
Med. J. Cairo Univ., Vol.  86,  No. 1, March: 405-416, 2018  
www.medicaljournalofcairouniversity.net  

Effect of Short-Term Swim Exercise on Cardiac Dysfunction  

Induced by Doxorubicin in Rats  
FATEN M.A. DIAB, M.D.*; RAMADAN A. SAAD, M.D.*,**; NOHA A. NASSEF, M.D.* and  
CHRISTINA M. WADIE, M.Sc.*  
The Department of Physiology*, Faculty of Medicine, Ain Shams University, Cairo, Egypt* and  

Fakeeh College of Medical Sciences, KSA**  

Abstract  

Background:  Long-term exercise could confer protection  
against Doxorubicin-induced cardiotoxicity, yet, the effect of  
short-term exercise just prior to exposure to Doxorubicin  
(Dox) is still unclear.  

Aim:  To investigate the effect of short-term exercise on  
cardiac dysfunction induced by Dox treatment.  

Material and Methods: Sixty nine female albino rats were  
assigned into 4 groups: Group 1: Control (sedentary rats,  
n=17), Group 2: Dox (rats received single intraperitoneal  
injection of Dox in a dose of 20mg/kg, n=18), Group 3: Exc,  
(n=16), Group 4: Exc +Dox (n=18). Rats were subjected to  
recording of the ECG, measurement of arterial blood pressure,  

echocardiograghy, analysis of serum parameters of SGOT,  
LDH, CPK-MB, troponin I (cTnI) and evaluation of total  
antioxidant capacity, Malondialdehyde (MDA) and heat shock  
protein (Hsp20) in the cardiac tissue.  

Results:  Compared to the control, Dox-treated rats showed  
significant prolongation of QT interval, with insignificant  
depression of the R voltage and the elevation of systolic  
(SBP), diastolic (DBP), mean (MAP) blood pressures were  
statistically insignificant. These changes were accompanied  
by significant elevation of serum SGOT and cardiac tissue  

MDA and Hsp20. Also, compared to the control, rats exposed  
to 3 days exercise just before Dox injection (Exc + Dox)  
showed significant prolongation of QT even more than in  
Dox group. However, the depression of the R voltage and the  
elevation of the SBP, DBP, and MAP become statistically  
significant compared to the control. These changes were  
associated with significant increase in SGOT. However,  
compared to Dox group, the Exc+Dox demonstrated significant  

prolongation in QT, significant reduction in the ejection  
fraction with significant reductions in MDA and Hsp20.  

Conclusion:  Short-term swim exercise training just prior  
to doxorubicin exposure is risky and makes the heart more  
predisposed to arrhythmia despite of the relative improvement  
in cardiac oxidative status.  
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Hsp20.  
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Introduction  

DOXORUBICIN, quinine containing anthracy-
cline antibiotic, is one of the most frequently used  

chemotherapeutic drug against most of solid tumors  
and hematological malignancies [1] . Unfortunately,  
the clinical use of this valuable drug is limited due  
to its dose-dependent life-threatening side effects  
especially on the heart [2] . In this regard, it had  
been reported that Doxorubicin (Dox) stimulates  
Reactive Oxygen Species (ROS) generation by the  
mitochondria that leads to generation of a free  
radical cascade with potent oxidizing power  [3] .  
Regrettably, the level of Dox-induced oxidative  
stress on the heart is up to 10 times greater than  
other tissues as the liver or the kidney, because the  
heart exhibit low level of antioxidant enzymes  
which detoxifies the H 2O2  [4]  thus, the oxidative  
injury of the heart is the widely accepted theory  

presumed as a primary mechanism of Dox-induced  
cardiotoxicity [5] .  

