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ABSTRACT
Aim: The aim of the present study was to evaluate the Cardioprotective effect of 
Capsaicin (CAP) against Doxorubicin (DOX) induced cardiotoxicity in experimental 
rats. Methods: The 24 wistar rats were randomly divided into four groups (with equal 
numbers): Normal- 1% Dimethyl Sulfoxide (DMSO), DOX (15 mg/kg, i.p), CAP (10 
mg/kg, p.o, alone) and CAP 10 mg/kg (in combination with DOX). Cardiotoxicity was 
induced in wistar rats by administering DOX with a cumulative dose of 15 mg/kg (i.p) 
for 2 weeks. CAP with a dose of 10 mg/kg was administered in respective groups for 21 
days. The influence of the treatment was analysed by quantification of serum biomarkers 
and antioxidants, electrocardiographic parameters and histopathological observations. 
Results: In the current study, the activities of Lactate Dehydrogenase (LDH), Creatine 
Kinase-NAC (CKNAC), Creatine Kinase-MB (CK-MB), were reduced (P<0.001) in serum 
and Superoxide Dismutase (SOD), Reduced Glutathione (GSH) and Catalase activities 
were increased (P<0.001) in heart tissue homogenate in all treated groups compared 
to DOX group. Similarly, the electrocardiographic changes were restored close to 
normal in all treated groups. Results were further supported by histopathological 
studies. Conclusion: The results reveal that CAP possesses potential benefits against 
cardiotoxicity induced by DOX by supressing serum markers and oxidative stress in heart 
tissues of experimental rats.
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INTRODUCTION
Doxorubicin (DOX) is an anthracycline 
glycoside antibiotic, derived from soil acti-
nomycetes Streptococcus peucetius. DOX is a 
broad spectrum anticancer drug preferred 
for the treatment of  solid tumors which 
develop in the breast, bile ducts, endometrial 
tissue, esophagus and liver, osteosarcomas, 
soft-tissue sarcomas and non-Hodgkin’s 
lymphoma.1 The clinical usage of  DOX 
is limited because its deleterious adverse 
effects like cardiotoxicity, neurotoxicity, 
hepatotoxicity, nephrotoxicity and testicu-
lar toxicity. The early side effects of  DOX 
occur at a single dose like pericarditis-myo-
carditis syndrome, acute left-ventricular 
dysfunction and arrhythmias. Late effect of  
DOX induced cardiomyopathy is clinically 
manifested as congestive heart failure and 
exact mechanisms underlying cardiotoxicity 

caused by DOX are not completely eluci-
dated. Many research studies evidenced that 
DOX increases inflammation and oxidative 
stress in the heart tissue.1-3

Various studies were demonstrated for anti-
oxidants from the natural medicine with tar-
get to reduce oxidative stress injury evoked 
by DOX. Many natural antioxidants were 
screened to ameliorate the DOX-induced 
cell damage without compromising its 
anti-tumor efficacy in the animal studies.1 

Capsaicin (trans-8-methyl-N-vanillyl-6-non-
enamide) is the principal pungent phyto-
constituent present in the fruits of  plants 
fromthe genus Capsicum, belongs to fam-
ily, Solanaceae.4 Beneficial uses of  capsaicin 
range from food flavourings to therapeu-
tics. Several literature datum of  capsaicin 
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revealed potent pharmacological effects like analgesic, 
antiobesity, antipruritic, anti-inflammatory, ant apop-
totic, antineoplastic, free radical scavenging and neu-
roprotective activities. Also, recent studies showed its 
clinical efficacy in treatment of  vascular-related disor-
ders, metabolic syndrome and gastro protective effects. 
The dearth of  vital medicines for prevention and man-
agement of  such diseases influences the urge for further 
research into the pharmacological aspects of  capsaicin. 
The present study was undertaken to evaluate the effect 
of  capsaicin in alleviating DOX induced cardiotoxicity 
in experimental rats.5

