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Purpose: Despite significant advances in interventional treatment, myocardial infarction (MI) and subsequent cardiac fibrosis remain
major causes of high mortality worldwide. Liquiritin (LQ) is a flavonoid extract from licorice that possesses a variety of pharmaco-
logical properties. However, to our knowledge, the effects of LQ on myocardial fibrosis after MI have not been reported in detail. The
aim of our research was to explore the potential role and mechanism of LQ in MI-induced myocardial damage.

Methods: The MI models were established by ligating the left anterior descending branch of the coronary artery. Next, rats were
orally administered LQ once a day for 14 days. Biochemical assays, histopathological observations, ELISA, and Western blotting
analyses were then conducted.

Results: LQ improved the heart appearance and ECG, decreased cardiac weight index and reduced levels of cardiac-specific markers
such as CK, CK-MB, LDH, c¢Tnl and BNP. Meanwhile, LQ reduced myocardial infarct size and improved hemodynamic parameters
such as LVEDP, LVSP and +dp/dt,,,x. Moreover, H&E staining showed that LQ attenuated the pathological damage caused by MI.
Masson staining showed that LQ alleviated myocardial cell disorder and fibrosis while reducing collagen deposition. LQ also
decreased the levels of oxidative stress and inflammation. Western blotting demonstrated that LQ significantly down-regulated the
expressions of Collagen I, Collagen III, TGF-f1, MMP-9, a-SMA, CCLS5, and p-NF-«xB.

Conclusion: LQ protected against myocardial fibrosis following MI by improving cardiac function, and attenuating oxidative damage
and inflammatory response, which may be associated with inhibition of CCLS expression and the NF-kB pathway.
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Introduction

Timely and complete myocardial reperfusion (eg, thrombolytic therapy or primary percutaneous coronary intervention) is
an effective treatment to reduce ischemic injury and infarct size, but myocardial fibrosis (MF) after myocardial infarction
(MI) still leads to adverse cardiac remodeling and high mortality.' Fibrosis represents one of the primary mechanisms
involved in the repair process after MI, which may manifest as interstitial and replacement fibrosis.** MF is an
irreversible structural change of the heart caused by excessive deposition of extracellular matrix (ECM).> Collagen
I (50-85%) and collagen IIT (10—45%) are the major collagens in the myocardial ECM.® Myofibroblasts express a-
smooth muscle actin (a-SMA) and coordinate deposition of collagen and secretion of multiple ECM proteins.” Matrix
metalloproteinases (MMPs) are known regulators of cardiac remodeling.® All kinds of cytokines, inflammatory factors,
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and the oxidative stress may promote fibroblast proliferation and synthesis of large amounts of collagen, leading to
MEF 11

It is well known that the inflammatory response could further aggravate the cardiac remodeling and myocardial
damage.'? C-C chemokine motif ligand 5 (CCLS5) is a typical pro-inflammatory chemokine. CCL5 is also named
regulated on activation normal T cell expressed and secreted (RANTES)."® During various pathological processes,
CCLS5 enhances and directs leukocyte migration to inflammatory response lesions.'*'> CCLS5 is expressed in a variety of
cells and could activate the downstream pathway of nuclear factor kappa-B (NF-kB) by binding to surface receptors.'® It
has been reported that CCL5 expression is increased in myocardial reperfusion injury."*

The NF-kB pathway has long been considered as a typical pro-inflammatory signaling pathway. This is based
primarily on the function of NF-xB in the expression of pro-inflammatory genes, which include chemokines, cytokines,
and adhesion molecules.'” Activation of NF-kB after MI and its subsequent nuclear translocation trigger the transcription
of a large number of pro-inflammatory genes, which further amplifies the inflammatory response and damages
cardiomyocytes.'® Therefore, drugs that selectively treat injurious fibrosis and pro-inflammatory signals could help to
reduce the incidence of MI.

