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Abstract

Idarubicin is an anthracycline antibiotic extensively used in acute

leukemia. In the present study we investigated whether vitamin E and

catechin can reduce the toxic effects of idarubicin. Vitamin E (200 IU

kg-1 week-1), catechin (200 mg kg-1 week-1), idarubicin (5 mg kg-1

week-1), idarubicin + vitamin E (200 IU kg-1 week-1), and idarubicin +

catechin (200 mg kg-1 week-1) combinations were given to male

Sprague-Dawley rats weighing 210 to 230 g (N = 6/group). Idarubicin-

treated animals exhibited a decrease in body and heart weight, a

decrease in myocardial contractility, and changes in ECG parameters

(P<0.01). Catechin + idarubicin- and vitamin E + idarubicin-treated

groups exhibited similar alterations, but changes were attenuated in

comparison to those in cardiac muscle of idarubicin-treated rats

(P<0.05). Superoxide dismutase and catalase activity was reduced in

the idarubicin-treated group (P<0.05). Glutathione peroxidase levels

were decreased in the idarubicin-treated group (P<0.05) and reached

maximum concentrations in the catechin- and catechin + idarubicin-

treated groups compared to control (P<0.01). Malondialdehyde activ-

ity was decreased in the catechin + idarubicin-treated groups com-

pared to control and increased in the other groups, reaching maximum

concentrations in the vitamin E-treated group (P<0.01). In electron

microscopy studies, swelling of the mitochondria and dilatation of the

sarcoplasmic reticulum of myocytes were observed in the idarubicin-

treated groups. In groups that were given idarubicin + vitamin E and

idarubicin + catechin, the only morphological change was a weak

dilatation of the sarcoplasmic reticulum. We conclude that catechin

and vitamin E significantly reduce idarubicin-induced cardiotoxicity

in rats.
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Introduction

Anthracyclines are important drugs for

the treatment of lymphoma. Idarubicin is

currently the most important anthracycline

used orally and intravenously in clinical prac-

tice. Idarubicin is active in acute leukemia

and various solid tumors (1-3). In preclinical

studies, idarubicin has demonstrated several

potential advantages over daunorubicin and

adriamycin, including reduced cardiotoxi-

city (4), a dose-limiting factor in anthracy-

cline therapy. Several approaches have been

developed in an effort to minimize this ef-
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fect. Different treatment schedules were used

to decrease drug levels in plasma and myo-

cardium and it has also been proposed that

free radical scavengers and flavonoids might

be effective in reducing the pathological

changes observed after anthracycline treat-

ment (5-8). Others have suggested that an-

thracycline-induced cardiotoxicity is not re-

lated to changes in free radical metabolism

(9,10). Using spin trapping techniques,

Mimnaugh et al. (11) observed increased

production of superoxide, OH-, conjugated

dianes, malonaldehyde as well as changes in

the enzymatic activity of peroxidase and cata-

lase (CAT) in several biological systems

following anthracycline therapy. Catechin is

a member of the flavonoid family, which has

a variety of pharmacological effects such as

cardioprotective, diuretic and hypotensive

actions (12). Antioxidants have also been

shown to have protective functions and to

play an important role in hydroxyl radical-

caused defects (13,14). Hydrogen peroxide

generated by mitochondria is primarily de-

rived from the superoxide radical. These

radical species may generate hydroxyl radi-

cals by the Haber-Weiss reaction. Malonyl-

aldehyde, the end product of lipid peroxida-

tion, has also been measured to indicate the

presence of free radicals and lipid peroxida-

tion-induced cardiotoxicity. Suppression of

superoxide dismutase (SOD) and CAT ac-

tivities resulted in the reduction of oxygen-

ized glutathione in cardiac tissues (11,15).

Some authors have found that vitamin E can

reverse suppression of enzyme activities and

the glutathione cascade (16).

The aim of the present study was to deter-

mine whether catechin and vitamin E pre-

vent idarubicin-induced free radical forma-

tion and display cardioprotective effects.

