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Ventricular remodeling (VR) after acute myocardial infarction (AMI) is an important pathophysiological basis for the devel-
opment of chronic heart failure (CHF). At present, Ling-Gui-Zhu-Gan decoction (LGZGD) has been widely reported in the
clinical treatment and basic research of cardiovascular diseases (CVDs), such as myocardial infarction, heart failure, and angina
pectoris. However, the mechanism of LGZGD against VR after AMI remains unclear. Ultra-performance liquid chromatography
(UPLC) was applied to investigate the major constituents of LGZGD, andmolecular docking was used to predict the targets on the
NLRP3/Caspase-1/GSDMD signaling pathway. In vivo, histological changes in the myocardiumwere visualized using HE staining
and Masson staining, and cardiomyocyte apoptosis was detected using TUNEL. IL-1β activity in rat serum was determined by
ELISA. Finally, NLRP3, Caspase-1, and GSDMD expressions were analyzed through RT-qPCR and Western blotting. 0e results
showed that 8 authentic reference substances have been detected in LGZGD. Molecular docking showed that the major chemical
constituents of LGZGD had a good binding activity with NLRP3, Caspase-1, and GSDMD. Our results showed that LGZGD
treatment markedly improved cardiac pathology, decreased cardiomyocyte apoptosis, reduced IL-1β activity, and regulated the
expression of genes and proteins related to the NLRP3/Caspase-1/GSDMD signal pathway. 0ese results suggest that LGZGD
protects against VR after AMI through NLRP3/Caspase-1/GSDMD signal pathway.

1. Introduction

Acute myocardial infarction (AMI) is a prominent illness
with a high morbidity and mortality rate globally, which is
defined by long-term ischemia and death following coronary
artery obstruction and harms patients’ health [1]. Ventric-
ular remodeling (VR) following AMI is a significant path-
ophysiological factor in the development of chronic heart
failure (CHF) [2]. Restoring myocardial blood flow in a
timely and effective manner is the basis of AMI therapy [3].
However, reperfusion therapy cannot be treated in time and
effectively and can also cause myocardial injury, ischemia/
reperfusion injury [4]. 0erefore, seeking active drug

treatment, especially the multi-target treatment of tradi-
tional Chinese medicine compounds, can significantly re-
duce AMI.

0e activation of the nucleotide-binding domain and
leucine-rich repeat protein 3 (NLRP3) inflammasomes
might result in the production of proinflammatory cytokines
such as interleukin-1β (IL-1β). NLRP3 overexpression is a
major cause of coronary artery disease (CAD) and myo-
cardial ischemia-reperfusion (I/R) damage [5]. Numerous
basic and clinical studies have shown that inhibiting the
activation of the NLRP3 inflammasome in the early stage of
reperfusion after AMI can reduce the overall size of the
infarction and maintain normal cardiac function [6, 7].
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Experimental studies have shown that NLRP3 inflamma-
some targeted therapy may be a feasible strategy to reduce
infarct size and prevent heart failure after AMI [8]. 0e
present study shows oxidative stress injury, and inflam-
matory response can lead to the activation of the NLRP3
inflammasome, resulting in a cascade of inflammatory re-
sponses. 0erefore, inhibition of oxidative stress injury or
inflammatory response can inhibit the formation of NLRP3
inflammasome [9, 10]. However, no selective NLRP3 in-
hibitors are clinically available at present. 0erefore, it is
important to find safe and effective NLRP3 inflammasome
inhibitors from Chinese Medicine, to improve myocardial
ischemia resistance and reduce the loss of myocardial cells.

Ling-Gui-Zhu-Gan decoction (LGZGD), a traditional
Chinese medicine, has been used to treat various diseases,
including cardiovascular disease, Alzheimer’s disease, and
diabetes [11–14]. Previous studies found that the combination
of LGZGD andmetoprolol is safe and feasible [15]. LGZGD is
composed of four crude drugs, namely, Poria cocos (Schw.)
Wolf, Cinnamomi Ramulus, Rhizoma Atractylodis Macro-
cephalae, and Radix Glycyrrhizae [16]. Modern pharmaco-
logical studies revealed that LGZGD has been widely reported
in the clinical prevention and treatment of CVDs, such as
arrhythmia, cardiac failure, and angina pectoris [17, 18]. Our
previous study found that LGZGD has good anti-inflam-
matory activity, specifically manifested in improving the
structure and function of the heart by regulating IL-1β and IL-
6 in the AMI rat model [19]. A recent study has discovered
that LGZGD possesses significant anti-inflammatory and
antioxidant properties. In vivo, LGZGD has been shown to
ameliorate myocardial damage and prevent VR via modu-
lating the nuclear factor kappa-B (NF-κB) signaling pathway
[20]. LGZGD can effectively inhibit the overactivation of
cytokines by regulating the production of proteins involved in
the IKK/I-κB/NF-κB signaling pathway [21]. In addition,
LGZGD could enhance the activity of glutathione peroxidase
(GSH-Px) and superoxide dismutase (SOD) in car-
diomyocytes via H2O2-induced injury, reduce the levels of
malonic dialdehyde (MDA) and lactic dehydrogenase (LDH),
and inhibit cardiomyocyte apoptosis, which showed that the
antioxidant mechanism was related to the Nrf2/Keap1/HO-1
pathway [22, 23]. However, whether the active compounds of
LGZGD act on the NF-κB downstream target (NLRP3) and
which can be the lead compounds are not well understood.
0erefore, molecular docking was applied to predict the
mechanism of action and search for lead compounds of
NLRP3, and then its actionmechanismwas further verified by
animal experiments in vivo.