In recent years, licorice (gancao in Chinese) has attracted much attention due to its rich phytochemical composition
and the application of compounded formulations.'® Liquiritin (LQ, Figure 1) is a flavonoid extract from licorice that
possesses a variety of pharmacological properties, such as antidepressant, anti-inflammatory, antitumor, and cardiovas-
cular protection properties.’® Recent studies have reported that LQ exerts cardioprotective effects by attenuating
oxidative stress injury, reducing the expression of inflammatory factors, inhibiting cell apoptosis, restoring cardiac
functional parameters and maintaining structural integrity.?’ > In addition, many traditional Chinese medicine formula
containing LQ have been used to treat cardiovascular diseases, especially ischemic heart disease, such as Zhigancao
26 etc. However, the effect of LQ on Ml-induced
damage remains poorly understood. This study was designed to test the hypothesis that LQ exhibits cardioprotective

Decoction,”* Xuefu Zhuyu Decoction,” Yangxin Dingji Capsule,

effects by attenuating MF and inhibiting related pathways in a rat model of MI.

Materials and Methods

Reagents

LQ was supplied by Chengdu Alfa Biotechnology Co., Ltd. (Chengdu, China). The primary antibodies of anti-Collagen
I (catalog: WL008S), anti-Collagen III (catalog: WL03186), anti-TGF-B1 (catalog: WL02193), anti-MMP-9 (catalog:
WL03096), anti-a-SMA (catalog: WL02510), anti-NF-kB (catalog: WL01980), anti-p-NF-«B (catalog: WL02169), and
anti-B-actin (catalog: WL01372) were provided by Wanleibio Biotechnology Co., Ltd. (Shenyang, China). The primary
antibodies of anti-CCL5 (catalog: A14192) were obtained from ABclonal Technology Co., Ltd. (Wuhan, China). Except
where otherwise specified, all additional analysis-grade reagents for this study were provided by the Sigma Chemical
Company (MO, USA).

Experimental Animals
All experiments were performed using adult male Sprague-Dawley (SD) rats, weighing between 200 and 250 g (68
weeks old), which were provided by Liaoning Changsheng Biotechnology Co., Ltd. (SCXK 2020-0001). The rats were
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Figure | Chemical structure of LQ.
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kept in 12-h light/dark cycles with unrestricted access to food and water at a constant room temperature of 23°C + 1°C.
Every attempt was made to reduce the number of animals utilized and their suffering. Our animal experimental
procedures were reviewed and approved by the Animal Ethics Committee of Hebei University of Traditional Chinese
Medicine (DWLL2018003) and were in accordance with the National Institutes guidelines for the Care and Use of
Laboratory Animals.

Establishment of Ml Model

Anesthesia was established with sodium pentobarbital (40 mg/kg) via intraperitoneal injection, and then the rats were
immobilized and connected to a heart monitor and HX101E small animal ventilator (Chengdu TECHMAN, China). We
bluntly detached the thoracic muscles, rapidly extruded the heart, and ligated the left anterior descending branch of the
coronary artery. Myocardial bleaching and ST-segment elevation on the electrocardiogram indicated that the model was
successfully established.?”° The sham-operated group was operated on identically except that the coronary artery was
not ligated. The animals were carefully monitored during the establishment of the model.

All rats were randomly divided into six groups consisting of seven rats each: 1) sham-operated rats (Sham), 2) MI rats
(MI), 3) MI rats given 20 mg/kg LQ (MI+L-LQ), 4) MI rats given 40 mg/kg LQ (MI+M-LQ), 5) MI rats given 80 mg/kg
LQ (MI+H-LQ),** 2 and 6) MI rats given 6 mg/kg verapamil (MI+VER). Finally, rats were injected intraperitoneally
with 40 mg/kg sodium pentobarbital for anesthesia.

Determination of Electrocardiogram (ECG) and Cardiac Weight Index (HW/BW)

The BL420S physiological experiment system (Chengdu TECHMAN, China) was used to record the typical ECG trajectory
of the rat heart. The right upper limb, right lower limb, and left lower limb of the rat were connected with white, red, and
black subcutaneous needle electrodes, respectively. The rats were sacrificed, and then blood was carefully collected while
taking care to prevent hemolysis. The hearts were removed within minutes, rinsed with saline, weighed, and photographed.
HW/BW was calculated as the ratio of the heart mass (mg) to the total body mass (g). The heart tissues were collected,
partially frozen in liquid nitrogen, and partially fixed in 10% neutral buffered formalin for further analysis.

