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Abstract

The present study aims to evaluate Cardioprotection effects of exercise training and curcumin on myocardial 
damage induced by lead acetate. Forty-eight rats were randomly divided into six groups of the base, sham, 
lead, exercise, curcumin and exercise+curcumin (EC). The rats in the exercise and (EC) groups performed the 
progressive treadmill running of 15 to 22 m/min for 25 to 64 min, 5 times a week for 8 weeks. Lead, exercise, 
curcumin and (EC)  groups received lead acetate (20 mg/kg), and sham, curcumin and (EC)  groups received 
curcumin solvent (ethyloleat) and curcumin solution (30 mg/kg). Cardiac tissue was removed of aorta hiratus 
and homogenized for the estimation of troponin I, using ELISA. CK-MB and lead was determined in serum by 
immunological DGKE method and atomic absorption Spectrophotometry methods, respectively. Injection of 
lead acetate into intra-peritoneal resulted in a significant increase of the CK-MB levels. However, treadmill 
running exercise and curcumin supplementation resulted in a significant decrease of CK-MB levels while there 
was no significant difference in troponin I levels.   The results of this study suggest the cardioprotective 
potential of administration of exercise and curcumin in ameliorating the lead-induced cardiotoxicity in rats 
through a decrease of myocardial damage markers.
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Introduction 

The epidemiological association between 
exposure to air pollution and cardiovascular 
morbidity and mortality has been well documented 
in previous studies. The underlying mechanisms 
linking pulmonary exposure to air pollution with 
increased risk of cardiovascular events have also 
been investigated in the last decade [1].

   Lead is one of the worldwide-used metals, 
which has been used since the ancient time. It is 
also a toxin, known to have adverse effects on the 
body, even at low level of exposure, inducing a 
broad range of physiological, biochemical and 
behavioral dysfunctions. Studies have shown that 
this metal has harmful effects on tissues such as 
nervous system, blood tissues, cardiovascular 
system, reproductive and urinary system [2].   
Recent studies suggest that one of the mechanisms 
by which lead can exert some of its toxic effects is 
through the disruption of the delicate 
prooxidant/antioxidant balance that exists within 
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mammalian cells. In vivo studies have suggested 
that lead exposure is capable of generating reactive 
oxygen species (ROS) and so altering antioxidant 
defensive systems in animals [3].

Curcumin{1,7-bis(4-hydroxy-3-methoxyphenyl)-
1,6-heptadiene-3,5-dione}(diferuloyl methane), the 
principal coloring agents present in the rhizomes of 
Curcuma longa (zingiberaceae), possesses many 
therapeutic properties including antioxidant, anti-
inflammatory and anticancer properties [3].
Curcumin has a wide range of therapeutic effects in 
numerous diseases including neoplastic and chronic 
inflammatory diseases (Alzheimer’s disease, 
Parkinson’s disease, multiple sclerosis, epilepsy, 
cerebral injury, cardiovascular disease,  cancer, 
allergy, asthma, bronchitis, colitis,  rheumatoid 
arthritis, renal ischemia, psoriasis,  diabetes, 
obesity, depression, fatigue and AIDS) [4]. Recent 
research has shown curcumin to be a powerful 
scavenger of the superoxide anion, the hydroxyl 
radical and nitrogen dioxide [3]. Exercise is a 
deterrent of cardiovascular disease, and its 
antiatherogenic effects have been described in 
different animal models. Exercise can also 
positively influence risk factors that are associated
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with cardiovascular disease: hypertension, diabetes 
mellitus, obesity, increased plasma lipids, and 
endothelial dysfunction. However, the 
mechanism(s) by which exercise might be 
beneficial to cardiovascular disease is not known 
[5]. Therefore, the present study was designed to 
evaluate the cardioprotective role of exercise 
training and curcumin against lead-induced 
myocardial damage in rats.

Materials and methods

Animals
The experimental protocol was approved by the 
Department of Physiology, University of 
Mazandaran and was performed according to 
Guiding procedures in the Care and Use of 
Animals, prepared by the Council of the 
American Physiological Society. 48 wistar 
male rats, weighing between 200 and 250g, 
were procured from Iran Pasture Institute and 
acclimatized under standard laboratory 
conditions at 25 ± 2 °C, 50 ± 15% relative 
humidity and normal photoperiod (12 h 
light:dark cycle) for 7 days. Rats were fed with 
a standard rat chow provided by Pars institute 
for animal and poultry factory with a daily 
regimen of 10 gr/100 body weight for every rat. 
Also, water was available ad libitum.

