all gene proteins through the UniProt database, 78
corresponding gene targets were obtained, and after removing
duplicate targets, a total of 29 human-derived target proteins were
obtained. The resulting common targets were intersected with the
selected active compounds of HM, RS, PN, DO. In addition, an Herb-
Compound-Target network VEEN map was constructed with
Cytoscape (Fig. S1). This network consists of different nodes and
edges, where nodes indicate herbs, active compounds, and
compound-related targets, and edges represent interactions be-
tween active compounds and common target proteins. Among
these targets, each target corresponds to a variety of active com-
pounds, and each compound also has numerous targets, and finally
acts together on 29 common target proteins. This suggests that the
compounds in QSYQmay on these targets to exert pharmacological
effects in myocardial protection.
3.3. Five Pyroptosis-MI common target proteins were screened by
the GeneCards database

From the GeneCards database, 3548 genes related to MI and 98
genes related to pyroptosis were acquired. Subsequently, searched
by the TCMSP database revealed that 110 of the 3548 genes were
HM target genes, of which CASP1, HMGB1, PARP1, BCL2, and EGFR
were genes associated with pyroptosis (Fig. S2A). There were 122
RS target genes and 107 PN target genes, all of which contained
CASP1, HMGB1, PARP1, BCL2, and EGFR (Figs. S2B and C). But DO has
only 30 target genes, of which only HMGB1 was associated with
pyroptosis (Fig. S2D).
3.4. Seven top candidate compounds were selected by cytoscape
mapping

Concerned with the TCMSP database get results, Cytoscape
software was applied to construct a PPI network of therapeutic
targets for QSYQ against MI and pyroptosis. OB � 30% as the cri-
terion, among the 43 components of HM, Qaempferol, and Quer-
cetin could act directly on BCL2, EGFR, CASP1, and HMGB1
(Fig. S3A). Of the 105 components in RS, only Luteolin and Dehy-
drotanshinone IIA could impact BCL2, EGFR, CASP1, and HMGB1
(Fig. S3B). Of the 53 components in PN, only b-sitosterol, Ginse-
noside Rh2, Quercetin, and Panaxydol could act directly on BCL2,
EGFR, CASP1, and HMGB1 (Fig. S3C). Thus, it was figured out that in
QSYQ, Quercetin, Kaempferol, Luteolin, Dehydrotanshinone IIA, b-
sitosterol, Ginsenoside Rh2, and Panaxydol can influence pyrop-
tosis by regulating the expression of BCL2, EGFR, CASP1, and
HMGB1, which in turn makes the protective effect of MI.
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3.5. Two drug-likeness compounds, b-sitosterol, and Rh2 were
selected by ADEM parameters

Combined with different parameters of ADME (Table S2). Data
analysis from the table showed that b-sitosterol and Rh2 had the
highest DL values of 0.75 and 0.56, respectively. These results
proposed that b-sitosterol and Rh2 were more likely to be acted as
clinical medications. Additionally, the hemodynamics of patients
with MI often change, resulting in reduced blood flow to organs,
carrying out the inability of drugs to be metabolized. The DH of b-
sitosterol and Rh2 was extremely short at 5.36 h and 11.08 h,
respectively. Taking into account the hemodynamic characteristics
of MI, it was highly recommended that b-sitosterol and Rh2 were
more suitable as candidate drug-likeness compounds for the clin-
ical treatment of MI.

3.6. Molecular docking was performed to verify the binding ability
of Rh2 to target proteins

Through the construct PPI network, it was obtained that the
common target protein of QSYQ-MI-pyroptosis was HMGB1, and
the possible drug compounds were also analyzed. The hydrogen
Fig. 1. Compared of OGD at 12 h or 24 h in H9c2. (A) Gross photographs of H9c2 morphol
different times (400 � ). (C) Quantification of H9c2 survival rate was displayed at 12 h-OGD.
used for statistical analyses. Bars represent means ± SD; **P < 0.01 vs. the control group.
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bonding ability of b-sitosterol and HMGB1 was much greater
than �5.07 kcal/mol and formed an unstable complex. The binding
energies, as well as the binding sites of Rh2 and HMGB1, were
predicted by Autodock Tools1.5.6. The results demonstrated that
Rh2 could bind to Lys 84, Lys 182, Glu 191, and Glu 72 of HMGB1 in
the form of hydrogen bonding (total binding energy �5.07 kcal/
mol) (Fig. S4).