Detection of Released CK, LDH, CK-MB, c¢Tnl and BNP

Serum was separated from the collected whole blood by centrifugation (1301 g for 10 min), and assay kits were used to
detect CK (JianCheng, Nanjing, China, catalog: A032) and LDH (Wanleibio, Shenyang, China, catalog: WLA072). The
content of CK-MB (JianCheng, Nanjing, China, catalog: H197-1-1), cTnl (Wuhan Fine Biotech Co., Ltd., Wuhan, China,
catalog: P2477) and BNP (Wuhan Fine Biotech Co., Ltd., Wuhan, China, catalog: EH2718) were assessed by enzyme-
linked immunosorbent assay (ELISA). The activity of CK was calculated based on the amount of inorganic phosphorus
produced. Similarly, the amount of LDH was assessed by measuring the level of pyruvate. The absorbance was measured
at 660 nm and 450 nm for CK and LDH, respectively.”> Absorbance was analyzed by using an UV752N
Ultraviolet Spectrophotometer (Youke, Shanghai, China).

Detection of Myocardial Infarct Size and Hemodynamics

The ischemic myocardium was stained with tetrazolium chloride (TTC) to visualize its macroscopic morphology. Briefly,
hearts were placed at —80°C for 20 min, cut transversely into 5 slices from the apices, and then incubated at 37°C for 5—8
min with 0.4% TTC solution. During this process, the sections were turned over once or twice so that they were
immersed in and covered by the solution. Finally, the heart sections were placed in normal saline and photographed with
a camera. Computer software (Image-Pro Plus version 6.0) was then used to calculate the proportion of the infarct area to
the total myocardial tissue area (%).

A polyethylene tube with an outer diameter of 0.90 mm and an inner diameter of 0.50 mm was inserted into the left
ventricle through the right carotid artery. A PowerLab 8/30 instrument (ADInstruments, Australia) was used to measure
the left ventricular end-diastolic pressure (LVEDP) and left ventricular systolic pressure (LVSP). Using the continuously
collected pressure sign, we calculated the highest rate of pressure contraction (+dP/dt,,,,) and its lowest rate of relaxation
(-dP/dtimay). >
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Detection of H&E and Masson Staining

For each group, the hearts were fixed in 10% neutral formalin for 48 h, dehydrated, hyalinized, macerated, and embedded in
paraffin. Next, samples were cut into 5-mm-thick layers, and staining with hematoxylin and eosin (H&E) and Masson kits was
performed. Almost all areas of the three sections in each group were observed with a BX53 microscope (Olympus, Japan), and
representative images were captured with a DP73 camera system (Olympus, Japan). Image-Pro Plus version 6.0 was used to
quantify positive signals of myocardial injury. Then, the percentage of positive areas for H&E and Masson staining were
calculated.

Detection of SOD and MDA

Kits for SOD and MDA were provided by Wanlei Biotechnology Co., Ltd. (Shenyang, China). Biochemical parameters
SOD (catalog: WLA110) and MDA (catalog: WLA048) were analyzed using a biochemical analyzer, and all steps were
completed according to the instructions provided with the kit. The SOD assay is based on the xanthine and xanthine
oxidase reaction system to produce superoxide anion radicals. The latter then oxidizes hydroxylamine to form nitrite,
which appears purplish-red in the presence of a chromogenic agent. Finally, the absorbance is measured at 550 nm.
Under acidic and high temperature conditions, MDA can react with thiobarbituric acid (TBA) to form a reddish-brown

product. The absorbance was measured at its maximum absorption wavelength of 532 nm.>*

Detection of Inflammatory Cytokines

The heart tissue samples were accurately weighed, and 9 times the volume (ie, 9 mL per 1 g) of homogenized medium
(0.9% saline) was added to prepare a 10% homogenate. The analysis of inflammatory factors was performed by sandwich
Enzyme-linked immunosorbent assay (ELISA). The levels of IL-6 (Wanleibio Biotechnology Co., Ltd. Shenyang, China,
1:50, catalog: WLE04) and TNF-a (Wanleibio Biotechnology Co., Ltd. Shenyang, China, 1:50, catalog: WLEO05) were
determined from the supernatant. The process was strictly based on the manufacturer’s instructions.

