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Abstract

The objective of the present investigation was to assess the protective impact of
gentiopicroside (GPS) on acute myocardial infarction (AMI) through the modulation
of NF-E2-related factor 2 (Nrf2)/nucleotide-binding oligomerization domain,
leucine-rich repeat, and pyrin domain-containing 3 (NLRP3) signaling. H9c2 cells
were subjected to varying concentrations of GPS, and subsequently, the cells and
Sprague—Dawley (SD) rats were segregated into control, model, GPS, t-BHQ (an
Nrf2 activator), and GPS + ML385 (an Nrf2 inhibitor) groups. The levels of superoxide
dismutase (SOD) and malondialdehyde (MDA) were analyzed. Reactive oxygen
species (ROS) and cell apoptosis were assessed, while Nrf2 and the expression of
the NLRP3 inflammatory body signal pathway were evaluated using western blot
and immunofluorescence techniques. The infarct area and pathological changes
were also examined. Treatment with varying doses of GPS resulted in increased
viability of H9c2 cells. Notably, the model group exhibited significantly elevated
levels of cell apoptosis, MDA, and ROS compared to the control group, while SOD and Nrf2 levels were significantly reduced.
Furthermore, the expression of NLRP3, cleaved caspase-1, interleukin (IL)-1pB, and IL-18 were found to be augmented. Following
the implementation of GPS in cells and animals, there was a notable reduction in MDA and ROS levels, a decrease in the rate of
cellular apoptosis, and a mitigation of inflammation scores. In addition, there was an increase in the expression of SOD and Nrf2.
However, the protective effects of GPS were negated when co-administered with ML385. GPS exhibits therapeutic properties in
AMI rats by activating Nrf2 expression, thereby reducing the NLRP3 inflammatory body and alleviating the inflammatory response
and oxidative stress of myocardial cells. GPS may hold promise as a potential drug for the treatment of AMI.

Impact statement

Acute myocardial infarction (AMI) is a form of myo-
cardial ischemic necrosis that results from a reduc-
tion or cessation of blood supply to the coronary
arteries. Gentiopicroside (GPS), a natural iridoid
glycoside, has demonstrated pharmacological
properties in animal models, including cholagogic,
anti-hepatotoxic, anti-inflammatory, and anti-oxi-
dant activities. Our investigation indicates that GPS
may mitigate inflammatory responses and oxida-
tive stress by modulating the Nrf2/NLRP3 signaling
pathway in the context of AMI injury.
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by myocardial cells is associated with long-term chronic
hypoxia or acute ischemia/reperfusion.? Acute myocardial
infarction (AMI) is a form of myocardial ischemic necrosis
that results from a reduction or cessation of blood supply
in the coronary artery.® The pathophysiological process of
myocardial injury following AMI involves inflammation,
immune response, apoptosis, autophagy, and mitochondrial
dysfunction.* Oxidative stress and inflammatory response
are crucial factors in the development of AML3>¢ An obser-

Introduction

Cardiovascular diseases exhibit a significant burden of mor-
bidity, disability, and mortality. Despite the employment
of advanced and optimal treatment modalities, the global
annual mortality rate due to cardiovascular and cerebrovas-
cular diseases remains alarmingly high, with a staggering
15 million deaths, ranking it as the leading cause of death.!
The principal pathological mechanism underlying myo-

cardial infarction, heart failure, and myocardial ischemia/
reperfusion injury is widely acknowledged to be the
apoptosis or necrosis of myocardial cells. The production
of a significant quantity of reactive oxygen species (ROS)
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vation of decreased myocardial anti-oxidant capacity and
heightened oxidative stress has been made during AML” Wei
et al. indicated that the amelioration of AMI damage in rats
can be achieved through the reduction of oxidative stress.8
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Gentiopicroside (GPS), a natural iridoid glycoside, has
been isolated from Gentiana manshurica Kitagawa, a com-
monly used herb in China. Its pharmacological effects,
including anti-inflammatory, anti-hepatotoxic, and anti-oxi-
dant activities, have been demonstrated in animal experi-
ments.”!! Recent research has revealed that GPS regulates
Nuclear factor kappa-B (NF-«B) signaling pathway to pre-
vent kidney inflammation in diabetes mice.!? Furthermore,
GPS intensified trimetazidine-mediated inhibition of oxida-
tive injury and inflammation in myocardial ischemia-reper-
fusion injury rats.!® Based on these findings, it is reasonable
to speculate that GPS may have a protective role in AML

