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Abstract

Aim: An excessive increase in the levels of tumor necrosis factor-alpha (TNF-a) and interleukin-
1 beta (IL-1B) and a decrease in the levels of Tumor necrosis factor betal (TGF-B1) are
associated with creating an inflammatory environment, resulting in increasing pain
hypersensitivity in Different models of nerve pain. This study aimed to investigate the effect of
four weeks of physical activity in an enriched environment on TNF-a, IL-1B, and TGF-B1 in the
dorsal horn of the spinal cord in the chronic course of Experimental autoimmune
encephalomyelitis (EAE). Methods: Thirty female C57BL6 mice were divided into three
groups: control, EAE, and enriched environment. After induction of EAE with MOG35-55, the
environmental enrichment group lived in an enriched environment for four weeks. On day 30
post-induction (chronic period of the disease), pain sensitivity was assessed by tail immersion
test in water, and then the animals were sacrificed and biopsied. TNF-a, IL-1f, and TGF-B1
protein levels were measured by immunohistochemistry. The data were analyzed by One-way
analysis of variance at a significance level of 0.05. Results: The present study's findings showed
that living in an enriched environment decreased the levels of TNF-o (p=0/00) and IL-1B
(p=0/00) in the dorsal horn of the spinal cord and increased the level of TGF-f1 (p=0/00) protein
compared to the EAE group. Also, physical activity in the enriched environment increased the
delay time in extracting the tail from hot water in the chronic period of the disease (P =
0.00). Conclusions: Active lifestyle can reduce pain sensitivity in the animal model of MS
disease (EAE) by reducing the levels of inflammatory factors TNF-o and IL-1f and increasing
the levels of anti-inflammatory factor TGF-B1 in the dorsal horn of the spinal cord.

Keywords: Inflammation, neuropathic pain, environmental Enrichment, MS

[=]

-

[=]

[=]

Scan this QR code to see the
accompanying video, or visit
jahssp.azaruniv.ac.ir

1. Department of Exercise
Physiology, Faculty of Physical
Education and Sport Sciences,
University of Tehran, Tehran,
Iran.

2. Department of Exercise
Physiology, Faculty of Physical
Education and Sport Sciences,
University of Tehran, Tehran,
Iran.

*(corresponding author)
(mrkordi@ut.ac.ir)
3. Department of Exercise

Physiology, Faculty of Physical
Education and Sport Sciences,
University of Tehran, Tehran,
Iran.

Cite as: Golrokh Mohammadi. Mohammad Reza Kordi. Siroos Choobineh. The effect of four weeks of physical activity in the enriched
environment on inflammatory and anti-inflammatory factors in the dorsal horn of the spinal cord of female C57BL6 mice with
experimental autoimmune encephalomyelitis.. Applied Health Studies in Sport Physiology. 2022; 9(2): 138-148.

Owner and Publisher: Azarbaijan Shahid Madani University
Journal ISSN (online): 2676-6507

Access Type: Open Access

DOI: 10.22049/JAHSSP.2022.27886.1481

DOR: 20.1001.1.26766507.1401.9.2.12.5

Copyright ©The authors

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2022.27886.1481
https://portal.issn.org/resource/ISSN/2676-6507
https://dx.doi.org/10.22049/jahssp.2022.27886.1481
https://dorl.net/dor/20.1001.1.26766507.1401.9.2.12.5
mailto:mrkordi@ut.ac.ir

JAH SSP http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/JAHSSP.2022.27886.1481
The effect of four weeks of physical activity in the enriched environment on inflammatory ... 1138

Extended abstract

Background

One of the most important symptoms of multiple sclerosis (MS) that directly affects daily life activities and the quality
of life of MS patients is neuropathic pain, which affects 55-60% of patients. neuropathic pain is caused by various reasons,
including demyelination and axonal damage in areas such as the dorsal horn of the spinal cord, among which increased
inflammation plays an important role in the development of pain. Disturbance of the balance between inflammatory and
anti-inflammatory factors, especially an increase in inflammatory cytokines and chemokines derived from microglia and
astrocytes such as IL-1p and TNF-a and a decrease in anti-inflammatory cytokines such as TGF-f in the dorsal horn of
the spinal cord through neuroinflammation, it leads to increased central sensitivity and chronic neuropathic pain in MS
and EAE. This study aimed to investigate the effect of four weeks of physical activity in an enriched environment on
TNF-a, IL-1B, and TGF-B1 in the dorsal horn of the spinal cord in the chronic course of Experimental autoimmune
encephalomyelitis (EAE).

