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Exploring the efficacy of Shexiang Tongxin extract pills in severe heart failure
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Abstract

The clinical efficacy of Shexiang Tongxin pills (STP) on cardiac function, inflammation, and prognosis was inves-
tigated in patients with severe heart failure. A total of 140 patients with severe heart failure, diagnosed and treated
at the Shaoxing Central Hospital and its affiliates, were divided into control and experimental groups. Patients in
the control group received conventional treatment, while those in the experimental group were given STP plus
conventional treatment. The cardiac functions, levels of inflammatory factors, and outcomes of 6-minute walk
distance (6MWD) were assessed and compared after 12 weeks of intervention. Besides, the rehospitalization and
mortality proportions were also determined during a 1-year follow-up. In addition, oxygen-glucose deprivation
and reperfusion (OGD/R) were conducted to mimic the injury of H9c2 cells in heart failure; cell survival, cyto-
toxicity, apoptosis, and inflammatory factors were also evaluated. Post-intervention, patients in the experiment
group demonstrated greater improvement in cardiac functions, especially regarding left ventricular end-diastolic
diameter and N-terminal pro-B-type natriuretic peptide, which were significantly decreased, while left ventricu-
lar ejection fraction was significantly increased (P < 0.05). Further, the levels of inflammatory factors, including
tumor necrosis factor-a, hypersensitive C-reactive-protein, and interleukin 6, were significantly lower (P < 0.05),
and a superior 6MWD outcome was observed in patients from the experimental group, compared to the control
group (P < 0.05). After 1-year follow-up, both rehospitalization rate and mortality were significantly decreased
in the experimental group, compared to the control group (rehospitalization, 38.57% vs. 55.71%, and mortality,
12.86% vs. 27.14%, respectively; P < 0.05). Furthermore, STP increased cell survival and reduced cell apoptosis,
cytotoxicity, and inflammatory response in cardiomyocytes induced by OGD/R. Shexiang Tongxin pill demon-
strated significant and promising clinical effects in treating severe heart failure by ameliorating cardiac functions,
reducing inflammatory factor levels, and improving patients’ prognosis. In addition, STP ameliorated cellular
damage and inflammation at cellular level. Thus, STP demonstrated important clinical values.
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Introduction

Heart failure remains a global public health issue. As an
end-stage clinical syndrome of cardiovascular disease, it
is one of the most common causes of morbidity in the
elderly population (Borlaug, 2020). According to epide-
miological research, in China, heart failure is correlated

with the patient’s age, which shows an increase in inci-
dence with age. For instance, it was reported that the risk
of heart failure could be several times higher with each
10-year increase in age. In addition, mortality because
of heart failure remains very high (Truby and Rogers,
2020). In addition to older age, the COVID-19 infection
increased the risk of heart failure. Clinical studies have
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found that the COVID-19 infection leads to the release
of pro-inflammatory cytokines and the recruitment of
pro-inflammatory macrophages and granulocytes, result-
ing in a severe inflammatory storm that could lead to car-
diac depression and acute decompensation in new-onset
heart failure or chronic heart failure (Bader et al., 2021;
Tufan et al., 2020).

Heart failure can easily progress to severe heart failure
despite treatments. Previous studies confirmed that in
addition to abnormal cardiac ejection function, severe
heart failure is often accompanied by various degrees
of inflammatory stresses, with inflammatory conditions
shown to be closely associated with cardiac failure (Di
Palo and Barone, 2020).

