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Abstract:

Epidemiological and experimental studies suggest that eating habits and a sedentary lifestyle play a critical role in the incidence of

colon carcinoma. In order to investigate the effects of high-fat mixed-lipid (HFML) diet in conjunction with long-term swimming,

the antioxidant capacity of skeletal and cardiac muscles were observed in rats with 1,2-dimethylhydrazine (DMH)-induced colon

carcinoma. Male Wistar rats were randomly divided into one control group and four cancer groups: sedentary and swimming groups

fed low fat corn oil diet and sedentary and swimming groups, fed a HFML diet. After 6 months of swimming, rats were sacrificed and

the blood, cardiac and soleus muscle were taken for analysis. Serum cholesterol, triglyceride and glucose concentrations were meas-

ured and the activity of superoxide dismutase, catalase, glutathione peroxidase, glutathione reductase as well as levels of malondial-

dehyde and glutathione were determined.

The results showed that endurance swimming prevented lipid peroxidation in the soleus muscle of HFML diet rats due to elevated

activities of antioxidant enzymes. On the other hand, increased lipid peroxidation in the hearts of all cancer groups indicated that

DMH-induced colon carcinoma impaired the antioxidant status of the heart. This failure in heart tissue indicated that enhanced anti-

oxidant capacity after regular physical activity is not sufficient to offset oxidative stress caused by DMH-induced colon carcinoma.
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Abbreviations: CAT – catalase, DMH - 1,2-dimethylhydrazine

GPx - glutathione peroxidase, GR - glutathione reductase,

GSH – glutathione, GSSG - oxidized glutathione, HDL – high

density lipoprotein, HFML – high fat mixed lipid, LDH – lac-

tate dehydrogenase, LDL – low density lipoprotein, LFCO –

low fat corn oil, MDA – malondialdehyde, ROS - reactive oxy-

gen species, SOD – superoxide dismutase, TP - total protein

concentration

Introduction

Epidemiological and experimental studies suggest

that eating habits and a sedentary lifestyle play a criti-

cal role in the incidence of colorectal carcinoma [20].

Fat intake is regarded as one of the most important
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nutritional factors that influence colon carcinoma de-

velopment. However, it has been suggested that the

composition of ingested dietary fatty acids is a more

critical risk factor than the total amount of ingested fat

[24, 25]. Experimental studies have shown that high-

fat mixed-lipid (HFML) diet, which reflects the

mixed-lipid composition of the average Western diet,

and consists of a mixture of saturated, monounsatu-

rated, and polyunsaturated fats, is associated with an

increased risk for colon tumorigenesis [24, 25]. On

the other hand, experimental and epidemiological

studies have indicated that physical activity is associ-

ated with a reduced risk for developing colon carci-

noma [2, 10, 11, 17]. Several plausible biological

mechanisms may account for the reduced risk of co-

lon carcinoma development induced by exercise. One

of these proposed mechanisms includes an increase in

the activity of free radical scavenging enzymes [17, 27].

Colorectal carcinoma remains asymptomatic for

years. Symptoms develop insidiously and are fre-

quently present for months, sometimes years, before

being diagnosed. If colon tumors are not identified

and removed at the adenoma stage, the disease gradu-

ally progresses and cancer cells invade the wall of the

intestine and distant organs. It has been shown that

cancer cells can generate large amounts of hydrogen

peroxide, which may contribute to their ability to mu-

tate and damage normal tissues as well as facilitate tu-

mor growth and invasion. While increased generation

of peroxide increases the release of oxidized glu-

tathione (GSSG) from various tissues into blood,

which, in turn, decreases overall glutathione redox

status (glutathione (GSH)/GSSG) in circulation [19],

tumor-induced oxidative stress in vivo is poorly un-

derstood.

Based on histological results of tumor lesions in

the colons of dimethylhydrazine (DMH) treated rats,

a HFML diet was recognized as a colon carcinoma

promoting factor and exercise as a preventative factor

[2, 13, 24]. However, whether the combined effects of

dietary fat and exercise yield more antioxidant activ-

ity or free radical damage in rats with DMH-induced

colon carcinoma remains unresolved. To our knowl-

edge, no studies have been performed to investigate

the effects of either factor on the antioxidant system

in rats with DMH-induced colon carcinoma.

Therefore, the aim of our study was to investigate

the effects of HFML diet in conjunction with long-

term swimming exercise on antioxidant capacity in

skeletal and cardiac muscle of rats with DMH-

induced colon carcinoma.

