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Abstract 
 
Background: Exercise training plays an important role in combating 
Alzheimer's disease. Present study aimed to investigate the effect of 12 
weeks aerobic training on the levels of tumor necrosis factor alpha (TNF-α) 
in the hippocampus and prefrontal cortex, and also depression in rats with 
Alzheimer's disease. 
Materials and Methods: The 40 Wistar rats were divided into four equal 
groups including saline (S), saline +training (ST), training +STZ (AT) and STZ 
(A). Alzheimer's was induced by injection of 3 mg/kg streptozotocin (STZ) 
into the ventricles of brain. The aerobic training program (each session 
lasted 30 minutes with 10-12 meters per minute speed) performed for 12 
weeks and five sessions per week on a treadmill. The 48 hours after last 
training session, brain tissue (hippocampal and prefrontal cortex areas) was 
removed and TNF-α levels were measured by ELISA method. Data were 
evaluated using the statistical method of analysis of variance at a significant 
level (P <0.05).  
Results: TNF-α levels in the hippocampus were significantly higher in group 
A compared to S (p= 0.010), ST (p= 0.014) and AT (p= 0.041) groups. 
Moreover, no significant change was observed for TNF-α levels in prefrontal 
cortex in different groups (p= 0.276). In addition, a significant increase in 
inactivity duration (FST) was observed in group A compared to other groups 
(p <0.05) and also a significant decrease in sucrose preference (SPT) was 
observed in group A compared to other groups. (p<0.05). 
Conclusion: The present study findings indicated that, the positive effects 
of aerobic training in rats with Alzheimer's disease are exerted partly by 
modulating the levels of inflammatory factors such as TNF-α in the brain 
especially the hippocampus. 
 

Research Article 

The effect of 12 weeks aerobic training on TNF-α levels in the 

hippocampus and prefrontal cortex, and depression in rats 

with Alzheimer's disease 
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Dementia is a very common syndrome in people 

over 65 years of age, characterized by a gradual 

decrease in memory and other mental abilities, 

and Alzheimer's is the most common type of 

dementia, which affects 62% of patients with 

dementia (1) . It was reported that 46.8 million 

people worldwide had dementia in 2015, which 

is estimated to reach 131.5 million by 2050 (2). 

Alzheimer's is a progressive neurodegenerative 

disease characterized by the accumulation of 

extra-neuronal stores of beta-amyloid (Aβ) fibrils 

and the intra-neuronal accumulation of 

hyperphosphorylated tau protein. It leads to the 

activation of glial cells and then a 

neuroinflammatory response involving oxygen 

reactive mediators and inflammatory cytokines 

such as IL-6, IL-1β, and tumor necrosis factor 

(TNF-α) (3). In addition, Aβ has been reported to 

stimulate inflammation (4). In fact, among the 

effective factors in the development of 

Alzheimer's disease are systemic inflammation 

and increased levels of inflammatory mediators 

such as levels of cytokines IL-6 and tumor 

necrosis factor alpha (TNF-α) centrally and 

peripherally. (5). Cytokines are small peptides, 

hormone-like, and messengers produced by cells 

activated by inflammatory elements (6). Based 

on in vivo activity, cytokines are divided into 

proinflammatory, anti-inflammatory, mitogenic 

(regulating cell growth and proliferation), 

hematopoietic, and chemotactic (chemokines) 

(7). It should be noted that some studies have 

generally divided cytokines into two categories, 

proinflammatory and anti-inflammatory. 

Inflammation is thought of as a tissue response to 

injury, pathogen attack, or irritants that is 

characterized by increased blood flow, redness, 

swelling, and pain. Inflammation is divided into 

two types: acute and chronic inflammation.  

1. Introduction 

Short-term or acute inflammation is a 

protective attempt by the organism to 

eliminate the stimuli of injury or to initiate the 

healing process. Nevertheless, long-term or 

chronic inflammation leads to several 

inflammatory disorders and chronic diseases. 