Clinically, cardiotonic, vasodilator, and surgery are com-
monly used to treat severe heart failure. However, these
are often associated with numerous adverse events or con-
traindications, in addition to a requirement for long-term
treatments. Therefore, their clinical effects are limited.
In recent years, the development of Traditional Chinese
Medicine (TCM) has shown numerous advantages of clin-
ical treatment. For example, TCM compound Si-Miao-
Yong-An decoction (SMYAD) attenuated autophagy and
apoptosis via PDE5A-AKT and TLR4-NOX4 pathways
in an isoproterenol (ISO)-induced heart failure model
(Liao et al., 2022). Through the Ankyrin repeat domain
1—extracellular signal-regulated kinase—GATA binding
protein 4 (ANKRDI1-ERK-GATA4) pathway, Baoyuan
decoction (BYD) reduced ventricular hypertrophy in heart
failure, following an acute myocardial infarction (Meng
et al., 2021). Shengxian decotion (SXT), a well-known
TCM formula composed of Astragali Radix, Bupleuri
Radix, Cimicifugae Rhizoma, Anemarrhenae Rhizoma, and
Platycodonis Radix, could diminish symptoms of heart fail-
ure in a doxorubicin model of chronic heart failure in rats
(Huang et al., 2021). Shexiang Tongxin pill (STP), as a pro-
prietary Chinese medicine, has demonstrated significant
clinical efficacies in treating coronary heart disease, steno-
cardia, and other cardiovascular diseases (Liu et al., 2021;
Pan et al., 2021). However, its effect on severe heart failure
remains unknown, and its effect on patients’ cardiac func-
tion and inflammation remains to be further investigated.

Heart failure’s connection with risk factors, such as type 2
diabetes mellitus (T2DM), chronic inflammation, coronary
artery disease, hypertension, sarcopenia, and obesity, indi-
cates that addressing these coexisting conditions through
nutritional interventions could play a pivotal role in both
preventing and managing heart failure, as pointed out by
Billingsley et al. (2020). Among the conventional medicinal
approaches, STP has gained significant usage in China for
addressing cardiovascular issues. STP exhibits the ability
to mitigate inflammation, minimize damage to endothelial
cells, and enhance the function of coronary microvessels

(Lu et al., 2020). Pharmacology research has shown that
STP decreases the presence of pro-inflammatory cyto-
kines, as demonstrated by Xiong et al. (2015). Ability of
STP to safeguard endothelial function is closely linked to
its anti-inflammatory properties, as indicated by Tian et al.
(2023). Moreover, STP has the potential to enhance coro-
nary blood flow and cardiac function by mitigating inflam-
mation, as demonstrated Chen et al. (2022).

In addition, STP ameliorated cellular damage and inflam-
mation at the cellular level. Thus, STP demonstrated
important clinical values. Therefore, this study was con-
ducted to elucidate the clinical value of STP in severe
heart failure.

Objects and Methods
Basic information

This study included 140 patients with severe heart failure
diagnosed and treated at the Shaoxing Central Hospital
Medical Alliance General Hospital and its affiliates from
June 2019 to June 2021. Using a random number table,
they were randomly divided into control (n = 70) and
experimental (n = 70) groups. The baseline character-
istics of the patients, including age, gender ratio, car-
diac function, and comorbidity of the two groups, are
shown in Table 1. Ethical approval was obtained from the
Ethics Committee of Shaoxing Central Hospital Medical
Alliance General Hospital.

Inclusion and exclusion criteria

The inclusion criteria of the study were as follows: (1) aged
18-80 years (upper limit was not included), without gender
limitation; (2) clinical diagnosis with severe heart failure
according to relevant standards of the Chinese Guidelines
for the Diagnosis and Treatment of Heart Failure 2018
(Heart Failure Group of Chinese Society of Cardiology
of Chinese Medical Association et al., 2018); (3) left ven-
tricular ejection fraction (LVEF) < 40%; (4) the New York
Heart Association (NYHA) cardiac functional grading
of II-1V; (5) N-terminal pro-B-type natriuretic peptide
(NT-proBNP) level > 1,000 pg/mL; and (6) patients with
normal communication and good compliance voluntarily
participated and signed the informed consent.