Materials and Methods

Animals and experimental protocol

Four-week-old male Wistar rats (Medical Experimen-

tal Centre, Ljubljana, Slovenia) were randomly di-

vided into 5 groups (8 per group; Tab. 1) and housed 4

per cage at 22–23°C, 55 ± 10% humidity and a 12 h

light/dark cycle (illumination 19.00 p.m.–07.00 a.m.

to perform swimming in the dark phase of the day, be-

cause rats are nocturnal animals). The experiment was

approved by the National Animal Ethical Committee

of the Republic of Slovenia (licence number 34401-

61/2007/7) and was conducted in accordance with the

European Convention ETS 123.

Swimming was performed in a plastic container

that was 100 cm high, filled to a depth of 60 cm with

water, and maintained at a temperature between 30

and 33°C. During the exercise protocol, the untrained

control animals were kept in a plastic cage containing

about 3 cm of water mantained at 30°C to exclude po-

tential stress and other potential confounding effects

[4, 22, 26, 29, 30]. Rats were exposed to the swim-

ming protocol during the first two hours of the daily

dark phase under red light to enable visual observa-

tion.

For adaptation to the water and swimming, rats

were gradually introduced into the water over 2

months period. In the first week, rats were made to

swim for 15 min per day for 5 days. In the second

week, swimming training was for 30 min and the du-

ration of swimming was increased by 10 min per

week thereafter. At the eighth week of adaptation, rats

were required to swim for 90 min daily, for 5 con-

secutive days per week. Afterwards, animals were

maintained with 90 min daily exercise routines for 5

days per week until the end of the experiment. On the

ninth week, after adaptation to the swimming proto-

col, rats were put on the HFML diet and the first of

the fifteen applications of DMH/saline were adminis-

tered at the end of this week. The experimental proto-

col is summarized in Figure 1. The body weight of

rats was recorded once a week, while water and food

intake was recorded and balanced three times per
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week. After 29 weeks from the beginning of the ex-

periment, rats were sacrificed with CO2 inhalation.

Diet

Animals were provided low-fat corn oil (LFCO) and

HFML diets (Altromin; Germany) as summarized in

Table 1. The composition of the experimental diet was

based on the AIN-76A standard diet and prepared ac-

cording to the diets reported by Rao et al. [24]. Both

diets were adjusted to provide the same amount of

calories, protein, vitamins, minerals, and fiber. The

LFCO diet contained 5% corn oil and the HFML diet

consisted of 20% mixed lipids derived from beef tal-

low (16%), lard (10%), butter fat (12%), hydrogen-

ated soy bean oil (30%), peanut oil (5%), and corn oil

(27%). Consequently, the LFCO diet contained a high

percentage of �-6 fatty acids such as linoleic acid,

while the HFML diet contained 45% saturated, 24%

monosaturated (�-7/9) and 28% polyunsaturated

(�-6) fatty acids [24].

Relative heart weight

Relative heart weight was calculated as the ratio of

heart (wet weight, mg) to body weight (g) to evaluate

potential cardiac hypertrophy due to exercise [11].

Carcinogen

Colon carcinoma was induced by DMH (Fluka Che-

mie; Switzerland) prepared according to previously

published methods [7, 21]. Briefly, DMH was dis-

solved in 0.001 M EDTA and the pH value adjusted to

6.8 using 0.1 M NaOH and administered subcutane-

ously in the medial thigh area of rats at a dose of

20 mg/kg body weight once a week for 15 weeks.

A fresh solution was prepared prior to each application.

Lipid profile and glucose

At the end of the experiment, animals were sacrificed

2 h after completion of the swimming protocol. The

diets were removed at the beginning of the last light

phase. The blood for analysis was taken by heart

puncture after opening the thoracic region. The blood

samples (1 ml per animal) were allowed to clot for ap-

proximately 2 h at room temperature. Serum was pre-

pared by centrifugation and used to measure choles-

terol, triglyceride and glucose concentrations using

the RX Daytona and COBAS MIRA biochemical ana-

lyzer, respectively.

Antioxidant status determination

Immediately after euthanization, the heart and soleus

muscle were quickly removed and placed in ice-cold

physiological solution and trimmed of adipose tissue.