Material and Methods

Animals

Male Sprague-Dawley rats (weighing

approximately 210-230 g) obtained from the

Refik Saydam Central Hygiene Institute,

Ankara, Turkey, were used. The animals

were housed in plastic cages, fed a normal

laboratory diet and water ad libitum, and

treated in accordance with the guidelines of

the Animal Care Committee of the Hifzis-

sihha Institute, Ministry of Health, Turkey.

Animals were quarantined for 10 days be-

fore being randomized into experimental

groups of six animals per cage.

Drugs

Idarubicin was supplied by Carlo Erba

(Milano, Italy), catechin by Sigma (Ronkon-

koma, NY, USA) and vitamin E by Roche

(Basel, Switzerland). The drugs were recon-

stituted in sterile water prior to use. The

concentration of catechin was adjusted to

contain the required dose in 1 ml and in-

jected intraperitoneally (ip) in each experi-

ment.

Animal studies and treatment schedules

All rats were treated for 6 weeks. Control

group: 1 ml sterile water was administered

intravenously (iv) every week. Idarubicin

toxicity: idarubicin (5 mg kg-1 week-1) was

administered iv. Catechin control: catechin

(200 mg kg-1 week-1) was dissolved in dis-

tilled water and administered ip. Vitamin E

control: vitamin E (200 IU kg-1 week-1) was

administered iv. Effect of catechin on myo-

cardial toxicity of idarubicin: catechin (200

mg kg-1 week-1) was administered ip 30 min

after iv administration of idarubicin (5 mg

kg-1 week-1). Effect of vitamin E on myocar-

dial toxicity of idarubicin: vitamin E (200 IU

kg-1 week-1) was administered iv 5 min after

iv administration of idarubicin (5 mg kg-1

week-1).

Evaluation of general toxicity

The body weight of the animals was re-
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corded weekly for 8 weeks as an index of

general toxicity.

Evaluation of cardiotoxicity

The development of myocardial toxicity

was monitored in vivo by electrocardiography

(ECG) and subsequently evaluated by meas-

uring the contractile performance of isolated

atria and by electron microscopic examina-

tion of left ventricular samples excised 8

weeks after the beginning of the experiment.

The remaining heart tissues were also pre-

pared for enzymatic assays.

Atrial contractility

Myocardial contractility was evaluated

in spontaneously beating atria isolated from

animals at the end of 8 weeks and incubated

in Tyrode solution aerated with a 95% O2 +

5% CO2 mixture at 37ºC. The contractile

performance of isolated atria was assessed

by subjecting the preparations to stepwise

increases in resting tension and recorded by

means of an isometric tension recording sys-

tem: dF/dt (g/s) was used as the contractility

index.

ECG parameters

ECGs were recorded at the beginning of

treatment and subsequently at 2-week inter-

vals. QT duration was measured for each

tracing since the parameter was found to be

related to the morphologic lesions devel-

oped by idarubicin-treated animals. QT was

calculated as the interval between the Q

wave and the apex of the T wave (Grass

polygraph model 7P, Grass Instruments Co.,

Quincy, MA, USA).

Biochemical evaluation

The right atrium and ventricles were re-

moved and kept on ice until homogenization

on the same day. The samples were first

washed with deionized water to separate

blood and then homogenized (Braun ho-

mogenizer) at 1,000 U for about 3 min. After

centrifugation at 10,000 g for 60 min, the

upper layer was removed for determination

of the amount of protein (17) and glutathione

peroxidase (GSHPx) activity (18). A part of

the homogenate was extracted with ethanol/

chloroform to eliminate lipids, which would

have interfered with the measurements of

SOD and CAT activity. GSHPx and CAT

activities are reported as IU/mg protein. One

unit of SOD is the amount of protein causing

50% inhibition in NBTH2 (a nitroblue tetra-

zolium salt) reduction rate. All enzyme ac-

tivities are reported as specific activity (IU/

mg protein). The level of tissue malondial-

dehyde (MDA) was measured as described

by Van Ye et al. (19). MDA levels are re-

ported as mmol/g tissue. All experiments

were carried out at 4ºC.

