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Abstract  Background: Doxorubicin (DX) is a very 

potent chemotherapeutic agent, widely used against a 

variety of malignancies. However, it is associated with a 

number of organ toxicities i.e. cardiotoxicity, which tend to 

limit its use in cancer treatment. Recently, plant secondary 

metabolites have investigated for their chemo-preventive, 

anticancer as well as cardio-protective potentials. Aim: 

The current study was designed for the investigation of 

in-vivo cardio-protective potential of Olea europaea (OE) 

leaves extract against DX-induced cardiotoxicity in animal 

models. Methods: Eighteen male Wistar rats in three 

groups were employed in the study; the control group 

received only saline, DX group received DX (cumulative 

dose of 15 mg/kg for one week), while the DX+OE group 

received DX (15 mg/kg for one week) and OE leaves 

extract (200mg/kg for six weeks). The assessment methods 

involved estimation of serum biomarkers for cardiac 

toxicity including Troponin-I, CPK, CKMB, LDH, TC, TL, 

TGS, HDL, LDL, and transaminases (AST and ALT) and 

histopathological examination. Results: Results showed 

an ample amount of phenolic and flavonoid content in OE 

extract with promising antioxidant potential. The levels of 

Troponin-I, CPK, CKMB, LDH, TC, TL, TGS, LDL, and 

transaminases were significantly reduced in DX-OE 

pretreated group. This significant reduction in DX-induced 

increased levels of serum cardiac biomarkers prevented 

devastating effects on cardiac muscles which was also 

manifested by histopathological investigations. 

Conclusion: Conclusively, OE extract remarkably 

produced a characteristic protective effect on DX-induced 

cardiotoxicity by suppressing oxidative stress and 

apoptosis. OE extract can be a potential candidate for 

combination with DX to mitigate its cardiotoxicity in its 

long-term clinical use. 

Keywords  Cardiotoxicity, Doxorubicin, Olea 

europaea, Oxidative Stress, Serum Biomarkers 

Abbreviations  OE = Olea europaea, DX = 

Doxorubicin, CPK = creatine phosphokinase, CKMB = 

creatine kinase-MB, LDH = lactate dehydrogenase, ALT = 

Alanine transaminase, AST = Aspartate transaminase, TC 

= total cholesterol, TL = total lipids, TGS = triglycerides, 

LDL = low density lipoprotein, HDL = high density 

lipoprotein 
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1. Introduction 

Doxorubicin (DX) is a potent, well-established, and 

highly effective drug for the treatment of variety of cancers 

like solid tumors, sarcoma of soft tissues, leukemia, and 

breast cancer, etc. [1]. Despite its effectiveness in 

chemotherapy, it is also associated with a number of 

adverse effects which limit its clinical use. Following the 

cumulative administration of DX, changes in ECG, 

cardiomyopathy, and Congestive heart failure (CHF) were 

established [2, 3]. The potential mechanisms anticipated 

for myocardial toxicity of DX consist of free radical 

production, lipid peroxidation [4], destruction of 

mitochondrial assembly [5], reduced activity of Na+ K+ 

adenosine triphosphate [6], the release of vasoactive amine 

[3] and cellular toxicity [7]. Out of these, a major role in 

DX-induced CHF and cardiomyopathy is played by an 

enhanced discharge of free radicals such as superoxide 

anion and other reactive oxygen species (ROS), also due to 

insufficiency of endogenous antioxidants [4]. So protection 

from its cardiotoxicity is a major challenge in 

DX-dependent chemotherapy. There has been a long 

history of the use of olive (Olea europaea; OE) and its 

extract to get its medicinal, nutritional, and health benefits 

[8]. OE leaves contain active iridoid constituent, i.e., 

oleuropein (a chief constituent). Besides, triterpenes like 

oleanolic, ursolic, and maslinic acids, also flavonoids 

including rutin, luteolin, diosmetin, and apigenin are also 

present. Phenolic constituents of OE including oleuropein, 

tyrosol and hydroxytyrosol, are responsible for most of its 

pharmacological activities, like inhibition of free radical 

production [9-11], decreased thromboxane A2 production, 

anti-inflammatory factors and inhibition of platelet 

aggregation respectively [12, 13]. Therefore, the non-toxic 

nature of OE together with its stated several advantageous 

properties has made it very important to be explored for its 

protective role [14]. Hence, the current effort was made to 

explore this protective role against DX-induced 

cardiotoxicity in an animal model. 

2. Materials and Methods 

2.1. Study Design 

The current study was conceived and carried out at 

Pharmacology Department, Ziauddin University Karachi, 

following institutional and ethical approval. The research 

work was conducted under the ‘‘Principles of Laboratory 

Animal Care’’ provided by the NIH publication #85-23, 

which was further revised in 1985. Firstly, a toxic model 

was developed using DX. Then there was a comparative 

assessment of changes in cardiac markers and lipid and 

hepatic profiles among control, toxic and treatment groups 

following histo-pathological investigations of isolated 

cardiac tissues of said groups. 