Based on the antioxidant and anti-inflammatory effects
of LGZGD in our previous studies, we will further study its
effect on the downstream NLRP3 signaling pathway. In this
study, the main chemical constituents of LGZGD were
qualitatively identified via UPLC, and molecular docking
was used to predict the relationship between the major
chemical constituents of LGZGD and the relevant proteins
of NLRP3/Caspase-1/GSDMD signaling pathway and ex-
plore molecular mechanism of LGZGD with a focus on the
NLRP3/Caspase-1/GSDMD signaling pathway in AMI-in-
duced rat model.

2. Materials and Methods

2.1. Chemicals and Materials. Liquiritin, isoliquiritin, cin-
namic acid, glycyrrhizic acid, coumarin, cinnamic alcohol,
cinnamaldehyde, and atractylenolide III were obtained from
Shanghai Yuanye Bio-Technology Company (Shanghai,
China). 0e purity of all standard compounds has met the
analytical requirements (>98%). 0e four herbs of LGZGD
were purchased fromAnhui Puren ChineseMedicine Co., Ltd.
(Bozhou China). Acetonitrile and methanol were of chro-
matographic grades (Merck Company, Germany). Rat IL-1β
ELISA kit was purchased from Meimian (Jiangsu, China).
Antibodies (NLRP3, GSDMD, GAPDH) were purchased from
Abcam (Cambridge, MA, USA). Caspase-1 p20 was purchased
from Affinity Biosciences (Cincinnati, OH, USA).

2.2. Extraction of LGZGD. Powdered LGZGD was prepared
according to the following methods. Briefly, crude materials
of Cinnamomi Ramulus (9 g) and Rhizoma Atractylodis
Macrocephalae (9 g) were boiled, and the essential oil and
aromatic water were collected; then, the mixture of gruff
materials and two other crude materials of Poria cocos
(Schw.) Wolf (12 g) and Radix Glycyrrhizae (6 g) were im-
mersed in water for 30min and boiled for 1.5 h three times
with 8-fold water. After filtration, the filtrate was combined
three times, then concentrated, and finally evaporated to
dryness to obtain LGZGD powder.

2.3. Analysis of LGZGD by UPLC-PDA. 0e main active
components of LGZGD were qualitatively identified by
Waters ACQUITY UPLC H-Class system (Waters, Milford,
MA). ACQUITY BEH C18 column specifications were se-
lected as 2.1mm× 100mm, 1.7 μm (Waters, Milford, MA).
0e mobile phase was 0.05% (v/v) phosphoric acid-distilled
water (A) and acetonitrile (B) system, followed by gradient
elution: 5–33% B for 0–8min; 33–95% B for 8–16min;
95–5% B for 16–18min. 0e setting parameters were as
follows: column temperature� 30°C; flow rate� 0.2mL/min;
injection volume� 1 μL; wavelength� 210 nm.

2.4. Molecular Docking Prediction of Major Components of
LGZGD. CB-DOCK was used to conduct molecular docking
between ligand and receptor. 0e 3D structures of NLRP3,
Caspase-1, and GSDMD were downloaded from RCSB
(https://www.rcsb.org/) [24], and the PDB IDs were 6npy
[25], 1rwx [26], and 5wqt [27]. PDB formats of related
proteins andmajor components of LGZGDwere input to CB-
Dock [28]. 0e lower the Vina score is, the more stably the
ligand binds to the receptor. Considering that the binding
sites were as consistent as possible, the docking results of
NLRP3, Caspase-1, andGSDMD inhibitorsMCC950,ML132,
and LDC7559 were selected as positive references.

2.5. In Vivo Experiment

2.5.1. Animals. Male Sprague-Dawley rats (weighing
200± 20 g) were obtained from Anhui Medical University’s
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Experimental Animal Center (SCXK 2017–001). All ex-
periments met the requirements pertaining to the handling
of animals and thus were approved by the Experimental
Animal Ethics Committee of Anhui University of Chinese
Medicine.

2.5.2. Establishment of AMI Rat Model. As previously
mentioned, the model of AMI in rats was constructed by
ligating the left anterior descending (LAD) coronary artery
[29]. Briefly, all rats were anesthetized with isoflurane and
equipped with respirators to reduce the pain. Under the
previous condition, the left thorax of the rat was opened and
ligated 2mm below the left atrial appendage with 6–0 silk
thread. Rats in the sham group underwent thoracotomy
perforation without ligature.

2.5.3. Drug Treatment. Two weeks later, rats with AMI were
randomly assigned to four groups: model (i.e., deionized
water), LGZGD (i.e., 4.2 g/kg, equivalent to the dry weight of
the raw materials), and captopril (i.e., 3.375mg/kg), for
4weeks; rats in the sham group received the same volume of
deionized water intragastrically.

2.5.4. Hemodynamic Indexes’ Assessment. After the last
treatment, LVSP, LVEDP, +dP/dtmax, and −dP/dtmax were
identified and statistically evaluated using PowerLab (Castle
Hill, Australia).

2.5.5. Myocardial Histopathology. 0e left ventricular
myocardium’s myocardial infarction region was collected,
fixed with 4% paraformaldehyde, and paraffin-embedded
tissue was processed into thick tissue slices. Hematoxylin-
eosin (HE) staining and Masson staining were used to
observe the pathological changes, collagen deposition, and
collagen volume fraction (CVF).

2.5.6. TUNEL Staining. 0e TdT-mediated dUTP nick-end
labeling (TUNEL) technique was used to detect the free 3′-
OH chain breaks caused by DNA degradation [30]. Under
the microscope, five visual fields were randomly selected
from each slice; in these fields, we counted the numbers of all
cardiomyocytes and apoptotic cardiomyocytes. 0e calcu-
lation formula is as follows: apoptosis rate� the number of
apoptotic cardiomyocytes/number of all
cardiomyocytes× 100%.

2.5.7. Immunohistochemical Analyses. Left ventricle sam-
ples were stained with primary antibodies against NLRP3 (1 :
100), Caspase-1 (1 :100), and GSDMD (1 :1000) and were
incubated overnight at 4°C, followed by secondary anti-
bodies (1 : 200). Next, the sections were stained with DAB.
Finally, a fluorescence microscope was used to obtain images
of the tissues.

