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Background: Myocardial infarction is the leading cause of damage to the heart and is
classified as a major cause of death related to cardiovascular disease. In the present study, we
intended to investigate the protective effect of vasicine (VAS) against myocardial infarction
in rats, and its mechanism.

Methods: Myocardial infarction was induced by isoproterenol (ISO, 100 mg/kg) at an
interval of 24 h for 2 days. Different doses of VAS (2.5, 5, and 10 mg/kg body weight)
were administered to the rats. The effect of VAS on oxidative stress markers such as,
myocardial necrosis, myocardial ability and infarct volume, inflammatory cytokines, mem-
brane-bound myocardial enzymes, and histopathological changes was investigated. Western
blot analysis was also conducted to analyze the effect of VAS on autophagy (PI3K/Akt) and
apoptosis (Bcl-2, Bax, and caspase-3). The number of apoptotic cells in the different groups
was also identified using TUNEL.

Results: Results suggested that VAS causes reduction in myocardial necrosis by reduction of
elevated LDH, CK-MB, and TnT levels. It also causes augmentation of left ventricular
systolic pressure (LVSP) and myocardial contractility as determined in terms of +dp/dt;.x
and —dp/dt,.. Furthermore, VAS causes reduction of TNF-a and IL-6 levels. VAS also
improved cardiac function via enhancing posterior wall thickness of the LV with concurrent
increase in the mass of LV. In the present study, VAS caused activation of phosphorylated
PI3K (p-PI3K) and phosphorylated Akt (p-Akt) in a dose-dependent manner. Furthermore,
VAS suppressed apoptosis when tested on animals suffering from ISO-induced MI, by
decreasing the expression of cleaved Caspase-3 and Bax while increasing the expression
of Bcl-2.

Conclusion: In conclusion, vasicine has a protective effect against MI in vivo, through
inhibiting oxidative stress, inflammation and excessive autophagy, to suppress apoptosis via
activation of the PI3K/Akt/mTOR signaling pathway.

Keywords: myocardial infarction, vasicine, TNF-o, IL-6, PI3K, Akt, Bcl-2

Introduction

Myocardial infarction is the leading cause of damage to the heart and classified as a
major cause of death related to cardiovascular diseases. This leads to significant
damage to myocardial tissues due to less oxygen supply (ischemia) resulting from
severe impairment of coronary blood supply. The deficiency of oxygen causes a
cascade of unexpected biochemical and metabolic alterations within the myocardial
tissue.'> Therefore, therapeutic intervention to treat myocardial ischemia is highly
concentrated toward restoration of blood supply to maintain normal oxygen level
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using thrombolytics or primary percutaneous coronary
intervention (PPCI).> ® The subsequent generation of oxi-
dative stress, inflammation, calcium overload, cellular
autophagy, and apoptosis further worsen the situation.”
The clinical approaches for cardio-protection face numer-
ous hurdles. It has been widely seen that, the translation of
novel cardioprotective therapies into the clinical setting for
patient benefit has been extremely difficult. In the past
decades, a huge number of therapies with proven efficacy
for preventing myocardial reperfusion injury and reducing
MI size in experimental animal studies (eg, antioxidants,
magnesium, calcium-channel blockers, anti-inflammatory
agents, erythropoietin, atorvastatin, glucose-insulin potas-
sium therapy, adenosine) have produced inadequate
response when examined in the clinical situation as a
supporting therapy to reperfusion.®'? Therefore, many
scientists around the world are still working on the dis-
covery of effective cardioprotective agents.

Compounds originating from plant sources have been
receiving considerable attention in the last few decades for
the treatment of various life-threatening diseases or dis-
orders. According to various studies, plant based medi-
cines constitute a major portion of drugs used in clinical
practice, and the market for herbal medicine is expected to
reach $111 billion by the end of 2023."*7'® Vasicine
(VAS), an alkaloid belonging to the chemical class of
pyrrolo 2,1-b quinazoline is isolated from Adhatoda vasica
Nees (Acanthaceae).!” It possesses diverse biological

properties such as, acetylcholine esterase inhibition,'®'?

anti-inflammatory and anti-microbial,® anti-oxidant®'-**
and abortifacient effects.”*** Various studies reported the
protective effect of antioxidant compounds against
MIL**%7 In light of the strong antioxidant nature of VAS,
it is hypothesized that, VAS might act as cardioprotective
agent against myocardial infarction and its after effects.
Therefore, in the present study, we intended to investigate
the protective effect of VAS against myocardial infarction

in rats, and its mechanism.