Numerous techniques have been employed in  
an attempt to decrease the Dox-induced cardiotox-
icity, either by minimizing the amount of drug  
administered while retaining its anti-tumor efficacy  
[6] ; providing long-term drug exposure but at mod-
est concentration [7] ; applying a drug delivery  
system such as liposomes and nanoparticles [8] ;  
and combating the Dox administration with a car-
dioprotective drug that improves oxidant defenses  
of the cardiomyocytes like melatonin [9]  and vita-
min D [10] . Yet, most of the previously mentioned  
techniques have had limited success and the Dox  
cardiotoxicity remains a major problem.  

Long-term exercise training for 10 weeks or 8  
weeks could confer protection against doxorubicin  

cardiotoxicity [11,12] . However, this protective tool  
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has a limiting factor on clinical application, as  

many individuals are not physically active or al-
ready having sedentary life style, in addition to,  
the short duration period intervening the diagnosis  

of cancer and the start of its management whether  

by surgical and/or Dox treatment. From this point  
of view and for clinical applicability, the short-
term exercise training immediately before Dox  
administration might develop a great concern.  

Material and Methods  

Ethical approval:  All rats received care in  
accordance with the National Health Guidelines  

and the study protocol was approved by the Re-
search Ethical Committee of Faculty of Medicine  

Ain Shams University.  

Chemicals:  Doxorubicin was purchased from  
regular pharmacy, dissolved in saline and injected  

immediately after its preparation.  

Experimental animals:  This study was carried  
out on 69 female local strain albino rats weighing  
180-260 grams. Rats were purchased from an  
experimental animal farm (Fisal, Giza) and main-
tained in the Physiology Department Animal House.  

The study was conducted in the period from 2015- 
2017. Rats were kept under standard conditions of  

boarding at room temperature (22-28ºC) with nor-
mal light dark cycle. Rats were fed the regular  

meals of standard rat chow diet with free access  

to water. Rats were kept for 3 days for acclimati-
zation before starting the experiment. Rats were  

initially weighed (iBW) and randomly assigned  

into 4 groups:  
Group 1:  Control group (control) (n=17): Rats  

in this group were kept sedentary and received  

single intraperitoneal (i.p) saline injection as a  

placebo and were studied 24 hours later.  

Group 2:  Doxorubicin-treated group (Dox)  
(n=18): Rats in this group were kept sedentary,  

like Group 1, but received single intraperitoneal  

injection of doxorubicin in a dose of 20mg/kg body  

weight [13]  and were also studied 24 hours later.  

Group 3:  Swim-exercised group (Exc) (n=16):  
Rats in this group were exposed to short-term swim  
training exercise (1 hour/day for 3 days) and on  

the last day of exercise, rats received ip injection  

of saline and studied 24 hours later.  

Group 4:  Swim-exercised, doxorubicin-treated  
group (Exc + Dox) (n=18): Rats in this group were  

exposed to the same exercise program as Group  

3, and on the last day of exercise, rats received ip  

injection of Dox using the same dose as in Group  

2 and were studied 24 hours later.  

Exercise training program:  Exercised rat groups  
were exposed to a swimming exercise in the animal  
swimming pool apparatus (100cm length, 70cm  
width and 70cm depth) in our department. This  

apparatus was filled with thermally maintained  
water (3 1ºC ± 1) to a depth of 50cm. The apparatus  
is provided with a strong fan (1425 revolutions  
per minute) that gives strong water currents which  

help to ensure uniformity of temperature. During  

the exercise swim sessions, the rats (average 4 to  

6 rats) were placed in the pool and were continu-
ously monitored and forced to be active all the 1  
hour period of the swim session.  

Experimental procedures:  On the day of sacri-
fice, over night fasted rats, except for free access  

to water, were taken from their home cages and  

subjected to arterial blood pressure measurement.  

Then, rats were weighed (final body weight, fBW)  
and anesthetized by intraperitoneal injection of  

sodium pentobarbital (25mg/kg) [14]  and subjected  
to Echocardiographic (Echo) and Electrocardio-
graphic (EGG) recordings. The dose was chosen  

after some trials that finally adjusted the dose of  

anesthesia in such a level that allows for performing  
the procedures without inducing bradycardia that  

may affect the systolic function assessed by Echo.  

