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Abstract

Background Cardiotoxicity and related complications are well-known adverse effects of anticancer drugs like doxo-
rubicin (DOX). A medicinal plant called Rhododendron arboreum is used by traditional healers of Sikkim in the treat-
ment of heart ailments and has also been reported for widespread therapeutic effects in many clinical studies. Thus
the present study has been designed to evaluate the protective effects of Rhododendron arboreum leaf extract (RALE)
against DOX-induced cardiotoxicities.

Methods Commencement of research with the collection of the Rhododendron arboreum leaves and drying it

in the shade, the extraction was performed using the Soxhlet method with an ethanolic solvent. The phytoconstitu-
ents of the RALE were then quantified and qualitatively evaluated. Doxorubicin-induced cardiotoxicity was carried

out using four groups consisting of six animals each. Doxorubicin was administered with a dose of 3 mg/kg injected
intraperitoneally (i.;p.) on the 1%7,14™ 215 and 28™ day of cumulative dose of 15 mg/kg throughout the experimen-
tal period with RALE treatment (250 mg/kg and 100 mg/kg) orally for 28 days. The influence of the treatment was ana-
lyzed by quantification of cardiac biomarkers and electrocardiographic method.

Results The serum levels of cardiac biomarkers such as Lactate Dehydrogenase (LDH), Creatine kinase-N-acetyl-
transferase (CK-NAC), Creatine kinase-MB (CK-MB), Aspartate Transaminase (AST), Alanine Transaminase (ALT), which
were elevated due to DOX-induced cardiotoxicity were significantly reduced in all RALE (250 mg/kg and 100 mg/
kg) treated groups. Similarly, the electrocardiographic changes like prolonged QT interval, widening of QRS complex
amplitude, undefined ST segment, arrhythmias and increased heart rate were also restored close to normal in all
treated groups compared to the DOX control group.

Conclusion Following the data observed during the study, results reported that R. arboreum possesses the free
radical scavenging property, improved cardiotoxic laboratory parameters and restored reversible cellular injury due
to existing of the principle constituent’s impact on proinflammatory mediators.
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Introduction

Across the world, cardiovascular diseases (CVDs) are
among the main causes of mortality. In particular, they
are the largest source of disease burden, predicted to
account for 523 million cases and 18.6 million fatalities in
2019 [1]. Cardiovascular diseases referred to instances in
which blood vessels are constrained or impeded, and that
may result in heart failure, chest pain, or an attack. Vari-
ous cardiac abnormalities, including those which impair
the heart’s rhythm, valves, or function, are also regarded
as various types of cardiovascular disease [2] such as cor-
onary heart disease, cerebrovascular disease, peripheral
arterial disease, rheumatic heart disease, congenital heart
disease, deep vein thrombosis, pulmonary embolism and
other conditions [1].

The generation of reactive free radicals within the
human body is the primary cause of CVDs or the
destruction of cellular biomolecules. Unless the delicate
balance between free radical and antioxidant activity
changes under any pathophysiological circumstances, it
may result in oxidative stress and increased tissue dam-
age, which is a significant determinant of the devel-
opment of cardiovascular disease [3]. Arrhythmias,
thrombosis, hypertension, Heart failure with reduced
Ejection Fraction (HFrEF), ischemia/myocardial infarc-
tion, and a diversity of other significant cardiac problems
have all been attributed to cardiotoxic effects of chemo-
therapy [4].

The significant improvement in cancer survival rates
over the past few years may be attributed to advance-
ments in oncology in the areas of screening, diagnostic
imaging, and new therapies. Nevertheless, this increased
cancer survival rate is typically accompanied by a wide
range of therapeutic adverse effects, especially heart-
related, which have a detrimental effect on the patient’s
health and quality of life [5]. Cardio-oncology rose to
prominence as a specialization in the prevention or treat-
ment of cardiac issues due to cancer treatment, resulting
in an enhanced understanding of the molecular mecha-
nisms of chemotherapeutic drugs, especially Anthracy-
cline-induced cardiotoxicity (AIC) [6].