Materials And Methods

Chemicals
Vasicine (VAS) and the other chemicals used in the present
study were procured from Sigma-Aldrich (USA).

Animals

For the study, adult male Sprague-Dawley (240-270 gm)
rats were obtained from the institutional animal house and
were caged in individual manner in polypropylene cages

under controlled temperature and humidity with alternate
dark and light cycle and food and water ad libitum.

Induction Of Experimental Myocardial Infarction
Isoproterenol (ISO) was dissolved in normal saline (vehi-
cle) and injected subcutaneously into rats (100 mg/kg) at
an interval of 24 h for 2 days to induce experimental MI,
i.e., on 6th and 7th day with an interval of 24 h to induce
MI. Animals were sacrificed 48 hrs after the first injection
of isoproterenol for examination.

Experimental Design

The animals were grouped as eight rats (n=8) in each group.
Group 1: rats were administered normal saline (2 mL/kg, p.
o. per day) for 7 days. Group 2: rats were administered
normal saline (2 mL/kg, p.o. per day) for 7 days and
challenged with ISO (100 mg/kg, s.c.) on the 6th and 7th
day. Group 3: rats were pre-treated with 2.5 mg/kg (VAS)
for 7 days and challenged with ISO (100 mg/kg, s.c.) on the
6th and 7th day. Group 4: rats were pre-treated with 5 mg/
kg (VAS) for 7 days and challenged with ISO (100 mg/kg,
s.c.) on the 6th and 7th day. Group 5: rats were pre-treated
with 10 mg/kg (VAS) for 7 days and challenged with ISO
(100 mg/kg, s.c.) on the 6th and 7th day.

After 24 h of the last dose of VAS, animals were weighed
and blood was withdrawn from the tail vein using urethane
(1 g/kg, intraperitoneally). Serum was then prepared from the
collected blood samples and immediately stored at —20 °C for
various biochemical estimations. Animals were then eutha-
nized under mild anesthesia and hearts were removed,
washed with normal saline, soaked, and weighed. A small
piece of heart sample was preserved in formalin solution
(10%) for histopathology. Remaining heart tissues were
kept at —20 °C for biochemical estimations.

Estimation Of Cardiac Injury Markers LDH And CK
In Serum

The levels of lactate dehydrogenase (LDH) and creatine
kinase (CK) were estimated with kits from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China) in
serum. The procedure was performed according to the
instructions provided by the supplier. The results are pre-
sented as IU/L.

Evaluation Of Hemodynamic Parameters

Twenty-four hours after the final administration of VAS, rats
were anesthetized with urethane (1 g/kg, i.p.). The right
common carotid artery was cannulated with a 2-F polyethy-
lene catheter into the left ventricle. The pressure of the blood
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was recorded and amplified by a pressure transducer via
insertion of the Millar vessel into the left ventricular capacity.
The left ventricular systolic pressure (LVSP) and +dp/dt,,.x
were recorded by BL-420E monitor system.*®

Assessment Of Infarct Size

After measurement of cardiac function, rats were sacrificed,
the aorta was cannulated and 1% 2,3,5-triphenyltetrazolium
chloride (1.5%; Sigma-Aldrich Co.) was perfused into the
aorta and coronary arteries after the reperfusion. Infarct size
of the heart was incubated at 37°C for 30 min in the dark.
Then the ligature around the left main coronary artery was
retightened and the area of the myocardium was stained
with 2 mL of 2% Evans blue dye through aorta by the
patent coronary arteries. The infarct size area was measured
by blue staining and the area at risk was determined by
negative staining. The heart area with brick red was
regarded as normal myocardium, but the area without
color was regarded as the ischemic heart muscles.”