Exclusion criteria of the study were as follows: (1) patients
with valvular heart disease, congenital heart disease, and
hypertensive heart disease; (2) patients with severe liver
and kidney dysfunction that affected drug metabolism;
(3) pregnant patients; (4) patients that did not cooperate,
intolerant, or dropped out because of various reasons;
and (5) allergic to the study drug or its ingredients.
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Table 1. Patients’ basic information (X % s)/n (%)

Efficacy of Shexiang Tongxin extract pills in severe heart failure

Group Control Experimental t/x? value P value
Mean age 60.31+9.36 61.24 + 8.92 0.600 0.549
Male-female ratio 21/49 30/40 2.498 0.114
Course of disease (years) 512 +0.98 521+0.76 0.6786 0.4985
NYHA grade

I 8 (11.43) 10 (14.29) 0.366 0.833

Il 24 (34.29) 25(35.71) - -

1% 38 (54.28) 35 (50.00) — -
Comorbidity
Hypertension 23(32.9) 30 (42.3) 1.264 0.531
Diabetes mellitus 32 (45.7) 29 (41.4) - -
Cerebral apoplexy 10 (14.3) 8(11.4) - -

Note: Basic information in Table 1 shows no statistical differences, indicating that the experimental data between the two groups are comparable.

Research methods

Following the routine cardiology diagnosis and treat-
ment, patients in the control group were given drug
combination therapy, including diuretics, digitalis,
nitrates, B-blocker, and aldosterone antagonists.
Shexiang Tongxin dropping pills (STDP) were also
used in the experimental group based on conventional
therapy administered to the control group. The drug,
as 35-mg/pillx18 pills (Inner Mongolia Kangenbei
Pharmaceutical, Inner Mongolia, China) was approved
by the State Food and Drug Administration (SFDA) with
an approval No. Z20080018.. It was prescribed as 2 pills
to be taken thrice a day (tds) for 12 weeks, followed by
1-year follow-up.

Research contents

Cardiac functions, levels of serum inflammatory factors,
6-minute walk distance (6MWD) outcomes, rehospital-
ization proportion, and mortality during 1-year follow-up
were analyzed before and after the treatment. The pre-
dominant indicator for cardiac function was NT-probNP.
The secondary parameters were left ventricular ejection
fraction (LVEF) and left ventricular end-diastolic diame-
ter (LVEDD). The levels of serum tumor necrosis factor-«
(TNF-a), hypersensitive C-reactive protein (hs-CRP),
and interleukin-6 (IL-6) were measured to evaluate
inflammatory response.

Cell culture and treatment

HO9c2 cells are rat cardiomyocytes, and were obtained
from American Type Culture Collection (Manassas,

VA, US) and maintained in Dulbecco’s modified Eagle
medium (DMEM) (Invitrogen, Carlsbad, CA, US) with
additional GlutaMAX (2 uM; Invitrogen) and fetal bovine
serum (FBS, 10%; Invitrogen). The cells were grown in an
incubator with 5% CO, at 37°C.

Oxygen-glucose deprivation and reperfusion (OGD/R)
were conducted to mimic the injury of H9c2 cells in
heart failure. OGD was induced by the culture of H9c2
cells in glucose-free DMEM, including sodium dithionite
(Na,S,0,; 5 uM) for 2 h. The complete medium was used
in the supernatant for 6 h for reoxygenation.

Preparation of Shexiang Tongxin pills extract

First, 50.0 g of STP was weighed and decocted twice
in eight times the volume of water for 1 h. Second,
the decoction was collected and filtered through fil-
ter paper. In the third step, eight times the volume of
95% ethanol was added to the remaining filtrate and
refluxed twice for 1 h. Finally, two portions of the fil-
trate were combined and concentrated to a density
of 1.0 g/mL by rotary evaporation at 55°C and stored
at -20°C. Prior to use, an appropriate amount of the
extract was diluted with medium, sonicated for 20 min,
and centrifuged at 13,000 rpm for 5 min. The resulting
supernatant was filtered for extract through a 0.22-um
filter membrane.

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay

MTT assay was performed to evaluate the viability
of H9c2 cell line. H9¢2 cells induced by OGD/R were
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treated with STP or captopril (positive control drug).
Then, they were seeded in 96-well plates. After incuba-
tion for 48 h, MTT solution (5 mg/mL; Sigma-Aldrich,
MO, US) was supplemented in the culture medium and
grown for 4 h in a dark room at 37°C. To dissolve the for-
mazan of MTT, dimethyl sulfoxide (DMSO) was added.
The absorbance at 490 nm was read to determine the via-
bility of H9c2 cells.

