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The aim of this study was to establish the effect of naturally occurring
antioxidant carnosine (CAR) on the doxorubicin (DOX)-induced cardiotoxi-
city in a rabbit model. For this purpose, we evaluated the influence of DOX
administration alone and in a combined therapy with CAR on the hemody-
namic parameters and on the degree of cardiac muscle cell alterations in rab-
bits. Thirty one chinchilla rabbits were divided into four groups. One group
of rabbits was injected iv with DOX at a dose of 2 mg kg–1 weekly for
7 weeks to induce congestive heart failure. Another group of rabbits received
the same doses of DOX simultaneously with CAR at a dose of 100 mg kg–1

po daily for 9 weeks. Administration of CAR started 1 week prior to the first
dose of DOX and ended one week after the administration of the last dose of
DOX. The control groups of animals received 0.9% NaCl and CAR alone.
The following hemodynamic parameters were estimated: heart rate (HR),
mean arterial pressure (MAP), cardiac index (CI), stroke index (SI) and total
peripheral resistance (TPR). Registration of the hemodynamic parameters in
rabbits was performed by Doppler method (Hugo Sachs Elektronik Haemo-
dyn). CAR normalized the values of MAP in rabbits receiving DOX and in-
creased the values of CI and SI. The influence of CAR on TPR was not sta-
tistically significant, but there was a decreasing tendency. The degree of car-
diac muscle cell alterations was examined by light microscopy using Mean
Total Score (MTS) technique. The histopathological studies revealed smaller
damage of cardiac muscle in rabbits which received DOX with CAR in com-
parison to animals receiving DOX alone. CAR seems to be cardioprotective
during DOX administration.
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Abbreviations: CAR – carnosine, CI – cardiac
index, DOX – doxorubicin, HR – heart rate, MAP
– mean arterial pressure, MTS – mean total score,
SI – stroke index, TPR – total peripheral resistance

INTRODUCTION

Doxorubicin (DOX) is an anthracycline antibi-
otic with a potent anticancer activity used widely in
medical oncology. DOX is used against human
neoplasms including a variety of solid tumors (e.g.
head and neck tumors), breast cancer, bladder and
testicular cancer, small cell lung cancer [39]. DOX
is effective in acute lymphoblastic and non-lympho-
blastic leukemias and malignant lymphomas [37].

The most dangerous, unique and often irreversi-
ble toxic effect of DOX that significantly limits its
therapeutic use is dose-related cardiomyopathy,
which occurs in ca. 20% of patients with a cumula-
tive DOX dose of 450 to 500 mg m–2. DOX may
provoke a few types of cardiomyopathies. An acute
form is due to rapid iv administration of DOX and
is manifested by vasodilatation and hypotension. It
is characterized by arrhythmias, disturbances in im-
pulse conduction and congestive heart failure with
pericardial effusion. Subacute cardiotoxicity devel-
ops during chemotherapy and is characterized by
myocarditis and pericarditis. Chronic cardiotoxic-
ity develops towards the end of therapy and after its
termination and is manifested by dilated cardio-
myopathy with loss of cardiac muscle cells, cyto-
plasmic vacuolization, subsequent replacement by
fibrous tissue and congestive heart failure [12, 13].

The mechanism of DOX cardiotoxicity has not
been precisely explained. The generation of reac-
tive oxygen species through the interaction of the
drug with iron and DOX reduction to C-13 alcohol
metabolite via an intermediate semiquinone moiety
play a very important role in the pathogenesis of
cardiac toxicity, mainly of its chronic form [4, 16].

There have been attempts to reduce the cardio-
toxicity of anthracycline antibiotics [42]. One of
the applied methods to minimize the DOX cardio-
toxicity is the use of cardioprotective substances
which can selectively protect healthy cells against
the cytotoxicity of DOX withought reducing the
antitumor activity of the drug [35].

