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Abstract

Background: The pharmacological properties of Cinnamomum zeylanicum have been predominantly explored in the context of cardiovascular
diseases. Given its well-established anti-inflammatory and antioxidant properties, this study aimed to evaluate the cardioprotective potential of
the hydroalcoholic extract of Cinnamomum zeylanicum barks (HECZ) against isoproterenol (ISO) induced cardiotoxicity.

Methods: Rats were pre-treated with HECZ (200 - 400 mg/kg, p.o.) or 100 mg/kg of vitamin E for 28 consecutive days, followed by ISO
administration (85 mg/kg, s.c.) on days 29 and 30. Hemodynamic, hematological, biochemical, and histological parameters were assessed.
Results: Administration of ISO resulted in significant reductions in blood pressure and cardiac antioxidant enzyme activities, along with
increased leukocyte counts, enhanced lipid peroxidation, and marked alterations in cardiac marker enzyme levels. This was accompanied by an
elevated heart rate, altered serum lipid profiles, increased levels of IL-6, TNF-qa, and IL-1f. Histopathological analysis revealed death of heart
cells and inflammation in the ISO group. However, pre-treatment with HECZ or Vitamin E significantly mitigated these ISO-induced alterations.
The histopathological findings corroborated the biochemical results.

Conclusion: These findings indicate that HECZ mitigated myocardial injury in ISO-treated rats, showcasing its cardioprotective effects through
modulation of cardiac parameters, and its antioxidant and anti-inflammatory properties.
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Background

Myocardial infarction (Ml), a leading cause of cardiomyocyte death,
is characterized by myocardial ischemia—induced cardiomyocyte
necrosis resulting from an imbalance between myocardial oxygen
demand and coronary blood supply [1]. Ml and heart failure
account for a substantial proportion of cardiovascular diseases,
contributing to approximately one-third to one-half of all cases [2].
While the national prevalence of Ml in Cameroon is not well
documented, a study at the Cardiac Centre of Elizabeth Catholic
General Hospital, Shisong, indicated a 0.9% MI prevalence among
8389 adult patients diagnosed with heart diseases between
November 2009 and November 2011 [3]. Furthermore,
Cameroon’s arterial hypertension prevalence was 30.9% by 2019
[4], posing a substantial risk factor for MI.

In managing MI, rapid reperfusion strategies are critical
to minimize cardiomyocyte damage. However, reperfusion therapy
can induce injury, partly due to free radical generation [5, 6].
Conventional MI treatments, despite their effectiveness, are not
universally accessible due to high costs and adverse effects,
including dry cough, dizziness, loss of appetite, fatigue, headache,
and hyperkalemia. Consequently, herbal medicines have gained
attention as viable alternatives, offering cultural acceptance,
reduced side effects, and affordability [7, 8]. Traditional medicine
use exceeds 75% in many regions, particularly in low-income
countries, supporting the exploration of herbal remedies for
cardiovascular diseases.

Isoproterenol (B-adrenergic agonist synthetic) is widely

employed to cause experimental MI in laboratory animals. The
resultant cardiac dysfunctions closely mimic human MI pathology
[9]. High doses of ISO trigger increased chronotropism, inotropism,
oxidative stress, and inflammation, making it a standard model for
evaluating cardioprotective agents [10]. Medicinal plants with
antihypertensive, antithrombotic, anti-inflammatory,
antihyperlipidemic and antioxidant properties are of particular
interest in Ml management.
Cinnamomum zeylanicum (Lauraceae family), is a generally used
culinary spice with notable pharmacological activities. Experimental
studies have demonstrated its antidiabetic [11], nephroprotective
[12—14], anti-tumor [15], antidepressant [16], anti-inflammatory
[17,18], and immunomodulatory [19] effects. Oxidative stress, a
key factor in Ml pathogenesis, can be mitigated by C. zeylanicum's
antioxidant and free radical scavenging properties [20,21].
Additionally, its hypotensive, antihypertensive, vasorelaxant,
hypolipidemic, and antiatherosclerotic activities [22—-25] contribute
to its cardioprotective potential. Although the cardioprotective
effects of C. zeylanicum's aqueous extract have been reported in a
doxorubicin-induced cardiotoxicity model [26], its effects against Ml
(induced by ISO) remain unexplored. This study aimed to evaluate
the cardioprotective effect of the hydroalcoholic extract of
Cinnamomum zeylanicum barks (HECZ) in an isoproterenol (ISO)
induced model of myocardial infarction, assessing a broad
spectrum of parameters including hemodynamic metrics,
electrocardiogram profiles, lipid profiles, cardiac enzyme markers,
oxidative stress markers, anti-inflammatory effects, and
histopathological changes.

Page 2 of 11

Methods

Plant Materials

Cinnamomum zeylanicum bark was collected in August 2018 from
Njombe, Littoral Region, Cameroon, and authenticated by
Professor Louis Zapfack (Faculty of Science) using voucher
specimen SRFC/22309 deposited at the Cameroon National
Herbarium. The harvested bark was cut into small pieces and air-
dried at room temperature away from direct sunlight, then ground
into a fine powder. The resulting powder (500 g) was macerated in
5 L of a hydroalcoholic solution (70% ethanol and 30% water) for
48 h. The mixture was subsequently filtered using Whatman No. 3
filter paper, and the filtrate was concentrated under reduced
pressure to obtain 36 g of hydroalcoholic extract, corresponding to
a 7.2% yield.

Experimental animals

Thirty-six male Wistar rats (10-12 weeks old, 150-200 g) were
obtained from the animal facility of the Laboratory of Animal
Physiology, Faculty of Science, University of Yaoundé |,
Cameroon. The rats were kept under normal laboratory
environments with normal light cycles, receiving standard feed and
water ad libitum. All procedures involving animals adhered to the
ethical procedures of the Institutional Ethics Committee of the
Cameroon Ministry of Scientific Research and Innovation, which
comply with the European Union standards for animal care (EEC
Council 86/609).

Induction of myocardial infarction

Isoproterenol (CAS RN: 51-30-9, TCI, Japan) was newly prepared
in 0.9% NaCl and 85 mg/kg was administered subcutaneously on
days 29 and 30 (24-hour interval between injections). The Wistar
rats were sacrificed 24 hours after the final isoproterenol injection
[271.

Experimental design

The rats were randomly separated into six groups (six Wistar rats
per group). Prior to myocardial infarction induction, pretreatment
was administered orally for 28 consecutive days:

e Normal control group: distilled water (1 mL/100 g, b.w.)
e  |soproterenol (ISO) group: distilled water
e  Tocopherol group: 100 mg/kg

e  Cinnamomum zeylanicum extract groups: 200 mg/kg and
400 mg/kg

e  Extract only group: 400 mg/kg without isoproterenol
Body weights were monitored every two days. On days
29 and 30, all groups except the normal control and the extract-
only group received isoproterenol injections. These two groups
received distilled water or the extract (400 mg/kg), followed by
normal saline (0.9% NaCl). The doses of the extract were chosen
according to a previous study [14].

