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ABSTRACT 

 

The protective impacts of physical activity against inflammatory and oxidative stress  

conditions have been demonstrated. In this study, the impacts of moderate-intensity exercise on 

oxidative stress-associated factors and proinflammatory cytokines levels as well as the count of 

white blood cells (WBC) were assessed in a lipopolysaccharide (LPS)-triggered model of 

inflammation. 

Wistar rats were randomized into these groups (8 rats in each): (1) control; (2) LPS; (3) moderate 

exercise (EX); and (4) moderate exercise + LPS (EX+LPS). Exercise groups were trained for 8 

weeks (30 min, 6 days/week) at 15 m/min speed. During the final week of the experiment, 1 

mg/kg/day of intraperitoneal LPS was administered for 5 days. On day 56, from the rats’ hearts, 

peripheral blood was taken for biochemical evaluation. 

LPS enhanced serum levels of C-reactive protein (CRP), interleukin (IL)- 1β, tumor necrosis 

factor-α (TNF-α), metabolites of nitric oxide, and malondialdehyde (MDA), as well as the counts 

of total WBC, monocytes, neutrophils, and eosinophils, but decreased serum levels of thiol as well 

as superoxide dismutase (SOD) and catalase (CAT) activity versus the control rats. Moderate 

exercise reduced the levels of thiol, CAT, and SOD, but increased TNF-α level, and total WBC, 

neutrophils, eosinophils, and monocytes counts versus the control group. In the EX+LPS group, 

moderate exercise decreased cell counts and diminished MDA, TNF-α, IL-1β, and CRP levels, while 

increasing thiol level, CAT, and SOD versus the LPS group. 

In our study, exercise preconditioning reduced inflammation induced by LPS by ameliorating 

inflammatory cytokine levels, WBC counts, and oxidative damage, while improving antioxidant  

defenses. 
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INTRODUCTION 

 

Inflammation is an evolutionarily conserved 

process1 that involves responses against harmful stimuli, 
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tissue damage, or infection, to protect the host.2 

However, severe and prolonged inflammation induces 

extreme tissue injury, leading to different disorders such 

as arthritis, cardiovascular disease, diabetes, chronic 

obstructive lung disease (COPD), and cancer.3 

Inflammation causes cytokines and chemokines 

secretion from immune cells, which induce recruitment 

of other immunomodulatory cells to the oxidative 

stress/infection site. On the other hand, the heightened 

production of reactive oxygen species (ROS) by the 

immune cells at the inflammation site worsens oxidative 

stress and tissue damage.4 

Lipopolysaccharide (LPS), a component of the 

outer membrane of Gram-negative bacteria, is known to 

cause excessive inflammatory responses and ROS 

production.5 Repeated exposure to the circulatory levels 

of LPS has been shown as a contributing factor to 

chronic diseases such as type 2 diabetes, COPD, and 

gastrointestinal inflammation.6 LPS can induce toll-like 

receptor 4 (TLR4) activation which in turn, induces the 

production of proinflammatory cytokines monocyte 

chemotactic protein (MCP)-1, interleukin (IL)-6, IL-1β, 

and tumor necrosis factor (TNF)-α.7 Secretion of these 

proinflammatory cytokines is related to the 

accumulation of neutrophils which exacerbate 

inflammation.8 Hence, LPS is used to produce 

experimental models of inflammation.9-11 

It is effectively established that exercise training 

enhances immunomodulatory cell responses by 

increasing pro- and anti-inflammatory mediators (IL-4, 

IL-5, and IL-1 receptor antagonist (IL-1ra)) secretion at 

the injury area.12 The physical activity’s anti-

inflammatory effects might be mediated by suppression 

of cytokines and toll-like receptors expression.13 

Moreover, the exercise intensity and training duration 

have significant effects on immune system 

function.12,14,15 Few studies have evaluated the impacts 

of different training protocols on inflammation 

following repeated exposure to LPS.16-18 Therefore, the 

present study assessed the potential anti-inflammatory 

and anti-oxidative function of moderate exercise in LPS-

challenged rats.  