Carnosine (CAR), a dipeptide composed of L-hi-
stidine and �-alanine, is naturally occuring antioxi-
dant found mainly in skeletal muscles (up to 20 mM),
cardiac muscle (up to 10 mM), brain and other in-

nervated animal and human tissues [21, 33, 40]. CAR
plays several important functions. Under physio-
logical conditions CAR inhibits lipid peroxidation
and oxidative damage of protein in skeletal mus-
cles (antioxidant and membrane-stabilizing activ-
ity) [36]. CAR can also inactivate highly reactive
aldehydes from lipid peroxidation generated in
muscle tissue during physical endurance and reduc-
ing sugars that cause non-enzymatic glycosylation
of proteins (glycation) [1]. CAR acts as a mobile
buffer in muscle tissue and a binder of divalent ions
of transition metals. Besides, CAR can regulate
calcium concentration in cardiac muscle cells and
improve their contractility [40]. CAR can retard the
senescence of cultured human diploid fibroblasts
and restore a more juvenile phenotype [20].

The aim of this study was to investigate if CAR
can reduce the cardiotoxic effect during the DOX
administration in rabbits. For this purpose, we
evaluated the influence of DOX administration
alone and in a combined therapy with CAR on the
hemodynamic parameters and on the degree of car-
diac muscle cell alterations in rabbits.

MATERIALS and METHODS

Materials

Doxorubicin (Ebewe, Austria), carnosine (Cam-
bridge Major Laboratories INC), urethane (ethyl
carbamate, Sigma, USA), �-chloralose (Roth, Ger-
many).

Animal experiments

The study was performed on thirty one outbred
chinchilla rabbits of both sexes with body weight
ranging between 2.5–3.5 kg, aged 15–20 weeks.
The animals were housed in standard cages, one
animal per cage, under a 12 h light/12 h dark cycle.
The rabbits were fed on granulated mix “LSK”
with free access to water. The weight of animals
was checked weekly. All the experiments were car-
ried out at room temperature between 9 and 12 a.m.

Experimental procedures were carried out in ac-
cordance with international guidelines for care and
use of laboratory animals. All efforts were made to
minimize animal suffering and to reduce the
number of animals used in the experiment. All the
procedures in this experiment were approved by
The Ethics Committee of the Medical University of
£ódŸ (Poland).
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The animals were divided into four groups of
rabbits randomly allocated to every group, receiv-
ing the following doses of drugs:
Group 1: 0.9% NaCl, 1 ml kg–1 iv weekly for 7

weeks (control group, n = 6);
Group 2: DOX, 2 mg kg–1 weekly iv for 7 weeks

(n = 10);
Group 3: DOX, 2 mg kg–1 weekly iv for 7 weeks

and simultaneously CAR, 100 mg kg–1

po daily for 9 weeks (n = 9);
Group 4: CAR, 100 mg kg–1 po daily for 9 weeks

(control group, n = 6).
DOX and 0.9% NaCl were administered into

the marginal ear vein by bolus injection. CAR was
administered by oral gavage in aqeous solution.
Administration of CAR started 1 week prior to the
first dose of DOX and ended one week after the ad-
ministration of the last dose of DOX.

Surgery was performed two weeks after the ad-
ministration of the last dose of DOX or after the
same period of saline injections in the control
group. The rabbits were placed on the operation ta-
ble in a dorsal position. The animals were anesthe-
tized with �-chloralose (40 mg kg–1) and urethane
(400 mg kg–1) administered into the marginal ear
vein. Anesthesia was maintained by additional bo-
lus doses of urethane as needed during surgery. The
level of anesthesia was demonstrated by lack of
muscle movement and hemodynamic responses.
Tracheostomy was needed because the thoracic
cavity was opened. Ventilation was controlled
using C.F. Palmer London LTD pump. Ventilation
freqeuency was set at 30 bpm and tidal volume at
50–60 ml. ECG was recorded using Multicard
E300. Extremity leads were registered to estimate
ECG during surgery.

Hemodynamic studies

The registration of hemodynamic parameters in
rabbits was performed by using Hugo Sachs Elek-
tronik Haemodyn (Harvard Apparatus GmbH, March,
Germany). A heparinized polyethylene catheter
was placed into the dissected carotid artery and
connected to an Isotec pressure transducer (HSE
Harvard Apparatus) for arterial blood pressure
measurement (SYS, DIA, MAP). Median sterno-
tomy and pericardiotomy were performed to place
the flow probe around the ascending aorta for aor-
tic blood flow (AFmin, AFmean, AFmax) measure-
ment taken as an index of cardiac output. It was
connected to an ultrasonic flow meter Transit Time

Flowmeter TTFM Type 700 (HSE Harvard Appa-
ratus and Transonic System Inc. USA). Heart rate
(HR) was registered from the catheter placed in the
carotid artery. All analog signals were amplified
and recorded on a computer via an A/D converter
(HSE-Haemodyn software for Microsoft Windows
95/98/NT) and they were evaluated according to
the algorithms. The rabbits received a continuous
infusion of normal saline into the marginal ear vein
to compensate for the fluid loss during surgery.

