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Protective effect of oleanolic acid on oxidative injury 
and cellular abnormalities in doxorubicin induced  
cardiac toxicity in rats
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Abstract: The prevention of doxorubicin (Dox) induced cardiotoxicity may be co-operative to recover future Dox treat-
ment. The aim of this study was to explore the cardioprotective effects of oleanolic acid (OA), an antioxidant agent, 
on Dox induced cardiotoxicity. OA is a triterpenoid compound, which exist widely in plant kingdom in free acid form 
or as a glycosidic triterpenoids saponins. Cardiotoxicity was induced in Wistar rats with single intravenous injection 
of doxorubicin at dose of 67.75 mg/kg i.v for 48 hrs. At 12 hrs of interval following Dox administration the cardiopro-
tective effect of OA (1.5 mg/kg, i.v.) and Amifostine (AMF) (90 mg/kg i.v., single dose prior 30 min) were evaluated. 
Induction of cardiotoxicity was confirmed by increase in systolic, diastolic, mean arterial pressures, maximal positive 
rate of developed left ventricular pressure (+LVdP/dtmax, an indicator of myocardial contraction), maximal nega-
tive rate of developed left ventricular pressure (-LVdP/dtmax, a meter of myocardial relaxation) and an increase in 
left ventricular end-diastolic pressure (LVEDP, a marker of pre-load). Cardiac markers in such as CK-MB, LDH and 
alterations in ECG. Dox administration showed alteration in Biochemical parameters and endogenous antioxidants. 
Administration of OA Showed maximal protection against Dox induced cardiac toxicity as observed by reduction in 
blood pressure, prevention of left ventricular function and attenuation of biochemical and antioxidant parameters. 
Based on the findings, its concluded that OA can be used as an adjuvant with Dox therapy in treating cancers.
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Introduction

Doxorubicin (Dox) is an effective anthracycline 
chemotherapeutic mediator clinically used for 
haematological malignancy and variety of solid 
tumour [1-3]. The therapeutic utility is narrow 
Since it causes serious dose limiting cardiotox-
icity, which leads to congestive heart failure [4]. 
The molecular mechanisms in Dox-induced car-
diotoxicity include the formation of free radi-
cals, Ca2+ overloading, increased lipid peroxida-
tion and activation of apoptotic factor [5, 6]. It 
is apparent that oxidative stress augmentation 
is a key aspect in development of myocardial 
infarction and also in other cardiovascular dis-
eases [7]. Dox has been shown to enhance the 
activity of xanthine oxidase, which is consid-

ered as one of the mechanisms responsible for 
the generation of free radicals [8, 9]. Recently, 
increasing evidence suggested that Dox can be 
catalysed into a secondary alcohol metabolites, 
doxorubicinol through two-electron carbonyl 
reduction [10]. Dox also changes the blood 
pressure and heart rate as well loss of contrac-
tility of myocardium [11]. Oxidative damage to 
membrane lipids and other cellular components 
is believed to be a major factor in Dox toxicity 
[12]. Dox causes myocardial damage via the 
formation of mitochondrial reactive oxygen spe-
cies (ROS), with resulting mitochondrial injury 
and apoptotic cell death [13, 14]. In addition, 
the ROS-dependent c-Jun N-terminal kinase 
(JNK) contributes to Dox-induced apoptosis [11, 
15-18]. Free oxygen radicals are efficiently 
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detoxified by antioxidant enzymes such as 
superoxide dismutase, catalase and glutathi-
one peroxidase in normal healthy conditions. 
However, when there is an imbalance between 
the production of oxidants and the respective 
defence systems of the organism, the induction 
of lipid peroxidation and alteration in intracel-
lular homeostasis occurred, as seen in Dox 
induced cardiotoxicity [19]. By understanding 
the free radical mechanism of anthracycline 
cardiotoxicity, it has become possible to devel-
op nominal strategies to prevent or modify 
anticipated damage. Overexpression of the 
naturally occurring antioxidant proteins, cata-
lase and superoxide dismutase, is an interest-
ing approach in circumventing Dox-induced 
cardiotoxicity.

