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Abstract: Objectives: To evaluate the cardioprotective effects of Gynostemma pentaphyllum Makino in isoprotere-
nol-induced myocardial infarction in rats and to evaluate the role of phosphatidylinositol 3-kinases (PI3K) in cardio-
protection. Methods: The protective effect of the hydroalcoholic leaf extract of Gynostemma pentaphyllum (LEGP) on
the heart was investigated against isoproterenol (ISO)-induced Ml in rats. Preliminary phytochemical screening was
performed followed by molecular docking. For the in vivo studies Wistar albino rats (Male) were divided among dif-
ferent groups. Different parameters were evaluated such as heart weight index, Electrocardiogram (ECG) analysis,
triphenyl tetrazolium chloride assay, cardiac enzyme markers, oxidative stress, antioxidant enzymes, PI3K levels,
and histopathology of cardiac tissue. Results: Results showed that LEGP improved the electrocardiogram, reduced
infarct size, and decreased the levels of cardiac enzyme markers and oxidative stress, while antioxidant enzymes
and PI3K levels were increased. Conclusion: LEGP protected the heart against ISO-induced Ml in rats by improving
hemodynamic, biochemical and histological attributes. These protective effects were produced by the phytoconstitu-
ents of the LEGP through modulation of the PI3K signalling pathway.
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Introduction

An acute myocardial infarction (AMI) is a death
of cardiac myocytes that results from a sudden
reduction in the amount of oxygenated blood
that flows to the myocardium of the heart. This
condition is often brought on when a thrombus
blocks blood flow through an artery that is
already affected by atheromatous plaque [1].
49.2% of all cardiovascular diseses (CVD)
deaths are due to myocardial infarction (Ml)
[2]. Cigarette smoking, diabetes, hypertension,
obesity, and dyslipidemia are major risk factors
for Ml [3]. Symptoms of MI include substernal
pain, breathing difficulty, sweating, nausea,
vomiting, anxiety, and fatigue. Research has
revealed that the degree of ST-segment eleva-
tion correction is an excellent indicator of both

the immediate and delayed prognosis [4]. It
is widely acknowledged as the most reliable
indicator of tissue perfusion. During Ml, a grow-
ing number of pathophysiologic modifications
occur, which include thrombosis, calcium over-
load, oxidative stress, myocardial inflammation,
and altered signaling pathways [5]. There is an
overlap between the phases of fibrosis, angio-
genesis, and inflammation in the damaged
myocardium that results after Ml [6].

Various signalling pathways play a role in the
development of MI and its complications.
Among them, the PI3K signalling pathway is cru-
cial for the regulation of numerous responses
such as cell cycle regulation, growth, and prolif-
eration by regulation of downstream effectors
[7]. Several traditional medicines exert cardio-
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protective effects by modulating activity the of
PI3K signalling pathway [8]. Pre-treatment can
reduce the damage caused by MI, which also
decreases the probability of complications
associated with MI. In recent years, several
research studies have discovered multiple ben-
eficial effects of Gynostemma pentaphyllum
Makino [9, 10]. Gypenosides/Gynosaponins
are saponins that are isolated from the leaves
of G. pentaphyllum [11]. The nature of phyto-
constituents present and their properties ren-
ders Gynostemma pentaphyllum (LEGP) a suit-
able candidate to evaluate its cardioprotective
effect against 1ISO-induced MI in experimental
rats [12].

Materials and methods
Chemicals and reagents

Isoproterenol and Wortmannin were procured
from TCI Chemical Pvt Ltd. Hydroalcoholic leaf
extract of Gynostemma pentaphyllum was
obtained from Nutan Ayurveda. The biochemi-
cal kits of lactate dehydrogenase (LDH) and
creatine kinase-myocardial band (CK-MB) were
obtained from Loba Chemie Pvt Ltd, and PI3K
enzyme-linked immunosorbent assay ELISA kit
was obtained from Krishgen Biosystems.

