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Abstract

Myocardial infarction (MI) is an extremely severe cardiovascular disease, which ranks as the leading cause of sudden death
worldwide. Studies have proved that cardiac injury following MI can cause cardiomyocyte apoptosis and myocardial fibrosis.
Bilobalide (Bilo) from Ginkgo biloba leaves have been widely reported to possess excellent cardioprotective effects. However,
concrete roles of Bilo in MI have not been investigated yet. We here designed both in vitro and in vivo experiments to explore
the effects of Bilo on MI-induced cardiac injury and the underlying mechanisms of its action. We conducted in vitro experi-
ments using oxygen—glucose deprivation (OGD)-treated H9c2 cells. Cell apoptosis in H9¢c2 cells was assessed by conducting
flow cytometry assay and evaluating apoptosis-related proteins with western blotting. MI mouse model was established by
performing left anterior descending artery (LAD) ligation. Cardiac function of MI mice was determined by assessing ejection
fraction (EF), fractional shortening (FS), left ventricular end-systolic diameter (LVESD), and left ventricular end-diastolic
diameter (LVEDD). Histological changes were analyzed, infarct size and myocardial fibrosis were measured by hematoxylin
and eosin (H&E) and Masson staining in cardiac tissues from the mice. The apoptosis of cardiomyocytes in MI mice was
assessed by TUNEL staining. Western blotting was applied to detect the effect of Bilo on c-Jun N-terminal kinase (JNK)/
p38 mitogen-activated protein kinases (p38 MAPK) signaling both in vitro and in vivo. Bilo inhibited OGD-induced cell
apoptosis and lactate dehydrogenase (LDH) release in H9¢2 cells. The protein levels of p-JINK and p-p38 were significantly
downregulated by Bilo treatment. SB20358 (inhibitor of p38) and SP600125 (inhibitor of JNK) suppressed OGD-induced
cell apoptosis as Bilo did. In MI mouse model, Bilo improved the cardiac function and significantly reduced the infarct size
and myocardial fibrosis. Bilo inhibited MI-induced cardiomyocytes apoptosis in mice. Bilo suppressed the protein levels of
p-JNK and p-p38 in cardiac tissues from MI mice. Bilo alleviated OGD-induced cell apoptosis in H9c2 cells and suppressed
MI-induced cardiomyocyte apoptosis and myocardial fibrosis in mice via the inactivation of JNK/p38 MAPK signaling
pathways. Thus, Bilo may be an effective anti-MI agent.
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Introduction

Ischemic heart disease has become a leading cause of
morbidity and mortality worldwide [1]. Myocardial infarc-
tion (MI) is the most common manifestation of ischemic
heart disease [2], and the progression of MI begins with
myocardial injury induced by sudden interruption of the
blood supply to the heart, which can subsequently lead
to cardiac dysfunction and massive myocardial cell death
[3]. Increasing patients with MI have received revascu-
larization treatment in time. However, the myocardial
ischemia—reperfusion injury after reperfusion treatment
increased the risk of arrhythmia, heart failure and death
[4]. Apoptosis is a typical form of myocyte loss [5].
Numerous studies have confirmed that MI leads to accu-
mulated apoptosis of the myocardial cells in response to
prolonged ischemia, eventually contributing to the MI
development [6—-8]. More importantly, long term myo-
cardial apoptosis can result in the deposition of fibrillar
collagens in infarcted and non-infarcted areas and induce
myocardial fibrosis [9, 10]. Inhibition of cardiomyocytes
apoptosis and myocardial fibrosis has been shown to prom-
inently alleviate ventricular remodeling and heart failure
after MI [11, 12]. Therefore, finding more effective target
to improve MI-induced apoptosis and fibrosis and further
understanding the underlying mechanisms of it is of great
importance.