Lactate dehydrogenase (LDH) measurement

Lactate dehydrogenase level was applied to assess the
cytotoxicity of H9c2 cells. The level of LDH was detected
using a commercial assay kit (Roche Applied Science,
Basel, Switzerland). The Triton X-100 (8 pL, 10%) was
filled in and grown for 15 min. Then the culture medium
(50 pL) was transferred onto a 96-well opaque-walled
assay plate. Further, the LDH detection reagent (50 pL)
was added and incubated for 1 h. The absorbance at
490 nm was evaluated via a spectrophotometer.

Flow cytometry

After being induced by OGD/R, H9c2 cells were treated
with or without STP or captopril. After incubation for
48 h, the cells were stained with Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) reagent
(Vazyme, Nanjing, China) under dark conditions for 15
min. Subsequently, flow cytometry (BD FACSCalibur™
System; BD Biosciences, NJ, US) was used to analyze the
percentage of apoptosis.

Western blot (WB) analysis

The total protein was extracted using a Whole Cell
Extraction Kit (Epigentek Group, Farmingdale, NY, US).
The concentration of total protein was determined by
Bicinchoninic acid assay (BCA) protein kit (Beyotime,
Shanghai, China). Protein lysates from cells were sep-
arated by 10% sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS-PAGE), and transferred to
PVDF membranes (Millipore, China) treated with 5%
non-fat milk for 1 h at room temperature after washing
the PVDF membrane with tris-buffered saline tween
(TBST) solution and specific antibodies, such as anti-
cleaved caspase-3 (ab2302, 1:1,000), anti-Bax (ab32503,
1:1,000), anti-Bcl-2 (ab32124, 1:1,000), and anti-glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH,
ab8245, 1:1,000) overnight at 4°C. The secondary anti-
bodies goat anti-immunoglobulin G (IgG, ab6721,
1:2,000; Abcam, Cambridge, MA, US) were added onto
membranes for 2 h at room temperature. Before imag-
ing, the membranes were washed with an enhanced

chemiluminescence reagent (Beyotime), and Image ] was
used for quantification.

Enzyme-Linked Inmunosorbent Serological
Assay (ELISA)

H9c2 cells from each group were lysed in radioimmuno-
precipitation assay (RIPA) buffer (Beyotime) and centri-
fuged at 12,000 xg for 1 h to collect supernatants. The
inflammation markers, TNF-a, IL-6, IL-1p, and mono-
cyte chemoattractant protein-1 (MCP-1), as well as
creatine kinase-myocardial band (CK-MB) activity, were
detected through corresponding ELISA kits (Beyotime)
according to the manufacturer’s instructions. Finally, the
absorbance value was measured at 450 nm.

Statistical analysis

The data were summarized and collated to establish a
database. All data were statistically analyzed using the
SPSS v24.0 software. Enumeration data are described
using n (%) and compared using the Chi-square test.
Quantitative data are represented as mean + standard
deviation. For the experimental part, each group was
repeated thrice. An independent sample ¢-test and one-
way ANOVA were used. For the survival analysis, we
analyzed the risk of mortality and rehospitalization for
heart failure during follow-up period using multivariate
Cox regression analysis. P < 0.05 was considered statisti-
cally significant.

Results
Comparison of cardiac function between groups

The data for cardiac function parameters before and after
intervention in the two groups are shown in Table 2.
Before intervention, the levels of LVEDD and LVEF were
similar between the two groups (P > 0.05). After inter-
vention, the level of LVEDD was significantly lower, while
LVEF was observably higher in the experimental group,
compared with the control group (LVEDD: 48.42 + 5.02
vs. 53.78 + 5.69; LVEF: 52.49 + 5.98 vs. 43.81+3.94) and
the differences were statistically significant (P < 0.05).

