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ABSTRACT

Background: Cardiovascular diseases remain a leading global cause of mortality, with sudden
cardiac death—primarily resulting from arrhythmias—accounting for nearly half of these
fatalities. Limited research has explored the impact of p-coumaric acid (P-co) on
chemically induced arrhythmias. Given the cardioprotective role of antioxidants, this
study aimed to investigate the effects of P-co on oxidative stress, electrocardiographic
(ECG) parameters, and cardiac arrhythmias in Wistar rats using a calcium chloride
(CaCly,)-induced arrhythmia model.

Methods: Forty-eight Wistar rats were divided into 6 groups: (1) Control (normal saline); (2) CaCl,
(normal saline + CaCl, 140 mg/kg); (3-5) CaCl, + P-co 25, 50, and 100 mg/kg, respectively;
and (6) P-co 100 mg/kg. P-co was administered orally for 10 consecutive days, followed by
an intravenous injection of CaCl, via the femoral vein on the final day. Electrophysiological
assessment and arrhythmia evaluation were conducted using lead Il ECG. Furthermore,
biochemical analyses measured oxidative stress and cardiac injury markers, including MDA,
CK-MB, LDH, SOD, CAT, and GPx, across all groups.

Results: Intravenous injection of CaCl, led to significant changes in ECG parameters and the
development of arrhythmias. Pretreatment with P-co significantly improved the observed
changes. Compared with the CaCl, group, P-co pretreatment reduced cardiac damage
markers and lipid peroxidation and enhanced antioxidant enzymes.

Conclusions: The results of this study suggest that the intravenous administration of CaCl,
induces cardiac arrhythmias and oxidative stress in heart tissue. As a natural polyphenol

and antioxidant, P-co exhibited a protective effect against CaCl,-induced cardiac damage.
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ardiovascular  diseases  (CVDs)

represent a major global burden,

contributing extensively to mortality,
morbidity, and diminished quality of life. In
2008, CVDs accounted for approximately 17
million deaths worldwide. According to the
World Health Organization (WHO), by 2030,
around 23.6 million people are expected to
have died from CVDs, with the condition
remaining one of the leading causes of
mortality. Research from the MONICA
project, conducted across 21 countries on 4
continents (excluding Iran), indicated that the
average 28-day mortality rate from coronary
artery disease was 49% in men and 51% in
women. This finding means that nearly half of
the patients who suffered a heart attack died
within the first month. Nonetheless, a more
recent study conducted in Iran found that the
1-month survival rate after a heart attack was
85%, and the 1-year survival rate was 80%." 2
According to the WHO, over 80% of CVDs
occur in low- and middle-income countries.
CVDs encompass a wide range of
conditions, including coronary artery
disease, myocardial infarction, angina
pectoris, heart failure, and various
arrhythmias. Arrhythmias refer to abnormal
heartbeats, causing either tachycardia or
bradycardia, reflecting irregular impulse
generation, conduction irregularities, or a
combination of both. The major causes of
arrhythmias include myocardial ischemia,
exposure to high levels of catecholamines,
autonomic nervous system influences, drug
toxicity, and increased production of free
radicals."® Studies have shown that about
half of deaths caused by CVDs are due to
sudden cardiac arrest, predominantly
associated with  arrhythmias.  Cardiac
arrhythmias involve disturbances in heart
rhythm, manifesting as irregular, accelerated
(tachycardia), or slowed (bradycardia) heart
rates. Arrhythmias can generally be
classified into 2 categories: ventricular and
atrial. They can occur in various heart
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conditions, such as acute coronary
syndromes or cardiomyopathies, and can
lead to heart failure or sudden death.*®