Numerous natural compounds have been recognized as
therapeutic candidates for MI treatment [13, 14]. Notably,
AM Rabie et al. have revealed some hydroxylated oxygen-
ous heterocyclic class of compounds such as cordycepin
and oxadiazole antioxidants that have potential to improve
human cardiac functions and treat cardiac diseases like
MI [15-17]. Thus, other similar compounds with cardio-
protective effects are well worth exploring. Ginkgo biloba
L. is one of the oldest living tree species, which has long
been used as a Traditional Chinese medicine (TCM) in
China to treat lung ailments and cardiovascular diseases.
Ginkgo biloba L. includes two types of major constitu-
ents: ginkgolides (A, B, C, and J) and Bilobalide (Bilo;
Fig. 1) [15]. Bilo is a sesquiterpene trilactone constituent
with various beneficial effects, including neuroprotective
effect on ischemic strokes [16], anti-inflammatory effect
on Cuprizone-induced demyelination [17], anti-hyperal-
gesic effect [18], and the anti-apoptotic activity in gas-
tric carcinoma [19], Type 1 diabetes mellitus [20], and
Ischemic stroke [21]. In addition, the cardioprotective
effects of Bilo also has been widely discussed in previous
studies [22-24]. Particularly, Bilo inhibits MI develop-
ment by rescuing impaired tricarboxylic acid cycle flux
in isoproterenol (ISO)-induced ischemia-like cardiomy-
ocytes. [25]. Besides, Cao et al. revealed the mitigating

effects of Bilo on myocardial ischemia. Specifically, it was
shown to improve oxygen—glucose deprivation (OGD)-
induced cell injury by enhancing miR-27a expression and
activating PI3K/AKT and Wnt/p-catenin pathways [26].
We thus wondered whether Bilo alleviated OGD-induced
cell injury through different mechanisms or exerted similar
cardioprotective effects in vivo.

The c-Jun N-terminal kinases (JNKs) and the p38
enzymes (p38 MAPKSs) are members of the mitogen-acti-
vated protein kinase (MAPK) family, which have been
reported to regulate various cellular functions including
cardiomyocyte apoptosis [27]. Previous study has revealed
that JNK can activate the apoptotic pathway by enhancing
the expression of apoptotic gene [28]. In addition, activa-
tion of p38 MAPK triggers the cardiomyocytes apoptosis,
while the inactivation of it prevents cardiomyocyte apopto-
sis [29]. Therefore, understanding the roles of the JNK/p38
MAPK signaling pathway in MI-induced myocardial injury
has become significant.

In this study, we further explored the effects of Bilo on
OGD-induced cell apoptosis in H9¢c2 myocytes. We estab-
lished MI mouse model by performing left anterior descend-
ing artery (LAD) ligation to determine the cardioprotective
effect of Bilo in vivo. Furthermore, the involvement of JINK/
p38 MAPK signaling was detected to confirm the underlying
mechanisms of Bilo both in vitro and in vivo.

Materials and Methods
Cell culture and Treatment

HO9c2 myocytes were obtained from the American Type Cul-
ture Collection (ATCC, Manassas, VA). After being washed
with phosphate-buffered saline (PBS) for three times, all the
cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) encompassing fetal bovine serum (FBS; 10%) and
penicillin—streptomycin (100 U/ml). The culture conditions
contained 95% humidified air and 5% CO, at 37 °C.

Fig. 1 The chemical structure of Bilo
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Fig.2 Bilo inhibits OGD-induced cell apoptosis in H9c¢2 cardio-
myocytes. A Flow cytometry revealed the cell apoptosis in H9c2
cardiomyocytes. B Western blotting showed the levels of Bcl-2 and
Bax proteins. C CCK-8 revealed H9c2 cell viability. D LDH release

The oxygen—glucose deprivation (OGD) cell model was
established as previously described [30]. Briefly, H9c2 cells
were placed in an anoxia chamber (1% O,, 5% CO,, and
94% N,) at 37 °C for 2 h and then glucose (33 mM) was
added and incubated with the cells for 6 h. Control cells
were cultured in the normal medium (5% CO, and 95% air)
with equal volume of vehicle control. The cell experiments
were conducted in four groups: Control +PBS; OGD + PBS;
OGD + Bilo 20 ng/ml; and OGD + Bilo 50 ng/ml. PBS was
used as the vehicle control. Cells in OGD + Bilo 20 ng/ml;
and OGD + Bilo 50 ng/ml were pretreated with 20 or 50 ng/
ml of Bilo for 2 h before the OGD induction.

