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Objective:  Aging is associated with chronic intestinal inflammation, which
elevates the risk of diseases like colorectal cancer. Intestinal lymphocytes, which
produce pro-inflammatory cytokines such as IL-1f, TNF-a, and IL-8, play a key role
in this process. Despite the anti-inflammatory potential of aerobic exercise, the
effects of different exercise intensities on gut immunity in aging are not well
understood. This study investigated the effects of high-intensity (85-100%
VO2max) and moderate-intensity (70-75% VO2max) aerobic exercise on the
expression of pro-inflammatory genes IL-1B, TNF-a, and IL-8 in the intestinal
lymphocytes of aged rats.

Methods & Materials: This was a randomized, controlled experimental study.
Thirty-two male Wistar rats (18 months old) were divided into four groups: healthy
control, untrained control (with DSS-induced intestinal inflammation), high-
intensity exercise, and moderate-intensity exercise. Intestinal inflammation was
induced using a 2-3% dextran sulfate sodium (DSS) solution. The exercise protocol
was an 8-week program (5 sessions/week) of treadmill running. Gene expression
was measured using Real-Time PCR, and protein levels were quantified via ELISA.
Data were analyzed using ANOVA and independent t-tests, with a significance level
of p<0.05.

Findings: Gene expression of IL-1p and TNF-a increased by 2.6 times and IL-8 by
2.9 times in the untrained control group (p<0.001). High-intensity exercise reduced
the expression of IL-1p and TNF-a by 50% and IL-8 by 40%, whereas moderate
intensity showed reductions of 35% and 30%, respectively (p<0.001). High intensity
was more effective in reducing IL-1p and TNF-a (p=0.01).

Conclusion: Aerobic exercise, especially at high intensity, reduces intestinal
inflammation in aged mice. It can serve as a non-pharmacological strategy for
preventing age-related diseases.
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1. Introduction

ging is a global challenge often accompanied by

chronic inflammation, a condition known as
"inflammaging," which affects over 60% of people aged 65
and older. This chronic state of inflammation contributes to
various diseases, including diabetes, heart disease, and
colorectal cancer (1, 2). The gut, with its lymphocytes
producing key pro-inflammatory cytokines like IL-1p, TNF-
a, and IL-8, is central to regulating systemic inflammation,
and gut-related disorders are common in the elderly (3).
While aerobic exercise is a promising non-drug intervention
for reducing inflammation, its intensity-dependent effects on
gut immunity in aging have not been well-explored (4). This
highlights the need for focused research to lessen the burden
of age-related diseases.

At the molecular level, IL-1B, TNF-a, and IL-8 act as
primary mediators of gut inflammation. They sustain
chronic inflammatory states in aged tissues by activating
pathways such as Nuclear Factor Kappa B (NF-xB). These
cytokines are overexpressed in the intestinal lymphocytes of
older individuals, contributing to immune dysregulation and
an increased susceptibility to age-related illnesses (2).
Recent studies have shown that dysregulation of these
cytokines is not just a result of aging but a driver of tissue
damage and dysfunction, especially in the gastrointestinal
tract (5). Understanding how external interventions like
exercise can modulate these molecular pathways is crucial
for developing effective strategies against inflammaging.
Previous research has been inconsistent, with varying
exercise protocols and a lack of focus on intestinal
lymphocytes in aged models, which makes it hard to
understand how different intensities of aerobic exercise
affect the expression of these pro-inflammatory genes. These
challenges show the need for more specific studies to clarify
the link between exercise intensity and gut inflammation in
older people.