The most significant ventricular arrhythmias
include premature ventricular contractions
(PVCs), ventricular tachycardia (V-tach),
and ventricular fibrillation (VF). The most
common  supraventricular  arrhythmias
include atrial flutter and atrial fibrillation.
Other notable arrhythmias are torsades de
pointes, Wolff-Parkinson-White syndrome,
and Stokes-Adams syndrome.” ® Untreated
arrhythmias can lead to high mortality, with
certain types necessitating urgent
intervention as cardiac  emergencies.
Nevertheless, antiarrhythmic medications
pose inherent risks, often related to dosage
or high plasma concentrations of the drugs.
Moreover, the severity of adverse effects is
frequently influenced by underlying cardiac
conditions and concurrent drug therapies.® *°
Intracellular  free radicals are small
molecules with an unpaired electron, often
derived from oxygen. The terms “free
radicals” and “reactive oxygen species”
(ROS) are frequently used interchangeably.
ROS readily reacts with most biomolecules,
initiating a reaction chain that propagates
free radical production. Oxidative stress,
induced by free radicals and ROS,
contributes significantly to the pathogenesis
of wvarious diseases, including CVDs,
cancers, and diabetes. Neutralization of free
radicals through interactions with other
radicals or antioxidants is essential to
interrupt this damaging cascade.** *?
According to the Vaughan-Williams
classification system, antiarrhythmic drugs
are grouped based on their inhibition of
specific ion channels. These categories
include blockers of fast sodium channels,
receptors, potassium channels, and calcium
channels.”* * Amiodarone is effective in
treating most types of arrhythmias and is
considered the most effective antiarrhythmic
drug. It inhibits potassium, calcium, sodium
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channels, and B receptors, prolonging the
action potential duration, increasing the
refractory period, and lengthening the Q-T
interval. Still, it can cause significant side
effects, such as pulmonary fibrosis, corneal
microdeposits,  tremors, and thyroid
dysfunction.™ ¢

In experimental settings, arrhythmias can be
induced by either electrical or chemical
methods. Calcium chloride (CaCly) is a
commonly used agent for chemically
inducing arrhythmias. It causes arrhythmias
directly by acting on the myocardium and
possibly indirectly through the sympathetic
nervous system.*’

Polyphenolic compounds, the largest group
of phytochemicals, are commonly found in
plant-based foods, and numerous studies
have demonstrated their beneficial effects on
health. Polyphenols exhibit antioxidant
properties that support the body’s
antioxidant defense system against oxidative
stress caused by free radicals. The protective
mechanism of these compounds may be
linked to their involvement in intracellular
signaling pathways.®®? In this regard, p-
coumaric acid (P-co) is a phenolic acid that
exhibits a range of biological activities,
including antioxidant, anti-inflammatory,
analgesic, and antimicrobial effects. It is
widely present in plants and constitutes part
of the human diet.*> %

Given that the effects of P-co on chemically-
induced arrhythmias have not yet been
investigated, and considering the importance
of antioxidants in protecting against heart
diseases, a protocol was designed to evaluate
the effects of P-co on oxidative stress,
electrocardiographic (ECG) parameters, and
cardiac arrhythmias in a CaCl,-induced
arrhythmia model in Wistar rats.

METHODS

Animals
Forty-eight male healthy Wistar rats (200-
250 g) were obtained from the Animal
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Laboratory of Ahvaz Jundishapur University
of Medical Sciences. The animals were
housed in controlled temperatures (20-24 °C)
under a 12-hour light/dark cycle with
unlimited access to food and water. Then,
they were randomly assigned to the target
groups. Animals were treated in accordance
with animal care guidelines. The study
protocol received approval from the Animal
Ethics Committee of Ahvaz Jundishapur
University of Medical Sciences
(IR.AJUMS.ABHC.REC.1402.019).

Experimental Groups
Animals were randomly divided into 6
groups, each containing 8 rats:

1. Control group: Normal saline (10
consecutive days, gavage) followed by
intravenous  injection of normal
saline.?

2. CaCl, group: Normal saline (10
consecutive days, gavage) followed by
intravenous injection of CaCl, (140
mg/kg).”

3. CaCl, + P-co-25 group: P-co (25
mg/kg, 10 consecutive days, gavage)
followed by intravenous injection of
CaCl, (140 mg/kg).?® %

4. CaCl, + P-co-50 group: P-co (50
mg/kg, 10 consecutive days, gavage)
followed by intravenous injection of
CaCl; (140 mg/kg).**

5. CaCl, + P-co-100 group: P-co (100
mg/kg, 10 consecutive days, gavage)
followed by intravenous injection of
CaCl, (140 mg/kg).?® %

6. P-col00 group: P-co (100 mg/kg, 10
consecutive days, gavage) followed by
intravenous  injection of normal
saline.?* %

Induction of Cardiac Arrhythmia Model

The animals were orally administered P-co
for 10 days. After that, the rats were
anesthetized with a mixture of ketamine (50
mg/kg) and xylazine (5 mg/kg). Based on
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the group assignments, 140 mg/kg of CacCl,
was injected via the femoral vein to induce
arrhythmia. Animals in the control and P-
c0100 groups received normal saline (the
solvent for CaCls).**

P-co Administration

P-co was administered orally at doses of 25,
50, and 100 mg/kg daily for 10 consecutive
days prior to CaCl, injection.?