The NLRP3 inflammasome is comprised of NOD-like
receptor 3 containing CARD domain (NLRP3), apoptosis-
related speck-like protein containing CARD domain (ASC),
and pro-caspase-1.14It can induce the mature release of IL-1,
IL-18, IL-33, and other pro-inflammatory factors by activat-
ing caspase-1, thus causing inflammation.!®> Recent studies
have demonstrated that Nrf2 can exert a negative regulatory
effect on NLRP3 inflammasome activity by inhibiting ROS-
induced NLRP3 inflammasome activation.!6!”

In this study, we investigated the effect of GPS on AMI in
vitro and in vivo, particularly concentrating on the regulation
of Nrf2 and NLRP3.

Materials and methods
Cell culture and grouping

HOC2 cells purchased from Procell (Wuhan, China). H9C2
added into DMEM (Invitrogen, USA) with 10% fetal bovine
serum (FBS, Invitrogen, USA), cultured at 37°C with 5% CO,.
The process of oxygen glucose deprivation and reperfusion
(OGD/R) model as follows, HIC2 cells were exposed to
Earle’s balanced salt solution with 0% O, for eight hours,
followed by 12h in DMEM with 95% air and 5% CO,. Cells
were first pretreated with different dose of GPS (12.5, 25,
and 50 uM) for 24 h. In the next section, cells were grouped
for five groups as follows: control, model, GPS (50 uM,
Sigma-Aldrich, USA), t-BHQ (50 uM, Sigma-Aldrich, USA),
GPS +ML385 (5 uM, Sigma-Aldrich, USA) groups.

CCKS8 assay

HOC2 cells treatment as above description. CCK8 assay was
carried out with a CCKS kit (Solarbio, Beijing, China). In a
word, 4 X 103 cells in 100 uL medium were seeded in 96-well
plates. After the cells incubated for 48h, then 10 uL CCKS8
solution was added and cultured for another two hours.
Microplate reader (Thermo Fisher Scientific, Inc., USA) was
used to detect absorbance at 450 nm.

Transwell migration assay

Inbrief, 1 X 105 HIC2 cells were seeded into 24-well Transwell
inserts (Corning Costar Corporation, USA) and cultured in
the complete media. A 4% formaldehyde solution was used
to fix migrated cells on the bottom surface, and 0.5% crystal
violet (Beyotime, Shanghai, China) was used to stain them.
The number of migrated cells was counted by an optical
microscope (Olympus, Japan).
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Detection of oxidative stress mediators

Superoxide dismutase (SOD) and malondialdehyde (MDA)
levels were all obtained from corresponding kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China) in
accordance with the manufacturer’s protocols.

Dichlorodihydrofluorescein diacetate assay

HOC2 cells were incubated with dichlorodihydrofluorescein
diacetate assay (DCFH-DA; 10 umol/L, Beyotime, Shanghai,
China) for 10min at 37°C after different treatment. After three
washes in DMEM, flow cytometric (FACScan, BD Bioscience,
USA) immediately detected the cells. The process was per-
formed referring to a previous study.'®

Annexin-V/Pl apoptosis detection assay

Annexin-V-FITC/PI apoptosis detection kit (Beyotime,
Shanghai, China) was used to investigate H9C2 cells apoptosis
rate. In a word, HI9C2 cells were incubated in six-well plates
and cultured after different treatment for 48h. Then collect-
ing the cells, they were rinsed with phosphate-buffered saline
(PBS) and resuspended in 600uL Annexin-V-binding buffer.
HOC2 cells apoptotic rate was evaluated by flow cytometry.

