
INTRODUCTION
Cardiotoxicity refers to substances that harm the heart, 

potentially leading to conditions such as arrhythmia, heart 
attacks, or enlargement of the heart muscle [1]. The harmful 
effects of anthracyclines on the heart are well-known and 
alkylating agents have been associated with heart damage as 
well. This group includes drugs like cyclophosphamide (CP), 

ifosfamide, cisplatin, busulfan, and mitomycin. These 
medications can lead to heart-related issues including 
fluctuations in blood pressure, irregular heartbeats, inflammation 
of the heart muscle or the surrounding sac, heart compression, 
heart attacks, shock, and chronic heart muscle disease [2]. 

Worldwide, the primary cause of mortality and 
premature death is still cardiovascular disease (CVD). Of the 
18.6 million fatalities globally in 2019 attributed to CVD, the 
majority of 58% occurred in Asia [3]. CP cardiotoxicity varies 
from 7% to 28%, with abrupt heart failure occurring in 7%–
33% of instances following high-dose intravenous therapy. The 
mortality rate ranges from 11% to 43%, usually occurring in 
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ABSTRACT
The aim of this study was to evaluate the cardioprotective effects of Carissa carandas L extract against 
cardiotoxicity which was induced by cyclophosphamide (CP) in male Wistar rats. The target proteins related to 
C. carandas L. were selected from super pred databases and constructed Compound–targets–pathways network. 
General observation determination of cardiac markers enzymes, heart tissue homogenate analysis, body weight 
assessment, electrocardiogram (ECG) pattern analysis, and histopathological studies were conducted. Network 
pharmacology analysis identified the PI3K-Akt signaling pathway as a key pathway modulated by the compound, 
with a false discovery rate of 2.78E-05 and a strength of 1.21. A protein-pathway compound interaction network was 
established, highlighting MAPK1, NOS3, EP300, and STAT3 as having the highest edge counts at 14, 11, 9, and 9. 
CP administration significantly decreased body weight and increased heart weight. CP elevated levels of biomarker 
enzymes like creatine kinase isoenzyme MB, aspartate transaminase, alanine transaminase, and alkaline phosphatase. 
Furthermore, CP-induced rats showed significant deviations in these parameters compared to the normal group (heart 
rate: 264.83 ± 3.06 beats per minute; P-R interval: 0.064 ± 0.0001 msec; Q-T interval: 0.068 ± 0.0003 msec; R 
wave amplitude: 0.24 ± 0.004 mV), indicative of cardiotoxicity and significantly reduced superoxide dismutase 
(SOD) activity, elevated cardiac malondialdehyde levels and decreased glutathione levels. The histopathological 
examination provided evidence indicating a potential cardioprotective effect, as it revealed a decrease in the severity 
of cellular damage within the myocardium. These findings suggest the potential therapeutic utility of C. carandas L 
in managing chemotherapy-induced cardiotoxicity, highlighting its significance in improving the quality of life and 
treatment outcomes for cancer patients.
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Preparation of extract
The roots C. carandas linn underwent an initial 

cleaning in running water followed by drying and crushing into 
a coarse powder. This powder was immersed in a solution of 
ethanol and water (70:30v/v) for 5 days with regular manual 
stirring. The solution was then filtered using a rotary evaporator 
to evaporate. The resulting extract was diluted in distilled water 
to suitable concentrations daily for application in animal 
experiments [13].

In silico methodology

Target identification, network construction, and cluster analysis
The canonical SMILES were used to anticipate the 

targets for the C. carandas from the superpred database. The 
targets for CP-induced cardiotoxicity were retrieved from the 
gene card database using the keyword CP-induced cardiotoxicity. 
The targets identified in CP-induced cardiotoxicity were 
compared with proteins known to be modulated by C. carandas 
with the aid of Venny 2.1.0. The protein-protein interaction 
network and KEGG-enriched pathways were then constructed 
using the common targets as input into STRING version 11.5 
[14]. Furthermore, KEGG analysis was performed to determine 
pathways related to cardiotoxicity that are impacted by C. 
carandas. These results were then included in version 3.7.0 of 
Cytoscape to produce compound-pathway-protein interactions. 
The K-means clustering module of STRING with a clustering 
coefficient of five clusters was used to conduct the cluster 
analysis.