Oleanolic acid (OA) is a triterpenoids compound 
that exists widely in food and herbs [20]. It has 
a variety of biological effects such, as antioxi-
dants [21], antifungal, anti-inflammatory, anti-
hyperlipidaemia, hepatoprotective, tumour pre-
vention, immunomodulatory [22, 23], anti-HIV 
[24], anti-arrhythmic and cardiotonic [25]. It will 
provide an accessible and cheap traditional 
medicine source for treatment of myocardial 
ischemia and Dox induced cardiotoxicity. 
Oleuropein shows prevention against cardiac 
remodelling after myocardial infarction in 
Wistar rat through inhibiting angiotensin-con-
verting enzyme activity [26]. OA modulates the 
immune-inflammatory response in mice with 
experimental autoimmune myocarditis and pro-
tects from cardiac injury Martin, et al. [27]. 
Therefore, the unprejudiced of study was to 
evaluate the effect of OA in an animal model of 
Dox-induced cardiomyopathy and compare it 
with amifostine (AMF) a well-known organ pro-
tective agent.

Materials and methods

Animals

Wistar rats (150-200 g) were obtained from the 
central animal house facility of R. C. Patel 
Institute of Pharmaceutical Education and 
Research, Shirpur, India. The study protocol 
was reviewed and approved by the Institutional 
Animal Ethics Committee (Protocol approval no. 
651/2015/CPCSEA). Animals were kept in the 
departmental animal house under controlled 
conditions of temperature at 25±2°C, relative 
humidity of 60±5% and light-dark cycle of 
12:12 h. They were fed with standard food pel-

lets (India) and water ad libitum. Animals were 
maintained in polypropylene cages, each con-
taining a maximum of four animals.

Drugs and chemicals 

Doxorubicin lyophilized powder (Biochem, In- 
dia), sterile saline, oleanolic acid (Sigma Ald- 
rich, USA), CK-MB, LDH, alkaline phosphatase 
and albumin kits (Span diagnostics, Mumbai, 
India), SGOT and SGPT kits (ERBA diagnostics, 
Germany) were purchased. All other chemicals 
were of analytical grade.

Experimental protocol for Dox induced myocar-
dial toxicity in rats

Doxorubicin 67.75 mg/kg, prepared in 0.9% 
normal saline solution was injected i.v. in rats 
after 48 hrs of interval to induce experimental 
myocardial infarction [28]. 

Experimental group 

Twenty four rats were randomized and allotted 
to four treatment groups (n=6 per group) as 
follows:

Group 1 (Vehicle treated): Received vehicle (2.5 
ml/kg i.v.); Group 2 (Dox treated group): Re- 
ceived Dox (67.75 mg/kg i.v.); Group 3 (OA + 
Dox): OA (1.5 mg/kg i.v., 12 hrs. interval up to 
48 h) + Dox (67.75 mg/kg i.v.); Groups 4 STD 
(AMF): AMF (90 mg/kg i.v.) + Dox (67.75 mg/kg 
i.v.). 

Pharmacological evaluation

Surgical procedures for recording hemodynam-
ic parameters: ECG Monitoring: Animals were 
placed in supine position on a board and ECG 
was continuously recorded with standard 3 
lead skin electrodes, with 2 electrodes towards 
the heart on right and left forelimbs and the 
neutral 3rd electrode on the hind limb facing the 
heart. The electrodes connected to the data 
acquisition system power lab (AD Instruments, 
Australia) and ECG were recorded. 

Estimation of biochemical parameters

Myocardial tissue homogenate was prepared 
and an aliquot was used to estimate the con-
tent of malondialdehyde (MDA) [29] and re- 
duced glutathione (GSH) [30]. lactate dehydro-
genase (LDH) [31], catalase [32], superoxide 
dismutase (SOD) [33], protein content [34], cre-
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atinine kinase (CKMB) [35]. SGOT and SGPT 
was estimated using commercial kit (ERBA 
diagnostics, Germany), alkaline phosphatase 
and Albumin was estimated using commercial 
kit (Span diagnostic Ltd. India).

Histopathological examination

Hematoxylin and eosin staining was performed 
and the sections were examined under the light 
microscope and Photographs were taken. A 
minimum of 10 fields per slide were examined 
and graded for severity of changes using scores 
on a scale of severe (+++), moderate (++), mild 
(+) and nil (-). The pathologist performing histo-
pathological evaluation was masked to the 
treatment assigned to different study groups.

Statistical analysis

The data is offered as mean ± SEM, One-way 
ANOVA followed by Dunnet Post-hoc test using 
a graph pad, prism software, version 5.0, USA 
was applied for significance of hemodynamic 
and biochemical data of different groups. The 
value of P<0.05 was considered as a signifi- 
cant.