Electron microscopy

Tissues were fixed in 3% glutaraldehyde

in 200 mM sodium phosphate buffer, pH

7.4, for 3 h at 4ºC for electron microscopic

examination. Materials were washed with

the same buffer and postfixed in 1% osmium

tetroxide and in sodium phosphate buffer,

pH 7.4, for 1 h at 4ºC. Tissue samples were

washed with the same buffer for 3 h at 4ºC,

dehydrated in a graded ethanol series and

embedded in Araldite. Thin sections were

cut with a Reichert OM U3 ultramicrotome.

Samples were stained with 2% uranyl ace-

tate and lead citrate. The sections were viewed

and photographed under a Jeol 100 CX II

transmission electron microscope at 80 kV.

Statistical analysis was carried out using

the Mann-Whitney U-test.

Results

Evaluation of general toxicity

No death was observed in any of the
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experimental groups. In the idarubicin-treated

group, heart and body weights were signifi-

cantly decreased compared to control

(P<0.01). No significant differences were

observed between vitamin E- and catechin-

treated groups and the control group (P>0.05).

A decrease in body and heart weight was

also observed in the catechin + idarubicin-

and vitamin E + idarubicin-treated groups

compared to control (P<0.05). However,

body and heart weight loss in the idarubicin

group was more pronounced than that in the

catechin + idarubicin and vitamin E + ida-

rubicin groups (Table 1). An increase in

body and heart weight was observed in cat-

echin + idarubicin- and vitamin E + idarubi-

cin-treated groups compared to the idarubi-

cin-treated group (P<0.05; Table 1).

Evaluation of cardiotoxicity

Evaluation of atrial contractility. Atrial

contractility of heart tissue was significantly

decreased in the idarubicin-treated group

compared to control (P<0.01), whereas no

significant difference was observed between

the vitamin E- and catechin-treated and the

control group (P>0.05). The catechin +

idarubicin- and vitamin E + idarubicin-treated

groups also exhibited a decrease in atrial

contractility (P<0.05), which, however, was

less marked compared to the idarubicin-

treated group (Table 1). An increase was

also seen in the vitamin E + idarubicin-

treated group compared to the idarubicin-

treated group (P<0.05), but not compared to

the catechin + idarubicin-treated group

(P>0.05; Table 1).

ECG alterations. QT duration signifi-

cantly increased in idarubicin-treated ani-

mals particularly from the fourth week on-

wards compared to the control group (P<0.01;

Table 1). QT duration did not increase in the

catechin- or vitamin E-treated groups com-

pared to control (P>0.05; Table 1). In the

catechin + idarubicin- and vitamin E +

idarubicin-treated groups, QT duration was

increased compared to control (P<0.05; Table

2), with a more marked increase in the

idarubicin-treated group than in the catechin

+ idarubicin- and vitamin E + idarubicin-

treated groups. Among the experimental

groups, atrial contractility loss was maxi-

mum in the idarubicin-treated group (Table

1). In the catechin + idarubicin- and vitamin

E + idarubicin-treated groups, atrial contrac-

tility was reduced compared to the idarubicin-

treated group (P<0.05; Table 1).

Biochemical results. The course of the

enzymatic activities is presented in Table 2

(mean ± SD). There were differences in the

enzyme activities among the different treat-

Table 1. Effect of idarubicin, vitamin E and catechin on body weight, heart weight, atrial contractility and QT
interval.

