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Abstract 

The objective of this study is to determine the effects of isolated exercise and those of repeated exercise on oxidative 
stress and the inflammatory process following exposure to carbon monoxide (CO) and nitrogen dioxide (NO2).  

Material and Method: 15 male Wistar rats, all eight weeks old, were randomly assigned to three groups. CO and NO2 
were produced by the combustion of diesel fuel using a device contained in a sealed metal box and supplied with 
ambient air by a pump. The ranges of CO and NO2 concentrations to which the rats were exposed ranged from 35 to 45 
ppm and 0.2 to 0.3 ppm, respectively. The aerobic workouts were performed on a rat treadmill. Blood samples were 
taken 24 hours after completion of handling at D4, D9 and D14. Variables studied were Malondialdehyde (MDA) and 
Tumor Necrosis Factor-alpha (TNF-α).  

Results: Aerobic endurance training after repeated exposure to CO and NO2 induces at the end of the first training block 
(D4) a significant increase (p ˂ 0.01) in MDA and TNF-α. On the other hand, the second block (D9) and the third training 
block (D14) induced a significant decrease (p ˂ 0.01) in these same parameters.  

Conclusion: Aerobic exercise practiced in isolation exacerbates the oxidative stress and inflammation induced by 
exposure to CO and NO2. On the other hand, regular aerobic exercise in a less polluted environment, following five days 
of recovery, significantly reduces the high levels of oxidative stress and inflammation caused by repeated exposure to 
automobile pollutants. 

Keywords: Pollution; Aerobic Exercise; Oxidative Stress; Inflammation. 

1. Introduction

Inhalation of automotive pollutants induces blood disorders and especially non-communicable diseases in humans, 
making pollution a public health problem [1]. Globally, the number of deaths per year related to air pollution in urban 
and rural areas is about 6.5 million or 11.6% [2]. The main contributors to these pollutants are gasoline and diesel 
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combustion engines. In this sense, the number of pollution-related deaths in France, the reference country for diesel, 
varies between 17,000 and 48,000 representing a significant economic cost of about 33.6 billion US dollars [3]. 
According to Valentino et al. [4], several toxic gases, including nitrogen dioxide (NO2) and carbon monoxide (CO) are 
emitted by the diesel engine. 

In the West African region and particularly in Benin, automobile pollution has become a major concern in recent years. 
Indeed, studies have shown that inhalation of automobile pollutants induces respiratory disorders in "motorcycle taxi" 
drivers [5] when exposed to a CO concentration higher than nine (09) ppm [6]. Cachon et al. [7] in an in vitro study also 
reported that exposure of human bronchial epithelial cells to particulate matter (PM2.5 and PM>2.5) collected in the 
city of Cotonou (Benin) induced significant secretion of pro-inflammatory cytokine proteins (TNF-α) and an increase in 
the level of MDA, regardless of the duration of exposure (24, 48 and 72 h). Most of these studies took into account 
suspended particulate matter, which is a pollutant that can cause disease in children, adults and even athletes [8]. On 
the other hand, they do not make it possible to evaluate the effects induced by each pollutant in the appearance of 
communicable and non-communicable diseases.  

Very recently Tito et al. [1] in an experimental and controlled study on the animal model have shown that acute exposure 
to CO and NO2 for at least 4 hours induces an overproduction of the reactive oxygen species (ROS) responsible for 
oxidative stress and an exacerbation of the inflammatory process which results in a significant increase in the 
concentration of TNF-α. This is justified by the role of CO, which, once in the body following inhalation, binds to 
haemoglobin with an affinity 250 times greater than that of oxygen (O2) [9]. The carboxyhaemoglobin (HbCO) thus 
formed is a combination that inactivates a proportion of the haemoglobin in the blood, which is no longer able to play 
its role as an O2 carrier through the body [10]. CO can also bind to mitochondrial cytochromes, altering the electron 
transport chain and inhibiting aerobic ATP synthesis [11], thereby contributing to impaired cardiomyocyte metabolism. 
This could lead to ailments such as shortness of breath, general or peripheral fatigue and especially stroke, which are 
recurrent in large African cities such as Yaoundé, Abidjan, Lagos, Dakar, Ouagadougou, Niamey and Cotonou. 