The process of inflammation is very complex 

and is usually precisely regulated: in such a 

way that one mediator initiates and maintains 

the inflammation, and another mediator 

eliminates the inflammation. In the case of 

chronic inflammation, an imbalance between 

the two regulators occurs, which leads to cell 

damage and leads to different types of chronic 

diseases (8). Tumor necrosis factor-alpha 

(TNF-α) is a proinflammatory cytokine that 

can have direct effects on vascular endothelial 

cells to stimulate chemotactic agents, other 

cytokines, cell adhesion molecules, and 

facilitate leukocyte infiltration. These can play 

a role in the inflammatory process (9). TNF-α 

is produced by a variety of immune and non-

immune cells, including lymphocytes, mast 

cells, endothelial cells, fibroblasts, and 

adipocytes, and is involved in regulating 

various physiological processes such as cell 

proliferation. Differentiation and apoptosis are 

involved in various inflammatory processes as 

well as in a variety of pathological conditions 

such as chronic inflammation and the onset of 

acute phase reactions by increasing 

inflammatory signaling and stimulating cell 

death, especially necrosis and apoptosis of 

tumor cells. Disruption of TNF-α production 

and secretion leads to the spread of diabetes, 

tumorigenesis, cardiovascular disease, 

rheumatoid arthritis, and inflammatory bowel 

disease (10). 
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2. Materials and Methods 

The present study was experimental and basic 

and the statistical population of the present 

study consisted of Wistar rats in the age range 

of 90-80 days, of which 40 Wistar rats were 

purchased as a statistical sample from the 

Pasteur Institute and sent to the storage room. 

The animals were moved. Rats were randomly 

divided into 10 female mice in saline (S), saline 

+ training (ST), training + STZ (AT) and STZ 

(A): Group 1 (S): Animals Do not exercise and 

receive saline, Group II (ST): Animals exercise 

and receive saline, Group 3 (AT): Animals 

exercise and receive STZ, and Group 4 Animals 

do not exercise and receive STZ. After the rats 

were transferred to the laboratory 

environment, they adapted to the new 

laboratory environment for one week. For this 

purpose, mice in groups of four in an 

environment with a temperature of 22 ± 1.4 ° 

C, humidity of 55% and a light cycle of 

darkness of 12:12 hours in special cages made 

of polycarbonate with dimensions of 47 × 27 × 

20 cm were kept. Mice in different groups had 

free access to standard mouse food during the 

study, which was placed every two days in the 

cage net that was available to the mice. Water 

was also available to mice indefinitely in 500 

ml bottles for rodents. The contents of the 

water bottles were changed daily and made 

available to the mice again. In addition, the rat 

lice were replaced every other day. In all 

stages of the research, the ethical and 

professional principles of working with 

animals were observed and the mice were 

moved and trained by only two people. Items 

such as painless killing, as well as prevention 

of surgical pain and sampling of animals were 

observed. 

 

In addition to the above, TNF-α has been reported 

to be involved in the pathogenesis of Alzheimer's 

disease, and increased levels have been observed 

in the brain tissue of elderly people with 

Alzheimer's disease (11). In contrast, the results 

of studies have shown that reducing the 

expression of inflammatory cytokines including 

IL-6, IL-1β and TNF-α in the brain tissue of 

Alzheimer's rats is associated with improved 

learning and memory. Shows the placement of 

inflammatory pathways in the recovery of 

Alzheimer's samples (12). In human samples, 

inhibition of the TNF-α signaling pathway also 

reduces the risk of Alzheimer's disease in the 

elderly (13). Exercise is one of the strategies that 

has been shown to reduce inflammation and 

modulate levels of inflammatory mediators such 

as IL-6 and TNF-α, and therefore, exercise is 

considered as an anti-inflammatory agent. (14). 

In addition to the anti-inflammatory effects of 

exercise, its role in the prevention and 

improvement of Alzheimer's risk factors has been 

reported, and exercise can delay the onset of 

Alzheimer's symptoms (15). Despite the positive 

effects of exercise, including its anti-

inflammatory effects, changes in levels of 

inflammatory factors such as TNF-α in response 

to exercise in Alzheimer's samples have not been 

studied. Depressive behavior and cytokine 

measurement of tumor necrosis factor alpha 

(TNF-α) in the hippocampus and peripheral 
cortex of Alzheimer's patients. 
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Exercise 

Training (week) 

Warmup 

(meters per minute) 
Main 

Exercise 

Cooldown 

(meters per minute) 

Time (minutes) 

