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Summary
	 Background:	 Doxorubicin (DOX) is a commonly used chemotherapeutic agent. It is associated with serious 

dose-limiting cardiotoxicity, which is at least partly caused by generation of reactive oxygen spe-
cies (ROS). Supplementations with bilberries were effective in reducing oxidative stress in many 
tissue injuries due their high content of antioxidants. The present study investigated the potential 
protective effect of bilberry extract against DOX-induced cardiotoxicity in rats.

	Material/Methods:	 Rats were treated orally with a methanolic extract of bilberry for 10 days. DOX was injected intra-
peritoneally on day 7. Twenty-four hours after the last bilberry administration, rats were subject-
ed to ECG study. Blood was then withdrawn and cardiac tissues were dissected for assessment of 
oxidative stress and cardiac tissue injury. Cardiac tissues were also subjected to histopathological 
examination.

	 Results:	 Bilberry extract significantly inhibited DOX-provoked reduced glutathione depletion and accu-
mulation of oxidized glutathione, malondialdehyde and protein carbonyls in cardiac tissues. This 
was accompanied by significant amelioration of reduced cardiac catalase, superoxide dismutase, 
and glutathione peroxidase activities; and increased cardiac myeloperoxidase activity in response 
to DOX challenge. Pretreatment with bilberry significantly guarded against DOX-induced increase 
in serum activities of lactate dehydrogenase, creatine phosphokinase and creatine kinase-MB, as 
well as the level of troponin I. Bilberry alleviated ECG changes in rats treated with DOX and atten-
uated its pathological changes.

	 Conclusions:	 Bilberry protects against DOX-induced cardiotoxicity in rats. This can be attributed, at least in part, 
to its antioxidant activity.
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Background

Doxorubicin (DOX) is an anthracycline antibiotic used wide-
ly in treatment of various malignancies, including acute leu-
kemias, malignant lymphomas, and a variety of solid tumors. 
However, the occurrence of cardiotoxicity as a major side 
effect limits its use [1,2]. Although numerous mechanisms 
have been proposed, most studies implicate increased ox-
idative stress [3–5]. The idea that reactive oxygen species 
(ROS) plays a role is supported by the findings that treat-
ment of animals with a variety of antioxidants protects against 
DOX-induced cardiotoxicity [6,7].

Blueberries belong to the genus Vaccinium, a widespread 
genus with over 200 species. The prominent species are 
the North-American highbush (Vaccinium corymbosum) and 
lowbush (Vaccinium angustifolium) blueberries, together 
with the native European blueberry, also called bilberry 
(Vaccinium myrtillus). In Northern Europe, bilberry is one 
of the most important wild berries. Bilberry is known to 
have a high content of anthocyanins, flavonoids and phe-
nolic acids [7]. Anthocyanins, flavonoids and other phe-
nolic compounds are reported to have multiple biological 
effects including antioxidant, antimutagenic, anticarcino-
genic, anti-inflammatory, antihypertensive, antihyperlipid-
emic, antiproliferative and antimicrobial activities [8–12]. 
Further, bilberry fruit was reported to possess strong an-
tiradical activity [13]. Recently, we showed that cranber-
ry (Vaccinium macrocarpon), which contains flavonoids and 
phenolic acids, protects against DOX-induced cardiotoxici-
ty in rats [14]. Therefore, the present study was designed to 
explore the potential protective effects of the alcoholic ex-
tract of bilberry “Vaccinium myrtillus” against DOX-induced 
cardiotoxicity in rats.

Material and Methods

DOX was obtained as doxorubicin hydrochloride (2 mg/ml) 
from EBWE Pharma, A-4866 Unterach, Austria. Bilberry 
(Vaccinium myrtillus) capsules were purchased from GNC 
products (bilberry 100 Capsules, USA). Each capsule con-
tained 100 mg of lyophilized powdered fruits. The powdered 
fruit content of 100 capsules (equivalent to 10 g) was ex-
tracted with 90% MeOH (3×150 ml) by using ultra-turrex 
T25 homogenizer (Janke and Kunkel, IKA Labortechnik, 
Stauten, Germany) at a temperature not exceeding 25°C, us-
ing an ice bath. The extract was evaporated under reduced 
pressure, lyophilized, and protected from light at –4°C until 
use. The extract was analyzed by thin layer chromatography 
as fingerprint using the chromatographic system reported 
by Camag (http://www.camag.com, last visited 10/8/2010). 
All other chemicals were purchased from Sigma-Aldrich 
Chemical Company (St Louis, MO, USA).