Animals

66 Wistar albino rats (Male) weighing 200-250
grams (5-7 weeks) were procured from Sync Bio
Research Private Limited. Polypropylene cages
were used for the housing of animals. 3 ani-
mals were housed per cage and corn cob was
used as the bedding material. Temperature
(18-29°C) and humidity (30-70%) were main-
tained according to the Committee for Control
and Supervision of Experiments on Animals
(CCSEA) and Animal Research: Reporting of In
Vivo Experiments (ARRIVE) guidelines. All the
animals were fed with commercially available
rat pellets along with drinking water. The ani-
mals were acclimatized to the laboratory envi-
ronment for a minimum duration of 7 days
before the commencement of the study. The
entire experiment was performed as per the
guidelines and regulations of the CCSEA, and
Institutional Animal Ethics Committee approv-
ed the research protocol. The approval number
of the protocol is RPCP/IAEC/2022-2023/R4.
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Experimental design
In the study, Animals were divided in 7 groups.

(1) Control group: Normal saline was adminis-
tered for 30 days.

(2) Isoproterenol (ISO) control group: ISO (100
mg/kg) was administered through subcutane-
ous (SC) route for last 2 days of the study.

(3) Carvedilol + I1SO group: Carvedilol (1 mg/kg)
was administered through oral route for 30
days and ISO (100 mg/kg) was administered
through SC route for last 2 days of the study.

(4) Low dose of LEGP + ISO group: LEGP (125
mg/kg) was administered through oral route for
30 days, and ISO (100 mg/kg) was adminis-
tered through SC route for last 2 days of the
study.

(5) Medium dose of LEGP + ISO group: LEGP
(250 mg/kg) was administered through oral
route for 30 days, and ISO (100 mg/kg) was
administered through SC route on the last 2
days of the study.

(6) High dose of LEGP + ISO group: LEGP (500
mg/kg) was administered through oral route for
30 days, and ISO (100 mg/kg) was adminis-
tered through SC route on the last 2 days of the
study.

(7) Wortmannin + ISO group: Wortmannin (100
ug/kg) was administered through intraperito-
neal (IP) route for 30 days, and ISO (100 mg/
kg) was given through SC route on the last 2
days of the study.

Preliminary phytochemical screening

The hydroalcoholic LEGP was evaluated for the
presence of active phytoconstituents. The pre-
liminary tests were performed to detect the
presence of phytoconstituents like saponins
[13], flavonoids [14], phenolic acids [15], alka-
loids, proteins, and steroids [12] in the LEGP
using standard procedures [16].

Molecular docking

Autodock vina v.1.2.0. was used to perform
molecular docking to determine the binding
efficiency of ligands present in the LEGP with
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proteins [17]. The structures of proteins in-
cluding Phosphoinositide-3 kinase o (PI3Kx),
Phosphoinositide-3 kinase [ (PI3KB) and Pro-
tein kinase B (Aktl) were identified from the
database of the protein data bank (PDB). The
PDB code of PI3Ka is 5sxA, PISKB is 4G11
and Aktl is 6HHG. The 3D structures of phyto-
constituents including Gypenoside A (GYPA),
Gypenoside 3 (GYP3), Gypenoside 17 (GYP17),
Gallic acid, Quercetin and Rutin were collected
from the database of PubChem. All the phyto-
constituents were docked against all the three
protein targets [18].

ECG analysis

Ketamine (75 mg/kg) and xylazine (10 mg/
kg) were administered through intraperitoneal
route to induce anaesthesia in the experimen-
tal rats. BIOPAC MP36 System [19] was used to
record an electrocardiogram (ECG). Electrodes
were attached to the right arm, left arm, and
left leg of the rat to record the rat’s ECG [20]. ST
segment [21], QT interval [22], Q wave [23],
QRS complex [22], and PR interval [22] were
measured.