As air pollution is recognised as a source of damage to health, it could affect both sedentary people and sportsmen and 
women because of the significant presence of pollutants in the air inhaled during exercise. In this sense, physical 
exercise, particularly at weekends near major crossroads such as in Cotonou, Lomé, Abidjan, etc., leads to 
hyperventilation of air loaded with automobiles and environmental pollutants. Physical exercise, especially aerobic 
exercise, is recognized as one of the most effective non-pharmacological practices to improve health, quality of life and 
to control the high mortality risks associated with hypertension and obesity [12]. The question is, in what environment 
should we exercise to maintain our health? 

Several studies have shown that hyperventilation in hot and humid climates may be responsible for the occurrence of 
bronchospasm in athletes [13, 14]. In polluted environments, it promotes the deposition of inhaled pollutants in 
different parts of the respiratory system, which leads to inflammatory processes [15]. These pollutants are also able to 
cross the alveolar-capillary barrier to reach the bloodstream, leading to cardiovascular diseases, both communicable 
and non-communicable [15]. The airways of athletes are, therefore, frequently exposed to numerous allergens due to 
the high air exchange during exercise [16]. In addition, exercise-induced muscle damage promotes the infiltration of 
phagocytes (neutrophils and macrophages) at the site of injury. These changes that occur during exercise, therefore, 
increase the production of free radicals, leading to oxidative damage to biomolecules [17]. Studies on the animal model 
have shown that isolated aerobic exercise increases the level of oxidative stress not only in the blood but also in tissues 
such as skeletal muscle and the brain, heart, lungs, liver, kidneys and spleen [18-21]. Also, in this sense, studies on 
trained and sedentary subjects [22-24] have shown an increase in circulating levels of lipid peroxidation products in 
response to short-, medium- or long-term exercise. Other studies have shown that an adaptation phenomenon occurs 
in oxidative stress induced by even short-term exercise. Thus, prolonged physical training reduces the level of oxidative 
stress [25, 26]. In this sense, an increase in the quantity pollutants inhaled during exercise would, therefore, lead to an 
increase in the harmful effects of air pollution when exercise is carried out in highly polluted environments. The results 
obtained vary according to the authors, taking into account the physical exercise and exposure modalities. Moreover, 
these results do not show the selective effects of each pollutant but the effects induced by physical exercise following 
exposure to the latter.  

In view of the risks associated with pollution and the effects of physical exercise on the body, it is undoubtedly obvious 
that this practice in a polluted environment can be a source of damage.  

Given that exposure to CO and NO2 induces oxidative stress and inflammation, what would be the role of physical 
exercise in combating the effects induced by pollution? The present research thus proposes to study the effects of 
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regular physical exercise on rats subjected to repeated exposure to CO and NO2 based on a question that arises from the 
issue. 

In what environment should physical exercise be practised and what physical exercise modalities can help the 
organisms be free from exposure to air pollutants?  

2. Material and methods 

2.1. Biological material 

A total of fifteen (15) male Wistar rats aged two (2) months with body weights ranging from 174 to 206 grams were 
used. These animals were randomly divided into three batches consisting of one control and two experimental groups 
in three conventional cages of 5 rats each. Thus we have: Grp_Non Exposed_Non Trained (Non Exposed Non-Trained 
Group); Grp_Non Exposed_ Trained (Non Exposed and Trained Group); Grp_Exposed_ Trained (Exposed and Trained 
Group). The lighting in the pet store was on a 12-hour daytime schedule over 12 hours at night. Access to water and 
food was ad libitum and the animals were acclimatized to the conditions of the animal house for one week before the 
experiments began. 