 

MATERIALS AND METHODS 

 

Materials 

Lipopolysaccharide (Escherichia coli O55:B5, LPS, 

Sigma-Aldrich Chemical Co., Germany), TNF-α enzyme-

linked immunosorbent assay (ELISA) kit (Diaclone Co, 

France) and IL-1β and CRP ELISA kits (Zellbio Co, 

Germany) were purchased to conduct the present study.  

 

Animals and Experimental Design 

Thirty-two male Wistar rats (male, weight range 

200–220 g, age 8 weeks old, from Mashhad University 

of Medical Sciences’ animal house, Mashhad, Iran) were 

kept under controlled conditions (temperature 22 ± 2°C, 

12 h/12 h light/dark cycles and free access to food and 

water). The NIH “Guide for the Care and Use of 

Laboratory Animals” (NIH publication No. 80-23, 

revised 1996) was observed in this study and it was 

approved by Mashhad University of Medical Sciences’ 

ethics committee (Ethics approval No. 

IR.MUMS.MEDICAL.REC.1400.069). 

 

Exercise Protocol and Animal Groups 

A motorized treadmill was employed for animal 

training. After a one-week familiarizing period, animals 

refusing to run voluntarily were excluded. Then, animals 

were distributed into 4 sets (each group had 8 rats) as 

follows: Control (sedentary and saline-injected), LPS 

(sedentary and LPS-injected), Exercise (EX; exercised 

but non-LPS-injected), and EX+LPS (exercised and 

LPS-injected). To acclimate to the device stressors, the 

LPS and control animals were placed on a silent 

treadmill for 8 weeks. The rats of exercise groups (i.e. 

EX and EX+LPS groups were primed with an increasing 

load of moderate training for two weeks and then, for six 

more weeks, animals were trained at 15 m/min speed (30 

min/day, 6 days/week) (Figure 1).19 

 

LPS Injection 

During the final week of the study, for five 

consecutive days, the animals of the LPS and EX+LPS 

group were challenged with LPS (1 mg/kg, prepared in 

0.2 mL saline) intraperitoneally (i.p.).20 The control and 

exercise groups were received saline alone (0.2 mL, 

i.p.).  

 

Blood Preparation, and Determination of 

Biochemical Parameters, and Total/differential 

White Blood Cells (WBC)  

On the last day of the experiments, the animals were 

euthanized using deep anesthesia (xylazine (8 mg/kg) and 

ketamine (80 mg/kg), both administered i.p.) and blood (5 

mL) was taken from the animals’ hearts. Samples were 

subdivided and collected in two parts: one in tubes 

containing Ethylenediaminetetraacetic acid (EDTA) for 
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WBC counts, and the other in a clotting tube for serum 

isolation. Serums were isolated by 10 min centrifugation 

at 2000 rpm. Total and differential WBC counts were 

determined according to a previous study.21 Serum was 

kept at -70°C for biochemical measurements. Oxidative 

stress indicator malondialdehyde (MDA) and antioxidant 

defense markers catalase (CAT), thiol, and superoxide 

dismutase (SOD) were assessed as previously reported.22 

The Griess reagent method was used for the determination 

of Nitric oxide (NO) metabolites (nitrite).23 Using the 

above-noted ELISA kits, serum C-reactive protein (CRP), 

TNF-α, and IL-1β levels were measured.24 

 

Statistical Analysis 

Data have been shown as means ± SEM and SPSS 

version 22 software was used to analyze them. Statistical 

evaluation was done using one-way analysis of variance 

(ANOVA) and Tukey’s post-test. Statistical significance 

was considered at p<0.05.  

 

 
Figure 1. The study protocol. The animals of exercise preconditioning groups trained with an increasing load of moderate 

exercise 6 days per week for 8 weeks. During the final week, the animals of the LPS and EX+LPS group were challenged with 

LPS (1 mg/kg) intraperitoneally for 5 consecutive days. 

