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Abstract

Background: Inflammation is a prominent risk factor for Alzheimer’s disease. Then, lifestyle interventions such
as exercise training, can target the inflammatory pathway. The purpose of this study was to investigate the effect of 4
weeks of aerobic training on the expression of IL-17 and IFN-y in the hippocampus of rats with Alzheimer’s disease
induced by amyloid-beta injection.

Methods: The 21 adult male Wistar rats were randomly divided into 3 groups of control (CG), Alzheimer’s, (AG)
and Alzheimer’s+aerobic training (AAG). Beta-amyloid oligomers were used to induce Alzheimer’s disease in the
hippocampus. A week after Alzheimer’s induction, rats of the AAG group performed exercise 5 days a week for 4
weeks. In the first and second weeks, the training session consisted of two 15 min sets with speed 10 m/m and a
5 min rest between sets. In the third and fourth weeks, the speed increased to 15 m/min and the number of sets to
three and four 15 min, respectively (with 5 min rest between sets). After 4 weeks, hippocampal isolation from all rats
and was used to evaluate cytokines gene expression.

Results: The results showed that IFN-y gene expression was significantly lower in AAG group than AG group
and significantly higher in the AAG and AG groups than CG group (p < 0.05). Also, IL-17 gene expression was
significantly lower in the AAG than AG group. While the IL-17 expression was significantly higher in the AG group

than the CG group, there was no significant difference between the AAG and CG groups (p < 0.05).

Conclusion: Aerobic training may help to alleviate the neuro-inflammation conditions that occur in Alzheimer’s
disease by reducing the expression of pro-inflammatory cytokines such as IL-17 and IFN-y.
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Introduction

Alzheimer’s disease is a progressive neurodegenerative disorder
characterized by irreversible cognitive and memory impairment and
various physical problems. This disease is one of major and increasing
global health challenges and with increased life expectancy, it is expected
to become increasingly prevalent [1,2].

The etiology of Alzheimer’s disease is so complex that it is not fully
understood. Various pathogenic factors can be involved in the pathology
of this disease. One of the major pathological features of Alzheimer’s is
the abnormal accumulation of amyloid plaques and tau tangles in outside
and inside neurons, respectively [3]. By interfering neuron-to-neuron
communication at synapses and blocking the transport of nutrients and
other essential molecules inside neurons, beta-amyloid plaques and tau
tangles block may contribute to cell death [3]. Some studies show that
the distribution of tau tangles and NFTs are more closely correlated with
the severity of AD correlates than the amyloid plaques [4-6]. Although,
the abnormal accumulation of amyloid plaques is diagnostic of AD,
some studies have shown that the Alzheimer population has a high
amyloid burden but no cognitive impairment [7]. Some strong evidence
has indicated that some factors than amyloid plaques, such as NFTs
and neuroinflammation are important in the loss of memory and other
cognitive functions typical of AD [7,8].

Immunopathological studies have shown that inflammatory
reactions can be involved in the neuronal degeneration of Alzheimer’s
patients [9]. Some studies have shown that activation of microglia
(brain-specific macrophages) is associated with increased levels of
chemokines and inflammatory cytokines [10]. Besides, the protective
effects of non-steroidal anti-inflammatory drugs against the risk of

Alzheimer’s disease support the involvement of neuroinflammation
hypothesis in Alzheimer’s disease [11]. Although inflammation is a
normal process designed to protect the body from injury, disease and
infection in the short term, inflammation that persists can be harmful.
Pro-inflammatory cytokines such as IFN-y and IL-17 are abundantly
expressed adjacent to amyloid-beta plaques and neurofibrillary tangles
[12]. IEN-y is mainly produced by T cells, natural killer cells and NT
cells. Also to a lesser degree, astrocytes, macrophages and microglia
can secrete this cytokine [13]. The potential and diverse functions of
this cytokine lead to various consequences for the central nervous
system [14]. In some studies, elevated levels of IFN-y were found in the
brains of Alzheimer’s patients compared to healthy controls [15]. Also,
a decrease in glial inflammation in response to Encephalomyelitis has
been observed in IFN-y deficient mice [16].