Gene ontology analysis
Through the use of the STRING server, gene ontology 

analysis was carried out in order to obtain GO terms, such as 
molecular function (MF), biological process (BP), and cellular 
component (CC), which help predict the components of a cell 
where molecules may act and the response the cell may deliver. 
The test agent’s impact at the cellular level is predicted by 
integrating GO keywords. An analysis was conducted on the 
top 10 items of BP, CC, and MF [15].

In-vivo study

Experimental animals
The study was conducted on healthy male Wistar rats, 

weighing between 150 and 200 g. They were kept under 
standard laboratory conditions with free access to a pelleted diet 
and water. After a 7-day acclimatization period, the rats were 
randomly divided into different groups. Ethical approval for the 
experiments was granted by the animal ethics committee of 
KLE College of Pharmacy, Belagavi. (Ethical number 221/Po/
Re/S/2000/CPSCEA). 

Experimental treatment
A total of six rats were placed into each of the five 

groups at random. For 21 days, food and water were provided 
daily to Group I, which acted as the control. On the first day of 
the trial, Group II, the CP control, received a single 
intraperitoneal dosage of CP (100 mg/kg). Group III received a 

7–21 days. Acute toxicity is seen in 22% of individuals at IV 
dosages of 170–180 mg/kg over 4–7 days, with 11% 
experiencing severe side effects [4].

CP, a medication from the nitrogen mustard family, is 
used to treat various cancers, including both malignant and non-
malignant types [5]. It is a cytotoxic bi-functional alkylating 
agent. It has a broad range of therapeutic applications, but in 
both people and laboratory animals it shows significant 
cytotoxicity to normal cells [6]. CP is metabolized by the liver 
to produce aldophosphamide, which then breaks down into 
phosphoramide mustard and acrolein. Acrolein is a toxic 
metabolite that possesses treatment for endothelial cells and the 
myocardium [7].

CP disrupts heart mitochondrial function leading to 
oxidative stress and increased harmful oxygen radicals, 
ultimately damaging the heart. Therefore, antioxidant 
therapy could be beneficial in managing cardiotoxicity 
caused by CP [8].

The Apocynaceae family, which includes Carissa 
carandas (Karonda) is known for its wide range of biological 
activities beneficial in treating various health issues, including 
rheumatism, enhancing appetite, fever reduction, serving as an 
astringent and managing brain diseases [9], antipyretic, 
anthelmimintic, antidiabetic, aphrodisiac, analgesic, anti-
inflammatory, bitter stomachic, vermifuge, and anorexia [10]. 
Additionally, it possesses anthelmintic, cardiotonic, and blood 
pressure-lowering properties [11]. The roots have strong 
cardiotonic action in addition to containing cardiac glycosides 
and salicylic acid, which produce a slight drop in blood pressure. 
Studies have also detected volatile compounds in the roots, 
including lignan, carinol, sesquiterpenes like carissone and 
carindone, along with lupeol, β-sitosterol, 16β-hydroxybetulinic 
acid, α-amyrin, β-sitosterol glycoside, and des-N-
methylnoracronycine, an acridone alkaloid [12].

This study is to explore the pharmacological 
assessment of the hydroalcoholic root extract of C. carandas L. 
in relation to CP-induced cardiotoxicity in male Wistar rats by 
explaining the effects of CP on the heart in rats by examining 
histology, metabolic markers, and electrocardiogram (ECG) 
data, and investigating the protective properties of C. caranda 
and the underlying processes. The study’s conclusions also 
have significance for the creation of fresh therapy strategies to 
lessen the negative effects of CP on heart function, enhancing 
cancer patients’ quality of life and treatment results.

MATERIALS AND METHODS
Collection of plant

The roots of C. carandas Linn were collected from the 
local region of Belagavi District, Karnataka, India, during the 
post-monsoon season (October to November), which is known 
to be the period when the roots are likely to have a higher 
concentration of phytocompounds. The authentication process 
was carried out by Dr. Divya Khare at Shri B.M.K Ayurvedic 
Mahavidyalaya, Belagavi. Following verification, the specimen 
was officially deposited and cataloged under the CRF code 
CRF/Auth/204/2023. This meticulous authentication ensures 
the accuracy and reliability of the botanical material used in the 
study.
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Standard Error of Mean (SEM). A criterion of p < 0.05 was used 
to establish significance.