Heart weight index evaluation

From the animals of each group, hearts were
removed and washed with phosphate buffer to
remove excess blood. Then the hearts were
dried with the help of filter paper and weighed.
The following formula was used to get values
for the heart weight index (HWI) [24]:

Weight of heart (g)

HWI% = - *
Weight of rat (g)

100

Triphenyl tetrazolium chloride (TTC) assay

From each group hearts were isolated and fro-
zen at-20°C for an hour. The hearts were sliced
into 1 mm thick pieces, and incubated in 1%
2,3,5-triphenyl tetrazolium chloride (TTC) for 30
minutes. After incubation slices were placed in
a 4% formaldehyde solution overnight. Normal
myocardium stained red and the infarcted area
stained pale grey/greyish [25]. The heart slices
were analysed by Image J software. The per-
centage infarcted area was calculated by the
following formula:

%lInfarct area = % +* 100
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Detection of serum cardiac injury markers

Ketamine (75 mg/kg) and xylazine (10 mg/kg)
were administered through the intraperitoneal
route to induce anaesthesia in the experimen-
tal rats before blood was drawn from the retro-
orbital plexus. The blood was centrifuged at
5000 rpm for 10 minutes at 4°C. The serum
was stored at -20°C until additional analysis
could be performed. Serum was analysed
for the cardiac injury markers using commer-
cially available kits. The measurements were
performed as per the manufacturer’s speci-
fications.

Estimation of phosphoinositide-3-kinase (PI3K)

The estimation of PI3K from homogenate of
hearts from each experimental groups was
performed using enzyme linked immunosor-
bent assay (ELISA) kit obtained from Krishgen
Biosystem.

Estimation of oxidative stress and antioxidant
values

For euthanasia, high dose of barbiturates was
administered in the rats and hearts were iso-
lated and washed with phosphate buffer saline
(PBS). Heart tissues were homogenised in 10
mM Tris-HCI buffer and centrifuged at 5000
rom for 10 minutes at 4°C. Oxidative stress
marker malondialdehyde (MDA) [26] and anti-
oxidant parameters such as glutathione (GSH),
catalase (CAT) and superoxide dismutase (SOD)
were analysed in the supernatant [27-29].

Histopathologic analysis

Following euthanasia, hearts from each ex-
perimental group were extracted and cleaned
with normal saline in order to remove excess
blood. For cell fixation, the cardiac tissue was
immersed in 10% formalin. The samples were
submitted to a pathology laboratory to deter-
mine alterations in cardiac tissue architecture.

Statistical analysis

All the data were evaluated using One-way
ANOVA (One-way analysis of variance) followed
by Tukey’s multiple comparison test. The data
were expressed as mean z standard devi-
ation (S.D.). A value of P<0.05 was considered
significant.
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Table 1. Docking score of the interaction
between between various phytoconstituents
of leaf extract of Gynostemma pentaphyllum
(LEGP) and protein targets of Phosphoinosit-
ide-3 kinase (PI3K) signalling

Docking Score (kcal/mol)

PI3Ka PI3KB  AKT1
Gypenoside A (GYPA) -10.8  -10.7 9.5

Phytoconstituents

Gypenoside 3 (GYP3) -9.8 -7.0 -7.5
Gypenoside 17 (GYP17) -10.6 9.5 9.2
Quercetin -6.4 5.3 -5.8
Rutin -8.2 -8.7 9.3
Gallic acid -8.2 -8.7 -7.3

Phytoconstituent Gypenoside A (GYPA) has the highest
docking score whereas, quercetin achieved the lowest
docking score for all three proteins Phosphoinositide-3
kinase o (PI3Ka), Phosphoinositide-3 kinase B (PI3KB)
and Protein kinase B (Akt1).

Results
Preliminary phytochemical screening of LEGP

The preliminary examination of the hydroalco-
holic leaf extract of Gynostemma pentaphyllum
was carried out to check the presence of vari-
ous phytoconstituents present in the extract.
Results showed that saponins, flavonoids, phe-
nolic acids, proteins, and steroids were pres-
ent, but alkaloids were absent.

Results of molecular docking

Molecular docking was performed to check the
interaction between various phytoconstituents
of LEGP and protein targets of PI3K signalling.
The docking score of the phytoconstituents of
Gynostemma pentaphyllum with the targets is
shown in Table 1. Among the investigated phy-
toconstituents, GYPA had the highest docking
score whereas, quercetin achieved the lowest
docking score for all three proteins PI3K,
PIBKB and Akt1.