2.2. Description of the device for the production of CO, NO2 and O2 

We used the protocol described by Tito et al. [1]. This device was in fact, composed of an ambient air motor pump 
(temperature 21oC and hygrometry 65 ± 5%) of the brand KF, NEUBERGER 78 Freidburg (A). This was then connected 
by a 7 mm diameter conductive pipe to a hermetically sealed metal box (B) 45 cm high, resting on a 35 cm long and 35 
cm wide base with a low inlet and a high outlet. This box contains the gas oil combustion device (C), which is operated 
from the ambient air propelled by the motor pump through the low inlet to maintain combustion. Combustion of the 
gas oil produces in the metal box, CO and NO2, which escape through the high outlet and through a 8.5 mm diameter 
conducting pipe to a hermetic enclosure (D) 42 cm high, resting on a base 93 cm long and 49 cm wide. This hermetic 
enclosure houses the rats and the VENTIS MX4 EXPLO-O2-CO-NO2 gas detector (E), which measures the CO, NO2 and 
then O2 concentrations coming from the metal box. The gas detector was thus programmed in the enclosure to tolerate 
the ranges of concentrations to which the animals were exposed: CO concentrations were between 35 and 45 ppm, NO2 
between 0.2 and 0.3 ppm, and O2 between 20.4 and 20.6%. In the event that the programmed concentrations exceeded, 
the gas detector was capable of emitting light beeps in order to preserve the physical conditions of the animals. 

2.2.1. Aerobic training on a treadmill: Description of the conveyor belt 

The treadmill (TR) with a compartmentalization system and a speed variator was designed by us to make the rats run 
(picture 1). It is equipped with a compartmentalization system that can simultaneously run nine (09) rats and is 
equipped with a speed variator. Thus, the speed of the treadmill was set at 20 m/min for approximately 30 minutes (30 
min). The upper end of the conveyor belt was equipped with an electrified plate charged with 150 volts direct current. 
In this study, the aerobic exercise sessions lasted 30 minutes. These sessions included running on the treadmill without 
a slope (0o) at a moderate intensity (at 20 m/min). 
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Picture 1 Treadmill for rats 

2.2.2. Getting used to running on a treadmill and determining the maximum aerobic speed 

One week before each handling, rats belonging to the groups Grp_Non Exposed_Trained; Grp_Exposed_Trained were 
subjected to a 5-day treadmill habituation protocol. For aerobic training, we therefore used and adapted the protocol of 
another [27]. Rats in these different groups were accustomed to running on a treadmill for 15 minutes per day at a 
speed of 20 meters per minute (20 m/min) over three days. This allowed the animals to become familiar with the 
treadmill and thus limit the stress associated with its use. On the fourth day, after warming up on the treadmill for five 
minutes at a speed of six meters per minute (6 m/min), the test to determine maximum aerobic speed was carried out. 
Immediately after the warm-up, the speed of the treadmill was increased by three meters per minute (3 m/min) every 
three minutes (3 min) until the animal was exhausted, i.e., when it could not run after three mechanical stimuli [28-30]. 
The maximum exercise capacity is defined as the maximum speed reached by each animal. The physical test was 
performed for each rat individually. The average speed at the group level was calculated and the rats were then 
subjected to treadmill training with the average working speed of the group. 

Thus, in this study, for training purposes, rats were subjected to treadmill running at a moderate intensity 
corresponding to 50% and 60% of the maximum aerobic speed (VMA) obtained in the exercise test, for 30 minutes over 
nine sessions (three days of training and two days of rest over 15 days). 

2.3. Patterns of repeated exposure of animals to the pollutants CO and NO2 

Only the Grp_Exposure_Trained group of five rats was exposed to CO and NO2 for 4 hours, i.e., from 8 hours to 12 hours. 
This is repeated exposure of 4 hours, i.e. 4 hours/day for nine days. This exposure was divided into 3 exposure blocks 
of 3 days each. Each block was separated from the other by 48 hours of rest. In order to avoid the effects of the biorhythm 
on the dependent variables of the study, the exposures to the pollutants were given under the same conditions from 8 
hours to 12 hours both in the group Grp_Trained_Exposure and in the other two groups: Grp_Non-Trained_Exposure 
and Grp_Non-Trained_Exposure. In fact, the latter underwent the same exposure protocol. They were not exposed to 
the pollutants, but were placed in another enclosure of the same dimensions and hermetically sealed, with the supply 
of ambient air provided by the motor pump. At the end of each exposure, they were then placed for two hours in a less 
polluted environment (absence of CO and NO2) for rest. 

