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Abstract

Background: Cardiovascular diseases and resultant complications of cardio-therapeutic regimens are one of the
leading causes of mortalities in developing countries. Diltiazem is a calcium channel blocker primarily used in
treatment of supraventricular arrhythmias, systemic hypertension, and hypertrophic cardiomyopathy. Stevioside, the
chief component of Stevia plant, is a natural sweetener that has significant therapeutic properties. Stevioside is a
known bioenhancer that acts by synergizing pharmacological activities of other drugs. Present study was designed
to evaluate cardioprotective activity of stevioside and possible bioenhancement upon co-administration with
diltiazem. Standard cardiotoxicity models—isoproterenol-induced myocardial infarction and ischemia-reperfusion
injury (IRI) through modified Langendorff setup was used to test this hypothesis. Rats were randomly divided into
control groups (normal—physiological saline and toxic—isoproterenol, 150 mg/kg, s.c., and IRI induced in normal
control animals) and treatment groups (diltiazem—17.5 mg/kg, p.o., stevioside—100 and 200 mg/kg, p.o. and
combination groups). At the end of the treatment period, animals were sacrificed and biochemical,
electrocardiographic, and histopathological changes were measured.

Results: Pre-treatment with stevioside prevented leakage of biomarkers and normalized serum and perfusate levels
of CK-MB, CK-NAC, LDH, AST, and ALT enzymes. It displayed lipid-lowering effect on TC and TG levels dose
dependently. STV also showed protective action on levels of tissue antioxidant enzymes (SOD and Catalase),
electrocardiographic parameters (HR, RR, QRS, QT, PR), and heart tissue histopathology when compared to
concurrent toxic control groups. Combination of stevioside (200 mg/kg) and diltiazem (17.5 mg/kg) exerted a more
significant pharmacodynamic response, significantly restored biomarkers, antioxidants levels, and myocardial
histology, and normalized electrocardiographic parameters.

Conclusion: Stevioside and diltiazem both displayed cardioprotective effect when given alone. Co-administration
displayed improved restorative action on antioxidant status, biomarkers, electrocardiographic parameters, and histology.
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Background
According to the findings of the National Vital Statistics
Report [1] and the Morbidity and Mortality Weekly of
the Centers for Disease Control and Prevention [2], car-
diovascular diseases including myocardial infarction
(MI) and the resultant complications in cardiac function
represent the leading cause of morbidity and mortality
in developed countries. Moreover, with advances in life-
style in developing countries, MI is making an increas-
ingly important contribution to the mortality statistics
[3]. In spite of the remarkable development of modern
medicine in pathological conditions such as cardiovascu-
lar disorders, appearance of drug-related toxicity, and
lesser potency provoke the need of some alternative
therapy [4–6].
Isolated phytoconstituents have demonstrated promis-

ing results in treating and preventing various diseases.
These herbal constituents reportedly possess potency and
safety profile similar to those of synthetic compounds or
sometimes even better [7]. Therapists have been trying to
meet the challenges of treating diseases by introducing
combination therapies, which can potentially restore nor-
mal conditions by acting through different mechanisms
[8]. Therapeutically potential components when interact-
ing with each other, may mimic, magnify, or oppose the
action of each other. Isolated active phytoconstituents
have been increasingly combined with standard thera-
peutic drugs for better efficacy and safety profile [8].
Practitioners worldwide, use stevioside (STV) as an

additive, a sweetening agent, and a therapeutic drug.
STV is a glycoside isolated from plant Stevia rebaudi-
ana, belonging to family Asteraceae. Extract of stevia
leaves is used as a food additive by the Japanese and Bra-
zilians and as a non-caloric sweetener. Stevia rebaudi-
ana contains eight stevia glycosides, responsible for
most of its pharmacological activities. Among all, STV is
found to be present in the highest concentrations of 5-
10% weight by dried leaves [9]. Along with sweetening
properties, STV possess significant pharmacological ac-
tivities. STV has potent hypotensive effects on dogs and
on hypertensive rats without any adverse effects on heart
rate or catecholamine levels [10, 11]. Studies conducted
on 60 hypertensive patients showed that treatment with
STV significantly decreased blood pressure [12]. It is re-
ported that the mechanism of the hypotensive effect of
STV is due to the inhibition of calcium influx via block-
age of calcium channels, inhibition of extracellular cal-
cium influx, and release of prostaglandins [13].
STV exerts anti-inflammatory and immunomodulatory

