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Purpose: Coronary microembolization (CME) can cause myocardial inflammation, apoptosis
and progressive cardiac dysfunction. On the other hand, breviscapine exerts a significant cardi-
oprotective effect in many cardiac diseases although its role and the potential mechanisms in
CME remain unclear. Therefore, the present study aimed to ascertain whether pretreatment with
breviscapine could improve CME-induced myocardial injury by alleviating myocardial inflam-
mation and apoptosis. The possible underlying mechanisms were also explored.

Methods: In this study, 48 Sprague-Dawley (SD) rats were randomly assigned to the CME,
CME + breviscapine (CME + BE), CME + breviscapine + LY294002 (CME + BE + LY) and
sham groups (12 rats per group). In addition, the CME model was successfully established by
injecting 42 pm inert plastic microspheres into the left ventricle of rats. Rats in the CME + BE
and CME + BE + LY groups received 40 mg/kg/d of breviscapine for 7 days before inducing
CME. Moreover, rats in the CME + BE + LY group were intraperitoneally injected with the
phosphoinositide 3-kinase (PI3K) specific inhibitor, LY294002 (10 mg/kg) 30 minutes before
CME modeling. 12 h after surgery, the study measured cardiac function, the serum levels of
markers of myocardial injury, myocardial inflammation-associated mRNAs and proteins, myo-
cardial apoptosis-associated mRNAs and proteins and conducted myocardial histopathology.
Results: The findings demonstrated that pretreatment with breviscapine alleviated myocardial
injury following CME by improving cardiac dysfunction, decreasing the serum levels of markers
of myocardial injury, reducing the size of myocardial microinfarct and lowering the cardiomyo-
cyte apoptotic index. More importantly, pretreatment with breviscapine resulted to a decrease in
the levels of inflammatory and pro-apoptotic mRNAs and proteins in myocardial tissues and
there was an increase in the levels of anti-apoptotic mRNAs and proteins. However, these
protective effects were eliminated when breviscapine was combined with LY294002.
Conclusion: The findings from this study indicated that breviscapine may inhibit myocar-
dial inflammation and apoptosis by regulating the PI3K/protein kinase B (Akt)/glycogen
synthase kinase-3p (GSK-3p) pathway, thereby ameliorating CME-induced cardiac dysfunc-
tion and reducing myocardial injury.

Keywords: breviscapine, coronary microembolization, PI3K/Akt/GSK-3B, myocardial

inflammation, apoptosis

Introduction
Coronary microembolization (CME) can lead to slow or even lack of reflow in the
myocardium and occurs due to percutaneous coronary intervention (PCI) for acute
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coronary syndrome or spontaneous rupture of an athero-
sclerotic plaque. This can in turn result to regional myocar-
dial systolic dysfunction and fatal arrhythmia. In addition,
CME is well recognized as a strong and independent pre-
dictor of long-term adverse prognosis and major adverse
cardiac events in patients.' Previous studies showed that
the area of myocardial micro-infarction is accompanied by
a large number of inflammatory cell infiltration and necrotic/
apoptotic cardiomyocytes following CME. This plays
a crucial role in CME-induced myocardial injury and pro-
gressive cardiac dysfunction. Therefore, inhibition of myo-
cardial inflammation and apoptosis can distinctly improve
cardiac function and myocardial injury.>* Moreover, studies
by Liang et al’ and Kong et al® demonstrated that myocardial
apoptosis and inflammation can induce heart dysfunction and
myocardial injury, after CME in rats. However, pretreatment
with ligustrazine significantly reduced myocardial apoptosis
and inflammation induced by CME, thus relieving myocar-
dial injury and ameliorating cardiac contractile function by
activating the phosphoinositide 3-kinase (PI3K)/protein
kinase B (Akt) pathway.’

Breviscapine is mainly extracted from the traditional
Chinese herb Erigeron breviscapus and contains scutel-
larin (4',5,6-tetrahydroxyflavone-7-O-glucuronide) as the
major active component.® Interestingly, breviscapine is
characterized by extensive pharmacological activity, high
safety and few side effects. In addition, recent findings on
cardiovascular diseases confirmed that breviscapine played
numerous  cardioprotective  roles, including anti-
inflammatory,” anti-oxidative stress,'® anti-apoptosis''
and improvement of left ventricular remodeling.'?
However, little information exists on the cardioprotective
effects and potential molecular mechanisms of brevisca-
pine in the management of CME-induced myocardial
inflammation and apoptosis. Moreover, breviscapine was
shown to effectively suppress inflammation by reducing
the levels of serum tumor necrosis factor-a (TNF-a), inter-
leukin-6 (IL-6) and interleukin-18 (IL-18)."* An additional
study by Wang et al'* also revealed that breviscapine can
distinctly inhibit cardiomyocyte apoptosis by activating
the PI3K/Akt/endothelial nitric oxide synthase (eNOS)
pathway. However, there is still a lack of relevant research
that simultaneously explores the effect of breviscapine on
myocardial inflammation and apoptosis in the same animal
model of cardiovascular disease. Consequently, the present
study sought to ascertain whether treatment with brevisca-