For inhibiting the JNK/ p38 MAPK signaling, H9c2 cells
were pretreated with SB20358 (inhibitor of p38, 25 nM) or
SP600125 (inhibitor of JNK, 25 nM) followed by OGD
induction, and the flow cytometry was conducted in four
groups: OGD +PBS; OGD + SB20358; OGD + SP600125;
and OGD + Bilo 50 ng/ml. Cells in OGD + Bilo 50 ng/ml
were pretreated with 50 ng/ml of Bilo for 2 h before the
OGD induction.
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was evaluated by corresponding kit in Control+PBS; OGD + PBS;
OGD + Bilo 20 ng/ml; and OGD + Bilo 50 ng/ml groups. ** p <0.01,
*#% p<0.001

Flow Cytometry

After the indicated treatment of OGD and Bilo, H9c2 cells
(1% 10° cells/mL) were centrifuged at 300xg for 5 min.
After washing with PBS, the cells were resuspended with
binding buffer (200 pL), added with Annexin V-FITC (5
pL) and PI staining solution (10 pL), and incubated in the
darkness for 30 min. Annexin V-FITC-positive cells and
PI-negative cells were identified as apoptotic cells. Finally,
after washing, the cells were analyzed by BD Facscali-
bur flow cytometry, and the data was analyzed by FlowJo
software.

Cell Viability Assay

The cell Counting Kit-8 assay (CCK-8) assay was used to
determine the effect of OGD stimulation and Bilo pretreat-
ment on H9c2 cell viability. Briefly, H9c2 cells (1 x 10*
cells/well) were placed in 96-well plates. After the indi-
cated treatment of OGD and Bilo, H9c2 cells were added
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with CCK-8 reagent (10 pL, Beyotime, Shanghai, China)
and incubated at 37 °C for 2 h. A microplate reader was
used to detect the absorbance at 450 nm.

Lactate Dehydrogenase (LDH) Secretion

To determine the effect of OGD stimulation and Bilo pre-
treatment on H9c2 cell damage, cytotoxicity was measured
by using the lactate dehydrogenase (LDH) Assay kit (Nan-
jing Jiancheng Bioengineering Institute, Nanjing, China)
according to the manufacturer’s instructions. H9c2 cells
(1 x 10* cells/well) were seeded in 96-well culture plates.
After the indicated treatment of OGD and Bilo, cells were
lysed and centrifuged at 600xg for 10 min to collect the
cell supernatant. Then the LDH reaction agent (100 pL)
was incubated with the cell supernatant for 30 min at room
temperature. Finally, absorbance was measured at 490 nm
using a microplate reader.

Animal Model

C57BL/6 mice (male, 10-12 weeks old, 20-22 g, Bei-
jing Vital River Laboratory Animal Technology, Beijing,
China) were housed in standard conditions (24 +2 °C,
50-60% of humidity, and 12 h light/darkness) with
ad libitum access to water and food. After the acclima-
tization, mice were randomly divided into three groups:
Sham (n=10); MI (n=10); MI+ Bilo (n=10). MI mice
model was established using LAD ligation. Specifically,
All the mice were anesthetized using pentobarbital sodium
(60 mg/kg) and then ventilated using a mouse ventilator.
The chests of the mice were opened, and LAD was vis-
ualized and then ligated using a 7-0 nylon suture, then
the electrocardiogram (ECG) confirmed the ischemia.
The same procedure without ligation was conducted in
the mice in Sham group. One week after the surgery, the
survival rate of the mice was 65.0% (n=13). They were
randomly treated with Bilo (10 mg/kg) or saline subcu-
taneously once a day for 4 weeks. The dose of Bilo was
determined by previous study [31]. The sham group was
given equal saline. All procedures were approved by the
Animal Protection and Utilization Committee of the Insti-
tute at Heart Center of Henan Provincial People’s Hospital.