2.2. Plant Sample 

OE leaves were collected from botanical garden of 

University of Karachi, Pakistan in summer, 2019. The 

plant was identified from the Botany Department 

University of Karachi with a specimen voucher 

(KU.HERB.PHG.069) and deposited in the herbal museum 

of University of Karachi for reference. 

2.3. Preparation of Extract 

Freshly collected OE leaves (500 grams), first washed to 

remove dust particles then air dried respectively. After air 

drying, the leaves were subjected to coarse grinding in a 

grinder machine. Subsequent to coarse grinding, it was 

weighed first then dissolved in 70% 2.5 L of ethanol 

(approximately) and allowed to macerate for about seven 

days for extraction. The extraction was performed twice 

using standard Soxhlet extractor after maceration. The 

final filtrate was stored in a refrigerator at 4ºC until its 

further use [15]. 

2.4. Total Phenolic Content Estimation 

The estimation of total phenolic content (TPC) was 

performed by using modified Kim's method [16]. About 1 

mg of dry plant material was dissolved in 9 ml of distilled 

water, first mixed thoroughly and then added 

Folin-Ciocalteu reagent (1 ml), followed by the addition of 

10 ml sodium carbonate solution (7%) and the final volume 

was adjusted to 25 ml and then incubated at room 

temperature for about 90 minutes respectively. After 

incubation, the absorbance was measured at 750 nm and 

finally TPC was quantified as gallic acid equivalents (GAE) 

in µg/ mg of the total dry weight of the plant sample 

2.5. Total Flavonoid Content Estimation 

Total flavonoid content (TFC) in the OE extract was 

estimated using Park’s method with some modifications 

[16]. 0.5 mol/L of NaNO2 was added to OE extract from 

which 0.3 ml was taken and mixed with 0.3 ml of AlCl3, 

then 3.4 ml of methanol was added (30% in the reaction 

mixture) and finally the absorbance was recorded at 506nm. 

TFC was quantified as Quercetin equivalents per milligram 

(QE) in mg of whole dry weight of the prepared sample. 

2.6. Antioxidant Potential Estimation 

Antioxidant capacity of OE extract was estimated by 

DPPH radical scavenging method adopted by Majid et al. 

using ascorbic acid as a reference standard [17]. The stock 

solution was prepared by dissolving 24mg of DPPH in 100 

ml of methanol respectively, then 1mg/ml of OE extract 

was taken in a separate test and 3 ml of stock solution was 

added, incubated for 15 minutes, and finally absorbance 



250  Olea europaea Leaves Extract: A Guard against Doxorubicin-Induced Cardiotoxicity  

 

was taken at 517nm. The percent inhibition is calculated as 

follows: 

Percent inhibition = (Absorbance of reference ˗ 

Absorbance of sample) / (Abs. of reference) × 100 

2.7. Chemicals Used 

All the chemicals including ethyl alcohol and ethanol 

used for extract preparation were of analytical grade (95%). 

Whereas the mixture of water and ethanol is used as a 

solvent to dissolve the extract with ratio 9:1 (water: 

Ethanol) and administered by I.P route while water for 

injection is used to deliver DX by I.P route respectively. 

2.8. Statistical Analysis 

Statistical significance of data was analyzed by paired 

sample test (student’s t-test) using SPSS version (19.0). 

Results were expressed as mean ± standard deviation for 6 

rats in each group. P value < 0.01 was considered a 

significant difference between the groups. 

2.9. Animal Protocol 

For our study, we purchased male Wistar rats (weight 

220-250gms) from Aga Khan University Hospital, Karachi 

and housed them properly at Ziauddin University’s animal 

house, a well-ventilated and spacious place. For the study 

protocol, animals were provided with a standard feed ad 

libitum with free and pure water access and also provided a 

light and dark cycle along with optimum temperature 

conditions maintained at 23±2 ºC (with 65-75% relative 

humidity) respectively. Before the initiation of experiment 

all the animals were provided an acclimation period of 

about 15 minutes in order to facilitate environmental 

adoptability for better response. 

2.10. Dosing Protocol 

Eighteen animals used in the study were grouped as 

follows:  

Group 1: control (treated with 2 ml of 0.9 % Normal 

Saline)  

Group 2: DX (treated with Doxorubicin at a cumulative 

dose of 15mg/kg) 

Group 3: DX+OE (treated with both DX and OE at 15 

mg/kg+200 mg/kg respectively). 

The OE extract and DX were administered by IP route. 