Comparison of levels of serum inflammatory factors
between groups

The levels of serum TNF-a, hs-CRP, and IL-6 before
and after intervention in the two groups were not sig-
nificantly different between the control and experimen-
tal groups before intervention (Table 3). After 1-year
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Table 2. Comparison of cardiac function between groups (X £ s).

Efficacy of Shexiang Tongxin extract pills in severe heart failure

Group Patients LVEDD (mm) LVEF (%)
Control 70 Before intervention 60.56 £ 7.60 36.26 £ 5.03
After intervention 53.78 £ 5.69 43.81+3.94
Experimental 70 Before intervention 61.25+5.76 37.34 +3.95
After intervention 48.42 +5.02 52.49 +5.98
tvalue 5.906 10.140
P value 0.000 0.000
Table 3. Comparison of the levels of serum inflammatory factors between groups (x £ s).
Group Patients TNF-a (ng/L) hs-CRP (mg/L) IL-6 (ng/L)
Control 70 Before intervention 30.70 + 6.44 26.20 £ 6.71 36.52 +5.90
After intervention 21.54 + 3.40 21.79+3.13 24.81+4.92
Experimental 70 Before intervention 3221+ 4.11 26.42 +5.89 36.04 +5.16
After intervention 14.30 + 2.58 13.59 +2.78 15.61 + 3.63
tvalue 14.208 16.377 12.589
P value 0.000 0.000 0.000

of intervention, the levels of TNF-«, hs-CRP, and IL-6
exhibited various degrees of decrease in both control and
experimental groups, with decrease being more signifi-
cant in the experimental group than in the control group
(P <0.05).

Comparison of NT-proBNP and 6MWD between groups

Both NT-proBNP level and 6MWD outcome were tested
before intervention, and the results showed that they
were not significantly different between the two groups
(Table 4). After intervention, the level of NT-proBNP was
decreased, while 6MWD was increased in both groups.
Importantly, the evaluation of NT-proBNP and 6MWD
in the experimental group improved significantly, com-
pared to the control group (P < 0.05).

Comparison of proportions of rehospitalization and mortality
between groups

During the 1-year follow-up, the number of rehospital-
ized patients was 27 in the experimental group, account-
ing for a rehospitalization rate of 38.57% and a mortality
rate of 12.86%. Both rehospitalization and mortality rates
were significantly lower in the experimental group, com-
pared to the control group, which showed the rehospi-
talization rate and a mortality rate of 55.71% and 27.14%
(y* value = 4.128 and 4.464; P value = 0.042 and 0.035),
respectively. The Kaplan—Meier survival curve analysis
also showed that the experimental group had lower pro-
portion of heart failure, hospitalization rate, and mortal-
ity than the control group (Figures 1A and 1B).

Shexiang Tongxin pills increased OGD/R-induced
cardiomyocyte survival

Previous studies have found significant clinical efficacy
of STP in improving cardiac function and prognosis in
patients with severe heart failure in clinical practice and
proved that it had an important clinical value. Next, we
further investigated the function of STP in cellular mod-
els. Different concentrations of STP (from 0 pug/mL to
1,000 pg/mL) were treated in H9c2 cells, and it was found
that the concentration of STP in the range of 0-100 pg/
mL had no obvious influence on cell viability and LDH
release in H9¢2 cells (Figures 2A and 2B). This indicated
that the concentration range of 0-100 pg/mL of STP
had less effect on the cytotoxicity of H9c2 cell line. In
addition, we used OGD/R-induced H9c2 cells as a car-
diomyocyte injury model. As shown in Figures 2C-2E,
OGD/R markedly decreased the viability of H9c2 cells
while significantly increasing LDH release and CK-MB
activity in H9c2 cells. In contrast, STP or captopril treat-
ment reversed these indices, where captopril was selected
to act as a positive control.

Furthermore, the impact of STP on the apoptosis of H9c2
cells was also elevated by flow cytometry and Western
Blot analysis. As shown in Figure 3A, the cell apopto-
sis rate of H9c2 cells was dramatically increased in the
cells treated with OGD/R (P < 0.001), while STP or cap-
topril treatment could reduce apoptosis rate in H9c2
cells induced by OGD/R. Additionally, the expression
of Bax and cleaved caspase-3 was increased, while the
expression of Bcl-2 was reduced in H9¢2 cells induced by
OGD/R, while STP or captopril treatment reversed these
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Table 4. Comparison of NT-proBNP and 6MWD between groups (X % s).