Animals and induction of models

Atotal of 60 Sprague-Dawley (SD) rats (8-10weeks, 270 +10g)
were acquired from the Jinan Peng Yue Experimental Animal
Breeding Co. Ltd, Certificate No.: SCXK (Lu) - 20180030).
Rats were divided into sham (control, no ligation was per-
formed), AMI (model, with an equal volume of dissolvant),
AMI + GPS (GPS, 50mg/kg/d, intragastric administration),
AMI + t-BHQ (+-BHQ, a Nrf2 activator, 50mg/kg/d, intragas-
tric administration), and AMI + GPS + ML385 (GPS + ML385,
ML385 is a Nrf2 inhibitor, 30mg/kg/d, intraperitoneal
injected)!® groups. Drugs were administrated for seven con-
secutive days preoperatively. In the AMI model, rats were
anesthetized intraperitoneally with 1% pentobarbitalsodium
(60mg/kg, R&D system, USA) and mechanically ventilate
after endotracheal intubation with an animal ventilator. We
induced AMI by left anterior descending (LAD) coronary
artery ligation. Electrocardiograms (ECGs) demonstrating
pathological Q waves and/or ST elevations confirmed AMI.
Left ventricular end-diastolic dimension (LVEDD) and left
ventricular end-systolic dimension (LVESD) were meas-
ured. Left ventricular ejection fraction (LVEF) and left ven-
tricular fractional shortening (LVFS) were used to evaluate
the systolic function of the hearts. LVEF was calculated as
((LVEDD)3 - (LVESD)3]/(LVEDD)3] X 100% and LVFS was
calculated as [(LVEDD - LVESD)/LVEDD) X 100%. All animal
procedures were granted by the Ethics Committee of Animal
Experiments of the Yantai Yuhuangding Hospital and fol-
lowed the Guide for Care and Use of Laboratory Animals. The
flow chart could be found in the supplementary materials.

Tetrazolium chloride (TTC) staining

Myocardial tissue was taken and rapidly frozen at —20°C for
20min in order to facilitate slicing. Slices were placed in TTC
at 37°C for 20min away from light, with a concentration of 2%.
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Following fixation with 4% paraformaldehyde for 24 h, slices
were photographed and analized by Image ] software.?0

Haematoxylin—eosin staining of the heart tissues

Myocardial tissues were immersed in 4% paraformaldehyde
and embedded in paraffin to prepare 5-um slices. After the
slices were deparaffinized and rehydrated, haematoxy-
lin—eosin (H&E) was used to stain the slices. Images were
obtained under a microscope (Olympus, Tokyo, Japan). The
inflammatory scores of myocardial tissues were calculated
according to a published study.?! As part of scoring criteria
inflammatory cell were scored on 0: no inflammation; 1: <5%
inflammation; 2: 5-10% inflammation; 3: 10-25% inflamma-
tion; 4: >25% inflammation.

TUNEL

The apoptotic cells in heart sections were marked after incu-
bation with TUNEL reaction mixture solution, then DAPI
staining was used to determine the total number of myocar-
dial cells. The sections were observed under a laser confocal
microscope (Leica, Germany) and photographed.

Dihydroethidium assay

The heart sections were stained with 20nmol/L dihydro-
ethidium (DHE, Sigma) at 37°C for 15min. At excitation/
emission wavelengths of 488/610nm under a laser confocal
microscope (Leika, Germany), the sections were observed
and photographed.

Immunofluorescence

A 6.0-um thick myocardial tissue sample was fixed with
4% paraformaldehyde and permeabilized with 0.2% Triton
X-100. It was then blocked for one hour with 5% bovine
serum albumin (BSA, R&D system, USA). Then the slices
were incubated with NLRP3 antibody at 4°C overnight.
Finally, the slices were incubated with the corresponding
fluorescent dye-conjugated secondary antibody at room
temperature for one hour, nuclei counterstained with DAPI
(Abcam, UK) according to the instructions.

Western blot

After different treatments, radioimmunoprecipitation assay
lysis buffer (RIPA, Beyotime) was used to extract total
proteins in cells and tissues at 4°C for 30 min. Using elec-
trophoresis, proteins were separated and transferred to a
Polyvinylidene Fluoride (PVDF) membrane. This study used
the following primary antibodies: anti-Nrf2 (1:1000, Abcam),
anti-HO-1 (1:1000, Abcam), anti-NLRP3 (1:1000, Abcam),
anti-ASC (1:1000, Abcam), anti-cleaved caspase-1 (1:1000,
Cell Signaling Technology), anti-cleaved-IL-1f (1:1000, Cell
Signaling Technology), anti-IL-1f (1:500, Cell Signaling
Technology), anti-IL-18 (1:1000, Abcam), anti-Bcl-2 (1:1000,
Abcam), and anti-Bax (1:1000, Abcam). As a next step, Tris
buffered saline with tween®20 (TBST) was used to wash
the PVDF membrane three times with five minutes for each,
followed by the second antibody goat anti-rabbit (1:3000,
Abcam) was added. A proprietary chemiluminescence kit

(Beyotime) was used to visualize the specific protein bands,
then the bands quantified by the Image ] software (NIH,
USA). Initially, target proteins were corrected over inac-
tive glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
expression and then as fold changes from controls.