Every organ was finally cut into fragments, homoge-
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Fig. 1. Experimental protocol

Tab. 1. Experimental groups

Group Administration Experimental
diet

Experimental
protocol

Control 0.9% NaCl LFCO diet Not exposed to water

LFCO DMH LFCO diet Exposed to water*

LFCO+S DMH LFCO diet Swimming

HFML+S DMH HFML diet Swimming

HFML DMH HFML diet Exposed to water*

* During swimming time rats were kept without food in a plastic cage
containing about 3 cm of water



nized in Tris-buffer solution (pH 7.4; organ: buffer

1:10; w/w) and divided into two portions. One was

used for malondialdehyde (MDA; Chromsystems Di-

agnostic, Munchen, Germany) determination, and the

second was centrifuged at 13,000 × g for 20 min at

4°C (Beckman refrigerated, Ultracentrifuge). The su-

pernatant was used to assay for total protein (TP; Sen-

tinel Diagnostics, Milan, Italy) concentration, GSH

(Chromsystems Diagnostic, Munchen, Germany),

glutathione peroxidase (GPx; Ransel, Crumlin, UK),

glutathione reductase (GR; Crumlin, UK), catalase

(CAT; [1]), superoxide dismutase (SOD; Ransod,

Crumlin, UK) and lactate dehydrogenase (LDH; Chema

Diagnostica, Jesi, Italy) as described previously [14].

Statistical analysis

Data were analyzed by Multivariate Analysis

(MANOVA) and significant differences among

groups were evaluated by multiple range tests using

Duncun method. The results were expressed as the

mean ± SEM and were considered statistically signifi-

cant at p < 0.05. All statistical analyses were made us-

ing Statgraphics® Centurion XV computer program.

Results

All animals remained in good health throughout the

entire experiment. Their body weights increased pro-

gressively until the end of the experiment. Although

no significant differences in body weights between

groups were observed, the relative weights of hearts

from swimming groups were significantly higher than

for all sedentary groups (Tab. 3). At the end of the ex-

periment, decreased levels of total cholesterol in the

HFML and both swimming groups were found (Tab.

2). Nevertheless, the difference in the levels of HDL-

cholesterol, LDL-cholesterol and triglycerides be-

tween the groups was not significant, while the differ-

ence in the level of glucose between the control and

cancer groups was significant (Tab. 2). We found the

stomach of control rats filled with food at the time of

autopsy, and thus, the higher blood glucose concentra-

tion in these rats compared to other groups likely re-

sulted from food consumption.

In order to explore the effect of exercise on the an-

tioxidant status of the cardiac and soleus muscle in

rats with DMH-induced colon cancer and fed HFML

or LFCO diets, lipid peroxidation and antioxidant de-

fense system were evaluated.

In the heart, no differences in the LDH or GSSG

concentrations or the GSH/GSSG ratio between

groups were observed. On the other hand, signifi-

cantly elevated levels of GSH and CAT enzyme,

MDA concentrations as well as SOD/CAT and

SOD/GPx ratios in all cancer groups were observed.

In both HFML groups, higher levels of SOD in com-

parison to the control group were found. A significant

difference in GR activity and GSH concentration in

heart tissue between the HFML group and both swim-

ming groups was observed (Tab. 3). The highest lev-

els of MDA were found in the HFML group. Never-

theless, the difference was significant for all LFCO

diet fed rats but not for HFML diet fed swimming

rats.
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Tab. 2. Effect of swimming exercise and HFML diet on serum lipid profile and glucose of rats with DMH induced colon carcinoma

Cholesterol HDL LDL Triglycerides Glucose

Group mmol/l mmol/l mmol/l mmol/l mmol/l

1Control 3.11 ± 0.21 0.87 ± 0.05 0.15 ± 0.01 1.65 ± 0.24 27.71 ± 2.36

2LFCO 2.76 ± 0.15 0.85 ± 0.04 0.13 ± 0.02 1.23 ± 0.15 10.29 ± 0.641

3LFCO+S 2.07 ± 0.081,2 0.73 ± 0.05 0.08 ± 0.01 0.93 ± 0.06 11.93 ± 1.181

4HFML+S 2.40 ± 0.121 0.86 ± 0.03 0.09 ± 0.01 1.12 ± 0.11 12.17 ± 1.061

5HFML 2.44 ± 0.11 0.82 ± 0.05 0.12 ± 0.01 1.26 ± 0.19 9.03 ± 0.621

Groups are labelled by superscript numbers 1–5 before each group symbol in the group column. Superscript numbers 1, 2 of the values repre-
sent significant difference from the corresponding group (p < 0.05)
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Tab. 3. Effect of swimming exercise and HFML diet on antioxidant status and lipid peroxidation in the heart of rats with DMH induced colon car-
cinoma