Group Body weight (g) Heart weight (g) Atrial contractility (dF/dt) QT interval (ms)

Control 220 ± 7.0 1.25 ± 0.10 19.00 ± 2.40 26.00 ± 1.05
Vitamin E (200 IU/kg) 218 ± 3.2 1.24 ± 0.12 18.10 ± 1.10 26.00 ± 1.10
Catechin (200 mg/kg) 211 ± 3.1 1.23 ± 0.14 16.21 ± 2.10 28.07 ± 1.10
Idarubicin (5 mg/kg) 190 ± 2.2* 1.02 ± 0.10* 11.40 ± 1.10* 39.30 ± 1.70*
Catechin (200 mg/kg) 205 ± 5.4*+ 1.19 ± 0.14*+ 13.00 ± 0.50* 33.11 ± 0.50*+

+ idarubicin (5 mg/kg)
Vitamin E (200 IU/kg) 210 ± 4.0*+ 1.21 ± 0.15*+ 15.30 ± 1.10*+ 31.40 ± 0.10*+

+ idarubicin (5 mg/kg)

Data are reported as means ± SD. N = 6 animals for all experiments.
*P<0.05 compared to control group;
+++++P<0.05 catechin + idarubicin- or vitamin E + idarubicin-treated groups compared to idarubicin-treated group
(Mann-Whitney test).
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ment groups. SOD activity was decreased in

the idarubicin-treated group compared to

control (P<0.05; Table 2) and significantly

increased in the catechin-treated group but

not in the vitamin E-treated group (P<0.01;

Table 2). The catechin + idarubicin- and

vitamin E + idarubicin-treated groups showed

no difference compared to control (P>0.05).

SOD activity in the catechin + idarubicin-

and vitamin E + idarubicin-treated groups

did not differ from control (P>0.05; Table

2).

A significant decrease in GSHPx activity

was observed in the idarubicin-treated group

compared to control (P<0.05). GSHPx activ-

ity was increased in the catechin-treated group

compared to control, but no difference was

observed in the vitamin E-treated group.

GSHPx activity was significantly increased

in the catechin + idarubicin-treated group

compared to control, whereas no difference

was observed in the vitamin E + idarubicin-

treated group. The maximum increase in

GSHPx activity was observed in the cat-

echin- and catechin + idarubicin-treated

groups (P<0.01).

A significant increase in GSHPx activity

was observed in the catechin + idarubicin-

treated group compared to the idarubicin-

treated (P<0.01) and the vitamin E + idarubi-

cin-treated groups (P<0.05; Table 2).

CAT activity was significantly increased

in the idarubicin-treated and catechin-treated

groups compared to control (P<0.05) but no

change was observed in the vitamin E-treated

group (Table 2). No differences were ob-

served in the catechin + idarubicin- and vita-

min E + idarubicin-treated groups compared

to control (P>0.05). The increase in CAT

activity was maximum in the catechin-treated

group (P<0.01). CAT activity was increased

in the catechin + idarubicin- and vitamin E +

idarubicin-treated groups compared to the

idarubicin-treated group (P<0.05; Table 2).

MDA activity was significantly increased

in the vitamin E-, catechin-, idarubicin- and

vitamin E + idarubicin-treated groups, with

the maximum increase being observed in the

vitamin E-treated group (P<0.01; Table 2).

MDA activity was decreased in the catechin

+ idarubicin-treated group compared to con-

trol (P<0.05) and in the catechin + idarubicin-

treated group compared to the idarubicin-

treated group (P<0.05). In the vitamin E +

idarubicin-treated group there was an in-

crease compared to the idarubicin-treated

group (P<0.05; Table 2).

Electron microscopy. No significant dif-

ferences in cardiac muscle cell preparations

were observed between the catechin, vita-

min E and control groups (Figure 1A). The

electron micrographs of heart muscles of

Table 2. Effect of drug treatment on some enzyme activities in rat heart muscle.