Measurement of blood pressure, heart rate, and electrocardiogram

On day 31, rats were anesthetized (15% urethane, 1.5 g/kg, i.p.).
The trachea was intubated to simplify spontaneous breathing. A
polyethylene catheter was introduced into the carotid artery, and
needle electrodes were positioned subcutaneously in a lead Il
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configuration. These were connected to a Biopac Student Lab
MP35 system (USA) to measure HR (heart rate), BP (blood
pressure), and ECG (electrocardiogram) after a 30-minute
equilibration period [28].

Hematological and biochemical analysis, and heart sample
collection

Following hemodynamic measurements, blood samples were
collected (in carotid artery) into tubes with and without
anticoagulant (EDTA) for hematological and biochemical
assessments. Rats were then euthanized, and their hearts were
excised, weighed, and processed to assess cardiac hypertrophy.

Hematological parameters were analyzed using a
Mindray BC-3000 auto hematology analyzer, including hematocrit,
red blood cell, mean corpuscular volume, white blood cell,
hemoglobin, platelet, mean corpuscular hemoglobin concentration
and mean corpuscular hemoglobin count.

Biochemical analyses included serum markers of heart
tissue injury (LDH, AST, CK-MB, ALT, ALP) and total protein levels
[29]. . Lipid profile parameters (HDL, total cholesterol, LDL,
triglycerides,) were also measured, and atherogenic and coronary
risk indices were calculated [30]. The heart tissue was divided into
oxidative stress, cytokine analysis and histopathological evaluation.

Oxidative stress assessment

Heart tissues were homogenized (Tris-KCl buffer, pH 7.4)) to
prepare homogenates (20%, w/v). After centrifugation (1160g, 4°C,
15 min) and collect supernatant, this was kept (-20°C) for
subsequent analyses. Superoxide dismutase (SOD) [31], catalase
(CAT) [32], reduced glutathione (GSH) [33].and malondialdehyde
(MDA) [34]. levels were measured using established
spectrophotometric methods.

Inflammatory marker quantification

Cardiac tissue homogenates were analyzed for IL-6, IL-1B3, TNF-a
using R&D Systems, USA ELISA kits [35] . Nitric oxide (NO) levels
were quantified using the Griess method, with absorbance
measured at 540 nm [36].

Histopathological evaluation

Heart tissues were fixed (formalin buffered 10%), embedded
(paraffin), and sectioned (5 pm) slices using a Reichert-Jung
microtome. Pieces were soaked in H&E (hematoxylin/eosin) and
observed (light microscope) for myocardial necrosis and
inflammation. Lesions were scored on a scale from 0 (no changes)
to 3 (marked damage) based on the extent of inflammatory
infiltration and/or myocardial degeneration.

Statistical analysis

Data were presented (mean + SEM) for each group (n=6).
Statistical analyses were made using one-way ANOVA followed by
Tukey'’s test for multiple comparisons. The analysis was conducted
using GraphPad Prism version 8.01, with a significance threshold
setat P <0.05.
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Results

Cardiac hypertrophy is reduced and body weight is not affected by
HECZ

No significant (p>0.05) alterations in body weight were perceived
among all treatment groups, indicating that none of the
interventions affected overall body mass. However, isoproterenol
(ISO) administration significantly increased (p<0.001) both total
heart weight and the heart weight-to-body weight ratio compared to
the control group, highlighting the progress of cardiac hypertrophy.
Notably, treatment with the hydroalcoholic extract of C. zeylanicum
(HECZ) or Vitamin E (VIT E) effectively mitigated these increases,
demonstrating a significant reduction in both heart weight and the
heart weight-to-body weight ratio relative to the ISO-only treated
group (Table 1).

Hemodynamic stabilization and ECG improvement with HECZ
treatment

ISO exposure led to a marked reduction in hemodynamic
parameters, including SBP (systolic blood pressure), DBP (diastolic
blood pressure), and MABP (mean arterial blood pressure) when
related to the normal or control group. Specifically, MABP
decreased by 29.11% (p<0.001) in the ISO group. Pre-treatment
with VIT E, HECZ at 200 mg/kg, or HECZ at 400 mg/kg
significantly improved MABP by 39.33% (p<0.001), 32.02%
(p<0.001), and 30.39% (p<0.001), respectively. Conversely, in the
group treated with HECZ (400 mg/kg) alone, MABP revealed a
significant decrease of 20.44% (p<0.001) compared to the control.
The heart rate also showed a significant increase in the
ISO group, rising by 8.98% (p<0.01) from 376.00 + 7.28 bpm in the
control group to 409.80 + 3.73 bpm. Pre-treatment with VIT E or
HECZ at both 200 mg/kg and 400 mg/kg for 28 days significantly
reduced heart rate by 7.51% (p<0.05), 7.56% (p<0.05), and 8.50%
(p<0.01), respectively, when compared to the ISO group (Table 2).
ECG analysis on day 30 revealed that ISO administration
significantly (p<0.001) altered ECG patterns, showing decreased
QRS amplitude and elevated ST segments. Treatment with HECZ
at both doses or with VIT E notably improved ECG parameters, as
evidenced by increased QRS complex (p<0.05, p<0.01) and
reduced ST segment elevation (p<0.001) relative to the ISO group.

Hematological parameters restored to normal with HECZ

Table 3 outlines the influence of HECZ on hematological
parameters. ISO treatment caused a significant increase (p<0.01)
in white blood cell (WBC) count, reflecting an inflammatory
response. However, VIT E and HECZ (200 and 400 mg/kg)
effectively normalized WBC levels to those comparable to the
control group. No other hematological parameters exhibited
significant changes regardless of the treatment received.

Lipid profiles improved by HECZ treatment

Table 4 presents data on lipid parameters, including TC (total
cholesterol), TG (triglycerides), HDL-C (high-density lipoprotein
cholesterol), LDL-C (low-density lipoprotein cholesterol), and the
atherogenic index (Al). ISO intoxication significantly elevated
serum TC, Al, LDL-C, TG, and coronary risk index (CRI) while
reducing HDL-C compared to control rats. Pre-treatment with
HECZ for 28 days significantly reduced (p<0.001) TC, Al, LDL-C,
TG, and CRI, while increasing HDL-C levels. VIT E treatment
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similarly maintained lipid profiles within a near-normal range,
mirroring the effects of HECZ. Additionally, a standalone HECZ
treatment at 400 mg/kg led to a significant reduction (p<0.05,
p<0.01) in TC and TG levels.