Doxorubicin (DOX), a precursor of anthracyclines, is
the most extensively used, beneficial, and successful anti-
neoplastic agent. It is derived from a gram-positive bac-
teria called Streptomyces peucetius [7-9] to treat a variety
of malignancies, including breast cancer and lymphoma.
However, its therapeutic application is restricted due to
its cardiotoxic effects [10].

Reactive oxygen species (ROS) production, mito-
chondrial DNA damage, inflammation, apoptosis, the
inhibition of protein synthesis or abnormal protein pro-
cessing, lysosomal modifications, and cardiomyocyte
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death are mostly a couple of the potential mechanisms
that could be held responsible for DOX-induced car-
diotoxicity [11, 12]. The acute type DOX toxicity often
emerges 2—-3 days after the end of the chemotherapy
and is characterized by tachycardia, electrocardio-
graphic abnormalities, premature beats, myopericardi-
tis, and occasionally abrupt left ventricular failure [13].

It is now universally acknowledged that chemo-
therapy-induced cardiotoxicity increases the risk of
mortality and morbidity for the treated patient. Nev-
ertheless, there are yet no efficient therapeutic options
or prophylactic interventions for DOX-induced cardio-
toxicity [11].

In recent years, an increasing number of people have
appealed to herbal medications or products to enhance
their health, individually or in combination with tradi-
tional remedies. Indeed, from the beginning of civiliza-
tion, the usage of herbs/plants has provided an effective
therapy for the treatment of ailments. Furthermore,
many conventional/pharmaceutical treatments are
derived primarily from nature as well as traditional
effective treatments that are prevalent worldwide [14].

Rhododendron arboreum is a high-altitude plant,
that belongs to the family Ericaceae. This plant is hav-
ing ethnopharmacological utilization across the world
[15]. Since the plant contains a variety of bioactive
phytoconstituents such as phenolic compounds, flavo-
noids (Quercetin, Rutin), Urosolic acid, saponins and
tannins, which has been discovered to have a diversity
of pharmacological activities, including anti-inflam-
matory, cardioprotective, anti-oxidative, anti-fungal,
anti-allergic, analgesic, diuretic, hepatoprotective,
alleviate headache and fever, for the treatment of gout
and rheumatic disorders, relieve cold, cough, asthma,
bronchitis, nasal bleeding and lung infections also ben-
eficial in case of indigestion and post-delivery compli-
cations [16]. There is currently no study that has found
R. arboreum leaves to have a cardioprotective potency
against the anticancer drug Doxorubicin-induced car-
diotoxicity. As a result, the proposed investigation
seeks to evaluate the effect of R. arboreum at various
concentrations on Doxorubicin-induced cardiotoxicity
in the Wistar albino rats.

Methods and materials

Collection and authentification of plant material

R. arboreum leaves were collected from Sombaria, West
Sikkim India. After being collected, a herbarium of R.
arboreum leaves was prepared and authenticated with
the specimen (No. 21HMPLO1) at the Botanical Sur-
vey of India, Gangtok, Sikkim. Further, the leaves were
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preserved in the shade to avoid direct sunlight. To aid in
the extraction process.

Extraction process

The extraction of Rhododendron arboreum leaves was
carried out by using the Soxhlet apparatus by tak-
ing 300 ml ethanol as the solvent. The coarse powder
of 50 g was extracted. Therefore, the percentage yield
was calculated by using the formula. Furthermore, the
obtained extract was subjected to solvent evaporation
using a rotary evaporator to enhance solvent recovery
and drying.

Qualitative and quantitative phytochemical analysis
Identification and Quantification for secondary metab-
olites of ethanolic extract of R. arboreum leaf (RALE)
were performed by screening both qualitative and
quantitative analysis.

To detect the presence of alkaloids, proteins, amino
acids, anthraquinones, flavonoids, carbohydrates,
saponins, tannins, steroids, reducing sugars, triterpe-
noids, and cardiac glycosides qualitative analysis test
procedure was performed [17]. Additionally, for quan-
tification total phenolic and flavonoid content was
determined by Folin Ciocalteu’s method and alumin-
ium chloride colorimetric assay respectively [18].