pine had an effect on CME-induced myocardial

inflammation and apoptosis by activating the PI3K/Akt/
glycogen synthase kinase-3 (GSK-3p) signaling pathway.

Materials and Methods

Animal Preparation

Approval to use the animals was obtained from the Clinical
and Animal Research Ethics Committee of Guangxi
Medical University and all the procedures conformed to
the National Institute of Health Guidelines on the Use of
Laboratory Animals. Consequently, 48 healthy (male, 250—
300g) 8-week-old Sprague Dawley (SD) rats were pur-
chased from the Experimental Animal Center of Guangxi
Medical University. All the rats were then housed in a room
where standard tap water and rat food were available. In
addition, the temperature was maintained at 23 &+ 2°C while
humidity was controlled at 50-60% and the light/dark cycle
was maintained at 12 h dark: 12 h light.

Grouping and Establishment of the CME
Model

The 48 SD rats were stochastically assigned into four
groups of 12 individuals each, namely, sham, CME,
CME + breviscapine (CME + BE) and CME + brevisca-
pine + LY294002 (CME + BE + LY). In particular, rats in
the CME + BE and CME + BE + LY groups received
breviscapine (Baishan Pharmaceutical Co., Ltd, Hebei,
China) at a dose of 40 mg/kg daily by gavage, for 7 days
before inducing CME. The dose and duration of brevisca-
pine were based on previous studies by Zhong et al'> and
Yan et al.’ On the other hand, rats in the CME+BE+LY
group were intraperitoneally injected with LY294002
(APExBIO, Houston, USA) at a dose of 10 mg/kg, 30
minutes before the CME surgery. Following a previously
published protocol by Mao et al'® 30-40 mg/kg of pento-
barbital sodium was used to anaesthetize the rats through
the intraperitoneal route. The animals were then intubated
and ventilated using a small animal ventilator to facilitate
aerobic respiration. Thereafter, a thoracotomy was per-
formed in the third and fourth intercostal space at the left
edge of the sternum. Following this, the ascending aorta
was fully separated and exposed after which it was
clamped with a vascular clamp for 10 s. Three thousand
polyethylene microspheres (BioSphere Medical Inc.,
Rockland, USA) with a diameter of 42 um and suspended
in 0.1 mL of physiological saline, were simultaneously but
rapidly injected into the cardiac apex of rats in the CME,
CME + BE and CME + BE + LY groups. Thereafter, the

submit your manuscript

844

Dove

Drug Design, Development and Therapy 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

chest was sutured carefully and the endotracheal tube was
removed after a normal heart rate and breathing returned.
800,000 IU of penicillin was subsequently injected intra-
peritoneally. Notably, rats in the sham group underwent
the same surgical and experimental procedures although
they were given physiological saline (0.1 mL) instead of
microspheres. Finally, all the rats in the four groups were
sacrificed 12 h after the operation.

Evaluation of Rat Cardiac Function
According to previous studies, cardiac function in experi-
mental rats is usually at its worst, 12 h after CME
modeling.'” Therefore, the present study assessed cardiac
function at the same time point. Herein, the left ventricular
ejection fraction (LVEF), left ventricular fractional short-
ening (LVFS), left ventricular end-diastolic diameter
(LVEDd) and left ventricular end-systolic diameter
(LVESd) were measured using the Hewlett Packard
Sonos 7500 ultrasound instrument (Philips Technologies,
USA) equipped with a 12 MHz transducer. In addition, an
average of 3 cardiac cycles was applied to the above
parameters and the echocardiographic measurements
were independently taken by an expert.

Measurement of Serum Myocardial Injury

Markers

Blood samples were obtained from the femoral vein of
rats in each group, 12 h after CME induction or sham
operation, prior to sacrifice. The study then used
a commercial enzyme-linked immunosorbent assay
(ELISA) kit (Bio-Swamp Biological Technology Co.,
Ltd, Wuhan, China) to measure the levels of serum
cardiac troponin I (cTnl), according to the manufac-
turer’s instructions. Additionally, an automatic biochem-
ical analyzer (Olympus5400, Olympus Ltd. Japan) was
used to detect the levels of lactate dehydrogenase (LDH)
and the creatine kinase myocardial band isoenzyme
(CK-MB).