Western Blot Analysis

A total of 40 pg of proteins were separated using 8-15% SDS-PAGE and transferred onto PVDF membranes (0.45 pm;
Millipore, USA). The PVDF membranes were cut according to the molecular weight before antibody incubation. Incubation
of the membranes was carried out with TBST for 5 min, followed by sealing with sealing buffer (5% milk) for 1 h at 37°C.
Next, the transferred membranes were blotted with antibodies overnight at 4°C with primary antibodies against Collagen I (1:
500, dilution), Collagen III (1: 500, dilution), TGF-B1(1: 500, dilution), MMP-9 (1: 500, dilution), a-SMA (1: 500, dilution),
CCLS (1: 1000, dilution), NF-xkB (1: 500, dilution), p-NF-xB (1: 500, dilution), and B-actin (1: 1000, dilution). The
membrane was then washed three times with TBST and incubated for 45 min at 37°C with the corresponding secondary
antibody. The protein blots were visualized with an ECL kit (Wanleibio Biotechnology Co., Ltd. Shenyang, China, catalog:
WLAO003) and then developed on the X-ray film in a dark room. Finally, chemiluminescent darkroom development was used
to scan and acquire images, and optical density values of target bands were analyzed using a Gel-Pro-Analyzer system. The
results were analyzed to calculate the optical density ratio of the target protein to the internal B-actin band.

Statistical Analysis

All quantitative data were expressed as the mean £ SEM and analyzed by Origin Pro version 9.1 software. Data were
examined for normality of the distribution by the Shapiro—Wilk test prior to statistical analysis. Statistical significances of
multiple-group were examined using ANOVA with a post-hoc Tukey’s test (normally distributed) or Kruskal-Wallis with
a post-hoc Dunn’s test (nonnormally distributed). P values < 0.05 indicated statistical significance.

Results
LQ Improved Gross Appearances, ECG, and HW/BW

As shown in Figure 2A, the gross appearance of the heart shows that MI causes an enlarged heart that appears brown and
swollen. However, the heart pathology dramatically improved with both LQ and VER, and the hearts resembled those
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Figure 2 Effects of LQ on (A) gross appearances, (B) ECG, (C) HW/BW, and (D) heart rate of each group. Values measured are presented as the mean £ SEM (n = 5). ¥P <
0.01 vs Sham group; *P < 0.05, *P < 0.01 vs Ml group.

from the Sham groups in appearance. As shown in Figure 2B, D, the heart rate was increased in MI rats in comparison to
Sham rats (P < 0.01). Rats treated with LQ and VER had significantly reduced heart rates compared to MI rats (P < 0.01
or P < 0.05). HW/BW was increased in MI rats compared to the Sham rats (P < 0.01) and was reduced in the LQ and
VER groups compared to the MI group (P < 0.01 or P < 0.05) (Figure 2C).

LQ Down-Regulated Myocardial Markers

Figure 3A-E present the effects of LQ on myocardial markers of MI rats. Rats in the MI group exhibited significantly
higher serum CK, LDH, CK-MB, cTnl and BNP levels in comparison to the Sham group (P < 0.01). Conversely, this
alteration in biochemical parameters was reversed with LQ and VER (P < 0.05 or P < 0.01). The results indicate that LQ

can improve MI-induced cardiac damage.

LQ Reduced Infarct Area and Improved Cardiac Function
To visualize the effect of LQ on myocardial infarct size and left ventricular failure, we performed TTC staining and
hemodynamic evaluation (Figure 4). The results of TTC staining demonstrated no infarcts in the Sham group, while the
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Figure 3 Effects of LQ on myocardial markers. (A) CK, (B) LDH, (C) cTnl, (D) CK-MB and (E) BNP. Values measured are presented as the mean * SEM (n = 5). P < 0.0
vs Sham group; #P < 0.05, **P < 0.01 vs MI group.

infarct areas in the MI group were clearly larger than those in the Sham group (P < 0.01). Nevertheless, the area of MI
was dramatically reduced by LQ and VER treatment (P < 0.05) (Figure 4A and B).

As shown in Figure 4C-E, we observed the effects of LQ on hemodynamics by comparing the levels of LVEDP,
LVSP and +dp/dt,,,x in each group of rats. Compared with the Sham group, the MI group had dramatically higher
LVEDP levels and significantly lower £dp/dt,,., levels (P < 0.01). Notably, the values of hemodynamic parameters of
rats were significantly restored in the LQ-treated and VER groups (P < 0.05 or P < 0.01).