After that, each rat was subjected to a midline  

abdominal incision. The abdominal aorta was ex-
posed and cannulated with a catheter and blood  
samples were collected in a plastic centrifuge tubes.  
Then, a mid thoracic incision was done, heart was  

excised, washed by cold saline and dried by filter  
paper. Atria (AT), Right Ventricle (RV) and Left  

Ventricle (LV) were dissected, weighed in 5-digit-
metler balance (AE 163) and the LV of each rat  

was cut into 3 pieces. Each piece was weight and  
stored in aliquot at –80ºC for later determination  
of Malondialdehyde (MDA), total antioxidant  

capacity (T.antioxidant) and heat shock protein  

(Hsp20). The weights of the AT, RV, LV and Whole  
Heart (WH) were expressed as absolute values  

(mg) as well as relative values (cardiac indices)  

as absolute weight/body weight ratios (mg/g). The  

blood samples that were collected from aorta, left  

to clot and were centrifuged at 3000rpm for 15  
minutes for serum separation. The serum was  

pipetted off and kept in aliquots at 80ºC for  
determination of Serum Glutamic-Oxaloacetic  
Transaminase (SGOT), cardiac troponin I (cTnI),  

Lactate Dehydrogenase (LDH), cardiac creatine  

phosphokinase (CPK-MB).  

A- Measurement of rat tail arterial blood pressure:  

In conscious rats, Systolic Blood Pressure  
(SBP), Diastolic Blood Pressure (DBP) and  
Mean arterial Blood Pressure (MBP) were meas- 
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ured simultaneously with the Heart Rate (sHR)  
using non invasive small animal tail blood  

pressure system, which is an electronic version  
of traditional sphygmomanometer cuff method  

(NIBP 200A, Biopac systems Inc.; USA).  

B- Echocardiographic evaluation (Echo):  Tran-
sthoracic echocardiographic evaluation was  

performed using Vivid 7 Dimension, GE (Vin-
gmed ultrasound AS N-3190 Horten, Norway).  

The echocardiographer was blinded with respect  

to the treatment and control groups. Left ven-
tricular systolic function was determined by  
estimation of Ejection Fraction (EF) and Frac-
tion of Shortening (FS) [15] . The previous men-
tioned dose of sodium pentobarbital (25mg/kg)  

was used as a sedative and a prewarmed ultra-
sound transmission gel (Parker Laboratory,  

Orange, NJ) was applied to the precordium.  
Ejection fraction was calculated from the left  

ventricle cross-sectional area (2-D short-axis  

view) using the equation:  
(LVDA – LVSA)  

Ejection fraction (%) = X 100  

LVDA  

Fraction of shortening was calculated from the  
M-mode LV dimensions using the equation: Frac-
tion of shortening (%) = [(LVEDD – LVESD) /  

LVEDD] X 100 where LVEDD stands for LV end-
diastolic internal diameter and LVESD stands for  

LV end-systolic internal diameter.  

C- Electrocardiographic recording (ECG):  In an-
esthetized rats, the electrocardiograph tracing  

(from lead II) was recorded using standard limb  
leads. Needle electrodes were placed under the  

skin of the four limbs of the animal near the  
paws and connected through an ECG recorder  

(Cardimax FX-2111, Fukuda Denishi Co., Ltd.,  

Japan). Heart rate was calculated, from the  
ECG, using the following formula: HR (bpm)  
=3000/distance in mm between 2 successive  
peaks of R waves.  

Also, the voltage of R wave (µvolt), the duration  
of PR and QT interval (msec) were measured and  
corrected QT (QT-c) was calculated as follows:  

QT-C = observed QT (QT-o
) / √ R-R in seconds  [16]  

D- Biochemical analysis: All the tests were per-
formed by technicians who were blinded regard-
ing the different rat groups.  

Tissue homogenization:  First of all, the tissue  
samples were homogenized by adding phosphate  

buffer solution (pH 7.4). Then, the supernatants  

were carefully collected after centrifugation for  

20min at 3000rpm.  