 
RESULTS 

 

Serum Inflammatory Markers 

As indicated in Figure 2A-C, LPS significantly 

elevated levels of IL-1β, TNF-α, and CRP in serum 

(p<0.05, p<0.001, and p<0.01, respectively) versus the 

control animals. The serum level of TNF-α in the EX 

group was markedly higher than in the control rats 

(p<0.05). In the EX+LPS group, IL-1β, TNF-α, and CRP 

levels were markedly lower than in the LPS group 

(p<0.01 for all cases).  

 

Serum Markers of Oxidative Stress  

The levels of the oxidative indicator MDA, and total 

thiol content, CAT and SOD activity as markers of 

antioxidant defense were examined in all groups (Figure 

3A-D). In response to LPS injection, thiol content, CAT 

and SOD activities were decreased, while the MDA 

level was elevated versus control animals (p<0.001 for 

all cases). Moderate-intensity exercise reduced total 

thiol content, SOD, and CAT activity in comparison 

with control rats (p<0.001, p<0.01, and p<0.001, 

respectively). In contrast, the EX+LPS group notably 

had increased levels of thiol, CAT and SOD activities 

but reduced MDA content versus the LPS group 

(p<0.001 for all, except SOD with p<0.01). The 

EX+LPS group had higher levels of MDA than the 

control and EX groups (p<0.001 for both cases), while 

CAT and SOD activity was remarkably lower in the 

EX+LPS group than the EX and control groups (p<0.001 

for both cases).  

 

Nitrite Concentration in Serum  

Lower serum concentrations of NO metabolite 

(nitrite) in the control group were observed compared to 

the LPS and LPS+EX groups (p<0.001 and p<0.01, 

respectively). However, serum nitrite concentration was 

not statistically significantly different between the LPS 

and LPS+EX groups (Figure 4). 

 

WBC Counts  

Total and differential WBC counts in the blood 

samples are shown in Figure 5A-E. We found that LPS 

administration increased total WBC, lymphocytes, 

neutrophils, and monocytes counts compared to the 

control group (p<0.001 for all cases). Also, total WBC 

counts, and the number of neutrophils, monocytes, and 

eosinophils were significantly lower in the control group 

compared to the EX group (p<0.05 for eosinophils and 

p<0.001 for other cases). The EX+LPS group in 

http://ijaai.tums.ac.ir/


H. R. Rezaei Moghaddam, et al. 

314/ Iran J Allergy Asthma Immunol         Vol. 23, No. 3, June 2024 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

comparison to the LPS group, had significantly lower 

total WBC, neutrophils, lymphocyte, and monocytes 

counts (p<0.001 for all cases). There was no statistical 

difference between the EX+LPS and LPS groups 

regarding the eosinophil count. However, the EX+LPS 

group compared to the EX group had significantly lower 

total WBC, monocytes, neutrophils (p<0.001 for all 

cases), and eosinophils (p<0.01) counts.  

 

 

 

Figure 2. IL-1β (A), TNF-α (B), and CRP (C) levels in serum samples from the control, lipopolysaccharide (LPS), exercise (EX), 

and exercise+LPS (EX+LPS) groups. The results are expressed as mean±SEM (n=8 in each group). *p<0.05, **p<0.01, and 

***p<0.001 show significant differences between the LPS and EX groups, and the control group. ++p<0.01 shows a significant 

difference between the LPS+EX and the LPS group. IL-1β, interleukin (IL)- 1β; TNF-α, tumor necrosis factor-α; CRP, C-

reactive protein. 
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Figure 3. MDA (A), total thiol (B) and CAT (C), and SOD activity (D) in the control, lipopolysaccharide (LPS), exercise (EX), 

and exercise +LPS (EX+LPS) groups. The results are expressed as mean ± SEM (n=8 in each group). **p<0.01 and *** p<0.001 

show marked differences between the LPS, EX and EX+LPS groups and the control group. ++ p<0.01 and +++ p<0.001 show 

marked differences between the EX+LPS group and the LPS group. ### p<0.001 shows a significant difference between the 

EX+LPS group and the EX group. MDA, malondialdehyde; CAT, catalase; SOD, superoxide dismutase. 