Experimental animals welfare

In separate polypropylene cages, 24 healthy male Wistar
rats (body weight: 150-200 g, age: 8—10 weeks) were
raised at the Himalayan Pharmacy Institute, Majhitar.
Animals were kept at temperatures (22-24 °C), 12-h
light/12-h dark cycle, and 40%—60% relative air humid-
ity according to conventional preferences. Rats were
given unlimited access to clean drinking water and a
calorie-dense diet of rat pellets. The rats were randomly
allocated to different experimental groups and then
given a week to acclimatize. Following the guidelines of
the Committee for Control and Supervision of Experi-
ments on Animals (CCSEA), the Ministry of Social
Justice and Empowerment, Government of India were
followed and prior permission was acquired from the
Institutional Animal Ethics Committee for conducting
the study [5]. The IAEC approval for the research work
(No. HP1/2023/60/IAEC/PP-0194).

The rationale for dose selection of R. arboreum leaf extract
Two dosages were considered for this research study
from an earlier literature review; which are 100 mg/kg
and 250 mg/kg, which represent the low and high doses
respectively [19].
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Animal model protocol
The experimental animal groups were categorized into
4 groups of 6 experimental rats in each group.

Group I: Normal control group received saline
through oral route for 4 weeks.

Group II: DOX control group (cardiotoxicity-
induced rat) doxorubicin was subjected at a dose of
3 mg/kg i.p. for 28 days on 1, 7, 15, 21 and 28.

Group III: low dose treatment group was treated
with ethanolic extract of RALE(100 mg/kg) orally for
28 days.

Group IV: high-dose treatment group was treated
with an ethanolic extract of RALE (250 mg/kg) orally
for 28 days.

The oral route was used for all treatment groups for
28 days. A dose of 3 mg/kg i.p. of DOX was administered
to each group apart from Group I to induce DOX toxic-
ity. On Days 1, 7, 14, 21, and 28, a cumulative percentage
of 15 mg/kg was administered [10]. Twenty-four hours
after the last treatments blood samples were collected
and serum was prepared by centrifugation. The isolated
serum samples were subjected to analysis of biomarkers
and also forty-eight hours after the last treatments the
electrocardiographic estimation was performed [10].

Serum preparation for cardiac biomarker assay
Twenty-four hours after the last session of the experi-
ment’s treatment period. A tail vein method was used to
collect blood samples from each treatment group under
anaesthesia. Whole blood was drawn into tubes and sta-
bilised for between 15-30 min to ensure it was able to
clot at room temperature. The serum was prepared from
the blood using a centrifugation (ifuge-C4000 centrifuge,
Neuation, India) at 1000 rpm for 10 min at 37 °C tem-
perature [10]. Lastly, the serum is used to estimate car-
diac serum biomarkers parameters including aspartate
aminotransferase (AST), alanine transaminase (ALT),
Creatine kinase-MB (CK-MB), Creatine kinase-N-acetyl-
transferase (CK-NAC) and lactate dehydrogenase (LDH)
[12,20].

ECG parameter assessment
The ECG signal illustrates patterns with different fre-
quency ranges that cycle from beat to beat. In the process
of delineating an ECG, the algorithm usually starts with
the QRS complex, the most pronounced wave. The delin-
eator also marks the starting point, peak, and completion
of the P-wave, QRS complex, and T-wave [21].
Forty-eight hours after the last phase of treatment.
Each group of animals were anaesthetized using a
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combination of ketamine (45 mg/kg, i.p.) and xylazine
(8 mg/kg, i.p.). Rats were restrained to the backs with
their front legs semi-flexed and their hind legs slightly
extended by a thread to restrict their ability to move and
to make it easier to attach the metallic leads (I, II, II). The
chest lead was subcutaneously attached near the heart
towards the left ventricle after that the electrodes were
mounted subcutaneously on the front and hind legs.
According to the ECG recording procedure. To measure
and record different ECG waves, leads were connected to
the digital physiograph (AD instruments) with the help
of lab chart software, the recording was observed and
analyzed at an intensity of 0.5 mV and a graph speed of
100 mm/sec [22]. The following ECG parameters were
monitored for changes:

Heart Rate, QRS Interval, RR Interval, QT Interval, PR
Interval.