IL-17 is proinflammatory cytokine that produced by Th17 cells
and other immune cells including neutrophils and macrophages
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[17]. In Alzheimer’s disease, Th17 cells can infiltrate into the brain
parenchyma and thereby induce neuronal inflammation by secreting
IL-17 [18]. Also, a study of transgenic Alzheimer’s models found that
IL-17 is released by the neutrophils around beta-amyloid plaques [18].
This suggests that IL-17 is probably involved in the pathogenesis of
Alzheimer’s and cognitive impairment [17].

As vyet, there is no an effective treatment for AD. Although a
fuller understanding of the pathogenesis and progression of the
disease is required for the discovery of effective treatments for AD,
it has seen that because involvement inflammation in Alzheimer’s,
anti-inflammatory strategies can be effective. Exercise training with
its unique characteristics creates an anti-inflammatory environment
in the body [19]. Many studies suggest that regular exercise training
reduces pro-inflammatory cytokines and increases anti-inflammatory
cytokines [20]. Besides, exercise training can improve neuroprotection
and modify the structural and functional changes of neurons in some
diseases by improving cardiopulmonary fitness [21]. Animal studies
have shown that endurance training can accelerate angiogenesis,
neurogenesis, learning and memory in rats [22]. Also, there has been an
inverse relationship between brain atrophy and cardiopulmonary fitness
in Alzheimer’s patients [23]. Although exercise has anti-inflammatory
properties and is effective in improving Alzheimer’s disease, little study
has focused on this issue. Therefore, the purpose of the present study
was to investigate the effect of aerobic exercise training on IL-17 and
IFN-y as two proinflammatory cytokines, in Alzheimer’s rats.

Materials and Methods
Animals

In this experimental study, 21 male wistar rats (8 weeks old, 195 +
20 g weight) were used. For familiarization with the environment, all
rats were acclimatized under a 12 h/12 h light/dark cycle in 22 + 3°C
with 45 + 2 humidity for a week. There was no restriction on access to
food and water. The experiments were approved by the Animal Ethics
Committee of Azad University of Tehran (Approval No. IR TUZ.FUM.
REC.1398.02).

After acclimatization, all rats have exposed the treadmill to
familiarization with it (10 min, speed: 10 m/min in a day for 5 days).
In the next stage, the rats were divided randomly into 3 groups:
Alzheimer’s (AG), Alzheimer’s+aerobic training (AAG) and control
(CG) (without exercise and injection) (7 rats). A week after injection
AP in the hippocampus, rats of AAG groups had undergone aerobic
training for four weeks.

Exercise training protocol

The rats of AAG group trained on a treadmill with zero degrees
gradient five days a week for 4 weeks. In this protocol, the speed and
duration of training were gradually increased. During the training
sessions, these rats were monitored and encouraged by a weak electrical
shock (0.5 mA intensity). This tool did not cause stress in the animal
(Table 1).

Preparation of Ap1-42

In this study, intra-hippocampal injection of APB1-42 oligomers
was used for induced Alzheimer’s disease in rats. Injection of AP1-
42 oligomers into the hippocampus can induce neurodegenerative
changes and imitates both behavioural and pathological characteristics
of AD [24].

The preparation of AB1-42 oligomers has been shown in detail in

previous studies [23]. In first, AB1-42 peptide as a stock solution was
prepared at a concentration of 1 pg/uLin sterile saline solution. Then,
this solution was incubated at 37°C for 4 days to form AB1-42 oligomers.

In the next stage, the rats of AAG and AG groups were anesthetized
with the intraperitoneal injection of ketamine and xylazine (10 mg/
kg) and underwent stereotaxic surgery [25]. Then, rats were bilaterally
injected with AP1-42 oligomers into the CAl area of the dorsal
hippocampus by the Hamilton syringe. The injections were performed
once daily for 4 consecutive days [26]. Some studies have shown that the
in vivo rats model of AD based on 4 consecutive intra-dCA1 injections
of Apo,,,, could be a valuable tool to study the Ao, ,, impact in the
hippocampus [26].

(1-42)

Tissue biopsies

24 h after the last training session, all the rats were anesthetized by
sodium pentobarbital (40 mg/kg BW). Subsequently, the brain of rats
was removed from the skull bone and the hippocampal was separated
from the rest of the whole brain on ice and weighed and then frozen
with liquid nitrogen and stored at -80°C for future analysis.