The derivative hemodynamic parameters were
calculated: cardiac index (CI), stroke index (SI), to-
tal peripheral resistance (TPR).
— CI = CO/BW (ml/min/kg), CO – cardiac output

(ml/min), BW – body weight of rabbit (kg);
— SI = SV/BW (ml/beat/kg), SV – stroke volume

(ml/beat), SV = CO/HR, HR – number of beats/
min;

— TPR = (MAP × 8)/CO (kPa × s/l), MAP –
mean arterial pressure (mmHg), 8 – coefficient
for calculation of values in mm Hg and flow in
l/min into kPa × s/l.
After surgery the animals were killed by over-

dosage of pentobarbital sodium (160 mg kg–1) ad-
ministered into the marginal ear vein.

Histopathological studies

Hearts were taken immediately postmortem,
weighed and fixed in a buffered 10% solution of
formalin for histopathological examination. Two
segments from the right and left ventricle, interven-
tricular septum and left papillary muscle were taken
after macroscopic evaluation. Then, they were em-
bedded in paraffin blocks. Four micron thick sec-
tions were obtained with microtome. After depar-
affinating, carrying through a number of alcohols
and washing in xylene, the sections were stained
with hematoxylin and eosin with according to Mas-
son’s three-color method for connective tissue eva-
luation. Microscopic sections were examined under
400x magnification paying attention to the pres-
ence of vacuoles in cardiomyocytes cytoplasm, car-
diomyocytes necrosis and cardiomyocytes and
myocardium stroma edema. The intensity and ex-
tent of histological changes in sections from rab-
bits’ hearts were evaluated semi-quantitatively us-
ing the modified mean total score (MTS) scale [11,
18, 38]. MTS scale is used to evaluate the intensity
of changes in cardiomyocytes (N) on a scale from
1 to 2 and extent of changes (R) on a scale from 0
to 5 (Tab. 1).
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MTS = � (N × R) / number of sections evaluated
in each rabbit.

Statistics

Statistical analysis of hemodynamic parameters
was performed using the Statistica version 5 Stat-
Soft program. The normality of distribution was
checked by means of Kolmogorov-Smirnov test
with Lillieforce correction. If the data were nor-
mally distributed, homogenity of variance was
tested by Bartlett’s test. The statistical evaluation
was performed using analysis of variance (ANOVA)
and post-hoc comparisons were performed by

means of NIR test. If the data were not normally
distributed, statistical evaluation was performed by
using ANOVA test (Kruskal-Wallis) and U Mann-
Whitney’s test.

The histopathological MTS technique results
were compared using Student’s t-test between
groups of rabbits, preceded by analysis of distribu-
tion and analysis of variance.

All parameters were considered statistically sig-
nificantly different if p < 0.05.

RESULTS

Results of hemodynamic studies

The results of hemodynamic studies are shown
as the values of five parameters: HR, MAP, CI, SI
and TPR and have been presented in Table 2.

Heart rate

HR did not differ in a statistically significant
way between the examined groups of rabbits, how-
ever, there was a trend towards a decrease in HR in
rabbits receiving DOX.

Mean arterial pressure

The value of MAP in the control group of rab-
bits did not differ statistically significantly from the
value of MAP registered in the group of rabbits re-
ceiving CAR. DOX administration to rabbits re-
sulted in a statistically significant decrease in MAP.
CAR administration to the group of rabbits receiv-
ing DOX caused a statistically significant increase
in MAP. This value of MAP did not differ signifi-

1082 Pol. J. Pharmacol., 2003, 55, 1079–1087

R. Ziêba, M. W¹growska-Danilewicz

Table 1. The modified mean total score (MTS) scale for semi-
quantitative microscopic evaluation of cardiac muscle lesion

Intensity of
changes (N)

1 microvacuolic degeneration of
cardiomyocytes and/or edema of
cardiomyocytes and interstitial edema

2 macrovacuolic degeneration of
cardiomyocytes or atrophy, necrosis,
proliferation of interstitial fibrous
connective tissue, endocardium lesion
and thrombi