Statistical analysis

GraphPad Prism 8.0 (Manufacturer, USA) was used to
perform statistical analysis. Results were expressed as
mean * standard deviation (SD). One-way analysis of vari-
ance and Dunnett’s test were used to compare multiple
groups. P <0.05 was considered statistically significant.

Results

GPS protects H9C2 cells against OGD/R-induced

injury

We first investigated the effects of GPS on OGD/R induced
injury. H9C2 cells were treated with different dosage of GPS
before OGD/R model. We found that GPS treatment amelio-
rated the cells viability compared to OGD/R group (Figure
1(a), P <0.05). In the following experiments, we divided cells
into five groups with different treatments. As presented in
Figure 1(b), the result of CCKS8 assay indicated that GPS
and t-BHQ treatment increased the cell viability, when cells
treated with GPS + ML385, the increasing effect of GPS was
weakened, indicated that ML385 treatment could decreased
the enhancement effect of GPS. In order to confirm the
effect of GPS on cells, we further used transwell assay. The
results presented that HIC2 cells migration was significantly
decreased after OGD/R (Figure 1(c) and (d), P <0.05). GPS
treatment markedly improved the migration ability com-
pared to model group (P <0.05), t-BHQ also partly improved
the migration ability (P <0.05). However, the enhancement
of GPS was reversed by ML385 treatment.

GPS attenuates H9C2 cells injury by reducing
oxidative stress

We further investigated the oxidative stress of HIC2 cells
after OGD/R and different treatment. The results obtained
from the preliminary analysis of SOD, MDA, and ROS were
presented in Figure 2. It is apparent from this figure that the
level of SOD in model group significantly decreased com-
pared to the control group (Figure 2(a), P <0.05), whereas the
levels of MDA and ROS were increased in the model group
(Figure 2(b) and (c), P <0.05). However, GPS and t-BHQ
treatment markedly reversed the increasing of MDA and
ROS. Unfortunately, the use of ML385 reversed the promo-
tion effect of GPS (P <0.05).

GPS protects H9C2 cells against cells apoptosis

We then assessed the effect of GPS on HIC2 cells against cells
apoptosis. A comparison of the control and model groups
revealed the increasing apoptosis cells in the model group
(Figure 3, P<0.05). Compared with the model group, GPS
treatment decreased HIC2 cells apoptosis, whereas ML385
treatment obviously reversed GPS-induced cells apoptosis
reduction.
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Figure 1. GPS promotes H9C2 cells proliferation ability: (a) chemical structure of GPS, (b) GPS improved the viability of HOC2 cells after H/R, (c) viability of HOC2 cells
treated with different drugs according to grouping, GPS promoted the viability of HOC2 cells, (d) transwell assay was used to investigate the migration ability of H9C2
cells (Scale bar: 100 um), (e) bar graph depicting the rate of HIC2 cell migration, GPS could promote the migration of HIC2 cells. n=5. *P <0.05, **P <0.01, compared
to control group; #P < 0.05, #P < 0.01, compared to model group; "P < 0.05, P <0.01, compared to GPS group; &P < 0.05, &P < 0.01, compared to t-BHQ group.

The protective effect of GPS on H9C2 cells injury
was related to Nrf2/NLRP3 signaling

The results obtained from western blot were shown in
Figure 4. The expression level of Nrf2 in H9C2 cells signifi-
cantly decreased after OGD/R, while the NLRP3, cleaved
caspase-1, IL-1B, and IL-18 levels were obviously increased
(P <0.05). As expect, GPS, t-BHQ treatment augmented
the expression of Nrf2, while reduced NLRP3, cleaved cas-
pase-1, IL-1B, and IL-18. However, the effect of GPS was
reversed when co-treated with ML385.