RNA extraction, cDNA synthesis and real-time PCR

In first, right hippocampus tissue was homogenized in TRIzol
solution (1 ml) and then, the total RNA was extracted by the kit
according to the manufacturer’s instructions (Omega Bio-Tek,
USA). After determination of RNA concentration by the Nanodrop
spectrophotometer, cDNA was synthesized by using 1000 ng RNA and
a high-capacity cDNA reverse transcription kit (Applied Biosystems,
USA) according to the manufacturer’s instructions. In next stage, Real-
time PCR was performed by using the RealQ Plus 2x Master Mix Green
(AMPLIQON, Denmark) and add 1 pl cDNA, 10 ul Master Mix, 1 pl of
each of the forward and reverse primers and 7 ul RNase-free water. The
detailed operating procedure referred to a previous study [27].

Statistical analysis

Data were expressed as means * standard deviation. One-way
analysis of variance (ANOVA) followed by Bonferroni’s test was used
for group analysis (P < 0.05). SPSS software V.22 version was used for
statistical analysis.

Results

According to the results, the mean * standard deviation of IFN-y
gene expression in CG, AAG and AG groups were 0.261 + 0.017,
0.368 + 0.024 and 0.602 * 0.077, respectively. Also, mean + standard
deviation of IL-17 gene expression in CG, AAG and AG groups were
0.157 +0.029, 0.188 + 0.045 and 0.389 + 0.039, respectively.

The results of this study showed that IFN-y gene expression was
significantly lower in AAG group than AG group. Also, IFN-y gene
expression was significantly higher in the AAG and AG groups than
CG group (p < 0.05) (Figure 1).

The results showed that amyloid-beta injection significantly

Set *time Rest between sets Speed
Week . X ! Days
(min) (min) (m/min)
Week 1 2*15 5 10 5
Week 2 2*15 5 10 5
Week 3 3*15 5 15 5
Week 4 4*15 5 15 5

Table 1: Exercise training protocol.
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Figure 1: IFN-y gene expression in all groups. *CG: Control Group; AAG:
Alzheimer+Aerobic Training Group; AG: Alzheimer's.
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Figure 2: IL-17 gene expression in all groups. *CG: Control Group; AAG:
Alzheimer+Aerobic Training Group; AG: Alzheimer's.

increased IFNg mRNA expression in the hippocampus of rats. On
the other hand, 4 weeks of aerobic exercise decreased IFNg mRNA
expression in these rats. Also, IL-17 gene expression was significantly
lower in the AAG than AG group. While the IL-17 expression was
significantly higher in the AG group than the CG group, there was
no significant difference between the AAG and CG groups (p < 0.05).
This showed that amyloid-beta injection significantly increased LI-
17 mRNA expression in the hippocampus of rats. However, 4 weeks
of aerobic exercise decreased IL-17 expression in the hippocampus of
Alzheimer’s rats induced by amyloid-beta injection (Figure 2).

Discussion

Irregular inflammatory processes are one of the main causes of the
progression of certain age-related neurodegenerative diseases, such
as Alzheimer’s. Environmental factors and genetic characteristics can
trigger inflammatory reactions and lead to release proinflammatory
cytokines such as interferon-gamma and interleukin-17 [12]. If these
neuro-immune interactions chronically active and not well controlled
may lead to changes in neurotransmission, behavior and pathogenesis
associated with the disease [12]. In general, inflammation is one of the
important factors involved in Alzheimer’s pathology.

The present study showed that IL-17 expression was significantly
higher in the hippocampus of Alzheimer’s rats than the control group,

which is consistent with other studies [28]. IL-17 is a pro-inflammatory
cytokine produced by Th17 cells. The high expression of this cytokine in
the hippocampus of Alzheimer’s rats indicates high Th17 inflammatory
responses in the central nervous system.

T helper 17 (Th17) cells are highly proinflammatory that produce
some proinflammatory cytokines, including interleukin (IL)-17, IL-21
and IL-22 [29-31]. Although, role and mechanism of Th17 cells in AD
occurrence and development remains to be provided, some studies
showed that cytokines generated by Th17 cells (IL-17, IL-21 and IL-
22) and transcriptional factor involved in differentiation of Th17 cells
(RORYy) are significantly higher in AD patients [32]. These cytokines
generated by Th17 cells can bind to receptors on neurons and lead to
induces neuronal apoptosis or death [33]. This direct contact between
Th17 cells and neurons has been seen in Parkinson’s disease (PD) [34].
It is likely that the direct contact mechanism be due to interaction
of Fas and Fas ligand (FasL). Fas is a member of the superfamily of
tumor necrosis factor receptors that expressed on a wide variety of cell
types. However, FasL as membrane and soluble forms, is expressed
predominantly in activated T cells. The occupancy of Fas receptor by its
ligand induces cell apoptosis [35].