LQ Improved Myocardial Morphology
As shown in Figure 5, we explored the effects of LQ on histopathological changes in rats with MI. The results of HE
staining showed typical myofibrillar structure in the Sham group, while the MI group had significant swelling of
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Figure 4 Effects of LQ on area of myocardial infarction and hemodynamic parameters in each group. (A) Representative diagram of TTC staining of heart sections. (B) The
infarct size was assessed as the ratio of infarct area to total myocardial area. Hemodynamic parameters including (C) LVEDP, (D) LVSP, (E) +dP/dt,.,, and (F) -dP/dt,,..
Values measured are presented as the mean £ SEM (n = 5). *P < 0.01 vs Sham group; “P < 0.05, P < 0.0 vs MI group.
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Figure 5 Effects of LQ on histopathological changes of heart observed by H&E staining (200%). (A) Representative images of H&E staining for each group. (B) The
percentage of myocardial injury areas were calculated. The arrows on the image show the site of myocardial damage. Bars represent 100 um. Values are presented as the

mean % SEM (n = 3). ®P < 0.01 vs Sham group; **P < 0.01 vs Ml group.

cardiomyocytes, disorganized myofibrillar arrangement, and infiltration of inflammatory cells. Although edema and
inflammatory cells were still present in the LQ group, they were to a lesser extent compared to the MI group.

Next, we observed the effects of LQ on MF. In the figure, the regions in blue between myocardial cells are collagen
fibers. Figure 6 shows that there was an increase in the number of blue-stained fibers and significant MF in the MI group
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Figure 6 Effects of LQ on histopathological changes of heart observed by Masson staining (200x%). (A) Representative images of Masson staining for each group. (B) The
percentage of positive areas were calculated. Bars represent 100 um. Values are presented as the mean * SEM (n = 3). ®P < 0.0 vs Sham group; “P < 0.05, *P < 0.01 vs Ml
group.

rats. The LQ and VER groups showed improved myocardial cell disorder arrangement, reduced collagen deposition, and
improved MF compared with the MI group.

LQ Inhibited the Expressions of Collagen I, Collagen Ill, TGF-gI, MMP-9, and a-SMA

As shown in Figure 7, Western blotting assay results indicated that protein expressions of Collagen I, Collagen III, TGF-
B1, MMP-9, and a-SMA were obviously upregulated in the MI group when compared with the Sham group (P < 0.01).
As compared to the MI group, we found that the protein expressions of Collagen I, Collagen III, TGF-f1, MMP-9, and a-
SMA were remarkably reduced in both the LQ and VER groups (P < 0.01 or P < 0.05). Our results suggest that LQ could
reduce MF.

LQ Inhibited Cardiac Oxidative Stress

As shown in Figure 8, the MDA levels in the MI group were markedly elevated, while SOD levels decreased
significantly (P < 0.01). Conversely, LQ-treated and VER groups had lower MDA content and higher SOD levels
compared to the MI group (P < 0.01 or P < 0.05).

LQ Down-Regulated Inflammatory Cytokines

Figure 9 illustrates the effects of LQ on inflammatory cytokine secretion according to the levels of TNF-a and IL-6.
Notably, the cytokines TNF-a and IL-6, which regulate inflammatory cell chemotaxis and adhesion, were significantly
increased during MI injury compared to the Sham group (P < 0.01). The LQ-treated and VER groups, on the other hand,
showed clearly decreased levels of TNF-o and IL-6 compared to the MI group (P < 0.01 or P < 0.05).

LQ Inhibited CCL5 Expression and NF-kB Signaling Pathway

As shown in Figure 10, CCLS5 and p-NF-«B were highly expressed in the MI group when compared to the Sham group
(P <0.01). However, the expression of CCL5 and p-NF-«B proteins in the LQ and VER groups was obviously decreased
compared to those in the MI group (P < 0.01). Our results suggest that LQ may inhibit the inflammatory response after
MI by suppressing CCLS5 expression and the NF-xB pathway.

Discussion

Flavonoids are considered to be potent antioxidants with the potential to reduce cellular fibrosis or damage. Also, they
have the potential to inhibit the onset and progression of inflammatory diseases.> Studies have demonstrated the ability
of LQ to inhibit high fructose-induced MF and cardioprotective effects by reducing inflammation in various animal
models.?****7 Our study explored the role of LQ in MF after MI.