Statistical analysis

One-way analysis of variance (ANOVA), followed by
the Tukey-Karmer multiple comparison tests, was the
method used to analyse the data. At p<0.05, differences
were identified as statistically significant [10].

Results

Phytochemical analysis

The extracted yield of the plant was found to be
11.7 g. Preliminary phytochemical analysis revealed
the presence of reducing sugar, carbohydrates, fla-
vonoids, phenols, glycosides, saponins, and tan-
nins. The total phenolic content and total flavonoid
content were further determined to be 577.44 g/mg
of extract and 65.83 g/mg of extract, respectively
(Table 1).

Table 1 Results of preliminary phytochemical estimation

Phytoconstituents Ethanolic extract

of Rhododendron

arboreum
Alkaloids _
Carbohydrates +
Flavonoids +
Glycosides _
Saponins +
Steroids _
Tannins +
Proteins _
Reducing sugars +
Anthraquinones _
Phenols +

(+) indicates the presence of phytoconstituents
(-) indicates the absence of phytoconstituents
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Clinical signs and symptoms of rats for all the animal
groups

Male Wistar albino rat’s appearance was observed
throughout 28 days of the research treatment for all ani-
mal groups.

A severe red nasal discharge, exudates on the area
of the hind legs, scruffy fur, and fur loss over the upper
part of the torso and abdomen region were symptoms of
all the wistar rats within the DOX control group, which
weighed 150 g and 110 g, respectively (Fig. 1). Similarly,
red nasal discharge, scruffy fur, and lesser fur loss on
the back have been identified in the RALE-treated low-
dosage group. RALE treatment in the high dosage group,
however, only produced red nasal discharge.

Effect of Rhododendron arboreum leaf extract on various
serum biomarker levels

« Outcome of ALT against Doxorubicin-induced
cardiotoxicity:

As shown in (Fig. 2), serum ALT level was demon-
strated to be an extremely significant increase (p<0.001)
in the DOX control group (toxic control group) as com-
pared to the normal control.

Apparently, in comparison to the DOX control group,
the high-dose group (250mg/kg) and the low-dose
group (100mg/kg) both treated with RALE determined
extremely significant decrease (p<0.001) in serum ALT
level, which is exhibited in Table 2 and Fig. 2.

« Outcome of AST against Doxorubicin-induced
cardiotoxicity

AST, an enzyme involved in amino acid metabolism,
was demonstrated to be an extremely significant increase
(p<0.001) in the DOX control group as compared to the
normal control group.

In comparison to the DOX control group, the high-
dose group (250mg/kg) and low-dose group (100mg/kg)
both treated with RALE demonstrated extremely signifi-
cant decrease (p<0.001) in serum AST level. The values
and the outcomes are shown in Table 2 and Fig. 2.

«» Outcome of CK-MB against Doxorubicin-induced
cardiotoxicity

The clinical significance of the presence of CK-MB
enzyme is witnessed by increased due to heart injury in
rats. The DOX control group showed an extremely sig-
nificant increase (p<0.001) as compared to the normal
control group in serum CK-MB level.

In comparison to the DOX control group, the high-
dose group (250mg/kg) and low-dose group (100mg/
kg) both treated with RALE demonstrated extremely
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Fig. 1 Clinical signs and symptoms of rat for all the animal groups. A Appearance of normal control group, B Appearance of DOX control group a.
severe red nasal discharge b. Fur loss over the upper part of the torso and abdomen region c. Fur loss on back region, d. Exudates on hind legs, C
Appearance of low dose group, a. severe red nasal discharge b. lesser fur loss, D Appearance of high dose group a. Red nasal discharge b. No fur loss
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Fig. 2 Effect on the serum biomarker level (ALT, AST) of Wistar rats (N-6)

significant decrease (p<0.001) in serum CK-MB level. CK-NAC is one of the isoenzymes that provides a
Comparisons of all values are exhibited in Table 2 and  definitive diagnosis of cardiac diseases. It was demon-