Effect of LEGP on ECG parameters

ECG analysis was carried out to check the
abnormalities in the heart induced by ISO. On
administration of ISO the ST-segment eleva-
tion, QT interval widening and Q wave depres-
sion were observed in the ISO control group
and Wortmannin + I1SO group (PI3K inhibitor
group) (Figure 1). Results of electrocardio-
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graphic changes (ECG) in the treatment groups
showed correction in these measurements
and there was significant correction in ST seg-
ment elevation, QT interval widening, and Q
wave depression in the high dose LEGP group
as compared to the ISO group (P<0.05) (Figure
2).

Effect of LEGP on heart weight index (HWI)

The induction of Ml in the ISO control group led
to significant animal weight loss and increased
heart weight which resulted in increased HWI.
While comparing the ISO control group to
Wortmannin + I1SO group, there was no signifi-
cant difference for HWI (Figure 3). HWI was
decreased in the LEGP treatment groups and
there was a significant decrease in HWI in the
high dose LEGP group (P<0.05).

Effect of LEGP on cardiac injury markers

CK-MB and LDH were measured in the blood
serum to detect heart tissue damage. A rise in
the concentrations of LDH and CK-MB was
observed in the blood serum of the ISO control
group and Wortmannin + ISO group (Figure 4).
The level of these cardiac enzyme markers
decreased significantly in the LEGP treated
groups (P<0.05).

Effect of LEGP on PI3K pathway

PI3K level in the heart tissue homogenate was
checked to assess its expression in the heart
of various groups. The findings revealed that
the level of PI3K was low in the ISO control
group and Wortmannin + ISO group (Figure 5).
PI3K level was increased significantly in the
LEGP treated groups (P<0.05).

Effect of LEGP on infarct size

TTC assay was carried out to check the viability
of the heart after Ml induction by ISO in various
groups. The area of the infarcted region in the
hearts of the rats in the LEGP treated control
group was less in size compared to ISO control
group and Wortmannin + 1SO group (Figure 6).
The percentage of infarct size was 69.83% for
ISO control group, 27.29% for carvedilol + ISO
group, 57.92% for the low dose of LEGP + ISO
group, 35.51% for the medium dose of LEGP +
ISO group, 30.31% for the high dose of LEGP +
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Figure 1. Representative images of electrocardiogram from different experimental groups. ST-segment, QT interval
widening and Q wave depression were observed in the ioproterenol (ISO) control group. These features were cor-
rected in the leaf extract of Gynostemma pentaphyllum (LEGP) treated groups. (A) Control group, (B) ISO control
group, (C) Carvedilol + ISO group, (D) Low dose of LEGP + ISO group, (E) Medium dose of LEGP + ISO group, (F) High
dose of LEGP + ISO group, and (G) Wortmannin + ISO group.
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Figure 2. Effect of leaf extract of Gynostemma pentaphyllum (LEGP) on Electrocardiogram (ECG) changes. (A) ST
segment, (B) Q wave, (C) QT interval. All values are stated as mean + SD (n=6). The probability value is P<0.05,
where # indicates statistical difference from the control group, * indicates statistical difference from the Isoproter-
enol-induced MI group, and # indicates statistical difference from the Carvedilol + ISO control group, using one-way

ANOVA, followed by Tukey’s multiple comparison test.
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Figure 3. Effect of leaf extract of Gynostemma pen-
taphyllum (LEGP) on heart weight index (HWI). HWI
was increased in the ISO control and Wortmannin
group, whereas it was reduced in treated groups. All
values are stated as mean + SD (n=6). The probabil-
ity value was P<0.05, where # indicates statistical
difference from the control group, * indicates statis-
tical difference from the Isoproterenol-induced Ml
group, and # indicates statistical difference from the
Carvedilol + ISO control group, using one-way ANOVA,
followed by Tukey’s multiple comparison test.

ISO group, and 60.45% for the Wortmannin +
ISO group.
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Effect of LEGP on oxidative stress and antioxi-
dant parameters

MDA was analysed to check the extent of lipid
peroxidation and subsequent oxidative stress.
Increased oxidative stress was observed in the
ISO control group and Wortmannin + ISO group.
There was significant improvement in the anti-
oxidant level and reduction in oxidative stress
in the LEGP treated groups (P<0.05) (Figure 7).