Echocardiography

Cardiac function of the mice were evaluated under anesthesia
at 24 h post-LAD ligation using an in vivo ultrasound system
for small animal models (Visual Sonics, Toronto, Canada).
left ventricular (LV) ejection fraction (EF), LV fractional
shortening (FS), LV end-systolic diameter (LVESD), LV

end-diastolic dimension (LVEDD) were calculated. A pres-
sure transducer (Taimeng, Chengdu, China) was then used
for measuring LV end-systolic pressure (LVESP), and LV
end-diastolic pressure (LVEDP).

Hematoxylin and Eosin (H&E) and Masson Staining

At the end of the in vivo treatments, all the mice were eutha-
nized under anesthesia, and the hearts were isolated imme-
diately, fixed overnight in formaldehyde (10%), and embed-
ded in paraffin. After cutting the hearts into Sects. (5 pm),
hematoxylin and eosin were used to stain the heart sections
and evaluate the histological changes. To directly observe
the collagen fibers in the heart, Masson trichrome staining
was conducted using a corresponding detection kit (Nanjing
Jiancheng Bioengineering Institute). Sections in each group
were photographed using an imaging microscope (Nikon,
Japan). The relative LV fibrosis area was measured, and the
infarct size was determined.

Terminal Deoxynucleotidyl Transferase dUTP Nick
End Labelling (TUNEL) Staining

The One-Step TUNEL Apoptosis Assay Kit (Beyotime) was
used to perform the TUNEL assay. Specifically, hearts were
obtained from the mice after euthanasia, and the paraffin
Sects. (7-10 pm) of the cardiac tissue were stained with
the TUNEL staining kit. The TUNEL-positive cells were
imaged using a fluorescent microscopy (Nikon).

Western Blotting

Cardiac tissues and H9c2 cells were lysed using RIPA
lysis buffer (Beyotime). Total protein was quantified with
the assistance of the bicinchoninic acid protein assay Kkit.
After the quantification, the separation of the equal amount
(20 pg) of protein was conducted on sodium dodecyl sul-
fate (SDS)-polyacrylamide gel electrophoresis (PAGE)
gels (10%). Then, the proteins were transferred onto the
polyvinylidene difluoride (PVDF) membranes, which were
blocked with non-fat milk (5%). Primary antibodies (Abcam,
Beijing, China) against Bcl-2 (ab182858), Bax (ab32503),
p-JNK (ab124956), INK (ab110724), p-p38 (ab195049), p38
(ab170099), and GAPDH (ab8245) were incubated with the
membranes overnight at 4 °C. After being washed with PBS,
the membranes were continually incubated for 1 h with the
corresponding secondary antibodies at room temperature.
To visualize the protein bands, membranes were immersed
in enhanced chemiluminescent (ECL) reagent. The intensity
of the protein bands was analyzed by Image].
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Statistical Analysis

All experiments were conducted at least three times. Data
were shown as means + standard deviation (SD) and were
analyzed with GraphPad Prism 6.0. To compare the dif-
ferences between two groups, unpaired Student's t test was
used. One-way ANOVA followed by a Tukey’s post hoc test
was used for statistical analysis. The differences were con-
sidered as significant when p <0.05.