Over the last decade, studies have focused on the anti-
inflammatory effects of exercise, but its role in gut-related
immune responses, especially in the elderly, remains poorly
understood. Khakro Abkenar et al. (2020) and Rashe and
Ahmadi (2021) showed the benefits of intense aerobic
exercise and probiotics in reducing inflammation through
NLRP3 pathways and modulating gut genes in young men
and animal models (6, 7). Similarly, Lesniewski et al. (2011)
reported reduced arterial inflammation in aged mice, but
they did not focus on gut responses (8). Roberts et al. (2023)
discussed reduced systemic cytokines in the elderly but did
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not specifically address the gut immune system (4). These
differences in exercise intensity, study population (young,
old, human, or animal), and target tissue mean that none of
these studies directly answer the question of how exercise
intensity affects intestinal lymphocytes in aging. Shabiri et
al. (2022) found only a small reduction in TNF-o in a meta-
analysis of MS patients, which contrasts with the stronger
results from Hadiono and Kushartanti (2019) in young mice,
although that study also had limitations in exercise intensity
and did not use aged models (9, 10). Florescu et al. (2023)
looked at gut inflammation in colorectal cancer but did not
include an exercise component (2). This body of findings,
combined with methodological differences in study design,
exercise intensity, and population, shows there is a major
gap in our understanding of how exercise intensity affects
gut inflammation in older people. Future studies must
systematically and specifically address these gaps.

This study offers a new perspective in exercise
physiology by focusing on the specific immune responses of
the gut in aged mice, a less-explored area. While past
research has mainly concentrated on systemic inflammation
or non-gut tissues, the unique immunological environment
of the aging gut—where chronic inflammation significantly
contributes to age-related diseases—has been understudied.
By comparing high- and moderate-intensity aerobic
exercise, our research investigates how exercise intensity
impacts the expression of pro-inflammatory genes in
intestinal lymphocytes, providing a new way to understand
inflammation modulation. This focus is particularly
important given the rising prevalence of gut-related
inflammatory disorders in the aging population, such as
colorectal cancer and inflammatory bowel disease. This
study, therefore, fills a critical knowledge gap and provides
a foundation for tailoring physical activity to combat gut
inflammation in the elderly.

The findings of this study have significant practical and
clinical implications, especially for developing exercise
prescriptions to reduce gut inflammation in older adults. If
high- or moderate-intensity aerobic exercise proves effective
in reducing pro-inflammatory markers like 1L-1B, TNF-a,
and IL-8 in aged mice, these findings could guide the
creation of targeted interventions. These interventions could
help lower the risk of age-related diseases, including
colorectal cancer and metabolic disorders caused by chronic
inflammation. Beyond clinical benefits, this research also
has policy relevance: tailored exercise programs for seniors
could improve quality of life, delay the onset of disease, and
reduce healthcare costs associated with an aging population.
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By linking exercise physiology and public health, this study
offers a proactive, non-drug strategy for promoting healthy
aging that is relevant to both clinicians and policymakers.
The goal of this study is to examine the effects of high-
and moderate-intensity aerobic exercise on the expression of
pro-inflammatory genes IL-13, TNF-o, and IL-8 in the
intestinal lymphocytes of aged mice. Based on existing
literature that highlights the anti-inflammatory potential of
exercise, we hypothesize that high-intensity aerobic exercise
will lead to a greater reduction in these markers compared to
moderate-intensity exercise. This hypothesis is supported by
evidence suggesting that higher exercise intensity creates
stronger anti-inflammatory responses in various contexts,
although its specific application to the aging gut remains
unknown. Through this investigation, the study aims to
identify the optimal exercise intensity for reducing gut
inflammation and set the stage for future human studies.

2. Methods and Materials
2.1  Study Design

This experimental, lab-based study was designed as a
randomized controlled trial to investigate how high- and
moderate-intensity aerobic exercise affects the expression of
the pro-inflammatory genes IL-1B, TNF-a, and IL-8 in the
intestinal lymphocytes of aged rats. The goal was to assess
the anti-inflammatory power of these exercises. All ethical
considerations of the present study were approved by the
Research Ethics Committee of Islamic Azad University with
the 1D number (IR.IAU.NAJAFABAD.REC.1404.119).