3.7. The 12 h hypoxia model of OGD in H9c2 cells was efficient

To investigate the therapeutic effect of Rh2 on MI, the con-
struction of the OGD model in vitro can properly simulate the
pathological process of MI. However, there is no uniform standard
for the duration of OGD hypoxia, and to determine the optimal
construction time of the model, the cell morphology and survival
were examined after hypoxia 12 h or 24 h of OGD, individually. The
results presented that themorphology of H9c2were basically intact
at hypoxia 12 h, but the H9c2 were severely fragmented at hypoxia
24 h. Similarly, multiple poreswere formed or even ruptured on the
cell membrane surface, which was also consistent with the char-
acteristics of pyroptosis injury, indicating that the pathological
changes of pyroptosis occurred under the OGD (Fig. 1A and B). After
ogy at different times (400 � ). (B) Scanning electron microscopy pictures of H9c2 at
(D) Quantification of H9c2 survival rate was exhibited at 24 h-OGD. Student's t-test was



Fig. 2. IL-1b and IL-18 expression in H9c2 supernatant. (A) Quantification of IL-1b level was exhibited. (B) Quantification of IL-18 level was exhibited. Student's t-test was used for
statistical analyses. Bars represent means ± SD; **P < 0.01 vs. the control group.
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12 h or 24 h of OGD, cell survival was significantly decreased
compared with the control group (P < 0.01), and there was no
significant difference in cell survival at 12 h or 24 h (Fig. 1C and D).
Taking into consideration the damaging effect and cell morphology
under the OGD, the 12 h OGD models were selected for in vitro.

3.8. The expression levels of IL-18 and IL-1b in the supernatant of
OGD in H9c2 cells increased

IL-18 and IL-1b are two important inflammatory cytokines
released after the occurrence of pyroptosis, which can reflect the
Fig. 3. Pyroptosis-related proteins levels in the OGD detected by western blotting. Student's
vs. the control group.
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degree of pyroptosis. To assess the levels of IL-18 and IL-1b released
by H9c2 under the OGD, the amounts of two inflammatory cyto-
kines were measured by 2 activity assay kits. As shown (Fig. 2):
Compared with the control group, the secretion of IL-18 and IL-1b
in the OGD group was significantly increased (P < 0.01).

3.9. Increased levels of pyroptosis-related proteins in the OGD of
H9c2 cells

Ischemia and hypoxia are important inducers of pyroptosis.
Under upstream OGD conditioning stimulation, whether H9c2 can
t-test was used for statistical analyses. Bars represent means ± SD; *P < 0.05, **P < 0.01



Fig. 4. Effect of Rh2 on H9c2 cytotoxicity. (A) CCK-8 was used to detect the toxicity of Rh2. (B) The optimal protective dose of Rh2 against H9c2 during the OGD. P < 0.01, compared
with Model. One-way ANOVA test was used for statistical analyses. Bars represent means ± SD; **P < 0.01 vs. the control group.
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trigger pyroptosis, activate NLRP3 inflammasome activation, induce
the activation of pyroptosis executive protein GSDMD-N, and
rupture the cell membrane, release inflammatory factors to circu-
lating tissues, and aggravate the progression of MI. The expression
levels of pyroptosis-related proteins in the OGD were detected by
western blotting. As shown (Fig. 3): The levels of proteins NLRP3,
GSDMD-N, p12-caspase1, IL-1b, and IL-18 were significantly
increased compared with the control group (P < 0.01 or P < 0.05).

3.9.1. 2 mM Rh2 effectively prevented H9c2 cells death
Rh2 was tested for toxicity to H9c2 by CCK-8. The results pre-

sented that 0.1e50 mM Rh2 did not inhibit H9c2 proliferation
(Fig. 4A). In the OGD, 0.1e50 mM Rh2 was added, and the data
showed that 2 mM Rh2 prevented significantly H9c2 death,
compared with the model group (P < 0.01) (Fig. 4B).

3.10. Rh2 reduced IL-18 and IL-1b levels in the cell supernatant of
H9c2 cells

IL-18 and IL-1b, as two specific inflammatory cytokines released
after cell membrane damage during pyroptosis, can reflect the
pyroptosis partially. The influence of Rh2 on the expression of IL-18
and IL-1b in the cell supernatant was shown (Fig. 5). Compared
with the model group, when Rh2 was administrated, the accumu-
lation of IL-18 was alleviated (P < 0.05), the activity of IL-1b
significantly different (P < 0.001). The results pointed out that Rh2
can reduce the secretion of inflammatory cytokines by H9c2, which
may be related to the inhibition of pyroptosis.