action by actively attenuating the nuclear factor (NF)-
kappa B pathway: inhibition of NF-κB-dependent TNF-α
and IL-1β synthesis in LPS-stimulated monocytes [14].
At doses of 25 mg/kg/day, STV is anti-hyperglycemic
primarily due to its insulinotropic and glucagonostic

property [15]. STV mediates changes in gluconeogenesis
and glycogenolysis by inhibiting the secretion of gluca-
gon from α-cells of the pancreas [9]. STV is reported to
have better reactive oxygen species scavenging ability
than mannitol and sucrose, which attenuates cellular
stress [16].
Diltiazem (DTZ) is a non-dihydropyridine, calcium

channel blocker, used in the treatment of hypertension,
angina pectoris, and some types of arrhythmia [17]. The
pharmacological profile of DTZ includes interference of
calcium channels and blockage of influx of intracellular
calcium: essential for smooth muscle contraction. By
blocking calcium channels, DTZ causes relaxation of
blood vessels and reduces preload and afterload. It in-
creases the blood flow to the coronary artery by vasodila-
tation and blocks the atrioventricular (A-V) conductance
that results in reduced cardiac workload. DTZ is associ-
ated with side effects such as hypotension [18], flushing
due to vasodilatation [19], sinus bradycardia [20], and
headaches [21]. Severe adverse effects include heart failure
and atrial fibrillation when administered with intravenous
β-adrenergic blockers [21].
To alleviate adverse effects related to DTZ, we hypoth-

esized a combination of DTZ and STV and checked its
effectiveness against standard models of cardiac injury—
isoproterenol (ISO)-induced myocardial infarction and
ischemia-reperfusion injury (IRI) in rats. Additionally,
there are no studies conducted on evaluation of protect-
ive action of STV against ischemic and oxidative stress-
induced cardiotoxicity.
This work was the subject of a poster presented at the

9th RBF International Symposium, Ahmedabad, India, 6-
8 Feb 2020.

Methods
Animals
All experimental protocols involving animals were con-
ducted according to the principles stated in the Guide
for the Care and Use of Laboratory Animals and guide-
lines provided by the Committee for the Purpose of
Control and Supervision of Experiments on Animals
(CPCSEA), the Ministry of Social Justices and Empower-
ment, Government of India. Institutional Animal Ethics
Committee approved the experimental protocol. Female
Wistar rats weighing between 200 and 300 g and ap-
proximately of 7-9 weeks of age were selected for the
study. Rats were maintained in an animal house with
standard facilities. Animals were housed in clean cages
with paddy husk bedding and maintained at 25 ± 5 °C
under 12-h light-dark cycles, and were fed with standard
feed with free access to purified drinking water. Animals
were acclimatized to laboratory conditions for at least 1
week before starting the experiment.
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Chemicals and reagents
Pure stevioside was procured from Yucca Enterprises,
Mumbai, India. Diltiazem was procured from Torrent
Pharmaceuticals Ltd., Ahmedabad, India. Commercial
kits for estimation of biomarkers were procured from
SPAN Diagnostics, Sachin, India (CK-MB, CK-NAC),
Accurex Biomedical Pvt. Ltd., Mumbai, India (LDH) and
Robonik India Pvt. Ltd., Thane, India (AST, ALT, TG,
TC). Other chemicals and reagents were of the highest
analytical grade.

Acute toxicity
The dose selection of STV was based on an acute tox-
icity study carried out according to OPPTS (Office of
Prevention of Pesticide and Toxic Substance) guidelines
following the limit test procedure. STV was dissolved in
distilled water and used for the experiment. The animals
were fasted overnight prior to the study. Mice were di-
vided into two groups of six each. Test doses of 2 g/kg
body weight and 5 g/kg body weight were administered
orally to either group of mice. Mice were observed for
72 h for mortality.