Animals and Housing

Thirty-two aged male Wistar rats (18 months old, 500 +
50 g) were obtained from the Royan Institute's animal
breeding center in Tehran, Iran. The rats were housed in
clear polycarbonate cages (four rats per cage) in a controlled
environment: a temperature of 22 + 2°C, 50 + 5% relative
humidity, a 12-hour light/dark cycle, and a standard lab diet
(20% protein, 5% fat, 60% carbohydrates). All procedures
followed the NIH's Guide for the Care and Use of Laboratory
Animals and the ARRIVE guidelines, and were approved by
the Ethics Committee of Islamic Azad University, Najafabad
Branch.

Induction of Intestinal Inflammation

To induce intestinal inflammation, 24 of the rats
(excluding the healthy control group) were given a 2-3%
dextran sulfate sodium (DSS) solution in their drinking
water for seven days. The rats were anesthetized with an
intraperitoneal injection of ketamine (50 mg/kg) and
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xylazine (10 mg/kg). Clinical signs of inflammation, such as
weight loss, reduced food intake, and changes in stool
texture (like diarrhea or bloody stools), were monitored
daily. After seven days, the rats were switched back to a
normal diet and water.

Study Groups and Sample Size

The rats were then randomly assigned to four groups
(eight rats per group):

1. Healthy Control  Group: No
inflammation, no exercise.

2. Untrained Control Group: Intestinal inflammation,
Nno exercise.

3. High-Intensity Aerobic Exercise Group: Intestinal
inflammation + 85-100% VO2max exercise.

4. Moderate-Intensity Aerobic Exercise Group:
Intestinal inflammation + 70-75% VO2max
exercise.

The sample size was calculated using G*Power software,
taking into account effect size, a significance level of a =
0.05, and a test power of 80%.

Exercise Protocol

Rats in the exercise groups were familiarized with a
rodent-specific treadmill for two weeks (10-15 minutes/day,
at a speed of 10-15 meters/minute). The main exercise
protocol lasted eight weeks, with five sessions per week, and
consisted of three parts:

e  Warm-up: 7 minutes at 15-20 meters/minute (50—
60% VO2max, covering 90-120 meters).

e  Main Exercise:

o High-Intensity Group: 15-25 minutes at
30-38 meters/minute (85-100%
VO2max).

o Moderate-Intensity Group: 30 minutes at
23-25 meters/minute (70-75% VO2max).

e  Cool-down: 7 minutes at 15-20 meters/minute (50—
60% VO2max).

The total distance covered was kept the same for both
exercise groups (Hoshino et al., 2015; Hagydal et al., 2007).
The control groups were placed on a non-moving treadmill
to ensure similar environmental conditions.

Tissue Sampling and Gene Expression Analysis

Forty-eight hours after the final exercise session, the rats
were anesthetized with an intraperitoneal injection of
ketamine (50 mg/kg) and xylazine (10 mg/kg). The small
intestine (ileum) and large intestine (colon) tissues were
collected, flash-frozen in liquid nitrogen, and stored at -
80°C. Total RNA was extracted using a Qiagen RNeasy
Mini Kit and TRIzol reagent. RNA quality was verified with
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a NanoDrop device, ensuring the 260/280 absorption ratio
was >1.8. One microgram of RNA was converted to cDNA
using the RevertAid First Strand cDNA Synthesis Kit. The
expression of IL-1B, TNF-a, and IL-8 genes was measured
using a Real-Time PCR machine (ABI Prism 7500) and
specific primers. The cycling conditions included an initial
denaturation (95°C, 2 minutes), followed by 40 cycles
(95°C, 10 seconds; 60°C, 30 seconds), and a melt curve
analysis (55-95°C). The data were analyzed using the
2—AACT method with GAPDH as the reference gene.