Group Patients NT-proBNP (pg/mL) 6MWD (m)
Control 70 Before intervention 3694.25 £ 283.94 366.56 + 17.40
After intervention 3251.88 £177.29 405.76 + 23.90
Experimental 70 Before intervention 3701.91 £ 322.74 364.68 £ 15.36
After intervention 2337.54 + 136.59 486.06 + 27.16
tvalue 34.181 18.570
P value 0.000 0.000
(A) — Control cohort (B) — Control cohort
--- Experimental cohort --- Experimental cohort
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Figure 1. Kaplan-Meier survival analysis of patient rehospitalization and mortality. (A) Kaplan-Meier survival analysis of

patient rehospitalization induced by heart failure. (B) Kaplan-Meier survival analysis of patient mortality.
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Figure 2. Shexiang Tongxin pills increased OGD/R-induced cardiomyocyte survival. (A) MTT assay was performed to evaluate
the viability of H9c2 cells treated with different concentrations of STP (from 0 pg/mL to 1,000 pg/mL). (B) LDH assay was per-
formed to evaluate the cytotoxicity of H9c2 cells treated with different concentrations of STP (from 0 pg/mL to 1,000 pg/mL).
(C) MTT assay was performed to evaluate the viability of H9¢c2 cells induced by OGD/R and treated with STP or captopril. (D) LDH
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was performed to evaluate the CK-MB activity of H9c2 cells induced by OGD/R and treated with STP or captopril. ‘P < 0.05,
“P<0.01, P <0.001, compared to the 0-uM group; "P < 0.05, P < 0.01, **"P < 0.001, compared to the OGDIR group.

54

Quality Assurance and Safety of Crops & Foods 15 (4)



Efficacy of Shexiang Tongxin extract pills in severe heart failure

(A) 60
" Control OGDIR OGD/R+50 yg/mL STP OGD/R+100 pg/mL STP OGD/R+0.5mM Captopril _
Q1 Q2 Q1 | Q2 Q1 Q2 Qi Q2 B 292 € 0
5 . (%]
1004037 374| 400|385 | 368| oJo68 107 o[04 722| 0. 2
m 1 4 g 20
102 102 5 107 & 102 & 102 i 2
PI 9 - 2 -
10! £ i 10° # 10° 3 10! 10! ] QRS =
Q4 Q3 Q4N Q3 Q4 Q3 Q4 Q3 Sés T 532 OGDR - + + + +
1001208 5.04 | 4 0,[47.1 123] 87 ¢ 990 | |851 7 7.30 | 0, [86: ! SP s 100 -
10010° 10210° 10¢ 105 10°10' 102 10° 10¢ 105 10°10' 10210° 104 10°  10°107 102 10° 10¢ 10°  10°10' 102 10° 10¢ 10° (Hg/mL)
Captopril _ _ _ 05
FITC (m) -
(B)
T ! 2o
BC|-2I— L e — q E 1'51 g 08 §§145
< | ® &
Cleaved 4 9} o2
caspase—SII— A — — -—1 % 1.0 S 0.4 5510
Total @ 0.54 3 0.2 %g
L ——] T - §%0s
GApDHF_—-q 0- 0.0 00
OGDR - + + + + OSGTD;R A OSGTDF/,R -t e OSGTDF/‘R S A
1 - 50 100 - _ _
(“Z/TW’TL) 50 100 - (ug/mL) 50 100 (ug/mL) (ug/mL) 50 100
. Captopril _ _ _ _ 05 Captopril _ _ _ 05 Captopril _ _ _ _
C?%t&p;rll _ — 05 (mM) : (mM) ’ (mM) 08