2.4. Modalities of aerobic training after repeated exposure of animals to CO and NO2 pollutants 

At the end of the rest, the groups Grp_Exposed_Trained and Grp_Non Exposed_Trained were subjected to aerobic 
training divided into 3 blocks (Fig 1). Each block consisted of 30 minutes of aerobic exercise per day for three days. 
Between training blocks, there was a 48-hour rest period. At the end of each aerobic exercise session, the animals were 
then placed in a standard pet shop environment, i.e. the air was filtered according to the standard pet shop (AFS). 
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Figure 1 Data collection plan on the effects of 9 days of treadmill training of rats after repeated exposure to CO and 
NO2. 

2.5. Determination of biological parameters 

2.5.1. (a) Biochemical parameters 

Blood sample and subsequent determination of Tumor Necrosis Factor-alpha (TNF-α) and MDA (malonedihaldehyde) 

Blood samples were taken 24 hours after the last training session in each block. For the three batches, blood samples 
were taken at the same time from the retro-orbital vein of the rats on days D4, D9, and D14. The blood was collected in 
tubes provided with an EDTA anticoagulant for subsequent analysis. In order to avoid any deterioration and external 
contamination, the blood samples collected were transported to the laboratory as soon as possible and centrifuged at 
3000 rpm for 15 minutes.  The supernatant was stored at -80°C until the assays were performed. The determination of 
the TNF-α concentration was done with the Enzyme-Linked ImmunoSorbent Assay (ELISA) kit (Ray Bio® Rat TNF-
alpha ELISAKit Protocol, Aachen, Germany). The MDA assay was performed according to the Agbonon and Gbeassor 
method [31] explained below. 

2.5.2. MDA dosing 

Lipid peroxidation was determined in serum by measuring the concentration of malondialdehyde (MDA) by adding 0.6 
mL of 1% phosphoric acid (H4PO3) and 1 mL of 1% thiobarbituric acid successively to a 200 µL supernatant. The mixture 
was then placed in a water bath at 100°C for 50 minutes. The tubes containing the mixture were then cooled in an ice 
bath for 10 minutes. A concentration of 2mL of 1-butanol was then added to the contents of each tube. The tubes were 
vigorously shaken and then centrifuged at 3000 rpm for 10 minutes. The supernatant containing the thiobarbituric acid-
malondialdehyde complex (TBA-MDA) was removed. The absorbance was read with the GENESYS 10S UV-visible 
spectrophotometer (Monaco, France. made in China, designed in the USA) at 535 nm against a blank. The blank was 
taken in the same way as the tubes used to determine MDA except that the organ homogenate supernatant was replaced 
by distilled water. The standard curve was determined by the MDA at concentrations of 0; 15.75; 31.5 and 63 nM. The 
tests were repeated three times. 1,1,3,3-tetramethoxypropane (MDA) was used as the standard to obtain the standard 
linear regression curve (0-60 nM; Y = 0.03860X+ 0.04205). The correlation coefficient of the standard linear regression 
curve is r2 = 0.9982. The results were expressed in concentration (nM / mL). 

2.5.3. Determination of TNF-α 

TNF-α concentrations were determined by the Enzyme-Linked Immuno-Sorbent Assay (ELISA) method (Rat TNF-α 
Picokine TM ELISA Kit). This is a heterogeneous phase enzyme-linked immunosorbent assay. It was performed 
according to the instructions of the supplier. The antibody adsorbed on a 96-well microplate contacted with a sample 
containing the antigen of interest for 1 hour. Then a biotinylated anti-TNF-α antibody was added after 4 washes. After 
1 hour of incubation, excess antibody was removed by 4 washes and then streptavidin conjugated to peroxidase was 
added. After an additional incubation of 30 minutes, 4 washes were performed and then the substrate was added. After 
1 hour of incubation, the addition of the hydrochloric acid solution stopped the reaction. The optical density was read at 
450 nm versus 630 nm, using a microplate reader. A standard range was performed in parallel to a standard to obtain 
the standard linear regression curve of the form y = ax + b (7.8pg / mL-500 pg / mL; Y = 0.0020X+0.0979). The 
correlation coefficient of the standard linear regression curve of the standard range is r2 = 0.9990. The results thus 
obtained were expressed as a concentration (pg / mL). 