Methodology

Thirty 8-week-old (18 + 2 g) female C57BL/6J mice (Pasteur Laboratories, Tehran, Iran) were used for all experiments.
Mice were housed 2 per cage in a standard 12-hour light cycle (lights on at 7 am, lights off at 7 pm) and given access to
food and water ad libitum. Experimental autoimmune encephalomyelitis was induced with 50ug myelin oligodendrocyte
glycoprotein (MOG35-55), 1 mg/ml complete Freund’s adjuvant, and 100 ng of pertussis toxin (PTX) for behavioral
work. A second equal injection of PTX was given 48 hours later. Mice were weighed and monitored daily up to 30 days
postimmunization (dpi) with a 5-point clinical score by an experimenter blind to the treatment groups: 0, no motor
symptoms; 1, paralyzed tail; 2, loss of coordinated movement; 3, both hind limbs paralyzed; 4, forelimbs paralyzed; 5,
moribund. mice were divided into control, EAE, and enriched environment. After induction of EAE with MOG35-55, the
environmental enrichment group lived in an enriched environment (in cages [Viewpoint; 58. 40. 32 cm (L. W. H)], which
allowed social interactions (10 mice in the cage) Jand physical enrichment (equipment of cages with wheel running for
exercise), and provides sensory and cognitive enrichment for four weeks .On day 30 post-induction (chronic period of the
disease), pain sensitivity was assessed by tail immersion test in water (Here the painful reactions in animals were produced
by a thermal stimulus that is by dipping the tip of the tail in hot water) and then the animals were sacrificed and biopsied.
TNF-a, IL-1B, and TGF-B1 protein levels were measured by immunohistochemistry.

Results:

Table 1. includes the changes in clinical signs of mice after EAE induction. After the induction of EAE, clinical symptoms
were seen in the mice from the 13th day after the induction, and the evaluation of the clinical symptoms continued until
the 30th day after the induction (chronic period of the disease).

Day of onset of symptoms The chronic course of the disease
control group 0 0
EAE group 0.5+0.52 1.33+05
enriched environment 0.2+0.42 0.52+0.5

Table 1. Changes in the clinical signs of mice from the day of onset of symptoms to the chronic period of the disease

Table 2. shows the changes in the weight of mice one week before induction and in three important time periods, namely
the day of induction, the day of onset of symptoms (day 13 after induction), and the chronic period of the disease (day 30
after induction).
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Weight one week | induction day Day of onset of | The chronic course
before induction symptoms of the disease

control group 17.94 £ 0.46 17.74 £ 60 19.70+£0.91 20.33£0.95
EAE group 17.58 £ 0.39 17.71+0.47 18.20 £ 0.59 17.81+0.65
enriched 17.61+0.43 17.74 £ 0.49 19.82 £ 0.93 22.19+0.91
environment

Table 2. Weight changes of mice in research groups in grams (mean + standard deviation)

The results show that there is a significant difference between the research groups in the TNF-o variable (P=0.0001,
F=70.22) and in the IL-1p variable (P=0.0001, F=72.79). Tukey's post hoc test results show that there is a significant
difference in both IL-1p and TNF-a protein levels between the control and EAE groups (P=0.0001), living in an enriched
environment and EAE (P=0.0001). Based on the findings of the present study, induction of EAE increases IL-1p levels,
and living in an enriched environment decreases IL-1p (p=0/00) and TNF-a levels (p=0/00) in the dorsal horn of the
spinal cord.

The results show that there is a significant difference between the research groups in the TGF-f1 variable (P=0.0001,
F=59.26). The results of Tukey's post hoc test show that there is a significant difference in TGF-B1 protein levels between
the control and EAE groups (P=0.0001), living in an enriched environment and EAE (P=0.0001). Based on the findings
of the present study, EAE induction decreases TGF-B1 levels, and living in an enriched environment increases TGF-B1
levels(p=0/00).

Also, physical activity in the enriched environment increased the delay time in extracting the tail from hot water in the
chronic period of the disease (P = 0.00).

conclusion

Changing the environment and lifestyle to a happy and enriched environment and active lifestyle can reduce pain
hypersensitivity and increase patients’ quality of life by reducing the expression of inflammatory factors such as TNF-a
and IL-1p and increasing the expression of anti-inflammatory factors TGF-B1 in the dorsal horn of the spinal cord. An
enriched environment, which is a form of voluntary activity, includes large cages that provide enrichment or social
interaction (placing a large group of mice in each cage), physical enrichment (equipment of cages with wheel running for
exercise), and provides sensory and cognitive enrichment (providing different tunnels and spaces for mice to
communicate) at the same time, which results in the central nervous system being more receptive to drug treatments than
forced training methods. Although the benefits of trained exercises are widely acknowledged, adverse effects may
occasionally be noted. In animals, forced exercises such as treadmills and swimming are usually able to mitigate chronic
pain and motor dysfunction. More importantly, EE has been tested effective in reducing inflammatory and neuropathic
pain.
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