Extent of
changes (R)

0 without changes

0.5 changes involve not more than 10
cardiomyocytes

1 single damaged cardiomyocytes

2 changes involve single scattered groups
of cardiomyocytes

3 changes involve several groups of
cardiomyocytes

4 changes involve large groups of
cardiomyocytes

5 most cardiomyocytes are damaged

Table 2. The values of heart rate (HR), mean arterial pressure (MAP), cardiac index (CI), stroke index (SI) and total peripheral vascu-
lar resistance (TPR) in rabbits

Group Drugs HR
(beats/min)

MAP
(mmHg)

CI
(ml/min/kg)

SI
(ml/beat/kg)

TPR
(kPa × s/l)

1 0.9%NaCl 285 ± 30 97.8 ± 12.0 79.0 ± 4.1 0.29 ± 0.03 3.17 ± 0.13

2 DOX 256 ± 68 61.7 ± 27.7a.b 37.5 ± 3.9a.b 0.15 ± 0.02a.b 4.16 ± 0.31

3 DOX + CAR 273 ± 48 97.0 ± 23.0c 59.4 ± 5.4c 0.22 ± 0.03d 3.92 ± 0.29

4 CAR 294 ± 31 96.5 ± 8.2 73.4 ± 4.7 0.26 ± 0.03 3.08 ± 0.20

Each value represents mean ± SD, DOX – doxorubicin, CAR – carnosine; a statistically significant difference in comparison with
group 1 (p < 0.05), b statistically significant difference in comparison with group 4 (p < 0.05), c statistically significant difference in
comparison with group 2 (p < 0.05), d statistically significant difference in comparison with group 1 (p < 0.05)



cantly from the value of MAP registered in the con-
trol group and in the group receiving CAR.

Cardiac index

The value of CI in the control group of rabbits
did not differ statistically significantly from the
value of CI calculated for the group of rabbits re-
ceiving CAR. DOX administration to rabbits caused
a statistically significant decrease in CI. CAR ad-
ministration to the group of rabbits receiving DOX
resulted in a statistically significant increase in CI.
This value of CI did not differ significantly from
the value of CI calculated for the control group and
for the group receiving CAR.

Stroke index

The value of SI in the control group of rabbits
did not differ statistically significantly from the
value of SI calculated for the group of rabbits re-
ceiving CAR. DOX administration to rabbits caused
a statistically significant decrease in SI. CAR ad-
ministration to the group of rabbits receiving DOX
caused a statistically significant increase in SI. This
value of SI differed significantly from the value of
SI calculated for the control group and for the
group receiving DOX, but it was not significantly
different from the value of SI calculated for the
group receiving CAR.

Total peripheral resistance

TPR did not differ statistically significantly in
the examined groups of rabbits, although there was

a trend towards an increase in TPR in the group of
rabbits receiving DOX. The calculated values of
TPR were not significantly lower after simultane-
ous administration of DOX and CAR.

Results of histopathological studies

In rabbits from the control group (n = 6) and
from the group receiving CAR (n = 6) histopa-
thological evaluation of sections from the left and
right ventricle, interventricular septum and papil-
lary muscle of the left ventricle did not reveal any
pathological changes (Fig. 1).

In all rabbits receiving DOX (n = 10) micro-
scopic examination of sections from hearts re-
vealed macrovacuolic and microvacuolic changes
in the cytoplasm of cardiomyocytes and interstitial
edema. In 7 animals, additionally necrosis of car-
diomyocytes was found (Fig. 2). The extent of
changes varied from small lesions, of not more than
10 cardiomyocytes in a preparation, to large lesions
forming foci of damaged heart muscle cells (Fig. 3).
In no case, there was proliferation of interstitial fi-
brous connective tissue.

In rabbits receiving simultaneously DOX and
CAR (n = 9), macrovacuolic and microvacuolic
changes in cardiomyocytes and interstitial edema
were also observed (Fig. 4). However, in compari-
son with rabbits receiving DOX alone, the extent
of changes was small and concerned single cells
(Fig. 5). In heart sections of rabbits from this
group, there was no necrosis in cardiomyocytes,
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Fig. 1. Left ventricle without microscopic changes in cardio-
myocytes in rabbit from control group. H&E staining, magnifi-
cation 200x

Fig. 2. Left ventricle from rabbit treated with doxorubicin.
Vacuolar degeneration of myocardial muscle fibers and focal
necrosis of cardiomyocytes. H&E staining, magnification 400x



either. In 2 animals, there were extensive devascu-

larizations under the epicardium and endocardium

of both right and left ventricles. The abovemen-

tioned changes were not typical of DOX-induced

lesions and, thus, they were not included in micro-

scopic studies and in statistical analysis of results.