2.6. Statistical analysis 

Continuous dependent variables and categorical independent variables were recorded using the Stat View 5 (version 
5) software from Abacus concepts Inc. (Berkeley, CA, USA). Descriptive statistics were performed on the continuous 
dependent variables to determine their mean values with standard deviations. Three groups of rats with 3 modalities 
corresponding to 45 observations were studied. With this number of observations, the normality of the distributions 
was acquired greater than 30. The homogeneity of the variances was observed and the ANOVA test, a parametric test, 
was performed for each continuous dependent variable on all 3 groups of rats. The Fischer PLSD test, as a post hoc 
binary test, was implemented if the ANOVA test showed a significant difference. For all tests, the cut-off point for 
significance was set at p < 0.05. 
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3. Results 

3.1. Changes in mean body mass values and effects of aerobic training in less polluted environments on 
oxidative stress and inflammation 

The average value of the body mass was significantly reduced in the trained person (Grp_Trained) because p ˂ 0.05 
(table 1). The concentration of MDA increased significantly (p ˂ 0.05) in the trained group at D4 compared to the control 
group (GT) but decreased significantly from D9 to D14. No significant difference was observed between the two groups 
at D14 (p = 0.0947). Regarding the TNF-α concentration, the trained group experienced a significant increase at D4 and 
then a significant decrease from D9 to D14 (p ˂ 0.01). 

 

Table I Comparisons of mean values of MDA and TNF-α concentrations between Trained and Non-Trained groups 

 Grp_Non 
Exposed_Trained 

(n = 5) 

m ± s 

Grp_Non Exposed_Non 
Trained 

(n = 5) 

m ± s 

P 
Delta 
(%) 

MC (g)  146.933 ± 17.826 179.000 ± 5.477 0.0001*** -17.91 

MDA (nM/mL) 

D4 13.626 ± 0.923 7.097 ± 1.882 0.01** 91.99 

D9 12.019 ± 2.045 7.097 ± 1.882 0.01** 69.35 

D14 9.429 ± 1.449 7.097 ± 1.882 0.0947 32.85 

TNF-α (pg/mL) 

D4 78.250 ± 16.769 6.410 ± 1.413 0.01** 
1120.7

4 

D9 73.450 ± 14.170 6.410 ± 1.413 0.01** 
1045.8

6 

D14 57.850 ± 11.967 6.410 ± 1.413 0.01** 802.49 

Grp_Non Exposed_Trained: unexposed and trained group; Grp_Non Exposed_Non Trained: unexposed and untrained group; n: actual; m ± s: mean 
plus or minus standard deviation; MDA: malondialdehyde; nM/mL: nanometer per milliliter; MC : body mass; g: gram; D4: day four; D9: day nine; 
D14: day fourteen, TNF-α: Tumor Necrosis Factor alpha; pg/mL: pictogram per millilitre; **: significant difference at p less than 0. 01; ***: significant 
difference at p less than 0.001. 

3.2. Changes in mean body mass values and effects of aerobic training after exposure to CO and NO2 on 
oxidative stress and inflammation 

The average body mass value was higher in the exposed and untrained group (Grp_Exposed_Not Trained) because of p 
˂ 0.0001 (table 2). For the changes in the exposed and trained group (Grp_Exposure_Trained), the mean values of MDA 
concentrations were significantly higher at D4. But these concentrations decreased significantly at D9 and D14 because 
of p ˂ 0.01. As the mean values of TNF-α concentrations were still at the same group level, they did not vary significantly 
at either D4 or D9, but a significant decrease at D14 was observed because of p ˂ 0.05. 

Table II Comparison of mean values of MDA and TNF-α concentrations between the Exposed and Trained groups 

 

 

 

 

 

Grp_Exposed_Non Trained 
(n = 5) 

m ± s 

Grp_ Exposed_Trained  
(n = 5) 

m ± s 

p 
Delta 
(%) 

MC (g)  184.800 ± 7.243 146.933 ± 17.826 0.001*** -20.49 

MDA (nM/mL) 

D4 23.300 ± 1.535 29.895 ± 3.101 0.01** 28.30 

D9 29.380 ± 1.331 19.688 ± 2.276 0.01** -32.9 

D14 33.460 ± 1.907 15.802 ± 2.713 0.01** -52.7 
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4. Discussion  