RESULTS
In silico methodology

Target identification, network construction, and cluster analysis
The gene database was used to identify 234 targets 

that were thought to be related to cardiotoxicity. According to 
the super pred database, the chemical was also projected to 
modify 119 targets, 3.1% of which overlapped with targets 
linked to cardiotoxicity. By adjusting 21 proteins, it was 
discovered that 3.1% of the targets were shared. Among these 
common targets, 21 proteins were modulated (Fig. 1). Protein-
protein interaction analysis was conducted via STRING (Fig. 
2a). Cluster analysis revealed 3 clusters with cluster 1 has the 
maximum genes, i.e., 14 CDK2, EP300, ESR1, HIF1A, 
HSP90AA1, MAPK1, NFE2L2, NOS3, RXRA, SLC2A1, 
STAT3, TERT, TOP2A, and TP53 (Fig. 2b). Analysis of 
pathways associated with cardiotoxicity identified 14 pathways 
given in Table 1. A compound-pathway-protein interaction 

single dose of CP on the first day (100 mg/kg) and continuous 
oral administration of Simvastatin (10 mg/kg) for 21 days. 
Group IV received a single dose of CP on the first day (100 mg/
kg) and continuous oral administration of C. carandas linn root 
extract (500 mg/kg) for 21 days. Group V was given 1,000 mg/
kg of C. carandas linn root extract orally continuously for 21 
days, along with a single dosage of CP (100 mg/kg) on the first 
day. On the final day of the experimental paradigm, the animals 
were starved for 18 hours. Ether anesthesia was used to put the 
animals to sleep. After being collected in tubes, blood samples 
were centrifuged for 10 minutes at 4,000 RPM. The resultant 
serum was kept at −20°C in a refrigerator until additional 
biochemical research was conducted.

Determination of cardiac markers enzymes
Serum levels of alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline phosphatase, and 
creatine kinase-MB (CK-MB) were measured using commercial 
kits obtained from AGD Biomedicals (P) Ltd.

Antioxidant parameters
The levels of reduced glutathione (GSH) and cardiac 

malondialdehyde (MDA), indicative of lipid peroxidation, were 
determined [16]. The superoxide dismutase (SOD) in cardiac 
tissue homogenate was assessed following the protocol [17]. 

Body weight assessment
Throughout the study, the BW of the animals was 

measured on a weekly basis. The average change in body weight 
was calculated and reported in grams.

ECG pattern
Every animal received anesthesia through 

intraperitoneal injections of ketamine and xylazine, dosed at 45 
mg/kg and 5 mg/kg, respectively. Following this, their ECG 
readings were captured using a Power Lab 26T system. Once 
fully anesthetized, the animal was positioned on a table and 
ECG electrodes were attached to the upper left limb, lower left 
limb, and right forelimb. The ECG recordings were then 
collected for a minimum duration of 30 seconds [18].

Histopathological studies
Small samples of heart tissue were excised from each 

experimental group and then immersed in a 10% formalin 
solution for fixation. After fixation, the specimens underwent 
embedding in paraffin wax following the standard protocol. 
Subsequently, serial sections with a thickness of 5 µm were 
sliced and stained with hematoxylin and eosin (H&E). These 
stained sections were later scrutinized and photographed under 
light microscopy to detect and evaluate any histopathological 
variances or alterations between the experimental groups and 
the control.

Statistical analysis
GraphPad Prism version 8.02 was used to enter and 

analyze the data. The results were statistically analyzed using 
one-way ANOVA and Tukey’s Multiple Comparison Test to 
assess significance. The results were reported as Mean ± 

Figure 1. The Venn diagram representation of common genes between C. 
carandas linn and cardiotoxicity. 

Figure 2. (a) STRING identified protein-protein interaction for C. carandas 
Linn, and (b) Cluster analysis where cluster 1: red; cluster 2: green; cluster 3: 
blue.
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Gene ontology analysis
GO analysis revealed 16 CC with Cytoplasm 

(GO:0005737) showing the lowest false discovery rate of 
0.0442, modulating 24 observed genes, i.e., MAPK1, 
EP300, STAT3, CDK2, TP53, CCR5, NOS3, BCR, UGT2B7, 
TERT, PGR, SP1, HSP90AA1, PTGS1, PTGS2, FOXO4, 
NFE2L2, CXCR4, ESR1, TOP2A, SLC2A1, RXRA, HIF1A, 
and CYP3A4 against 12,056 background genes and strength 
of 0.18. A total of 44 MFs were identified, with Transition 
metal ion binding acting on protein (GO:0046914) having 
the minimal FDR of 0.0436 and involving 7 observed 
genes: EP300, TP53, NOS3, PGR, ESR1, RXRA, and 
CYP3A4, against a background of 1,104 genes. Similarly, 
325 biological processes (BP) were identified, among 
which Response to chemical (GO:004221) exhibited the 
lowest FDR of 1.41E-09. This process was modulated by 
23 observed genes: MAPK1, EP300, STAT3, CDK2, TP53, 
CCR5, NOS3, BCR, TERT, PGR, SP1, HSP90AA1, PTGS1, 
PTGS2, FOXO4, NFE2L2, CXCR4, ESR1, SLC2A1, 
RXRA, HIF1A, ABCB1, and CYP3A4, against a BGC of 
4010. The selected MF, BP, and CC have been depicted in a 
bar graph format, as illustrated in (Fig. 6).