Tissue Collection and Sample Processing
In order to collect myocardial tissue samples, 10% potas-
sium chloride (2.0 mL) was injected into the caudal vein
of rats in each group to isolate and harvest the heart
immediately, while in diastole. Both the atria and atrial
appendages were removed after which the left ventricle
was divided into the apical and basal parts parallel to the
atrioventricular groove at the midpoint of the left

ventricular long axis. Thereafter, the apical part of rats in
each group was rapidly frozen with liquid nitrogen then
transferred and stored at —80 °C for the Western blot and
quantitative real-time polymerase chain reaction (qRT-
PCR) analyses. On the other hand, the basal tissue of the
heart was fixed for about 12 h in 4% paraformaldehyde at
room temperature, followed by embedding in paraffin and
serial slicing into 4 pum thick sections, for subsequent
staining using hematoxylin-eosin (H&E), hematoxylin-
basic fuchsin-picric acid (HBFP), TdT-mediated dUTP
nick end labeling (TUNEL) and immunochemistry (IHC).

Measurement of Myocardial Microinfarct

Size

HBFP staining is generally considered as an important
staining method during the early stage diagnosis of myo-
cardial ischemia. After staining with HBFP, both ischemic
cardiomyocytes and erythrocytes were dyed red while the
cytoplasm and nucleus of normal cardiomyocytes stained
yellow and blue, respectively. The study used a pathology
image analyzer, DMR + Q550 (Leica, Wetzlar, Germany)
to examine and analyze the HBFP-stained sections under
a light microscope (%100 magnification). Additionally, five
visual fields were randomly selected from each section
using the Leica Qwin analysis software and the myocardial
infarction zone was measured through the planar area
method. Finally, the relative ischemic area (as
a percentage) was calculated according to the following

formula: ischemic area/total areax 100%. '8

Detection of Myocardial Apoptosis
Through TUNEL Staining

In order to determine the apoptotic index, the study con-
ducted a quantitative analysis of cardiomyocyte apoptosis
using the TUNEL apoptosis detection kit (Roche, USA)
following the manufacturer’s guidelines. In this staining
method, the nuclei of normal cells in myocardial tissues
appeared light blue while apoptotic cells stained yellow-
brown (TUNEL-positive). Furthermore, the number of
apoptotic cardiomyocytes and total cardiomyocytes in
micro-infarcted, marginal infarcted and distal non-infarcted
zones were counted from 5 randomly selected fields (X400
magnification) in each slice. Finally, the myocardial apopto-
tic rate was determined using the following formula: apop-
totic cardiomyocytes/total cardiomyocytes x 100%."°
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Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from the heart tissue using the
TRIzol reagent (Invitrogen, USA) according to the manu-
facturer’s instructions after which the concentration was
measured using the NanoDrop (Thermo Fisher Scientific
Inc., USA). Thereafter, the PrimeScript™ RT reagent Kit
with a gDNA Eraser (Perfect Real Time) (TaKaRa, Japan)
was used to reverse transcribe mRNA into complementary
DNA. In addition, qRT-PCR was performed on the ABI
PRISM 7500 system (CA, USA) using the TB Green®
Premix Ex Taq™ II (Tli RNaseH Plus) (TaKaRa, Japan).
The 274" method was then used to calculate the relative
expression levels of the target genes and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was employed as
an endogenous control. All primer sequences (TaKaRa,
Japan) are shown in Table 1.

Western Blot Analysis

The total protein in each heart sample was extracted using
a lysis buffer and the concentration was measured using
a bicinchoninic acid (BCA) assay kit (PC0020, Beijing
Ltd, Beijing,

China). After determining the concentration, proteins of

Solarbio Science & Technology Co.,

equal quality were separated using 10-15% sodium dode-
cyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) before being electrophoretically transferred onto
polyvinylidene fluoride (PVDF) membranes (Millipore,
Atlanta, GA, USA). Thereafter, they were sealed for 1