Prevention of blood and heart protein levels declines by HECZ

ISO exposure led to significant reductions in both plasma protein
(29.27%) and cardiac protein levels (50.42%) compared to the
control group. Pre-treatment with HECZ (200 and 400 mg/kg)
significantly prevented these declines, increasing proteinemia by
37.6% and 41.2%, respectively, and enhancing heart protein
content by 81.60% (p<0.01) and 127.01% (p<0.001) compared to
the ISO group (Figure 1).

Myocardial enzyme levels in serum reduced by HECZ

ISO administration caused significant elevations in serum levels of
ASAT (64.06%, p<0.001), ALAT (37.37%, p<0.01), LDH (55.65%,
p<0.001), CK-MB (47.47%, p<0.001), and ALP (15.58%, p<0.05).
However, pre-treatment with HECZ or VIT E significantly
attenuated these increases, maintaining enzyme levels close to
those of the control group. Notably, NO and cytokine levels
remained unaltered in the HECZ-only treated group (Figure 2).

Oxidative stress and inflammatory markers alleviated by HECZ

Table 5 illustrates the impact of HECZ on MDA, CAT, SOD, and
GSH. 1SO-induced myocardial infarction caused a substantial
increase in MDA levels (p<0.001) and a significant decrease
(p<0.05; p<0.001) in SOD, CAT, and GSH activities. Pre-treatment
with VIT E or HECZ significantly reversed these changes, aligning
oxidative stress marker levels with those of the control group.
TNF-a, IL-1B8, IL-6, and NO levels in cardiac
homogenates, were significantly elevated (p<0.001) following I1ISO
treatment. However, dose-dependent pre-treatment with HECZ
(200 and 400 mg/kg) or VIT E effectively reduced these
inflammatory markers, showing no significant differences
compared to the normal control in the HECZ 400 mg/kg group.

Myocardial structure preserved by HECZ treatment

Histopathological analysis (Figure 3) revealed that control and
HECZ-only treated rats displayed normal myocardial architecture
without leukocyte infiltration or necrosis. Conversely, ISO-treated
rats showed significant myocardial damage, characterized by
inflammatory foci, edema, cardiomyocyte necrosis, and a
significantly high histopathological score (p<0.001). Rats pre-
treated with HECZ or VIT E before ISO injection exhibited near-
normal myocardial histoarchitecture, with a significant reduction
(p<0.001) in tissue damage compared to the ISO-only group.
Overall, these findings demonstrated that HECZ exerts a
cardioprotective effect by modulating hemodynamic parameters,
improving lipid profiles, enhancing protein levels, reducing
oxidative stress and inflammatory responses, and preserving
myocardial structure in ISO-induced rat myocardial infarction.
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Discussion

This study aimed to evaluate the effects (cardioprotective) of the
hydroalcoholic extract of HECZ in an isoproterenol (ISO)-induced
MI (myocardial infarction) model in rats. Both HECZ and Vitamin E
treatments effectively mitigated the detrimental impacts of ISO on
myocardial tissue, suggesting their potential therapeutic value in
managing cardiac injuries.

Isoproterenol (catecholamine and (-adrenergic receptor
agonist) is widely used to induce MI in laboratory animals. The
pathological and morphological changes observed in the hearts of
rats subjected to ISO closely resemble the characteristics of
human MI [9]. This experimental model thus provides a relevant
platform for assessing potential cardioprotective agents.

In this study, ISO administration resulted in reduced body
weight gain and an increased relative heart weight in rats. These
findings align with prior studies indicating that ISO may trigger
proteolysis and inhibit protein synthesis, contributing to reduced
body mass [37]. The decrease in total protein levels observed in
both serum and heart tissues of ISO-treated rats further
corroborated this hypothesis. Interestingly, HECZ not only
prevented ISO-induced weight loss but also promoted higher body
weights in treated animals compared to normal controls, indicating
its potential role in modulating protein metabolism. The prevention
of serum protein depletion by HECZ suggests an inhibitory effect
on proteolysis, though the lack of a protein increase in the absence
of ISO indicates limited impact on protein synthesis. These results
are in line with previous research demonstrating the
nephroprotective effects of HECZ against gentamicin-induced renal
toxicity in rats [14].

ISO administration is known to disrupt hemodynamic
parameters, leading to decreased systolic, diastolic, and mean
arterial pressures and an increased heart rate. These changes
result from ISO’s dromotropic, lusitropic, chronotropic, and positive
inotropic effects, which ultimately impair myocardial perfusion and
induce cardiac damage [38]. However, treatments with HECZ and
Vitamin E significantly ameliorated these hemodynamic
disturbances, restoring arterial pressure indices and stabilizing
heart rate. This indicates that both interventions offer significant
protection to cardiac hemodynamics during ischemic episodes.

Electrocardiogram (ECG) analysis, a critical diagnostic
tool for MI, revealed typical abnormalities such as ST-segment
elevation and deep Q-wave in ISO-treated rats. These alterations
reflect loss of cell membrane integrity and compromised electrical
activity in the myocardium [39]. ISO treatment significantly reduced
P and QRS wave amplitudes, indicating myocardial necrosis.
Conversely, HECZ administration notably improved these ECG
parameters, demonstrating its cardioprotective effects. Additionally,
HECZ prevented ISO-induced ST-segment elevation, suggesting a
membrane-stabilizing effect that supports myocardial integrity.
Dyslipidemia is a known risk factor for cardiovascular diseases,
contributing to myocardial damage through altered lipid metabolism
and atherosclerosis. In this study, I1SO-treated rats exhibited
significant increases in serum total cholesterol, triglycerides,
atherogenic index, coronary risk index, and LDL cholesterol,
alongside a reduction in HDL cholesterol. HECZ treatment
effectively normalized these lipid profiles, highlighting its
hypolipidemic potential. Preceding studies have revealed that
cinnamon bark extract and its active component cinnamate can
reduce lipid biosynthesis by inhibiting hepatic HMG-CoA reductase
activity, contributing to lower cholesterol and triglyceride levels [40-
47].
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ISO-induced myocardial injury is also characterized by
elevated levels of cardiac biomarkers such as CK-MB, AST, LDH,
ALT, and ALP, indicating compromised cell membrane integrity
[48-52]. HECZ and Vitamin E treatments significantly reduced
these biomarker levels, suggesting the preservation of myocardial
cellular structure and limiting enzyme leakage into circulation.

Oxidative stress plays an essential role in ISO-induced
cardiac injury through the generation of free radicals. The present
study showed decreased antioxidant enzyme activities (SOD, CAT)
and reduced non-enzymatic antioxidant (GSH) levels in the hearts
of 1ISO-treated rats, along with increased malondialdehyde (MDA)
levels. HECZ treatment enhanced antioxidant defense
mechanisms and restored MDA levels to near-normal, supporting
its antioxidant properties. These results align with prior findings that
indicated HECZ's ability to scavenge lipid peroxidation products
and provide myocardial protection [14].