Group SOD (IU/mg) GSHPx (IU/mg) CAT (IU/mg) MDA (mmol/g)

Control (saline) 20.45 ± 3.76 94.86 ± 18.11 25.99 ± 11.44 0.233 ± 0.011
Vitamin E (200 IU/kg) 21.51 ± 5.14 100.60 ± 1.14 30.14 ± 14.16 0.312 ± 0.09*
Catechin (200 mg/kg) 30.40 ± 5.80* 130.61 ± 26.20* 64.38 ± 22.46* 0.240 ± 0.04*
Idarubicin (5 mg/kg) 13.16 ± 1.04* 70.13 ± 11.17* 16.01 ± 1.10* 0.243 ± 0.21*
Catechin (200 mg/kg) 16.13 ± 2.14 124.70 ± 21.14*+ 24.71 ± 7.04+ 0.219 ± 0.09*+

+ idarubicin (5 mg/kg)
Vitamin E (200 IU/kg) 16.05 ± 2.12 91.21 ± 1.14+ 23.13 ± 2.13+ 0.262 ± 0.19*+

+ idarubicin (5 mg/kg)

Data are reported as means ± SD. N = 6 animals for all experiments.
*P<0.05 compared to control group;
+P<0.05 catechin + idarubicin- or vitamin E + idarubicin-treated groups compared to idarubicin-treated group
(Mann-Whitney test).
SOD = superoxide dismutase, GSHPx = glutathione peroxidase, CAT = catalase, MDA = malondialdehyde.
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general toxicity as demonstrated by a signifi-

cant reduction of body weight gain and de-

layed manifestations of cardiac toxicity in-

cluding irreversible prolongation of QT in-

tervals, impairment of contractility of iso-

lated myocardial preparations, and a typical

pattern of morphologic alterations similar to

that observed in patients treated with anthra-

cyclines (20-24). Idarubicin has less toxic

effects than doxorubicin and daunorubicin

(25-27). In this study, idarubicin caused a

decrease in body and heart weight. It is

known that antibiotics such as doxorubicin,

daunorubicin and idarubicin cause weight

loss (28-30). For this reason, prolonged use

and excessive doses of these agents cause

death. These drugs cause disruption of basal

metabolism due to their toxic effect espe-

cially on liver and heart tissues.

Free radical formation has been proposed

as a major mechanism of idarubicin cardio-

toxicity. However, it is now believed that

there are two mechanisms by which quinone

drugs can generate reactive free radicals

(15,31). One involves a one electron reduc-

tion of the drug to a semiquinone free radical

intermediate followed by a cascade of reac-

tive oxygen species resulting from reaction

with molecular oxygen. The second mech-

anism of free radical formation depends on

the interaction of doxorubicin with metal

ions, especially iron (31-33). In cardiac cells,

a one electron reduction of anthracycline

catalyzed by NADPH-cytochrome c-reduc-

tase forms the semiquinone radical, which in

the presence of molecular oxygen leads to

superoxide formation. These species are then

converted by SOD into H2O2 and O2. In the

presence of Fe2+, H2O2 is reduced to OH�

(Fenton reaction). These radicals have been

shown to be key mediators of myocardial

reperfusion injury and lipid peroxidation

(33,34). Evidence for oxygen free radical

formation is an increased drug action when

cellular levels of glutathione, GSHPx, SOD,

CAT or other protective agents against free

radical are low (35,36). In addition, the toxic

Figure 1. Effect of idarubicin on
heart muscle ultrastructure. A,
Control rat showing normal myo-
cyte structure. Arrows show sar-
coplasmic reticulum. B, Idarubi-
cin-treated rat showing swelling
and vacuolization of mitochon-
dria. C, Idarubicin-treated rat
showing dilatation of the sarco-
plasmic reticulum (asterisks). M,
Mitochondria. N, nucleus; L, li-
pid body. A = 10,000X, B =
10,000X, C = 12,000X.

idarubicin-treated rats showed mitochondrial

vacuolization and swelling (Figure 1B), as

well as dilatation of the sarcoplasmic reticu-

lum (Figure 1C). As shown in Figure 2A and

B, no pathological findings were observed in

the idarubicin + vitamin E- and idarubicin +

catechin-treated groups, although these

groups showed a significant sarcoplasmic

reticulum dilatation in myocardial cells.