0-2 5 10 5 30 

3-4 5 10 5 30 

5-6 5 10 5 30 

7-8 5 12 5 30 

9-10 5 12 5 30 

11-12 5 12 5 30 

Exercise protocol 

Aerobic exercise in the present study included 12 

weeks of treadmill running, which began after 

one week of getting acquainted with the 

treadmill. In each session, first warm up for 5 

minutes (with an intensity of 5 meters per 

minute), then the main part of the training 

program and finally 5 minutes of cooling (with an 

intensity of 5 meters per minute). The duration of 

the exercise program from the first week to 12 

was the same and 30 minutes per session. The 

intensity of aerobic exercise in the first 6 weeks 

was equal to 10 meters per minute and in the last 

6 weeks was 12 meters per minute. complete 
aerobic exercise program is shown in Table 1. 

 

Table 1: 12-week aerobic exercise program 

 

Alzheimer's induction 

By the end of week 8, the rats will develop 

Alzheimer's by the Institute for Cognitive and 

Behavioral Disorders. This model is induced as 

follows: First, the animals were anesthetized with 

a combination of ketamine and xylazine (60 and 

8 mg / kg, respectively). They are then placed 

inside a stereotaxic device for brain surgery. Then 

3 mg / kg streptozotocin (STZ) was injected in 5 

μl of sterile distilled water in the ventricular 

region of the brain: (anteroposterior: −1mm, 

mediolateral: ± 1.4mm and dorsoventral: -3.4). 
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Variable Group Mean ± SD P value 

 

FST result saline (S) 109.6± 18.73 0.011* 
saline +training 

(ST) 
108.6± 25.92 

STZ 143.1± 28.02 
training +STZ 

(AT) 
108.4± 28.23 

SPT result saline (S) 64.1± 10.9 0.007* 
saline +training 

(ST) 
66.2± 9.52 

STZ 40.3± 15.57 

training +STZ 

(AT) 
57.2± 12.75 

Sucrose preference test (SPT) 

On the fifth day after Alzheimer's induction, the 

test was performed for 48 hours. Two bottles, one 

with 2% sucrose solution and the other with plain 

water, were tested in the group cage. The amount 

of water consumed in the bottles was calculated 

immediately after the test. Dissatisfaction with 

sucrose bottles was considered as a depressive 

behavior in the studied rats and the Sucrose 

preference test score was calculated based on it. 

Isolation of brain tissue (FST) 

After completing the behavioral tests, the rats 

were given deep anesthesia with ketamine (50 

mg / kg) and xylazine (5 mg / kg), and then 

perfusion was performed to remove blood from 

the brain, after which the animal underwent Dies. 

In the next step, the brain was extracted and the 
hippocampal and prefrontal areas were isolated. 

Isolated brain samples were stored at -80 ° C until 

laboratory measurements. All steps of TNF-α 

cytokine assay were performed based on the 

working method in the company kit (R&D Co) 

using ELISA technique. 

The results of FST test as well as SPT test results 

are reported as mean and standard deviation in 

Table 2 for different groups. One-way analysis 

of variance test showed a significant difference 

between groups for FST test (p = 0.009). The 

results of Tukey post hoc test showed that the 

duration of physical inactivity in STZ group 

compared to STZ + training group (p = 0.022), 

saline (p = 0.028) and saline + training (p = 

0.023) It has been significantly more. In 

addition, significant differences were observed 

between groups for SPT test (p <0.001) and 

Tukey post hoc test showed that FST test results 

in STZ group compared to STZ + training group 

(p = 0.021), saline (P = 0.001 and saline + 

exercise (p = 0.000) were significantly lower. 

 

3. Results 

Statistical methods of data analysis 

All data obtained from the present study were 

analyzed using SPSS software version 24. 

Shapiro–Wilk test was used to ensure the normal 

distribution of research data and one-way 

ANOVA test and Tukey post hoc test were used 

to compare differences between groups. Also, 
alpha was considered at the level of 0.05. 

Table 2: FST and SPT test results 
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Analysis of one-way analysis of variance showed 

that the difference between groups of TNF-α levels 

in the hippocampus was statistically significant (p 

= 0.005). The results of Tukey post hoc test to 

determine the location of differences between 

groups showed that TNF-α levels in the 

hippocampus in the STZ group compared with the 

STZ + group (p = 0.041), saline (p = 0.010) and 

saline + Exercise (p = 0.014) is significantly more 

(Chart 1).  