In-vivo study
Animals body weight

On the 0th, 7th, 14th, and 21st days, the animals in 
the various groups had their body weight changes observed. 

network was constructed, highlighting MAPK1, NOS3, EP300, 
and STAT3 having the highest edge count of 14, 11, 9, and 9. 
Among six phytocompounds, cardenolides exhibited the highest 
modulation, with an edge count of 8, neighborhood connectivity 
of 7.625, and radiality of 0.70731707 (Fig. 3). Cytohubba 
analysis of the merged network is shown in Figure 4. The PI3K-
AKT signaling pathway (hsa04151) emerged as a main pathway 
modulated by the compound, having a false discovery rate of 
2.78E-05, strength of 1.21, and gene ratio of 0.171 (Table 1 and 
Fig. 5).

Figure 3. Protein pathway interaction for C. carandas Linn phytoconstituents.

Figure 4. Cyto hubb analysis of merged network.
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Figure 5. KEGG pathway analysis. 

Table 1. KEGG pathways analysis.

Pathway names Gene count FDR Strength OGC/BGC Gene set involved in pathway

PI3KAkt signaling pathway (hsa04151) 6 2.78E-05 1.21 0.017192 MAPK1, NOS3, TP53, HSP90AA1, RXRA, CDK2

HIF-1 signaling pathway (hsa04066) 6 1.33E-07 1.74 0.058824 MAPK1, NOS3, EP300, STAT3, HIF1A, SLC2A1

Thyroid hormone signaling pathway (hsa04919) 7 7.05E-09 1.74 0.058333 EP300, TP53, HIF1A, RXRA, SLC2A1, ESR1

Fluid shear stress and atherosclerosis (hsa05418) 4 0.00017 1.46 0.031008 NOS3, TP53, HSP90AA1, NFE2L2,

Foxo signaling pathway (hsa04068) 4 0.00017 1.47 0.031746 MAPK1, EP300, STAT3, CDK2,

Sphingolipid signaling pathway (hsa04071) 3 0.0023 1.38 0.025862 MAPK1, NOS3, TP53

AGE-RAGE signaling pathway in diabetic 
complication (hsa04933)

3 0.0014 1.47 0.03125 MAPK1, NOS3, STAT3,

JAK-STAT signaling pathway (hsa04630) 2 0.0491 1.07 0.012658 EP300, STAT3

Oxytocin signaling pathway (hsa04921) 2 0.045 1.11 0.013605 MAPK1, NOS3

Apelin signaling pathway (hsa04371) 2 0.0382 1.15 0.015038 MAPK1, NOS3

Autophagy animal (hsa04140) 2 0.038 1.16 0.015267 MAPK1, HIF1A

Relaxin signaling pathway (hsa04926) 2 0.0358 1.17 0.015873 MAPK1, NOS3

TGF-beta signaling pathway (hsa04350) 2 0.0222 1.31 0.021978 MAPK1, EP300

VEGF signaling pathway (hsa04370) 2 0.0118 1.53 0.035714 MAPK1, NOS3

Where OGC: Observed gene count: BGC: Background gene count: FDC: False discovery rate. 

The findings indicated reductions in BW following treatment 
with CP related to the normal rats. However, conversely, the 
groups administered doses of 500 and 1,000 mg/kg BW 
exhibited an increase in body weight from day 0th to day 21st 

when compared to the CP-treated groups, with all increments 
being statistically significant (p < 0.001). Additionally, the 
group treated with simvastatin a standard shows a significant 
increase in BW (p < 0.001) compared to the CP-treated rats, 
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reaching levels comparable to those of the normal group. 
(Table 2 and Fig. 7). 