Male Wistar rats, weighing 250–300 g, were obtained from 
the animal facility of King Fahd Research Center, King 
Abdulaziz University, Jeddah, Saudi Arabia. They were used 
in the study according to the guidelines of the Biochemical 
and Research Ethics Committee at King Abdulaziz University. 
Animals were housed in a well-ventilated, temperature-con-
trolled room at 22±3°C with a 12 h light-dark cycle. They 
were provided with a balanced commercial diet and tap wa-
ter. All experimental procedures were performed between 
8–10 a.m. and care was taken to avoid stressful conditions.

Rats were randomly divided into 4 groups (12 animals 
in each group). Group I received carboxymethylcellu-
lose (CMC; 0.5%) (1 ml/200 g body weight/day) orally 
for 10 consecutive days. Group II received bilberry alone 
suspended in 0.5% CMC (100 mg/kg; orally once daily 
for 10 consecutive days). The dose of bilberry was cho-
sen according to pilot experiments conducted by our re-
search group. Group III received CMC orally for 10 con-
secutive days and a single dose of DOX (15 mg/kg, i.p.) 
on day 7 [15]. Group IV received both bilberry and DOX 
in the previously mentioned doses; bilberry was adminis-
tered for 10 consecutive days and DOX was administered 
once on day 7.

Twenty-four hours after the last bilberry or CMC treatment 
(day 11), rats were anesthetized with thiopentone (35 mg/kg; 
i.p.) and subjected to ECG recording. Blood samples (2–3 
ml each) were collected by orbital puncture and were cen-
trifuged for 10 minutes at 3000 ×g at room temperature to 
separate the sera for biochemical analyses. The abdomen 
of each rat was opened and the heart were rapidly dissect-
ed out, washed in ice-cold isotonic saline and blotted be-
tween 2 filter papers. Six hearts from each group were fixed 
in 10% formalin for histopathological examination, and 
the remaining hearts from each group were homogenized 
in ice-cold 0.1 M potassium phosphate puffer (pH 7.4) for 
subsequent analyses.

ECG was recorded in thiopentone anesthetized rats using the 
Bioscience ECG recorder (Bioscience, Washington, USA). 
Needle electrodes were inserted under the skin for the limb 
lead at position II. Paper speed was 50 mm/sec and the volt-
age was 1 mV/cm. Noise was minimized by a digital filter.

Reduced glutathione (GSH) content was determined ac-
cording to the method of Adams et al. [16], and oxidized 
glutathione (GSSG) level was assessed according to the 
method of Hissin and Hilf [17] (values are expressed as 
nmol/mg protein). Lipid peroxidation was determined 
by measuring thiobarbituric acid reactive substances 
(TBARS) in tissue homogenates referring to the malo-
ndialdehyde (MDA) standard calibration curve accord-
ing to the method of Uchiyama and Mihara [18] (values 
are expressed as nmol/g protein). Catalase (CAT) activ-
ity was determined according to the method described 
by Aebi [19] based on determination of the H2O2 decom-
position rate at 240 nm (values are expressed as U/mg 
protein). Superoxide dismutase (SOD) activity was deter-
mined according to the method of Sun et al. [20] based 
on inhibition of nitroblue-tetrazolium reduction by the 
xanthine-xanthine oxidase system as a superoxide gener-
ator (values are expressed as U/mg protein). Glutathione 
peroxidase (GSH-Px) activity was assessed spectropho-
tometrically according to the method of Paglia and 
Valentine [21] (values are expressed as U/mg protein). 
Myeloperoxidase (MPO) activity was determined by the 
method of Wei and Frenkel [22] based on using 4-ami-
noantipyrine/phenol solution as the substrate for MPO-
mediated oxidation by H2O2 and recording the changes 
in absorbance at 510 nm (values are expressed as mU/g 
protein). Protein carbonyl content (PCC) was determined 
spectrophotometrically by a method based on the reac-
tion of the carbonyl group with 2,4-dinitrophenylhydra-
zine to form 2,4-dinitrophenylhydrazone [23] (values 
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are expressed as nanomoles carbonyl/mg protein). The 
protein content of cardiac tissue homogenates was deter-
mined by the Lowry protein assay, using bovine serum al-
bumin as the standard [24].

Creatine phosphokinase (CPK), creatine kinase isoenzyme-
MB (CK-MB) and lactate dehydrogenase (LDH) activities 
were determined according to standard methods, using 
diagnostic kits from BioSystems S.A. (Barcelona, Spain). 
Assessment of serum troponin I was carried out by enzyme-
linked immunosorbent assay (ELISA) using a kit purchased 
from DRG International Inc. (Mountainside, NJ, USA).

Hearts were cut at 0.5 µm, mounted on slides, stained 
with hematoxylin and eosin (H&E) and examined under 
light microscope (Olympus BX-50 Olympus Corporation, 
Tokyo, Japan).

Results are expressed as means ±SEM. Assessment of these 
results was performed using one-way analysis of variance 
(ANOVA), followed by Tukey-Kramer test for multiple 
comparisons using GraphPad InStat software, Version 4 
(GraphPad Software Inc, La Jolla, CA, USA). The statistical 
significance was accepted at a level of P<0.05.