Protein Measurement and Statistical Analysis

Protein levels of IL-1B, TNF-a, and IL-8 in the intestinal
tissue lysates were measured using ELISA kits according to
the manufacturer's instructions. All experiments were
performed in triplicate, and equipment was calibrated before
use. Data were analyzed using SPSS (version 26). The
Shapiro-Wilk test was used to check for data normality, and
Levene's test was used for homogeneity of variances. To test
the study's hypotheses about the effects of different aerobic
exercise intensities on pro-inflammatory gene expression, a
two-way ANOVA was used for comparisons between
groups, with a Tukey post-hoc test for pairwise comparisons.
An independent t-test was used to directly compare the high-
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and moderate-intensity groups. The significance level was
set at p<0.05. All procedures were carried out under strict
ethical supervision, with approval from the university's
ethics committee, and continuous health monitoring of the
rats.

3.  Results

This section looks at the effects of high- and moderate-
intensity aerobic exercise on the expression of the pro-
inflammatory genes IL-1pB, TNF-a, and IL-8 in the intestinal
lymphocytes of aged rats with DSS-induced intestinal
inflammation. First, we confirmed that the inflammation was
successfully induced and that the data were normal. Then,
we present the gene expression results for each gene
separately, followed by a comparison of the effects of the
two exercise intensities. To confirm that the inflammation
was successfully induced, we monitored clinical signs like
weight loss, decreased food intake, and changes in stool
(diarrhea or blood). The findings showed that DSS
successfully caused inflammation in all groups that received
it, as shown in Table 1.

Table 1. Clinical Signs Confirming the Induction of Intestinal Inflammation

Group Intestinal Inflammation Score (Mean + SD) Percentage of Weight Loss (Mean + SD)
Healthy Control 0+0 0+0

Untrained Control 35+05 15+2

High-Intensity Exercise 32+04 14+15

Moderate-Intensity Exercise 3.3+04 145+1.8

The intensity of intestinal inflammation was measured on
a scale from 0 (no inflammation) to 4 (severe inflammation).
The findings showed that the groups receiving DSS
(untrained control, high-intensity exercise, and moderate-
intensity exercise) had greater weight loss and higher

Table 2. IL-1pB gene expression in groups

inflammation scores compared to the healthy control group
(p<0.05, one-way ANOVA test). These results confirm that
the induction of intestinal inflammation was uniform and
successful in the intended groups.

Group Mean Gene Expression (Relative Units) + SD p-value (vs. Untrained Control)
Healthy Control 1.0+0.2 <0.001

Untrained Control 26+04 -

High-Intensity Exercise 13+0.2 <0.001

Moderate-Intensity Exercise 1.7+0.3 <0.001

The IL-1P gene is a key pro-inflammatory cytokine in
intestinal inflammation. Our findings showed that aerobic
exercise has a major effect on lowering its expression. The
results, as shown in Table 3, confirm this. Gene expression
of IL-1p was significantly higher in the untrained control

group, showing a 2.6-fold increase compared to the healthy
control group (p<0.001). Both exercise groups saw a major
reduction in this expression. The high-intensity exercise
group had a 50% decrease, while the moderate-intensity
group had a 35% decrease (p<0.001, one-way ANOV A with
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Tukey's post-hoc test). This reduction proves the anti-
inflammatory effect of aerobic exercise, especially at high
intensity(Figure 1).

IL-1B Expression

Fold Change
=
(o]
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Figure 1. The status of groups relative to each other for IL-1B

Table 3. TNF-a Gene Expression in Groups

Group Mean Gene Expression (Relative Units) + SD p-value (vs. Untrained Control)

Healthy Control 1.0+£0.2 <0.001

Untrained Control 26+04 -

High-Intensity Exercise 1.3+0.2 < 0.001

Moderate- Intensity Exercise 1.7+0.3 < 0.001

TNF-a is another key inflammatory marker that increases intensity exercise reduced this gene's expression by 50%,

during intestinal inflammation. Our findings show that and moderate-intensity exercise reduced it by 35% (p<0.001,
aerobic exercise can regulate the expression of this gene. one-way ANOVA with Tukey's post-hoc test). These results
These results are shown in Table 4. The TNF-a gene demonstrate that high-intensity exercise is more effective at
expression in the untrained control group was 2.6 times reducing inflammation (Figure 2).