MATERIALS AND METHODS
Animals: For the present study, 24 wistar rats of  either 
sex (250-300g) were procured from animal house of  
Shree Devi College of  Pharmacy, Mangalore. They 
were acclimatized to controlled laboratory conditions 
of  temperature (25±2°C), 30-70% humidity and 12 hr 
light-dark cycles. The rats were randomized into differ-
ent experimental groups and housed for each in sani-
tized polypropylene cages containing sterile paddy husk 
as bedding. They had free accessed to standard diet and 
water ad libitum. All the studies conducted were approved 
by Institutional Animal Ethical Committee, Shree Devi 
College of  pharmacy (SDCP/IAEC/03/2018), Manga-
lore, Karnataka, according to prescribed guidelines of  
committee for the purpose of  control and supervision 
of  experiments in animals (CPCSEA), Government of  
India.
Chemicals: Capsaicin was procured from Yucca Enter-
prises, Mumbai. DOX was procured from Cipla Ltd, 
Verna, Goa and other chemicals used in the present 
study were of  analytical grade and purchased from stan-
dard pharmaceutical/ chemical companies. Biochemical 
kits for the estimation of  biomarkers/enzymes were 
procured from Robonik India, Pvt Ltd, Mumbai.

Effect of Capsaicin on Doxorubicin induced 
cardiotoxicity6

Experimental design

The present study was designed for 22 days. After 7-8 
days of  acclimatization, the 24 experimental rats (healthy 
adult Wistar rats of  both sexes) were randomly divided 
into four equal groups in separate polypropylene cages, 
six animals in each the grouping of  animal was done as 
following.
Group-I: (Normal) - Animals treated with 1% Dimethyl 
Sulfoxide (DMSO) for 21 days.
Group- II: (DOX Alone) – DOX total cumulative dose 
of  15mg/kg i.p for 2 weeks in six divided dosage.

Group- III: (CAP Alone) - Animals treated with CAP 
at a dosage of  10mg/kg p.o for 21 days. 
Group- IV: (CAP+DOX) – CAP 10mg/kg p.o for 21 
days + DOX total cumulative dose of  15mg/kg i.p for 
2 weeks in six divided dosages.
After 24 h after the last administration the rat was anes-
thetized with ketamine (70 mg/kg i.p.) and xylazine (10 
mg/kg i.p.). The recordings of  ECG waves were mea-
sured on the physiography. The blood was collected by 
retro-orbital puncture and the serum was separated by 
centrifugation (3000 rpm for 15 min) and used for the 
estimation of  biomarkers. Then rats were decapitated, 
the heart tissues were isolated, separated from their 
surrounding fat and connective tissue and washed with 
ice-cold saline quickly. Each heart was divided into two 
parts. Half  portion was used for biochemical study and 
other half  portion was processed for histopathological 
study.6

Recording of electrocardiogram (ECG) in DOX 
induced cardiotoxicity6

The recording of  the ECG waves were measured on 
the physiography at the intensity of  0.5 mv with graph 
speed 100 mm/sec. ECG were taken using bipolar limb 
lead (I, II, III) from a rat lying straight on the back 
with the front legs semi flexed and hind legs extended 
slightly. Electrodes were subcutaneously attached to 
the front and hind legs. The chest lead was subcutane-
ously attached near to the heart towards left ventricle. 
Leads were connected to the physiography. Electrocar-
diographic parameters QRS interval, QT segment, P-R 
interval and RR interval were measured.

Determination of cardio biomarkers
The levels of  cardio biomarkers Lactate Dehydrogenase 
(LDH), Creatine Kinase-NAC (CKNAC) and Creatine 
Kinase-MB (CK-MB) from serum (supernatant) were 
analyzed by using commercial kits (Robonik) by using 
semi auto analyser (Robonik).

Endogenous antioxidants assessments
Half  portion of  heart of  each rat was subjected to 
homogenization in ice-cold 10% Trichloro acetic acid 
phosphate buffer and saline (0.05M, pH7.4). The heart 
homogenates were centrifuged for 15000 rpm for 15 
min. The obtained supernatants were used for esti-
mations of  GSH, SOD and Catalase by colorimetric 
method. The GSH level of  hepatic tissue was analysed 
by using Ellmanns method.7 Catalase enzyme activity 
was measured by Aebi method.8 SOD enzyme activity 
of  hepatic tissue was analysed by the method described 
by Kakkar et al.9
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Histopathological Study
Specimens of  heart tissues of  each group were fixed 
in 10% buffered formalin and processed with paraffin 
wax. For histopathological feature examination, 5μm 
sections were stained with haematoxylin and eosin for 
the examination using light microscope.10

Statistical Analysis
The data obtained by the various parameters was sta-
tistically evaluated by one way Analysis of  Variance 
(ANOVA) followed by Tukey-Kramer multiple com-
parison tests. The mean values ±SEM were calculated 
for each parameter.