Results

Bilo Inhibits OGD-Induced Cell Apoptosis in H9c2
Cardiomyocytes

OGD is a stimulation model that induces ischemia/hypoxia
at the cellular level. Flow cytometry was conducted to ana-
lyze the effect of Bilo on cell apoptosis in OGD-treated
H9c¢2 cardiomyocytes. The results showed that the apopto-
sis rate was increased after the induction of OGD and then
significantly reduced by Bilo at different concentrations (20

or 50 ng/ml). Particularly, the higher concentration of Bilo
exerted the more significant effect on decreasing the apop-
tosis rate (Fig. 2A). Western blotting further revealed that
the level of anti-apoptotic protein Bcl-2 was downregulated
by OGD stimulation, but partially upregulated by Bilo treat-
ments, and 50 ng/ml of Bilo had the most significant effect.
Inversely, OGD elevated the protein level of pro-apoptotic
Bax, which was then obviously reduced by Bilo treatment.
(Fig. 2B). Consistently, the viability of H9¢c2 cardiomyo-
cytes was impaired by OGD, compared with that in control
group. While Bilo treatment promoted the viability of H9c2
cardiomyocytes significantly and concentration-dependently
(Fig. 2C). The LDH release can reflect the degree of cell
damage. As expected, OGD group showed a higher level of
LDH release, which was then diminished by Bilo treatment
(Fig. 2D).

Bilo Suppresses OGD-Induced Activation of JNK/p38
MAPK Signaling in H9c2 Cardiomyocytes

In this part, western blotting was conducted to identify
the effect of Bilo on JNK/p38 MAPK signaling in H9c2
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Fig.3 Bilo suppresses OGD-induced activation of JNK/p38 MAPK
signaling in H9¢c2 cardiomyocytes. A Western blotting showed the
levels of signaling-related proteins in Control4+PBS; OGD +PBS;
OGD +Bilo 20 ng/ml; and OGD+Bilo 50 ng/ml groups. B Flow
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cytometry assessed cell apoptosis in OGD +PBS; OGD + SB20358;
OGD+SP600125; and OGD+Bilo 50 ng/ml groups. **p<0.01;
**%p <0.001
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cardiomyocytes. In OGD group, an increased phosphoryla-
tion of JNK and p38 was observed. However, the activation
of JNK and p38 was subsequently inhibited by Bilo treat-
ment, suggesting that Bilo inhibited cell apoptosis via inac-
tivating JNK/p38 MAPK signaling in H9¢2 (Fig. 3A). To
confirm this result, we treated cells with SB20358 (inhibitor
of p38) and SP600125 (inhibitor of INK) to further analyze
the apoptotic rate in H9¢2 cells using flow cytometry. As
expected, SB20358 and SP600125 significantly weakened
the apoptotic ability of H9c2 cells, which was consistent
with the effect of 50 ng/ml of Bilo (Fig. 3B).

Bilo Improves the Cardiac Function in Ml Mouse
Model

To induce MI, mice underwent the LAD ligation. After the
surgery, cardiac function was evaluated using echocardiog-
raphy. Compared with the sham-operated group, the EF and
FS were significantly decreased in MI mice, and LVESD
and LVEDD were obviously increased, suggesting that MI
induction substantially damaged cardiac function. After the
administration of Bilo (10 mg/kg) to the MI mice, the levels
of EF, FS, LVESD and LVEDD were all almost reversed to
the levels in sham-operated groups (Fig. 4A). Then we found
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MI induction decreased LVESP and increased LVEDP,
while Bilo reversed the changes (Fig. 4B).

Bilo Reduces Infarct Size and Ameliorates Cardiac
Fibrosis in Ml Mouse Model

After the surgery and the indicated treatment of Bilo, mice
were euthanized under anesthesia and hearts were quickly
removed for the histological analysis. The results of H&E
staining showed the formation of myocardial fibers and
infiltration of inflammatory cells in MI group, which were
all significantly reduced by Bilo treatment. The results of
Masson's trichrome staining showed increased collagen fib-
ers that stained blue in MI group, which were subsequently
improved by Bilo (Fig. 5A). Cardiac infarct size and fibro-
sis were quantified and the levels of them were drastically
pulled down by Bilo treatment, compared with those in MI
group (Fig. 5B, C).