2.5.8. ELISA for Serum Levels of IL-1β. IL-1β level in rat
serum was detected by commercial test kits (Meimian,
Jiangsu, China). Optical density (OD) was selected at
450 nm, read by a microplate reader (Biotek, USA).

2.5.9. Western Blotting for Protein Expression. 0e BCA kit
was used to determine the concentrations of total protein
extracted from the myocardium. After SDS-PAGE separa-
tion, equivalent quantities of cardiac tissue protein were
transferred to NC membranes, which were then blocked in
5% skimmedmilk powder for 2 h and incubated overnight at
4°C. Specific proteins were identified using antibodies
against NLRP3, Caspase-1 p20, and GSDMD. 0e NC
membranes were incubated overnight at 4°C, followed by 2 h
at room temperature with the secondary antibodies. After
washing 3 times with TBST, electrogenerated chem-
iluminescence (ECL) was used to develop and fix, and obtain
the gel imager, and finally protein bands were obtained. 0e
experiment was repeated 3 times. GAPDH was used as an
internal control.

2.5.10. RT-PCR for mRNA Expression. Total RNA was
extracted from the left ventricular myocardium at 70mg
using the Trizol reagent and then reverse-transcribed to
cDNA. RNA purity and quantification were determined
based on its absorbance at 260 and 280 nm on a UV
spectrophotometer. 0e cDNA was then analyzed using
LightCycler® 96 PCR instrument (Roche, Switzerland).
mRNA expression levels of NLRP3, Caspase-1, and GSDMD
were analyzed using 2−ΔΔCq methods, which were normal-
ized to β-actin. 0e primer sequences used are shown in
Table 1.

2.6. Statistical Analysis. All data results were expressed as
mean± SD and statistically analyzed by SPSS 23.0 software.
One-way ANOVA and LSD tests were used to analyze the
significance of the differences between groups. P< 0.05 was
considered as significant difference.

Table 1: Primers used in qRT-PCR.

Primers Sequence (5′⟶ 3′)

NLRP3 Forward
Reverse

5′-GAGCTGGACCTCAGTGACAATGC-3′
5′-

AGAACCAATGCGAGATCCTGACAAC-
3′

Caspase-
1

Forward
Reverse

5′-
GCACAAGACTTCTGACAGTACCTTCC-

3′
5′-

GCTTGGGCACTTCAATGTGTTCATC-3′

GSDMD Forward
Reverse

5′-CAGCAGGCAGCATCCTTGAGTG-3′
5′-

CCTCCAGAGCCTTAGTAGCCAGTAG-
3′

β-Actin Forward
Reverse

5′-CCCGCGAGTACAACCTTCTTG-3′
5′-GTCATCCATGGCGAACTGGTG-3′
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3. Results

3.1. UPLC-PDA Qualitative Analysis. UPLC chromatogram
of mixed standard compounds and LGZGD is shown in
Figure 1. Eight authentic reference substances have been
detected in LGZGD within 18min. 0ey are liquiritin (1),
isoliquiritin (2), coumarin (3), cinnamic alcohol (4), cin-
namic acid (5), cinnamaldehyde (6), glycyrrhizic acid (7),
and atractylenolide III (8) (Figure 2).

3.2. Molecular Docking Results

3.2.1. Docking of Main Components of LGZGD with NLRP3.
0emain components of LGZGD had a good binding activity
with NLRP3. Among them, the top three compounds were
liquiritin, atractylenolide III, and isoliquiritin, which were
close to the Vina score of the MCC950. 0e results suggested
that LGZGD may act on NLRP3 (Table 2 and Figure 3).

3.2.2. Docking of Main Components of LGZGD with Caspase-
1. 0e main components of LGZGD had a good binding
activity with Caspase-1. Among them, the top three com-
pounds were atractylenolide III, isoliquiritin, and glycyr-
rhizic acid, and the Vina scores of atractylenolide III and
isoliquiritin were better than that of ML132. 0ese results
indicate that LGZGD may act on Caspase-1, and atracty-
lenolide III and isoliquiritin have strong potential activities
and are worthy of further development (Table 3 and
Figure 4).

3.2.3. Docking of Main Components of LGZGDwith GSDMD.
0e main components of LGZGD had a good binding ac-
tivity with GSDMD. Among them, the top three compounds
were isoliquiritin, glycyrrhizic acid, and liquiritin, which
were close to the Vina score of the LDC7559. 0e results
suggested that LGZGD may act on GSDMD (Table 4 and
Figure 5). Molecular docking only predicted that LGZGD
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Figure 1: UPLC-PDA analysis of LGZGD.0e chromatograms of standard compounds (a) and LGZGD (b). Liquiritin (1), isoliquiritin (2),
coumarin (3), cinnamic alcohol (4), cinnamic acid (5), cinnamaldehyde (6), glycyrrhizic acid (7), and atractylenolide III (8).
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might act on NLRP3/Caspase-1/GSDMD signaling path-
ways, which was then verified by in vivo experiment.

3.3. In Vivo Experimental Results

3.3.1. LGZGD Improves Cardiac Function after AMI.
Compared with the sham group, LVSP, +dP/dtmax, and
−dP/dtmax decreased significantly (P< 0.01), and LVEDP

increased significantly in the model group (P< 0.01).
LGZGD group and captopril group reversed the hemody-
namic indexes (P< 0.01) (Figure 6). LGZGD could signif-
icantly improve cardiac function with AMI.