Table | Primer Sequence

Gene Primer Sequence
TNF-a Forward: 5'-CGTCGTAGCAAACCACCAAG-3’
Reverse: 5-GAGGCTGACTTTCTCCTGGT-3'
IL-1B Forward: 5-GGGATGATGACGACCTGCTA-3’
Reverse: 5-TGTCGTTGCTTGTCTCTCCT-3'
Bcl-2 Forward: 5-CCTGGCATCTTCTCCTTCCA-3'
Reverse: 5-GGACATCTCTGCAAAGTCGC-3'
Bax Forward: 5'-AAGAAGCTGAGCGAGTGTCT-3'
Reverse: 5-CCAGTTGAAGTTGCCGTCTG-3'
Caspase-3 Forward: 5'-TGTCGATGCAGCTAACCTCA-3'
Reverse: 5'-GCAGTAGTCGCCTCTGAAGA-3'
GAPDH Forward: 5'-TGTGAACGGATTTGGCCGTA-3'
Reverse: 5'-GATGGTGATGGGTTTCCCGT-3'

Abbreviations: TNF-0, tumor necrosis factor-a; IL-1f, interleukin-13; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

h at room temperature in 5% bovine serum albumin or
nonfat milk before being incubated overnight with the
following primary antibodies (1: 1000 dilution) at 4°C:
total PI3K, phospho-PI3K (p-PI3K), total Akt, phospho-
Akt (p-Akt), total GSK-3p, phospho-GSK-3p (p-GSK-3p),
TNF-q, IL-1p, cleaved caspase-3, Bcl-2, Bax or GAPDH.
In addition, the primary antibodies specific to total PI3K,
p-PI3K, TNF-a, IL-1B, Bax and Bcl-2 were provided by
Abcam (Cambridge, UK). On the other hand, the primary
antibodies specific to total Akt, p-Akt, total GSK-3,
p-GSK-38, cleaved caspase-3 and GAPDH were supplied
by Cell Signaling Technology (Beverly, USA). After over-
night incubation, the membranes were washed 5 times
with a 1xTBST buffer solution at room temperature and
subsequently incubated with secondary antibodies labeled
with horseradish peroxidase, for 2 h. Finally, the protein
band of rats in each group was detected using an enhanced
chemiluminescence detection system (Pierce, Rockford,
IL, USA) and the expression levels were evaluated using
the ImageJ software (National Institutes of Health,
Bethesda, MD, USA).

Statistical Analysis

Statistical analyses were performed using the SPSS ver-
sion 23.0 software (IBM, Chicago, USA) and the data was
expressed as mean =+ standard deviation (SD). In addition,
statistical comparisons between two groups were con-
ducted using the Student’s ¢-test while multiple-group
comparisons were performed using One-way Analysis of
Variance (ANOVA) followed by the Student-Newman-
Keuls posthoc analysis. A p value < 0.05 was considered
to be statistically significant.

Results
Breviscapine Ameliorated Cardiac
Function Following CME

The echocardiographic findings from rats in each group are
indicated in Figure 1. The results revealed that cardiac
contractility was impaired in the CME group, as indicated
by increased LVESd and LVEDd but reduced LVEF and
LVEFES (P <0.05), compared to the sham group. On the other
hand, treatment with breviscapine significantly improved
heart dysfunction, evidenced by lower LVESd and LVEDd
values but higher LVEF and LVFS in the CME+BE group,
compared to the CME group (P < 0.05). However, treatment
with LY294002 eliminated the cardioprotective effects
induced by breviscapine.
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Figure | Echocardiography of rats in each group (n = 5 for each group). The cardiac function parameters of left ventricle ejection fraction (LVEF), left ventricle fractional
shortening (LVFS), left ventricular end-diastolic diameter (LVEDd) and left ventricular end-systolic diameter (LVESd) were measured quantitatively. Data are presented as the
meanzstandard deviation (SD). *P < 0.05 versus the sham group; *P < 0.05 versus the CME group; %P < 0.05 versus the CME + BE group.

Abbreviations: CME, coronary microembolization; BE, breviscapine; LY, LY294002.

Breviscapine Reduced the Serum Levels
of Myocardial Injury Markers

Myocardial injury following CME induction was assessed
through the serum levels of c¢Tnl, LDH and CK-MB
(Figure 2). The results showed that rats from the CME
group had significantly higher serum levels of ¢Tnl, LDH
and CK-MB compared to those in the sham group. In
contrast, pretreatment with breviscapine significantly atte-
nuated myocardial injury after CME, demonstrated by
decreased levels of serum ¢Tnl, LDH and CK-MB in the
CME + BE group compared to the CME group. However,

treatment with a combination of breviscapine and
LY294002 eliminated the effects of breviscapine on the
expression levels of serum c¢Tnl, LDH and CK-MB.