These were administered for seven days for 6 weeks. DX 

was administered in 5 mg/kg in 3 equal injections on 

alternate days for 1 week. After the experimental period, 

the experimental rats were given overnight fasting then 

sacrificed on 43rd day of the study by giving anesthesia, and 

finally the heart was excised for histopathological 

assessment after blood collection through cardiac puncture. 

For this, the specimens were preserved in a separate glass 

containing formalin and already. Finally, the heart sample 

was measured, and then the exposed cut surface was 

subjected to further examination for possible and visible 

lesions or discoloration respectively. 

2.11. Biochemical Assessment 

Blood samples were collected about 3ml in each 

anticoagulant tube and allocated as Lavender top, Light 

blue top and Green top with EDTA (Ethylene diamine tetra 

acetic acid), citrate and heparin-treated tubes respectively. 

A refrigerated centrifuge machine was used to separate the 

blood cells from the plasma. The samples were centrifuged 

for about 10 minutes to obtain plasma and then these 

plasma samples were immediately transferred to 

polypropylene tubes kept at 2-8ºC to perform serological 

testing. The parameters to be investigated and their 

respective kits are as follows: 

1. Cardiac Enzymes including CPK, CKMB, LDH and 

Troponin I 

2. Lipid profile including Total lipids, Total Cholesterol, 

LDL, HDL, and TGS  

3. Transaminases (AST and ALT) 

2.12. Histopathological Assessment 

Subsequent to excision, the heart sample was sectioned 

longitudinally keeping the both ventricles base to the apex 

respectively. After that each tissue sections were first fixed 

in 10% formalin then subjected to dehydration by 

increasing ethyl alcohol concentrations of ethyl alcohol. 

The dehydrated section was cleared with xylene and finally 

fixed in paraplast wax blocks maintained at 57–61ºC 

respectively. After this thin tissue sections (4–5 µm) were 

cut and stained with Hematoxylin & Eosin (H&E) and 

Periodic Acid-Schiff (PAS) stain respectively. Finally, 

these stained slides were examined under a bright-field 

light microscope for possible structural changes. 

3. Results and Discussion 

3.1. Antioxidant Potential Estimation 

Table 1 shows the results of antioxidant potential 

estimation using DPPH radical scavenging method. The 

antioxidant activity was 87% with IC50 of 1.08µg/ml as 

compared to ascorbic acid as a reference standard. The 

results of antioxidant activity are in accordance with the 

previously described works and this promising antioxidant 

potential is attributed to plenty of phenolic and flavonoid 

compounds contained by OE [18]. 
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Table 1.  Total phenolic and flavonoid contents and antioxidant potential 
of OE 

TPC 223μg GAE/mg 

TFC 119μg QE/mg 

Radical scavenging potential (DPPH) 87% (IC50=1.08µg/ml) 

Whereas GAE/mg = Gallic acid equivalents/mg and QE/mg = Quercetin 
equivalents per mg of the total dry powdered sample 

3.2. Total Phenolic and Total Flavonoid Content 

Estimation 

Results of total phenolic and flavonoid content are 

presented in Table 1. OE extract is found to be very rich in 

phenolic and flavonoid compounds, as it contained 223μg 

GAE/mg of total phenolic content and 119μg QE/mg of 

total flavonoid content. The both flavonoid and phenolic 

compounds are basically the secondary metabolites, but are 

the key constituents in providing potential therapeutic 

outcomes in safety of human health [19].  

3.3. Biochemical Assessment 

The possible mechanisms for DX-induced 

cardio-toxicity include free radical-induced myocardial 

injury, mitochondrial damage, lipid peroxidation, 

decreased activity of Na+/K+ adenosine triphosphate, and 

release of vasoactive amines. Among all, the suggested 

major role is contributed by increased oxidative stress, the 

release of free radicals, and diminished endogenous 

antioxidant system [20].  

In the current study, the biochemical analysis showed 

levels of cardiac biomarkers i.e. CPK, CKMB, LDH, and 

Troponin-I were severely elevated in DX-treated group as 

compared to the control group (Figure 1). DX 

demonstrated a dose-dependent increase in the levels of 

Troponin-I which clarifies the loss of myofibrils that 

illustrates its cardiac injury. But in the OE pretreated group, 

a significant decrease was observed as compared to DX 

only group respectively [21]. 

A drastic elevation in the total cholesterol, total lipid, 

and respectively, was observed (Figure 2). Subashini R et 

al. and Hong YM et al. explained the direct relationship 

between elevated total cholesterol, total lipid, and LDL 

levels with lipid accumulation in cardiac muscles, due to 

which the cardiac muscle experiences vasoconstriction 

which later on hinders cardiac muscle activities like 

contraction and conduction [22, 23].  