3.3.2. LGZGD Improves the Morphological Changes via H&E
Staining. As shown in Figure 7, the sham group’s myocardial
tissuewas stainedwell, themorphologywas normal, the texture
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O O

OH

Cinnamaldehyde (6)

CHO
OH

O
Liquiritin (1) Isoliquiritin (2)

OH

OH
OH

HO
HO O

O O

O

OH
OH

OH

OH
HO

HO

O

OO

Atractylenolide III (8)Glycyrrhizic acid (7)
OH

OHO

O
O

O O
O

O

O

HO

HO

HO

HO

HO HO

H

H

OH
O

O

H

Figure 2: 0e characteristic chemical structures of LGZGD.

Table 2: Docking results of main components of LGZGD with NLRP3.

Chemicals Vina score Cavity score Center (x, y, z) Size (x, y, z)
MCC950 −10.4 12730 88, 94, 81 35, 34, 35
Liquiritin −9.4 12730 88, 94, 81 35, 34, 35
Atractylenolide III −8.9 12730 88, 94, 81 35, 34, 35
Isoliquiritin −8.2 12730 88, 94, 81 35, 34, 35
Glycyrrhizic acid −6.5 12730 88, 94, 81 35, 29, 35
Coumarin −6.5 12730 88, 94, 81 35, 34, 35
Cinnamic acid −5.9 12730 88, 94, 81 35, 34, 35
Cinnamic alcohol −5.7 12730 88, 94, 81 35, 34, 35
Cinnamaldehyde −5.7 12730 88, 94, 81 35, 34, 35
Bold represents the top three compounds’ Vina scores.

(a) (b) (c)

Figure 3: Molecular docking diagram of top 3 components of LGZGD and NLRP3: (a) liquiritin; (b) atractylenolide III; (c) isoliquiritin.
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was clear, the myocardial cells were organized in an ordered
arrangement, and few cardiac fibroblasts were observed. 0e
myocardium of the model group showed pathological changes
with uneven staining and disordered arrangement, the pro-
liferation of fibroblasts and infiltration of inflammatory cells.
LGZGDand captopril could reduce the fibroblasts and alleviate
the inflammatory cell infiltration. 0e results indicated that
LGZGD could alleviate cardiac pathological changes and re-
duce the inflammatory response in AMI rats.

3.3.3. LGZGD Alleviates Myocardial Fibrosis and CVF via
Masson Staining. 0e myocardial fibers were stained red,
whereas the collagen fibers were stained blue using theMasson
method. CVF can be used to observe the morphologic changes
in the left ventricular myocardium. 0e myocardium was
arranged neatly, with a few collagen fibers, and the distribution

was relatively even in the sham group. In the model group, the
arrangement of the myocardium was chaotic, the collagen was
significantly increased, the distribution was disordered, and
CVF was significantly increased (P< 0.01). 0e collagen of
myocardial tissue was significantly reduced, the myocardial
fibrosis was significantly improved, and CVF was significantly
decreased in the LGZGD group and captopril group (P< 0.01)
(Figure 8). LGZGD could reduce the excessive deposition of
myocardial interstitial collagen.

3.3.4. LGZGD Reduces Cardiomyocyte Apoptosis via TUNEL
Staining. Apoptosis rate was detected by TUNEL staining.
0e myocardial nucleus was pale brown after apoptosis
(Figure 9). 0e myocardial nucleus in the model group was
light brown, indicating that cardiomyocytes had apoptosis,
and the apoptosis rate was significantly higher than those of

Table 3: Docking results of main components of LGZGD with Caspase-1.

Chemicals Vina score Cavity score Center (x, y, z) Size (x, y, z)
ML132 −6.8 685 41, 65, 6 24, 24, 24
Atractylenolide III −8.2 685 41, 65, 6 19, 19, 19
Isoliquiritin −7.9 685 41, 65, 6 27, 27, 27
Glycyrrhizic acid −7.3 685 41, 65, 6 29, 29, 29
Liquiritin −7.1 685 41, 65, 6 24, 24, 24
Coumarin −6.0 685 41, 65, 6 17, 24, 24
Cinnamic acid −5.7 685 41, 65, 6 18, 24, 24
Cinnamaldehyde −5.5 685 41, 65, 6 18, 24, 24
Cinnamic alcohol −5.4 685 41, 65, 6 18, 24, 24
Bold represents the top three compounds’ Vina scores.

(a) (b) (c)

Figure 4: Molecular docking diagram of top 3 components of LGZGD and Caspase-1: (a) atractylenolide III; (b) isoliquiritin; (c) gly-
cyrrhizic acid.

Table 4: Docking results of main components of LGZGD with GSDMD.

Chemicals Vina score Cavity score Center (x, y, z) Size (x, y, z)
LDC7559 −7.5 868 30, −83, 41 24, 24, 24
Isoliquiritin −7.0 868 30, −83, 41 27, 27, 27
Glycyrrhizic acid −6.7 868 30, −83, 41 29, 29, 29
Liquiritin −5.7 868 30, −83, 41 24, 24, 24
Atractylenolide III −5.4 868 30, −83, 41 19, 19, 25
Coumarin −5.3 868 30, −83, 41 17, 17, 25
Cinnamic acid −4.8 868 30, −83, 41 18, 18, 25
Cinnamic alcohol −4.6 868 30, −83, 41 18, 18, 25
Cinnamaldehyde −4.4 868 30, −83, 41 18, 18, 25
Bold represents the top three compounds’ Vina scores.
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the sham group (P< 0.01). 0e pale brown nuclei and ap-
optosis rate were considerably lower in the LGZGD and
captopril group than in the model group (P< 0.01). 0e
results indicated that LGZGD can significantly inhibit
cardiomyocyte apoptosis in AMI rats.

3.3.5. LGZGD Decreases NLRP3, Caspase-1, and GSDMD
Levels via Immunohistochemical Analyses. NLRP3, Caspase-
1, and GSDMD were brown and were diffused in the
myocardial tissues via immunohistochemistry staining. 0e
levels of NLRP3, Caspase-1, and GSDMD were significantly

(a) (b) (c)

Figure 5: Molecular docking diagram of top 3 components of LGZGD and GSDMD: (a) isoliquiritin; (b) glycyrrhizic acid; (c) liquiritin.