Inflammatory processes significantly contribute to M
pathogenesis. HECZ exhibited anti-inflammatory effects by
decreasing cardiac nitric oxide (NO) levels, lowering pro-
inflammatory cytokines, and decreasing inflammatory cell
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infiltration in cardiac tissue. This anti-inflammatory action is
consistent with previous studies on the effects of Cinnamomum
zeylanicum in other models of toxicity and inflammation [14, 53,
54].

Additionally, 1SO-induced myocardial infarction caused
leukocytosis, a common immune response to inflammation and
myocardial necrosis [55]. HECZ administration countered this
effect, demonstrating its potential to modulate inflammatory
responses. These findings are further supported by
histopathological evaluations showing that HECZ treatment
maintained myocardial cell integrity, reduced myonecrosis, and
diminished inflammatory infiltration in cardiac tissues. The
cardioprotective effects of HECZ perceived in this study may be
partially credited to cinnamaldehyde, its major bioactive
constituent, which has been documented for its antioxidant, anti-
inflammatory, and vasorelaxant properties [56-59]. Histological and
biochemical findings were well correlated, reinforcing the notion
that HECZ treatment offers substantial protection against 1SO-
induced myocardial damage.

C
b
C
[ | |
! VitE 200 400 400
HECZ (mgikg)
150 (85 mygikg)

Figure 1. Effects of the hydroalcoholic extract of Cinnamomum zeylanicum on blood (a) and heart (b) proteins in Isoproterenol induced

myocardial infarction in rats.

Each bar represents the mean + SEM. n = 6; Yp<0.001: significant differences as compared to normal control (NC). °p<0.01, °p<0.001: significant differences as
compared to the isoproterenol group (ISO (85 mg/kg)), HECZ: hydroalcoholic extract of Cinnamomum zeylanicum, and VIT E = Vitamin E (100 mg/kg)
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Each bar represents the mean + SEM. n = 6; fp<0.01, ¥p<0.001: significant differences as compared to normal control (NC). p<0.05, ®p<0.01, °p<0.001: significant
differences as compared to the isoproterenol group (ISO (85 mg/kg)), HECZ: stem barks hydroalcoholic extract of Cinnamomum zeylanicum, and VIT E= Vitamin E
(100 mg/kg). AST= aspartate amino-transferase, ALT= alanine amino-transferase, LDH= lactate dehydrogenase, ALP= alkaline phosphatase, CK-MB= creatine

kinase- MB
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Figure 3. Effects of Cinnamomum zeylanicum hydroalcoholic extract (HECZ) on histopathological changes (A) and on histological score (B) in
heart tissue.

Each data represents the mean + SEM. n = 6; Yp<0.001: significant differences as compared to normal control (NC). °p<0.001 indicate significant differences as
compared to the isoproterenol group. NC: Normal control group received saline showing normal structure of myocardium; ISO: Diseased group received two
subcutaneous injections of isoproterenol (ISO, 85 mg/kg) showing necrosis of myofibrils and large numbers of invasive inflammatory cells; HECZ alone: received only
the extract at the dose 400 mg/kg showing normal structure of myocardium; VIT E + ISO: positive control group received vitamin E (100 mg/kg) + two subcutaneous
injections of isoproterenol (ISO, 85 mg/kg) showing very slight alterations in cardiac tissue; HECZ 200 mg/kg and HECZ 400 mg/kg + two subcutaneous injections of
isoproterenol (ISO, 85 mg/kg) respectively showing lesser myocardial necrosis and decrease in inflammatory foci. Heart tissues were stained with hematoxylin and
eosin and visualized under the light microscope at x 100 magnification. N = Nuclei of heart muscle fibre; Fc = Cardiac muscle fibre; Circle = Leukocyte invasion
(inflammation-myocarditis) and intense necrotic zon.

Table 1. Effects of the hydroalcoholic extract of Cinnamomum zeylanicum on body weight, heart weight and heart weight/body weight ratio in
Isoproterenol induced myocardial infarction in rats.

Body weight at Day 31 (g) Heart weight (g) Heart weight/ Body weight ratio (%)
Normal control 240.80 + 4.57 0.79 £ 0.01 0.33 £ 0.01
1ISO 237.20 +4.28 1.23 + 0.03Y 0.52 +0.01Y
VIT E +1SO 247.80 +4.17 0.91 +£0.028 0.36 £ 0.01°
HECZ 200 + ISO 241.40 £ 3.10 0.77 £0.01°¢ 0.32 + 0.00°
HECZ400 + ISO 246.00 + 4.26 0.74 £ 0.02° 0.30 £ 0.01¢
HECZ 400 244.20 +4.55 0.78 £ 0.01 0.32 £ 0.01

Each data represents the mean + SEM. n = 6; £p<0.01, Yp<0.001: significant differences as compared to normal control. °p<0.001: significant differences as compared
to the isoproterenol group. ISO = Isoproterenol (85 mg/kg), HECZ200: hydroalcoholic extract of Cinnamomum zeylanicum (200 mg/kg), HECZ400: hydroalcoholic
extract of Cinnamomum zeylanicum (400 mg/kg), and VIT E = Vitamin E (100 mg/kg).
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Table 2. Effects of the hydroalcoholic extract of Cinnamomum zeylanicum on

Isoproterenol induced myocardial infarction in rats
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hemodynamic and electrocardiographic parameters in

Hemodynamic parameters

Electrocardiogram

Systolic blood Diastolic blood  Mean arterial Heart rate (Beat P wave QRS complex (mV) ST wave

pressure pressure blood pressure per minute) (mV) (mV)

(mmHg) (mmHg) (mmHg)
Normal control 124.60 + 3.03 84.40 £ 3.72 97.80 + 1.95 376.00 +7.28 0.022 + 0.001 0.545 + 0.023 0.031+ 0.001
ISO 86.00 + 3.03Y 61.00 + 2.20¥ 69.33 + 2.35Y 409.80 + 3.73F 0.019 + 0.001 0.311 + 0.025Y 0.074 + 0.006Y
VIT E +1SO 1156.20 £2.82°  79.80 + 2.97° 91.60 + 1.53¢ 379.00 + 7.64° 0.023 + 0.001 0.440 + 0.0262 0.038 + 0.002°
HECZ 200 + ISO 114.60 £ 3.20°  80.00 + 0.70° 91.53 + 1.42° 378.80 + 5.282 0.021 + 0.001 0.412 £ 0.015% 0.046 + 0.004°
HECZ400 + ISO 117.20+1.88°  77.00 + 1.73° 90.40 + 0.79° 375.00 + 4.72° 0.022 + 0.001 0.477 + 0.015° 0.041 + 0.005°
HECZ 400 99.00 + 2.02Y 67.20 + 2.08Y 77.80 + 2.00¥ 364.60 + 6.08 0.021 + 0.001 0.477 + 0.043 0.033 + 0.002

Each data represents the mean = SEM. n = 6; %p<0.05, fp<0.01, ¥p<0.001: significant differences as compared to normal control. 2p<0.05 , °p<0.01, °p<0.001:
significant differences as compared to the isoproterenol group. ISO = Isoproterenol (85 mg/kg), HECZ200: hydroalcoholic extract of Cinnamomum zeylanicum (200
mg/kg), HECZ400: hydroalcoholic extract of Cinnamomum zeylanicum (400 mg/kg), VIT E = Vitamin E (100 mg/kg).