Discussion

The administration of 5 mg/kg idarubicin

per week to rats for 6 weeks induced signs of

A

B

C
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effects may be prevented by supplementa-

tion with protective vitamin E or enzymes

(5,28,37). Superoxides or their decomposi-

tion products, H2O2 and OH�, initiate lipid

peroxidation by abstracting hydrogen atoms

from unsaturated fatty acids (11). The detec-

tion of MDA supports this view. Moreover,

treatment with idarubicin depletes cardiac

cells of selenium-dependent GSHPx, an en-

zyme responsible for detoxifying oxygen-

derived toxic species. Thus, idarubicin not

only increases free radical production in the

heart, but also decreases its ability to detoxify

reactive oxygen species. Possible reasons

for the lowered SOD and GSHPx activities

of heart tissues might be inhibition of en-

zyme protein synthesis, inhibition of enzymes

by idarubicin, metabolites or some lipid per-

oxidation products. We believe that the

changes observed in the antioxidant defense

capacity might play a role in idarubicin-

induced cardiotoxicity. Increased MDA radi-

cal levels as well as electron microscopic

examination of the affected heart tissues

support this view.

Time and dose schedules of catechin ad-

ministration were chosen so that high levels

of scavenging activities were reached during

early stages of the presence of anthracycline

in the myocardium. Additionally, we per-

formed in vitro experiments using an iron-

loaded rat heart impairment model which

renders the heart atonous in order to select

the appropriate dose of catechin because

high and long-term catechin therapy had

toxic effects on cardiac cells. Catechin was

chosen for the present investigation because

of its iron-chelating and antioxidant proper-

ties. It seems that not only the ability to

dispose efficiently of oxygen metabolites

but also the capacity to remove iron play an

important role in protecting tissues against

idarubicin toxicity. Previous observations

showed that the antioxidant power of cat-

echin was related to its free radical scaveng-

ing activity (14,29). Also, in the present

study catechin inhibited heart weight loss,

QT interval prolongation and the decrease in

atrial beating induced by idarubicin treat-

ment. Idarubicin affects cells and thus pro-

duces free oxygen radicals and causes car-

diotoxicity. Radicals might activate the

quamine redox reaction by using superoxide

anion, causing dismutation that results in a

decrease in hydrogen peroxide, CAT, and

GSHPx. Catechin caused an increase in the

levels of these enzymes and catechin and

idarubicin also caused a slight increase in

these enzymes.

In many studies vitamin E was shown to

neutralize lipid peroxidation and unsatur-

ated membrane lipids because of its oxygen

scavenging effect (7). However, some inves-

tigators have stated that these effects of vita-

min E are observed at doses of 200 mg kg-1

day-1 (30). Vitamin E protects cells and sub-

cellular structures from oxidative damage by

inhibiting oxygen formation, and by decreas-

ing MDA levels. There were no toxic effects

of vitamin E at the doses utilized here. Vita-

min E increased MDA levels while decreas-

ing SOD, GSHPx and CAT levels or keeping

Figure 2. Effect of vitamin E and
catechin treatment on idarubi-
cin-induced changes in rat heart
ultrastructures. A, Vitamin E +
idarubicin-treated rats. B, Cat-
echin + idarubicin-treated rats.
Mitochondria (M); sarcoplasmic
reticulum (arrow); nucleus (N). A
= 10,000X, B = 6,500X.
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their original concentrations. This suggests

that vitamin E used single oxygen formation

pathway. Vitamin E alone or in combination

with idarubicin treatment might also inhibit

the general toxic and cardiotoxic effects of

idarubicin.

Electron microscopic studies showed that

idarubicin damages myocardial cells. This

effect was seen in the mitochondria and

sarcoplasmic reticulum of myocardial cells.

However, catechin + idarubicin- and vita-

min E + idarubicin-treated groups showed

no changes in the morphology of myocardial

cells. Taken together, the present pharmaco-

dynamic, biochemical and electron micros-

copy studies indicate that the idarubicin-

induced cardiotoxic effect can be signifi-

cantly reduced by catechin and vitamin E.
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