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Abstract

Ocimum basilicum (OB) contains more than 30 plant species that are found in different regions, especially in Africa. OB contains
various substances, especially Chavikol, Methyl Ether or Strangol, Linalool, and Agenol, which have antioxidant, antihypertensive,
antidiabetic, and anti-lipid properties. On the other hand, along with lifestyle changes, the prevalence of cardiovascular diseases,
such as arrhythmias, which cause high mortality, is increasing. Moreover, the modern drugs used for arrhythmia can also induce an-
other type of abnormal heart rhythm. Regarding the effectiveness and fewer side effects of herbal medicine, we decided to study the
preventive effects of hydro-alcoholic extract of OB on CaCl2-induced arrhythmias in rats. Male rats (Sprague-Dawley) were divided
into the control group (2 weeks, normal saline, gavage) and three groups receiving different concentrations of hydro-alcoholic ex-
tract of OB (100, 200, and 400 mg/kg, gavage for 2 weeks). The arrhythmia model was established using CaCl2 (IV, 140 mg/kg). The
number of ventricular fibrillation (VF), ventricular premature (PVC), and ventricular tachycardia (VT) were studied. Also, the oxida-
tive stress parameters, such as malondialdehyde (MDA) and superoxide dismutase (SOD), were measured in heart tissue samples.
Statistical analysis was done using Fisher’s exact test and ANOVA, and also, P < 0.05 was considered as a significant level. The ob-
tained results showed that administration of OB caused a decrease in MDA and an increase in SOD levels, which were associated
with improved electrocardiogram parameters and reduced cardiac arrhythmias, which suggests the therapeutic potential of the
plant in cardiovascular disorders.
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1. Background

Cardiac arrhythmia is an abnormal heart rhythm,
which may be temporary, short enough to affect the over-
all heart rate, or it may cause the heart to beat too fast or
too slow. In arrhythmia, the heart beats too fast or too slow
or has an irregular rhythm (1). Oxidative stress is strongly
associated with heart disease and its complications. All
types of cardiac arrhythmia are accompanied by the ad-
ditional generation of reactive oxygen species (ROS). Nu-
merous potential mechanisms are considered to generate
ROS to prompt arrhythmia. Reentry can be induced by in-
creased ROS production. Free radicals change various cur-
rents from the heart ionic channels. Excessive free radi-
cals lead to cardiac fibrosis and gap junction dysfunction,
which result in a decrease in cardiac cell coupling and an
increase in reentry (2). There are some limitations for the
treatment of arrhythmia, including ablation, ion channel
blockers, defibrillation, and side effects of drugs. There-

fore, focusing on novel anti-dysrhythmia agents seems to
be important (3). Some of these limitations are related to
the fact that current therapies do not consider the essential
pathophysiology mechanism of cardiac arrhythmia. Ox-
idative stress is defined as an imbalance between the gen-
eration and neutralization of free radicals, which can be
considered as a promising target for the treatment of car-
diovascular diseases. Oxidative stress plays a critical role
in pathologic parameters of some cardiac arrhythmias, in-
cluding cardiac and thoracic surgeries, age, and hyperten-
sion (4).

Ocimum basilicum (OB) is a plant from the mint fam-
ily that is consumed in large areas of the world. The most
important compounds in OB are menotropins, limonene,
myrcene , flavonoids, such as quercetin, camphor , rutin,
and phenolic compounds, such as rosmarinic acid, lithos-
permic acid, and caffeic acid (5). Several studies have
shown that basil has medicinal properties, such as antioxi-
dant and free radical scavenging (6), anti-apoptotic (7), an-
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tidiabetic, (8) and anti-inflammatory (9) effects.

2. Objectives

Therefore, the current experimental study was de-
signed to evaluate the antioxidant effect of OB extract
(hydro-alcoholic) on the prevention of cardiac arrhyth-
mias in rats.

3. Methods

3.1. Animals

Male rats (Sprague-Dawley) were divided into the con-
trol (2 weeks, normal saline, gavage) and three groups
administrated with different concentrations of hydro-
alcoholic extract of OB (100, 200, and 400 mg/kg, gavage
for 2 weeks). The rats (eight rats in each group) had access
to food and water. The procedures applied in the current
experimental study were approved by the Ethical Commit-
tee of Laboratory Animals of Ahvaz Jundishapur University
of Medical Sciences (No: IR.AJUMS.REC.1396.267).

3.2. Method of Preparation of Hydro-Alcoholic Extract of Oci-
mum basilicum

OB was grown and collected from the farm in Ahvaz
and approved by the faculty member of the pharmacy of
Ahvaz Jundishapur University of Medical Sciences. Then, it
was washed and dried in the shade at room temperature
for extraction by soaking (massage) 100 grams of the plant.
The leaf was removed, and then its parts were pulverized by
a mechanical mill. Then, the desired solvent (ethanol) was
poured on the plant and kept in the laboratory for 48-72 h.
The amount of solvent required for the plant was enough
to cover the surface of the plant, and the plant particles
moved easily in the solvent. After the desired time, we fil-
tered the solution with a funnel and concentrated the ex-
tract with a rotary apparatus, and then we place it in the
freezer for 48 h to completely separate the solvent from the
extract and obtain a pure extract powder (10). The obtained
extract powder was kept at -18 °C until use, and the extract
was dissolved with distilled water and administrated to
rats by gavage.