Assessment Of Serum Levels Of Tn-T, TNF-a, And IL-6
The blood samples were collected and serum was isolated.
The serum levels of Tn-T, TNF-a, and IL-6 were measured
using ELISA commercial kits, according to the manufac-
turer’s instructions (Beyotime Institute of Biotechnology,
Nanjing, China).*’

Determination Of The Level Of MDA, SOD, GPx,
And MPO Activities

The level of MDA, SOD, GPx, and MPO activities in
myocardial tissues were quantified using commercial Kits,
according to the manufacturer’s instructions (Beyotime
Institute of Biotechnology, Nanjing, China).*

Histopathological Examination Of Heart (HE Staining)
Heart tissue was soaked in 4% poly formaldehyde solution
and fixed for 24 hr, processed and paraffin embedded as per
the standard protocol. Sections of 5 pm thickness were cut,
deparaffinized, dehydrated, and stained with hematoxylin
and eosin (H&E) for the estimation of pathological changes
of heart by an optical microscope and photographed using a
microscope digital camera. The pathological changes in
heart tissues were observed under a light microscope and
images were captured at magnification, x40.

Cell Apoptosis Rate In Myocardium Tissue By TUNEL
The cell apoptosis rate in myocardium tissue was detected
by ApopTag® fluorescein in situ cell death detection kit
after being fixed in 4% phosphate-buffered paraformalde-
hyde overnight. The nucleus was colored blue by DAPI,

and the apoptotic cells were colored green. The cell color
was observed under spectromicroscope, and the apoptosis
rate was the percentage of positive cells in all DAPI-colored
cells. Average value was taken from five views.>!

Western Blot Analysis

Nuclear protein and cytoplasmic protein were extracted from
heart tissue using nuclear and cytoplasm extraction Kits,
respectively, according to the manufacturer’s instructions.
The protein concentration was determined by bicinchoninic
acid methods. Forty micrograms of protein samples were
loaded and separated by SDS-PAGE and transferred to poly-
vinylidene fluoride membranes. The membranes were blocked
with skim milk (5%) at room temperature for 2 hrs. Then the
membranes were incubated with primary antibodies, (1:1000)
at 4°C overnight. Following primary antibody incubations, the
secondary antibodies (anti-rabbit or anti-mouse IgG [1:2000])
were incubated for 1 hr at room temperature. The bands were
visualized using enhanced chemiluminescence detection
reagents and gel imaging system. The gray value ratio of the
target band and the B-actin band was calculated by ImageJ to
represent the relative expression of the target protein.”’

Statistical Analysis

All results are presented as the mean +SEM. The statistical
results were evaluated using one-way ANOVA followed
by post-hoc analysis using Tukey’s multiple comparison
test using GraphPad Prism software. P<0.05 was consid-
ered a statistically significant difference.

Results
Effect Of VAS On The ISO-Induced

Myocardial Necrosis

The effect of VAS was investigated on lactate dehydro-
genase (LDH) and creatine kinase - MB (CK-MB) in the
serum of myocardial tissues after injury induced by iso-
proterenol (ISO). As shown in Figure 1, in the ISO-treated
group, the level of LDH and CK-MB was found to be
enhanced (P < 0.05), while in VAS treated group, the level
of these biomarkers was found to be reduced (P < 0.01).
The maximum activity was achieved in the case of 10 mg/
kg treatment group.

Effect Of VAS On The Myocardial Ability

And Infarct Size
The next part of the study was conducted to determine the
effect of VAS on the ability to improve myocardial function.
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Figure | Effect of VAS on the serum (A) LDH, (B) CK-MB, and (C) TnT levels. Values represent the mean * SEM and are representative of three independent experiments.

*P < 0.05 vs control; **P < 0.01 vs ISO.
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Figure 2 Effect of VAS on cardiac ability. (A) LVSP, (B) +dp/dty.x (€) —dp/dtya (D) infarct size. Values represent the mean + SEM and are representative of three
independent experiments. *P < 0.05 vs control; **P < 0.01 vs ISO.