Isoproterenol-induced myocardial infarction
After the end of 7 days of acclimatization period, animals
were randomized into seven groups (n = 8) as following:

� Group I (normal control): served as normal control
and received physiological saline for 7 days.

� Group II (ISO control): served as toxic control and
received ISO (150 mg /kg, s.c.) at the end of the
treatment period for two consecutive days [22].

� Group III (DTZ): received DTZ (17.5 mg/kg, p.o.
[23]) for 7 days and subjected to ISO toxicity at the
end of the treatment period for 2 days.

� Group IV (STV 100): received a low dose of STV
(100 mg/kg, p.o.) for 7 days and subjected to ISO
toxicity at the end of the treatment period for 2
days.

� Group V (STV 200): received a high dose of STV
(200 mg/kg, p.o.) for 7 days and subjected to ISO
toxicity at the end of the treatment period for 2
days.

� Group VI (STV 100 + DTZ): received a low dose of
STV (100 mg/kg, p.o.) along with DTZ (17.5 mg/kg,
p.o.) for 7 days and subjected to ISO toxicity at the
end of the treatment period for 2 days.

� Group VII (STV 200 + DTZ): received a high dose
of STV (200 mg/kg, p.o.) along with DTZ (17.5 mg/
kg, p.o.) for 7 days and subjected to ISO toxicity at
the end of the treatment period for 2 days.

Forty-eight hours after the first dose of ISO, the ani-
mals were anesthetized with ketamine (70 mg/kg, i.p.)
and xylazine (10 mg/kg, i.p.), and blood was withdrawn

Fig. 1 Modified Langendorff’s setup
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by retro-orbital puncture. Serum was separated by cen-
trifugation for the estimation of biomarkers and evalu-
ation of lipid profile. ECG recordings were made for
each animal using lead II. Thereafter, the animals were
euthanized through CO2 asphyxiation; four hearts were
used for the preparation of homogenate to estimate anti-
oxidants and the remaining four hearts were embedded
in formalin (10%) for histological examination.
Parameters evaluated are as follows: lactate dehydro-

genase (LDH), creatinine kinase-MB (CK-MB), creatin-
ine kinase-NAC (CK-NAC), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total choles-
terol (TC), and total triglycerides (TG) from serum and
superoxide dismutase (SOD), and catalase from tissue
homogenate.

Ischemia-reperfusion injury through modified
Langendorff setup
After the end of 7 days of acclimatization period, the an-
imals were randomized into six groups (n = 8) as
follows:

� Group I (normal control): served as normal control,
received physiological saline for 7 days, and were
subjected to IRI at the end of the treatment.

� Group II (DTZ): received DTZ (17.5 mg/kg, p.o.)
[23] for 7 days and were subjected to IRI at the end
of the treatment.

� Group III (STV 100): received a low dose of STV
(100 mg/kg, p.o.) for 7 days and were subjected to
IRI at the end of the treatment.

� Group IV (STV 200): received a high dose of STV
(200 mg/kg, p.o.) for 7 days and were subjected to
IRI at the end of the treatment.

� Group V (STV 100 + DTZ): received a low dose of
STV (100 mg/kg, p.o.) along with DTZ (17.5 mg/kg,
p.o.) for 7 days and were subjected to IRI at the end
of the treatment.

� Group VI (STV 200 + DTZ): received a high dose of
STV (200 mg/kg, p.o.) along with DTZ (17.5 mg/kg,
p.o.) for 7 days and were subjected to IRI at the end
of the treatment.