Heart 1Control 2LFCO 3LFCO+S 4HFML+S 5HFML

Body weight (g) 525.4 ± 7.4 571.4 ± 30.3 496.7 ± 12.3 534.5 ± 30.5 578.164 ± 11.3

Relative heart weight (mg/g) 2.5 ± 0.1 2.5 ± 0.1 3.2 ± 0.151,2,5 3.0 ± 0.161,2,5 2.5 ± 0.08

SOD (U/mg) 2.90 ± 0.17 4.02 ± 0.63 4.1 ± 0.54 6.90 ± 2.171 6.6 ± 0.541

CAT (U/mg) 3.36 ± 0.44 9.39 ± 2.921 9.64 ± 1.081 10.44 ± 1.901 13.94 ± 1.141

SOD/CAT 1.1 ± 0.3 0.5 ± 0.11 0.5 ± 0.11 0.6 ± 0.11 0.5 ± 0.11

SOD/GPx 17.4 ± 1.3 25.4 ± 1.91 24.5 ± 1.51 32.0 ± 2.81,2,3 27.5 ± 2.91

GPx (U/g) 170.0 ± 8.7 169.0 ± 31.7 170.7 ± 20.6 200.7 ± 45.0 245.4 ± 18.5

GR (U/g) 0.93 ± 0.14 1.67 ± 0.5 1.01 ± 0.37 1.03 ± 0.34 2.18 ± 0.191,3,4

GSH (nmol/l) 4.1 ± 0.1 26.1 ± 1.31 24.2 ± 1.61 25.5 ± 2.31 31.8 ± 3.61,3,4

GSSG (nmol/l) 1.58 ± 0.03 0.93 ± 0.25 0.82 ± 0.14 1.46 ± 0.48 1.35 ± 0.38

GSH/GSSG 2.6 ± 0.1 62.0 ± 25.9 42.5 ± 12.8 84.6 ± 37.6 42.2 ± 12.8

MDA (µg/l) 14.6 ± 1.3 40.6 ± 2.81 43.1 ± 1.41 47.0 ± 1.91 52.4 ± 3.1,2,3

LDH (U/l) 6.45 ± 2.94 27.5 ± 12.0 33.7 ± 7.6 60.5 ± 43.4 22.4 ± 2.2

TP (g/l) 12.9 ± 1.5 8.2 ± 1.41 7.0 ± 0.81 7.0 ± 2.11 4.7 ± 0.31

Groups are labelled by superscript numbers 1–5 before each group symbol. Superscript numbers 1–4 of the values represent significant differ-
ence from the corresponding group (p < 0.05)

Tab. 4. Effect of swimming exercise and HFML diet on antioxidant status and lipid peroxidation in the soleus muscle of rats with DMH induced
colon carcinoma