higher than in the healthy control group (p<0.001). High-
TNF-a Expression
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Figure 2. The status of groups relative to each other for TNF-a
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Table 4. IL-8 Gene Expression in Groups
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Group Mean Gene Expression (Relative Units) + SD p-value (vs. Untrained Control)
Healthy Control 1.0+0.2 <0.001

Untrained Control 29+05 -

High-Intensity Exercise 1.8+0.3 <0.001

Moderate-Intensity Exercise 20+04 <0.001

The IL-8 gene plays a key role in intestinal inflammatory
processes and increases in response to DSS. Our findings
show that aerobic exercise affects the expression of this
gene. These results are shown in Table 5.The IL-8 gene
expression in the untrained control group was 2.9 times
higher than in the healthy control group (p<0.001). High-

intensity exercise reduced this gene's expression by 40%,
while moderate-intensity exercise reduced it by 30%
(p<0.001, one-way ANOVA with Tukey's post-hoc test).
The smaller reduction in IL-8 compared to IL-1 and TNF-
o may be related to the different role this gene plays in
intestinal inflammation (Figure 3).

IL-8 Expression
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Figure 3. The status of groups relative to each other for IL-8
Table 5. Direct Comparison of Exercise Groups with Independent t-test
Gene High-Intensity Exercise Group (Mean + Moderate-Intensity Exercise Group (Mean = t- df  p- 95% Confidence
SD) SD) value value Interval
IL-1p 1.3+02 1703 2.76 18 0.01 0.1-07
TNF- 1.3+0.2 1.7+0.3 2.76 18 0.01 0.1-0.7
o
IL-8 1.8+0.3 20+04 1.37 18 0.18 -0.1-05

For a direct comparison of the effects of high- and
moderate-intensity exercise, an independent t-test was
performed. The findings showed differences between the
two exercise groups in gene expression. These results are
presented in Table 6. Gene expression for IL-1p and TNF-a
was significantly lower in the high-intensity exercise group
compared to the moderate-intensity group (p=0.01,
independent t-test). For the IL-8 gene, the difference
between the two exercise groups was not statistically
significant (p=0.18). These results show that high-intensity

exercise has a stronger effect on reducing the two
inflammatory markers IL-1p and TNF-a (Figure 4).

In conclusion, both high- and moderate-intensity aerobic
exercise reduced the expression of the pro-inflammatory
genes IL-1B, TNF-a, and IL-8 in the intestinal lymphocytes
of aged mice, but high-intensity exercise had a stronger
effect. Figure 1 shows a bar chart comparing gene expression
across all groups, and Figure 2 provides a box plot
comparing the exercise groups.

LML o


https://jpsad.com
https://jpsad.com

Kalantari et al.

bkl b

International Journal of Sport Studies for Health, 2025, VOL. 9, NO. 1, 1-10

Comparison of Cytokine Expression

Fold Change
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Figure 4. The status of groups relative to each other for all genes

4. Discussion and Conclusion

The aim of this study was to examine the impact of high-
and moderate-intensity aerobic exercise on the expression of
pro-inflammatory genes IL-13, TNF-o, and IL-8 in the
intestinal lymphocytes of aged rats with DSS-induced
intestinal inflammation. Our hypothesis was that aerobic
exercise, especially at high intensity (85-100% VO2max),
would cause a greater reduction in the expression of these
pro-inflammatory genes compared to moderate intensity
(70-75% VO2max). This topic is highly important clinically
and socially, as chronic intestinal inflammation in the elderly
is linked to diseases such as colorectal cancer, inflammatory
bowel disease, and metabolic disorders, which place a
significant burden on healthcare systems (Florescu et al.,
2023). Reducing inflammation through non-drug
interventions like exercise can help improve quality of life,
lower healthcare costs, and prevent age-related diseases,
especially in the elderly population where over 60% are
affected by chronic inflammation (Duggal et al., 2019).