GPS ameliorates AMI

As shown in Table 1, LVEF and LVFS were significantly
decreased in model group than those in the control group.
GPS and t-BHQ treatment improved the decreasing of

LVEF and LVFS. After AMI, the myocardial infarct size was
increased. GPS treatment effectively alleviated the myocar-
dial infarct size (Figure 5(a) and (b), P <0.05). In the control
group, no pathological changes were found in myocardial
cells. Myocardial fibers of rats in model group were broken,
cells were swollen, and a large number of inflammatory cells
were observed (Figure 5(c)). GPS treatment decreased the
inflammation score of heart tissue (Figure 5(d)). Compared
to t-BHQ group, the GPS treatment was more effective.
However, the effect was decreased when co-treated with
ML385.

GPS attenuates myocardial tissue injury by
reducing oxidative stress

The next section of the study was concerned with the oxi-
dative stress. The results of the SOD, MDA, and ROS are
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Figure 2. GPS alleviated oxidative stress in H9C2 cells: (a) the level of SOD was assessed by corresponding SOD kit, SOD content increased after GPS or t-BHQ
treatment, (b) the level of MDA was assessed by corresponding MDA kit, MDA content decreased after GPS or t-BHQ treatment, (c) ROS was detected by flow
cytometry using DCFA-DA kit, (d) the column diagram shows the quantification of ROS by relative fluorescent density, the relative fluorescent density was decreased
after GPS or t-BHQ treatment. n=5. **P < 0.01, compared to control group; #*P < 0.05, #*P < 0.01, compared to model group; "P <0.05, compared to GPS group;

&P < 0.05, compared to t-BHQ group.

displayed in Figure 6. The level of SOD in model group sig-
nificantly decreased compared to the control group (P <0.05),
whereas the levels of MDA and ROS were increased. GPS
and t-BHQ treatment significantly reversed the increasing of
MDA and ROS. Unfortunately, the administration of ML385
was reversed the protective effect of GPS (P <0.05).

GPS protects myocardial tissue against cells
apoptosis

The findings presented in Figure 7 demonstrate that GPS
treatment effectively reduces myocardial cell apoptosis
in comparison to the model group (P <0.05). In addition,
T-BHQ treatment also reduces myocardial cell apoptosis,

albeit to a lesser extent than GPS. Notably, a significant differ-
ence persists between the GPS and t-BHQ groups. However,
ML385 treatment obviously reversed GPS-induced cells
apoptosis reduction. We also detected the expression levels
of Bcl-2 and Bax. After AMI, the expression levels of Bcl-2
decreased while Bax increased. The observed pattern of
alteration was in accordance with the outcomes obtained
through the TUNEL assay.

The protective effect of GPS was related to Nrf2/
NLRP3 signaling

Consistent with the results in H9C2 cells, the expression
levels of Nrf2 and HO-1 in myocardial tissue significantly
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Figure 3. GPS ameliorated H9C2 cells apoptosis: (a) HIC2 cell was assessed by flow cytometry, (b) the column diagram shows the apoptotic rates of all groups,
GPS treatment decreased the apoptotic rates of H9C2 cells. n=5. **P <0.01, compared to control group; *P < 0.05, #P <0.01, compared to model group; “'P <0.01,

compared to GPS group; %P < 0.01, compared to t-BHQ group.

decreased after AMI, while the NLRP3, ASC, cleaved cas-
pase-1, cleaved IL-1f, IL-1B, and IL-18 levels obviously
augmented (P <0.05). As expect, GPS, t-BHQ treatment
augmented the expression of Nrf2 and HO-1, while reduced
NLRP3, ASC, cleaved caspase-1, cleaved IL-1p, IL-1f, and
IL-18. However, the effect of GPS was significantly reversed
when co-treated with ML385 (Figure 8, P <0.05).

Discussion

According to clinical research, myocardial infarction is the
primary cause of cardiovascular disease and mortality.
Restoring blood supply to the heart is considered the most
effective treatment for myocardial infarction.?? However,
reperfusion may exacerbate myocardial injury by inducing
excessive production of oxygen-free radicals and apoptosis
in myocardial cells. These mechanisms are part of a complex
signal network that contributes to AMI injury. GPS, a tradi-
tional Chinese medicine, is commonly used to treat pain and
inflammatory diseases. Prior research has suggested that GPS
may impact the gastric mucosal injury in mice through anti-
inflammatory and anti-oxidant mechanisms.?* Nevertheless,
the impact of GPS on AMI remains largely indeterminate in
academic literature. T-BHQ is a widely used anti-oxidant,
also known as Nrf2 activator. ML385 is a potent Nrf2 inhibi-
tor. In this study, we administered varying doses of GPS to

HOC2 cells prior to OGD/R injury and observed that GPS
enhanced cell viability following OGD/R. To elucidate the
underlying mechanism of this effect, we employed t-BHQ
as a comparative agent. Our findings demonstrate that GPS
significantly promotes cell migration.