Table 3. Effects of the hydroalcoholic extract of Cinnamomum zeylanicum on some haematological parameters in Isoproterenol induced
myocardial infarction in rats

White blood Red blood Platelet Hemoglobin  Hematocrit Mean MCH (pg) MCHC (g/dL)

cell cell (x 103/pL) (g/dL) (%) corpuscular

(x 103/pL) (x 108/pL) volume (fL)
Normal control 6.35+0.77 7.36 +£0.28 499.01 £ 7.81 13.37 £ 0.33 37.68 £0.97 52.58 + 3.16 19.26 + 0.62 37.17 £ 0.70
ISO 9.19 + 0.59° 6.68 £ 0.27 469.40 + 18.84 12.25+0.42 34.45+1.25 53.88 + 2.01 19.51 + 0.61 37.62 £ 0.90
VIT E +1SO 6.31+0.48° 7.06 £ 0.32 460.50 + 21.22 13.18+£0.33 35.20 £ 1.60 52.98 + 2.01 18.76 + 0.50 37.07 £0.87
HECZ 200 + ISO 6.25 +0.23° 7.47 £0.16 467.20 £ 21.73 13.53+0.25 36.00 + 1.32 55.72 +2.10 18.97 £ 0.61 37.97 £ 1.09
HECZ400 + ISO 6.98 +0.19° 7.38+0.15 478.30 £ 25.34 13.13+0.33 35.08 £ 0.89 55.10 £ 2.25 19.02 + 0.36 35.32+0.25
HECZ 400 6.03 +0.37 7.19+0.34 503.01 + 20.74 13.35+ 0.42 35.55 + 1.99 52.58 + 3.26 18.88 + 0.42 35.67 + 0.87

Each data represents the mean + SEM. n = 6; Pp<0.01 indicate significant differences as compared to normal control. ®p<0.01 indicate significant differences as
compared to the isoproterenol group. ISO = Isoproterenol (85 mg/kg), HECZ200: hydroalcoholic extract of Cinnamomum zeylanicum (200 mg/kg), HECZ400:
hydroalcoholic extract of Cinnamomum zeylanicum (400 mg/kg), VIT E= Vitamin E (100 mg/kg), MCH: mean corpuscular hemoglobin concentration, MCHC: mean

corpuscular hemoglobin count.

Table 4. Effects of the hydroalcoholic extract of Cinnamomum zeylanicum on lipid profile in Isoproterenol induced myocardial infarction in rats

Total cholesterol High-density Low-density triglycerides Atherogenic Coronary risk

(mg/dL) lipoproteins (mg/dL) lipoproteins (mg/dL) (mg/dL) index index
Normal control 65.96 + 2.52 31.89+1.32 23.52+2.70 43.69 + 1.32 0.73+0.07 2.08+0.10
ISO 95.83 + 3.21¥ 22.33 + 1.16° 54.40 + 1.80¥ 75.74 + 2.61Y 2.45+0.12Y 4.31+0.15Y
VIT E +1SO 73.70 £ 1.75°¢ 35.40 + 1.69° 28.13 + 2.36° 43.15+ 1.09° 0.80 £ 0.08° 2.09+0.01°
HECZ 200 + ISO 71.28 + 0.90° 39.40 £ 1.87% 21.80 + 0.68° 45.20 + 1.75° 0.58 + 0.04° 1.82 + 0.09°
HECZ400 + ISO 58.90 + 1.62° 30.38+1.262 22.72+0.73° 40.59 + 0.44° 0.72+0.02° 1.94 + 0.04°
HECZ 400 54.67 + 1.27° 32.82+1.61 17.50 £ 1.09 36.28 £ 1.71 0.54 +0.06° 1.68 £ 0.08

Each data represents the mean + SEM. n = 6; %0<0.05, Pp<0.01, ¥p<0.001: significant differences as compared to normal control. 2p<0.05, p<0.01, °p<0.001:
significant differences as compared to the isoproterenol group. ISO = Isoproterenol (85 mg/kg), HECZ200: hydroalcoholic extract of Cinnamomum zeylanicum (200
mg/kg), HECZ400: hydroalcoholic extract of Cinnamomum zeylanicum (400 mg/kg), VIT E = Vitamin E (100 mg/kg).

Table 5. Effects of the hydroalcoholic extract of Cinnamomum zeylanicum on oxidative stress markers and heart proinflammatory cytokines in
Isoproterenol induced myocardial infarction in rats

oxidative stress markers

heart proinflammatory cytokines

Malondi- Superoxide Catalase (U) Reduced TNF-a (pg/mg IL-6 (pg/mg IL-1B (pg/mg NO (mM)
aldehyde (uM)  dismutase glutathione of proteins) of proteins) of proteins)
(V) (nmol)

Normal control 71.36 £ 0.83 17.68 + 0.47 10.43 £ 0.86 0.098 + 0.004 111.00 £ 5.93 41.01+1.79 23.88 + 1.18 0.124 £ 0.03
ISO 111.00 £ 3.40Y  9.95+0.73Y 5.51+0.31¢ 0.045 + 0.005F 266.60 + 18.98Y 86.90 + 3.30Y 50.77 £ 1.27Y 0.351 £ 0.02Y
VIT E +1SO 76.08 + 0.56° 15.72 + 3.35° 11.06 + 0.86° 0.088 + 0.008° 198.60 + 15.58"*  63.22 +4.33"  39.71+1.08"  0.195+ 0.02°
HECZ 200 + ISO 80.16 + 2.50° 16.75 £ 0.84° 10.15 £ 0.382 0.092 + 0.003° 192.00 + 11.19F° 56.23 + 0.84F¢ 37.50 £ 1.55Y¢ 0.200 + 0.02°
HECZ400 + ISO 65.79 + 3.55° 16.63 + 0.57° 12.96 + 1.42° 0.100 + 0.004° 162.80 + 8.79° 47.38 + 2.30° 31.32+0.97°  0.172 £ 0.02°
HECZ 400 76.44 £ 0.37 18.73 £ 0.58 11.16 £ 0.82 0.097 + 0.011 118.80 + 7.34 41.93 £ 0.91 27.28 £ 2.04 0.136 + 0.01