Animals were anesthetized with ketamine (70 mg/kg,
i.p.) and xylazine (10 mg/kg, i.p.) 2 h after the last dose
of the drug. The heart was quickly removed and
mounted on a modified Langendorff apparatus through
the aorta (Fig. 1). Animals were heparinized with heparin
(100 IU) 30 min before anesthesia. Retrograde perfusion
was started with modified Krebs-Henseleit (KH) buffer
solution (pH 7.4) bubbled with carbogen (95% O2 + 5%
CO2) at a flow rate of 5.5 ml/min using a regulated per-
fusion pump. The composition of the modified KH solu-
tion is described in Table 1.

The modified KH solution was filtered through What-
man® qualitative filter paper, grade 1, before use to avoid
micro particles that obstruct the coronary arteries. The
pH was adjusted to 7.4 to prevent KH buffer acidosis oc-
curring due to gassing.
Equilibration period of 10 min and perfusion period of

15 min was imparted during regular recordings. A stu-
dent physiograph (INCO, Mumbai, India) was used to
measure the contractile force using a force-displacement
transducer. Following the initial pre-ischemic perfusion,
the heart was subjected to 15 min of global no-flow is-
chemia by blocking the flow of KH solution and carbo-
gen supply followed by 15 min of reperfusion. The heart
rate and developed tension were measured during pre-
ischemic and post-ischemic period and recovery (%) was
calculated. Perfusate was collected at post-ischemic
period and was used for the determination of diagnostic
marker enzymes. The heart was removed and weighed
and subjected for either heart tissue homogenate (HTH)
preparation or histopathological investigation. Responses
were recorded using a force transducer connected to a
pre-calibrated physiograph with a resting tension of 2 g
where the developed tension was equivalent to 2 g on

Table 2 Effect of STV, DTZ, and their combinations on serum
enzyme biomarkers in isoproterenol-induced myocardial
infarction

Treatment Blood serum level (U/L)

AST ALT

Normal control 113.66 ± 2.57 40.79 ± 3.15

ISO control 480.73 ± 11.29*** 190.43 ± 4.74***

DTZ 137.9 ± 2.22***### 107.27 ± 2.90***###

STV 100 157.06 ± 2.25***### 125.33 ± 2.02***###

STV 200 135.60 ± 2.02***### 102.47 ± 3.80***###

STV 100+ DTZ 130.13 ± 2.04**### 75.74 ± 4.75***###οοο

STV 200 + DTZ 106.73 ± 2.52###οοο 49.981 ± 2.45###οοο

Results are expressed as mean ± SEM, n = 8
**P < 0.01
***P < 0.001 when compared to normal
###P < 0.001 when compared to ISO control
οοP < 0.01
οοοP < 0.001 when compared to DTZ

Table 1 Composition of modified KH solution

Sr. no. Contents Quantity (g/l)

1 Sodium chloride (NaCl) 6.9

2 Magnesium sulphate.7H2O (MgSO4. 7H2O) 0.133

3 Potassium chloride (KCl ) 0.35

4 Sodium hydrogen carbonate (NaHCO3) 2.1

5 Sodium hydrogen phosphate (NaHPO4) 0.125

6 Calcium chloride (CaCl2) 0.28

7 Glucose 1-2
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graph paper. The paper speed was adjusted to a mini-
mum 0.05 mm/sec and the sensitivity of transducer was
adjusted to maximum, i.e., 0.1 mV.
Parameters evaluated are as follows: lactate dehydro-

genase (LDH), creatinine kinase-MB (CK-MB), creatin-
ine kinase-NAC (CK-NAC), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total choles-
terol (TC), and total triglycerides (TG) from perfusate
and superoxide dismutase (SOD) and catalase from tis-
sue homogenate.

Biochemical analysis
At the end of the experimental period, animals were
anesthetized with ketamine (70 mg/kg, i.p.) and xylazine
(10 mg/kg, i.p.); and blood was withdrawn by retro-
orbital puncture using micro-capillaries. Serum then

separated from blood and perfusate collected after reper-
fusion was used in estimation of LDH, CK-MB, CK-
NAC, ALT, AST. Four hearts from each group were ho-
mogenized with 0.025M Tris-HCL buffer (pH 7.4) for
the estimation of SOD and catalase enzymes. Determin-
ation of SOD activity was done on the basis of capacity
of reduction of nitro blue tetrazolium by the enzyme
and catalase was determined by the method described by
Aebi [24].