ECG Parameters Assessment

Following anesthesia, lead Il ECG was
recorded for all groups to assess heart rate,
P-R interval, Q-T interval, QRS complex
voltage, PVCs, and the number of VF and
V-tach cases. The Q-T interval was
corrected for heart rate (QTc) utilizing the
Bazett formula®:

QTc = QT/NRR

Measurement of Lactate Dehydrogenase
(LDH) and CK-MB Enzyme Activities in
Plasma

Following the ECG recordings, blood
samples were obtained directly from the
animals’ hearts. Plasma was isolated by
centrifugation, and the parameters were
quantified using validated assay Kkits in
accordance  with  the  manufacturers’
protocols.”®

Assessment of Antioxidant Markers
(catalase [CAT], superoxide dismutase
[SOD], and glutathione peroxidase [GPx])
and Lipid Peroxidation (malondialdehyde
[MDA]) in Cardiac Tissue

At the end of the experiment, heart tissues
were excised and immediately frozen in
liquid nitrogen before being stored at —80
°C. On the day of analysis, the frozen
samples were carefully weighed and
homogenized in phosphate-buffered saline at
a ratio of 1:10. The homogenates were
subsequently centrifuged at 12,000 rpm for
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15 minutes at 4 °C. The resulting
supernatants were utilized to assess
biochemical parameters following the
instructions provided with the respective
assay Kits using spectrophotometry at the
specified wavelengths.”’

RESULTS

ECG parameters analysis

The heart rate examination across different
groups revealed that CaCl, injection
decreased heart rate (P < 0.01) compared
with the control group. Pretreatment with P-
co significantly increased heart rate (P <
0.01) compared with the CaCl, group
(Figure 1.A).

Analysis of the P-R interval among various
groups demonstrated a notable increase (P <
0.05) in the P-R interval of the CaCl, group
in comparison to the control group.
Furthermore, pretreatment with P-co (100
mg/kg) significantly decreased the P-R
interval relative to the CaCl, group (P <
0.05) (Figure 1.B).

The analysis of the Q-T interval, reported as
QTc, demonstrated a significant
prolongation (P < 0.001) in the CaCl, group
compared with the control group. Moreover,
pretreatment with P-co resulted in a
statistically significant decrease in the Q-T
interval (P < 0.01, P <0.01, and P < 0.001,
respectively) by comparison with the CaCl,
group (Figure 1.C).

The analysis of QRS complex voltage
indicated a significant reduction (P < 0.05)
in the CaCl, group compared with the
control group. Notably, pretreatment with P-
co (100 mg/kg) elicited a significant
increase in QRS voltage (P < 0.05) relative
to the CaCl, group (Figure 1.D).

The ECG recording from lead Il is
illustrated in Figure 2.
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Figure 1. Effect of P-co on ECG parameters in different groups. A: HR, B: P-R interval, C: QTc, D: QRS voltage (*P <
0.05, P<0.01,and P <0.001). Data are expressed as mean = SEM (n = 8).

P-co: p-coumaric acid; HR: heart rate
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Figure 2. Effect of P-co on ECG patterns in different groups. A: Control, B: P-co100, C: CaCl,, D: CaCl,+P-c025, E:
CaCl,+P-c050, F: CaCl,+P-c0100.

P-co: p-coumaric acid; ECG: electrocardiography; HR: heart rate; CaCl,. calcium chloride

Cardiac arrhythmia analysis increased the incidence of arrhythmias,
As demonstrated in Figure 3, the including V-tach, VF, and PVC, compared
administration of CaCl, significantly with the control group (P < 0.001).
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Additionally,  pretreatment with  P-co
significantly reduced the occurrence of these
arrhythmias in comparison with the CacCl,
group (P < 0.001).

Figure 4 depicts the effect of CaCl, (140
mg/kg) on cardiac arrhythmias, clearly
demonstrating the incidence of V-tach, VF,
and PVC.

CK-MB analysis

In  this experiment, CaCl, injection
significantly increased CK-MB levels (P <
0.05) in the CaCl, group compared with the
control group. Pretreatment with P-co (100
mg/kg) significantly decreased (P < 0.05)
CK-MB levels compared with the CacCl,
group (Figure 5).