Sham

150

100

50

0

LV
SP

 (m
m

H
g)

Model Captopril LGZGD

** ##

##

(a)

40

30

20

10

0

LV
ED

P 
(m

m
H

g)

Sham Model Captopril LGZGD

**

##

##

(b)

Sham Model Captopril LGZGD

10000

8000

6000

4000

2000

0

+d
p/

dt
m

ax
 (m

m
H

g/
s)

** ##

##

(c)

Sham Model Captopril LGZGD

0

-2000

-4000

-6000

-8000

-d
p/

dt
m

ax
 (m

m
H

g/
s)

**

##

##

(d)

Figure 6: LGZGD improves cardiac function on hemodynamic indexes: (a) LVSP; (b) LVEDP; (c) +dP/dtmax; (d) −dP/dtmax. 0e values
are expressed as mean± SD (n� 10). ∗∗P< 0.01 vs. sham group, ##P< 0.01 vs. model group.
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increased in the model group (P< 0.01). Compared with the
model group, LGZGD and captopril groups had significantly
decreased the expressions of NLRP3, Caspase-1, and
GSDMD (P< 0.01). 0ese data demonstrated that LGZGD
significantly decreases the elevated NLRP3, Caspase-1, and
GSDMD expression (Figure 10).

3.3.6. LGZGD Decreases IL-1β Level in AMI-Induced Myo-
cardial Injury. As shown in Figure 11, IL-1β level in rat
serum increased significantly in the model group compared
with the sham group (P< 0.05). IL-1β level in rat serum was
decreased significantly in the LGZGD and captopril groups
(P< 0.05).

3.3.7. LGZGD Regulates Protein Expressions of NLRP3,
Caspase-1, and GSDMD in AMI Rats. In comparison to the
sham group, the model group dramatically enhanced the
expression of NLRP3, Caspase-1, and GSDMD proteins
(P< 0.01). LGZGD and captopril were shown to be effective
in reversing protein overexpression (P< 0.01, P< 0.05)
(Figure 12). LGZGD could inhibit the expression of related
proteins in the NLRP3/Caspase-1/GSDMD signaling
pathway.

3.3.8. LGZGD Inhibits the Expression of NLRP3, Caspase-1,
and GSDMD mRNA in AMI Rats. 0e RT-qPCR analysis
revealed the expression of genes. NLRP3, Caspase-1, and

CaptoprilModelSham LGZGD

Figure 7: LGZGD improves the morphological changes via H&E staining (×100 and ×200).
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Figure 8: LGZGD alleviates myocardial fibrosis and CVF via Masson staining (×100 and ×200). Values are expressed as mean± SD (n� 10).
∗∗P< 0.01 vs. sham group, ##P< 0.01 vs. model group.
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GSDMD mRNA expression levels were markedly higher in
the model group than in the sham group (P< 0.01). LGZGD
and captopril have the ability to reverse mRNA expressions
(P< 0.01) (Figure 13). LGZGD treatment can significantly
inhibit NLRP3/Caspase-1/GSDMD signaling pathway-re-
lated gene expression in the AMI model rats, which is
consistent with the effect on protein expression.

4. Discussion

AMI induces a strong inflammatory response that activates
NF-κB. Activated NF-κB translocation to the nucleus reg-
ulates the transcription of inflammatory and immune-re-
lated genes, induces the expression of cytokines, and then
interferes with the differentiation, proliferation, and apo-
ptosis of cardiomyocytes, which induces the inflammatory
cascade reaction and accelerates the pathological process of
VR [31, 32]. Additionally, activation of NF-κB elevated the
expression of NLRP3 in cardiomyocytes. NLRP3 is one of
the inflammasomes, consisting of NLRP3, ASC (apoptosis-
associated speck-like protein containing a caspase recruit-
ment domain), and Procaspase-1 [33, 34]. In response to the
pyroptosis signal, the pattern recognition receptors in the
cell bind to the associated pattern recognition molecules,
and NLRP3 remains inactive in the cytoplasm. 0e PYD
domain of NLRP3 interacts with the ASC, and the ASC’s
CARD domain interacts with Procaspase-1, resulting in the
formation of the complete NLRP3 inflammasome, NLRP3-
ACS-Procaspase-1.0en, it stimulates downstreamCaspase-
1 targets, resulting in Caspase-1 cleavage and activation,
induction of maturation, and secretion of IL-1β [35, 36].

NLRP3 activation has a critical role in the onset and pro-
gression of CVDs. Following AMI initiation, ischemia
damage, cell death, and related cell debris activate the
inflammasome, resulting in the inflammatory response
[37, 38]. NLRP3 inhibitor can significantly reduce myo-
cardial infarct area, maintain cardiac function, and inhibit
the overactivation of NLRP3 inflammasome of AMI animal
models [39].