CME Histopathology

H&E and HBFP staining (Figure 3A and B) revealed
sporadic subendocardial ischemia without noticeable
infarction in the sham group although multiple microin-
farctions were observed in the CME, CME + BE and CME
+ BE + LY groups. In addition, H&E staining showed that

the nuclei of cardiomyocytes dissolved or disappeared in
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Figure 2 Breviscapine reduced the serum levels of markers of myocardial injury (n = 4 for each group). (A) The levels of cTnl in the four groups. (B) The levels of LDH in
the four groups. (C) The levels of CK-MB in the four groups. Data are presented as the meanzstandard deviation (SD). *P < 0.05 versus the sham group; #P < 0.05 versus the

CME group; P < 0.05 versus the CME + BE group.
Abbreviations: CME, coronary microembolization; BE, breviscapine; LY, LY294002.
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Figure 3 Histopathological examination of myocardial tissues through HE and HBFP staining (x200 magnification; bar = 100 pm) (n = 3 for each group). (A) HE staining.
Microspheres with inflammatory cell infiltration were observed in the CME, CME+BE and CME + BE + LY groups but not in the sham category. The arrows indicate the
microspheres. (B) HBFP staining. An ischemic myocardium is highlighted in red. The arrows indicate the microinfarct area. Data are presented as the meantstandard
deviation (SD). *P < 0.05 versus the sham group; *P < 0.05 versus the CME group; %P < 0.05 versus the CME + BE group.

Abbreviations: CME, coronary microembolization; BE, breviscapine; LY, LY294002.

the regions of microinfarction caused by CME, with cyto-
plasmic red staining and degeneration. Moreover, the
results revealed peripheral myocardial edema, erythrocyte
exudation, peripheral inflammatory cell infiltration and
microembolism in the arteriole. Notably, administration
of breviscapine was shown to significantly alleviate the
above conditions, reducing both peripheral myocardial
edema and inflammatory cell infiltration. However, treat-
ment with a combination of breviscapine and LY294002
significantly reversed these beneficial effects. Additionally,
HBFP staining demonstrated that the microinfarct lesions

were mostly wedge-shaped, locally distributed and

nontransmural. They were also mostly located in the sub-
endocardium and the left ventricle. Moreover, the infarct
sizes in the sham, CME, CME + BE and CME + BE + LY
groups were 0.52 £ 0.25%, 16.72 + 2.81%, 4.57 £ 1.20%
and 13.28 + 2.17%, respectively. Compared to the CME
group, there was a significant decrease in the infarct size
of the CME + BE group (P < 0.05), indicating that pre-
treatment with breviscapine might have inhibited the myo-
cardial microinfarct area after CME induction in rats.
However, treatment with a combination of breviscapine
and LY294002 eliminated the effect of breviscapine on
the myocardial microinfarct area.
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Breviscapine Attenuated Cardiomyocyte

Apoptosis After CME
The study further used TUNEL staining to assess apoptosis

in cardiomyocytes (Figure 4). The normal nuclei appeared
light blue while the apoptotic ones stained yellow-brown
(TUNEL positive). Notably, myocardial apoptosis in rats in
the sham group was occasionally recorded in papillary
muscles and the subendocardium. In contrast, the number
of TUNEL-positive cells increased significantly in the CME
group (P < 0.05) compared to the sham category.
Additionally, these apoptotic cardiomyocytes were primar-
ily located in the myocardial micro-infarct and peri-infarct
regions following CME induction. Moreover, there was
a considerable decrease in TUNEL positive cells in the
micro-infarct and peri-infarct zones of rats in the CME
+BE group compared to those in the CME category
(P < 0.05). However, treatment with a combination of
breviscapine and LY294002 reversed the anti-apoptotic
effect of breviscapine. Furthermore, the myocardial apop-
totic index in the sham, CME, CME + BE and CME + BE +
LY groups was 3.34 + 1.46%, 32.93 + 8.11%, 11.61 +
0.91% and 31.51 + 4.75%, respectively.

Sham

N
1L LB\ \" VRS ] N \
(I

Pretreatment with Breviscapine
Attenuated CME-Induced Myocardial

Inflammation

The study used qRT-PCR and Western blot analysis to
examine the mRNA and protein expression levels of TNF-
o and IL-1B in the myocardium of rats, to confirm the
presence of myocardial inflammation after CME induction
(Figure 5A and B). The findings revealed that the mRNA
and protein expression levels of TNF-a and IL-1B were
significantly higher in the CME group compared to the
sham category (P < 0.05). On the other hand, the mRNA
and protein expression levels of TNF-a and IL-1B were
substantially lower in the CME+BE group compared to
the CME category (P < 0.05). Interestingly, the effect of
breviscapine on the levels of TNF-a and IL-1B was can-
celled following co-treatment with LY294002.