The findings of this study fully confirmed our main
hypothesis. Both types of aerobic exercise (high and
moderate intensity) reduced the expression of the pro-
inflammatory genes IL-1B, TNF-a, and IL-8 in the intestinal
lymphocytes of aged rats, but high intensity showed stronger
effects. In the untrained control group (with DSS), the
expression of IL-1p and TNF-a genes increased by 2.6 times
and IL-8 by 2.9 times compared to the healthy control group
(p<0.001). High-intensity exercise reduced the expression of
IL-1B and TNF-a by 50% and IL-8 by 40%, while moderate
intensity showed reductions of 35% and 30%, respectively
(p<0.001, one-way ANOVA with Tukey's post-hoc test).
These results demonstrate the significant impact of aerobic
exercise on reducing intestinal inflammation, with high
intensity showing a clear advantage. A direct comparison
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between the exercise groups using an independent t-test
showed that high intensity was significantly more effective
in reducing IL-1p3 and TNF-a (p=0.01, 95% CI: 0.1-0.7),
while no significant difference was observed for IL-8
(p=0.18, 95% CI: -0.1-0.5). This difference in IL-8 response
may be related to its specific role in acute inflammation.

These findings are consistent with and, in some cases,
different from previous studies. Woods et al. (2012) reported
that aerobic exercise reduces systemic inflammation in
aging, but their focus was on non-gut tissues, whereas our
study specifically looked at intestinal lymphocytes (11).
Strasser et al. (2021) showed that an active lifestyle,
including exercise, can reduce inflammation by changing the
gut microbiome, which aligns with the reduction in pro-
inflammatory gene expression in our study (12). However,
Hadiono and Kushartanti (2019) showed a reduction in TNF-
a and IL-6 in young mice but reported different results for
IL-8, which is likely due to differences in the age of the
samples and the different role of IL-8 in intestinal
inflammation (9). Similarly, Khakro Abkenar et al. (2020)
reported a reduction in inflammatory cytokines in young
men with high-intensity exercise, but the lack of focus on
aging and the gut limits the comparison (7). Ayu et al. (2021)
showed in a systematic review that physical activity changes
the gut microbiome, which could be indirectly related to the
reduction in pro-inflammatory cytokines in our study (13).
These agreements and differences highlight the importance
of focusing specifically on the gut in aging, an area our study
addresses.

The observed reduction in pro-inflammatory gene
expression likely happens by regulating key inflammatory
pathways like Nuclear Factor Kappa B (NF-«xB), which is
activated in intestinal lymphocytes and stimulates the
production of pro-inflammatory cytokines (5). Aerobic
exercise, especially at high intensity, may inhibit this
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pathway by increasing the production of anti-inflammatory
metabolites like short-chain fatty acids (SCFAS) or lactate,
which are produced by the gut microbiome (14). Houman
and Osborne (2022) suggested that gut epithelial cells play a
significant role in chronic inflammation during aging, and
the interaction of intestinal lymphocytes with these cells may
be regulated by exercise (15). This mechanism could explain
why high-intensity exercise had stronger effects, as higher
metabolic demand might increase SCFA production, which
in turn reduces inflammation (16).

The comparison between the exercise groups showed that
high intensity has a greater effect on reducing inflammation
due to stronger physiological responses, such as increased
blood flow and oxidative metabolism. This difference might
be related to increased sensitivity of anti-inflammatory
receptors or reduced oxidative stress in intestinal
lymphocytes (4). Bressa et al. (2017) showed that people
with active lifestyles have a more diverse gut microbiome,
which may help reduce inflammation, and this is consistent
with our results for high intensity (17). The difference in IL-
8 response compared to IL-1p and TNF-a is notable, as 1L-8
is mainly involved in neutrophil recruitment and acute
inflammatory responses, which may be less affected by
exercise intensity (2). This biological distinction suggests
that IL-8 may depend on different inflammatory
mechanisms that require more specific interventions.