Cardiac markers
Rats administered with CP had significantly higher 

levels of cardiac enzymes, especially CK-MB, than the control 
group; this difference was statistically significant (p < 0.001). In 
contrast, compared to the CP-treated group, administration with 
the extract at dosages of 500 and 1,000 mg/kg BW resulted in a 
substantial decrease in cardiac enzyme levels (p < 0.001, p < 
0.001). Comparing the cardiac enzyme levels of the standard 
therapy group to the CP-treated group, there was a substantial 
(p < 0.001) drop in the simvastatin group. CK-MB levels were 
significantly (p < 0.05) higher in the treatment group receiving 
500 mg/kg than in the group receiving simvastatin when 
compared to the standard group. Furthermore, the comparison 
with the dose of 1,000 mg/kg showed therapeutic value even if 
it did not yield statistical significance (Table 3 and Fig. 8).

Figure 6. Gene ontology for the top 10 BP (orange), MF (blue), and cellular component (Green).

Table 2. Effect of C. carandas Linn root extract on body weight of CP-induced cardiotoxicity in rats.

Groups Body weight in grams

Day 0 Day 7 Day 14 Day 21

Normal 178.33 ± 4.00 186.6 ± 3.74 194.50 ± 3.58 202.1 ± 3.60

Control 185.5 ± 4.41 176 ± 2.96 164.16 ± 2.91A 156 ± 2.52A

Standard 188.8 ± 2.36 197.1 ± 2.03# 203.5 ± 1.95# 211.6 ± 1.78#

Treatment-1 209.5 ± 3.33  211.8 ± 3.51#@@@ 215.5 ± 3.64# 219.3 ± 3.94#

Treatment-2 196.5 ± 3.98 201.6 ± 4.72# 208.1±4.96# 214.6 ± 5.30#

Data presented as mean ± SEM (n = 6). Where A p < 0.001 when compared to normal; # p < 0.001 when compared to disease control group; @@@ p < 0.05, when 
compared to standard simvastatin is considered statistically significant.

Figure 7. Body weight of animals. 
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shows restoration of anti-oxidant enzyme activity and 
maintenance of lipid peroxidation and GSH levels (231.01 ± 
1.67#), suggesting potential therapeutic effects. However, 
Treatment-I displays further improvement in SOD activity and 
reduction in MDA levels compared to the Control group, though 
still lower than the Normal group. Treatment II demonstrates 
restored SOD activity and comparable MDA and GSH levels to 
the Standard group implying effective mitigation of oxidative 
stress. Overall while the Control group presents oxidative stress 
markers, both exhibit improvements, with Treatment II 
achieving outcomes comparable to the Standard group 
indicating potential therapeutic efficacy in ameliorating 
oxidative stress-related conditions. The results are depicted in 
Table 4 and in Figure 9a, 9b, and 9c, respectively. 

Effect of C. carandas Linn root extract on heart weight (HW) and 
relative heart weight (RHW)

The results indicate that in the normal group, both HW 
(721 ± 0.009) and relative heart weight (0.3570 ± 0.005) are 
within typical ranges. However, the Control group exhibits 
significantly increased HW (0.9036 ± 0.018A) and RHW 0.5799 
± 0.014A compared to the Normal group, suggesting potential 
cardiac hypertrophy (Fig. 10 (a) and (b)). Contrastingly, the 
Standard group displays reduced heart weight and relative heart 
weight when compared to the Control group, indicating 
potential therapeutic effects in mitigating cardiac hypertrophy. 
The group treated with 500 mg/kg and 1,000 mg/kg reduced 
heart weight when compared to the control group. While the 
control group exhibits cardiac hypertrophy, both Treatment 
groups show potential therapeutic effects, with Treatment II 
achieving outcomes similar to the Standard group, indicating 
promising efficacy in addressing cardiac hypertrophy (Table 5). 

Effect of C. carandas Linn root extract on serum enzyme changes 
in CP-induced cardiotoxicity in rats

It was noticed that in the Normal group, enzyme levels 
are reported within typical ranges, serving as a baseline 
comparison. Conversely, the Control group exhibits significantly 
increased levels of AST, ALT, and ALP when compared to the 
normal group suggesting potential heart dysfunction or damage 

Qualitative test of Troponin-I rapid test
It is designed to be used as a screening test by 

professionals and provide a preliminary test result to aid in the 
early diagnosis of acute myocardial infarction. The troponin-1 
combo rapid test is a lateral flow chromatographic immunoassay 
designed for the qualitative detection of cardiac troponin I in 
human serum. Troponin-I is present in the disease group but not 
in the normal, standard, and treated groups indicating that this 
qualitative test is used to identify early detection of myocardial 
infarction. 