Each data represents the mean + SEM. n = 6; %p<0.05, fp<0.01, and ¥p<0.001 indicate significant differences as compared to normal control. 2p<0.05, ’p<0.01 and
°p<0.001 indicate significant differences as compared to the isoproterenol group. ISO = Isoproterenol (85 mg/kg), HECZ: stem barks hydroalcoholic extract of
Cinnamomum zeylanicum, and VIT E= Vitamin E (100 mg/kg), TNF-a = Tumor necrosis factor-alpha. IL-6 = Interleukin-6, IL-1B = Interleukin-1-beta.
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Conclusion

In conclusion, the hydroalcoholic extract of Cinnamomum
zeylanicum stem bark demonstrated significant cardioprotective
effects by preventing oxidative stress, hemodynamic alterations,
dyslipidemia, inflammation, and myocardial structural damage in an
1ISO-induced MI model in rats. These valuable effects are likely due
to the antioxidant, hypolipidemic, and anti-inflammatory properties
of HECZ, indicating its potential as a healing agent for managing
myocardial infarction and related cardiovascular conditions.

Abbreviations

Al: Atherogenic index

ALP: Alkaline phosphatase

ALT: Alanine aminotransferase

AST: Aspartate aminotransferase

BP: Blood pressure

CAT: Catalase

CK-MB: Creatine kinase MB

CRI: Coronary risk index

DBP: Diastolic blood pressure

ECG: Electrocardiogram

EDTA: Ethylene diamine tetra-acetic acid
GSH: Reduced glutathione

HDL-C: High-density lipoproteins cholesterol
HECZ: Hydroalcoholic extract of Cinnamomum zeylanicum barks
HR: Heart rate

ISO: Isoproterenol

LDH: Lactate deshydrogenase

LDL-C: High density lipoprotein cholesterol
MABP: Mean arterial blood pressure

MDA: malondialdehyde

MI: Myocardial infarction

NO: Nitric oxide

SBP: Systolic blood pressure

SOD: Superoxide dismutase

TC: Total cholesterol

TG: Total triglyceride

VIT E: Vitamin E or a-Tocopherol

Authors’ Contribution

ADA: conceptualization, Investigation, Methodology, Data analysis
and processing, Writing — original draft, Writing — review & editing.
MFMD: Methodology Writing, Data analysis — review & editing.
GNN: Investigation, Methodology, Writing initial manuscript draft.
MM: Data analysis and processing, Writing — original draft, Writing
— review & editing. FN: Methodology Writing — review & editing,
Validation, Supervision TD: Writing — review & editing. All authors
reviewed and approved the final version of the manuscript.

Acknowledgments

The authors would like to express their gratitude to the Laboratory
of Animal Physiology and Therapeutic Research of the University
of Yaoundé1 for providing histological reagents and to the

traditional healer for supplying the medicinal plant used in this
study.

Conflict of interest

The authors declare no conflict of interest

Page 9 of 11

Article history:

Received: 22 January 2026

Received in revised form: 13 March 2026
Accepted: 17 March 2026

Available online: 17 March 2026

References

1. Bolli R. 1991. Oxygen-derived free radicals and myocardial reperfusion
injury: An overview. Cardiovasc Drugs Ther. 5 (2):249-68.

2. Farazande M, Shabab S, Mahmoudabady M, Gholamnezhad Z. 2021.
Effects of Cinnamon on Risk Factors of Cardiovascular Diseases: A
Review Paper. Intern Med Today. 28:16-37.

3. Cabral J, Tchoumi T, Butera G. 2013. Profile of cardiac disease in
Cameroon and impact on health care services. Cardiovasc Diagn Ther.
3 (4):236-43.

4. Kuate Defo B, Mbanya JC, Kingue S, Tardif JC, Choukem SP,
Perreault S, Fournier P, Ekundayo O, Potvin L, D'Antono B, Emami E,
Cote R, Aubin MJ, Bouchard M, Khairy P, Rey E, Richard L, Zarowsky
C, Mampuya WM, Mbanya D, Sauvé S, Ndom P, Silva RBD, Assah F,
Roy |, Dubois CA. 2019. Blood pressure and burden of hypertension in
Cameroon, a microcosm of Africa: a systematic review and meta-
analysis of population-based studies. J Hypertens. 37(11):2190-2199.

5. Nallamothu BK, Bates ER. 2003. Percutaneous coronary intervention
versus fibrinolytic therapy in acute myocardial infarction: Is timing
(almost) everything? Am J Cardiol. 92 (7):824-6.

6. Houshmand F, Faghihi M, Zahediasl S. 2009. Biphasic protective effect
of oxytocin on cardiac ischemia/reperfusion injury in anaesthetized rats.
Peptides. 30 (12):2301-8.

7. Adegbola P, Aderibigbe I, Hammed W, Omotayo T. 2017. Antioxidant
and anti-inflammatory medicinal plants have potential role in the
treatment of cardiovascular disease: a review. Am J Cardiovasc Dis. 7
(2):19-32.

8. Bafadam S, Mahmoudabady M, Niazmand S, Rezaee SA, Soukhtanloo
M. 2021. Cardioprotective effects of Fenugreek (Trigonella foenum-
graceum) seed extract in streptozotocin induced diabetic rats. J
Cardiovasc Thorac Res. 13 (1):28-36.

9. Shukla SK, Sharma SB, Singh UR, Ahmad S, Maheshwari A, Misro M,
Dwivedi S. 2014. Eugenia jambolana Pretreatment Prevents
Isoproterenol-Induced Myocardial Damage in Rats: Evidence from
Biochemical, Molecular, and Histopathological Studies. J Med Food. 17
(2):244-253.

10. Wong ZW, Thanikachalam PV, Ramamurthy S. 2017. Molecular
understanding of the protective role of natural products on isoproterenol-
induced myocardial infarction: A review. Biomed Pharmacother.
94:1145-66.

11. Hassan SA, Barthwal R, Nair MS, Haque SS. 2012. Aqueous bark
extract of Cinnamomum zeylanicum: A potential therapeutic agent for
streptozotocin- induced type 1 diabetes mellitus (T1DM) rats. Trop J
Pharm Res. 11 (3):429-35.

12. Abdeen A, Abdelkader A, Abdo M, Wareth G, Aboubakr M, Aleya L,
Abdel-Daim M. 2019. Protective effect of cinnamon against
acetaminophen-mediated cellular damage and apoptosis in renal tissue.
Environ Sci Pollut Res. 26 (1):240-9.