In no case, there was proliferation of interstitial fi-

brous connective tissue.
Table 3 presents mean values of MTS for rab-

bits receiving DOX and DOX with CAR.
The intensity and extent of histological changes

in sections from rabbit hearts receiving DOX were

statistically significantly larger than in rabbits re-

ceiving DOX with CAR.

DISCUSSION

Numerous mechanisms of cardiotoxic activity
of anthracycline antibiotics have been proposed.
The most important and probable seems to be the
mechanism based on the generation by DOX of
oxidative stress in the heart muscle and stimulation
of apoptosis in cardiomyocytes [9]. Because of
poor antioxidant protection in cardiac myocytes
(low concentration of superoxide dismutase, cata-
lase and glutathione peroxidase) reactive oxygen
species cause lipid peroxidation and mitochondrial
destruction [41].

There are some ways of reducing the cardiotox-
icity of DOX: monitoring chemotherapy, modify-
ing the schedule of administration, patients selec-
tion considering risk factors, liposomal encapsula-
tion of DOX, using less toxic DOX analogues [7,
30]. An important method of decreasing the cardio-
toxicity of DOX is administration of this drug with

1084 Pol. J. Pharmacol., 2003, 55, 1079–1087

R. Ziêba, M. W¹growska-Danilewicz

Fig. 4. Left ventricle from rabbit receiving doxorubicin and car-
nosine. Slight degree of myocardial muscle fibers vacuolization
and focal interstitial edema in myocardium. H&E staining,
magnification 200x

Fig. 3. Confluent groups of affected myocardial fibers in rabbit
treated with doxorubicin. Severe vacuolar degeneration and
myocardial atrophy. H&E staining, magnification 400x

Fig. 5. Scattered single affected myocardial fibers in left ventri-
cle in rabbit treated with doxorubicin and carnosine. Vacuolar
degeneration and interstitial edema. H&E staining, magnifica-
tion 200x

Table 3. The intensity and extent of microscopic changes in rab-
bits’ heart muscle evaluated using the modified Mean Total
Score (MTS) scale

Group Drugs MTS

2 DOX 5.41 ± 1.37

3 DOX + CAR 3.54 ± 1.36a

Each value represents mean ± SD; DOX – doxorubicin, CAR –
carnosine, a statistically significant difference in comparison
with group 2 (p = 0.014)



cytoprotective agents, which selectively protect

normal cells against toxic effect of the drug. Dexra-

zoxane (Cardioxane) was synthesized as a specific

water-soluble cardioprotective agent which pro-

tects against iron-dependent oxygen free radical-

mediated anthracycline-induced cardiotoxicity [22].

Unfortunately, dexrazoxane does not reduce gastro-

intestinal toxicity and myelotoxicity of DOX [10].

Besides, the influence of dexrazoxane on antitumor

activity of DOX is not quite clear [32, 45, 46]. New

cytoprotective compounds are being investigated.

Researchers concentrate on numerous antioxidative

compounds, such as melatonin, coenzyme Q, ami-

fostin, flavonoid compounds, essential fatty acids,

L-carnitine, selenium [3, 7, 31].
In our research, we concentrated on CAR, a di-

peptide commonly occurring in human body, which

also shows antioxidative properties. CAR is a wa-

ter-soluble free radical scavenger and prevents

lipid peroxidation of the cell membranes [29, 36,

48]. CAR may act not only as a scavenger of reac-

tive oxygen species, but also may prevent their for-

mation. Under in vitro conditions, CAR prevents

the generation of strongly oxidating hydroxyl radi-

cal by chelating of transitional metals ions (Cu, Zn,

Fe) [23]. It also prevents the generation of per-

oxynitril radical, and, thus, it may exert a protective

effect on the endothelium [14]. Moreover, CAR, an

antioxidant well soluble in water, prevents modifi-

cation and loss of activity of proteins responsible

for sequestration of metals in blood plasma (for ex-

ample ceruloplasmin) due to effect of free radicals

or toxic products of lipids peroxidation [28].
CAR inactivates in vitro dangerous highly reac-

tive lipid peroxidation products (malondialdehyde,

4-hydroxynonenal, acrolein) [1]. Reactive aldehy-

des and reducing sugars that cause glycation attack

biomolecules and cause the accumulation of car-

bonyl groups on proteins and formation of ad-

vanced glycosylation end products (AGEs). CAR,

an effective antiglycation factor, prevents carbony-

lation of biomolecules by entering a reaction with

reactive aldehydes and eliminates AGEs in the pro-

cess of carnosylation of modified proteins [6].