Oxidative stress markers
The table presents data on antioxidant enzyme activity 

SOD, lipid peroxidation levels MDA, and GSH levels in 
different experimental groups. In the Normal group, SOD 
activity, MDA levels, and GSH levels are within typical ranges. 
Conversely, the Control group exhibits significantly reduced 
SOD activity, increased MDA levels, and decreased GSH levels 
when compared to the normal group thus indicating oxidative 
stress and decreased antioxidant capacity. The Standard group 

Figure 8. Cardiac markers analysis. 

Table  4. Effect of C. carandas Linn root extract on Oxidative stress 
markers in CP-induced cardiotoxicity in rats.

Groups SOD 
(U/mg of 
protein)

MDA 
(nmol/mg of 

protein)

GSH 
(µg/mg of 
protein)

Normal Group 31.70 ± 1.23 1.72 ± 0.10 232.03 ± 2.5

Control Group 18.51 ± 0.94A 3.40 ± 0.13A 160.80 ± 4.72A

Standard Group 30.05 ± 0.62# 1.74 ± 0.10# 229.14 ± 3.25#

Treatment I 23.82 ± 0.60##@ 2.22 ± 0.11#@@@ 201.18 ± 4.11#@

Treatment II 30.35 ± 0.74# 1.78 ± 0.10# 231.01 ± 1.67#

Data presented as mean ± SEM (n = 6). Where A p < 0.001 when compared 
to normal; ## p < 0.01, # p < 0.001 when compared to disease control group;  
@@@ p < 0.05, @ p < 0.001 when compared to standard simvastatin is considered 
statistically significant.

Table  3. Effect of C. carandas Linn root extract on  
cardiac markers in CP-induced cardiotoxicity in rats.

Group CK-MB (IU/l)

Normal Group 297.5 ± 5.94

Control Group 627.83 ± 13.73A

Standard Group 301.66 ± 4.90#

Treatment I 410.16 ± 8.21#@@@

Treatment II 314.16 ± 7.30#

Data presented as mean ± SEM (n = 6). Where A p<0.001, when compared to 
normal; # p < 0.001 when compared to disease control group; @@@ p < 0.05, 
when compared to standard simvastatin is considered statistically significant.
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4.17 beats per minute (BPM), a P-R interval of 0.047 ± 0.0001 
milliseconds (msec), a Q-T interval of 0.046 ± 0.0005 msec, 
and an R wave amplitude of 0.35 ± 0.008 millivolts (mV). 
Animals induced with CP showed significant deviations in 
these parameters compared to the normal group (heart rate: 
264.83 ± 3.06 BPM; P-R interval: 0.064 ± 0.0001 msec; Q-T 
interval: 0.068 ± 0.0003 msec; R wave amplitude: 0.24 ± 0.004 
mV), indicative of cardiotoxicity. However, treatment with C. 
carandas Linn root extract (Treatment-I) resulted in notable 

in this group. Contrastingly, the Standard group displays lower 
enzyme levels relative to the Control group indicating a 
potential therapeutic effect or mitigation of heart damage. 
Notably, both Treatment-I and Treatment II groups showcase 
reductions in enzyme levels (Table 6). 

Electrocardiogram of rats
The results indicate that the normal group exhibited a 

baseline ECG pattern characterized by a heart rate of 360.83 ± 

Figure 9. Oxidative stress markers in CP-induced cardiotoxicity in rats. (a). SOD (b). MDA (c). GSH.

Table  5. Effect of C. carandas Linn root extract on  
heart weight(g) and relative heart weight (gm%)  

changes in CP-induced cardiotoxicity in rats.

Groups Heart weight(g) Relative heart weight (g%)

Normal group 0.721 ± 0.009 0.3570 ± 0.005

Control group 0.9036 ± 0.018A 0.5799 ± 0.014 A

Standard group 0.738 ± 0.012# 0.3427 ± 0.009 #

Treatment I 0.851 ± 0.012@ 0.3885 ± 0.006 #@@@

Treatment II 0.777 ± 0.010# 0.3627 ± 0.006 #

Data presented as mean ± SEM (n = 6). Where, A p < 0.001 when compared 
to normal; # p < 0.001 when compared to disease control group; Where @@ 
p < 0.01, @ p < 0.001 when compared to standard simvastatin is considered 
statistically significant.