Results

ECG tracing showed normal cardiac activity in all rats in the 
control and bilberry groups, with a mean heart rate of 366±12 
and 360±15 beat/min, respectively. Rats in the DOX-only 
treated group showed bradycardia (254±14 beat/min), ST 
segment depression and prolongation of both ST and QT 
intervals. Such ECG abnormalities were clearly improved 
in the bilberry+DOX group, as evidenced by normalization 
of heart rate, ST segment, and both ST and QT intervals 
(Table 1 and Figure 1).

Cardiac content of GSH was significantly reduced in the 
DOX-only treated group as compared with the control 
group. Animals in the bilberry+DOX group showed signif-
icantly higher levels of GSH as compared to DOX-treated 
animals. However, GSH level in the bilberry+DOX group was 
still significantly lower than in the control group. Cardiac 
levels of GSSG, MDA and protein carbonyl contents were 
increased significantly in the DOX-only treated group com-
pared with the control group. Bilberry pretreatment signif-
icantly guarded against elevations in the latter parameters. 
Although not normalized, GSSG and MDA levels were sig-
nificantly lower than the corresponding values in the DOX 
group. In addition, premedication with bilberry restored the 
DOX-elevated PCC to the control value (Table 2).

Administration of DOX to rats significantly reduced the 
cardiac activities of CAT, SOD, and GSH-Px as compared 
to the control group. The drop in CAT activity caused by 
DOX treatment was not influenced by bilberry pretreatment, 
while the activities of SOD and GSH-Px in the bilberry+DOX 
group were significantly restored to near control values 
(Table 3). Assessment of MPO activity in cardiac tissues indi-
cated a significant increase in the DOX-only treated group. 
Pretreatment with bilberry exerted a significant reduction 
compared to DOX-only treated group, and still significant-
ly higher than the control group (Table 3).

The serum markers indicating myocardial injury (LDH, 
CPK, CK-MB and troponin I) were significantly elevated in 
the DOX-only treated group compared with the control and 
bilberry-only treated group. Pretreatment with bilberry in 
the bilberry+DOX group significantly reduced their levels 
as compared with the DOX-only treated group, but were not 
restored to their corresponding control values (Figure 2).

Hearts from control and bilberry groups showed normal cell 
distribution and myocardium architecture (Figure 3A, B). 
Hearts from DOX-only treated rats revealed severe vacuo-
lar degeneration and interstitial edema (Figure 3C). These 

Heart rate (beat/min) ST interval (msec) QT interval (msec)

Control 	 366±12 	 110±8 	 140±20

Bilberry 	 360±15 	 100±10 	 135±18

DOX 	 254±14* 	 390±9* 	 410±35*

Bilberry+DOX 	 360±12** 	 120±6** 	 138±21**

Table 1. The effect of bilberry extract on doxorubicin (DOX)-induced alterations in heart rate, ST interval and QT interval.

Data are the mean ±SEM of 12 rats. * p<0.05 vs. corresponding control group; ** p<0.05 vs. corresponding DOX group.

Figure 1. �The effect of bilberry on doxorubicin (DOX)-induced changes 
in ECG tracing. Control ECG (A) shows control heart rate, ST 
segment and interval, and QT interval. Bilberry ECG tracing 
(B) shows control heart rate, ST segment and interval, 
and QT interval. DOX-treated group (C) shows bradycardia, 
depressed long ST segment, and long QT interval. 
DOX+bilberry group (D) shows nearly normalized heart 
rate, ST segment and QT interval.
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pathological alterations were markedly ameliorated in ani-
mals from the bilberry+DOX group, with mild congestion 
and some interstitial edema (Figure 3D).

Discussion

Despite the development of several antitumor drugs, DOX 
continues to be an effective and widely used broad spectrum 
chemotherapeutic agent; however, its use is limited because of 
its serious dose-dependent cardiotoxicity [25]. Previous stud-
ies have suggested that the generation of free radicals and 
depletion of endogenous antioxidants induced by DOX are 
involved in the mechanism of DOX-induced cardiotoxicity 
[3,26,27]. Inhibiting generation of ROS by antioxidants, as 
well as the iron chelating agent dexrazoxane, have been shown 
to ameliorate DOX cardiotoxicity [28]. The present study 
was designed to investigate the potential protective effects of 
bilberry extract against DOX-induced cardiotoxicity in rats.

ECG tracing of rats in the DOX group showed bradycardia, 
ST segment depression and prolongation of both ST and QT 
intervals, which reflected arrhythmias, conduction abnor-
malities and attenuation of left ventricular function. Similar 
changes have been reported by other investigators [15,29–31]. 
These ECG changes were ameliorated in the bilberry+DOX 
group, indicating the protective effect of bilberry.

