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ABSTRACT :

The impact of exercise on immune system function is well-established, with both acute and chronic physical activity influencing immune regulation. Exercise
modulates various aspects of the immune response, including the activity of leukocytes, red blood cells, and cytokines. The relationship between exercise and
immune function is complex, with both positive and negative consequences depending on the intensity and duration of physical activity. Acute bouts of moderate
exercise can stimulate immune responses, improving the body’s ability to fight infections, while chronic exercise, when appropriately balanced, can offer long-
term protection. However, excessive exercise without adequate recovery may weaken immune defenses, highlighting the need for moderation in physical activity
to optimize immune health.

Keywords : physical activity, cytokines, immune response, chronic exercise.

Introduction:

Exercise plays a crucial role in supporting the immune system, promoting overall health, and helping the body defend against illness. Regular physical
activity can enhance the functioning of immune cells, reduce inflammation, and help the body respond more effectively to pathogens. Here's an overview
of how exercise affects the immune system:

1. Boosts Immune Function: Moderate exercise has been shown to enhance the circulation of immune cells, like T-cells, B-cells, and natural killer
cells, which are essential for detecting and eliminating harmful pathogens.

2. Reduces Inflammation: Regular physical activity helps to regulate inflammation, which, when excessive, can impair immune function and lead
to chronic diseases.

3. Improves Immune Response: Exercise can help the immune system respond more efficiently to infections, especially when the activity is of
moderate intensity. This could lead to quicker recovery times after illness.

4. Enhances Sleep: Regular exercise promotes better sleep, and sleep is essential for a well-functioning immune system. A good night's rest helps
the body produce immune-boosting cytokines.

5. Chronic Exercise Effects: While moderate exercise is beneficial, excessive or intense exercise without proper rest can suppress immune function,
making the body more susceptible to infections.

6.  Immune Cell Circulation: Exercise helps move white blood cells (immune cells) throughout the body, allowing them to patrol for and identify
potential threats like bacteria and viruses more effectively.

7. Increased NK Cell Activity:

Natural killer (NK) cells are important immune cells that help defend against infections and cancer. Exercise can increase the activity of NK cells, which
can help the body fight off infections and tumors.

8.  Improved Response to Vaccines:
Exercise may improve the body's response to vaccines, making them more effective at preventing infections.
9.  Reduced Risk of Chronic Diseases:
Regular exercise can reduce the risk of chronic diseases like diabetes and heart disease, which can weaken the immune system.

10. Stress Reduction:
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Exercise can help lower stress hormones, which can negatively impact the immune system. Managing stress through exercise can contribute to a healthier
immune response.

What is the immune system?
Immune system is one the system of human body it always protects the human body from foreign invaders.It is a complex network of cells, tissues,
organs, and the substances they make that helps the body fight infections and other diseases. The immune system includes white blood cells (lymphocytes,

,monocytes ,neutrophils,eosinophils,basophils) mast cells,dendritic cells,natural killer cells) and organs and tissues of the lymph system, such as the
thymus, spleen, tonsils, lymph nodes, lymph vessels, and bone marrow.
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Effect of Physical exercise on Immune system components :
CYTOKINES :

Cytokines are categorized into two main groups based on their functions: anti-inflammatory and pro-inflammatory. Anti-inflammatory cytokines, such
as IL-10 and transforming growth factor-beta (TGF-p), play a key role in suppressing the production of pro-inflammatory cytokines . On the other hand,
pro-inflammatory cytokines, including IL-1, IL-2, IL-12, IL-18, interferon-gamma (IFN-y), and tumor necrosis factor-alpha (TNF-a), are responsible for
promoting inflammation . Cytokine production can be influenced by factors such as hormonal changes, oxidative stress, and physical exercise. Muscle
contraction, in particular, stimulates the release of both anti-inflammatory and pro-inflammatory cytokines, with the levels of release varying depending
on factors like the volume of muscle mass engaged, the duration, and the intensity of the exercise .

NEUTROPHILS :

Exercise can positively impact neutrophil function, potentially improving their ability to fight infections and heal injuries, particularly in older adults and
those with certain conditions.