Pretreatment with Breviscapine Attenuated
CME-Induced Myocardial Apoptosis

Herein, the study evaluated the expression of cleaved
caspase-3, Bax and Bcl-2 in the myocardium of rats in
each group through qRT-PCR and Western blot analysis, to
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Figure 4 Detection of myocardial apoptosis through TUNEL staining (X400 magnification; bar = 50 pm) (n = 3 for each group). Normal nuclei were stained light blue while
the nuclei of apoptotic cardiomyocytes were stained yellow-brown. Arrows indicate the nuclei of apoptotic cardiomyocytes. Data are presented as the meanztstandard
deviation (SD). *P < 0.05 versus the sham group; *P < 0.05 versus the CME group; %P < 0.05 versus the CME + BE group.

Abbreviations: CME, coronary microembolization; BE, breviscapine; LY, LY294002.
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Figure 5 Pretreatment with breviscapine attenuated CME-induced myocardial inflammation (n = 4 for each group). (A) The mRNA expression levels of TNF-o and IL-If in
cardiac tissues. (B) The protein expression levels of TNF-o and IL-1p in cardiac tissues. Data are presented as the meantstandard deviation (SD). *P < 0.05 versus the sham

group; #P < 0.05 versus the CME group; P < 0.05 versus the CME + BE group.

Abbreviations: CME, coronary microembolization; BE, breviscapine; LY, LY294002.

verify the presence of cardiomyocyte apoptosis following
CME (Figure 6A and B). Compared to the sham category,
the results showed that the mRNA and protein expression
levels of Bax and cleaved caspase-3 were significantly
increased in the CME group, while the mRNA and protein
expression levels of Bcl-2 were distinctly decreased
(P < 0.05).

In addition, the mRNA and protein expression levels of
Bax and cleaved caspase-3 in the CME+BE group were
markedly decreased, whereas the mRNA and protein
expression levels of Bcl-2 were significantly increased
(P < 0.05), compared to the CME category. Nonetheless,
the effect of breviscapine on the expression levels of Bax,
cleaved caspase-3 and Bcl-2 was reversed following co-
treatment with LY294002. Moreover, the IHC results from
myocardial tissues (Figure 6C) were consistent with those
from qRT-PCR and Western blotting. In general, these
results indicated that pretreatment with breviscapine
could effectively reduce CME-induced apoptosis in
cardiomyocytes.

Inhibition of Myocardial Inflammation and

Apoptosis by Breviscapine Involved the
PI3K/Akt/GSK-3[ Signaling Pathway

The results from Western blot analysis revealed no sig-
nificant differences in total PI3K, total Akt and total
GSK-33 among the four groups (Figure 7). Interestingly,
myocardial expression of p-PI3K, p-Akt and p-GSK-3
was significantly down-regulated in the CME group,
compared to the sham category (P < 0.05). On the other
hand, myocardial expression of p-PI3K, p-Akt and
p-GSK-3p was dramatically up-regulated (P < 0.05) in
the CME+BE group compared to the CME category.
However, the effect of breviscapine on the expression
levels of p-PI3K, p-Akt and p-GSK-3p was reversed
upon co-treatment with LY294002. Collectively, these
findings suggested that pretreatment with breviscapine
could effectively attenuate myocardial inflammation and
apoptosis following CME and this was closely associated
with activation of the PI3K/Akt/GSK-3p
pathway.

signaling

submit your manuscript

850

Dove

Drug Design, Development and Therapy 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dovepress Chen et al

A 2.0 # 10+

*

Relative Bcl-2 mRNA level
o
1
-3
Relative Bax mRNA level
N ) [} o
1 1 1 1
*
Relative Caspase-3 mRNA level
o - N w
1 1 1 1
Q é*

1.5

0.5+
0.0- 0-
¢ & A &« 4 &« <
O \&,o & O é,& & O &,@ &
S & o & ) &
& o N
5 107 _ 0.8 .
B < :
g 50.6- #
Sham CME CME+BE CME+BE+LY g 20
; i
Bel-2 —— 2510
E EIJ.I)-
<& & < A
Bax ——— 21 s g S S
2 é’/
.% 0.6 (&)
Cleaved ] & I &
31'0' & -§02_
o
0.0- go.o-
éo”& Q\’?' “@ é"xé é é‘o@ (}‘g’ ‘&x 0"}\'}
() X [ X
0& (}‘Q’
c Sham CME CME+BE CME+BE+LY

Bcel-2

Bax

Cleaved
caspase-3
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Abbreviations: CME, coronary microembolization; BE, breviscapine; LY, LY294002.