Bilo Attenuates Myocardial Cell Apoptosis in Mi
Mouse Model

TUNEL assay in cardiac tissues further revealed that the
TUNEL-positive cells were accumulated after the MI
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Fig.4 Bilo improves the cardiac function in MI mouse model. A The levels of EF, FS, LVESD, LVEDD, B LVESP and LVEDP were evaluated
in Sham, Sham + Bilo, MI, and MI+ Bilo groups. *p <0.05; **p <0.01; ***p <0.001
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Fig.5 Bilo reduces infarct size and ameliorates cardiac fibrosis in MI
mouse model. A H&E staining and Masson's trichrome staining were
conducted to observe the morphological changes. B Cardiac infarct

induction. However, Bilo treatment obviously reduced the
TUNEL-positive cells compared to the MI group (Fig. 6A).
Western blotting in cardiac tissues showed the protein level
of Bcl-2 was decreased and the protein level of Bax was
increased in MI mouse model. After the treatment of Bilo,
the levels of apoptotic-related proteins were all partially
reversed, suggesting the inhibitory effect of Bilo on myo-
cardial cell apoptosis in MI mouse model (Fig. 6B).
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size and C fibrosis were quantified in Sham, Sham+ Bilo, MI, and
MI + Bilo groups. **p <0.01; ***p <0.001

Bilo Inactivates JNK/p38 MAPK Signaling in Mi
Mouse Model

The phosphorylation levels of JNK and p38 proteins were
again examined in cardiac tissues. Western blotting pre-
sented higher levels of p-JNK and p-p38 in cardiac tissues
from MI mouse model, compared with sham-operated group.
Bilo treatment significantly lowered the levels of p-JNK and
p-p38, compared with MI group, suggesting that Bilo exerted
inhibitory role in apoptosis via inactivating JNK/p38 MAPK
signaling in vivo (Fig. 7A).
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Fig. 6 Bilo attenuates myocardial cell apoptosis in MI mouse model.
A TUNEL assay was conducted to determine the apoptosis levels
of myocardial cells. B Western blotting assessed the levels of Bcl-2
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Fig.8 Schematic of the cell and animal experiments. A Bilo sup-
cell apoptosis and myocardial fibrosis via the inactivation of INK/p38

pressed OGD-induced H9c2 cell damage and apoptosis via inac-
tivating JNK/p38 MAPK signaling pathways. B Bilo improved MI- MAPK signaling pathways
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Discussion

The anti-MI role of many TCMs has been widely reported.
For example, mangiferin inhibit cardiomyocyte apoptosis by
activating the silent information regulator 1 (Sirtl)/ forkhead
box class O 3a (FoxO3a) signaling in MI [32]. Nootkatone
abundantly found in grapefruit attenuates isoproterenol
induced MI in rats [33]. Resveratrol also has been found
to protect cardiomyocyte from ischemia—reperfusion injury
[34]. In this study, we found Bilo from Ginkgo biloba leaves
can reduce OGD induced cardiomyocytes apoptosis in H9c2
cells. Particularly, we also confirmed the protective effect
of Bilo on MI-induced cardiac dysfunction in mice model
and revealed the participation of JNK/p38 MAPK signaling
pathways (Fig. 8).

As we know, cardiomyocytes apoptosis takes a critical
part in the progression of MI [5]. The process of apoptosis
is mainly modulated by pro-apoptotic proteins (BAX etc.)
and anti-apoptotic proteins (Bcl-2 etc.) [35]. Previous stud-
ies have reported the inhibitory effect of Bilo on the apop-
tosis of various cell types such as hypoxia-treated neonatal
rat cardiomyocytes and OGD-stimulated H9¢2 cells [36,
37]. Similarly, an OGD model was performed to mimic the
ischemic condition in H9¢2 cardiomyocytes, The results of
flow cytometry showed that the apoptosis rate was increased
after the induction of OGD and then significantly reduced
by Bilo. In particular, the level of anti-apoptotic protein
Bcl-2 was downregulated by OGD stimulation, but partially
upregulated by Bilo treatment. Inversely, OGD elevated the
protein level of pro-apoptotic Bax, which was then obvi-
ously reduced by Bilo. We then found the viability of H9¢2
cardiomyocytes was inhibited by OGD, compared with that
in control group. While Bilo treatment promoted the sup-
pressed viability of H9¢2 cardiomyocytes induced by OGD
treatment. In addition, OGD group showed a higher level of
LDH release, which was significantly pulled down by Bilo
treatment. All these results indicated the inhibitory effect of
Bilo on OGD-induced cell damage and cell death in H9c2
cells.