Electrocardiographic studies
At the end of the treatment, the animals were anesthe-
tized with the combination of ketamine (70 mg/kg, i.p.)
and xylazine (10 mg/kg, i.p.). A digital physiograph
(Model number DI-2, INCO, Ambala, India) was used
for recording. Leads were attached to all four limbs in

Fig. 2 Effects of STV, DTZ, and their combinations of levels of CKMB, CKNAC, and LDH levels in serum and perfusate

Table 3 Effect of STV, DTZ, and their combinations on electrocardiographic parameters in isoproterenol-induced myocardial
infarction

Treatment Heart rate RR (ms) QRS (ms) QT (ms) PR (ms)

Normal control 191.64 ± 7.39 187.96 ± 4.43 137.26 ± 3.31 196.51 ± 3.34 62.85 ± 4.59

ISO control 298.52 ± 10.83*** 288.74 ± 4.26*** 183.52 ± 2.98*** 263.39 ± 3.65*** 113.70 ± 3.89***

DTZ 238.48 ± 7.15***### 254.8 ± 2.64***### 162.20 ± 1.56***## 220.86 ± 2.38***### 85.23 ± 2.11**###

STV 100 268.59 ± 14.73***### 261.83 ± 1.48***### 162.91 ± 2.97***## 234.06 ± 1.79***### 94.95 ± 1.11***##

STV 200 242.10 ± 9.47***### 253.45 ± 3.08***### 164.46 ± 2.92***## 218.12 ± 2.00**### 84.73 ± 1.15**###

STV 100+ DTZ 227.29 ± 4.38***### 249.40 ± 0.83***### 157.60 ± 1.35***### 220.24 ± 4.06**### 85.58 ± 2.78**###

STV 200 + DTZ 211.53 ± 5.96###οο 237.56 ± 1.78*###ο 146.47 ± 3.38###ο 199.73 ± 3.34###οο 68.70 ± 3.72###ο

Results are expressed as mean ± SEM, n = 8
*P < 0.05
**P < 0.01
***P < 0.001 when compared to normal
##P < 0.01
###P < 0.001 when compared to ISO control
οP < 0.05
οοP < 0.01 when compared to DTZ
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the dermal layer. Parameters evaluated were heart rate,
QRS, QT, PR, and RR intervals.

Lipid profile assay
Cholesterol and triglycerides levels were measured from
serum and perfusate by commercial kits with the help of
a semi auto-analyzer (Prietest TOUCH, Robonik (India)
Pvt. Ltd.).

Histopathological analysis
Hearts were removed immediately from the sacrificed
animals, washed with saline, and were fixed in 10%

formalin before being processed for histopathological
analysis. Tissues were stained with hematoxylin and
eosin. Myocardial damage was classified as either no
changes, mild, moderate, or marked [25].

Statistical analysis
InStat data analysis program was used for statistical ana-
lysis (GraphPad Software, USA). Data were analyzed by
one-way analysis of variance (ANOVA) and presented as
means ± standard error mean (SEM). Individual differ-
ences were determined by Tukey-Karmer multiple

Fig. 4 Effect of STV, DTZ, and their combination on tissue antioxidant levels

Fig. 3 Effect of STV, DTZ, and their combination on total cholesterol and triglycerides levels
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a

b

Fig. 5 a Photomicrographs (× 400) of hematoxylin and eosin stained heart tissues of different treatment groups: (a) normal control (b) ISO
control (c) DTZ (d) STV 100 (e) STV 200 (f) STV 100 + DTZ (g) STV 100 + DTZ. b Photomicrographs (× 400) of hematoxylin and eosin stained heart
tissues of different treatment groups: (a) IRI control (b) DTZ (c) STV 100 (d) STV 200 (e) STV 100 + DTZ (f) STV 100 + DTZ
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comparison tests. A value of less than 0.05 was consid-
ered statistically significant.