LDH analysis
The levels of LDH exhibited a significant
increase (P < 0.001) in the CaCl, group
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compared with the control group. In
addition, pretreatment with P-co resulted in
a notable reduction in LDH levels (P < 0.05,
P < 0.05, and P < 0.001 respectively) in
comparison with the CaCl, group (Figure 6).

Antioxidant level analysis

Oxidative stress markers showed that the
levels of SOD (P < 0.01), CAT, and GPx (P
< 0.001) were considerably reduced in the
CaCl, group relative to the control group.
Further, CaCl,-treated rats demonstrated a
significant increase in MDA levels (P <
0.05) compared with the control group.
Pretreatment with P-co (100 mg/kg)
significantly  increased the level of
antioxidant enzyme concentrations (P < 0.05
and P < 0.01) and also decreased the level of
MDA (P < 0.05) compared with the CaCl,
group (Figure 7).

15-
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Figure 3. Effect of P-co on cardiac arrhythmias in different groups. V-tach, VF, and PVC were evaluated (" P < 0.001
vs the control group and P < 0.001 vs the CaCl, group). Data are expressed as mean + SEM (n = 8).

P-co: p-coumaric acid; V-tach: ventricular tachycardia; VF: ventricular fibrillation; PVC: premature ventricular

contractions; CacCl,. calcium chloride
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Figure 5. Effect of P-co on the CK-MB level in different groups (P < 0.05). Data are expressed as mean + SEM (n = 8).

P-co: p-coumaric acid; CaCl,. calcium chloride
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Figure 6. Effect of P-co on the LDH level in different groups (P < 0.05 and ~"P < 0.001). Data are expressed as
mean + SEM (n = 8).

P-co: p-coumaric acid; CaCl,. calcium chloride; LDH: lactate dehydrogenase
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Eigure 7. EIfect of P-co on**t*he heart tissue antioxidant content in different groups. A: SOD, B: CAT, C: GPx, D: MDA
(P<0.05 P<0.01,and P <0.001).

P-co: p-coumaric acid; CaCl,. calcium chloride; SOD: superoxide dismutase; CAT: catalase; GPx: glutathione
peroxidase; MDA: malondialdehyde
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Figure 8. Schematic representation showing the impact of CaCl,-induced cardiac arrhythmia via oxidative stress
pathway and the protective role of pretreatment with P-co

P-co: p-coumaric acid; CaCl,. calcium chloride
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DISCUSSION

CVDs, including cardiac arrhythmias,
remain the leading cause of mortality and
morbidity worldwide. Arrhythmias are
disorders of the heart's rhythm resulting
from structural or functional abnormalities,
oxidative stress, or electrolyte imbalances.
These conditions can lead to severe
complications such as heart failure or
sudden cardiac death. Understanding
arrhythmias’ mechanisms and identifying
potential therapeutic interventions are
crucial for improving patient outcomes.”®
The current study demonstrates that P-co, a
natural antioxidant, effectively protects the
heart from injury due to CaCl,-induced
arrhythmia in rat models.

An ECG is one of the main tools in
diagnosing and evaluating cardiac function,
which provides valuable information about
heart rhythm, electrical conduction, and
heart muscle health by recording the
electrical activity of the heart. This
noninvasive method allows the identification
of wvarious cardiac disorders, including
arrhythmias, ischemia, myocardial
infarction, and structural heart problems.?
Additionally, detailed analysis of ECG
components such as P-R, Q-T intervals, and
ST-segment changes provides detailed
information about the heart’s electrical
function and the extent of cardiac tissue
damage, which is used in research and
clinical practice as one of the key tools for
cardiac evaluation.®> 3! Detailed ECG
analysis in the present study revealed
significant alterations in cardiac electrical
activity induced by CaCl, injection. A
dramatic reduction in heart rate and QRS
voltage was observed, indicating a
compromised ability of the heart to generate
and conduct electrical impulses efficiently.
This was further accompanied by a marked
increase in the QTc and the P-R interval,
suggesting prolonged ventricular
repolarization and impaired atrioventricular
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conduction. These findings highlight the
extent of cardiac dysfunction and underscore
the utility of ECG parameters in identifying
and quantifying the severity of cardiac
injury and associated electrophysiological
disturbances.