1- Cardiac tissue malondialdehyde (MDA) was  

determined according to Ohkawa et al., [17]  
using kits supplied by Biodiagnostic.  

2- Cardiac tissue total antioxidant capacity was  

determined according to Koracevic et al., [18]  
using kits supplied by Biodiagnostic.  

3- Cardiac tissue heat shock protein (Hsp 20) was  

determined by mico ELISA technique using kits  
supplied by Sunlong biotech Co., LTD.  

4- Serum Glutamic-Oxaloacetic Transaminase  

(SGOT) was estimated according to the colori-
metric method described by Reitman and Frankel  
[19]  using kits supplied by Biodiagnostic.  

5- Cardiac tissue troponin I (cTnI) was determined  

according to Apple et al., [20]  using kits supplied  
by Immunospeccorporation.  

6- Lactate Dehydrogenase (LDH) was determined  
according to Bulh and Jackson [21]  using kits  
supplied by Stanbio Laboratory.  

7- Cardiac Creatinephosphokinse (CPK-MB) was  

determined according to Tholen et al., [22]  using  
kits supplied by Beckman Coulter.  

Statistical analysis:  
Statistics were done using Statistical Package  

for the Social Sciences (SPSS) program (SPSS  
Inc., Version 20). All data were expressed as mean  

±  Standard Error of Mean (SEM). Statistical sig-
nificance for data was determined using a one-way  

analysis of variance (ANOVA) with post-hoc test,  
significance calculated by LSD (least significant  

difference). Correlation and lines of regression  

were calculated by linear regression analysis and  

the level of significance was accepted as p<0.05.  

Results  

Changes in body weights and cardiac weights:  

By the end of the experiment, the final Body  

Weights (fBW) were insignificantly changed in  

the four studied groups. As regard absolute and  
relative cardiac weights, there was no significant  
difference among the four studied groups.  

Changes in ECG [Figs. (1-6) and plate]:  

Q-T interval, both observed (Q-T o) and correct-
ed (Q-Tc), showed significant prolongation in Dox  
and Exc + Dox groups compared to control group.  

Moreover, Exc + Dox group showed significant  
prolongation compared to Dox group. However,  
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Exc group showed insignificant changes in Q-T  
interval compared to the control group. Dox alone  
didn't change the R voltage but in Exc + Dox group,  
R voltage was significantly decreased compared  
to Dox group and compared to control group. The  
changes in the PR interval and QRS duration were  
insignificant.  

Heart Rate  

bp
m

 

450  
400  
350  
300  
250  
200  
150  
100  
50  

0  
Control Dox Exc Exc + Dox  

Fig. (1): Heart rate in different studied rat groups.  

R voltage  

Control Dox Exc Exc + Dox  
Fig. (2): R voltage in different studied rat groups.  

p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  
b: Significant by LSD at p<0.05 from the Dox group.  
c: Significant by LSD at p<0.05 from the Exc group.  

R-R interval  

Control Dox Exc Exc + Dox  
Fig. (3): P-R interval in different studied rat groups.  

QRS duration  

Control Dox Exc Exc + Dox  
Fig. (4): QRS complex in different studied rat groups.  

Observed Q-T interval (Q-T
º
)  

Control Dox Exc Exc + Dox  
Fig. (5): QT-

º 
 interval in different studied rat groups.  

p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  
b: Significant by LSD at p<0.05 from the Dox group.  
c: Significant by LSD at p<0.05 from the Exc group.  

Corrected Q-T interval (Q-T
º
)  

Control Dox Exc  Exc + Dox  
Fig. (6): QT-C in different studied rat groups.  

p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  
b: Significant by LSD at p<0.05 from the Dox group.  
c: Significant by LSD at p<0.05 from the Exc group.  
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(A): Control:  

(B): Exc:  

(C): Exc + Dox:  

Plate of ECG:  ECG record in the four different  
groups; control, Dox, Exc & Exc + Dox groups.  