Effect of LEGP on histopathology of the heart

Myocardial tissue architecture was normal in
the control group (Figure 8). Dense and elon-
gated myocardial fibres (double arrow), normal
cardiomyocyte nuclei (single arrow) and eryth-
rocytes in the blood vessels (arrowhead) were
noticed in the control group. Neutrophil infiltra-
tion (rectangle), edema (circle), wavy heart
muscle (double arrow), pyknotic nuclei (single
arrow), and necrosis (star) were seen in the ISO
control group. Denser myocardial fibres (double
arrow), low neutrophilic infiltration (rectangle)
and normal cardiomyocyte nuclei (single arrow)
were observed and there was no evidence
of necrosis or edema in the carvedilol + ISO
group. Neutrophil infiltration (rectangle), pyk-
notic nuclei (single arrow), oedema, and necro-
sis (star), were more in the low dose of LEGP +
ISO group compared to the medium dose of
LEGP + ISO group. The least damage was
observed in the higher dose of LEGP + ISO
group. Necrosis and edema were not found in
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Figure 4. Effect of leaf extract of Gynostemma pentaphyllum (LEGP) on (A)
Creatine kinase-MB (CK-MB) and (B) Lactate dehydrogenase (LDH) levels.
Cardiac injury markers were increased in the ISO control and Wortmannin
group, whereas they were reduced in treated groups. All values are stated as
mean * SD (n=6). The probability value is P<0.05, where # indicates statisti-
cal difference from the control group, * indicates statistical difference from
the Isoproterenol-induced MI group, and # indicates statistical difference
from the Carvedilol + ISO control group, using one-way ANOVA, followed by

Tukey’s multiple comparison test.
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Figure 5. Effect of leaf extract of Gynostemma pen-
taphyllum (LEGP) on Phosphoinositide-3 kinase
(PIBK) levels. PI3K level was increased in LEGP treat-
ed groups. PI3K was decreased in ISO control and
Wortmannin + ISO groups. All values are stated as
mean + SD (n=6). The probability value is P<0.05,
where # indicates statistical difference from the
control group, * indicates statistical difference from
the Isoproterenol-induced MI group, and # indicates
statistical difference from the Carvedilol + ISO con-
trol group, using one-way ANOVA, followed by Tukey’s
multiple comparison test.
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This study aimed to evaluate
the cardioprotective potential
of LEGP in 1SO-induced myo-
cardial infarction and its pos-
sible mechanism. The prelimi-
nary phytochemical analysis
revealed the presence of
saponins, flavonoids, pheno-
lic acids, proteins, and ste-
roids. These phytoconstituents have been
reported to possess various protective activi-
ties such as antioxidant activity, anti-inflamma-
tory activity, and anti-apoptotic activity [30]. A
molecular docking study was carried out which
suggested that the phytoconstituents of LEGP
may interact with various effectors of PI3K
signalling to exert cardioprotection. M|l was
induced through administration of isoprotere-
nol which resulted in hemodynamic, biochemi-
cal, and histological changes. ECG changes in
the disease control group showed abnormal
heart functioning due to myocardial damage.
Same changes were improved in the LEGP
treated groups as evident from the ECGs which
suggests that LEGP may have prevented the
damage of the cardiac myocytes. The induction
of MI led to significant weight loss of animal
and increased heart weight in the ISO control
group, resulting in increased heart weight
index. The results of the HWI in the treatment
group suggests that LEGP may have prevented
the hypertrophy and fibrotic changes in the
myocardial tissues. Cardiac enzyme markers
such as lactate dehydrogenase (LDH) and cre-
atine kinase-MB (CK-MB) are released in the
blood stream from necrotic heart muscle in Ml
[31]. The low levels of the cardiac markers in
the blood of the treatment groups indicates
that necrosis was prevented by LEGP in the car-
diac myocytes. Results of TTC assay suggests

Am J Transl Res 2024;16(6):2290-2300
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Figure 6. Representative triphenyl tetrazolium chloride assay (TTC) images of hearts isolated from different experi-
mental groups. (A) Control group, (B) ISO control group, (C) Carvedilol + I1SO group, (D) Low dose of LEGP + ISO group,
(E) Medium dose of LEGP + ISO group, (F) High dose of LEGP + ISO group, and (G) Wortmannin + ISO group. The area
of infarcted regions (white region) in the hearts of the rats in the LEGP treated control group was less compared to
the ISO control group and Wortmannin + ISO group.