Figure. 10 (a). Heart weight (b). Relative heart weight. 

Table 6. Effect of C. carandas Linn root extract on serum  
enzyme changes in CP-induced cardiotoxicity in rats.

Groups AST (IU/l) ALT(IU/l) ALP (IU/l)

Normal group 55.73 ± 1.17 32.52 ± 0.42 79.24 ± 3.21

Control group 202.87 ± 1.96A 82.87 ± 3.91A 271.59 ± 4.77A

Standard group 67.61 ± 1.30# 39.13 ± 0.37# 131.24 ± 3.93#

Treatment I 142.23 ± 1.74#@ 57.65 ± 1.47#@ 201.73 ± 4.58#@

Treatment II 79.47 ± 1.94#@ 43.52 ± 0.49#@@ 146.06 ± 4.27#

Data presented as mean ± SEM (n = 6). Where, A p < 0.001 when compared 
to normal; #p < 0.001 when compared to disease control group; @@ p < 0.01, 
@ p < 0.001 when compared to standard simvastatin is considered statistically 
significant.
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Table  7. Effect of C. carandas Linn root extract on ECG pattern CP-induced cardiotoxicity in rats.

Groups Heart rate (BPM) P-R Interval (msec) Q-T interval (msec) R wave amplitude (mV)

Normal group 360.83 ± 4.17 0.047 ± 0.0001 0.046 ± 0.0005 0.35 ± 0.008

Control group 264.83 ± 3.06A 0.064 ± 0.0001A 0.068 ± 0.0003A 0.24 ± 0.004A

Standard group 352.16 ± 2.03# 0.048 ± 0.0004# 0.048 ± 0.0006# 0.36 ± 0.006#

Treatment I 335.16 ± 1.78#@@@ 0.054 ± 0.0002#@ 0.056 ± 0.001#@ 0.31 ± 0.003#@

Treatment II 350.16 ± 1.96# 0.049 ± 0.0001# 0.049 ± 0.0005# 0.35 ± 0.004#

Data presented as mean ± SEM (n = 6). Where, A p < 0.001 when compared to normal; # p < 0.001 when compared to disease control group; @@@ p < 0.05, @ p < 0.001 
when compared to standard simvastatin is considered statistically significant.

Figure 11. ECG pattern. (a). Normal group, (b) Control group, (c). Standard group, (d). Treatment I (500 mg/kg), and (e) Treatment II (1,000 mg/kg).

 

Figure 12. Histopathological studies (a). Normal group, (b). Control group, (c). Standard group, (d). Treatment(500 mg/kg), and (e). Treatment(1,000 mg/kg).
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analysis identified specific pathways related to cardiotoxicity, 
including the PI3K -Akt signaling pathway, HIF-1 signaling 
pathway, and others. These pathways possess crucial roles in 
cardiotoxicity and are modulated by the extract, indicating its 
potential therapeutic effects [19,20]. 

Treatment with C. carandas Linn root extract led to 
increases in BW compared to the CP-treated animals., 
indicating potential protective effects against weight loss 
associated with cardiotoxicity. Body weight increases in the 
treatment group due to its antioxidant, anti-inflammatory, and 
enhanced metabolic function. The extract showed significant 
reductions in cardiac enzyme levels CK-MB compared to the 
CP-treated group, suggesting protective effects against cardiac 
damage.

Oxidative stress markers: Treatment with the extract 
resulted in the restoration of antioxidant enzyme activitySOD, 
reduction in lipid peroxidation levels MDA, and maintenance 
of GSH indicating its antioxidant properties and ability to 
mitigate oxidative stress. The extract showed significant 
reductions in serum enzyme levels (AST, ALT, and ALP), 
indicating potential protective effects against heart damage 
associated with cardiotoxicity [21,22]. The extract demonstrated 
potential in reducing heart weight and relative heart weight, 
suggesting its efficacy in preventing cardiac hypertrophy 
induced by CP. The increase in heart weight could be attributed 
to several factors such as heightened vascular hemorrhage, 
edema, and necrosis of cardiac muscle fibers. This progression 
may subsequently lead to the infiltration of damaged tissues by 
inflammatory cells. These combined effects could contribute to 
the overall increment in heart weight [23]. 