Figure 3. Shexiang Tongxin pills decreased OGD/R-induced

cardiomyocyte apoptosis. (A) Flow cytometry assay was per-

formed to evaluate the apoptosis rate of H9c2 cells induced by OGD/R and treated with STP or captopril. (B) The protein level
of Bax, cleaved caspase-3, and Bcl-2 was evaluated by Western blot analysis in H9c2 cells induced by OGDIR and treated with
STP or captopril. ‘P <0.05, "P < 0.01, “P < 0.001, compared to the 0-uM group; P < 0.05, P < 0.01, **"P < 0.001, compared to the

OGDIR group.

indices (Figure 3B). These data suggested that STP could
increase cardiomyocyte survival and decrease the apop-
tosis of cardiomyocytes induced by OGD/R.

Shexiang Tongxin pills ameliorated the OGD/R-induced
inflammatory response in cardiomyocytes

The measurement of inflammatory indexes in patients
before and after the intervention was also done, so we
also measured inflammatory index content at cellular
level by ELISA. As shown in Figure 4, IL-6, IL-1B, TNF-a,
and MCP-1 were significantly upregulated in H9c2 cells
induced by OGD/R. At the same time, STP or capto-
pril treatment could downregulate the increase of these
inflammatory indexes in H9¢2 cells induced by OGD/R.
To summarize, STP ameliorated the OGD/R-induced
inflammatory response in cardiomyocytes.

Discussion

The increasing aging population in China is causing an
increase in chronic diseases, such as diabetes, hyperlipid-
emia, and cardiovascular diseases, annually. Although the
medical level has improved with each passing year, the
mortality associated with these diseases remains inevita-
bly high (Murphy et al., 2020). The causes of severe heart
failure are relatively complicated because they correlate

with the body’s inflammatory responses, aging, and other
organs (Upadhya and Kitzman, 2020). Elderly are more
susceptible to severe heart failure because of their age-
related decreased metabolism and often have poor prog-
noses, resulting in high rehospitalization and mortality
rates. Therefore, it is of great significance to explore new
treatment plans for severe heart failure to reduce mortal-
ity and improve the living standard of patients.

Presently, surgery remains the major form of treatment
for severe heart failure. However, with an in-depth study
of this disease, it was found that combining TCM with
Western medicine was associated with better therapeutic
benefits. The importance of TCM has been emphasized
for treating severe heart failure, with various therapeutic
regimens now prescribed in clinics, and different degrees
of clinical efficacies achieved with evidences showing
enhancement in ventricular reconstruction and improve-
ment in the quality of life and prognosis of patients (Qiu
et al., 2022; Wang et al., 2021). For example, it has been
found that TCM monomer astragaloside IV can be used
as a potential therapeutic agent for the clinical treatment
of heart failure by protecting against myocardial isch-
emia, regulating the sarcoplasmic reticulum Ca®* pump,
promoting angiogenesis, improving energy metabolism,
inhibiting cardiac hypertrophy and fibrosis, and decreas-
ing apoptosis of cardiomyocytes (Zang et al., 2020).
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Shexiang Tongxin pills ameliorated the OGD/R-induced inflammatory response in cardiomyocytes. ELISA assay was

performed to evaluate the content of IL-6, IL-1f, TNF-at, and MCP-1 in H9c2 cells induced by OGD/R and treated with STP or
captopril. P < 0.05, "P < 0.01, ***P < 0.001, compared to the 0-uM group; "P < 0.05, **P < 0.01, “*"P < 0.001, compared to the OGD/R

group.

Recent clinical studies have also demonstrated that
Aconiti Lateralis Radix Praeparata, combined with con-
ventional heart failure treatment, has a significant bene-
fit in preventing cardiovascular events and reducing the
risk of cardiovascular diseases (Tai et al., 2022). All above
cases showed that Chinese medicine played an important
role in prevention of heart failure and rehabilitation.