As shown in Figure 2A-C, it was found that VAS causes
significant improvement in left ventricular systolic pressure
(LVSP) and myocardial contractility as determined in terms

of +dp/dt,,.x and —dp/dt,,.« after ISO insult at 24 h at 10 mg/kg.
It has also been suggested that VAS causes considerable low-
ering of infarct size as compared to ISO-group (Figure 2D).
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Effect Of VAS On Tn-T, TNF-a, And IL-6

Expression In Serum

As shown in Figure 3, it was found that 10 mg/kg VAS treated
group had a significant reduction in the level of cardiac specific
troponin (Tn-T), tumour necrosis factor-o (TNF-a), and inter-
leukin-6 (IL-6) as compared to ISO-group (P < 0.01).

Effect Of VAS On The Oxidative Stress

Markers

The effect of VAS was investigated on oxidative stress mar-
kers, such as, malondialdehyde (MDA), myeloperoxidase
(MPO), glutathione peroxidase-1 (GPx), and superoxide dis-
mutase (SOD), Figure 4. In VAS-treated group, the level of
GPx and SOD was found to be enhanced, while the level of
MPO and MDA declined significantly (P < 0.01), as com-
pared to ISO group, in a dose-dependent manner.

Effect Of VAS On Cardiac Function

As shown in Table 1, it was found that VAS causes consider-
able advancement in the posterior wall thickness of the LV
with concurrent increase in the mass of LV. The end-systolic
volume (ESV) was found to be elevated in VAS treated
group, with prominent action in 10 mg/kg treated group.

Effect Of VAS On The Histopathology Of

Cardiac Tissues
The histopathology of myocardial tissues was analyzed to
determine the effect of VAS on microstructure level. It was
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found that, the control group showed intact and homoge-
nous histoarchitecture with no evidence of necrosis and
inflammation. The ISO group showed marked confluent
necrosis of muscle fibers with edema. In VAS treated
group, the decreased myonecrosis, edema with mild focal
inflammation, and myocyte proliferation confirm the pro-
tective effect of VAS against the ISO induced changes as
shown in Figure 5.

Effect Of VAS On MAPKs Protein

Expressions

The effect of VAS was investigated on the p38/JNK
expressions which have been found to be highly upregu-
lated in apoptotic and inflammatory reactions in the myo-
cardium during infarction. As shown in Figure 6A—C, the
upregulated level of p38/JNK was found to be reduced
after administration of VAS as compared to ISO group.

Effect Of VAS On PI3K/Akt Signaling

Pathway

The PI3K/Akt signaling pathway is significantly involved
in autophagy. Thus, the effect of VAS was investigated on
the expression of phosphorylated PI3K (p-PI3K) and Akt
(p-Akt) in different groups by Western blot. Results sug-
gested that, the low expression of p-Akt and p-PI3K
induced by ISO was up-regulated by VAS treatment in a
dose-dependent manner (Figure 7A-D).
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Figure 3 Effect of VAS on (A) TNF-a and (B) IL-6. Values represent the mean + SEM and are representative of three independent experiments. *P < 0.05 vs control; *P < 0.01 vs ISO.
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Figure 4 Effect of VAS on oxidative stress. (A) MPO, (B) MDA, (C) SOD, and (D) GPx. Values represent the mean + SEM and are representative of three independent

experiments. *P < 0.05 vs control; **P < 0.0l vs ISO.

Effect Of VAS On Apoptosis
The effect of VAS on apoptosis was further evaluated by
analyzing its effect against apoptotic biomarkers by

Table | The Effect Of VAS On Cardiac Function In Rats (Echo
Readings)

Parameters Pre Post
PWT (mm) 1.27040.02 1.431£0.01
LVM (g) 1.13£0.03 1.32+0.02
AD (mm) 3.34+0.12 3.72+0.16
ESV (uL) 149+6 199+12
EDV (uL) 332t14 392+18
EF (%) 56.7+2.1 51.3+2.7
Cl (ul/[min g]) 1925 1713

Western blot. The expression of Caspase-3 and Bax was
found to be up-regulated, together with reduced level of
Bcl-2 in ISO-group, whereas the levels of these proteins
were restored to normal by VAS in a dose-dependent
manner, for instance, VAS caused down-regulation of cas-
pase-3 and Bax, while, Bcl-2 was found to be enhanced
(Figure 8A-D).