Recent research indicates that activation of the NLRP3
inflammasome has a role in basic structural alterations in VR
after AMI [40]. Cardiac pressure overload causes Ca2+ influx
and triggers the activation of NLRP3 inflammasome in
cardiomyocytes, which results in the recruitment of cardiac
macrophages, the formation of fibrosis, and the develop-
ment of myocardial dysfunction [41]. After 2weeks of
treatment with NLRP3 inflammasome inhibitor MCC950 in
MI/R mice, myocardial fibrosis and NLRP3-induced
pyroptosis were significantly reduced [42]. P2X7 inhibition
(using silencing RNA) could prevent the formation of the
NLRP3 inflammasome, limit infarct size and cardiac en-
largement in AMI, and alleviate VR on the 7th day, which
was characterized by slight ventricular dilatation and dys-
function [43]. 0ese results suggest that NLRP3-inflam-
masome-mediated pyroptosis may be an important target
for drug therapy for VR after AMI [44]. To alleviate AMI
following VR, it is necessary to inhibit the activity of the
NLRP3 inflammasome and reduce the overexpression of
inflammatory factors. 0erefore, a new approach to prevent
and treat VR after AMI can be initiated by inhibiting NLRP3
activation, and classical TCM prescriptions with definite
curative effects can be sought.
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Figure 9: LGZGD reduces cardiomyocyte apoptosis via TUNEL staining. Light blue: the nucleus of normal myocardium; pale brown: the
nucleus of apoptosis. 0e values are expressed as mean± SD (n� 10). ∗∗P< 0.01 vs. sham group, ##P< 0.01 vs. model group.
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In this study, eight main components of LGZGD were
determined by UPLC, namely, liquiritin, isoliquiritin, cou-
marin, cinnamic alcohol, cinnamic acid, cinnamaldehyde,
glycyrrhizic acid, and atractylenolide III, which are consistent
with the main chemical components of LGZGD previously
reported [45]. CB-dock is a simple blind docking Web server
that predicts the binding situation and places of small mole-
cules in a given target. 0e outcomes of interactive 3D visu-
alization between molecules and targets, as well as the binding
of chemicals to amino acid residues, may be visibly given. 0e
results ofmolecular docking showed that themain components
of LGZGD may act on the major targets of the NLRP3/Cas-
pase-1/GSDMD signaling pathway. Among the main com-
ponents of LGZGD, the compound that could bind to NLRP3,
Caspase-1, andGSDMDwas isoliquiritin. In addition, liquiritin
could bind to NLRP3 and GSDMD. Isoliquiritin is likely to act
as a lead compound in the inhibitory of NLRP3/Caspase-1/
GSDMD signaling pathway on AMI. Isoliquiritin and liquiritin
are typical flavonoids, and flavonoids are beneficial to
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cardiovascular diseases, an important part of “functional food,”
which, by enhancing cardiac functioning, can decrease car-
diomyocyte apoptosis and fibrotic marker generation and
prevent cardiac hypertrophy [46]. 0e results of experiments
showed that isoliquiritin has a good inhibitory effect onNF-κB,
NLRP3, cleaved Caspase-1, and IL-1β [47]. In addition,
atractylenolide III could decrease the expressions of cleaved
Caspase-1 and NLRP3, indicating that atractylenolide III re-
ducedNLRP3 inflammasome activation in ovalbumin-induced

asthmatic mice [48]. Glycyrrhizic acid could decrease the in-
creased levels of NLRP3, ASC, and Caspase-1 induced by
HMGB1 and inhibit IL-1β production [49]. Cinnamic acid can
significantly inhibit NLRP3, NF-κB, and ASK1/MAPK sig-
naling pathways, thus alleviating oxidative stress injury of
pancreas [50]. Cinnamaldehyde can reduce the expressions of
TLR4, NF-κB, NLRP3, Caspase-1, and IL-1β in the prefrontal
cortex and hippocampus, which inhibited the NF-κB pathway
and NLRP3 inflammasome overactivation [51]. Since
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Figure 12: LGZGD regulates protein expressions of NLRP3, Caspase-1, and GSDMD in AMI rats: (a) NLRP3, Caspase-1, and GSDMD
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Figure 13: LGZGD inhibits the expression of NLRP3, Caspase-1, and GSDMD mRNA in AMI rats. 0e values were expressed as the
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molecular docking shows that the main chemical components
of LGZGD have good binding ability with the proteins on the
NLRP3/Caspase-1/GSDMD signal pathway, and the references
also reported that some chemical components could act on
NLRP3, it is particularly important to further study the cor-
relation between LGZGD and the NLRP3/Caspase-1/GSDMD
signal pathway in vivo.

0e results of our pharmacodynamic experiments showed
that LGZGD could significantly improve cardiac function and
cardiac pathological changes, reduce the excessive deposition
of myocardial interstitial collagen, and inhibit cardiomyocyte
apoptosis. LGZGD could significantly reduce IL-1β release
after activation of the NLRP3/Caspase-1/GSDMD signaling
pathway. Additional investigations demonstrated that LGZGD
may drastically reduce the levels of mRNA and protein ex-
pression of the targets in the AMI-activatedNLRP3/Caspase-1/
GSDMD signaling pathway. LGZGD may reduce NLRP3
inflammasome activation, therefore inhibiting the NLRP3/
Caspase-1/GSDMD signaling pathway.

5. Conclusion

In summary, UPLC combined with molecular docking
technology preliminarily elucidates the main components of
LGZGD and its mechanism of inhibiting the NLRP3/Cas-
pase-1/GSDMD signal pathway. In this study, modern mo-
lecular docking technology was used to predict the
mechanism of TCM in preventing and treating VR after AMI,
providing a new method for the study of TCM mechanisms.
In vivo experimental results showed that LGZGD could
significantly improve cardiac function, alleviate myocardial
fibrosis, reduce the level of inflammatory factors, and inhibit
the activation of NLRP3/Caspase-1/GSDMD signaling
pathway. 0e highlight of this study is that UPLC and mo-
lecular docking technology were used to predict the targets of
LGZGD, and in vivo experiments were used to further verify
the correlation between LGZGD and the NLRP3/Caspase-1/
GSDMD signal pathway, which is a combination of theory
and practice. However, we only investigated a portion of the
mechanism of LGZGD in the prevention and treatment of VR
after AMI, and we did not employ cardiomyocytes, gene
silencing, or overexpression to carry out in-depth investi-
gation. In the future study, cardiomyocytes will be employed
to conduct in-depth research on the specific regulatory target
andmechanism of LGZGD, to further explain themechanism
of LGZGD in the prevention and treatment of VR after AMI.