Treatment of animals
After acclimatization, 48 animals were divided 

into six groups of eight animals each, and treated as 
follows:  Group 1 (control): rats received nothing, 
Group 2 (sham): rats received ethyl oleate (30 
mg/kg) 3 days a week, for 8 weeks. Group 3 (lead 
acetate or (pb)): rats received lead acetate 
(20mg/kg) 3 days a week, for 8 weeks.  Group 4 
(curcumin + pb): rats received lead acetate 
(20mg/kg) and curcumin  (30 mg/kg) 3 days a 
week, for 8 weeks. Group 5: (exercise training+ 
pb): rats received lead acetate, as well they 
performed the progressive running exercise of 15 to 
22 m/min for 25 to 64 min, 5 times a week. Group 
6 (curcumin+ exercise training+ pb): rats received 
lead acetate (20mg/kg) and curcumin (30 mg/kg), 
in addition, they performed physical training 
protocol.

Aerobic training protocol
Rats in the aerobic training groups were trained 

by running on a level motorized rodent treadmill, 5 
days a week, for 8 weeks. The speed of the 
treadmill and duration of the training sessions was 
gradually increased from 15 to 22 m/min to 25 to 

64 min, 5 times a week.

Induction of myocardial injury 
Myocardial injury was induced by subcutaneous 

injection of Lead acetate at a dose of 20 mg/kg, 3 
days a week, for 8 weeks. 

Estimation of cardiac biochemical markers
All groups were anesthetized with ketamine and 

Xaylozine and decapitated after 12-14 hours 
overnight fasting. Moreover, blood samples were 
collected from the heart of the participants in all the 
groups, 24 hours after the last dose of treatment 
was recieved as mentioned above. These blood 
samples were first centrifuged by a refrigerated 
centrifuge at 3,000 rpm for 15 minutes, within 30 
minutes after collection, and then stored at -80 C 
before assay and serum were separated for 
biochemical estimations of CK-MB. Then Cardiac 
tissue was removed and perfused for 2 min by 
phosphate buffer saline (PBS, pH 7.2) to remove 
the remaining blood. Cardiac tissue at 0.2 g was 
homogenized on ice in 2 ml PBS, and the filtrate 
was collected. These samples were first centrifuged 
by a refrigerated centrifuge at 3,000 rpm for 15 
minutes, within 30 minutes after collection and then 
stored at -80 C before assay and extract were
separated for estimations of troponin I. CK-MB 
and troponin were measured by immunological 
DGKE method and sandwich-linked immunoassay 
(ELISA), respectively [6]. Lead was measured in 
serum atomic absorption Spectrophtometry [7].

Statistical analysis
Statistical analysis was performed using a 

commercial software package (SPSS version 16.0 
for Windows). Results are expressed as means 
SE. The Data for troponin I and CK-MB   markers 
were normally distributed after log- transformation. 
A one-way ANOVA was used to detect statistical 
difference between groups. Furthermore, a Post-
Hoc test (Tukey test) was performed to establish 
change differences in markers mentioned above, 
between groups. The differences were considered 
significant at p<0.05.

Results 

Lead acetate administration induced damage to 
the myocardium. Changes in cardiac tissue troponin 
I and serum CK-MB levels are presented in Table 
1. We found that CK-MB and troponin I levels, 
tissue damage markers, increased in lead-induced 
myocardial injury in rats. As a result, serum marker 
enzymes (CK-MB) levels were significantly (P < 
0.0001) increased in the lead group as compared to 
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other groups, whereas curcumin, exercise training 
and composed of both treatment significantly (P < 
0.0001) reversed these elevated levels, but it was 
still higher than the CK-MB level of control group 
(Fig. 1).

On the other hand, troponin I level increased 

insignificantly by the end of the 8-week period in 
the lead group as compared to other groups. But 
There was an insignificant decrease in troponin I 
level in the lead group when compared with groups
(P > 0.05) (Fig. 1).

Table 1: Troponin I and CK-MB   levels in lead-induced myocardial injury in rats (mean ± SEM for eight rats)

Markers
Groups

CK-MB Troponin I

Control 55.57 ± 1.54 0.1614 ± 0.0680
Sham 58.23 ± 1.73 0.1670 ± 0.0700
Lead 86.31 ± 3.56 0.1857 ± 0.0710
Exercise training+ lead 67.95 ± 2.32 0.1750 ± 0.0707
Curcumin+lead 65.00 ± 1.01 0.1571 ± 0.0786
Curcumin+Exercise training+ lead 57.45 ± 1.30 0.1500 ± 0.0755

Statistical significance p < 0.05:  * more significant than in the control group: + more significant than in the sham group: 

# more significant than in lead group.
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Figure 1:  Shows CK-MB and troponin I concentrations in experimental animals. Statistical significance p < 0.05:  

*more significant than in the control group: + more significant than in the sham group: # more significant than in the 

lead group.