>

Catalase (CAT)
{Unit/mg of protein)

Malondialdehyde (MDA) O
(nmol/ml)

2297

[
o
]

n
o
L

-
(=]
1

» O
R

o) Ay
< .\\O

>

A

o,,e“ RS

s

& S8
05\ ‘2‘\$0

o 9 9O -
2.2 .
O o0 &

& & O

00000

[oe)

Glutathione (GSH)
(nmole/mg of protein)

C
= a .
15 S 80
.
[~
3T 60 .
10- S9o
ES s
86 40+ i
. o 1 H1E
7 T =
% = 20
3=]
g g
/)]
&
o°°
<
o""4

Figure 7. Effect of leaf extract of Gynostemma pentaphyllum (LEGP)
on (A) Catalase, and (B) Glutathione (GSH), (C) Superoxide dis-
mutase (SOD), and (D) Malondialdehyde (MDA). Oxidative stress was
increased and antioxidant levels were decreased in the ISO control
group and Wortmannin + ISO group. These values were improved
in the LEGP treated groups. All values are stated as mean + SD
(n=6). The probability value is P<0.05, where # indicates statistical
difference from the control group, * indicates statistical difference
from the Isoproterenol-induced Ml group, and # indicates statistical
difference from the Carvedilol + ISO control group, using one-way
ANOVA, followed by Tukey’s multiple comparison test.
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that LEGP has prevented the infarction possibly
by inhibiting apoptosis and necrosis in the
cardiac myocytes. Levels of oxidative stress
marker and antioxidants such as CAT, SOD,
and GSH in the treatment groups suggest
that LEGP has reduced oxidative stress. Histo-
pathology showed that LEGP reduced apopto-
sis, necrosis, and inflammation in the myocar-
dium. All these protective changes were not
observed when animals were treated with the
Wortmannin (PI3K inhibitor) which suggests
that phytoconstituents of LEGP exert cardiopro-
tection through PI3K signalling as evident from
an increased level of PI3K in LEGP treated
groups and a good binding score of major phys-
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Figure 8. Effect of leaf extract of Gynostemma pentaphyllum (LEGP)
on histopathology of the heart (magnification x200). (A) Control
group, (B) ISO control group, (C) Carvedilol + ISO group, (D) Low dose
of LEGP + ISO group, (E) Medium dose of LEGP + ISO group, (F) High
dose of LEGP + ISO group, and (G) Wortmannin + ISO group. Rect-
angle-neutrophil infiltration, Circle-oedema, Double arrow-elongated
fibres in the control group, wavy fibres in other groups, Single arrow-
normal nuclei in control, Carvedilol + ISO and high dose group, Star-
necrosis and arrowhead-erythrocytes in blood vessels.

toconstituents of LEGP with various proteins of
PI3K signalling. Once the PI3K pathway is acti-
vated, many signalling proteins are activated
such as Vascular endothelial growth factor
(VEGF), Glycogen synthase kinase 33 (GSK-3p),
Forkhead box subfamily O (FOX0), Mammalian
target of rapamycin (mTOR), and Endothelial
nitric oxide synthase (eNOS). These proteins
may be involved in various protective effects
produced by LEGP [32].

Conclusion

Our study revealed that the hydroalcoholic
leaf extract of Gynostemma pentaphyllum
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protected the heart against ISO-induced MI
in rats. LEGP improved the hemodynamic, bio-
chemical and histopathological parameters.
These protective effects were produced by the
phytoconstituents of the LEGP through the
modulation of the PI3K signalling pathway.
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