Results

Effect of OA on mortality, body weight and 
heart weight variations

The 5% mortality was observed throughout the 
study protocol. The lashing of animals was due 
to bleeding or unseemly carotid artery cannula-
tion whilst performing the surgery. No signifi-
cant change in body weights was observed in 
unrelated untried clusters as compared to their 
normal values. Heart weight was significantly 
decrease in the Dox treated group as compared 

with control group (0.5379±0.29 gm; P< 
0.001) and it was significantly attenuated by OA 
and AMF as compared with the Dox group 
(0.6590±0.63 gm and 0.7176±0.29 gm respec-
tively; P<0.001) (Table 1).

Effect of OA on hemodynamic and ECG param-
eter

Figure 1 exhibits the effect of OA on arterial 
pressure. Dox treated rats showed a significant 
increase insystolic arterial pressure (SAP), dia-
stolic arterial pressure (DAP) and mean arterial 
pressure (MAP) (P>0.001) as compared with 
the vehicle treated group. While, Dox does not 
altered heart rate as compared to normal rats. 
Fourdays treatment with the OA at the dose of 
1.5 mg/kg normalized systolic, diastolic as well 
as mean arterial pressure (P>0.001) as com-
pared to vehicle treated group. OA does not 
have any effect on heart rate, and which is 
found to be normal. Figure 1D displays the 
harmful effect of Doxon left ventricular end dia-
stolic pressure (LVEDP) and their restoration 
near to the normal values by treatment with OA. 
Doxdealing occasioned in ventricular dysfunc-
tion as indicated by augmented in the LVEDP 
(P>0.001) as associated to vehicle treated 
group, which was expressively lessened 
through entire treatment groups (P>0.001) as 
linked to Dox treated group. Figure 1E and 1F 
showed the consequence of Dox scheduled the 
peak positive pressure ([+] LVdp/dt) and nega-
tive pressure ([-] LVdp/dt) of left ventricle. 
Administration of Dox in rats presented note-
worthy diminished (P>0.001) in the level of (+) 
LVdp/dt and (-) LVdp/dt as related to vehicle 
treated group, while dealing with the OA and 
AMF exposed momentous (P>0.001) reduction 
of peak pressures as compared to the Dox 
administered rats. ECG ticker tapes and wave-
form were found to be anomalous in Dox treat-
ed rats as linked to normal rats. In Dox treated 
rats exhibited decrease in ST height and 
increase in the QT interval as shown in Figure 
2. The treatment with OA and AMF knowingly 
attenuated the ECG patterntoo the ST height 
and QT interval.

Effect of OA on cardiac injury markers

A noteworthy deterioration in cardiac injury 
marker enzymes, CK-MB and LDH were prag-
matic in the myocardium of Dox treated rats 
(P>0.001) as compared to normal rats (Figure 
3). Treatment with OA and AMF ominously 
(P>0.001) attenuated the exhaustion of myo-

Table 1. Effect of OA on body weight and 
heart weight in doxorubicin induced cardiac 
toxicity
Groups Body weight (gm) Heart weight (gm)
Normal 182.7±14.38 0.66±0.04
Dox control 169.2±7.99 0.53±0.029#
OA + Dox 181.3±9.97 0.65±0.063*
AMF + Dox 178.5±10.78 0.71±0.029**
Data was analysed by one way analysis of variance 
(ANOVA) followed by Dunnett’s post hoc test. #P<0.05 as 
compared to normal, *P<0.05, **P<0.01 as compared 
to Dox, Dox: Doxorubicin; OA: Oleanolic acid; AMF: 
Amifostine.
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cardial enzymes as compared to Dox treated 
group.

Effect of OA on biochemical parameters

Administration of Dox in rats showed significant 
decrease (p<0.001) in the level of albumin in 
myocardium and increase in the level of other 
biochemical parameters as observed by signifi-

cantly increase (p<0.001) in the levels of alka-
line phosphatase (ALP), serum glutamic oxalo-
acetic transaminase (SGOT) and serum glu- 
tamic pyruvic transaminase (SGPT). Treatment 
with OA and AMF significantly attenuated the 
increase in the levels of ALP, SGOT, and SGPT in 
myocardium and showed its cardioprotective 
effect in DOX induced cardiac toxicity as shown 
in Figure 4. 

Figure 1. A. Systolic arterial pressure (SAP); B. Diastolic arterial pressure (DAP); C. Mean arterial pressure (MAP); D. 
LVEDP; E. Peak positive pressure ([+] LVdp/dt); F. Peak negative pressure ([-] LVdp/dt). Data was analysed by using 
one way analysis of variance (ANOVA) followed by Dunnett’s post hoc test. #P<0.05, ##p<0.01, ###p<0.001 as 
compared to normal, *p<0.05, **p<0.01, ***p<0.001 as compared to Dox, Dox: Doxorubicin; OA: oleanolic acid; 
AMF: amifostine.