Soleus muscle 1Control 2LFCO 3LFCO+S 4HFML+S 5HFML

SOD (U/mg) 4.18 ± 0.61 2.53 ± 0.291 3.17 ± 0.29 5.25 ± 0.712,3 3.18 ± 0.444

CAT (U/mg) 2.14 ± 0.44 1.2 ± 0.15 1.85 ± 0.26 3.52 ± 0.731,2,3 1.82 ± 0.44

SOD/CAT 2.8 ± 0.8 2.3 ± 0.3 1.8 ± 0.2 1.8 ± 0.3 2.1 ± 0.3

SOD/GPx 34.1 ± 4.9 42.1 ± 5.9 43.4 ± 4.1 44.8 ± 4.5 36.2 ± 3.5

GPx (U/g) 130.4 ± 21.0 66.6 ± 10.81 76.2 ± 8.41 118.8 ± 14.22 94.2 ± 15.3

GR (U/g) 3.88 ± 0.89 1.92 ± 0.66 1.59 ± 0.5 2.38 ± 0.67 2.5 ± 0.6

GSH (nmol/l) 32.6 ± 3.1 20.27 ± 1.51 15.7 ± 0.81 18.1 ± 1.91 18.3 ± 2.91

GSSG (nmol/l) 0.88 ± 0.2 1.21 ±0.41 0.71 ± 0.22 0.97 ± 0.12 2.63 ± 0.61,2,3,4

GSH/GSSG 59.0 ± 17.0 31.5 ± 9.2 45.4 ± 13.0 21.5 ± 4.51 9.3 ± 2.01,3

MDA (µg/l) 50.0 ± 6.2 45.8 ± 5.9 54.0 ± 3.3 61.1 ± 5.2 104.5 ± 8.91,2,3,4

LDH (U/l) 2.99 ± 0.75 2.51 ± 0.65 8.26 ± 6.16 4.24 ± 0.79 2.52 ± 0.44

TP (g/l) 6.79 ± 0.85 11.65 ± 1.051 8.92 ± 1.13 5.95 ± 0.892 9.44 ± 1.164

Groups are labelled by superscript numbers 1–5 before each group symbol. Superscript numbers 1–5 of the values represent significant differ-
ence from the corresponding group (p < 0.05)



As shown in Table 4, in the soleus muscle of the

HFML+S group, SOD and CAT activity was signifi-

cantly elevated as compared to other groups. On the

other hand, SOD and GPx activities were signifi-

cantly diminished in the LFCO group as compared to

the control as well as HFML+S groups. Likewise,

GPx activity in both LFCO groups, and GSH levels in

all experimental groups were significantly lower than

those in the control group. In the HFML group, GSSG

as well as MDA levels were significantly higher in

comparison to all other groups. No significant differ-

ences were observed in SOD/CAT and SOD/GPx ra-

tios as well as GR and LDH in the soleus muscle

among all groups. The smallest GSH/GSSG ratios

were observed in both HFML groups, but the differ-

ence was significant only in comparison to the control

group.

Discussion

It is well documented that physical exercise causes

beneficial changes in lipid profiles due to increased

lipoprotein lipase activity, which reduces plasma tri-

glyceride concentrations. Physical training also low-

ers LDL-cholesterol and increases HDL-cholesterol

levels [6]. In the present study, triglycerides and

LDL-cholesterol were not significantly reduced al-

though a tendency toward lowered levels was noticed

in both swimming groups when compared to the con-

trol group. However, significantly lower levels of to-

tal cholesterol were observed only in plasma of the

LFCO-fed swimming group, indicating that the bene-

ficial effect of swimming on lipid profile was depend-

ent on the type and amount of fats in the diet. Physical

activity has also been associated with reduced body

weight [17], but this was not significant in our experi-

ment, possibly due to the low intensity nature of the

exercise used in our study. However, we observed

higher relative weights of hearts in physically active

rats, indicating the development of cardiac hypertro-

phy caused by regular endurance exercise [30].

It has been shown that hydrogenated fat or refined

peanut oil as the only fat source in the diet can affect

the antioxidant defense system of healthy rats [16].

Rats fed a diet of peanut oil elevated GPx and CAT

activities in skeletal muscles after 6 months of regular

swimming exercise, as compared to sedentary rats

[15]. A diet of peanut oil resulted in higher levels of

MDA in the blood of sedentary rats as compared to

swimming rats [15]. Similarly, we found that seden-

tary rats fed a HFML diet had markedly increased lev-

els of MDA in the skeletal muscle when compared to

swimming rats. However, we could attribute our ob-

servations to decreased activities of the antioxidant

enzymes (SOD, CAT) and increased levels of GSSG.

Nevertheless, Greathouse et al. [12] found signifi-

cantly elevated SOD and GPx activities but reduced

levels of lipid peroxidation in the plantaris muscle of

sedentary rats fed an elevated monounsaturated fat

diet (40% of calories) when compared to sedentary

rats fed a standard rodent diet. They also found that

after 4.5 weeks of moderate exercise, rats fed with

a high monounsaturated fat diet exhibited signifi-

cantly elevated SOD and GPx activities as well as sig-

nificantly increased lipid peroxidation in the plantaris

muscle [12]. In contrast to Greathouse et al. [12], who

observed that the combined effects of a high fat diet

and exercise result in exhaustion of the antioxidant

capacity in the skeletal muscle, we found that after 6

months of swimming, rats with DMH-induced colon

carcinoma and HFML diet fed only show a significant

elevation in CAT activity in the soleus muscle but do

not present any differences in MDA levels when com-

pared to the control group. Thus, we did not observe

exhaustion of the antioxidant capacity in skeletal

muscles of rats with DMH-induced colon carcinoma.