Increasing studies highlight the important participation
of the INK/p38 MAPK signaling pathway in regulating car-
diomyocytes apoptosis. For example, midazolam inhibits
ischemia/reperfusion-induced cardiomyocyte apoptosis via
the inactivation of the JINK/p38 MAPK signaling [38]. Asi-
atic acid exerts cardioprotective effects by limiting phospho-
rylation of p38-MAPK and JNK-MAPK [39]. Particularly,
the regulatory mechanism of Bilo in JINK/ MAPK signaling
pathways has been reported in cerebral ischemia and rep-
erfusion injury and skeletal muscle ischemia/reperfusion
injury [40, 41]. We thus hypothesized that the inhibitory
effect of Bilo on OGD-induced cell apoptosis may exert
through regulating JNK and MAPK signaling. By validating

through western blotting, we for the first time confirmed
that Bilo inhibited OGD-induced cell apoptosis via inactivat-
ing INK/p38 MAPK signaling in H9¢c2 cells. These results
were further confirmed by SB20358 (inhibitor of p38) and
SP600125 (inhibitor of INK), which also sharply decreased
the apoptotic rate, as shown by flow cytometry.

During M1, the fibrotic region can be enlarged by myo-
cardial fibroblast infiltration, leading to LV dilation and
dysfunction [42, 43]. Consistent with previous studies, we
found that the EF, FS, LVESP were decreased, and LVESD,
LVEDD, LVEDP were obviously increased after the MI
induction in mice. This result suggested the severity of
cardiac damage, which was further evidenced by increased
infarct size and infarct fibrosis in cardiac tissues of the MI
mice. Interestingly, the Bilo-treated animal group presented
significantly improved the cardiac dysfunction and markedly
reduced infarct size and cardiac fibrosis compared with the
model group. In addition, the results of TUNEL assays indi-
cated that Bilo decreased the TUNEL-positive cells com-
pared with mice in the MI group. Western blotting in cardiac
tissues showed the protein level of Bcl-2 was increased and
the protein level of Bax was decreased in MI mouse model
after the treatment of Bilo, suggesting the inhibitory effect
of Bilo on myocardial cell apoptosis in MI mouse model.
More importantly, the phosphorylation levels of JNK and
p38 proteins were significantly lowered by Bilo treatment
compared with MI group, suggesting that Bilo alleviated
MI development in mice via the inactivation of JNK/p38
MAPK signaling.

Evidence has showed that MAPK cascade contains
three types of reversibly phosphorylated kinases (MAPK,
MAPKK, and MAPKKK), which were all play an important
role in various heart diseases [44]. In the future study, we
will validate the upstream of INK/p38 MAPK signaling and
further confirm the underlying mechanisms of Bilo in MI. In
addition to that, analytical methods for the determination of
Bilo have been previously validated for accuracy, precession,
limit of detection and quantification [45]. A previous study
also revealed the accurate estimates of pharmacokinetic
parameters of Bilo in rat plasma [46]. Thus, the analytical
method validation for the determination of pharmacokinetics
of Bilo as a potential cardioprotective drug is needed in the
subsequent research.

Conclusion

For the first time, we demonstrated that Bilo had mitigating
effects on MI development by inhibiting JNK/p38 MAPK
signaling. Specifically, Bilo inhibited OGD-induced car-
diomyocytes apoptosis in H9c2 cells and suppressed MI-
induced cardiac fibrosis and apoptosis in mouse model.
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The findings of our study highlighted the anti-MI potential
of Bilo, revealed the concrete mechanisms underlying its
anti-MI action, and provided novel research orientation for
improving the MI treatments.
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