4118 s Drug Design, Development and Therapy 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dovepress

Han et al
A B
ke

Relative Collagen |
protein levels

O =NWHPOON

Relative Collagen Il
protein levels

Relative TGF-1
protein levels
Relative MMP-9
protein levels

o N O O©

protein levels

Relative a-SMA
o N £ o (o]

Figure 7 Effects of LQ on the protein expressions of Collagen |, Collagen Ill, TGF-B1, MMP-9, and a-SMA protein expressions in heart tissue. The anti-B-actin antibody was
used to demonstrate that the proteins were loaded equally. Relative intensities of (A) Collagen |, (B) Collagen Ill, (C) TGF-B1, (D) MMP-9, and (E) a-SMA were calculated
by normalization to the B-actin. Values measured are presented as the mean = SEM (n = 3). **P < 0.01 vs Sham group; *P < 0.05, **P < 0.01 vs Ml group.

Drug Design, Development and Therapy 2022:16 httpsi/doi.org/10.2147/DDDTS386805 A | @

DovePress


https://www.dovepress.com
https://www.dovepress.com

Han et al Dove

A B
70' 8- *k
-
601 L 7 "
~~ #
S 50 2 61 =
E S 5] -~
S 40 2
~ 4]
Q - # =) #
8 30 - <3 T
20 T S 2| =<
10 1
0 0
.Q'b& N \;\9 \“,\9 Q\,\«O \\Qg" %@“ N \;\9 ky\«o Q{Vo QQ?'

Figure 8 Effects of LQ on activities of (A) SOD and concentration of (B) MDA. Values measured are presented as the mean £ SEM (n = 5). *P < 0.01 vs Sham group; *P <
0.05, P < 0.01 vs Ml group.

A B
] o 300+ i
160 | =
] # 250 »
B 120/ g 2001 e
!\m e # E #
S 5 1501
© 80 N g
= Z 100
401 501 B
0 0
e&@ > 0 \v\'o o & G}\& S 0 \s\'o O &

Figure 9 Effects of LQ on the concentration of (A) IL-6 and (B) TNF-a. Values measured are presented as the mean + SEM (n = 5). **P < 0.0l vs Sham group; #P < 0.05,
#ip < 0.01 vs Ml group.

A
CCL5 | M S = . 16kDa

B-actin “— a— - w42 kDa

B

p-NF-kB ~ % s e e o 65kDa
NF-KB o o s s . w65 kDa
Bractin o ——— — e w42 kDa

- ke 8, ok
8 T Q 1 T
Qe ] u 2 6
00 6 Z> J
O3 | ‘m4
o o £ 4
£8 ¢ 58
28 2] g 82
ol 1 oll 1
NS NS
%&& N \,\9 2 ;{8‘ é@“‘ W xV.»° S“’Q
SN SIS

Figure 10 Effects of LQ on the protein expressions of CCL5 and NF-«B in heart tissue. The relative intensities of (A) CCLS5, (B) NF-kB and p-NF-kB in each group were
determined by normalizing to the B-actin. Values measured are presented as the mean * SEM (n = 3). **P < 0.01 vs Sham group; *P < 0.05, *P < 0.01 vs MI group.
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Clinically, improper treatment of MI causes complications such as heart failure, ventricular remodeling, and cardiac
insufficiency, which seriously endanger human health.''*® Adverse myocardial remodeling following MI forms the basis
of ischemic heart failure, including complex short- and long-term changes in the left ventricle, cardiac shape, function,
and cellular and molecular composition.***°

In clinical practice, calcium antagonists are recommended by treatment guidelines as first-line therapeutic agents for
stable coronary ischemic disease.*' Verapamil (VER), as a calcium channel blocker, can be used for the prevention and
relief of angina pectoris.**** Also, it has been extensively studied as a positive control drug in myocardial ischemia

4445 and has shown significant anti-ischemic effects.*®*” Therefore, VER was used as a positive control drug

experiments
in this research.

In our experiment, we found that LQ significantly improved cardiac function and attenuated adverse remodeling of
the heart due to excessive non-infarct zone volume and pressure. This is reflected in the ability of LQ to improve cardiac
appearance, ECG, HW/BW, myocardial infarct size, and hemodynamic indices. In addition, LQ also decreased the levels
of myocardial markers, such as CK, CK-MB, ¢Tnl and LDH. The cardiovascular peptide hormone BNP is a sensitive and
accurate indicator of changes in left ventricular function.*® The MI-induced increase in BNP concentration was
significantly reversed by LQ treatment. The effect of LQ on these indicators suggests that it has therapeutic effects
on ML

The mortality rate of MI has been high in recent years. Myocardial ischemia causes MF primarily due to loss of
normal cardiomyocytes, formation of scar myocardium and myocardial dilatation.*” Both interstitial and replacement
fibrosis may influence the ventricular structure and systolic-diastolic function of the heart, thus contributing to the
pathophysiological basis of ischemic heart failure.**->

H&E staining showed that cardiomyocytes had significant swelling, disorganized myofiber arrangement, and infiltra-
tion of inflammatory cells in the MI group of rats. Furthermore, Masson staining indicated a large amount of blue
collagen deposition between the myocardium after MI. Notably, LQ significantly improved these pathological changes.
Our results suggest that MF after MI could be ameliorated by LQ.