Results
Acute toxicity
The acute oral toxicity study was performed according
to the OPPTS guidelines (Office of Prevention, Pesticide
and Toxic Substance) following the limit test procedure.
Test dose of 2 g/kg and 5 g/kg were given orally to mice.
No mortality was observed in the treated animals. Both
doses were found to be safe. Hence, 1/50th and 1/25th
of the maximum safe dose corresponding to 100 mg/kg
and 200 mg/kg orally were selected as low and high
doses respectively.

Isoproterenol-induced myocardial infarction
Serum levels of biomarkers CK-MB, CK-NAC, LDH,
AST, ALT, TC, and TG significantly increased in the
ISO control group when compared to normal control
confirming the toxicity of ISO. Standard DTZ showed a
significant decrease in the serum levels of the bio-
markers as predicted when compared to the ISO control
group. Stevioside in both low and high doses signifi-
cantly prevented myocardial injury by ISO. Stevioside in
combination with DTZ showed a dose-dependent pro-
tective response against ISO-induced infarction when
compared with the DTZ group. Electrocardiographic pa-
rameters HR, RR, QRS, QT, and PR were significantly al-
tered in the ISO control group. DTZ pre-treatment
normalized these parameters. Stevioside alone and in
combination with DTZ showed significant improvement
in electrocardiographic parameters, indicating its cardio-
protective property alone and in combination. Antioxi-
dant enzyme levels were significantly reduced in the
toxic control group treated with ISO. DTZ, stevioside,
and combination groups of DTZ with STV showed
membrane protective action by limiting the amounts of
antioxidants leaked into the systemic circulation. SOD
and catalase levels were normalized in these treatment
groups. Histopathologically, STV and DTZ treatment
groups showed improved myocardial cellular integrity
when compared to the ISO control group. Combination
groups, STV + DTZ, at both doses, displayed clear pro-
tective effect of each of the drugs as restored myocar-
dium cells were observed in both the dose groups
(Tables 2, 3; Figs. 2, 3, 4 and 5).

Ischemia reperfusion injury through modified
Langendorff setup
Oral pre-treatment of DTZ and STV in alone and in
combination showed a significant increase in perfusate
levels of CK-MB, CK-NAC, LDH, AST, ALT, TC, and
TG when compared to IRI control group. STV + DTZ
combination groups also displayed significant changes in

perfusate levels when compared to the DTZ control
group. IRI control group displayed low levels of antioxi-
dant enzymes SOD and catalase in heart tissue hom-
ogenate. DTZ and STV groups showed a dose
dependent significant increase in the levels of these anti-
oxidant enzymes, showing protective action on the myo-
cardial integrity. On comparing percentage recovery of
tension developed in the DTZ group with that in the IRI
control group, a significant recovery trend was observed
in the tension of DTZ group animals. STV alone and in
combination with DTZ showed higher % recovery than
the DTZ control group. IRI control group showed de-
creased heart rate. Pre-treatment with DTZ and STV
showed significant recovery and normalization of heart
rate. Histopathologically, IRI control hearts showed
myocardial cell separation, cytoplasmic eosinophils and
aggregation of inflammatory cell groups. DTZ pre-

Table 4 Effect on STV, DTZ, and their combinations on
perfusate biomarker levels in IRI

Treatment Perfusate level (U/L)

ALT AST

IRI control 17.08 ± 1.08 37.37 ± 1.23

DTZ 22.46 ± 0.88** 51.39 ± 3.31***

STV 100 18.25 ± 0.62*** 42.08 ± 3.13***

STV 200 16.97 ± 0.99*** 30.12 ± 1.22***

STV 100 + DTZ 9.37 ± 1.30***ο 19.10 ± 1.15***οοο

STV 200 + DTZ 32.19 ± 2.97 72.44 ± 3.27

Results are expressed as mean ± SEM, n = 8
*P < 0.05
**P < 0.01
***P < 0.001 when compared to IRI control
οP < 0.05
οοοP < 0.001 when compared to DTZ