In DX-treated disease group the transaminases (AST and 

ALT) levels were significantly higher in comparison to the 

control group while on the other hand, a significant 

decrease was observed in OE pretreated group when 

compared to the DX only group respectively (Figure 3). 

 

Figure 1.  Comparative analysis of cardiac enzymes (A) Creatine phosphokinase (CK), (B) Creatine kinase-MB (CKMB), (C) Lactate dehydrogenase 

(LDH) and (D) Troponin-I of control, DX (Doxorubicin) and DX+OE (Doxorubicin+Olea europaea) treated groups. Where *P < 0.05, **P < 0.01, 

***P < 0.001 
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Figure 2.  Comparative lipid profile (A) Total lipids, (B) Triglycerides, (C) Total Cholesterol, (D) Low Density Lipoprotein (LDL) and (E) High 

Density Lipoprotein (HDL) of control, DX (Doxorubicin) and DX+OE (Doxorubicin+Olea europaea) treated groups. Where *P < 0.05, **P < 0.01, 

***P < 0.001 

 

Figure 3.  Comparative analysis of hepatic enzymes (A) Alanine transaminase (ALT) and (B) Aspartate aminotransferase (AST) of control, DX 

(Doxorubicin) and DX+OE (Doxorubicin+Olea europaea) treated groups. Where *P < 0.05, **P < 0.01, ***P < 0.001 
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Transaminases (AST and ALT) are excreted into serum 

on tissue injury. As cardiac muscles are rich in 

transaminases, their increased serum level could be an 

indication of cardiac injury in the present study [20]. 

Pretreatment with OE leaves extract in the DX+OE group 

caused a significant decrease in the levels of stated cardiac 

biomarkers. OE is rich in phenolic and flavonoid 

compounds with very potent antioxidant activity [24] 

which is also verified from current results of in-vitro TPC, 

TFC, and antioxidant potential estimation. Earlier studies 

have unveiled the cardio-protective effects of phenolic 

compounds exerted via reducing oxidative stress and 

suppressing the upregulation of mitochondrial apoptosis 

and mitogen-activated protein kinase (MAPKs) pathways 

[25]. Hence, the present cardio-protective effect may be 

attributed to the significant antioxidant potential of OE 

extract due to its phenolic and flavonoid content [26-28]. 

3.4. Histopathological Assessment 

The specimen Figure 4(A) control group shows heart 

muscles with magnification (200 X) exhibiting focal areas 

of hemorrhage and congested blood vessels but 

cardiomyocytes are intact and have no evidence of 

intercellular edema, fibrosis, or any other degeneration. 

Figure 4(B) shows the toxic effects of DX on cardiac 

muscle by the presence of inflammatory infiltration, 

degeneration of cardiomyocytes, loss of myofibrils, loss of 

striations, intercellular edema, cytoplasmic vacuolation, 

necrosis of muscle fibers, fibrosis, focal and vascular 

congestion, and hemorrhage, present at magnification (200 

X). Figure 4(C) shows DX+OE-treated group, heart 

muscle with focally identified inflammatory infiltration 

with mild hemorrhage, and fibrosis at magnification (200 

X). The histopathological evaluation of the DX-treated 

group revealed the toxic effects of DX on cardiac muscle 

by the presence of inflammatory infiltration, degeneration 

of cardiomyocytes, loss of myofibrils, loss of striations, 

intercellular edema, and cytoplasmic vacuolation, necrosis 

of muscle fibers, fibrosis, focal and vascular congestion, 

and hemorrhage. DX+OE exhibited mild inflammatory 

infiltration, fibrosis, and vascular congestion which are due 

to the toxic effects of DX. But all other deleterious effects 

like degeneration, focal hemorrhage, loss of striations, loss 

of myofibrils, intercellular edema, cytoplasmic vacuolation, 

necrosis of muscle fibers, and mineralization in cardiac 

muscle were overcome by OE extract. These results 

confirmed the protective action of OE polyphenols that 

maintained the normal structural integrity of 

cardiomyocytes. This may be attributed to the 

membrane-stabilizing potential of polyphenolic 

compounds present in OE extract [20, 29]. 

 

 

 

Figure 4.  Histopathological evaluation of myocardium sections (H&E 

stained) of (A) control, (B) DX (Doxorubicin) and (C) DX+OE 

(Doxorubicin+Olea europaea) treated groups 

4. Conclusions 

In the present study, OE extract presented very 

promising in-vitro antioxidant potential due to extensive 

phenolic and flavonoid content. It also exhibited an 

anticipated cardio-protection effect which is manifested by 

diminished levels of cardiac biomarkers, lipid levels as 

well as transaminases. In précis, this study established OE 

extract as a potential candidate for combination with DX to 

defend against its cardiotoxicity in its long-term clinical 

use. 
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