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ABSTRACT 

Physical exercise is a stressor to the immune system. Leukocytes and the neutrophils toward lymphocytes ratio (NLR) 

can be used to determine the status of immunity. This study aims to see the difference in the number of leukocytes, 

neutrophils, lymphocytes, and NLR on maximal physical exercise. This research was a laboratory experimental study 

by using the post test-only control group design to 10 adult males of white mice (Mus musculus) divided into two 

groups, five mice for the treatment group and five mice for control group. The treatment group was given maximal 

physical exercise through swimming until visible signs of fatigue were seen, and control group only kept immersed in 

the water for 20 minutes. The number of leukocytes was assessed by using Improved Neubauer chamber cell counting 

and NLR was calculated by comparing the number of neutrophils to lymphocytes. The result and statistical analysis 

using unpaired t-test showed significant differences were found in the leukocyte count (p = 0,000), while NLR was 

not found its significant difference (p = 0.464). In comclusion, it was found that the number of leukocytes was higher 

on the treatment group whereas the NLR was not significantly found difference. 
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1. INTRODUCTION 
 Athletes often undergo strenuous physical training 

both during the training period and during the 

competition. This situation increases the risk of illness 

that results in a decrease of physical performance, led to 

the interruption of the planned training program, and 

lost the opportunity to take part in important sports 

competitions that were taking place [1]. [2] Physical 

exercise has the ability to influence the strength of 

protection and the body's vulnerability to infection [3]. 

Physical exercise is a stressor for homeostasis. This is 

due to an increase in energy requirements during 

physical exercise. So an attempt was made to maintain 

homeostasis through a stress response mechanism as a 

physiological response to stressors. Stress is responded  

through a stress system that involves the neuroendocrine 

system that forms the axis of hypothalamic, the pituitary 

with the adrenal cortex (HPA axis), and the sympathetic 

nervous system axis with the adrenal medulla [4]. The 

stress system will produce hormones as  the stress 

response due to physical exercise. The stress hormones 

produced also result in suppression of the immune 

system, including cellular components consisting of 

leukocytes. Suppressing the immune system due to 

stress will increase the risk of illness [5].  Neutrophils 

and lymphocytes are types of leukocytes that play a role 

in natural and adaptive immune responses. [6]. 

Measurement of the number of leukocytes and the 

neutrophils to lymphocytes ratio (NLR) illustrates the 

response to stress and explains the balance of natural 

and adaptive immune responses [7,8] 

 Previous research shows leukocytosis, neutrophilia 

and lymphocytosis occur in various forms of physical 

exercise [9]. In other studies, it was found lymphopenia 

occurred after physical exercise [10] Assessment of 

leukocytes can be a diagnostic reference for assessing 

the effect of physical exercise on athlete's health 

because assessing immunity status in athletes is an 

important part in preparing for a competition [11].

 This study aims to determine the differences in 

cellular components of the immune system that occur 

after maximal physical exercise through measurement 

of the number of leukocytes, neutrophils, lymphocytes 

and NLR in adult males of white mice (Mus musculus) 

which were randomly divided into treatment groups 

compared to the control group. 

 

2. METHODS 
This research was carried out for five weeks in the 

Immunology Laboratory of the Faculty of Pharmacy of 

Andalas University and the examination of blood 

samples was carried out at the Clinical Pathology 

Laboratory of the Faculty of Medicine, Andalas 
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University. This research was a laboratory experimental 

study with the Post-test only control Group design to 

determine the average difference between the treatment 

group and the control group. 

The data obtained were processed by computer 

using statistical applications. The mean differences 

between the two groups was analyzed using an unpaired 

t- test. The mean difference was significant if p <0.05. 

The values obtained was presented in tabular form by 

showing the mean, standard deviation (SD), t and p 

values. 

 

3. RESULTS 
The population in this study was white mice (Mus 

musculus), and the samples used were 10 adult male 

mice that met the inclusion criteria, in a healthy 

condition, 8-10 weeks of age and 30-35 gr body weight. 

The sample was randomly divided into 2 groups: the 

treatment and control groups and each group consisted 

of 5 mice. 

Before the experiment was conducted, all mice 

underwent acclimation for 7 days to adjust to the 

environmental conditions of the experiment. Mice were 

kept in separated cages of the same shape and size. Each 

cage was filled with 5 mice. The conditions of 

temperature, humidity and lighting were naturally 

obtained. Feeding mice was obtained from standard 

food and drinks ad libitum. 

The treatment was given for 7 days for the 

treatment group mice through swimming exercises for 

10 minutes on days 1, 3, and 5, and through maximum 

swimming until fatiguness signs was shown on the 7th 

day while the control group mice only soaked in water 

on the 7th day for 20 minutes. 

Blood samples were obtained 2 hours after the trial 

through the jugular vein, then all the mice were 

sacrificed. Blood samples taken about 0.5 ml were 

collected into a tube (GP micro tube 0,5 ml EDTA.K3). 

After the blood sample was obtained, the number of 

leukocytes was calculated using Improved Neubauer 

chamber cell counting, and making smear preparations 

with Giemsa staining. Leukocyte count test was done to 

determine the number of neutrophils and lymphocytes 

and calculation of the neutrophils to lymphocytes ratio 

(NLR). 

 Statistical analysis obtained from the experimental 

data can be seen in the following tables: 

 
Table 1. Mean value of leukocyte of mice in the treatment and control 
groups 

Trial Groups Mean ± SD(x 

103/µl) 

T p 

Treatment (n=5) 10,01±1,31 7,164 0,000 

Control (n=5) 4,24±1,24   

 

 Table 1 shows that there were significant 

differences in the number of leukocytes in the treatment 

and control groups (p <0.05). 