Table 5 Effect of STV, DTZ, and their combinations on %
recovery in terms of developed tension and heart rate against
IRI damage in IRI

Treatment % recovery

Developed tension Heart rate

IRI control 29.11 ± 1.85 31.68 ± 1.32

DTZ 43.27 ± 2.03** 61.44 ± 1.85***

STV 100 44.69 ± 2.07*** 55.51 ± 2.22***

STV 200 51.60 ± 1.29*** 56.65 ± 4.64***

STV 100+ DTZ 57.07 ± 1.58***οο 72.67 ± 5.74***οο

STV 200 + DTZ 93.87 ± 1.92***οοο 88.9 ± 8.36***οοο

Results are expressed as mean ± SEM, n = 8
**P < 0.01
***P < 0.001 when compared to IRI control
οοP < 0.01
οοοP < 0.001 when compared to DTZ
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treated hearts showed normal vasculature. STV-100 and
STV-200 treated group showed occasional fiber loss, co-
agulated necrosis and inflammatory cells. Combination
groups DTZ + STV had mild to minimal inflammatory
damage and few inflammatory cells (Tables 4, 5; Figs. 2,
3, 4, 5, 6, 7, 8, 9, 10 and 11).

Discussion
Stevioside and rebaudioside A are steviol glycosides found in
the leaves of Stevia rebaudiana. Apart from the traditional
use as a sweetener, stevioside possesses a range of different
therapeutic properties [9]. The current research was designed
to evaluate the cardioprotective activity of STV and its pos-
sible interaction with conventional calcium channel blocker
DTZ against isoproterenol-induced myocardial infarction
and ischemia reperfusion-induced myocardial damage in
Wistar rats. The findings of the investigations witnessed the
beneficial role of STV alone and when treated concurrently
with DTZ in conditions of anticipated cardiac injury.
Isoproterenol, a synthetic catecholamine and β-

adrenoceptor stimulant, causes myocardial damage at

higher concentrations [26]. ISO generates free radical
and stimulates lipid peroxidation leading to the irre-
versible damage of the myocardial cell membrane.
Treatment with ISO causes a rise in uptake of cal-
cium and consumption of energy which ultimately
leads to cell death [26]. In the present study, ISO-
induced MI was confirmed by elevated serum levels
of biomarker enzymes—CK-NAC and isoenzyme CK-
MB (cardiac muscle fraction of CK). ISO-induced cel-
lular changes include increased permeability of the
cell membrane, cellular damage with loss of func-
tional integrity, and eventually myocardial necrosis.
This was supported by an increase in serum levels of
LDH, AST, and ALT enzymes. In this study, we also
observed increased levels of total cholesterol and triglycer-
ides that positively correlate with an increase in lipid bio-
synthesis, eventually leading to coronary heart disease
[27]. It has been suggested that the oxidative products of
catecholamines produce changes in the myocardium by
stimulating lipid peroxidation and cause irreversible dam-
age to the myocardial membrane [28, 29]. This damage
negatively affects membrane permeability, which causes

Fig. 6 Tracing on Polygraph of IRI control

Fig. 7 Tracing on Polygraph of DTZ
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loss of membrane function and integrity. Hence, leakage
of endogenous biological markers and free radical forma-
tion is attributed for myocardial distress in post-ISO ad-
ministration [29]. Pretreatment with STV markedly
normalized serum biomarker levels and improved lipid
profile. It suggests that STV could maintain cellular integ-
rity and thereby restrict the leakage of biomarkers. The
lipid-lowering action may be attributed to the phytocon-
stituent’s ability to stimulate excretion of bile acid and
stimulate the action of the enzyme, 3-hydroxy-3-methyl-
glutaryl CoA reductase (HMG-CoA), resulting in in-
creased hepatic cholesterogenesis and decrease in serum
cholesterol levels. Activation of peroxisome proliferators-
activated receptors (PPARs) and increased expression of
the lipoprotein lipase (LPL) by interaction of STV with
PPARs resulted in decreased serum triglycerides levels
[30]. In this study, decreased activities of SOD and catalase
were observed in ISO control animals. It is a result of the
formation of superoxide anions and hydrogen peroxide
caused by lipid peroxidation of myocardial tissues [29].
STV displayed protective activity in a dose dependent