RESULTS

Recording of electrocardiogram in DOX induced 
cardiotoxicity
Electrocardiographic determination revealed a remark-
ably decrease (P<0.001) in heart rate of  DOX group 
compared to normal group. CAP (Alone) group and 
CAP+DOX group showed rise (P<0.001) in heart rate 
values compared to DOX group. DOX group showed 

increase (P<0.001) in RR interval compared to normal 
group. CAP (alone) group and CAP+DOX group were 
produced moderately decrease (P<0.01) in RR interval 
compared to DOX group. DOX group showed increase 
(P<0.001) in QT, QRS and PR interval compared to 
normal group. CAP (Alone) group and CAP+DOX 
group caused decrease (P<0.001) in QT interval com-
pared to DOX group (Table 1 and Figure1-3).

Estimation of cardio biomarkers
DOX group explored increase (P<0.001) in CK-MB, 
CK-NAC and LDH level compared to normal group. 
CAP (alone) group and CAP+DOX group were showed 
moderately decrease (P<0.001) in biomarkers level com-
pared to DOX group (Table 2 and Figure 4).

Estimation of endogenous antioxidants
In the assessment of  antioxidant markers decrease 
(P<0.001) in the level of  SOD, GSH and catalase in 
DOX group compared to normal group were observed. 
CAP (Alone) group and CAP+DOX group were 
showed elevation (P<0.01) in the content of  SOD, 
GSH and catalase compared DOX group (Table 3 and 
Figure 5).

Table 1: Effect of CAP on heart rate and ECG parameters in DOX induced cardiotoxicity.

Treatment
Heart Rate
(beats/min)

RR Interval
(ms)

QT Interval
(ms) QRS Interval (ms) PR Interval

(ms)
Normal 181.33±6.21 192.33±5.24 196.83±3.6 145.83±4.11 81.66±4.22

DOX Alone 102.83±5.38*** 270.16±5.30*** 269.33±5.57*** 198.16±1.47*** 177.66±4.32***

CAP Alone 181.66±2.80 180.5±5.46 195.5±2.94 154.83±6.55 88.66±4.84

CAP+DOX 163±4.73***### 239.16±4.35***## 228.33±5.04***### 168.16±1.47*### 137.16±5.41***###
All the values are in Mean ± SEM, n=6. *P<0.05, ***P<0.001 when compared to normal control group, ##P<0.01, ###P<0.001 when compared to DOX control group. 

Table 2: Effect of CAP on serum biomarkers in DOX induced cardiotoxicity.

Treatment
Serum biomarker level (U/L)

CK-MB CK-NAC LDH

NORMAL 142.33±2.25 78.16±1.47 395.33±4.54

DOX Alone 453.16±2.48*** 263.33±3.26*** 681.66±2.33***

CAP Alone 168.5±1.76 79.33±1.96 397.83±4.79

CAP+DOX 275.16±1.47***### 150.66±2.80***### 510.66±2.65***###

All the values are in Mean ± SEM, n=6. ***P<0.001 when compared to normal control group, ###P<0.001 when compared to DOX control group.

Table 3: Effect of CAP on heart tissue homogenate level of antioxidants in DOX induced cardiotoxicity.