13. Elshopakey GE, Elazab ST. 2021. Cinnamon aqueous extract
attenuates diclofenac sodium and oxytetracycline mediated hepato-
renal toxicity and modulates oxidative stress, cell apoptosis, and
inflammation in male albino rats. Vet Sci. 8(1).9

14. Atsamo AD, Lontsie Songmene A, Metchi Donfack MF, Ngouateu OB,
Nguelefack TB, Dimo T. 2021. Aqueous Extract from Cinnamomum
zeylanicum (Lauraceae) Stem Bark Ameliorates Gentamicin-Induced
Nephrotoxicity in Rats by Modulating Oxidative Stress and Inflammatory
Markers. Evid Based Complement Alternat Med. 19;2021:5543889.

15. Aggarwal S, Bhadana K, Singh B, Rawat M. 2022. Cinnamomum
zeylanicum Extract and its Bioactive Component Cinnamaldehyde Show
Anti-Tumor Effects via Inhibition of Multiple Cellular Pathways. Front
Pharmacol. 2;13:918479.



Atsamo et al. Investigational Medicinal Chemistry and Pharmacology 2026 9(1):125

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Aryanezhad M, Abdi M, Amini S, Hassanzadeh K. 2021. Cinnamomum
zeylanicum extract has antidepressant-like effects by increasing brain-
derived neurotrophic factor ( BDNF ) and its receptor in prefrontal cortex
of rats. Avicenna J Phytomed.11 (3) :302-13.

Joshi K, Awte S, Bhatnagar P, Walunj S, Gupta R, Joshi S, Padalker
AS. 2010. Cinnamomum zeylanicum extract inhibits proinflammatory
cytokine TNF o : in vitro and in vivo. Res Pharm Biotech. 2 (2):14-21.
Schink A, Naumoska K, Kitanovski Z, Kampf CJ, Fréhlich-Nowoisky J,
Thines E, Schuppan D, Lucas K. 2018. Anti-inflammatory effects of
cinnamon extract and identification of active compounds influencing the
TLR2 and TLR4 signaling pathways. Food Funct. 9:5950—-64.

. Niphade SR, Asad M, Chandrakala GK, Toppo E, Deshmukh P. 2009.

Immunomodulatory activity of Cinnamomum zeylanicum bark. Pharm
Biol. 47 (12) :1168-73

Ranasinghe P, Pigera S, Premakumara GAS, Galappaththy P. 2013.
Medicinal properties of ‘ true ’ cinnamon (Cinnamomum zeylanicum): a
systematic review. BMC Complement Altern Med. 13:275.

Borzoei A, Rafraf M, Niromanesh S, Farzadi L. 2017. Journal of
Traditional and Complementary Medicine Effects of cinnamon
supplementation on antioxidant status and serum lipids in women with
polycystic ovary syndrome. J Tradit Chinese Med Sci . 8 (1) :128-33.
Nyadjeu P, Dongmo A, Nguelefack TB, Kamanyi A. 2011.
Antihypertensive and vasorelaxant effects of Cinnamomum zeylanicum
stem bark aqueous extract in rats. J Complement Integr Med. 8.
Nyadjeu P, Nguelefack-Mbuyo EP, Atsamo AD, Nguelefack TB,
Dongmo AB, Kamanyi A. Acute and chronic antihypertensive effects of
Cinnamomum zeylanicum stem bark methanol extract in L-NAME-
induced hypertensive rats. BMC Complement Altern Med.13:27.

Nayak IMN, Chinta R, Jetti R. 2017. Anti-Atherosclerotic Potential of
Aqueous Extract of Cinnamomum zeylanicum Bark against
Glucocorticoid Induced Atherosclerosis in Wistar Rats. J Clin Diagn
Res. 11 (5):19-23.

Abdelgadir AA, Hassan HM, Eltaher AM, Mohammed KG, Mohammed
LA, Hago TB, et al. Hypolipidemic Effect of Cinnamon (Cinnamomum
zeylanicum) Bark Ethanolic Extract on Triton X-100 induced
Hyperlipidemia in Albino Rats. Med Aromat Plants. 9:53.

Sandamali JAN, Hewawasam RP, Jayatilaka KAPW, Mudduwa LKB.
2021. Cinnamomum zeylanicum Blume (Ceylon cinnamon) bark extract
attenuates doxorubicin induced cardiotoxicity in Wistar rats. Saudi
Pharm J. 29 (8):820-32.

Fathiazad F, Matlobi A, Khorrami A, Hamedeyazdan S, Soraya H,
Hammami M. 2012. Phytochemical screening and evaluation of
cardioprotective activity of ethanolic extract of Ocimum basilicum L . (
basil ) against isoproterenol induced myocardial infarction in rats. Daru.
20 (1): 87.

Bilanda DC, Tcheutchoua YC, Djomeni Dzeufiet PD, Fokou DLD, Fouda
YB, Dimo T, Kamtchouing P. 2019. Antihypertensive Activity of Leersia
hexandra Sw. (Poaceae) Aqueous Extract on Ethanol-Induced
Hypertension in Wistar Rat. Evid Based Complement Alternat Med.
6;2019:2897867.

Bradford MM. 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem. 72:248-54.

Kazemi T, Hajihosseini M, Moossavi M, Hemmati M, Ziaee M. 2018.
Cardiovascular Risk Factors and Atherogenic Indices in an Iranian
Population: Birjand East of Iran. Clin Med Insights Cardiol.
20;12:1179546818759286.

Misra HP, Fridovich I. 1972. Substances of low molecular weight: The
role of superoxide anion in the autoxidation of epinephrine and a simple
assay for Superoxide Dismutase. J Biol Chem. 247 (10) :3170-5.

Sinha AK. 1972. Colorimetric assay of catalase. Anal Biochem. 47
(2):389-94.

Ellman GL. 1959. Tissue sulfhydryl groups. Arch Biochem Biophys. 82
(1) :70-7.

Wilbur KM, Bernheim F, Shapiro OW. 1949. The thiobarbituric acid
reagent as a test for the oxidation of unsaturated fatty acids by various
agents. Arch Biochem Biophys. 24 (2) :305-13.

El Gamal AA, Alsaid MS, Raish M, Al-Sohaibani M, Al-Massarani SM,
Ahmad A, Basoudan OA, Rafatullah S. 2014. Beetroot (Beta vulgaris L.)
extract ameliorates gentamicin-induced nephrotoxicity associated
oxidative stress, inflammation, and apoptosis in rodent model. Mediators
Inflamm. 2014:983952.

Grand F, Guitton J, Goudable J. 2001. Optimisation of the measurement

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 10 of 11

of nitrite and nitrate in serum by the Griess reaction. Ann Biol Clin.
59(5):559-65.