During physical exercise, muscle fiber activation leads to an increase in calcium (Ca?") release, which triggers the synthesis of pro-inflammatory
cytokines, such as TNF-a and IL-1p. These cytokines play a crucial role in regulating selectins, which are responsible for attracting neutrophils to the site
of activity. This process is vital for initiating the immune response and promoting tissue repair .

The neutrophilia observed during physical exercise occurs primarily due to the release of neutrophils from the bone marrow, a process influenced by the
secretion of cortisol. Cortisol, which rises during physical exertion, acts as a signaling molecule that enhances neutrophil mobilization . The influx of
neutrophils to the bloodstream helps bolster the body's immune defenses in response to the stress imposed by exercise.

aerobic physical activity, particularly around 24 hours post-exercise, a significant reduction in neutrophil chemotaxis is observed. Despite this decline in

chemotactic response, neutrophils maintain their bactericidal activity, ensuring that their ability to fight infections is not fully compromised. This
temporary decrease in chemotaxis is likely a mechanism that helps the body recover from the inflammatory response triggered by the exercise.
Interestingly, within 48 hours after physical activity, neutrophil chemotaxis typically returns to baseline levels, signaling the resolution of this transient
immune suppression. However, during this window of reduced chemotaxis, there is an increased risk for opportunistic infections as microbial pathogens
may take advantage of the immune system’s temporarily weakened response .

In light of these processes, it is important to recognize that while regular physical activity generally enhances immune function, there exists a delicate
balance between the positive effects of exercise and the potential for increased susceptibility to infections in the hours following intense physical exertion.
Understanding this balance is key for athletes and individuals engaging in regular physical activity to optimize performance while minimizing the risk of
infection.

LEUKOCYTES :

Physical activity is also responsible for increasing the concentration of circulating leukocytes This is due to shearing of immune cells in blood vessels,
especially secondary lymphoid tissues such as liver, spleen and lung . The leukocyte concentration remains high with a peak of 30-120 min after constant
physical activity, which may persist for up to 24 h after .

ANTIGEN —PRESENTING CELLS (APCs) :

T lymphocytes recognize antigens only when presenting cells (dendritic cells, macrophages and B lymphocytes) expose those antigens on their surface
in association with molecules of the major histocompatibility complex (MHC). Prolonged and extenuating aerobic exercises decrease the expression of
Toll-like receptors (TLRs) in macrophages and compromise the presentation of antigens to T lymphocytes, especially for the Th1 inflammatory response.
This anti-inflammatory effect avoids the usual tissue damage caused by inflammatory mediators and reduces the risk of chronic inflammatory diseases,
but increases the susceptibility to infections by intracellular microorganisms.

NK CELLS (NATURAL KILLER CELLS):

Exercise can enhance the function and activity of natural killer (NK) cells, a type of immune cell, through various mechanisms, including increased
mobilization and activity, and potentially improved immune system efficiency. During physical activity, blood flow increases in order to supply the
metabolic demands of the human body. The recruitment of NK cells occurs through cellular stress promoted by exercise and a consequent decrease in
adhesion molecules induced by catecholamines . However, physical activity lasting more than three hours causes the concentration of NK cells to return
to the pre-exercise state or even lower than this. This is because the NK cells migrate to the muscle injury site .

LYMPHOCYTES ( T- CELLS & B — CELLS):

Exercise affects T and B lymphocytes in a complex manner. Acute exercise causes a temporary rise in lymphocyte circulation, followed by a phase of
decreased lymphocyte counts. In contrast, regular long-term exercise can enhance immune function and may help counteract age-related declines in
immune health.Moderate physical exercise, the number of lymphocytes in the bloodstream rises, but after intense physical activity, this number drops
below baseline levels. The ratio of CD4+:CD8+ T cells decreases as CD8+ T cells increase. Meanwhile, CD4+ T cells decline due to an increase in NK
(Natural Killer) cells. Following exercise, lymphocyte levels decrease further as a result of apoptosis. The temporary rise in lymphocyte concentrations
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helps enhance the Th1-mediated immune response, which is crucial for defending against infections caused by intracellular pathogenRegular exercise
offers numerous benefits, including improved physical and mental health, reduced risk of chronic diseases, and enhanced overall well-being.