3.11. Rh2 down-regulated pyroptosis-related protein expression in
H9c2 cells

As shown in the above results, Rh2 could lower the contents of
IL-1b and IL-18 in the supernatant of H9c2, and whether the
Fig. 5. Effect of Rh2 on IL-1b and IL-18 expression in the cell supernatant. (A) The effect of R
statistical analyses. Bars represent means ± SD; ***P＜0.001, vs. the control group; #P＜0.0

233
changes of the two inflammatory cytokines were directly related to
the pyroptosis requires further clarification of the effects of Rh2 on
leading involved proteins during the development of pyroptosis.
The expression levels of related proteins were detected byWestern
blot (Fig. 6A), NLRP3 inflammasome was down-regulated with Rh2
treatment (P < 0.05) and inhibited the activation of p12-caspase1, a
key protease during pyroptosis (P < 0.01), but had no significant
effect on the pro-caspase1 (P > 0.05). We further evaluated
pyroptosis signaling activity, GSDMD-N was significantly down-
regulated, an essential protein of pyroptosis (P < 0.01), therefore,
diminished the release of inflammatory cytokines IL-1b and IL-18
(P < 0.01). As a result, these data demonstrated that Rh2 can
reduce the expression of pyroptosis-related proteins, alleviate the
occurrence of inflammatory reactions, and protect cardiomyocytes.

3.12. Rh2 decreased HMGB1 protein expression in H9c2 cells

HMGB1, as a highly conserved nuclear protein, is released dur-
ing inflammatory processes, such as programmed cell death,
leading to a series of inflammatory cascades, which include
pyroptosis. We selected the candidate drug-likeness Rh2 that can
have a good binding ability to HMGB1 and play a role in myocardial
protection. Additionally, whether Rh2 can change the expression of
HMGB1. These results indicated (Fig. 6B) Rh2 decreased HMGB1
protein level (P < 0.01), restrained the occurrence of the inflam-
matory cascade, and influenced the process of pyroptosis.

4. Discussion

Although the integrated application of molecular docking and
network pharmacology has attracted much attention, due to the
non-uniform standards of numerous databases, the data of virtual
screening cannot completely replace the experimental results, and
it is necessary to combine more genomics technologies and
h2 on IL-18 levels. (B) Effect of Rh2 on IL-1b levels. One-way ANOVA test was used for
5 or ###P＜0.001, vs. the OGD group.



Fig. 6. Pyroptosis-related proteins were detected using Western blot analysis (A) The effect of Rh2 on pyroptosis-related proteins. (B) HMGB1 protein expression. One-way ANOVA
test was used for statistical analyses. Bars represent means ± SD; **P < 0.05 or ***P < 0.01, vs. the control group; #P < 0.05, ##P < 0.01, vs. the OGD group.
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experimentally verify its mechanism [31,32]. This comprehensive
bioinformatic analysis provided 29, 95, 96, and 34 active in-
gredients of Hedysarum Multijugum Maxim, Panax Notoginseng,
Radix Salviae, and Dalbergia Odorifera through the TCMSP database,
respectively, and predicted potential targets of active compounds
via the TCMSP platform, mapping a total of 29 identical targets of
compounds. The Genecards database was applied to screen likely
targets associated with MI and pyroptosis, and 5 typical workable
target proteins, CASP1, HMGB1, PARP1, BCL2, and EGFR, were ac-
quired by topological analysis. ADME parameters can be acted as a
meaningful standard for drug candidates, coupled with OB, DL, and
HLcharacteristics, to extract 7 top candidate active components,
sinophenol, mistletoe, luteolin, dehydrobaicalein IIA, b-sitosterol,
Rh2, and ginseng epoxyethinol, which were also concerned by the
hemodynamics of patients with myocardial infarction, and the DH
of b-sitosterol and Rh2 is exceedingly short at 5.36 h and 11.08 h,
respectively. These findings suggested that b-sitosterol and Rh2
234
were more appropriate as drug candidates for the therapeutic po-
tential of MI. Molecular docking validation of the target protein
with the 2 drug candidates practicing Autodock software revealed
that Rh2 had stable binding energy to HMGB1.

Rh2 is derived from Panax Notoginseng in QSYQ Pills. With the
profound study of the pharmacodynamic components of TCM in
recent years, the research of Panax Notoginseng has become more
and more refined [33]. Having been ascertained that saponins are
the main active components of Panax Notoginseng, mainly
including Panax Notoginseng Saponins R1-R6, ginsenosides Rb, Rd,
Re, Rg1, Rg2, as well as some brass and sterol rare components
[34,35]. Ginsenoside Rh2 has gained more and more attention as a
rare saponin ingredient in Panax Notoginseng Saponins [36].
Although the relative content is lower, its chemical composition is
corresponding to ginseng, a valuable Chinese medicinal herb.
Therefore, Rh2 as prominent drug research and medicinal resource
utilization are actively carried out, and some single drug varieties
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have been fortunately marketed, such as notoginseng powder and
notoginsenoside injection, which are applied clinically.