Shexiang Tongxin dropping pills mainly comprise artificial
musk, total saponins of folium ginseng, venenum bufonis,
salvia miltiorrhiza, artificial bezoar, bear bile powder, and
borneol. Pharmacological studies showed that the effects
of artificial musk were comparable with natural musk, as
it could reduce the myocardium’s oxygen consumption,
induce resuscitation, and relieve swelling and pain. It is
also reported that total saponins of folium ginseng could
strengthen the heart and improve the body’s immuno-
logic functions (Park et al., 2022). Besides, other studies
found that this drug showed similar reduction in oxygen

consumption of the myocardium as artificial musk by
slowing the heart rate (Ding et al., 2021). Venenum bufo-
nis mainly strengthens the heart, relieves swelling and
pain, and relieves internal heat or fever similar to artifi-
cial bezoar. Salvia miltiorrhiza can promote blood circu-
lation, dredging the meridian and alleviating pain. Bear
bile powder plays an important role in clearing heat and
improving eyesight. Additionally, studies have found that
this drug significantly regulates the levels of inflammatory
factors and oxidative stress in the body (Lin et al., 2019).
Further, the compatibility of borneol, musk, and bezoar
plays a dominant role in clearing heat and restoring con-
sciousness, and the whole prescription functions in ton-
ifying and promoting Qi circulation, invigorating blood
circulation, dispersing blood stasis, and relieving pain.
Documented evidence demonstrated that adjuvant ther-
apy with STP could improve the clinical effects of patients
with heart failure and effectively increase their diastolic
and systolic blood pressure (Lin et al., 2017, 2022).
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This study compared the clinical efficacy of conven-
tional therapy combined with adjuvant therapy sup-
plemented with STP versus conventional therapy only
based on patients’ cardiac function, levels of inflamma-
tory factors, 6MWD outcomes, and rehospitalization
and mortality rates during 1-year follow-up. The results
showed that the indicators of cardiac function were sig-
nificantly improved in patients treated with STP, which
was reflected by an obvious decrease in the levels of
LVEDD and NT-proBNP and significantly elevated lev-
els of LVEF. These indicators performed best in reveal-
ing the patient’s cardiac function directly. Consistent
with the findings of a previous study (Yao et al., 2020),
our data indicated that STP could reliably and effec-
tively improve cardiac functions. Further, by comparing
the levels of three representative inflammatory factors,
we found that the inflammatory stress of patients was
significantly ameliorated if treated with STP. This could
be related to the role of whole prescription in promot-
ing blood circulation to remove meridian obstruction as
well as the working mechanism of bear bile powder. The
results of 6MWDS and rehospitalization and mortality
proportions during 1-year follow-up showed that STP
could positively influence the recovery and prognosis of
patients with severe heart failure. However, this study did
not involve a clinical sample of Galen malformation heart
failure (Reddy and Lucke-Wold, 2022) or infective endo-
carditis (Boatright et al., 2022); these being limitations,
more samples of various types of heart failure could be
recruited for subsequent studies.

In addition, a study showed that a mice model of chronic
heart failure was constructed to investigate the specific
effects of STP, and it was found that STP improved car-
diac function, reduced cardiomyocyte hypertrophy, and
improved myocardial fibrosis in congestive heart failure
(CHF) mice by inhibiting ERK-mitogen-activated pro-
tein kinase (ERK/MAPK) and transforming growth fac-
tor-beta (TGF-p) signaling pathways (Zhang et al., 2021).
In this study, the effect of STP at cellular level was also
evaluated. OGD/R-induced H9c2 cells were conducted
to mimic the injury of H9¢2 cells in heart failure, and
we found that STP increased cell survival and reduced
cell apoptosis, cytotoxicity, and inflammatory response
in cardiomyocyte induced by OGD/R. However, little is
known regarding the specific underlying mechanisms,
which should be intensively investigated in the future
studies with more patients.

Conclusion

Shexiang Tongxin pills demonstrated satisfying clinical and
survival benefits for treating severe heart failure by effec-
tively improving patients’ cardiac functions and reducing
inflammatory stress, thereby demonstrating important

Efficacy of Shexiang Tongxin extract pills in severe heart failure

clinical values in reducing rehospitalization and mortality
rates in patients with severe heart failure. It could also ame-
liorate cellular damage and inflammation at cellular level.
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