Changes in arterial blood pressure Figs. (7-10):  

Doxorubicin treatment resulted in insignificant  

increase in systolic (SBP), diastolic (DBP) and  
mean (MAP) arterial blood pressure that was asso- 

ciated with insignificant increase in the simultane-
ously recorded Heart Rate (sHR). However, when  

Dox treatment was preceeded by 3 days swim  

exercise training program (Exc + Dox group), the  
elevation in SBP, DBP and MAP became significant  

and the reduction in the sHR, also became signif-
icant.  



m
m

H
g 

135  

130  

125  

120  

115  

110  

a  

m
m

H
g 

75  

70  

85  

80  

a  

m
m

H
g 

105  

100  

110  

95  

90  

85  

m
m

H
g 

400  

250  

200  

350  

300  

a  

a  

410 Short-Term Swim Exercise on Cardiac Dysfunction Induced by Doxorubicin  

Systolic blood pressure  

Control Dox Exc Exc + Dox  
Fig. (7): Systolic Blood Pressure (SBP) in different studied  

rat groups.  
p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p>0.05 from the control group.  

Diastolic blood pressure  

Control Dox Exc Exc + Dox  
Fig. (8): Diastolic Blood Pressure (DBP) in different studied  

rat groups.  
p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  

Mean arterial blood pressure sHeart rate  

Control Dox Exc Exc + Dox Control Dox Exc Exc + Dox  
Fig. (9): Mean Arterial Pressure (MAP) in different studied  

rat groups.  
p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  

Fig. (10): Simultaneously recorded Heart Rate (sHR) in  
different studied rat groups.  

p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  

Changes in biochemical parameters (Tables 1,2):  

SGOT was significantly increased in Dox group  
and in Exc + Dox group compared to control group.  

However, cardiac troponin I (cTnI), Lactate Dehy-
drogenase (LDH) and Creatine Phosphokinase  
(CPK-MB) showed insignificant changes.  

Regarding the cardiac muscle oxidative status,  
Malondialdehyde (MDA) was significantly in-
creased in Dox group compared to control group.  
In Exc + Dox group, it was significantly decreased  
compared to Dox group. However, the changes in  
total antioxidant capacity were insignificant.  

Concerning the cardiac tissue heat shock protein  
20 (Hsp20), it was significantly increased in Dox  
group compared to control group, but significantly  
decreased in Exc + Dox group compared to Dox  
group. On the other hand, Exc group and Exc +  
Dox group were insignificantly changed compared  
to control group.  

Table (1): Mean values of serum glutamic oxaloacetic transam-
inase (SGOT, U/ml), cardiac troponin I (cTnI,  
ng/ml), lactate dehydrogenase (LDH, U/L) and  
creatine phosphokinase (CPK-MB, U/L) in control,  
doxorubicin-treated (Dox), swim-exercised (Exc)  
and swim-exercised doxorubicin-treated (Exc +  
Dox) rat groups.  

Control  Dox  Exc  Exc + Dox  

SGOT  (14)  (12)  (16)  (15)  

Mean ±  82.07  108.6a  73.75  1 16.9a ,c  
SEM  ±7.08  ±8.66  ±8.19  ±7.37  
cTnI  (9)  (11)  (14)  (10)  
Mean ±  3.13  2.87  3.05  3.11  
SEM  ±0.52  ±0.27  ±0.30  ±0.33  
LDH  ( 8)  (13)  (10)  (11)  
Mean ±  2006.4  1547.1  1439.7  1585.7  
SEM  ±302.4  ± 133.2  ±203.3  ±217.2  
CPK-MB  (9)  (10)  (13)  (12)  
Mean ±  729.3  525.9  545.8  587.4  
SEM  ±66.31  ±92.62  ±49.97  ±75.39  
In parenthesis: Number of observations.  
p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  
b: Significant by LSD at p<0.05 from the Dox group.  
c: Significant by LSD at p<0.05 from the Exc group.  
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Dox Exc + Dox  MBP  

Table (2): Mean values of cardiac tissue malondialdehyde  
(MDA, pmol/g tissue), total antioxidant capacity  
(T.antioxidant, umol/g) and heat shock protein 20  
(Hsp20, ng/g) in control, doxorubicin-treated (Dox),  
swim-exercised (Exc) and swim-exercised doxoru-
bicin-treated (Exc + Dox) rat groups.  