The objective of this study was to determine the deleterious effects of inhaled carbon monoxide (CO) and nitrogen 
dioxide (NO2) and the biological responses to aerobic exercise after exposure(s) in male Wistar rats. A total of 15 eight-
week-old male Wistar rats with body weights ranging from 174 to 206 grams were used. They were divided into three 
groups as follows: Non Exposed Non Trained Group (Grp_Non Exposed_Non Trained); Non Exposed and Trained Group 
(Grp_Non Exposed_ Trained); and a Group Exposed for four hours plus training (Grp_Exposed_Trained). The animals 
were acclimatized to the conditions in the animal facility for one week prior to the start of the experiments. Access to 
water and food was ad libitum and the lighting in the animal house followed a rhythm of 12 hours a day and 12 hours 
night. All manipulations started at eight o'clock (08:00) to avoid the effects of the biorhythm. In this study, two markers 
were used to assess the levels of oxidative stress and inflammation. These were MDA (Malondialdehyde) and TNF-α 
(Tumor Necrosis Factor alpha), respectively.  

Analysis of the data showed that repeated exposure to CO and NO2 resulted in increases in the concentrations of MDA 
and TNF-α on days 4, 9 and 14. These results complement the results of a recent study conducted by Tito et al. [1] which 
showed that 4 hour exposure to CO and NO2 significantly induced increases in mean concentrations of MDA and TNF-α. 
Thus, repeated exposure could be said to maintain over time the oxidative stress and inflammation induced by acute 
exposure to CO and NO2. Prolonged exposure to these pollutants could affect both sedentary people and sportsmen and 
women because of the significant air circulation during exercise. This would lead to ailments such as shortness of breath, 
general or peripheral fatigue and especially strokes, which are recurrent in large African cities such as Yaoundé, Abidjan, 
Lagos, Dakar, Ouagadougou, Niamey and Cotonou. In addition, physical exercise, particularly at weekends near major 
intersections, as in Cotonou, Lomé, Abidjan, etc., leads to hyperventilation of air laden with automobile and 
environmental pollutants.  

Since regular physical exercise plays an anti-inflammatory role, this study investigated the effects of aerobic training 
with no exposure to pollutants as well as the effects of aerobic training after exposure to these same pollutants.  

Indeed, the results showed that aerobic training in a less polluted environment induced a significant increase (p ˂ 0.01) 
in MDA concentrations on the fourth day (D4), then a significant decrease from the ninth day (D9). Then the 
concentration of MDA no longer showed a significant variation by day fourteen (D14). Studies by Koh and Park [32], 
Gliemann et al. [33], Park and Kwak [34] and Kim et al. [35] have shown that regular moderate-intensity aerobic exercise 
improves redox balance, thus reducing oxidative stress, promotes immune function, leading to a reduction in the risk of 
disease and a reduction in inflammation. The increase in MDA concentration observed at D4 could be related to the fact 
that animals, who never exercised, triggered the body's defence mechanism, resulting in a significant decrease in this 
same parameter at D9. The results of the present study are similar to those of Vilela et al. [36] who showed that 50-
minute aerobic endurance training of rats for three to four sessions per week for eight weeks reduced the risk of 
oxidative stress damage by significantly increasing superoxide dismutase (SOD) activity and then significantly decreasing 
glutathione (GSH) activity, indicating a reduction in oxidative stress. The decreases observed by these authors and those 
observed in our study could be linked to a phenomenon of adaptation to training [37]. This could justify the fact that the 
adaptation mechanism of antioxidants intervenes from five minutes of effort in response to the increase in free radicals 
[38]. This result confirms the reduction in stress represented by the decrease in MDA observed in our study, even if the 
parameters studied in the two studies are not the same. Furthermore, the decrease in GSH levels observed in the study 
by Vilela et al. [36] could mean that glutathione was used to protect cells from oxidative damage [39]. This indicates 
that the trained subjects had significantly lower MDA concentrations than sedentary subjects. Indeed, the comparative 
study by Elabed et al. [22] on oxidative stress in judokas and sedentary subjects showed that following an aerobic 
exercise session, trained subjects had significantly lower oxidative stress compared to sedentary subjects or less trained 
subjects, demonstrating that trained subjects have a better adaptation to free radical production compared to sedentary 
subjects.  