Elevated Th17 inflammatory response can both stimulate nerve
inflammation and cause neurodegeneration in Alzheimer’s disease
[35]. Kebir et al. reported that endothelial cells of the blood-brain
barrier increase the expression of IL-17 receptors in some autoimmune
inflammatory diseases, including MS [28]. By binding interleukin-17 to
these receptors, tight junctions of the blood-brain barrier are impaired,
which facilitates Th17 entry into the brain [28]. It can be hypothesized
that a similar mechanism also occurs in Alzheimer’s where increased
interleukin-17 in peripheral blood disrupts blood-brain barriers and
leading to greater migration of Th17 cells into the brain parenchyma
and production of interleukin-17 in the brain. These effects eventually
increase the inflammation and neurological degeneration in Alzheimer’s
disease [35].

In the present study, it was also found that interferon-gamma
expression was higher in the hippocampus of rats with Alzheimer’s
disease than the control group, which is consistent with other studies
[36]. Interferon-gamma is a cytokine that naturally produced by
natural killer cells, T cells and neurons. This cytokine has various
immune functions in the central nervous system, including activation
of macrophages/microglia and stimulation of macrophages to release
toxic oxygen radicals [37]. The expression of interferon-gamma
increases with aging and neurological degeneration. Also, interferon-
gamma increases vascular permeability to normal T-cells and natural
killer cells as well as expression of TNF-a and IL-1B by microglial [38].
This suggests that interferon-gamma is a key player in stimulating
inflammatory reactions in the central nervous system.

Some research has shown that there is a relationship between the
expression of interferon-gamma and its effect on neurodegenerative
processes with Alzheimer’s disease. Blasko et al. reported a link
between gamma interferon and amyloid plaque formation [39]. Meda
et al. also reported that interferon-gamma increased microglial TNF-a
production, which stimulated the formation of AB peptides in vitro
[40]. Overall, these studies show that interferon-gamma increases the
accumulation of AB peptide and reduces the clearance of pathogenic
peptides in Alzheimer’s rats [13].

The present study also found that exercise training significantly
decreased the expression of IL-17 and IFN-y. To our knowledge,
no research has examined the effect of exercise training on IL-17 in
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Alzheimer’s animal models in the literature. There are also very few
studies examining the effects of exercise training on IFN-y in these
models. Jensen et al. examined the impact of 16 weeks of moderate to
vigorous aerobic exercise (60 min per session and 3 sessions per week)
on interferon-gamma plasma and cerebrospinal fluid in patients with
Alzheimer’s disease. Results showed that after 16 weeks of training,
plasma levels of interferon-gamma were higher in the control group
than in the exercise group. There was also a significant correlation
between body mass index and cerebrospinal fluid interferon-gamma
levels. The results of this study indicate the effect of exercise on markers
of inflammation in Alzheimer’s patients [41]. Also, Tuon et al. showed
that strength training and treadmill training reduced gamma interferon
in Parkinson’s mice. This suggests that strength and endurance training
can have a neuroprotective role [42].

Some studies have shown that exercise training can potentially affect
inflammation by enhancing the tight junctions of blood-brain barriers,
reducing microglial activity, reducing macrophage infiltration into the
brain, decreasing the expression of inflammatory cytokine receptors
in blood-brain barriers, as well as increasing anti-inflammatory
cytokines. However, further research is needed in this subject said the
current study supports the anti-inflammatory role of exercise training
in Alzheimer’s disease [43]. However, the molecular mechanisms of the
effect of exercise on neuroinflammation have not been well understood.
Therefore, more research is needed to provide better interpretations.

Conclusion

As seen in the present study, exercise training may help to alleviate
the neuro-inflammation conditions that occur in Alzheimer’s disease
by reducing the expression of pro-inflammatory cytokines IL-17 and
IFN-y. In the absence of effective pharmaceutical treatment of AD, such
information is of even greater importance to the individual and society.
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