Control  Dox  Exc  Exc + Dox  

MDA  (8)  (11)  (13)  (10)  
Mean  3.78  9.91 a  4.92  4.80b  
±  SEM  ± 1.36  ±2.33  ±0.98  ±0.92  

T.antioxidant  (9)  (11)  (14)  (10)  
Mean  20.68  18.61  19.35  16.06  
±  SEM  ±2.23  ±2.61  ±2.09  ± 1.93  

Hsp20  (9)  (12)  (11)  (10)  
Mean  9.49  11.60a  10.25  9.64b 

 

±  SEM  ±0.54  ±0.75  ±0.78  ±0.56  

In parenthesis: Number of observations.  
p : Significance of difference by 1 way ANOVA among the 4 studied  

groups:  
a: Significant by LSD at p<0.05 from the control group.  
b: Significant by LSD at p<0.05 from the Dox group.  
c: Significant by LSD at p<0.05 from the Exc group.  

Changes in Echo Fig. (11A,B):  
Ejection fraction (EF %) and fraction of short-

ening (FS %) were significantly decreased in Exc  
+ Dox group compared to Dox group.  

Correlation studies Figs. (12-20):  
SGOT was positively correlated with left ven-

tricular/body weight. Also, it was positively corre-
lated with systolic and mean blood pressure. In  
addition, it was positively correlated with QT- o  

and QT-c . On the other hand, SGOT was negatively  
correlated with total antioxidant capacity. HR was  
positively correlated with EF% and FS%. In addi-
tion, QT- o  was positively correlated with SBP.  
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Fig. (12): Regression lines and coefficients of determination  
(r

2
) between Serum Glutamic-Oxaloacetic Transam-

inase (SGOT) and Left Ventricular/Body Weight  
(LV/BW).  
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Fig. (13): Regression lines and coefficients of determination  
(r

2
) between Serum Glutamic-Oxaloacetic Transam-

inase (SGOT) and Systolic Blood Pressure (SBP).  
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Fig. (11): Ejection fraction (A) and fraction of shortening (B)  
in Dox and Exc + Dox rat groups.  

Fig. (14): Regression lines and coefficients of determination  
(r

2
) between Serum Glutamic-Oxaloacetic Transam-

inase (SGOT) and Mean Arterial Blood Pressure  
(MBP).  
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120 140 160 180 200 150 200 250 300 350 400 450  
QTO sHR  

Fig. (15): Regression lines and coefficients of determination  
(r

2
) between Serum Glutamic-Oxaloacetic Transam-

inase (SGOT) and observed QT (Q-T O).  

QTC  
Fig. (16): Regression lines and coefficients of determination  

(r
2
) between Serum Glutamic-Oxaloacetic Transam-

inase (SGOT) and corrected QT (Q-TC).  

T Antioxidant  
Fig. (17): Regression lines and coefficients of determination  

(r
2
) between Serum Glutamic-Oxaloacetic Transam-

inase (SGOT) and Total Antioxidant capacity (T.  
Antioxidant).  

SBP  
Fig. (18): Regression lines and coefficients of determination  

(r
2
) between observed QT (Q-TO) and Systolic  

Blood Pressure (SBP).  

Fig. (19): Regression lines and coefficients of determination  
(r

2
) between Ejection Fraction (EF) and simultane-

ously recorded Heart Rate (sHR).  

sHR  
Fig. (20): Regression lines and coefficients of determination  

(r
2
) between Fraction of Shortening (FS) and si-

multaneously recorded Heart Rate (sHR).  