Fig. 3.

strated to be an extremely significant increase (p<0.001)

# Outcome of CK-NAC against Doxorubicin- in the DOX control group as compared to the normal
induced cardiotoxicity

control group.
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Table 2 Effect of Rhododendron arboreum leaf extract on various serum biomarker levels of Wistar rats (N-6)

SL.NO Treatment groups AST (U/L) ALT (U/L) CK-MB (U/L) CK-NAC (U/L) LDH (U/L)

1. Normal control 15.49+0.04 1941+0.04 76.60+0.03 4476+0.11 12144+0.01

2. DOX control 44334105 4465+144" 21024032 143242037 205.7+1.28"
3. RALD-100 mg/kg 36.70+0.95  ** 32.88+0.78"" 18004045 79.85+245 " H 1659+025
4, RAHD-250 mg/kg 2556+0.64" 26.14+1.08""## 146.9+051""## 6597+1.16 " 13424435

*xx

Values are expressed as mean+SEM, n=6,

P<0.001, "P<0.01when compared to a normal group; ##P < 0.001 compared to a DOX control group

DOX Doxorubicin, RALD Rhododendron arboreum low dose, RAHD Rhododendron arboreum high dose, ALT Alanine aminotransferase, AST Aspartate aminotransferase,
CK-MB Creatine kinase-MB, CK-NAC Creatine kinase-N-acetyltransferase, LDH Lactate dehydrogenase

Effect of RALE on the Serum Biomarker level
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Fig. 3 Effect on the serum biomarker level (CK-MB,CK-NAC,LDH) of Wistar rats(N-6). The values for both the graph are expressed as mean +SEM,
n=6," P<0.001, "P<0.01 when compared to a normal group; *#P<0.001 compared to a DOX control group. RALD: Rhododendron arboreum
low dose; RAHD: Rhododendron arboreum high dose; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CK-MB: Creatine kinase-MB;

CK-NAC: Creatine kinase-N-acetyltransferase; LDH: Lactate dehydrogenase

In comparison DOX control group, the high-dose
group (250mg/kg) and the low-dose group (100mg/kg)
both treated with RALE demonstrated extremely signifi-
cant decrease (p<0.001) in serum CK-NAC level. Com-
parisons of all values are exhibited in Table 2 and Fig. 3.

% Outcome of LDH against Doxorubicin-induced
cardiotoxicity

The enzyme LDH is distributed in tissues, particularly
the heart. Clinical significance is determined by ele-
vated levels of LDH in serum in contrast to myocardial
infarction.

Serum for LDH level of the DOX control group was
extremely significant increase (p<0.001) when compared
to the normal control group.

In comparison to the DOX control group, the high-
dose group (250mg/kg) and low-dose group (100mg/
kg) both treated with RALE demonstrated extremely

significant decrease (p<0.001) in serum LDH level. Com-
parisons of all values are exhibited in Table 2 and Fig. 3.

Effect of Rhododendron arboreum leaf extract on various
parameters of ECG.

« Significance of heart rate against Doxorubicin-
induced cardiotoxicity.

The rate of heartbeat is easily determined by Electro-
cardiogram because the heart rate is the reciprocal of the
time interval between two successive heartbeats. There
was an extremely significant increase (p<0.001) in the
heart rate of the DOX control group in comparison with
a normal control group.