Discussion

The present study uncovered a number of novel findings.
First, the results revealed that myocardial inflammation
and apoptosis were crucial factors in myocardial injury
and cardiac dysfunction in rats following CME modelling.
The results also showed that the PI3K/Akt/GSK-3f signal-
ing pathway had an important effect on CME-induced
myocardial inflammation and apoptosis. Second, the
study showed that pretreatment with breviscapine, seven
days before CME induction, could effectively suppress
myocardial inflammation and apoptosis, thus inhibiting
myocardial injury. And as far as we know, this is the first
study to simultaneously investigate the effects of brevisca-
pine on myocardial inflammation and apoptosis in the
same animal model of cardiovascular disease. Third, the

underlying protective mechanism of breviscapine in CME-
related myocardial injury was significantly related to acti-
vation of the PI3K/Akt/GSK-3p signaling pathway.
Overall, these results emphasized on the significant effect
of the PI3K/Akt/GSK-3p pathway in the pathogenesis of
CME-induced myocardial inflammation and apoptosis.
Furthermore, this study for the first time showed that
breviscapine may inhibit myocardial inflammation and
apoptosis following CME by regulating the PI3K/Akt/
GSK-3f pathway, thereby improving CME-related cardiac
dysfunction and reducing myocardial injury. Therefore,
pretreatment with breviscapine holds potential for the
management of CME-induced myocardial injury.

Notably, CME occurs spontaneously in patients with
atherosclerotic plaque rupture or erosion and acute
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coronary syndrome during PCI, which is a serious and
complex condition.?° In addition, CME-induced left ven-
tricular dysfunction differs from the obstruction of the
epicardial proximal coronary artery and also has no close
relationship with the degree of myocardial perfusion
defect,”' and can neither be explained by microinfarction
nor insufficiency in local myocardial perfusion. However,
myocardial apoptosis and inflammation were shown to
play an essential role in myocardial injury and progressive
cardiac dysfunction following CME in typical myocardial
tissue around the microinfarct area. Therefore, inhibition
of myocardial apoptosis and inflammation can greatly
improve CME-induced cardiac dysfunction.”** In this
study, the results revealed that rats in the CME model
had worse myocardial apoptosis and inflammation com-
pared to those in the sham group. The cardiac function of
rats in the CME model was also shown to deteriorate,
corresponding to the pathological changes in CME.
Breviscapine is an active ingredient of flavonoid glyco-
sides extracted from Erigeron breviscapus.** The drug was
shown to inhibit platelet aggregation, scavenge free oxygen
radicals, reduce vascular resistance, dilate blood vessels and
improve microcirculation.”> >’ Additionally, it can poten-
tially be applied in both cardiovascular and cerebrovascular
diseases due to its comprehensive pharmacological effects,
diverse mechanisms and high levels of safety.”® Moreover,
a previous study showed that treatment with breviscapine
could down-regulate the levels inflammatory cytokines
including TNF-a, IL-6 and IL-1P as well as the monocyte
chemoattractant protein (MCP)-1 in a CCl4-induced acute
liver injury model of C57BL/6 mice, thus inhibiting inflam-
mation. On the other hand, it was shown to increase the
expression of Bcl-2 and distinctly decreased the levels of
Bax, active caspase-3 and poly (ADP ribose) polymerase
(PARP), hence reducing apoptosis. Furthermore, brevisca-
pine can block CCl4-induced oxidative stress by increasing
superoxide dismutase (SOD) activity and reducing the
levels of malondialdehyde (MDA), consequently impeding
mitogen-activated protein kinase pathways.? In addition,
Bao et al suggested that breviscapine can effectively inhibit
hepatocyte apoptosis by blocking the mitochondrial-
dependent apoptosis pathway, in a rat hepatic ischemia/
reperfusion injury model. This is primarily achieved by
promoting the expression of mitofusin 2 and inhibiting the
release of mitochondrial cytochrome ¢ and decreasing the
levels of cleaved caspase-3 protein.>® Moreover, brevisca-
pine displayed a dose-related anti-apoptotic effect in
a transient focal cerebral ischemia model of rats.>' An

additional study by Li et al'' also revealed that pretreatment
with breviscapine could significantly reduce intracellular
levels of free Ca2+, LDH leakage, apoptosis and necrosis
in cardiomyocytes subjected to hypoxia, therefore exerting
protective effects on the myocardium. Additionally, Wang
et al reported that treatment with breviscapine could
decrease the levels of active caspase-3 and up-regulate
Bcl-2 by activating the PI3K/Akt/eNOS pathway. This
effectively inhibited cardiomyocyte apoptosis induced by
myocardial ischemia/reperfusion in vivo and simulated
ischemia/reperfusion in vitro."* In summary, the above
background coupled the findings from the present study
suggest that pretreatment with breviscapine may alleviate
CME-induced myocardial inflammation and apoptosis by
regulating the PI3K/Akt signaling pathway.