Discussion  

Effect on ECG:  The prolonged Q-Tc with Dox  
treatment recorded in this study was in agreement  
with previous reports of many authors [23-25] . They  
reported that Q-T prolongation and arrhythemias  
were often observed during 24 hours initiation of  
Dox treatment. Doxorubicin prolonged the action  
potential duration in isolated myocytes and papil-
lary muscles and blocked the delayed rectifier  
potassium current in guinea-pig [26]  and in rabbits  
[27] . Also, Newton et al., [28]  reported that the  
malfunction of the ion channels leads to an intrac-
ellular excess of the positively charged ions that  
extends ventricular repolarization and results in  
Q-T prolongation which could be a marker for  
potential ventricular tachyarrythemia and may be  
a risk factor for sudden death [29] .  

Application of 3 days swim exercise training  
program, just before Dox treatment, resulted in  
further prolongation of the Q-T o  and the Q-Tc  

intervals and both became even more prolonged  
than that with Dox treatment alone. These findinga  
points to the increased hazards of the pro-arrhy-
thmogenic effect of Dox administration if it is  

combined with short-term exercise training. These  
findings could be attributed to the enhancement or  
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increased activation of L-type calcium channels  

that put on top of the prolonged Q-T induced by  

Dox treatment. Consequently, short-term exercise  

training program just before Dox treatment become  

a risk factor that increases the proarrhythmogenic  
effect of Dox.  

Regarding R wave voltage, it was insignificantly  
lower in Dox treatment group and in the exercising  
group but when exercise training is shortly com-
bined with doxorubicin treatment (Exc + Dox  
group), the depression of the R wave voltage be-
come severe and it was significantly lower than  

that of the control, Dox-treated and exercise groups.  

Our findings are in agreement with the work of  
Anadolu [30]  who reported that doxorubicin injec-
tion in female rats resulted in significantly de-
pressed R wave voltage. In a previous study done  

by Diab [9] , Dox perfusion of isolated rat hearts  
induced marked deterioration in cardiac functions  

proved by significant bradycardia, prolongation  

of all cardiac times with reduction of the myocardial  

flow rate. This damage was confirmed by ultrastruc-
ture examination with electron microscopy that  

revealed myofilament disarray with areas of focal  
loss and necrosis rarefied matrix of the mitochon-
dria signifying its degeneration.  

Effect on blood pressure and heart rate:  In the  
present study, when single dose of doxorubicin  
treatment (20mg/kg body weight) was preceded  
by 3 days swim exercise training program (Exc +  
Dox) group, the elevation in SBP, DBP and MAP  
became significant and the reduction in the sHR,  
also became significant. Ivanova et al., [31]  and  
Hirai et al., [32]  noticed elevation in SBP after  

different periods of Dox treatment, and they attrib-
uted this elevation to increased plasma matrix  

metalloproteinase activities and impaired nitric  

oxide production in the kidney. Dox-induced chang-
es in blood pressure could be explained by its  
interaction with the autonomic nervous system  

with increase in the efficiency of the sympathetic  

part and reduction of the activity of the parasym-
pathetic part [33]  or by an increased plasma renin  
activity leading to sodium and water retention [34] .  
In contrast, other long term studies reported that  
Dox treatment induced lowering of arterial blood  
pressure [35] .  

Changes in heart rate could be explained by  

the Dox-induced suppression of cholinesterase  

synthesis in the heart muscle with a subsequent  
increase in acetylcholine activity [33] .  

It worth noting that the SGOT-marker of cardiac  

muscle injury-was positively correlated with SBP,  

MAP and Q-T interval. The change in these param-
eters; the significant elevation in SBP and MAP  

and the significant prolongation in Q-T interval  
established in the Exc + Dox group, represent  
exercise insult on the cardiovascular system with  

Dox treatment.  

Biochemical effects in serum: In the present  
study, Dox induced significant increase in SGOT  
indicating cardiac muscle damage and loss of  

cardiomyocyte membrane integrity. This increase  
was also observed in Exc + Dox group indicating  
that Exc didn't alleviate the damage induced by  

doxorubicin. SGOT was positively correlated with  

left ventricular/body weight ratio and these points  

to the left ventricle as the source for this elevation  

in SGOT in the present study.  