Excessive production of ROS is a significant contributor to
oxidative stress, which plays a crucial role in the pathogen-
esis of myocardial ischemia-reperfusion injury.?* The degree
of cellular oxidative damage can be reflected by the content
of MDA, the ultimate product of lipid peroxidation. SOD
is an important anti-oxidant enzyme that inhibits free radi-
cal production and maintains metabolic balance. However,
the overproduction of ROS can deplete SOD, disrupt the
oxidation-antioxidation balance, and trigger oxidative stress
damage and cell apoptosis. The present investigation dem-
onstrates that pretreatment with GPS can effectively aug-
ment the SOD level in H9C2 cells, diminish the ROS level,
and impede MDA production subsequent to OGD/R. These
findings suggest that GPS may mitigate H9C2 cell damage
induced by OGD/R by enhancing the anti-oxidant capacity
of HI9C2 cells. In addition, GPS confers protection against
HOC2 cell apoptosis.

The decline in endogenous anti-oxidant defense, due to
the reduction of transcription factor Nrf2, triggers the activa-
tion of NLRP3 inflammatory bodies, particularly during the
aging process.?> Upon activation of NLRP3 inflammatory
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Table 1. Comparison of cardiac function of rats in different group (n=5, mean = SD).
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Groups LVEDD (mm) LVESD (mm) LVEF (%) LVFS (%)
Control 5.62+0.25 3.79+0.09 68.93£5.45 32.46+3.95
model 7.36 +0.21* 6.07 £0.07** 43.68+5.01** 17.47 £2.39**
GPS 6.24 = 0.18""## 4.34 £ 0.08* ## 66.21 = 3.68## 30.42 £ 2.57##
t-BHQ 6.39 + 0.16*"## 4.49 = 0.04* ## 64.98 * 3.49## 29.57 = 2.29##
GPS + ML385 6.85 = 0.10* ## 4.79 £ 0. 11" ## 65.78 = 3.45## 30.11 = 2.284##

LVEDD: left ventricular end-diastolic dimension; LVESD: left ventricular end-systolic dimension; LVEF: left ventricular ejection fraction; LVFS: left ventricular fractional
shortening; GPS: gentiopicroside; t-BHQ: tert-butylhydroquinone.
**P < 0.01, compared to control group; #P < 0.01, compared to model group.
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Figure 5. Effect of GPS on AMI in rats: (a) TTC staining was used to assess the myocardial infarction, (b) infarct area was presented as white area/total area, GPS
treatment improved the infarct area of rat heart tissue, (c) pathological changes in myocardial tissues were presented by H&E staining (Scale bar: 500 um, 100 um),

(d) inflammatory index of myocardial tissues were qualified by inflammation score, GPS treatment reduced inflammation score of myocardial tissues. n=5. **P <0.01,
compared to control group; #P < 0.05, #P <0.01, compared to model group; "P <0.05, P < 0.01, compared to GPS group; P < 0.05, &P < 0.01, compared to t-BHQ group.
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Figure 6. GPS alleviated oxidative stress in myocardial cells: (a) The level of SOD was assessed by corresponding SOD kit, SOD content increased after GPS or
t-BHQ treatment, (b) the level of MDA was assessed by corresponding MDA kit, MDA content decreased after GPS or t-BHQ treatment, (c) the level of ROS was
detected DHE kit (Scale bar: 20 um), (d) the column diagram shows the quantification of ROS, GPS, or t-BHQ treatment reduced the ROS level in myocardial tissues.
n=>5.*P<0.05, **P <0.01, compared to control group; *P <0.05, ##P <0.01, compared to model group; "P < 0.05, P < 0.01, compared to GPS group; &P <0.05,