Rh2, as a secondary ginsenoside, can be taken as an alternative
component of ginseng and play a protective myocardial role in
diabetic myocardial injury rats. The researcher injected
streptozocin-induced diabetic rats to form a diabetic cardiomyop-
athy model, and then detected the level of superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), and reactive oxygen spe-
cies (ROS) in serum and heart tissue. Their findings displayed that
Rh2 could improve cardiac function, and the mechanism may be
linked to reducing ROS overproduction in tissues, upregulating SOD
expression. Hence, Rh2 had a strong antioxidant capacity in vivo
and prevent cardiomyocyte injury [37]. At the same time, screened
the main active components of Panax Notoginseng in the inter-
vention of osteonecrosis of the femoral head by network pharma-
cology, and 8 active components including mistletoe and
ginsenoside Rh2 and 98 disease targets were selected by con-
structing a main component-disease target network, it was clari-
fied that quercetin and Rh2 in Panax Notoginseng may be potential
targets for the treatment of osteonecrosis of the femoral head [38].
Additionally, Rh2 could inhibit the expression of IL-6, IL-1b, and
tumor necrosis factor (TNF-a) and increase the release of IL-10 in
LPS-induced mouse mononuclear macrophages (RAW264.7) in a
dose-dependent manner, indicating that Rh2 regulated the pro-
inflammatory/anti-inflammatory balance [39]. Angiogenesis and
coagulation dysfunction are the key points in the pathological
process of cardiovascular diseases, previous researches have shown
that Rh2 may prolong prothrombin time (PT) and activated partial
thromboplastin time (APTT) and present an anticoagulant mecha-
nism, furthermore, Rh2 could change the expression of vascular
endothelial growth factor (VEGF) and receptor-related binding
protein, alter the activation of downstream AKT and extracellular
signal-regulated kinase (ERK) pathways, and increase cell migra-
tion ability and angiogenesis [40].

Pyroptosis is a form of programmed cell death. Activated
caspase-1 promotes the cutting activation and translocation of
GSDMD-N [41,42], leads to change in cell membrane permeability
[43], releases IL-1b and IL-18, accelerates myocardial injury, and
finally forms a vicious cycle of “inflammatory activation-
pyroptosis-inflammatory response”. Therefore, the pyroptosis-
inflammatory response may be a critical strategy to inhibit the
inflammatory response after MI. HMGB1 is a nuclear protein with
high content, and previous studies have demonstrated that it is
involved in the progression of a variety of inflammatory diseases
[44,45]. Alternatively, the NLRP3 inflammasome accelerates
HMGB1 release from the nucleus [46], further mediating the in-
flammatory response and activating downstream inflammation-
related proteins [47]. HMGB1 is also a significant downstream
pathway of pyroptosis [48]. Through our study, network pharma-
cology, and molecular docking analysis of QSYQ pills, HMGB1 was
obtained to be an important target protein of MI-pyroptosis-QSYQ,
which was also in proportion to numerous studies on the role of
HMGB1 in pyroptosis.

To evaluate the therapeutic effect of Rh2 onMI, the construction
of the OGD model in vitro can simulate the pathological process. At
12 h-OGD in H9c2, multiple poreswere formed or even ruptured on
the cell membrane surface, which was consistent with the char-
acteristics of pyroptosis damage. The data in this paper showed that
the OGD model induced NLRP3 inflammasome overproduction
in vitro, causing an increase in myocardial caspase-1 production.
Caspase-1 can attack activation of pyroptosis-executing HMGB1,
and enlarged release of IL-18 and IL-1b cytokines. After Rh2 treat-
ment, 2 mM Rh2 prevented OGD-induced H9c2 death and reduced
IL-18 and IL-1b levels in the supernatant of OGD, which may play a
role in protecting H9c2 injury by alleviating the expression of
235
pyroptosis-related proteins, inhibiting the activation of pyroptosis,
down-regulating the activation of inflammatory. When cells are
stimulated by external conditions, HMGB1 is released from the
damaged nucleus to the outside of the nucleus in a simple diffusion
manner, activating the NLRP3 inflammasome by binding endoge-
nous pattern recognition receptors and subsequently activating
caspase-1. GSDMD is a substrate of caspase protein, and caspase-1
can specifically cleave GSDMD after activation, and the N-terminal
protein of the broken GSDMD protein has punching activity and can
insert into the cell membrane to form pore, which triggers pyrop-
tosis. In this study, we further confirmed that Rh2 can reduce the
extracellular release of HMGB1, which in turn inhibits the HMGB1-
dependent caspase-1/GSDMD signaling axis, thereby alleviating
cardiomyocyte anxiety.

Our study had several limitations. Firstly, we failed to further
clarify the role of Rh2 in vivo in MI. Secondly, we did not examine
the effect of more doses of Rh2 and myocardial protection. Thirdly,
there are classical and non-classical pathways in the development
of pyroptosis, and caspase-11, caspase-3, and caspase-5 also play an
important role. The future work direction will be to carry out
clinical research on Rh2 as a candidate new drug for cardiovascular
diseases.

5. Conclusion

We propose that Rh2 of QSYQ can protect cardiomyocytes
partially by ameliorating pyroptosis, which seems to have a new
insight regarding the therapeutic potential for MI.
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