TNF-α (pg/mL) 

D4 90.930 ± 8.806 94.650 ± 22.777 0.17 4.09 

D9 101.210 ± 7.597 81.050 ± 16.432 0.07 -19.9 

D14 109.850 ± 9.285 82.650 ± 2.966 0.01** -24.8 

Grp_Exposed_Non Trained: Exposed and untrained group; Grp_Exposed_Trained: Exposed group four hours per day plus training; 
n: actual; m ± s: mean plus or minus standard deviation; MDA: malondialdehyde; nM/mL: nanometer per milliliter; BW: body mass; 
g: gram; D4: day four; D9: day nine; D14: day fourteen, TNF-α: Tumor Necrosis Factor alpha; pg/mL: pictogram per milliliter; **: 
significant difference at p less than 0. 01; ***: significant difference at p less than 0.001. 
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Given that physical exercise is considered as a source of prevention of many diseases, or even a therapy in its own right 
according to the French High Authority for Health (HAS) [40], this form of practice used in our study could be 
recommended to sedentary people in order to reduce the mortality rate linked to sedentary or physical inactivity, which 
is 5 million according to Lee et al. [41].  

In inflammatory reactions, the results of this study show that aerobic training leads to a non-significant increase in TNF-
α concentrations at D4 and a significant decrease at D14. Our results are similar to those of Jahromi et al. [42] who 
showed that endurance training for 8 weeks decreases TNF-α concentrations. Indeed, in this study carried out on the 
human model, where 30 healthy young volunteers were subjected to running on a treadmill for 15 to 30 minutes at 50 
and 70% of the maximum heart rate for eight weeks. But the results obtained by these authors do not allow us to really 
understand the variations in TNF-α until the last week or the end of the training. In the present study, rats were 
subjected to 30 minutes of treadmill running for nine days divided into three blocks: three days of endurance training 
and two days of rest. The results show that training in a less polluted environment leads, on one hand,   to a significant 
increase in TNF-α concentrations at D4 and, on the other hand, to a significant decrease of the same parameter at D9 
and D14. This observed decrease in TNF-α concentration could be linked to the fact that there was an overproduction 
of anti-inflammatory cytokines. In fact, according to Alves et al., [43] and Petersen and Pedersen [44], during exercise, 
skeletal muscle contraction produces IL-6 and stimulates anti-inflammatory cytokines such as IL-1 and IL-10 and 
inhibits the release of the pro-inflammatory cytokine TNF-α, resulting in a reduction in TNF-α. To explain the results 
obtained in our study, it is important to know that exercise stimulates the production of pro-inflammatory cytokines 
and superoxide (O2-) which can cause tissue damage. Then, according to Nieman et al. [45], Ostrowski et al. [46] and 
Drenth et al. [47], exercise-induced pro-inflammatory cytokines trigger the generation of anti-inflammatory cytokines 
such as IL-10, IL-1ra which were not seen in our study and the transforming growth factor β and the antioxidant SOD-2, 
which have protective functions. The role of these cytokines is to recruit neutrophils and monocytes from the damaged 
tissue to repair them [48]. Finally, during this process, anti-inflammatory cytokines and antioxidant mechanisms are 
initiated to limit the inflammatory reaction in response to exercise, which could lead to a decrease in TNF-α production 
after training in our study. This study is the first of its kind to our knowledge that shows such a variation in a relatively 
shorter period of time, thus contributing to the literature. 

However, our results are contrary to those of Vilela et al. [36] who showed an increase in the concentration of TNF-α 
after aerobic training. These results are probably related to the age of the rats used, which is 24 months versus two-
month-old rats in our study. Then muscle ageing will be associated with sarcopenia, which will require more energy 
when running on a treadmill, because according to Vasto et al. [49] and Bruunsgaard [50], sarcopenia is associated with 
an increase in TNF-α levels as well as a high number of inflammatory cells such as neutrophils and monocytes. 