CAR protects against cross-linking of proteins [20].

Accumulation of AGEs is a biochemical manifesta-

tion of the ageing process of cells. Antioxidant and

antiglycating properties of CAR may be responsi-

ble for its antiaging properties [19, 34]. CAR may

also inhibit mitochondrial apoptosis pathways [24].

Besides, in vitro studies revealed that CAR can
increase contractility of isolated cardiac muscle of
rat by directly acting on the ryanodine receptor and
releasing calcium. CAR can play a role of modula-
tor of calcium-regulated proteins in cardiac muscle
cells [40].

CAR was administered to animals and humans
in several experiments. The efficacy of 1% N-ace-
tylcarnosine in the form of eye drops in the treat-
ment of cataracts in people was demonstrated in
a randomized placebo-controlled study. N-acetyl-
carnosine improved the visual acuity and glare sen-
sitivity and reduced lens opacity [2].

Zinc L-CAR (polaprezinc) acts as a gastric mu-
cosal protector against various irritant factors.
Orally administered polaprezinc at a dose of 100
mg kg–1 attenuates Helicobacter pylori-induced
gastric mucosal inflammation in Mongolian gerbils
[44]. Polaprezinc (150 mg kg–1 for 7 days) in com-
bination with lansoprazole, amoxycillin and clari-
thromycin increased the effectiveness of Helico-
bacter pylori eradication during 7-day therapy in
patients [25]. Polaprezinc (3–10 mg kg–1 po twice
daily for 14 days) improved the impaired healing of
chronic gastric ulcers in arthritic rats [27]. The
beneficial effects of polaprezinc on gastric mucosal
injury may be due to its antioxidative properties.
Polaprezinc was effective in acetic acid-induced
stomatitis in hamsters. This suggests that polaprez-
inc might be applicated in severe stomatitis in-
duced by anticancer drugs [26].

CAR was investigated for antiischemic activity.
CAR reduced mortality of animals during experi-
mental cerebral ischemia and decreased the conse-
quences of cardiac ischemia. It protected cardio-
myocytes and enhanced the contractility of the
heart muscle [43].

CAR can be a neuropotective agent. The effect
of CAR supplementation was investigated in chil-
dren with autistic spectrum disorders in a double-
blind, placebo-controlled study. CAR at a dose of
800 mg administered for 8 weeks enhanced neuro-
logic function [8].

We have tested possible cardioprotection by
CAR during DOX administration in rabbits. Rab-
bits received 2 mg kg–1 of DOX weekly iv for
seven weeks to induce congestive heart failure [5]
and CAR po at a dose of 100 mg kg–1. CAR admin-
istered po is absorbed mainly in the small intestine.
During absorption, partial hydrolysis of dipeptide
to �-alanine and L-histidine takes place [15, 17,
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47]. This fact was taken into consideration, CAR
was administered at the dose of 100 mg kg–1, i.e.
5-times higher than the dose administered parenter-
ally to rats and rabbits.

CAR reduced the disadvantageous hemody-
namic changes in rabbits during DOX administra-
tion. CAR normalized MAP in rabbits receiving
DOX, and increased the values of CI and SI. The
effect of CAR on the value of TPR was not statisti-
cally significant, but resistance tended to decrease.
The results of hemodynamic studies may indicate
a positive interaction between CAR and DOX in
decreasing the cardiotoxicity of the antitumor drug.

The conducted histopathological studies reveal-
ed smaller damage to the heart muscle in rabbits
which received DOX in combination with CAR, as
compared to those receiving DOX alone. It may in-
dicate that CAR decreases the cardiotoxicity of
DOX in rabbits.

In conclusion, CAR seems to show cardiopro-
tective effect during DOX administration.
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