Data Availability

0e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

0e authors declare that they have no conflicts of interest.

Authors’ Contributions

LW and JLH designed the research and reviewed the
manuscript. PZ and MZ conducted the experiments. XNZ,

TJT, and XW carried out the data statistics. LLH and QK
collected literature and downloaded targets. PZ and MZ
wrote the manuscript. LW and JLH revised the manuscript.
All authors read and approved the final manuscript. Peng
Zhou and Meng Zhang contributed equally to this work.

Acknowledgments

0is work was financially supported by National Natural
Science Foundation of China (Nos. 82004180 and 81973844),
Key Project Foundation of Natural Science Research in
Universities of Anhui Province in China (Nos. KJ2020A0393
and KJ2020A0411), Key Project Foundation of Natural
Science Research of Anhui University of Chinese Medicine
(2020zrzd06), and National College Students’ Innovation
and Entrepreneurship Project (202110369040).

References

[1] J. L. Anderson and D. A. Morrow, “Acute myocardial in-
farction,” New England Journal of Medicine, vol. 376, no. 21,
pp. 2053–2064, 2017.

[2] J. M. Bradley, P. Spaletra, Z. Li et al., “A novel fibroblast
activation inhibitor attenuates left ventricular remodeling and
preserves cardiac function in heart failure,” American Journal
of Physiology - Heart and Circulatory Physiology, vol. 315,
no. 3, pp. H563–h570, 2018.

[3] C. Peet, A. Ivetic, D. I. Bromage, and A. M. Shah, “Cardiac
monocytes and macrophages after myocardial infarction,”
Cardiovascular Research, vol. 116, no. 6, pp. 1101–1112, 2020.

[4] B. Wernly, M. Mirna, R. Rezar et al., “Regenerative cardio-
vascular therapies: stem cells and beyond,” International
Journal of Molecular Sciences, vol. 20, no. 6, p. 1420, 2019.

[5] M. J. M. Silvis, E. J. Demkes, A. T. L. Fiolet et al., “Immu-
nomodulation of the NLRP3 inflammasome in atheroscle-
rosis, coronary artery disease, and acute myocardial
infarction,” Journal of Cardiovascular Translational Research,
vol. 14, no. 1, pp. 23–34, 2021.

[6] L. F. Buckley and P. Libby, “Inhibiting NLRP3 inflammasome
activity in acute myocardial infarction,” Journal of Cardio-
vascular Pharmacology, vol. 74, no. 4, pp. 297–305, 2019.

[7] Z. Ren, K. Yang, M. Zhao et al., “Calcium-sensing receptor on
neutrophil promotes myocardial apoptosis and fibrosis after
acute myocardial infarction via NLRP3 inflammasome acti-
vation,” Canadian Journal of Cardiology, vol. 36, no. 6,
pp. 893–905, 2020.

[8] S. Toldo and A. Abbate, “0e NLRP3 inflammasome in acute
myocardial infarction,” Nature Reviews Cardiology, vol. 15,
no. 4, pp. 203–214, 2018.

[9] Z. Li, H. Chi, W. Zhu et al., “Cadmium induces renal in-
flammation by activating the NLRP3 inflammasome through
ROS/MAPK/NF-κB pathway in vitro and in vivo,” Archives of
Toxicology, vol. 95, no. 11, pp. 3497–3513, 2021.

[10] Y. Luo, B. Xiong, H. Liu et al., “Koumine Suppresses IL-1β
secretion and attenuates inflammation associated with
blocking ROS/NF-κB/NLRP3 axis in macrophages,” Frontiers
in Pharmacology, vol. 11, Article ID 622074, 2020.

[11] F. Xi, F. Sang, C. Zhou, and Y. Ling, “Protective effects of
Linggui Zhugan decoction on amyloid-beta peptide (25-35)-
induced cell injury: anti-inflammatory effects,” Neural Re-
generation Research, vol. 7, no. 36, pp. 2867–2873, 2012.

[12] R. Wu, D. Zhao, R. An et al., “Linggui Zhugan formula
improves glucose and lipid levels and alters gut microbiota in

12 Evidence-Based Complementary and Alternative Medicine



high-fat diet-induced diabetic mice,” Frontiers in Physiology,
vol. 10, p. 918, 2019.

[13] Y. Dang, J. Xu, Y. Yang et al., “Ling-gui-zhu-gan decoction
alleviates hepatic steatosis through SOCS2 modification by
N6-methyladenosine,” Biomedicine & Pharmacotherapy,
vol. 127, Article ID 109976, 2020.

[14] Y. Li, H.Wu, B. Zhang, X. Xu, Y.Wang, andQ. Song, “Efficacy
and safety of Linggui Zhugan decoction in the treatment of
chronic heart failure with Yang deficiency,” Medicine,
vol. 100, no. 20, Article ID e26012, 2021.

[15] P. Zhou, J. Huang, andW. Ding, “Effect of Ling-Gui-Zhu-Gan
decoction major components on the plasma protein binding
of metoprolol using UPLC analysis coupled with ultrafiltra-
tion,” RSC Advances, vol. 8, no. 63, pp. 35981–35988, 2018.

[16] S.-Y. Xiang, J. Zhao, Y. Lu et al., “Network pharmacology-
based identification for therapeutic mechanism of Ling-Gui-
Zhu-Gan decoction in the metabolic syndrome induced by
antipsychotic drugs,” Computers in Biology and Medicine,
vol. 110, pp. 1–7, 2019.

[17] X. Wang, Y. Gao, Y. Tian et al., “Integrative serum metab-
olomics and network analysis on mechanisms exploration of
Ling-Gui-Zhu-Gan decoction on doxorubicin-induced heart
failure mice,” Journal of Ethnopharmacology, vol. 250, Article
ID 112397, 2020.