Cardiac arrhythmias are disturbances in the
heart's normal rhythm caused by problems
producing or conducting electrical impulses.
These disturbances may cause the heart rate
to increase, decrease, or become irregular.
Arrhythmias can be mild and non-existent or
severe and life-threatening.** V-tach is an
arrhythmia in which the ventricles contract
abnormally at a high rate. This leads to low
blood pressure, reduced blood flow to the
extremities, and VF or cardiac arrest in more
severe cases.®® 3* PVCs are abnormal beats
that start in the ventricles and disrupt the
heart's normal rhythm; these beats are
usually felt as skips or extra beats and, if
repeated, can lead to more serious
arrhythmias. VF is a dangerous and life-
threatening arrhythmia in  which the
ventricles contract rapidly and irregularly,
causing a sudden stop in blood pumping;
this condition can lead to cardiac arrest and
death without immediate intervention, such
as defibrillation.®*®" The findings of our
study are consistent with previous research.
For instance, Khaksar et al®® reported that
intravenous administration of CaCl, induced
cardiac arrhythmias, including V-tach, VF,
and premature ventricular beats. Similarly,
Kheradmandpour et al** demonstrated that
CaCl, administration in rats resulted in
alterations of ECG parameters, subsequent
development of cardiac arrhythmias, and
heightened oxidative stress.

Cardiac biomarkers are crucial in diagnosing
and monitoring heart diseases, as they reflect
the extent of myocardial injury and stress.
Among these, CK-MB and LDH are widely
used indicators of cardiac damage. CK-MB
is an isoenzyme predominantly found in the
myocardium, and its elevation in serum is a
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hallmark of myocardial infarction or injury.
LDH, an enzyme in cellular energy
metabolism, is released into the bloodstream
when myocardial cells are damaged or lysed.
Elevated levels of these biomarkers signify
cellular necrosis and provide valuable
insights into the severity and progression of
cardiac pathology.”® Similarly, Liu et al*
demonstrated that  dexmedetomidine-
induced cardiac injury through
ischemia/reperfusion leads to increased
cardiac biomarkers, including CK-MB,
troponin I, and LDH levels. The results of
this study demonstrated that intravenous
injection of CaCl, caused cardiac damage,
leading to increased levels of LDH and CK-
MB markers, which, in turn, affected cardiac
function. Conversely, pretreatment with P-
co by decreasing the leakage of CK-MB and
LDH leads to improved cardiac function. A
study by Ponnian et al** indicated that
pretreatment with P-co in isoproterenol-
induced myocardial infarction in a rat model
reduced the level of cardiac biomarkers and
confirmed the cardioprotective effect of this
polyphenol.

Oxidative stress occurs when there is an
imbalance  between  oxidation  and
antioxidant processes. During cardiac injury,
superoxide and hydrogen peroxide radicals
can inactivate SOD and CAT. This
inactivation leads to superoxide and
hydrogen peroxide accumulation, which can
damage myocardial cells. Previous studies
have shown that infarcted mice treated with
coumaric acid significantly increased
antioxidant activity and levels.** ** In the
present study, we evaluated lipid
peroxidation and antioxidant enzyme levels.
The results indicated increased lipid
peroxidation, as evidenced by elevated
MDA levels, accompanied by a significant
decrease in the levels of SOD, CAT, and
GPx. Pretreatment with P-co has been
shown to improve the levels of SOD, CAT,
and GPx in the heart while reducing MDA
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levels. In the same regard, Shen et al®
reported that P-co supplementation could
slightly reduce body weight in mice and
decrease total cholesterol levels,
atherosclerosis index, and serum CAT
levels. P-co administration also improved
lipid peroxidation and antioxidant defense. It
is a potent natural antioxidant with potential
therapeutic efficacy for treating cardiac
arrhythmia.

Although this study examined the effects of
P-co on oxidative stress, ECG parameters,
and cardiac arrhythmias, it is recommended
that future research elucidate the precise
mechanisms underlying the influence of P-
co on cellular signaling pathways, as well as
explore potential analogous or synergistic
effects of P-co.

CONCLUSIONS

In conclusion, this study demonstrates that
CaCl, injection in Wistar rats causes
significant cardiac dysfunction, including
elevated LDH and CK-MB markers,
arrhythmias, and reduced antioxidant
activity due to oxidative stress. P-co, as a
natural antioxidant, effectively mitigated
these effects by improving ECG parameters,
reducing lipid peroxidation, and enhancing
antioxidant enzyme activity. These findings
suggest that P-co may offer protective
benefits against CaCl,-induced cardiac
damage, providing potential therapeutic
value in managing oxidative stress and
arrhythmias.
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