Effect Of VAS On Apoptosis By TUNEL

Assay

TUNEL staining showed apoptotic rate in ISO group
was highly elevated compared to control. On the con-
trary, the apoptosis rate was markedly reduced in the
VAS treated group as compared to ISO group, as shown
in Figure 9.
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Figure 5 Effect of VAS on the architecture of myocardial tissues (mag. 40%).
Abbreviations: O, edema; LI, leucocyte infiltration; N, necrosis; MFI, mild focal inflammation; MP, myocyte proliferation.

VAS

> o))

A ? 5 2 £
e = o))

= E 9 g

[} Q 0 = o

O 9 N 0 L

p-p38 e SR .. . -

B-actin - T - = =

6- 54 %
*
*%
4-
c * £
= 4- *k ° *k
o
g_ T *k g_ 3 T ok
2 2,
& 24 2
[=3 o
1
0- 0-
o N ) &) ) o O ) ) )
o*{é N 69\ 69\* 69\* o(,‘é N &q\" 6‘&. @é{.
@) 2] 1) O (¢) 1) 1) Q
Vv 4v°
VAS VAS

Figure 6 Western blot analysis of effect of VAS on MAPK pathway. (A) Western blot of p-p-38 and p-JNK; quantitative analysis of (B) p-p38 and (C) p-JNK. Values
represent the mean + SEM and are representative of three independent experiments. *P < 0.05 vs control; **P < 0.01 vs ISO.
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Figure 7 Effect of VAS on PI3K/Akt shown by Western blot analysis. Western blot of (A) p-PI3K and (B) p-Akt; (C and D) quantitative analysis of p-PI3K and p-Akt. Values
represent the mean * SEM and are representative of three independent experiments. *P < 0.05 vs control; **P < 0.01 vs ISO.

Discussion

Adhatoda vasica is considered as a major source of vasi-
cine (VAS), an quinazoline alkaloid exhibiting diverse
pharmacological activity, such as, antioxidant, anti-inflam-
matory, anti-asthmatic, and uterine relaxant.>*** In our
study, VAS showed concentration dependent protective
effect against myocardial infarction (MI) via inhibition of
oxidative stress, inflammation, and PI3K/Akt signaling
pathway. The least activity was reported in 2 mg/kg
group, while 10 mg/kg treatment showed prominent
activity.

Necrosis of myocardium is the pathological hallmark
of acute MI, where creatine kinase (CK)-MB and lactate
dehydrogenase (LDH) serve as important biomarkers to
ascertain its level.**® The results of the present study
suggest that VAS causes reduction in myocardial necrosis
as evidenced by reduction of elevated LDH and CK-MB.

Cardiac troponin T (TnT) is a contractile protein unique to
cardiac muscle, and serves as important biomarker of
myocardial dysfunction, especially in MIL>">* In our
study, VAS caused reduction of TnT level which signifies
its protective effect against cardiac damage. VAS also
causes significant improvement of myocardial ability as
suggested by enhanced left ventricular systolic pressure
(LVSP) and myocardial contractility as determined in
terms of +dp/dty,.x and —dp/dt,.x. The infarct volume
was also improved significantly.’*** These results con-
firmed that VAS has a significant overall effect on the
heart by preventing necrosis and improving myocardial
function which are found to be depressed after MI. On
the other hand, inflammation is another hallmark of MI as
a result of the secretion of cytokines, such as TNF-a and
IL-6.*"** The enhanced level of TNF-a and IL-6 was also
found to be restored to near normal in VAS treated group.
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Figure 8 Effect of VAS on (A) Bax and Bcl-2, (B) caspase-3 shown by Western blot analysis. Quantitative analysis of (C) Bcl-2/Bax and (D) caspase-3. Values represent the
mean + SEM and are representative of three independent experiments. *P < 0.05 vs control; **P < 0.01 vs ISO.