[18] P. Zhou and J. L. Huang, “Prediction of material foundation of
Ling-Gui-Zhu-Gan decoction for chronic heart failure based
on molecular docking,” Pakistan Journal of Pharmaceutical
Sciences, vol. 33, no. 4, pp. 1459–1464, 2020.

[19] J. Huang, L. Wang, H. Shi, and X. Hou, “Effect of lingguiz-
hugan decoction on myocardial nuclear factor kappa B
protein expression in rats with chronic heart failure,” Journal
of Traditional Chinese Medicine, vol. 33, no. 3, pp. 343–348,
2013.

[20] H. Shi, S. Xu, L. J. Huang, L. Liu, Y. Y. Liu, and J. Peng, “Study
on the molecular mechanism of Linggui Zhugan decoction
regulating ventricular remodeling in myocardial tissue of rats
with NF-κB signaling pathway,” Journal of Chinese Medicinal
Materials, vol. 40, no. 3, pp. 680–683, 2017.

[21] H. Shi, L. Wang, J. L. Huang et al., “Effect of Linggui Zhugan
decoction containing serum on protein expression of IKK/
IκB/NF-κB signal pathways in lipopolysaccharide-induced
cardiomyocyte injury model rats,” Zhongguo Zhongxiyi Jiehe
Zazhi, vol. 37, no. 10, pp. 1215–1219, 2017.

[22] W. X. Ding, R. R. Ge, J. L. Huang et al., “Effect of serum
containing Linggui Zhugan decoction on hydrogen peroxide-
induced oxidative stress injury and apoptosis of primary
cardiomyocytes from neonatal mice,” Journal of Anhui
University of Chinese Medicine, vol. 38, no. 2, pp. 61–66, 2019.

[23] X. Wang, T. Tang, M. T. Zhai et al., “Ling-Gui-Zhu-Gan
decoction protects H9c2 cells against H(2)O(2)-induced
oxidative injury via regulation of the Nrf2/Keap1/HO-1
signaling pathway,” Evidence-Based Complementary and Al-
ternative Medicine, vol. 2020, Article ID 8860603, 2020.

[24] S. K. Burley, H. M. Berman, G. J. Kleywegt, J. L. Markley,
H. Nakamura, and S. Velankar, “Protein data bank (PDB): the
single global macromolecular structure archive,” Methods in
Molecular Biology, vol. 1607, pp. 627–641, 2017.

[25] M. Abdullaha, M. Ali, D. Kour, A. Kumar, and S. B. Bharate,
“Discovery of benzo[cd]indol-2-one and benzylidene-thia-
zolidine-2,4-dione as new classes of NLRP3 inflammasome
inhibitors via ER-β structure based virtual screening,” Bio-
organic Chemistry, vol. 95, Article ID 103500, 2020.

[26] S. Patel, P. Modi, and M. Chhabria, “Rational approach to
identify newer caspase-1 inhibitors using pharmacophore

based virtual screening, docking and molecular dynamic
simulation studies,” Journal of Molecular Graphics and
Modelling, vol. 81, pp. 106–115, 2018.

[27] S. Kuang, J. Zheng, H. Yang et al., “Structure insight of
GSDMD reveals the basis of GSDMD autoinhibition in cell
pyroptosis,” Proceedings of the National Academy of Sciences,
vol. 114, no. 40, pp. 10642–10647, 2017.

[28] Y. Liu, M. Grimm, W.-t. Dai, M.-c. Hou, Z.-X. Xiao, and
Y. Cao, “CB-Dock: a web server for cavity detection-guided
protein-ligand blind docking,” Acta Pharmacologica Sinica,
vol. 41, no. 1, pp. 138–144, 2020.

[29] H. Shi, P. Zhou, G. Gao et al., “Astragaloside IV prevents acute
myocardial infarction by inhibiting the TLR4/MyD88/NF-κB
signaling pathway,” Journal of Food Biochemistry, vol. 45,
no. 7, Article ID e13757, 2021.

[30] H. Shi, P. Zhou, Y.-q. Ni et al., “In vivo and in vitro studies of
Danzhi Jiangtang capsules against diabetic cardiomyopathy
via TLR4/MyD88/NF-κB signaling pathway,” Saudi Phar-
maceutical Journal, vol. 29, no. 12, pp. 1432–1440, 2021.

[31] B. Ye, X. Chen, S. Dai et al., “Emodin alleviates myocardial
ischemia/reperfusion injury by inhibiting gasdermin D-me-
diated pyroptosis in cardiomyocytes,” Drug Design, Devel-
opment and Cerapy, vol. 13, pp. 975–990, 2019.

[32] P. Yan, W. Mao, L. Jin et al., “Crude radix aconiti lateralis
preparata (Fuzi) with glycyrrhiza reduces inflammation and
ventricular remodeling in mice through the TLR4/NF-κB
pathway,” Mediators of Inflammation, vol. 2020, Article ID
5270508, 2020.

[33] A. Zahid, B. Li, A. J. K. Kombe, T. Jin, and J. Tao, “Phar-
macological inhibitors of the NLRP3 inflammasome,” Fron-
tiers in Immunology, vol. 10, p. 2538, 2019.

[34] Z. Tang, Y. Wang, Y. Wan et al., “Apurinic/apyrimidinic
endonuclease 1/reduction-oxidation effector factor-1 (APE1)
regulates the expression of NLR family pyrin domain con-
taining 3 (NLRP3) inflammasome through modulating
transcription factor NF-κB and promoting the secretion of
inflammatory mediators in macrophages,” Annals of Trans-
lational Medicine, vol. 9, no. 2, p. 145, 2021.

[35] X. Li, Y. Bian, P. Pang et al., “Inhibition of Dectin-1 in mice
ameliorates cardiac remodeling by suppressing NF-κB/
NLRP3 signaling after myocardial infarction,” International
Immunopharmacology, vol. 80, Article ID 106116, 2020.
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