The heart rate of the high-dose group (250mg/kg)
and low-dose group (100mg/kg) both treated with
RALE demonstrated an extremely significant decrease
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Table 3 Effect of Rhododendron arboreum leaf extract on various parameters of ECG of Wistar rats (N-6)

SL.NO Treatments groups Heart Rate (BPM) QRS Interval (ms) RR Interval (ms) QT Interval (ms) PR Interval (ms)
1. Normal control 336.6+1.65 13.82+0.16 177.7+0.14 44.74+0.10 3249+0.11

2. DOX control 4584+4.18" 27914062 1348+1.017 82.29+305 4917+068""

3. RALD- 100 mg/kg 407.4+179HF 22514160 148140707 71.08+2.06 " 41164026 "
4, RAHD- 250 mg/kg 383.1+166" 17.60+0.17# 153.5+0.76" ## 56.34+ 139 37494078

Values are expressed as mean+SEM, n=6, "P<0.001, "P<0.01, "P<0.05, when compared to normal group; ##P<0.001,*P < 0.01, when compared to DOX control group
DOX Doxorubicin, RALD Rhododendron arboreum low dose, RAHD Rhododendron arboreum high dose

Significance of RALE on ECG Parameters
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Fig. 4 Changes of ECG parameters of (Heart rate and RR interval) of Wistar rats (N-6)

(p<0.001) in contrast with the DOX control group. All
the values are described in Table 3 and Fig. 4.

< Significance of RR interval against Doxorubicin-
induced cardiotoxicity.

There was an extremely significant decrease (p<0.001)
in the RR interval amplitude of the DOX control group in
comparison with a normal control group.

RR interval of the high-dose group (250mg/kg) and
low-dose group (100mg/kg) both treated with RALE
demonstrated an extremely significant increase (p<0.001)
in contrast with the DOX control group. All the values
are described in Table 3 and Fig. 4.

< Significance of QRS interval against Doxorubicin-
induced cardiotoxicity.

There was an extremely significant increase (p<0.001)
in the QRS interval amplitude of the DOX control group
in comparison with a normal control group.

QRS interval amplitude of the low-dose group
(100mg/kg) treated with RALE demonstrated a moder-
ately significant decrease (p<0.001), Whereas the QRS

interval amplitude of the high-dose group treated with
RALE was extremely significant decrease (p<0.01) in
contrast with the DOX control group. All the values are
described in Table 3 and Fig. 5.

« Significance of QT interval against Doxorubicin-
induced cardiotoxicity.

Contraction of the ventricles lasts almost from the
beginning of the Q wave to the end of the T wave.
This interval is called the QT interval. There was an
extremely significant increase (p<0.001) in the QT
interval amplitudes of the DOX control group in com-
parison with a normal control group.

QT interval amplitude of the low-dose group (100mg/
kg) treated with RALE demonstrated a moderately sig-
nificant decrease (p<0.001), Whereas the QT interval
amplitude of the high-dose group treated with RALE
demonstrated extremely significant decrease (p<0.01)
in contrast with the DOX control group. All the values
are described in Table 3 and Fig. 5.

« Significance of PR interval against Doxorubicin-
induced cardiotoxicity.
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Significance of RALE on ECG parameters
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Fig. 5 Changes of ECG parameters of (QRS interval, QT interval and PR interval) of Wistar rats (N-6). The values for both the graph are expressed
as mean+SEM, n=6, "P<0.001, “P<0.0, P <0.05, when compared to a normal group; #*P < 0.001 compared to a DOX control group. DOX:
Doxorubicin, RALD: Rhododendron arboreum low dose; RAHD: Rhododendron arboreum high dose

The PR interval is important because it reflects the
conduction from the atria to the ventricles through the
AV junction and His Purkinje system. It also includes
the time between the beginning of the P wave and the
beginning of the QRS complex is the interval between
the beginning of the electrical excitation of the atria and
the beginning of the excitation of the ventricles (atrial
depolarization). This period is called the PQ interval. An
extremely significant increase (p<0.001) in the PR inter-
val amplitude of the DOX control group in comparison
with a normal control group.

The high-dose group (250mg/kg) and low-dose group
(100mg/kg) both treated with RALE demonstrated an extremely
significant decrease (p<0.001) in contrast with the DOX control
group. All the values are described in Table 3 and Figs. 5 and 6.

Discussion

The primary underlying cause of morbidity and mortal-
ity worldwide is chemotherapy-induced cardiovascular
complications [23]. The purpose of this research scrutiny
was to determine whether the ethanolic extract of Rhodo-
dendron arboreum leaves is capable of preventing cardio-
toxicity induced by doxorubicin in Wistar rats.