However, rats with DMH-induced colon carcinoma

had enhanced lipid peroxidation accompanied by

a significant decrease in GSH levels and activities of

antioxidant enzymes (SOD, CAT, GPx, GST) in the

circulation [7], as well as a decrease in hepatic enzy-

matic and non-enzymatic antioxidants (SOD, CAT,

GPx, GST, GR and GSH, vitamins C and E) as com-

pared to the healthy untreated rats [28].

It was demonstrated that dietary fatty acids affect

the lipid content of tissue and the lipid peroxidation

process due to the ratio of polyunsaturated versus

saturated fatty acids. A substantial increase in the

polyunsaturated fatty acid content can overcome the

protective action of antioxidant system and increase

susceptibility to lipid peroxidation [3]. Therefore, ex-

ercise as well as the type and amount of fat included

in the diet are important factors. Neglecting them can

lead to the misinterpretation of the observed results.

Many studies have investigated the influence of dif-

ferent types of fat in diets, but the fat composition

used in these studies do not reflect the composition of
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a Western style diet [3, 12, 15, 16]. Thus, it is of great

importance to evaluate the effects of a Western diet on

the antioxidant defense system of living organisms

subjected to different antioxidant challenges.

We found markedly elevated activities of CAT

(around 3- to 4-fold higher) in the hearts of all cancer

groups, while significantly elevated SOD activities

were found only in the hearts of rats fed a HFML diet

irrespective of exercise. It is known that antioxidant

enzymes exhibit synergistic interactions by protecting

each other from specific free radical attacks. Thus,

overexpresion of SOD without a compensatory in-

crease in CAT or GPx has deleterious effects in the

cell [31]. According to SOD/CAT and SOD/GPx ra-

tios, a compensatory increase in CAT and GPx due to

increased SOD activity was effective in the soleus

muscle, while in the hearts of all cancer groups this

was not the case. This could have resulted from in-

creased levels of MDA in the heart of all DMH-

treated rats, suggesting a harmful effect of DMH-

induced colon carcinoma on the antioxidant system of

the cardiac muscle. We have observed that elevated

levels of SOD in skeletal or cardiac muscles result in

significantly increased levels of CAT enzyme. GPx is

efficient in high reactive oxygen species (ROS) con-

centrations and CAT is important for processing lower

hydrogen peroxide concentrations [9]. Thus, we can

conclude that significantly higher CAT activity was

the likely compensatory mechanism for removing in-

creased but still low concentration of hydrogen perox-

ide. Nevertheless, it is noteworthy to mention that in

the soleus muscle CAT activity increased proportion-

ally with SOD activity, while in the heart this was not

the case. Markedly elevated CAT activities in the

hearts of all cancer groups resulted in significantly

lower SOD/CAT ratios than in the control group. In-

terestingly, although a slight increase in GPx activity

was noted in the hearts of both HFML groups, par-

ticularly in the HFML group, this difference was not

significant when compared to the control group, de-

spite an increase in GSH concentration in the hearts of

all cancer groups. GPx, whose activity depends on the

availability of GSH, ROS inactivation or reduced se-

lenium content [18], has an additional role in the pro-

tection against lipid peroxidation due to decomposi-

tion of lipid hydroperoxides [8], which was in our

case not activated.

Nevertheless, it has been reported that excess pro-

duction of ROS exert a direct inhibitory effect on

myocardial function due to lipid peroxidation and

protein oxidation (resulting in the inactivation of key

enzymes, ion transporters and alteration of receptor

function) [5] as well as other unknown mechanisms

[23]. Clearly, there are many unanswered questions.

However, our results may guide future investigation

into the mechanisms of impaired antioxidant capacity

in the hearts or muscles of rats treated with DMH or

fed with HFML diet.

Conclusion

In conclusion, our results show that the antioxidant

defense system in the soleus muscle of rats with

DMH-induced colon carcinoma is compromised by a

HFML diet. However, long-term low intensity swim-

ming exercise prevented lipid peroxidation in the so-

leus muscle of HFML diet fed rats due to elevated ac-

tivities of antioxidant enzymes (SOD, CAT). Al-

though regular exercise was shown to have beneficial

effect on the antioxidant system, despite long-term

and low-intensity exercise, cardiac muscle of DMH-

treated rats was not protected against lipid peroxida-

tion regardless of diet. The absence of alterations in

cardiac muscle indicates that antioxidant capacity in

the heart was not improved by exercise. Further stud-

ies are necessary to understand this issue.
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