Additionally, various studies confirmed that the PI3K/
Akt signaling pathway is critical in CME-induced myo-
cardial injury and is also a common signaling pathway
used by multiple drugs to facilitate cardioprotection.’*~?
In addition, several effector proteins and intracellular med-
iators of signal transduction are involved in the PI3K/Akt
signaling pathway. More specifically, GSK-3f is consid-
ered a downstream target for this signaling pathway.**
Notably, recent studies uncovered a variety of factors
regulating the cell survival phosphorylate GSK-3f by
effectively activating the PI3K/Akt pathway, hence sup-
pressing the biological activity of the GSK-3p protein,
eventually promoting cell survival.>>® Moreover, numer-
that the PI3K/Akt/GSK-3p-
dependent signaling pathway may be one of the most

ous studies confirmed
important and indispensable endogenous negative feed-

back mechanisms in the cell and produces
a compensatory response under harmful stimuli, to inhibit
cell apoptosis and inflammatory events.*’*® Furthermore,
previous studies revealed that activation of the PI3K/Akt/
GSK-3P pathway distinctly attenuates myocardial inflam-
mation, apoptosis and myocardial injury although it may
have opposite biological effects when it is inactivated.**
And one mechanism by which PI3K/Akt signaling path-
way regulates apoptosis via Bcl-2 is that the expression of
Bcl-2 is up-regulated when the PI3K/Akt pathway is acti-
vated, and over-expression of Bcl-2 can inhibit the release
of cytochrome C in the mitochondria and form a stable
Bcl-2/Bax heterodimer with bax, thereby inhibiting Bax-
induced apoptosis. Conversely, apoptosis is promoted
when the expression of Bax is increased.*’ In this study,
the results demonstrated that pretreatment with brevisca-

pine distinctively increased the expression levels of
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p-PI3K, p-Akt, p-GSK-3p and Bcl-2 after inducing CME
in rats. However, breviscapine significantly reduced the
levels of TNF-o, IL-1p, Bax and cleaved caspase-3.
Nonetheless, co-treatment with LY294002 (a specific inhi-
bitor of PI3K) significantly reversed the protective effects
exerted by breviscapine. Moreover, the findings in this
study showed a decrease in cardiac function after inhibi-
tion of the PI3K/Akt signaling pathway but an increase in
serum cTnl levels, microinfarct size and myocardial apop-
tosis, indicating that LY294002 could reverse the cardio-
protective effects of breviscapine. Generally, these
findings suggested that the PI3K/Akt/GSK-3p pathway
was closely associated with the protective effects of bre-
viscapine in CME-induced myocardial injury. Therefore, it
that
a cardioprotective effect by activating the PI3K/Akt/

is  highly possible breviscapine can exert
GSK-3p pathway, thus inhibiting myocardial inflammation
and apoptosis.

This research has some limitations. First, we estab-
lished a CME rat model by injecting physical microem-
bolic spheres into the coronary microvessels. However,
this type of plastic microspheres has no biological prop-
erties such as thrombotic activity, vascular activity, or
inflammatory tendency, so the pathophysiological
changes of CME model caused by this plastic material
are different from those caused by atherosclerotic plaque
in clinic. Second, based on the pretreatment with brevis-
capine and the application of PI3K specific inhibitor
LY?294002, this study explored the effect of breviscapine
on CME-induced myocardial inflammation and apoptosis
and its regulatory effect on PI3K/Akt/GSK-3p signaling
pathway. However, the application of inhibitors or ago-
nists of PI3K downstream molecules is very necessary to
further explore the specific regulatory mechanism of
breviscapine on the PI3K/Akt/GSK-3B pathway in
CME. Third, the molecular mechanisms involved in the
regulation of inflammation and apoptosis are very com-
plex, and it cannot be ruled out whether there are other
potential signaling pathways participating in CME-
induced myocardial injury, which needs further research.

In conclusion, this study demonstrated that brevisca-
pine exerts an important cardioprotective effect in myo-
cardial injury caused by CME, probably by activating
the PI3K/Akt/GSK-3fB signaling pathway, hence dis-
tinctly attenuating myocardial inflammation and apopto-
sis. Therefore, breviscapine holds potential for use in
the prevention and clinical therapy of CME-induced
myocardial injury.
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