In this study model Doxorubicin-induced cardiotoxic-
ity, toxicities in the cardiovascular system was induced
by doxorubicin in Wistar rats with a cumulative dose
of 15 mg/kg divided into five doses each given 3 mg/kg
injected intraperitoneal route in rats for 28 days [10].
Doxorubicin-induced cardiotoxicity has been associ-
ated with a broad range of mechanisms according to
numerous investigations [12] including an inability
of mitochondria to function properly, alteration in an

iron regulatory protein, the expulsion of nitric oxide,
mediators of inflammatory reactions, calcium imbal-
ance, autophagy, and destruction of cells have been
speculated to play a significant role, the proliferation
of reactive oxygen species (ROS), which results in lipid
peroxidation and the gradual depletion of antioxidant
enzymes, is reported to be the primary one [20]. Con-
trarily in this current research study symptoms for all
the animal groups were observed throughout the experi-
ment, which showed evidence of a severe red nasal dis-
charge, exudates on the area of the hind legs, scruffy fur,
fur loss over the upper part of the torso and abdomen
region compared to the normal group. Fur loss is due to
holocrine secretion which is considered a form of apop-
tosis associated with nonphysiological increases in sebo-
cyte cell death disrupting the sebaceous glands [24] and
whereas red nasal discharge induced by doxorubicin is
associated with nasal inflammation (rhinitis), weakened
immune system leading to infections, or direct damage
to blood vessels causing bleeding [25]. The High dose of
RALE (250 mg/kg) treated reduced red nasal discharge
and no fur loss when compared with the DOX control
group. Whereas ethanolic extract of R. arboreum leaf
(RALE) treated low dose group (100 mg/kg) demon-
strated red nasal discharge, scrufty fur and lesser fur loss
on the back compared to the DOX control group. This
observation accounts for the effective cell-protecting
property of R. arboreum with anti-inflammatory, anti-
oxidant and antimicrobial effects [26].

As the R. arboreum ethanolic extract of leaf contains
phenolic and flavonoid compounds, which are known
to have antioxidant properties. Phenolic compounds
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Fig. 6 Qualitative analysis of ECG of all the experimental groups (N-6). A Normal control group, B DOX control group a. inverted P wave, b.
increased PR interval c. deepening of QRS complex amplitude, and d: prolongation of the QT interval, C RALD-100 mg/kg control group, D
RAHD- 250 mg/kg control group. DOX: Doxorubicin, RALD: Rhododendron arboreum low dose; RAHD: Rhododendron arboreum high dose

illustrated their efficacy in this research investigation by
preventing the synthesis of many reactive oxygen species.
They further exerted positive regulatory effects on signal-
ing pathways such as upregulation of the phosphoinositide
3-kinase (PI3K)/Akt pathway resulting in the inhibition
of apoptosis and the augmentation of cell survival in car-
diomyocytes, reducing rise of cellular Ca** and retaining
matrix metalloproteinases (MMP) resulting in restoration
of mitochondrial integrity, and inhibition of nuclear fac-
tor kappa-B (NF-kB)by disabling the activation of FasL,
Fas, c-Myc, and p53 genes as well as proinflammatory
cytokines. Although there are a variety of mechanisms for
the antioxidant activity of phenolic acids (because of the
reactivity of the phenol moiety), radical scavenging via
hydrogen atom donation is considered to be the primary
mechanism [27, 28]. Moreover, antioxidant, anti-inflam-
matory, anti-apoptotic, anti-calcium overload, and iron

scavenging characteristics are a few of the diverse pharma-
cological actions of flavonoids. Dietary supplements that
include flavonoids, such as quercetin, rutin, and luteolin,
are crucial in the defense against cardiac toxicity because
they reduce ROS, lipid peroxidation, mitochondrial per-
meability, and apoptosis by various mechanisms. In this
current research investigation Phlppl and p-Akt pro-
tein expression is elevated by flavonoids. It is known that
phlppl modulates the AKT protein to promote cell sur-
vival and significantly reduce the apoptosis brought on
by doxorubicin. Furthermore, it increased the expression
of the protein 14-3-3y, which facilitates the prevention
of myocardial damage. Remarkably it has characteristics
that avert calcium overload by significantly increasing
SERCA2a expression and preventing contractile dysfunc-
tion. In addition, it inhibited caspase-3 activity, which pre-
vents mitochondrial permeability transition pore (mPTP)
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from opening, which leads to mitochondrial swelling and
excessive release of reactive oxygen species [29].