However, no significant intergroup differences 

were observed for TNF-α levels in the prefrontal 
cortex (p = 0.276) (Chart 2). 

 

Chart 1: Changes in TNF-α levels in the hippocampus. # Signs of significant difference with groups 

 

Chart 2: Changes in TNF-α levels in the prefrontal cortex 
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4. Discussion 

The present study was performed to evaluate the 

effect of 12 weeks of aerobic exercise on TNF-α 

levels in the hippocampus and peripheral cortex 

and depression in rats with Alzheimer's disease. 

The main finding of the present study was that 12 

weeks of exercise in Alzheimer's rats significantly 

reduced TNF-α levels in the hippocampus and 

TNF-α levels in the hippocampus of Alzheimer's 

rats compared to healthy rats. The face was more 

significant. In addition, the present results 

showed that although TNF-α levels in the 

prefrontal cortex were higher in rats with 

Alzheimer's disease than in the other groups, the 

differences between the groups were not 

significant and exercise and Alzheimer's disease 

had a significant effect on TNF-α levels were 

absent in the prefrontal cortex. These changes 

were associated with improved rat performance 

in the Depressive Behavioral Test (reduced 

immobility) as well as decreased sucrose 

preference. Studies have shown that changes in 

inflammatory cytokine levels can be at least 

partially effective in the disorders observed in the 

elderly, which in turn increases inflammatory 

cytokine levels, including TNF-α and IL1-β. 

Decreases in anti-inflammatory cytokines, 

including IL-4, have been observed in the elderly. 

Due to old age (16). Inflammatory mediators such 

as inflammatory cytokines are pronounced 

prominently in the vicinity of beta-amyloid stores 

and neurofibrillary tangles, and various types of 

inflammatory markers have been observed in 

Alzheimer's patients (17). Inflammatory 

cytokines such as IL-6, TNF-α and IL-1β, when 

produced and secreted chronically, are clearly 

involved in inflammatory processes near amyloid 

plaques, including cytotoxic effects. These 

cytokines can stimulate the production of beta-

amyloid peptides (18). 

However, different types of pharmacological and 

non-pharmacological methods are used to reduce 

inflammation. Among the non-pharmacological 

strategies effective in reducing inflammation, 

exercise due to the lack of side effects has 

attracted a lot of attention and Is considered a 

strong anti-inflammatory agent (19). 

In confirmation of the present findings, previous 

studies have also shown the neuroprotective 

effects of exercise in animal specimens with 

Alzheimer's disease. In confirmation of the 

present findings, Souza et al. (2013) reported that 

eight weeks of exercise in Swiss Alzheimer's mice 

injected with beta-amyloid injection resulted in 

decreased regulation of TNF-α levels in the 

hippocampus and prefrontal cortex. Decreased 

TNF-α levels were associated with decreased 

levels of other inflammatory cytokines such as IL-

1β and at the same time increased levels of anti-

inflammatory cytokines such as IL-10 as well as 

improved antioxidant capacity, which improved 

cytokine profile levels. Cognitive function 

resulted in the trained group (20). In addition, the 

findings of the above study in line with the 

present study showed that the induction of 

Alzheimer's disease in comparison with the 

healthy group leads to stimulation of 

inflammatory pathways (such as increased levels 

of TNF-α and IL-1β), which confirms Slow 

inflammatory pathways play a major role in the 

pathogenesis of Alzheimer's disease, and 

therefore researchers have identified exercise as 

an effective non-pharmacological solution to 

reduce the symptoms associated with Alzheimer's 

disease (20).  
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Findings similar to the present study were while 

the type and duration of exercise in the study of 

Nicole et al. (2008) was less than the present 

study and especially less duration of exercise 

compared to the present study on the positive 

effect of exercise even in short Duration 

emphasizes Alzheimer's samples (21). 

Ding et al. (2006) in a study that examined the 

effect of 3 consecutive weeks of exercise (3 

minutes daily) on Sprague Dawley rats after 

stroke / re-oxygenation increased TNF-α 

expression and its receptor (TNF-RI) Showed in 

the group in which the stroke was induced. 

Nevertheless, exercise was associated with 

decreased TNF-α and TNF-RI expression in both 

the stroke group, but no significant change was 

observed for them in the healthy group (22). 