 

 
Figure 4. The Level of nitric oxide metabolite (nitrite) in the control, lipopolysaccharide (LPS), exercise (EX), and exercise 

+LPS (EX+LPS) groups. Data is expressed as mean ±SEM (n=8 in each group). ** p<0.01 and *** p<0.001 show marked 

differences between the LPS and EX+LPS groups and the control group.  
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Figure 5. The number of total WBC (A), eosinophil (B), neutrophil (C), monocyte (D), and lymphocyte (E) in serum samples 

from the control, lipopolysaccharide (LPS), exercise (EX), and exercise +LPS (EX+LPS) groups. The data has been expressed 

as mean ± SEM (n=8 in each group). * p<0.05 and *** p<0.001 indicate marked differences between the LPS and EX groups 

and the control group. +++ p<0.001 indicates a marked difference between the EX+LPS group and the LPS group, ## p<0.01 and 
### p<0.001 indicate marked differences between the EX+LPS group and the EX group. WBC, white blood cells. 
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DISCUSSION 

 

This study investigated the impact of moderate-

intensity exercise preconditioning in rats treated with 

LPS as an experimental model of inflammation. LPS 

administration caused an increment in serum levels of 

TNF-α, IL-1β, and CRP which were ameliorated by 

exercise preconditioning. In agreement with the present 

findings, it has been established that three weeks of 

moderate exercise causes a reduction in levels of IL-6, 

TNF-α, IL-1β, and CRP in diabetic rats with pro-

inflammatory status.25 Similarly, a recent review 

showed that generally, exercise decreases TNF-α and 

CRP levels.26 This finding might be due to the effect of 

exercise on reducing toll-like 4 receptor (TLR) 

expression in monocytes and macrophages which are 

involved in the induction of inflammatory cytokines 

release.27 Another possible explanation is that training 

decreases the pro-inflammatory monocytes numbers in 

the blood circulation.28  

In this study, exercise training increased serum TNF-

 levels but did not markedly alter the CRP and IL-1β 

levels in comparison to the control rats. Some studies 

showed no changes in serum levels of IL-1β and TNF- 

after moderate exercise, however, after prolonged or 

high-intensity training, elevation of these cytokines was 

indicated.29 In a study, a two-fold increase in IL-1β and 

TNF- and a 50-fold increment in serum level of IL-6 

were reported in athletes after marathon races.30 

Therefore, the exercise duration (prolonged or acute) 