Exercise helps decrease your chances of developing heart disease. It also keeps your bones healthy and strong.

We do not know exactly if or how exercise increases your immunity to certain illnesses. There are several theories. However, none of these theories have
been proven. Some of these theories are:

e  Physical activity may help flush bacteria out of the lungs and airways. This may reduce your chance of getting a cold, flu, or other illness.

e  Exercise causes changes in antibodies and white blood cells (WBCs). WBCs are the body's immune system cells that fight disease. These
antibodies or WBCs circulate more rapidly, so they could detect illnesses earlier than they might have before. However, no one knows whether
these changes help prevent infections.

e The brief rise in body temperature during and right after exercise may prevent bacteria from growing. This temperature rise may help the body
fight infection better. (This is similar to what happens when you have a fever.)

e  Exercise slows down the release of stress hormones. Some stress increases the chance of illness. Lower stress hormones may protect against
illness.

Exercise is good for you, but, you should not overdo it. People who already exercise should not exercise more just to increase their immunity. Heavy,
long-term exercise (such as marathon running and intense gym training) could actually cause harm.

Studies have shown that people who follow a moderately active lifestyle, benefit most from starting (and sticking to) an exercise program. A moderate
program can consist of:

e  Bicycling with your children a few times a week
e  Taking daily 20 to 30 minute walks

e  Going to the gym every other day

®  Playing golf regularly

Exercise makes you feel healthier and more energetic. It can help you feel better about yourself. So go ahead, take that aerobics class or go for that walk.
You will feel better and healthier for it.

There is no strong evidence to prove that taking immune supplements along with exercising lowers the chance of illness or infections.

To strengthen your immune system through exercise, engage in moderate-intensity activities such as brisk walking, jogging, cycling, swimming, or
dancing for at least 150 minutes each week.

Exercising for

2 hours and

30 minutes a
week is beneficial
to your health.
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Aerobic Exercise : Yoga:
Aim for 20 to 30 minutes of aerobic activity Stress can worsen conditions such
every day. This is especially helpful if you as irntable bowel syndrome (IBS) and
experience constipation. Aerobic exercise indigestion. Regular exercise can help
includes activities such as walking briskly, bike reduce stress levels

riding, playing tennis, swimming, jogging

, §2

Sit-ups :

Pelvic Floor Exercises :

help prevent a bloated belly associated
with gas. Aim for at least one set of 8
to 12 sit-ups

If you experience bowel control problems,
also known as fecal incontinence, pelvic
floor exercises can help. Aim for 50 to 100
reps per day

Conclusion :

Regular exercise is one of the pillars of healthy living .1 improves cardiovascular healh lowers blood pressure , helps control body weight and protects
against a variety of diseases. Regular, moderate exercise typically boosts immune function by promoting anti-inflammatory and antioxidant responses,
whereas prolonged or intense exercise may occasionally result in temporary immune suppression. Exercise boosts the circulation of antibodies and WBCs,
which are crucial for detecting and fighting infections. This enhanced circulation may help the body identify illnesses more quickly, though it's not yet
clear if these changes actually prevent infections.
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During and immediately after exercise, the body temperature rises slightly. This temporary increase could inhibit bacterial growth, similar to the fever
response when fighting infections. It might enhance the body’s ability to fight off illness.

Exercise helps reduce the release of stress hormones. Since chronic stress can weaken the immune system and increase susceptibility to illness, reducing
stress hormones through physical activity could have a protective effect against disease.

Regular exercise in older adults has been shown to improve immune responses, possibly offsetting the immune decline that typically occurs with aging

Regular moderate exercise may reduce the risk of developing illnesses such as heart disease, type 2 diabetes, and certain cancers, all of which are related
to immune system dysfunction.

The key takeaway is that a balanced approach to exercise is essential. Moderate exercise provides numerous benefits to the immune system, whereas
overtraining or extreme intensity can suppress immune function. It’s important to find a routine that includes both exercise and proper recovery.
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