Our data show that cardiac levels of GSSG, MDA and PCC were 
significantly elevated, while those of GSH were significantly re-
duced following DOX administration as compared to the con-
trol group. Clearly, these data indicate the occurrence of ox-
idative stress, which is in accordance with reports of previous 

studies [32,33]. The reduced GSH and the elevated GSSG lev-
els in the DOX group might be due to GSH consumption in 
the interactions of DOX-induced free radicals with bio-mem-
brane and the subsequent lipid peroxidation. Pretreatment 
of rats with bilberry significantly guarded against the oxidative 
stress observed in the DOX group. Furthermore, the activity of 
the cardiac antioxidant enzymes CAT, SOD and GSH-Px were 
significantly reduced, while that of MPO was significantly ele-
vated in response to DOX administration as compared to the 
control group. These data are in accord with those reported 
by many investigators [34,35]. Our results also indicate that bil-
berry alleviated the decrease of the activity of the antioxidant 
enzymes, and can be explained by its high content of several 
antioxidants including anthocyanine, flavonoids and pheno-
lic acids [7]. These compounds were reported to inhibit oxi-
dative processes in other tissues [36]. They have been shown 
to effectively scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
and superoxide [37], improve the ferric-reducing antioxidant 
power in plasma [38] and suppress the DNA damage induced 
by DOX [39]. Moreover, Li et al. [31] reported that procyani-
dins from grape seeds protected rats from DOX-induced myo-
cardial damage and cardiac dysfunction by scavenging the free 
radical. The increased MPO activity in the DOX group denotes 
leukocyte accumulation, with subsequent oxidative injury in 
cardiac tissue [40,41]. Despite the positive effects of flavonoids 
in experimental models of DOX cardiotoxicity, clinical trials 
have shown little success [42].

Conclusions

Regarding serum biochemical parameters, DOX signifi-
cantly elevated serum LDH activity and CPK, CK-MB and 

GSH
(µmol/g protein)

GSSG
(µmol/g protein)

MDA
(nmol/g protein)

PCC
(nmol/mg protein)

Control 	 4.56±0.20 	 0.85±0.11 	 64.6±3.10 	 0.180±0.03

Bilberry 	 4.68±0.10 	 0.90±0.09 	 58.2±2.20 	 0.174±0.03

DOX 	 2.00±0.09* 	 1.58±0.06* 	 130.3±6.10* 	 0.380±0.04*

Bilberry+DOX 	 3.29±0.14*,** 	 0.92±0.03** 	 79.2±3.30*,** 	 0.186±0.05**

Table 2. �The effect of bilberry extract on doxorubicin (DOX)-induced alterations in the cardiac reduced and oxidized glutathione (GSH and GSSG), 
malondialdehyde (MDA) and protein carbonyl content (PCC).

Data are the mean ±SEM of 6 rats. * p<0.05 vs. corresponding control group; ** p<0.05 vs. corresponding DOX group.

CAT
(U/mg protein)

SOD
(U/mg protein)

GSH-Px
(U/mg protein)

MPO
(mU/mg protein)

Control 	 8.05±0.25 	 32.3±1.40 	 5.11±0.13 	 1.10±0.12

Bilberry 	 8.12±0.24 	 36.6±1.70 	 5.09±0.16 	 1.26±0.11

DOX 	 3.40±0.16* 	 17.7±1.20* 	 1.80±0.13* 	 4.66±0.21*

Bilberry+DOX 	 3.86±0.28* 	 30.1±1.14** 	 4.88±0.17** 	 2.30±0.10*,**

Table 3. �The effect of bilberry extract on doxorubicin (DOX)-induced alterations in the cardiac activities of catalase (CAT), superoxide dismutase 
(SOD) glutathione peroxidase (GSH-Px) and myeloperoxidase (MPO).

Data are the mean ±SEM of 6 rats. * p<0.05 vs. corresponding control group; * p<0.05 vs. corresponding DOX group.
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troponin I levels; all of which indicate cardiac injury [43]. 
Similar observations were previously reported by Shi et al. 
[44] and Iqbal et al. [45]. Bilberry, in the present study, sig-
nificantly inhibited DOX-induced elevations in serum ac-
tivity of LDH, CPK and CK-MB, as well as troponin I levels. 
Histopathological examination showed cardiac injury in 
the DOX group in the form of cytoplasmic vacuole forma-
tion, interstitial edema and vascular degeneration, typically 
present in acute DOX-induced cardiotoxicity in rats [46,47] 
and mice [48]. The severity of the histological changes was 
much less in sections from rats pretreated with bilberry. 
According to the results of the present study, it can be con-
cluded that bilberry protects against DOX-induced cardio-
toxicity in rats, which can be attributed, at least in part, to 
its antioxidant activity.
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