Figure 2. A. ST Height; B. QT interval; C. Heart rate. Data was analysed by using one way analysis of variance 
(ANOVA) followed by Dunnett’s post hoc test. #P<0.05, ##p<0.01, ###p<0.001 as compared to normal, *p<0.05, 
**p<0.01, ***p<0.001 as compared to Dox, Dox: Doxorubicin; OA: oleanolic acid; AMF: amifostine. 
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Effect of OA on oxidative stress

Cardiotoxicity-induced with Dox unveiled a sig-
nificant (P<0.05) decrease in activities of 
reduced glutathione (GSH), superoxide dis-
mutase (SOD) and catalase as compared 
tocontrol or normal rats. OA and AMF counter-
acted the deleterious effect of Dox by snowball-
ing the content of these antioxidants. Rats 
challenged with Dox showed a significant 
increase (P<0.001) in the level of malondialde-
hyde (MDA), when compared to normal or vehi-
cle treated rats. Treatment with OA and AMF 
showed highest guard of myocardium and 
attenuated the level of MDA (P<0.001) as com-
pared with Dox treated rats as shown in Figure 
5.

Effect of OA on histopathology of myocardium

The architecture of normal or vehicle treated 
group showed normal structure and architec-
ture of myocardium and no histological lesions 
were found. The rats treated with Dox showed 
severe histological lesions in which cytoplas-
mic vacuolization, myofibrillar loss were 
observed. Treatment with OA showed mild 
lesions in which cytoplasmic vacuolization’s are 
less than Dox treated group and the rats treat-
ed with AMF showed fewer lesions than OA 
treated group as shown in Figure 6 and Table 2.

Discussion

The present study validates the cardioprotec-
tivepotential of oleanolic acid by improving 
hemodynamic, biochemical, and histopatho-

logicalchanges in Dox-induced myocardial tox-
icity. Acute Dox-induced cardiotoxicity alters 
the organization of the cardiomyocytes and 
encourages apoptosis, which is a hypothetical-
ly variable and avoidable form of myocardial tis-
sue damage [36]. Alterations in the physiologi-
cal and biochemical processes in the human 
body may produce oxygen-centered free radi-
cals and reactive oxygen species as by-prod-
ucts. Overproduction of such free radicals can 
cause oxidative damage to biomolecules in due 
course leading to many diseases [37]. In living 
organism, there is an intricate balance between 
production and demolition of reactive oxygen 
species (ROS). The body has developed an anti-
oxidant defense system against the harmful 
effects of ROS. Antioxidants function through 
several mechanisms, one of which is scaveng-
ing of ROS and free radicals. In order to evalu-
ate free radical-scavenging activity of OA, Dox 
is one of the agents among top 15 essential 
chemotherapeutic agent [36]. Unfortunately, 
the conventional and cardiac toxicities of Dox 
are among the main factors that limit their use. 
That’s why Dox is also called as “Double Edged 
Swords” [38]. The clinical use of Dox is limited 
by dose-dependent cardiomyopathy, leading to 
congestive heart failure and death [39]. 
Doxorubicin cardiotoxicity has been demon-
strated in cultured cells, isolated heart prepa-
ration, animal model and human. It has qui-
none and hydroquinone moieties, which 
undergoes one electron reduction by NADH 
dehydrogenase to form a semiquinone free rad-
ical or two electron reduction by carbonyl 
reductase to form Dox-ol [38]. Dox semiqui-

Figure 3. A. CK-MB; B. LDH. Data was analysed by using one way analysis of variance (ANOVA) followed by Dunnett’s 
post hoc test. #P<0.05, ##p<0.01, ###p<0.001 as compared to normal, *p<0.05, **p<0.01, ***p<0.001 as 
compared to Dox, Dox: Doxorubicin; OA: oleanolic acid; AMF: amifostine. 
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none in turn is oxidized to the parent compound 
by reducing molecular oxygen to O2. Which 
attack DNA and oxidize DNA bases and shows 
myocardial damage. The present study was 
evaluated to provide better therapeutic value of 
Dox in the treatment of cancer by reducing its 
deleterious effects on myocardium. Dox sho- 
wed acute and chronic cardiotoxicity in rats, in 
this study acute toxicity achieved by single 
intravenous injection of doxorubicin at dose 67. 
75 mg/kg. This dose is selected at the basis of 
cumulative dose toxicity of Dox. The single dose 
administration of Dox (67.75 mg/kg) in rats 
showed significant cardiac damage and inc- 
rease in oxidative stress. It is reported that 
administration of Dox in rats showed marked 
increase in systolic as well as diastolic arterial 
pressure [40]. The present study confirms that 
Dox treated rats showed increase in systolic 