Myocardial structure and function are negatively affected by excessive MF, a frequent clinical result of several
heart illnesses, including MI.>'*3> Under ischemic conditions, cardiac fibroblasts transform into myofibroblasts and
secrete large amounts of ECM, including collagen.”® During this process, the expression of a-SMA in the
myocardium is increased.” The massive deposition of ECM and the decrease in the degradation of ECM lead to
an imbalance and disturbance of the collagen structure, which eventually leads to MF.'" The imbalance of MMP and
excessive secretion of cytokines such as TGF-B eventually leads to MF.>*% It has been shown that the upregulation
of MMPs after MI leads to a reduction in myocardial tissue thickness (thinning of the ventricular wall), which
ultimately leads to deterioration of cardiac function.®® Yan et al found that MMP-9 expression was increased after
MF and was involved in myocardial remodeling after MI.>” Also, diffuse accumulation of Collagen I and Collagen
III in the intercellular matrix causes MF.’®

The results of the Western blotting demonstrated that the expressions of Collagen I and Collagen III were remarkably
increased in the MI group rats, accompanied by increased levels of SMA-a, MMP-9 and TGF-B. However, LQ
significantly suppressed the levels of these MF-related biomarkers. Our results show that LQ plays a major role in the
anti-MF process.

After M1, the increase in oxidation levels in myocardial tissue is positively correlated with the degree of myocardial
injury.*” Our experimental results indicate that LQ increases the activity of SOD and decreases the level of MDA,
reducing the damage during MI. Furthermore, the inflammatory response after MI is another factor that affects cardiac
function and remodeling. It is known that the inflammatory response can further aggravate cardiac remodeling and
myocardial injury.'> We found that LQ reduced the levels of IL-6 and TNF-o. Increased expression of inflammatory
factors promotes the proliferation of resting fibroblasts and their conversion into myofibroblasts, increasing collagen
deposition and leading to MF.>’

Persistent inflammation can aggravate detrimental remodeling of the heart and cause MI even though inflammation is
necessary to repair damaged tissue and encourage recovery.®® Therefore, MI is closely related to inflammation and
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fibrosis. Identifying key factors that improve the induction of MI is critical to the targeted development of novel
therapeutic agents against MI. Studies have reported that myocardial reperfusion injury increases CCLS expression
and that CCL5 antagonist treatment decreases the myocardial infarct size and cytokine secretion."* CCL5 has been
identified as a key regulator of early fibrotic events in the development of nonalcoholic fatty liver disease.®'** We found
that the protective effect of LQ against MI was associated with the inhibition of CCL5 expression.

NF-xB is a central transcriptional effector of inflammatory signaling and can be activated by CCLS5 binding to its
ligand. After MI, activation of NF-kB and its subsequent nuclear translocation trigger a plethora of inflammatory
cytokines, chemokines, and adhesion molecules. The expression of these mediators further amplifies the inflammatory
response and attracts and recruits specific leukocyte populations to the damaged myocardium.'® In this study, LQ
significantly inhibited the expression of p-NF-kB. Our results suggest that LQ attenuates the myocardial fibrotic response
after MI, which possibly occurs by inhibiting the nuclear translocation of NF-kB.

Conclusion

Our results demonstrated that LQ improved cardiac function, reduced myocardial infarct size, attenuated pathological
damage of the heart, suppressed oxidative stress and inflammatory responses, and decreased the expression of MF-related
biomarkers. Furthermore, we found that LQ attenuated MF after MI, possibly by inhibiting CCL5 expression and the NF-
kB pathway (Figure 11). Our study reveals a potential link between LQ and the pathogenesis of MI and provides an

experimental basis for LQ in treatment.
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Figure |1 Schematic diagram of the protective effects of LQ on myocardial infarction damage.
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