Brooks WW, Conrad CH. 2009. Isoproterenol-Induced Myocardial Injury
and Diastolic Dysfunction in Mice: Structural and Functional Correlates.
Comp Med. 59(4):339-43.

Rajadurai M, Prince PS. 2007. Preventive effect of naringin on cardiac
mitochondrial enzymes during isoproterenol-induced myocardial
infarction in rats: a transmission electron microscopic study. J Biochem
Mol Toxicol. 21 (6) : 354—61.

Keshtkar S, Komeili G, Keshavarzi F, Jahantigh M. 2017. Cardio
Protective Effects of Hydroalcholic Citrus Aurantium Extract on
Myocardial Infarction Induced by Isoproterenol in Male Rats. J Cardiol
Curr Res. 10(2): 00359.

Ramesh CV, Malarvannan P, Jayakumar R, Jayasundar S,
Puvanakrishnan R. 1998. Effect of a novel tetrapeptide derivative in a
model of isoproterenol induced myocardial necrosis. Mol Cell Biochem.
187(1-2):173-82.

Patel V, Upaganlawar A, Zalawadia R, Balaraman R. 2010.
Cardioprotective effect of melatonin against isoproterenol induced
myocardial infarction in rats: A biochemical, electrocardiographic and
histoarchitectural evaluation. Eur J Pharmacol. 644(1-3):160-168.
Paritha Ithayarasi A, Padmavathy VN, Shyamala Devi CS. 1996. Effect
of alpha-tocopherol on isoproterenol induced myocardial infarction in
rats--electrocardiographic biochemical and histological evidences.
Indian J Physiol Pharmacol. 40(4):297-302.

Sudhakumari, Kumar AH, Javed A, Jaiswal M, Talkad MS. 2012.
Cardioprotective Effects in Methanolic Extract of Evolvulus Alsinoides
Linn on Isoproterenol - Induced Myocardial Infarction in Albino Rats. 2
(2): 53-57.

Lee JS, Jeon SM, Park EM, Huh TL, Kwon OS, Lee MK, Choi MS.
2003. Cinnamate supplementation enhances hepatic lipid metabolism
and antioxidant defense systems in high cholesterol-fed rats. J Med
Food. 6 (3) :183-91.

Lopes BP, Gaique TG, Souza LL, Paula GSM, Kluck GEG, Atella GC,
Gomes AC, Simas NK, Kuster RM, Ortiga-Carvalho TM, Pazos-Moura
CC, Oliveira KJ. 2015. Cinnamon extract improves the body
composition and attenuates lipogenic processes in the liver and adipose
tissue of rats. Food Funct. 6 (10) :3257-65.

Sedighi M, Nazari A, Faghihi M, Rafieian-Kopaei M, Karimi A,
Moghimian M, Rashidipour M, Namdari M, Cheraghi M, Rasoulian B.
2018. Protective effects of cinnamon bark extract against ischemia-
reperfusion injury and arrhythmias in rat. Phytother Res. 32 (10) :1983—
91.

Farvin KHS, Anandan R, Kumar SHS, Shiny KS, Mathew S, Sankar TV,
Nair PG. 2006. Cardioprotective effect of squalene on lipid profile in
isoprenaline-induced myocardial infarction in rats. J Med Food. 9 (4)
:531-6.

Pavithra K, Sathibabu Uddandrao VV, Chandrasekaran P, Brahmanaidu
P, Sengottuvelu S, Vadivukkarasi S, Saravanan G. 2020. Phenolic
fraction extracted from Kedrostis foetidissima leaves ameliorated
isoproterenol-induced cardiotoxicity in rats through restoration of cardiac
antioxidant status. J Food Biochem. 44 (11):e13450.

Zhong M, Zhou H, Long C, Zhang Y, Cui W, Zhang H, Wang H. 2016.
Natakalim Ameliorates Isoproterenol-Induced Chronic Heart Failure by
Protecting against Endothelial Dysfunction. Pharmacology. 98(3-4):99-
110.

Sharma HS, Das DK. 1997. Role of cytokines in myocardial ischemia
and reperfusion. Mediators Inflamm. 6(3):175-83.

Neri M, Fineschi V, Paolo M, Pomara C, Riezzo |, Turillazzi E, Cerretani
D. 2015. Cardiac oxidative stress and inflammatory cytokines response
after myocardial infarction. Curr Vasc Pharmacol. 13(1):26-36.

Hong JW, Yang GE, Kim YB, Eom SH, Lew JH, Kang H. 2012. Anti-
inflammatory activity of cinnamon water extract in vivo and in vitro LPS-
induced models. BMC Complement Altern Med. 12:237.

Gunawardena D, Karunaweera N, Lee S, Van Der Kooy F, Harman DG,
Raju R, Sucher NJ, Minch G. 2015. Anti-inflammatory activity of
cinnamon (C. zeylanicum and C. cassia) extracts - Identification of E-
cinnamaldehyde and o-methoxy cinnamaldehyde as the most potent
bioactive compounds. Food Funct. 6(3):910-9.

Sangeetha T, Quine SD. 2008. Protective effect of S-allyl cysteine
sulphoxide (alliin) on glycoproteins and hematology in isoproterenol
induced myocardial infarction in male Wistar rats. J Appl Toxicol.
28(5):710-6.



Atsamo et al. Investigational Medicinal Chemistry and Pharmacology 2026 9(1):125

55.

56.

57.

Subash-Babu P, Alshatwi AA, Ignacimuthu S. 2014. Beneficial
Antioxidative and Antiperoxidative Effect of Cinnamaldehyde Protect
Streptozotocin-Induced Pancreatic B-Cells Damage in Wistar Rats.
Biomol Ther. 22(1):47-54.

Kim ME, Na JY, Lee JS. 2018. Anti-inflammatory effects of trans-
cinnamaldehyde on lipopolysaccharide-stimulated  macrophage
activation via MAPKs pathway regulation. Immunopharmacol
Immunotoxicol. 40(3):219-224.

Song F, Li H, Sun J, Wang S. 2013. Protective effects of cinnamic acid

58.

59.

Page 11 of 11

and cinnamic aldehyde on isoproterenol-induced acute myocardial
ischemia in rats. J Ethnopharmacol. 150(1):125-30.

Yang L, Wu QQ, Liu Y, Hu ZF, Bian ZY, Tang QZ. 2015.
Cinnamaldehyde attenuates pressure overload-induced cardiac
hypertrophy. Int J Clin Exp Pathol. 8(11):14345-54

Yanaga A, Goto H, Nakagawa T, Hikiami H, Shibahara N, Shimada Y.
2006. Cinnamaldehyde induces endothelium-dependent and -
independent vasorelaxant action on isolated rat aorta. Biol Pharm Bull.
29 (12) :2415-2418.