These results suggest that VAS has a protective effect
against MI. In the next instance, we are interested to
investigate the mechanism behind this action. Oxidative
stress is the major determinant of acute MI due to exces-
sive production of ROS. It first affects infarcted myocar-
dium, followed by the non-infarcted myocardium.**
Studies confirmed that treatment with antioxidant agents
suppresses myocardial oxidative stress, attenuates ventri-
cular remodeling and inflammation, and improves overall
survival of animals that underwent experimentally induced
MI.26:27:46-48 It has been found that VAS causes significant
reduction of oxidative stress, as shown by increase in GPx
and SOD level. The level of MPO and MDA was found to
be significantly reduced in VAS-treated group, as com-
pared to ISO in a dose-dependent manner. The antioxidant
behavior of VAS has already been reported in lung in a rat
model of toxin-induced asthma, where it causes reduction

in lipid peroxidation, increases activity of the antioxidases

superoxide dismutase (SOD), catalase (CAT), and glu-
tathione (GSH) peroxidase (Gpx), and increases levels of
GSH.* Together with these results, VAS also improved
cardiac function via enhancing posterior wall thickness of
the LV with concurrent increase in the mass of LV. The
end-systolic volume (ESV) was also found to be elevated
in VAS treated group. The histopathology of the myocar-
dial tissues showed evidence of protective effect of VAS
against MI. Intracellular mitogen-activated protein kinase
(MAPK) signaling likely plays an important role in the
pathogenesis of cardiac diseases, such as MI.>' Studies
showed critical involvement of c-jun N-terminal kinase
(JNK) and p38 MAPK cascades in the pathophysiology
of cardiac hypertrophy, pathological remodeling after
myocardial infarction, thus making it an attractive target
for the agents providing benefit against ML>*>* In the
present study, VAS caused significant reduction in the
elevated phosphorylated JNK (p-JNK) and phosphorylated
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Figure 9 Effect of VAS on the myocardial apoptosis followed by ISO insult,
(A) staining image and (B) representative bar-graph. Values represent the mean
+ SEM and are representative of three independent experiments. *P < 0.05 vs
control; *P < 0.01 vs ISO.

p38 (p-p38), shown by Western blot analysis. Autophagy
has been considered as a novel cell death mechanism
involved in the pathophysiological process of MI, and
modulation of autophagy may be considered as a promis-
ing treatment modality for MI.>>~7 Thus, in the present
study, VAS's effect was investigated on PI3K/Akt signal-
ing cascade, which is known to be activated for inhibition
of autophagy. In the present study, VAS caused activation
of phosphorylated Akt (p-Akt) and phosphorylated PI3K
(p-PI3K) in a dose-dependent manner, implicating the
inhibitory effect of VAS against excessive myocardial
autophagy.’®*° Recent studies indicate that, in addition to
necrosis, apoptosis also plays a role in the process of tissue
damage after myocardial infarction, which has pathologi-
cal and therapeutic implications. Unlike necrosis, it is
considered as a highly regulated and energy requiring
process and characterized by shrinkage of the cell and
the nucleus.®® %% Previous studies indicated that apoptosis
was regulated by numerous genes including Bcl-2 and
Bax. Bcl-2 is an anti-apoptotic protein which binds to the
mitochondrial membrane and blocks the release of cyto-

chrome-c to inhibit cellular death. Bax is considered as a

pro-apoptotic molecule which remains in an inactive con-
formation in healthy cells. In response to apoptotic stimuli,
Bax undergoes conformational activation and blocks the
anti-apoptotic effect of Bcl-2.7% Caspase-3 is a class of
cysteine proteases which is responsible for the proteolytic
cleavage of many vital proteins related to apoptosis and
plays an important role in apoptosis.***° In our study, we
observed that VAS suppressed apoptosis in tested animals
suffering from ISO-induced MI by decreasing the expres-
sion of cleaved Caspase-3 and Bax while increasing the
expression of Bcl-2. Moreover, the terminal deoxynucleo-
tidyl transferase mediated dUTP nick end labeling method
(TUNEL) was conducted to further estimate the effect of
VAS on apoptosis via determining apoptotic cells. Results
of TUNEL method showed that VAS causes marked
reduction in apoptosis rate.

Conclusion

In summary, vasicine has a protective effect against MI in
vivo. It mitigated MI insult through inhibiting oxidative
stress, inflammation, and excessive autophagy to suppress
apoptosis via activation of PI3K/Akt signaling pathway in
a dose dependent manner, laying a foundation for the
mechanism research and treatment for MI.
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