This result was in line with Divakaran and Nair  

[36]  who showed that Dox injection at a dose of  

25mg/kg resulted in increase in SGOT level and  
the increase in LDH and CPK level occurred in  
late cardiac injury especially during clinical follow-
up of doxorubicin therapy.  

In contrast to our results, Ascensao et al., [37]  
reported that single dose of Doxinjection 20mg/kg  

induced a significant increase in plasma levels of  
cTnI which reflects enhanced cTnI release from  
the heart. However, chronic endurance training  

(14wk of endurance treadmill running, 60-90min/  
day) resulted in a significant reversal of Dox-
induced cardiotoxicity which is not the case in the  
current study as short-term exercise was not effec-
tive to reverse the cardiac damage induced by  

doxorubicin. Also, the non significant change in  
LDH, CPK-MB and cTnI may be due to injection  
of a single dose of doxorubicin that was not suffi-
cient to increase those cardiac markers as they  

depends on the total cumulative dose of doxorubicin  

[38,39] .  

Biochemical results from cardiac tissues showed  
significant increase in MDA and Hsp20 in Dox  
group that was reversed by exercise. The increase  

in Hsp20 with doxorubicin may indicate that it is  

increased to alleviate the damage induced by dox-
orubicin injection. In the present work, Dox, in a  
dose of 20mg/kg, increased MDA but did not affect  
total antioxidant capacity. Ascensao et al.,  [37]  
found that Dox treatment in the same dose signif-
icantly increased the level of MDA from heart  

mitochondrial extracts but was not sufficient to  

significantly alter any of the measured antioxidant  

enzymes. Harris and Starnes [40]  showed that su-
peroxide dismutase (one of the antioxidant en-
zymes) was not changed in a Dox-treated group.  
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On the other hands, Kanter et al., [41]  showed  
that Dox decreased Glutathione Peroxidase (GPX)  

and prevented the exercise induced induction of  

GPX. However, this study used chronic Dox treat-
ment protocols.  

Therefore, the present study demonstrated that  

single dose of Dox was sufficient to increase MDA  

in cardiac tissue but still insufficient to alter the  

total antioxidant capacity of the heart.  

It is worth noting that, short-term (3 days) swim  
exercise didn't increase antioxidant enzymes. How-
ever, exercise for longer periods (5 days/week for  

2 weeks) was found to increase GPX in cardiac  

tissue [42] . Likewise, Chicco et al., [12]  found that  
voluntary exercise by wheel running for 8 weeks  
induced protection against the cardiac dysfunction  

induced by acute Dox exposure. This functional  

cardioprotection was associated with attenuation  
of Dox-induced lipid peroxidation in the heart.  
Also, SOD and catalase were elevated following  

endurance exercise training [13,37] . Therefore, 3  
days swim exercise in the present work was not  

sufficient to obtain the expected protective benefits  

of exercise against doxorubicin.  

Effect on Echo:  The data obtained from echocar-
diography showed that there was significant de-
crease in ejection fraction and in fraction of short-
ening in exercised group treated with Dox compared  

to the Dox group. The reduction of the EF% and  

FS% (parameteres of left ventricular systolic func-
tion) indicates that short-term exercise training did  

not protect or improve left ventricular function but  
even worsened it. These findings are opposing to  
previous observations that Dox treatment could  
cause significant impairment of left ventricular  

systolic function that was returned back to normal  
by 2 weeks exercise training [12,39] .  

Conclusion:  
Short-term swim exercise training just prior to  

doxorubicin exposure is risky and makes the heart  
more predisposed to arrhythmia despite of the  

relative improvement in cardiac oxidative status.  

Limitation:  For technical difficulties, the Echo  

was done only for a limited number of rats. There-
fore, the results expressed for echo were statistically  

analyzed comparing (Dox) and (Exc + Dox) groups.  
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