From a biological perspective, the greater reduction of IL-
1B and TNF-a in the high-intensity group may be linked to
the activation of anti-inflammatory pathways like IL-10 or
TGF-B, which were not measured in this study but have been
reported in other studies like (6). Hampton-Marcel et al.
(2020) also showed that an increased volume of exercise can
change the gut microbiome's composition, which may
indirectly reduce pro-inflammatory gene expression (18).
These biological differences between genes and exercise
responses highlight the complexity of inflammatory
responses in the gut and show the need for a deeper look into
the molecular mechanisms.

The findings of this study have significant practical
applications for designing targeted interventions for the
elderly. Given the 50% reduction in IL-1p and TNF-a with
high-intensity exercise, we suggest that high-intensity
exercise programs (85-100% VO2max, such as fast running
or cycling) should be implemented in senior rehabilitation
centers for individuals with suitable cardiovascular health.
These programs could be run as 20-30 minute sessions, 5
days a week, with supervision from exercise professionals to
reduce the risk of inflammatory gut diseases like colorectal

International Journal of Sport Studies for Health, 2025, VOL. 9, NO. 1, 1-10

cancer (19). For elderly people with physical limitations,
moderate-intensity exercise (such as brisk walking at 70—
75% VO2max) can be used as a safe and effective
alternative, as it still offers significant anti-inflammatory
benefits with a 35% reduction in IL-1B and TNF-a.
Integrating these exercise programs with dietary
interventions, such as fiber-rich diets to support the gut
microbiome, can strengthen the anti-inflammatory effects,
as suggested by the study by (12). This combined approach
can be included in public health policy, like national healthy
aging programs, to lower healthcare costs related to
inflammatory diseases (20).

The limitations of this study include using an animal
model (Wistar rats), which may limit the generalizability of
the results to humans, as there are physiological differences
between species (13). The intervention duration (8 weeks)
may not have been long enough to observe long-term effects,
and variables like gut microbiome changes or anti-
inflammatory cytokines (IL-10) were not measured, which
could have provided a more complete understanding of the
mechanisms. Additionally, the study was only conducted on
male rats, which limits gender-related issues, as Bressa et al.
(2017) emphasized gender differences in the gut microbiome
(17). Not looking at environmental variables like stress or
specific diets could also have affected the results. Therefore,
for future research, we suggest similar studies be conducted
in human populations, especially the elderly with
inflammatory gut conditions like ulcerative colitis or Crohn's
disease, to confirm the generalizability of the results.
Examining the long-term effects of aerobic exercise (more
than 12 weeks) and measuring additional variables like IL-
10, TGF-B, and gut microbiome composition could better
clarify the anti-infllmmatory mechanisms (14). Using
advanced technologies like metagenomics to analyze the gut
microbiome, similar to the approach of Hampton-Marcel et
al. (2020), can determine the role of microbial changes in
reducing inflammation (18). Also, looking at gender
differences and the effect of fiber-rich diets combined with
exercise can help design more complete interventions (19).

In summary, this study showed that both high- and
moderate-intensity aerobic exercise reduce the expression of
the pro-inflammatory genes IL-1B, TNF-a, and IL-8 in the
intestinal lymphocytes of aged mice, with stronger effects at
high intensity. These findings highlight the potential of
exercise as a non-drug strategy for reducing intestinal
inflammation in aging and are consistent with previous
studies like (11, 12). The results of this research pave the
way for developing targeted exercise programs for the
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elderly and emphasize the need to pay attention to gut health
in healthy aging. These findings can change therapeutic and
policy approaches in managing age-related diseases, and
future research should focus on confirming these effects in
humans and investigating microbial and molecular
mechanisms.
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