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Abstract: Objective: Study the effects of cigarette smoke on aerobic capacity, serum MDA content and SOD activity 
of animal. Methods: 60 male mice are randomly divided into mild smoking group, heavy smoking group, and control 
group, and the exhausted swimming time, serum SOD activity and MDA content of the three groups of mice are re-
spectively measured before and after the experiment. Results: After the experiment, the exhausted swimming time 
for the control group, mild smoking and heavy smoking groups is respectively 276.57 min, 215.57 min and 176.54 
min, and the serum SOD activities for the three objects are 216.46 U/mL, 169.16 U/mL and 154.91 U/mL, and the 
MDA contents are respectively 16.41 mol/mL, 22.31 mol/mL and 23.55 mol/mL. According to the comparison, it 
is found that compared with the control group and pre-intervention, the exhausted swimming time and serum SOD 
activity of the smoking group decreases obviously, and its MDA content rises sharply, and the difference has signifi-
cance (P < 0.05), moreover, the heavy smoking group has more obvious changes than the mild group. Conclusion: 
Cigarette smoke can significantly weaken the aerobic capacity and fatigue resistance of mice, and the more the 
smoking time is longer, the more the harmful effect is more serious, this is related to the SOD activity drops and 
MDA content rises due to smoking. 
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Introduction

Smoking is harmful to all organs of human 
body, and cigarette has become the global No. 
2 killer after hypertension. According to the sta-
tistics of world health organization, there are 
about 1.3 billion smokers around the world, 
and 5 million people die from the diseases 
linked to smoking. There are about 350 million 
smokers in China, the smoking rate of male 
exceeds 60%. At the same time, there are 540 
million of nonsmokers suffering from the dan-
ger of secondhand smoke exposure. However, 
the harm on passive smokers has not aroused 
enough attention [1, 2]. Smoke produced in the 
process of smoking, of which above 90% (tar, 
nicotine, carbon monoxide and other harmful 
substances) directly diffuses into air, people 
have clearly known the dangers of active smok-
ing to human health, but the cigarette smoke 
dangers on other passive groups should also 
arouse people’s attention. At present, for the 
effects of smoking on human health, relevant 
results are mostly prone to the studies of 

human pulmonary function, nervous system 
and heart and cerebral vessels, and other 
aspects, but there are fewer studies on human 
aerobic endurance and fatigue resistance [3]. 
This study analyzes the effects of smoking or 
passive smoking on aerobic capacity, serum 
MDA content and SOD activity of mouse via 
observing the exhausted swimming time, serum 
SOD activity and MDA content of the passive-
smoking mouse, which provides reference 
frame for the studies on the discussion of the 
smoking or passive smoking on aerobic endur-
ance and fatigue resistance mechanism of 
sportsman. 

Materials and methods

Materials

Experimental subject: 60 Kunming mice, clean, 
No.: SCXK (Henan) 2005-0001, certification 
No. of animal House: Yu Medical Animal No. 
4104022, male, weight: 24 ± 3 g (purchased 
from animal feeding centre of medical school of 
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of cigarette smoke and air in the cabinet, and 
passive smoking is not performed on the con-
trol group, other conditions are same. 
(Swimming experiment: Water temperature is 
28 ± 2 degrees centigrade, the water depth is 
above 2 times of the mice length from head to 
tail end, after the last week of completing pas-
sive smoking, each group carries out load free 
adaptive swimming training for 6d together with 
the control group (swimming time gradually 
increases from the beginning of 20 min), after 
having a rest 1 day, exhausted swimming is car-
ried out, the mice is controlled to main the 
swimming state, the exhaustion standard is 
that the mice do not return to the water surface 
after sinking 10 s, and the exhausted swimming 
time is recorded. 