Discussion

Creatin kinase-MB (CK-MB) mass concentration 
and troponin I are the  recent biochemichal markers 
for the diagnosis of acute myocardial infarction or
cardiac tissue damage markers [6]. The present 
study indicated that there appears to be a proximate 
correlation between lead-induced cardiotoxicity and 
cardiac tissue damage markers. We found that there 
was higher troponin I and CK-MB   levels after
subcutaneous lead injection  as compared to the
control group. But CK-MB and troponin I levels 

that increased after subcutaneous lead injection,
decreased by regular training and curcumin 
supplementation for eight weeks.

Lead toxicity has been known since ancient 
times and many studies have explored the 
mechanisms and symptoms of this toxicity through 
the years [9].  Because the known mechanisms have 
not been successful in explaining some of the 
symptoms of lead poisoning, alternative 
mechanisms are now being investigated. Recent 
studies have reported lead’s potential for inducing 
oxidative stress and evidence is accumulating in 
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support of the role of oxidative stress in 
pathophysiology of lead poisoning [9, 10].  The 
pathogenesis of lead toxicity is multifactorial, as 
lead directly interrupts enzyme activation, 
competitively inhibits trace mineral absorption, 
binds to sulfhydryl proteins (interrupting structural 
protein synthesis), alters calcium homeostasis, and 
lowers the level of available sulfhydryl antioxidant 
reserves in the body [10].  Recent research 
examining the etiology of lead toxicity-induced 
hypertension reveals that the free radical production 
and lowering of inherent antioxidant reserves 
resulting from lead toxicity are directly related to 
vasoconstriction underlying lead-induced 
hypertension. Many of the mechanisms of lead-
related pathologies are a direct result of the oxidant 
effect of lead on tissues and cellular components [9, 
10]. on the other hand, cardiovascular diseases, the 
most dreaded sequel among the diseases, are 
invariably followed by several biochemical 
alterations, such as lipid peroxidation, free radical 
damage, hyperglycemia and hyperlipidemia, 
leading to qualitative and quantitative alterations of 
myocardium[8].     In cardiovascular diseases, 
major injury is caused by free radical generation; 
hence, free radical scavengers (antioxidants) form 
an important therapeutic [8].

Ansari et al. have shown that CK-MB is 
inactivated by the curcumin supplementation [8]. 
Yeh et al. have shown that troponin I also decreases 
by the curcumin supplementation [11]. These 
results agree with our findings that Curcumin 
reduces troponin I and CK-MB   levels in rat. The 
mechanisms of Protective curcumin is 
multifactorial, for: I) its unique conjugated 
structure, which includes two methoxylated phenols 
and an enol form of b-diketone[13]  II) prevent 
lipid peroxidation and inhibit the generation of 
ROS[8] III) The effective antioxidant property of 
curcumin decreases the utilization of vitamin C and 
vitamin E in the liver and thus maintains their 
level[12]  IV) interactions between curcumin and 
lead metal and metal–curcumin complex.Bboth the 
hydroxyl groups and the b-diketone moiety of 
curcumin are involved in metal–ligand 
complexation, either directly bonding to the metal, 
or in intermolecular hydrogen bonding[3].

      Recep Aslan et al. have shown that CK-MB 
levels, by regular training for five weeks, returned 
to sedentary [14]. Frederico et al. have shown that 
Creatine Kinase - MB levels were markedly 
increased in hearts from isoproterenol -treated 
animals by twelve weeks of treadmill training, 
reduced and prevented the deleterious effects of 
isoproterenol [15]. Ascensao et al. reported that 
thetroponin I levels increased in doxorubicin -

treated animals, by fourteen weeks of Endurance 
exercise training [16]. These findings are in 
agreement with our findings that exercise training
reduces troponin I and CK-MB   levels in rats. The 
mechanisms of Protective exercise training on
cardiac tissue damage increases antioxidant 
enzymes (Superoxide dismutase, catalase, 
glutathione peroxidase) and antioxidant non-
enzymes, and decreases oxidative damage, [5, 15, 
17,18]. Therefore, it seems that the training-induced 
increases in both myocardial glutathione and SOD 
activity are potential mechanisms to explain the 
training- induced reduction in myocardial injury 
[18].

In conclusion, results from the present study 
suggest the cardioprotective potential of 
administration of curcumin and performed aerobic 
training protocol in ameliorating the lead-induced 
cardiotoxicity in rats through decreasing cardiac 
tissue damage markers.
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