3.3. The Electrocardiogram (ECG) Recording and Inducing Ar-
rhythmias

After anesthesia, ECG was recorded in all groups for 10
min, and ECG parameters, including HR, QRS complex volt-
age, and QTc were calculated. The Bazett formula was ap-
plied to measure the corrected QT interval (QTc). Then, for
the establishment of an in vivo cardiac arrhythmias model,

the prep and drep were done. In the second step, a sur-
gical incision was made in the groin area, and a catheter
(polyethylene) was implanted in the femoral vein. Finally,
the chemical cardiac arrhythmia was generated by intra-
venous administration of CaCl2 (140 mg/kg), and the num-
ber of ventricular tachycardia (VT), premature ventricular
beats (PVC), and ventricular fibrillation (VF) were studied
in response to CaCl2 injection (11).

3.4. Assessment of Antioxidant Effect and Lipid Peroxidation In-
dex

Evaluation of superoxide dismutase (SOD) and malon-
dialdehyde (MDA) levels was achieved by spatial assay kits
(Zell Bio Co., Germany) using cardiac tissues. The values
were analyzed in accordance with the manufacturer’s in-
structions.

3.5. Heart Histopathological Study

At the end of the experiments, the cardiac tissue was
collected in all groups, and the tissue samples were fixed in
formaldehyde, and finally embedded into paraffin. Then,
the tissue samples were sectioned at 4µm and stained with
Hematoxylin and Eosin (H&E) to evaluate the morphologi-
cal changes using the microscopic examination.

3.6. Statistical Analyzing

Data analysis was done by SPSS software and reported
as mean ± SEM. The one-way analysis of variance (ANOVA)
and Fisher’s exact test were applied to compare groups. A
P < 0.05 was considered as a statistically significant differ-
ence.

4. Results

4.1. Effect of Ocimum basilicum on ECG Parameters

The results obtained from the analysis of ECG showed
that in the CaCl2-induced arrhythmias group, the preva-
lence of VT, VF, and PVC significantly enhanced compared
with the control rats, and administration of OB for 14 days
decreased the prevalence of arrhythmias, including VF, VT,
and PVC. Also, the heart rate in the CaCl2 group showed a
marked increase in the CaCl2 rats, which was associated
with a decrease in the QRS complex voltage and an in-
crease in QTc. Also, 2 weeks of OB (at 100 and 200 concen-
trations) administration caused a decrease in the arrhyth-
mias prevalence and at the concentration of 400 mg/kg, it
preserved the mentioned ECG indices in the normal levels
(Figure 1).
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Figure 1. Oxidative stress parameters in cardiac tissue. A: Malondialdehyde (MDA) and B: superoxide dismutase (SOD) levels in all groups, including control, Ocimum basilicum
(OB, 400 mg/Kg), CaCl2 : arrhythmias model, OB (100 mg/Kg) + CaCl2 , OB (200 mg/Kg) + CaCl2 , and OB (400 mg/Kg) + CaCl2 . Data are expressed as mean ± SEM. **P < 0.01 and
***P < 0.001 compared with the control group and #P < 0.05 and ##P < 0.01 compared with the CaCl2 group.
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4.2. Effect of Ocimum basilicum on Oxidative Stress Parameters

To evaluate the antioxidant effect of OB on the CaCl2-
induced arrhythmias model, the MDA level as the index of
lipid peroxidation, and the SOD content, as the index of
the antioxidant defense system, were measured in the car-
diac tissue samples of all groups. The results showed that
CaCl2 injection caused an increase in the lipid peroxida-
tion in the cardiac tissue samples in comparison with the
controls. Also, the SOD level significantly decreased in the
arrhythmias group compared with the controls. Adminis-
tration of OB for 14 days led to a decrease in MDA level and a
significant increase in the SOD level with the highest effect
at 400 mg/kg compared with the CaCl2 group (Figure 2).

4.3. Effect of Ocimum basilicum on Cardiac Histopathology

In order to evaluate the protective role of OB on the car-
diac tissue against CaCl2-induced arrhythmias, the heart
sections were stained with H&E to assess the possible car-
diac remodeling. In this study, there were no significant
changes in the cardiac tissue morphology and structure in
the CaCl2 and OB groups compared with the control rats
(Figure 3).

5. Discussion

The current study documented that OB, as a natural al-
ternative drug, can prevent the oxidative stress damage-
induced disturbances in cardiac ECG by a decrease in MDA
and SOD levels.