Treatment SOD
(µg /g wet gland)

Catalase
(µg /g wet gland)

GSH
(ηM /g wet gland)

NORMAL 85.33±3.77 55.66±5.08 85.33±4.88

DOX Alone 20.5±2.16*** 20.33±1.96*** 36.33±4.71***

CAP Alone 60.66±8.26 83±3.16 63.16±5.19

CAP+DOX 48.33±2.42***## 39.33±1.36*## 61.33±3.20*##

All the values are in Mean ± SEM, n=6. **P<0.01***P<0.001 when compared to normal control group, ##P<0.01, when compared to DOX control group.
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Histopathological investigation
Heart tissue of  normal group and CAP group showed 
normal texture of  myocardial cell including cardiomyo-
cytes are regular, with no visible signs of  degeneration 
or necrosis. In between the cardiomyocytes, endomy-
sium is in normal quantity, with no signs of  fibrosis. 
DOX group showed vacuolization of  the cardiomyo-
cytes, infiltration of  inflammatory cells, myocardial tis-
sue separation and myofibril loss. CAP+DOX group 

demonstrated protective efficiency of  capsaicin, showed 
decreased infiltration of  leukocytes, fewer intracellular 
spaces within the myocardium and lesser defragmenta-
tion of  myofibrils (Figure 6).

Figure 1: Effect of CAP on heart rate in DOX induced cardio-
toxicity.

All the values are in Mean ± SEM, n=6. ***P<0.001 when com-
pared to normal control group, ###P<0.001 when compared to 

DOX control group.

Figure 2: Effect of CAP on PR and RR intervals in DOX in-
duced cardiotoxicity. 

All the values are in Mean ± SEM, n=6. ***P<0.001 when com-
pared to normal control group, ###P<0.001 when compared to 

DOX control group. 

Figure 3: Effect of CAP on PR and RR intervals in DOX in-
duced cardiotoxicity. 

All the values are in Mean ± SEM, n=6. ***P<0.001 when com-
pared to normal control group, ###P<0.001 when compared to 

DOX control group. 

Figure 4: Effect of CAP on serum level of biomarkers in DOX 
induced cardiotoxicity.

All the values are in Mean ± SEM, n=6. ***P<0.001when com-
pared to normal control group, ###P<0.001 when compared to 

DOX control group.

Figure 5: Effect of CAP on antioxidant level in DOX induced 
cardiotoxicity.

All the values are in Mean ± SEM, n=6. ***P<0.001when com-
pared to normal control group, ###P<0.001 when compared to 

DOX control group.

Figure 6: Histological architecture of heart tissues in different 
experimental groupsin DOX induced cardiotoxicity. (H and E, 

X400). H and E = Hematoxylin and Eosin
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istration causes the rapid swelling of  sub-sarcolemma 
bulbs and injured myocardium this might be the pos-
sible mechanism for increased levels of  these enzymes 
in serum. These findings illustrate myocardial injury and 
cellular disruption.17 Pre-treatment with CAP exhibits a 
significant decline in CK-MB, CK-NAC and LDH in 
DOXtreated rats. The decline in levels of  serum bio-
marker findings in CAP administered animals might be 
due to its free radical scavenging action that reduces 
leakage of  enzymes into bloodstream and stabilizes 
membrane permeability.20

In present study, the cardiomyopathy is caused due to 
generation of  oxygen derived free radicals. They cause 
direct injury to cell membranes, which disrupts cardiac 
membranes.19 Oxidative stress and mitochondrial dys-
function are associated with disease and toxic process. It 
results from over production of  reactive oxygen species 
(ROS). Antioxidant such as SOD, GSH and Catalase 
plays a crucial role in both scavenging reactive oxygen 
species and the detoxification of  drugs. DOX admin-
istration causes a reduction in antioxidant level and 
generates free radicals in heart and decreases its ability 
to detoxify ROS.18,20 CAP pre-treatment provides a sig-
nificant increase in antioxidant levels due to protective 
effect against oxidative stress injury induced by DOX.
In the current work, histopathological report suggests 
DOX administration causes various changes in the heart 
tissue including disruption and loss of  myofibrils and 
vacuolization of  the cytoplasm, enlarged swollen mito-
chondria, patchy necrosis and inflammatory cells where 
observed. The gross anatomical changes of  the heart 
treated with DOX showed a typical chronic response 
including ventricular dilatation, inflammatory cell and 
overall enlargement.17 The rats pre-treated with CAP 
showed significant histopathological changes compared 
to DOX treated group. The beneficial alterations are due 
to the free radical scavenging property of  capsaicin.20