and diastolic arterial pressures. Treatment with 
OA normalized the arterial pressures and 
showed protective effect. Dox is well known to 
affect the left ventricular end diastolic pressure 
as observed in the present study. Treatment 
with OA showed improved left ventricular end-
diastolic function by increasing inotropic 
(+LVdP/dtmax, sign of myocardial contraction) 
and lusitropic (-LVdP/dtmax, sign of myocardial 
relaxation) situations of the heart. It also ame-
liorated Dox induced increase in LVEDP, a sign 
of pre-load that again reflects an improvement 
of left ventricular function. OA is reported to 
have strong anti-oxidant activity through reduc-
tion in lipid peroxidation [21]. As observed in 
the existing study marked increase in malondi-
aldehyde content in Dox treated rats, and treat-
ment with OA reduced the increase in malondi-
aldehyde. In this attempt OA a strong protector 

Figure 4. A. Albumin; B. ALP; C. SGOT; D. SGPT. Data was analysed by using one way analysis of variance (ANOVA) fol-
lowed by Dunnett’s post hoc test. #P<0.05, ##p<0.01, ###p<0.001 as compared to normal, *p<0.05, **p<0.01, 
***p<0.001 as compared to Dox, Dox: Doxorubicin; OA: oleanolic acid; AMF: amifostine. 
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against Dox induced increase in the content of 
malondialdehyde. OA protects against myocar-
dial injury by enhancing mitochondrial anti-oxi-
dant mechanism mediated by glutathione and 
α-tocopherol in rats [41]. Free radical scaveng-
ing endogenous antioxidants such as SOD, cat-
alase and GSH are the first line of cellular 
defense in contradiction of oxidative injury [42, 
43]. We observed the reduction in the levels of 
these endogenous antioxidants in the myocar-
dium following administration of Dox. OA 
showed more pronouncing effects and increase 
the levels of these antioxidants leads to proven 
the strong antioxidant activity and one of the 
reason to provide beneficial effects on the 
hemodynamic parameters. Deficiency of oxy-
gen supply or glucose supply may cause dam-
age to the myocardial cell membrane leading to 

permeable and ruptures the myocardium so 
that the enzymes leaks out. These enzymes are 
also called as specific biomarkers, can be esti-
mated to square the damage [44]. Dox is known 
to have damage the myocardium leads to 
release the membrane bound enzymes in blood 
stream and decrease the levels in the myocar-
dium [45] as observed in the present study 
there is decrease in the activity of CK-MB, LDH 
and Albumin in myocardium showed deleteri-
ous effect of Dox on myocardium. Treatment 
with the OA showed attenuation of these cardi-
ac markers and leads to protect the myocardi-
um to release the CK-MB, LDH and Albumin. 
Doxtreated rats showed increase in the level of 
ALP, SGOT and SGPT in the myocardium con-
firms the toxicity and treatment with the OA 
leads to decrease the levels of ALP, SGOT and 

Figure 5. A. MDA; B. GSH; C. SOD; D. Catalase. Data was analysed by using one way analysis of variance (ANOVA) fol-
lowed by Dunnett’s post hoc test. #P<0.05, ##p<0.01, ###p<0.001 as compared to normal, *p<0.05, **p<0.01, 
***p<0.001 as compared to Dox, Dox: Doxorubicin; OA: oleanolic acid; AMF: amifostine.
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SGPT enzymes showed the cardioprotective 
role of OA in Dox-induced cardiac toxicity. 
Histopathological examination of myocardial 
tissueattained from normal animal exhibited 
clear integrity and architecture of myocardium. 
The heart sections obtained from Dox treated 
animals showed disruption of several subcellu-
larelements including loss of myofibrils, vacuol-
ization of the cytoplasm, swelling of mitoch- 
ondria, formation of lysosomal bodies and dila-
tion of the sarcotubular system [6]. Treatment 
with OA showed protection as does not obser- 

ved the loss of myofibrils, vacuolization of the 
cytoplasm, swelling of mitochondria in the 
heart.

The present study backers the cardioprotective 
effect of oleanolic acid on Dox-induced cardiac 
toxicity by improving the endogenous antioxi-
dant provisions, diminishing the oxidative 
stress as reference with amifostine. Relieve 
from cardiac injury and maintain the hemody-
namic parameters also confirms the cardiopro-
tective potential. It can be useful for the con-
junction with the chemotherapeutic treatment 
as an organ protective drug.
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