The cardiovascular system is one of the vital systems,
which when it is stopped only for a few minutes, early
death can occur (12). Therefore, it is important to evalu-
ate the factors that affect or disrupt this system. Cardiac
arrhythmias are one of the factors that can affect this sys-
tem’s efficiency and cause dysfunction. The heart has a
special system for producing regular beats. This innate
and guiding system of the heart is sensitive to electrolyte
disturbances, Acid-base disorders, changes in the activity
of the autonomic nervous system, increased myocardial
fiber contraction, myocardial ischemia, drugs, heart dis-
ease, and developing arrhythmias (13). The importance of
cardiac arrhythmias in the management of anesthesia de-
pends on the specific effect of some of these rhythm disor-
ders on cardiac output and the interaction of antiarrhyth-
mic drugs. Many patients develop cardiac arrhythmias
during anesthesia in surgical procedures. Common car-
diac arrhythmias, especially VF and ventricular tachycar-
dia (VT) are the main general health concerns (14).

Increased ROS affects multiple ionic currents in the my-
ocardium. Free radicals can lead to alterations in intra-
cellular calcium and cause cardiac arrhythmias. Oxidative

stress via an increase in the L-type Ca2+ current can stimu-
late the early afterdepolarizations. Moreover, ROS can en-
hance the activity of the ryanodine receptors that regulate
the sarcoplasmic reticulum (SR) release of calcium to the
cytoplasm, which can stimulate delayed afterdepolariza-
tion and cause cardiac dysfunction (15).

Natural antioxidants can prevent the oxidation of free
radicals through inhibition of their activities, and by inac-
tivating them, the cell can be protected from the damaging
effects of these harmful molecules. OB is a plant belong-
ing to the mint family that has been used in traditional
medicine as an antiseptic and analgesic drug, and it is also
recommended for the treatment of pain, respiratory dis-
eases, and renal failure (16). Flavonoids, phenolic acid, and
triterpenes are secondary metabolites in OB. The activity of
phenolic compounds is related to their antioxidant prop-
erties, which plays an important role in the scavenging and
inhibition of free radicals, suppression of ROS, or decom-
posing peroxidases (17). According to the results of the cur-
rent study, administration of OB at all concentrations pre-
vented the oxidative stress induced by CaCl2, which was de-
tected by a decrease in MDA content and also an increase
in SOD activity. These effects led to decreased cardiac in-
juries and preserved the normal cardiac ECG as demon-
strated by a decrease in the ventricular arrhythmias in rats
administrated with CaCl2 plus OB. Consistent with these re-
sults, a study by Umar et al. in 2010 showed the cardiovas-
cular protection of OB in renovascular hypertensive rats
(18). Another study by Umar et al. also documented the an-
tithrombotic and antihypertensive effects of OB through
enhanced 6-keto-PGF1α and a reduction in prostaglandin
E 2 and thromboxane B2 (19). Also, Irondi et al. docu-
mented that the leaf extract of OB has an inhibitory effect
on angiotensin 1-converting enzyme and pancreatic lipase
(20). Moreover, Muralidharan et al. reported the cardiac
inotropic and negative chronotropic actions of alcoholic
extracts derived from the OB (21). According to a study con-
ducted on five various extracts of OB, the antioxidant ac-
tivity of this plant could be partially explained by the high
levels of phenolics and flavonoids (22). In this regard, an
in vitro study on cultured cardiomyocytes showed the an-
tioxidant properties of OB oil and its water-soluble extract
in the hydrogen peroxide- induced oxidative stress model
(23). Therefore, based on the documented evidence and the
results of the current study, it seems that OB, as a natural
antioxidant agent, has a cardioprotective effect by reduc-
ing the oxidative stress damages against CaCl2-induced ar-
rhythmias, which suggests the therapeutic potential of the
plant in cardiovascular disorders. Due to some limitations,
the measurement of the other antioxidant enzymes and
molecular pathways were not done. Also, studies using dif-
ferent doses and time points should be done in the future.
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Figure 2. Electrocardiogram parameters, including A: HR (heart rate), B: QRS complex voltage, and C: QTc, D: the prevalence of ventricular fibrillation, E: ventricular tachycar-
dia, and F: ventricular premature beats in all groups including control, Ocimum basilicum (OB, 400 mg/Kg), CaCl2 : arrhythmias model, OB (100 mg/Kg) + CaCl2 : OB (200 mg/Kg)
+ CaCl2 , and OB (400 mg/Kg) + CaCl2 . Data are expressed as mean ± SEM. *P < 0.05 and **P < 0.01, ***P < 0.001 compared with the control group and #P < 0.05, ##P < 0.01,
and ###P < 0.001 compared with the CaCl2 group.
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Figure 3. Cardiac histopathology in all groups, including A: control, B: CaCl2 : arrhythmias model, and C: Ocimum basilicum (400 mg/Kg) + CaCl2 .
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