4P < 0.01, compared to t-BHQ group.
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Figure 7. GPS ameliorated myocardial cells apoptosis: (a) TUNEL was used to assess the cells apoptosis in myocardial tissue (Scale bar: 50um), (b) the column diagram
shows the apoptotic rates of all groups. GPS treatment reduced cell apoptosis; n=5, (c) Western blot was used to detect the expression levels Bcl-2 and Bax; the column
diagram shows the quantization of Bcl-2 (d) and Bax (e) expression levels; GPS treatment reduced the Bcl-2 expression, while enhanced Bax expression; n=3. **P <0.01,
compared to control group; #P < 0.05, #P <0.01, compared to model group; "P <0.05, P < 0.01, compared to GPS group; &P < 0.01, compared to t-BHQ group.

bodies, pro-cassase-1 undergoes processing and activation
into active caspase-1, leading to the cleavage and release of
IL-1B and IL-18 precursors, which contribute to the patho-
genesis of various inflammatory diseases.?® Previous studies
have demonstrated that Nrf2 can mitigate neuroinflamma-
tion by inhibiting NLRP3.2728 In light of the anti-inflamma-
tory and anti-oxidant properties of GPS, we investigated the
expression of Nrf2 and NLRP3 to gain novel insights into
GPS treatment. Our western blot analysis revealed that GPS
treatment significantly enhanced the expression of Nrf2 and
reduced that of NLRP3, as anticipated. However, the levels
of NLRP3, cleaved caspase-1, IL-1p, and IL-18 were reduced
in HO9C2 cells following OGD/R after GPS treatment.

The subsequent section of the investigation focused on an
in vivo experiment to confirm the protective impact of GPS in
AMl rats as assessed by oxidative stress and apoptosis. The
findings revealed that GPS treatment effectively mitigated
pathological alterations and myocardial infarction area.
Furthermore, GPS treatment significantly elevated SOD,

decreased ROS levels, and suppressed MDA production
after AMI, indicating that GPS reduced myocardial tissue
damage. This suggests that GPS may mitigate myocardial
tissue damage resulting from AMI by enhancing the anti-
oxidant capacity of myocardial cells. In addition, GPS treat-
ment was observed to decrease the rate of cell apoptosis in
myocardial tissue. We also investigated the expression levels
of Bcl-2 and Bax. We found that GPS and t-BHQ treatment
improved the expression level of Bcl-2 while decreased Bax
expression. Mechanistically, we evaluated the expression
levels proteins relate to Nrf2/NLPR3 signaling and found
that GPS treatment augmented the expression of Nrf2, HO-1
while reducing NLRP3, ASC, cleaved caspase-1, cleaved
IL-1B, IL-1B, and IL-18 expression. These findings are con-
sistent with prior research.?”.28 Notably, the protective effects
of GPS were partially reversed by ML385. However, given
the intricate regulatory mechanisms involved in AMI, fur-
ther investigation is required to determine whether GPS can
exert its protective effects through alternative pathways.
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Figure 8. GPS attenuates myocardial tissue injury via Nrf2/NLRP3 signaling: (a) immunofluorescence assay was used to investigate the expression of NLPR3 in
myocardial tissue (Scale bar: 20 um), GPS treatment reduced the expression of NLPR3, (b) Western blot was used to detect the expression of proteins; the column
diagram shows the quantification of Nrf2 (c), HO-1 (d), NLRP3 (e), ASC (f), cleaved caspase-1 (g), cleaved-IL-1p (h), IL-1B (i), and IL-18 (j) expression levels. GPS
treatment enhanced the expression levels of Nrf2 and HO-1 levels, while reduced NLRP3, ASC, cleaved caspase-1, cleaved-IL-1B, IL-1B, and IL-18 expression. n=3.
*P <0.05, **P <0.01, compared to control group; *P < 0.05, ##P <0.01, compared to model group; "P < 0.05, P <0.01, compared to GPS group; P <0.05, &P <0.01,
compared to t-BHQ group.
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Conclusions

In summary, the utilization of GPS exhibits the capacity to
mitigate the inflammatory response and oxidative stress
of myocardial cells subsequent to AMI injury, while con-
currently serving a protective function by decreasing the
occurrence of apoptosis in myocardial cells. Our investi-
gation indicates that the underlying mechanism of GPS’s
efficacy is associated with the Nrf2/NLRP3 signaling
pathway.
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