Aerobic training, by reducing stress and inflammation levels, could therefore improve cardiorespiratory health and thus 
avoiding  heart diseases, type 2 diabetes, rheumatoid arthritis, Alzheimer's and Parkinson's disease. So what will be the 
effect of training in a less polluted environment after exposure to CO and NO2 pollutants when it is known that exposure 
to these pollutants induces deleterious effects in the body? To answer this question, data from the literature provide 
information on the effects of aerobic training in polluted environments. Indeed, the work of Fashi et al. [27] has shown 
that aerobic training five times a week for four weeks in an environment rich in particulate matter (PM10) has protective 
effects on rats following PM10-induced inflammation. Aerobic exercise, therefore, inhibits PM10-induced increases in 
NF-KB and TNF-α gene expression. Another study by Vieira et al., [51] showed that regular aerobic exercise five times 
per week for five weeks in mice exposed to diesel pollutants also inhibited the increase in levels of reactive oxygen 
species induced by diesel emissions as well as neutrophil, white blood cell and TNF-α levels. No study to our knowledge 
takes into account gaseous pollutants, which could allow us to link inflammatory responses to this or that pollutant. 
Furthermore, no study to our knowledge has taken into account the effect of training in a less polluted environment 
after exposure to CO and NO2. The results of our study showed that training in a less polluted environment after 
exposure to CO and NO2 triggers an inflammatory process at the beginning. But both groups show no significant 
variation at either D4 or D9. In spite of this non-significant difference, one still observes a non-significant increase in 
the concentration of TNF-α at D4, and then a non-significant decrease at D9 in the group exposed for four hours plus 
training. But a significant decrease in the concentration of TNF-α was observed at D14. These results seem logical given 
that aerobic training in a less polluted environment reduces the levels of oxidative stress and inflammation on one hand, 
and on the other hand, aerobic training in a polluted environment inhibits the increase in stress-related gene expression 
and inflammation [27, 51]. It is, therefore evident that aerobic training in less polluted environments inhibits the 
exacerbation of deleterious effects induced by exposure to CO and NO2. This first study of its kind thus makes a new 
contribution to the literature and could lead us to propose guidelines for physical exercise prescriptions to combat the 
deleterious effects of exposure to air pollution. 
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5. Conclusion 

The objective of this study was to determine the deleterious effects of inhaled carbon monoxide (CO) and nitrogen 
dioxide (NO2) and the biological responses related to aerobic exercise sessions following exposure(s) in male Wistar 
rats. Results showed that prolonged exposure to CO and NO2 only exacerbated stress and inflammation levels. In 
addition, to assess the effect of aerobic training done over several sessions on MDA and TNF-α after repeated exposures 
to CO and NO2, three important results were obtained: at the end of the first training block (D4), a significant increase 
in the values of the mean concentrations of the parameters related to oxidative stress and inflammation was observed. 
On the other hand, significant decreases in the mean values of these same concentrations were observed at D9 and D14. 
It could, therefore, be said that a phenomenon of habituation or adaptation has occurred, leading to a significant 
decrease in these parameters. These results show that aerobic training after repeated exposure to CO and NO2 initially 
triggers oxidative stress and an inflammatory process but subsequently induces significant decreases in these same 
parameters. They also show the role played by two automobile pollutants in the appearance of health problems and the 
risks to which we are exposed when we stay in heavily polluted environments and practise physical exercise there. In 
addition, it is important to note that after repeated exposure to CO and NO2, aerobic exercise practised regularly for at 
least 30 minutes a day with recovery periods has a protective effect on the body because it inhibits the expression of 
genes linked to oxidative stress and inflammation. 

In this sense, these results seem to be close to the recommendations of the High Authority for Health (HAS) in 2018, 
which promote the practice of moderate-intensity physical exercise for at least 30 minutes a day. Our results also 
confirm the fact that physical exercise practiced regularly, particularly aerobic training, represents a non-drug 
treatment in the fight against the risk of cardiovascular diseases, diabetes, communicable and especially non-
communicable diseases. It could also combat cerebrovascular accidents, which are on the increase in large African cities. 
In addition, people who engage in physical exercise, especially in weekends at major intersections or major urban 
arteries, seem to be the most at risk. It is, therefore, conceivable to make environment pure for exercise to avoid the 
risks linked to this practice. The results obtained in this study also call for raising public awareness regarding the regular 
practice of physical exercise, in particular, moderate intensity aerobic exercise with two weekly sessions in less polluted 
areas and not near major intersections and main roads. 

However, the results of this work need to be confirmed by other studies with a larger sample, a larger age group in both 
animal and human models.  
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