and intensity and time lag between training and cytokine 

analysis have been shown to affect the serum levels of 

pro- and anti-inflammatory cytokines.15,31 In the present 

study, although there was an elevation in serum levels of 

TNF- in the exercise group, exercise preconditioning 

prevented LPS-induced TNF- production. Good 

physiological adaptation to exercise might cause anti-

endotoxin capability of the immune system by 

enhancing leucocyte binding to endotoxin (kupffer cell 

phagocytosis) and anti-inflammatory cytokines 

production. It has been shown that during exercise, a 

marked increase in systemic IL-6 and catecholamine 

concentrations might increase IL-10 and inhibit LPS-

induced TNF- release.32 

Also, it has been documented that regular exercise 

can modulate the balance of oxidants to antioxidants by 

enhancing the antioxidant system’s radical scavenging 

activity.23,33 Based on the present findings, moderate 

exercise led to increased concentrations of thiol, and 

activity of CAT and SOD in the EX and EX+LPS 

groups, but decreased levels of MDA only in the LPS-

treated rats. Similarly, another study showed that 

moderate exercise diminished ROS release by 

neutrophils and macrophages via attenuation of 

leucocytes responsiveness.25 It was reported that 

voluntary wheel running by diabetic rats improved SOD, 

CAT, and glutathione peroxidase (GPX) activities, but 

reduced levels of MDA in blood.34 Additionally, aerobic 

exercise for 6 weeks (treadmill running for 30 min/day 

at 18 m/min speed) promoted CAT and GPX activities 

and enhanced MDA scavenging in Wistar rats with liver 

oxidative stress.35 Moreover, aerobic exercise might 

enhance cell oxidative adaptation and capacity by 

elevation the levels of mitochondrial oxidative enzymes 

and improving cellular insulin sensitivity .36 Of note, 

intense exercise in 18 soccer players diminished serum 

CAT activity, while increasing MDA serum 

concentration, probably via exhausting the antioxidant 

defense system.37 Bloomer et al. found that oxidative 

stress parameters in serum increased to the highest level 

after 120 minutes of exercise.38 In brief, these results 

appear to oppose the present study’s findings, and 

exercise triggers oxidative stress only when the intensity 

goes beyond a certain level. However, the 

pathophysiological mechanism by which enhanced 

intensity or a long duration of exercise surges oxidative 

stress, remains unidentified. Altogether, these results 

accentuate the importance of unravelling optimal 

exercise intensity to benefit from exercise under 

inflammatory/oxidative conditions.  

The present study showed that repeated exposure to 

LPS increases the total and differential WBC count. It 

was indicated that two weeks of LPS injection at a dose 

of 1 mg/kg caused an increase in the total WBC and 

percentage of eosinophils, neutrophils and monocytes in 

the blood of rats, reflecting the induction of systemic 

inflammation.39 In another study, a single injection of 

LPS (3, 5 and 10 mg/kg) resulted in the reduction of 

blood WBC at high doses and an elevation of WBC 

count at low doses in comparison to control rats.40 The 

difference in the dose and frequency of LPS 

administration may explain discrepancies in the WBC 

count. In the present study, in the exercise group, the 

total WBC, neutrophils and monocytes counts increased. 

There are different reports about changes in the number 

of WBC after sports training of different intensities. In a 
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previous study, the total and differential WBC count did 

not change significantly immediately and 24 hours after 

moderate-intensity exercise.41 However, in human 

studies, an increase in the leukocytes following acute 

exercise or after competition in professional athletes, 

and an increase in neutrophils and a decrease in 

lymphocytes in marathon runners are indicated.42 Also, 

it was revealed that high-intensity exercise results in 

considerable leukocytosis, despite the inter individual 

variability, whereas low–intensity exercise could not 

modulate the immune system.43 Our results showed a 

decrease in total WBC, neutrophils, eosinophils, and 

monocytes counts following moderate exercise in LPS-

treated rats. The results of a randomized clinical trial on 

390 obese and sedentary postmenopausal women 

showed a decrease in blood total WBC and neutrophils 

counts after four, eight, and twelve kcal/kg/week of 

aerobic exercise training recommended for 6 months; 

however, no changes were found in monocyte, 

lymphocyte, basophil or eosinophil counts among the 

different exercise levels.44 Another study identified that 

acute high-intensity exercise might increase the levels of 

epinephrine and norepinephrine which subsequently 

resulted in mobilization of white immune cells.43 Our 

findings showed that in the EX+LPS group, the total 

WBC and eosinophil, neutrophil, and monocyte counts 

were lesser than in the exercise group. There are several 

possible explanations for the lower total WBC counts 

observed in the present work and some reports following 

exercise training.44,45 Exercise may affect bone marrow 

hematopoiesis and thereby, influences WBC count.46 

Moreover, it has been suggested that exercise may alter 

the leukocyte subsets trafficking between blood and 

secondary lymphoid organs or inflamed 

tissues.44According to the literature, it seems that the 

employed exercise protocol in terms of type, timing of 

implementation of aerobic exercise, and frequency of 

LPS exposure can produce diverse effects on different 

WBC counts in human and animal models.40-42  

As a limitation, we did not analyze lymphoid organs, 

or serum levels of pro-inflammatory IL-6 and anti-

inflammatory IL-10, to achieve a better judgment on 

how exercise preconditioning affects the immune 

system in LPS-treated rats. 

Taken together, our findings show that moderate 

exercise could alleviate inflammatory status. The exercise 

preconditioning modulatory effects might be mediated by 

decreased levels of inflammatory cytokines, an enriched 

arsenal of anti-oxidative defenses, and decreased 

leukocytes counts, suggesting that moderate exercise can 

modulate inflammatory/oxidative conditions. 
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