The administration of CP results in an increase in 
cellular sodium content and reduced potassium(K+) content, 
potentially contributing to the prolongation of the QT interval. 
This elongation may primarily be attributed to the loss of 
potassium. Additionally, CP-induced atrioventricular (AV) 
block, leading to an extended PR interval, could be a significant 
factor in QT interval prolongation. The underlying reasons for 
AV block include alterations in parasympathetic tone and 
deformations in the conduction system. These factors 
collectively contribute to the prolongation of both PR and QT 
intervals in CP-induced cardiotoxicity [24–26]. Treatment with 
the extract showed improvements in ECG parameters when 
compared to the CP-treated group, indicating potential 
protective effects against cardiotoxicity.

Histological analysis showed that the extract treatment 
mitigated degenerative changes in cardiac muscle fibers caused 
by CP. Most fibers regained their normal shape and arrangement, 
with mild congestion, significantly less than the CP-treated 
group. Additionally, treatment with 1,000 mg/kg effectively 
prevented CP-induced cardiac damage by reversing 
inflammatory cell infiltration and myofibril fragmentation. This 
action of C. carandas Linn could be attributable to its 
phytoconstituents such as cardenolide and betulinic acid which 
are known to its cardiotonic effects on myocardial [27–29]. The 
phytoconstituents found in C. carandas L, along with others, 
likely contribute to its protective effect against CP-induced 
cardiotoxicity. Qualitative testing using the Troponin-I rapid 
test indicated the absence of cardiac Troponin I in the normal, 

improvements in ECG parameters when compared to the 
control group, albeit not fully restored to normal levels (heart 
rate: 335.16 ± 1.78 BPM; P-R interval: 0.054 ± 0.0002 msec; 
Q-T interval: 0.056 ± 0.001 msec; R wave amplitude: 0.31 ± 
0.003 mV). This suggests a potential protective effect of the 
extract against CP-induced cardiotoxicity, though not as 
effective as the standard treatment or Treatment II, which 
showed closer resemblances to the normal group’s ECG pattern 
(Table 7 and Fig. 11a–e).

Histopathological studies
Histological analysis of normal hearts revealed typical 

cardiac muscle fibers with regular transverse striations. 
Connective tissues and intercalated disks were observed 
between muscle bundles. Fibroblast nuclei and Lipofuscin 
granules were also present (Fig. 12a). CP-treated animals show 
changes in cardiac muscle fibers, including increased interfiber 
spaces, interstitial edema, and inflammation. The endomysium 
was thickened, with infiltration of inflammatory cells (Fig. 
12b). Similarly, standard treatment with simvastatin and the 
extract at a dose of 1,000 mg/kg demonstrated mild congestion 
and maintained similar structural integrity compared to normal 
animals (Fig. 12c). 

Heart sections from CP-treated rats receiving 500 
mg/kg and 1,000 mg/kg BW showed restoration of muscle 
fibers, with reduced congestion related to the control group 
(Fig. 12d). Most cardiomyocyte nuclei appeared centrally 
positioned with a normal shape (Fig. 12e). Treatment with 
1,000 mg/kg effectively mitigated CP-induced cardiac damage 
by reducing infiltration of inflammatory cells and fragmentation 
of myofibril.

DISCUSSION
The results obtained from the study on the effects of 

C. carandas Linn root extract on CP-induced cardiotoxicity in 
rats reveal significant findings across various parameters like 
Target Identification, network analysis, gene ontology analysis, 
KEGG Pathway analysis, In Vivo Studies and Troponin-I Rapid 
Test.

The in-silico methodology employed identified 
several targets implicated in cardiotoxicity and those 
modulated by C. carandas Linn root extract. A protein-protein 
interaction network was constructed, revealing key pathways 
involved, such as the PI3K-Akt signaling pathway among all 
6 phytocompounds cardenolides is highly modulated by 
possessing the highest edge count 8, neighborhood connectivity 
7.625 and radiality 0.70731707 (Fig. 3). Cluster analysis 
revealed 3 clusters with cluster 1 having the maximum number 
of proteins, i.e., 14 CDK2, EP300, ESR1, HIF1A, HSP90AA1, 
MAPK1, NFE2L2, NOS3, RXRA, SLC2A1, STAT3, TERT, 
TOP2A, and TP53. The cluster analysis further elucidated the 
clustering of genes/proteins, highlighting clusters with 
significant gene counts, suggesting potential key players in the 
regulatory network. Gene Ontology analysis provided insights 
into the cellular components, MFs, and biological processes 
affected by C. carandas Linn root extract. Significant 
modulation of various genes involved in cellular processes 
and signaling pathways were observed. The KEGG pathway 
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