 
Table 2. Mean value of neutrophil of mice in the treatment and control 

groups 
Trial Groups Mean ± SD(x 

103/µl) 
t p 

Treatment(n=5) 3,91±1,67 3,291 0,023 

Control (n=5) 1,32±0,53   

 Tabel 2 shows that there were significant 

differences in the number of neutrophil in the treatment 

and control groups (p <0.05). 

 
Table 3. Mean value of lymphocyte of mice in the treatment and 
control groups 

Trial Groups Mean ± SD(x 

103/µl) 

t p 

Treatment (n=5) 6,10±1,82 3,338 

 

0,010 

 

Control (n=5) 2,92±1,11   

 

 Table 3 shows that the number of lymphocytes in 

the treatment group and the control group there were 

significant differences (p <0.05). 

 
Table 4. Mean value of neutrophils to lymphocytes ratio of mice in the 

treatment and control groups 
Trial Groups Mean ± SD t p 

Treatment 

(n=5) 

0,76±0,59 0,769 0,464 

 

Control (n=5) 0,55±0,42   

 

 Table 4 shows there was no significant difference 

on the value of the neutrophils to lymphocytes ratio 

(NLR) in the treatment group and the control group (p ˃ 

0.05). 

 

4. DISCUSSION 
 The number of leukocytes on the maximum 

physical exercise 

This study shows the number of leukocytes in the 

treatment group is higher than the control group. 

Leukocytosis obtained in this study is in line with the 

research conducted by Sand et al., towards 800 adult 

men and women divided into 2 groups of 800 adults 

men and women divided into 2 groups [9]. Leukocytosis 

in physical exercise is mainly caused by mobilization of 

neutrophils and lymphocytes. In the initial stages of 

physical exercise leukocyte mobilization was caused by 

increasing blood flows (shear stress), and the effects of 

catecholamines which reduce the expression of 

leukocyte adhesion molecules in endothelium [12]. 

Catecholamines are hormones produced by the axis of 

sympathetic nervous system with the adrenal medulla 

which the stress system is involved in the process of 

energy metabolismdan mechanism of muscle 

contraction during physical exercise [4]. 
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 The number of neutrophils in the maximum 

physical exercise 

This study shows the number of neutrophils in the 

treatment is higher than in the control 

group.Neutrophilia is also found in studies conducted by 

Sand [9] and in a study of after participating in 2 

matches in 1 day with intervals of rest for 4 hours 

between the matches [13]. 

Neutrophils are one of the first lines of the natural 

immune system. Neutrophils have various abilities to 

destroy various types of pathogenic forms through 

inflammatory processes in tissues [6]. Neutrophils are a 

relatively dominant component of leukocytes which 

increases in number when physical exercise is 

performed. Neutrophils that occur during physical 

exercise are caused by neutrophil margination of the 

vascular. In the beginning exercise, the demargination 

was caused by shear stress, catecholamines and cortisol 

[12]. Cortisol also results in the process of slowing 

down apoptosis in neutrophils [14]. 

Catecholamines and cortisol as the final products 

of stress systems play a role in energy metabolism 

including through the process of gluconeogenesis and 

lipolysis. Besides that catecholamines have a role to 

improve the performance of the cardiovascular system 

and the mechanism of muscle contraction during 

physical exercise.4 Margination of neutrophils in the 

vascular due to the influence of cortisol will result in a 

decrease of the ability of neutrophil migration into the 

inflamed tissue [15]. 

The number of lymphocytes on maximal physical 

exercise 

This study shows that the number of lymphocytes 

in the treatment is higher than in the control group. 

Lymphocytosis is also found in studies conducted by 

Sand9 and on 8 male tennis players who had done 

routine training and had finished 10 sets of tennis 

practice protocols [10]. 

Lymphocytosis in physical exercise is caused by 

shear stress, catecholamines and cortisol.12 In contrast to 

neutrophilia, lymphocytosis in physical exercise is 

biphasic. Increasing lymphocytes occur at the beginning 

of physical exercise followed by a decrease in the 

number of lymphocytes in the early stages of the 

recovery phase after physical exercise [11]. Decreasing 

the number of lymphocytes is influenced by the process 

of redistribution of lymphocyte cells in various organs 

as a reservoir of lymphocytes and the apoptotic process 

that is triggered due to the increase of cortisol [14]. 

Lymphocytes is a component of adaptive immunity 

which has a special role in specific pathogens through 

antibody production and the role of memory cells [6]. 

 

Neutrophils to lymphocytes ratio in maximum physical 

exercise 

This study shows there is no difference in the 

neutrophils to lymphocytes ratio(NLR) between the 

treatment group and the control group. Thi insignificant 

differences were also found in the group of taekwondo 

athletes after attending the training for 10 weeks. This 

situation was found in the taekwondo athlete group with 

a relatively high NLR value before treatment with an 

exercise program.16An increase in NLR values in 

athletes is related to fatigue and stress [17]. 

Every individual has a different response to stress. 

This situation is caused by differences in perception, 

adaptation and coping mechanism to stress [18]. In this 

study, all experimental animals had carried out the 

acclimatization and adaptation process to the 

environmentand experimental treatment. The difference 

in stress response in experimental animals can be 

influenced by genetic factors, strain, activation of stress 

hormone receptors and adaptation processes [18]. 

 

5. CONCLUSIONS 
The number of leukocytes, neutrophils and 

lymphocytes is higher in the treatment group and there 

are no differences in NLR values between treatment and 

control groups. 
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Sports are some of the basic needs in human life 

because they can improve the fitness needed for 

doing everyday tasks. Sports activities aimed at 

health, pleasure and sports achievement. 
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