CONCLUSION
The present study implicate that DOX administration 
leads to cardiac damage through cardiac membrane dis-
ruption and oxidative stress evidenced by changes in 
ECG alterations, cardiobiomarkers, antioxidant markers 
(GSH, catalase and SOD) and histopathological modu-
lations. The pre-treatment with oral administration with 
CAP demonstrates protective role by its antioxidant and 
free radical scavenging actions in DOX ‑induced car-
diotoxicity in rats.
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DISCUSSION
The current study we evaluated the potential effect of  
CAP on DOX induced cardiotoxicity in wistar rats. 
Anticancer drugs contribute significantly to the global 
burden of  adverse drug reactions.11 DOX evoked car-
diotoxicity is a major clinical challenge to its ubiquitous 
therapeutic use in oncology. DOX provide its potential 
anticancer activity towards various kinds of  tumors by 
its cytotoxic effect which involves several interactive 
mechanisms like inhibition of  macromolecular bio-
synthesis by DNA intercalation as well as its cytotoxic 
action is manifested by suppression of  topoisomerase 
II. The previous literature data of  DOX illustrated the 
role of  DOX in escalating free radical synthesis which 
in turn leads to cytotoxicity in many vital organs such as 
heart, brain, liver and kidney.12,13

CAP is an alkaloid derived from the fruits of  Capsicum 
frutescens, genus belonging to family Solanaceae and acts 
by activating the transient receptor potential vanilloid 
1(TRPV1) channel. CAP possesses strong antioxidant 
property. CAP plays a major role in protection of  lip-
ids, proteins and enzymes from oxidative damage. The 
other activities observed for CAP are anti-inflammatory, 
antidiabetic, anti obesity, thermogenesis and anticancer, 
analgesic, prevention of  adipogenesis, alleviate insulin 
resistance, ameliorate vascular dysfunction and control 
glucose homeostasis.14,15

Electrograph abnormalities are the main criteria gener-
ally used for the definite diagnosis of  myocardial injury. 
An altered membrane function due to DOX induced 
lipid peroxidation is held responsible for most ECG 
changes. The consecutive loss of  cellular membrane 
damage due to oxidative stress may be characterized by 
ST-elevation, T-wave become abnormally tall.16 In our 
study, significant alterations of  ECG patterns in DOX 
administered rats were observed compared to normal 
rats. The characteristic findings were prolongation of  
QT interval, ST interval and widening of  QRS complex. 
QRS intervals are directly related to cell depolarization, 
the QT interval is an expression of  the late repolari-
sation phase. CAP pre-treatment showed a protective 
effect against DOX induced altered ECG parameter 
and eliminated acute fatal complications by protecting 
the cell membrane damage.17,18

DOX may cause deficiency of  oxygen supply or glu-
cose to the myocardial cell membrane leading to dam-
age or rupture of  cell membranes so that the enzymes 
leaks out.19 Any process that disrupts the sarcolemma 
membranes (e.g. myocarditis, cardiac trauma or cardiac 
surgery including endomyocardial biopsy) can release 
cytosolic CK-MB. In the current work, animals treated 
with DOX were showed a significant elevation in the 
levels CK-MB, CK-NAC and LDH. The DOX admin-
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ABBREVIATIONS
CAP: Capsaicin; DOX: Doxorubicin; CPCSEA: Com-
mittee for the Purpose of  Control on Experiments in Ani-
mals; DMSO: Dimethyl sulfoxide; IAEC: Institutional 
Animal Ethics Committee; ECG: Electrocardiogram; 
IU: International Units; LDH: Lactate Dehydroge-
nase; SOD: Superoxide Dismutase; CK-NAC: Creatine 
Kinase-NAC, CH-MB: Creatine Kinase-MB; GSH: 
Reduced Glutathione; ANOVA: Analysis of  variance; 
ROS: Reactive oxygen species; TRPV: transient recep-
tor potential vanilloid.
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SUMMARY
The current study illustrated the cardioprotective role 
of  CAP against DOX induced cardiotoxicity in wistar 
rats. In our study, CAP significantly ameliorates DOX 
induced cardiac damage mainly by regulating ECG 
parameters, suppressing the increased serum mark-
ers and potentiate the depleted antioxidant parameters 
caused by DOX.
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