Tissue sampling and processing

1.5 to 2.5 mL of tail blood is respectively 
extracted from the 3 groups of mice before 
experiment, placed into a refrigerator for stay-
ing overnight at 4 degrees centigrade, and then 
centrifuged with 3000 r/min for 10 min to 
obtain serum. The xanthine oxidase method 
and thiobarbituric acid method are respectively 
used to test the SOD activity and MDA content 
for each group of mice before experiment. After 
having the exhausted swimming, and recovery 
for 24 h, namely, 1.5 to 2.5 mL of tail blood is 
respectively extracted from the 3 groups of 
mice after experiment. Methods same as the 
pre-experiment are respectively used to test 
the SOD activity and MDA content for each 
group of mice after experiment.

Data processing

SPSS13.0 software is adopted to process data, 
(
_
x  ± s) is used for representing, the variance 

analysis is used for the comparison among mul-
tiple groups, if overall difference has Dunnett-t 
test is adopted to carry out pairwise compari-
son, P < 0.05 refers to that differences are 
statistically significant.

Results 

The changes of weight, exhausted swimming 
time, serum S0D activity and MDA content are 
as shown in Tables 1-3.

Table 1 shows that there is no significant differ-
ence for the average weight of the experimental 
group and control group before experiment (P > 

Zhengzhou University), feeding in each cage, 
free diet, good indoor air ventilation, and the 
room temperature is controlled about 24 
degrees centigrade. Toxicant exposure materi-
als: Passive smoking toxicant exposure cabinet 
(developed by Environmental Health Institute of 
Military Medical Sciences), glass material, vol-
ume is 100 cm × 100 cm × 70 cm = 0.7 m3 

(700 L). The toxicant exposure cabinet is 
connected with smoking device. The LK-3 gas 
detection alarm apparatus is used for monitor-
ing the concentration of CO, CO2 and O2. Oxygen 
bottle is used for feeding oxygen, the flow rate 
is 0.5 L/min. Red Flag Canal cigarette (produced 
by CTHIC Industrial Company, tar yield is 15 mg, 
and the nicotine amount is 1.2 mg), EDTA-2K 
anticoagulation, SOD kit and MDA kit (pur-
chased from Nanjing Jian Cheng Bioengineering 
technology Co., LTD).

Methods

Animal grouping: 60 male mice are randomly 
divided into control group (no smoking) and 
experimental group (smoking), where the exper-
imental group includes mild smoking group and 
heavy smoking group, all mice in control group 
do not participate in contamination test. 
Toxicant exposure method: Mice in mild smok-
ing group smoke 2 times a day, starting from 
8:00 a.m., and 4:00 p.m. for 14 d continuously, 
passive smoking is carried out once per ciga-
rette, and 6 in total. Approach: 1 cigarette is put 
into a smoking device and lightened, and after 
being fixed on the cigarette holder, promptly 
placed into the passive smoking toxicant expo-
sure cabinet till the cigarette burnouts natural-
ly, and burning out the 6th cigarette successive-
ly, the mouse still stays at the toxicant exposure 
cabinet for 1 h in total, and the mouse is taken 
out for feeding freely. The smoking times, start 
time and lasting days of the mice in heavy 
group are same as the mild smoking group, but 
each smoking time extends to 2 h, the volume 
also increases double. Approach: 1 cigarette at 
a time, smoking 12 in total, 1 cigarette is light-
ened, and after being fixed on the self-produced 
cigarette holder, promptly placed into the pas-
sive smoking toxicant exposure cabinet till the 
cigarette burnouts naturally, and then, and 
then putting an another one, and burning out 
12 cigarettes successively, the mouse still 
stays at the toxicant exposure cabinet for 2 h in 
total, and the mouse is taken out for feeding 
freely. The mice in the experimental group 
smoke passively under a mixture environment 
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and dysfunction. Nicotine can cause elevation 
of blood pressure, strong beating of the heart, 
Heart Pump Function drops, body oxygen con-
sumption increasing and the like, so as to 
decrease the aerobic capacity [4-6]. The results 
are in conformity with the above: after 14 d of 
passive smoking, the sustained aerobic ability 
and fatigue resistance of the mice drop, the 
exhausted swimming time shortens. The rea-
son may be the various degrees of mice lung 
tissue damages due to smoking, and function 
drop of heart and muscles. In addition, other 
concerned studies also show that under equal 
conditions, the increase of mice weight will 
increase the swimming load, add energy con-
sumption per unit time, and will shorten the 
exhausted swimming time [7, 8]. According to 
the weight data of mice before and after the 
experiment, the increase of the control group is 
relatively obvious, its effects on the exhausted 
swimming time of mice should be higher than 
the 2 groups of experimental groups, it shows 
that the control group should have stronger 
exhausted swimming ability from another 
perspective.