Because TNF-α binds to TNFR1 and TNFR2 

receptors and exerts its inflammatory effects by 

binding to its receptors (23), a decrease in TNF-α 

receptor levels plays a significant role in 

modulating activity. Inflammation has 

unfortunately not been studied in TNFRs in the 

present study. In another study on the positive 

effects of exercise training on brain tissue, Lane et 

al. (2020) reported that 12 weeks of swimming 

training in elderly rats stimulated the IGF1, PI3K, 

AKT, and AMPK pathways. SIRT1 and PGC1α 

suppress apoptosis and inflammation (including 

decreased TNF-α levels) in the hippocampus, 

thereby improving survival in elderly rats (24). In 

the present study, decreased TNF-α levels were 

associated with improved cognitive function and 

reduced depression, which is consistent with 

previous findings. In this regard, Sun et al. (2018) 

observed that tapeworm exercise in Alzheimer's 

rats could attenuate the destructive effects of 

beta-amyloid on brain tissue and improve 

cognitive function, which the researchers noted 

as positive adaptations.  

 

In the trained group, MAPK was applied through 

the messenger pathway, which was also 

associated with decreased levels of inflammatory 

cytokines (TNF-α) in brain tissue (25). All of these 

findings underscore the fact that exercise can 

reduce and delay cognitive impairment as well as 

structural changes in brain tissue with 

Alzheimer's due to its anti-inflammatory effects. 

Studies have shown that the reported anti-

inflammatory effects of exercise are exerted 

through a variety of mechanisms, including the 

reduction of visceral fat mass, the secretion of 

various types of anti-inflammatory cytokines 

from contractile muscle (myokines). And reduced 

expression of Tol-like receptors (TLRs) is applied 

to monocytes and macrophages (with subsequent 

inhibition in downstream pathways such as the 

production of proinflammatory cytokines and the 

expression of MHC and co-stimulatory 

molecules). . In addition, based on studies in 

animal specimens, the anti-inflammatory effects 

of exercise can be attributed to other mechanisms 

such as inhibiting the penetration of monocytes 

and macrophages into adipose tissue and 

changing the phenotype of macrophages within 

adipose tissue. (14). Despite the presented 

findings, it seems that the effect of exercise 

training on changes in TNF-α levels can vary 

depending on the condition of the samples. In 

confirmation of this claim, Afzalpour et al. (2015) 

compared the effect of 12 weeks of moderate 

intensity training (with an intensity of 27 m / 

min) and intense intermittent training (HIIT) (2-

6 3-minute intervals with a speed of 40 m). Per 

minute) in healthy rats showed that both types of 

exercise were associated with a significant 

increase in TNF-α and BDNF in brain tissue, which 

was significantly higher in the HIIT group 

compared to the continuous group (26) . 
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The present results showed that the positive 

effects of aerobic exercise in Alzheimer's rats are 

exerted by modulating the levels of 

inflammatory factors such as TNF-α in the brain 

(especially the hippocampus) and weakening 

the inflammatory pathways in Alzheimer's 

samples in addition to the role that ¬ Able to 

fight Alzheimer's and delay it, can reduce 

depression in Alzheimer's rats. These findings 

indicate the importance of exercise as an 

effective non-pharmacological intervention for 

the management and control of Alzheimer's 

disease, and the identification of precise 

mechanisms of this effect needs further 
investigation. 
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In confirmation of these findings, it has been 

reported that although chronic increases in TNF-

α levels are involved in the pathogenesis of 

Alzheimer's disease (11), elevations in TNF-α 

levels in acute pathological conditions result in 

regular exercise in brain tissue. It can have 

neuroprotective effects and an increase in TNF-α 

in such a situation is associated with an increase 

in brain resistance to ischemia in the brain tissue 

of healthy rats (27). Therefore, the effect of 

exercise on TNF-α levels, including in brain tissue, 

can vary depending on the condition of the 

subjects. However, due to the few findings on the 

pathways of exercise in the brain tissue of 

Alzheimer's specimens and the lack of similar 

studies on the effect of exercise on different types 

of inflammatory and anti-inflammatory cytokines, 

the exact mechanism of effect of exercise on Brain 

tissue in Alzheimer's needs further investigation 

and will need to be addressed in future studies to 

identify unknown aspects of this area. 
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