manner by scavenging oxidative free radicals [16] and
diminishing the permeability of these endogenous bio-
markers to surrounding cardiac regions. DTZ blocks cal-
cium channels in myocardium leading to a decrease in
preload and afterload by blocking influx of calcium [31].
As a consequence, a combination of DTZ and STV wit-
nessed synergistic cardioprotection to the myocardium.
Electrocardiographic parameters are the primary diag-

nostic tools in MI. Excessive activation of the sympa-
thetic system by ISO accompanied by vagal hypoactivity
produces severe myocardial damage. Resultant myocar-
dial infarction can be interpreted from the disturbance
or changes in the ECG pattern of the respective subject
due to ISO. In this study, during the first few hours, the
amplitude of T waves increased abnormally (hyperacute
with loss of their normal concavity) accompanied by
vagal hypoactivity and the ST segments began to rise.
The sympathetic hyperactivity has a direct impact on
ECG by extension of the QT interval. The prolongation
QT interval at times of myocardial stress is an indication
of arrhythmias and sudden cardiac collapse [32–34].

Fig. 8 Tracing on Polygraph of STV-100

Fig. 9 Tracing on Polygraph of STV-200
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Oral pre-treatment of STV-100 and STV-200 alone and
with DTZ was potent enough to avoid prolongation of QT
interval representing the absence of arrhythmias. Similarly,
abnormally elevated QRS duration, PR and RR intervals are
also predictors for myocardial damage [35]. Prophylactic
treatment of animals with STV-100/200mg/kg, DTZ, and
their combinations showed maximum normalization in
electrocardiographic determination. Among the above
treatments, the best result was observed by a high dose of
STV when given with DTZ in conjugation before induction
of myocardial damage by ISO.
In the ischemic reperfusion injury (IRI) model, in-

duction of myocardial injury was done by restricting
the flow of carbogenated KH that produces ischemia
followed by reperfusion, which further increases the
extent of damage. Sudden occlusion of physiological
salt solution results in immediate biochemical alter-
ations. The increase in intracellular Na+ serves to
drive Ca+2 intracellularly via Na+/Ca+2 exchange that
results in irreversible damage to the myocardium at
the end of 15 min global ischemia [36]. In the present
study, it was observed that the oral pre-treatment of
STV-100, STV-200, alone, and along with DTZ de-
creases the biomarker activities in the perfusate. The
combination of STV-200 and DTZ was proposed to

be the best effective combination to their individual
treatments based on the obtained data in the given
experimental conditions.
Histopathological examination in IRI control animals

showed myocardial edema, fiber separation, and striation
loss as indications of myocardial injury. The myocardial
edema and separation of fibers were ameliorated with
treatment of STV-200 alone. The protective effect of
STV-200 was further augmented when administered
concurrently with DTZ.
The mechanism of cardioprotection by STV can be at-

tributed to its free radical scavenging potential and abil-
ity to maintain cellular integrity. Lipid-lowering action
via HMG-CoA and LPL stimulation and calcium chan-
nel blocking action provides support to the protection
against secondary effects of cardiotoxicity. Synergistic ef-
fect was observed when stevioside was co-administered
with diltiazem during myocardial damage indicating an
interaction between the two drugs.

Conclusion
It can be concluded from the present study that stevio-
side exerts cardioprotective activity alone and in com-
bination with the standard calcium channel blocker,

Fig. 10 Tracing on Polygraph of STV-100 + DTZ

Fig. 11 Tracing on Polygraph of STV-200 + DTZ
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diltiazem. Findings from this study can be used for
further investigation into the mechanism of interaction
between the two drugs, metabolic profiling, and the
probability of bioenhancement of diltiazem by stevioside.
Fixed-dose combinations of the two can be tested to
decrease the adverse effects of diltiazem.
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