In this study, the changes of mice serum SOD 
activity and MDA content are the strong evi-
dence to explain the above phenomena. In 
recent years, free radical theory provides new 
theoretical basis for the production and recov-
ery of sports fatigue, arousing more and more 
attention. The oxygen free radical and its 
induced lipid peroxide have strong toxic effects 

0.05), meeting the characteristics and require-
ments of random grouping. After passive smok-
ing, the weight of the heavy smoking group is 
obviously lower than the control group (P < 
0.05), difference has statistical significance, 
and the mild smoking group is slightly lower 
than the control group (P > 0.05), namely the 
difference has no statistical significance.

According to Tables 2 and 3, there is no signifi-
cant difference for each index of the experi-
mental group and control group before experi-
ment (P > 0.05), and no statistical significance. 
But after interference, compared with the val-
ues of pre-interference and the control group, 
the mice exhausted swimming time, serum 
SOD activity for each experimental group 
decrease relatively, and the MDA content 
increases significantly. Moreover, compared 
with the control group and pre-interference, 
there is significant difference on the mild and 
heavy smoking groups (P < 0.05). Compared 
with the mild smoking group, each indicator of 
heavy smoking group changes obviously (P < 
0.05). The results show that passive smoking 
has adverse effects on the aerobic ability and 
antioxidant ability of healthy mouse, and the 
longer the smoking time is, the more serious 
the adverse effect is. 

Discussion

Aerobic capacity refers to the athletic ability 
that the body provides energy via aerobic 

Table 1. Weight comparison between experimental group and control group 
before and after intervention (n = 20,  

_
x

 
± s)

Group Case number (piece)
Average weight (g)

Before experiment After experiment
Control group 20 24.24 ± 3.20 27.56 ± 3.40
Mild smoking group 20 23.75 ± 2.95 26.48 ± 3.48
Heavy smoking group 20 24.17 ± 3.12 25.57 ± 3.27*
Note: comparison between after and before experiment, *P < 0.05. 

Table 2. Exhausted swimming time index comparison between experimen-
tal group and control group before and after intervention (n = 20, 

_
x± s)

Group Case number 
(piece)

Mean time of exhausted swimming (min) 
Before experiment After experiment 

Control group 20 253.14 ± 45.60 276.57 ± 45.97
Mild smoking group 20 253.57 ± 38.97 215.57 ± 29.49a,b

Heavy smoking group 20 252.39 ± 47.83 176.54 ± 21.79a,b

Note: compared with the pre-intervention, aP < 0.05, compared with the control group, bP < 
0.05.

metabolism for a 
long time. Studies 
have proved that the 
tar and other harmful 
substances in smoke 
can be attached to 
the trachea, bronchi 
and alveoli surface of 
involuntary smoker, 
and can increase  
the oxygen radical 
released by alveolar 
macrophages and 
neutrophile granulo-
cyte in blood, thus to 
increase the adhe-
sion of leukocyte and 
endothelial cells, 
develop inflammato-
ry response, and 
finally to cause lung 
tissue breakdown 
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ing not only affects athletic ability and acceler-
ates the development of fatigue, but also 
affects the fatigue elimination and functional 
recovery after sports. 

Conclusion 

Cigarette smoke can reduce the serum SOD 
activity of healthy mice, and increase the MDA 
content, this is a significant reason resulting in 
the drops of mice aerobic ability and fatigue 
resistance, and delaying fatigue elimination 
and functional recovery. Moreover, the longer 
the smoking time is, the more serious the 
adverse effect is. 
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