In accordance with earlier research reports, doxoru-
bicin substantially raised all the cardiac serum biomark-
ers including AST, ALT, CK-MB, CK-NAC and LDH
abilities in the present research study analysis [20]. The
current research data analysis of the RALE with antioxi-
dant properties restored all the cardiac serum biomarker
levels which were elevated by the DOX control group
probably flavonoid compounds minimized the leaking
of these enzymes through inhibition of the mPTP path-
way and release of cytochrome c, which restored the
myocardial cellular damage, membrane integrity and
protecting the cardiac membrane from being damaged.
In addition, phenolic compounds may also have been
accomplished by reducing oxidative stress by hamper-
ing the function of various signaling pathways, includ-
ing mitogen-activated protein kinase (MAPK) (such as
extracellular signal-regulated kinase 1/2 (ERK), c-Jun
N-terminal kinase (JNK), and p38 MAPK) and nuclear
factor kappa light chain enhancer of activated B cells
(NF-kB) pathways, which contribute to cellular damage,
apoptosis, and inflammation [12, 20].

In previous research investigations, it was noted
that DOX-treated exhibited prolonged QT intervals,
much longer PR intervals, widened QRS complex
amplitudes, non-specific ST segments and increased
heart rate [30]. According to the results of the cur-
rent study’s analysis of all these ECG alterations,
the P wave, QRS complex, QT interval, heart rate,
arrhythmias, and undefined ST segment were signif-
icantly improved after treatment with RALE, which
has antioxidant and anti-inflammatory properties,
substantially via maintaining ion channel function
through scavenging ROS and minimizing oxidative
damage which promotes normal electrical transmis-
sion. Subsequently, it enhances ion channel function
and suppresses the inflammatory response triggered
by doxorubicin-induced cardiotoxicity, which might
minimize inflammation-related electrical remod-
eling and arrhythmias by preventing the release of
pro-inflammatory cytokines and immune cell infil-
tration. It modulates the intracellular calcium levels
in cardiomyocytes and helps stabilize the aberrant
calcium interactions which might help ECG out-
comes revert to normal and reduce arrhythmias. It
modifies the ion channels involved in cardiac repo-
larization, notably potassium channels, via chang-
ing ion channel activity. The aforementioned might
be the result of normalizing the amplitude of the
QRS complex and restoring prolonged QT inter-
vals. Furthermore, by maintaining the health and
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functionality of cardiomyocytes, it improves cel-
lular survival mechanisms, inhibits apoptosis, and
encourages the regeneration of cardiac tissue. This
decreases arrhythmogenic episodes and improves
normal ECG rhythms. The RALE ECG alterations
may have a preserving or cell membrane stabilizing
impact on the myocardium. Therefore, the outcomes
of the present investigation indicated that both
RALE dosages (100 mg/kg and 250 mg/kg) signifi-
cantly reduced these acute modifications in the ECG
[21, 30-32].

Conclusion

In this present research study, the observed data
against DOX-induced cardiotoxicity reports that both
the high dose (250 mg/kg) and low dose (100 mg/kg)
of ethanolic extract of R. arboreum leaf extract (RALE)
which acted as a cardioprotective agent by showing
significant impacts such as preventing the generation
of ROS, hampering function of various signaling path-
ways related to the development of cardiotoxicity and
regeneration of cardiac tissues.

Therefore, the observed data results of this research
demonstrated that the ethanolic extract of RALE has a
myocardial potency against DOX-induced cardiotoxicity
in Wistar rats.
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