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This study aimed to examine the effects of high-intensity (85-100% VO.max)
and moderate-intensity (70-75% VO:max) aerobic training on microbial
diversity (Shannon and Simpson indices) and populations of Lactobacillus,
Bifidobacterium, and E. coli in aged mice with dextran sulfate sodium (DSS)-
induced colitis. In this experimental, randomized controlled design, 32 male
Wistar mice (18 months old) were divided into four groups (healthy control,
colitis control, high-intensity exercise, and moderate-intensity exercise). Colitis
was induced using DSS (2—3%) for 7 days. Aerobic training was performed for
8 weeks (five sessions per week) on a treadmill. Microbial diversity was
evaluated using 16S rRNA sequencing, quantitative polymerase chain reaction
(gPCR), and selective culture for Lactobacillus, Bifidobacterium, and E. coli.
Data were analyzed using two-way ANOVA and independent t-tests (p < .05).
Colitis led to a reduction in Shannon (2.5 £ 0.3) and Simpson (0.7 £ 0.1) indices,
a decrease in Lactobacillus and Bifidobacterium, and an increase in E. coli (p <
.001). Both high- and moderate-intensity aerobic exercise improved microbial
diversity (Shannon: 3.2 + 0.2 and 3.0 £ 0.2, respectively), increased
Lactobacillus and Bifidobacterium, and reduced E. coli (p < .001). High-
intensity exercise demonstrated stronger effects (p = .04 for Lactobacillus).
Aerobic training, particularly at high intensity, enhances gut microbiome
diversity and bacterial balance in aged mice and may serve as a non-
pharmacological strategy for managing intestinal inflammation.
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Extended Abstract

Introduction

The gut microbiome is a complex community of microorganisms that plays a crucial role in human
health, influencing digestion, immune regulation, and metabolism. Dysbiosis, an imbalance in the gut
microbial ecosystem, is closely associated with chronic conditions such as obesity, type 2 diabetes, and
inflammatory bowel diseases, affecting more than 30% of the elderly population (Shanahan et al., 2021).
With aging, microbial diversity declines, beneficial bacteria such as Lactobacillus and Bifidobacterium
decrease, and potentially pathogenic species like Escherichia coli proliferate, exacerbating risks of age-
related diseases (Vijay & Valdes, 2022). Aerobic exercise has emerged as a non-pharmacological
intervention to improve gut health, yet the impact of varying intensities on the aging gut microbiome
remains insufficiently explored (Aya et al., 2023; De Vos et al., 2022).

From a biological perspective, Lactobacillus and Bifidobacterium contribute to the production of
short-chain fatty acids such as butyrate, strengthening the intestinal barrier and promoting anti-
inflammatory responses essential for healthy aging. Conversely, overgrowth of E. coli can trigger
intestinal inflammation via lipopolysaccharide production and disrupt immune balance (Bolte et al., 2021;
Huynh & Zastrow, 2023). Although prior studies have suggested exercise-induced benefits on gut
microbiota, inconsistencies in methodology, including variability in exercise protocols and limited
research using aged animal models, hinder clear understanding. Previous research has shown mixed
outcomes: Yazdan Nasab et al. (2023) reported increased microbial diversity with exercise in older adults
but did not analyze exercise intensity (Yazdan Nasab et al., 2023); Aya et al. (2023) confirmed improved
microbial composition with physical activity but focused on humans rather than aged animal models (Aya
etal., 2023); Conley et al. (2016) examined age-related microbial changes in mice without exercise (Conley
etal., 2016); and Varghese et al. (2024) observed Lactobacillus enhancement with training in humans but
not in elderly animal models (Varghese et al., 2024). Similarly, Zhong et al. (2021) found improved diversity
in older women but did not investigate E. coli (Zhong et al., 2021), and Clauss et al. (2021) linked exercise
to gut barrier function without an aging focus (Clauss et al., 2021). These gaps highlight the need for
controlled studies to explore the dose—response relationship of aerobic exercise intensity on the gut
microbiome in aging.

This study addressed these knowledge gaps by investigating the effects of high- (85-100%
VO:max) and moderate-intensity (70-75% VO:max) aerobic training on microbial diversity and key
bacterial populations (Lactobacillus, Bifidobacterium, and E. coli) in aged mice with dextran sulfate
sodium (DSS)-induced colitis. By focusing on an aging model and intensity-dependent responses, the
research provides novel insights into how aerobic exercise can modulate gut health in older populations
and informs non-pharmacological strategies for managing intestinal inflammation and promoting healthy
aging (Shanahan et al., 2021).

Methods and Materials

This experimental, randomized controlled study used 32 aged male Wistar rats (18 months old,
~500 £ 50 g) divided into four groups: healthy control, colitis control, high-intensity aerobic exercise, and
moderate-intensity aerobic exercise. Colitis was induced in 24 rats by providing 2-3% dextran sulfate
sodium (DSS) in drinking water for seven days, while the healthy control group received normal water.
Aerobic exercise was performed on a treadmill for eight weeks, five sessions per week. High-intensity
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training involved running at 85-100% VO:max for 15-25 minutes per session, while moderate intensity
consisted of 70-75% VO:max for 30 minutes per session. All exercise programs included warm-up and
cool-down phases to equalize total running distance.

After 48 hours from the last training session, fecal and intestinal samples were collected. Microbial
diversity was analyzed using 16S rRNA sequencing (lllumina MiSeq), and the relative abundance of
Lactobacillus, Bifidobacterium, and E. coli was quantified via qPCR and selective culturing (MRS agar
for Lactobacillus and Bifidobacterium, MacConkey agar for E. coli). Statistical analyses included
Shapiro-Wilk and Levene tests for normality and homogeneity of variance, followed by two-way
ANOVA with Tukey’s post hoc comparisons and independent t-tests (p < 0.05).

Findings

DSS administration successfully induced colitis, evidenced by clinical symptoms such as weight
loss, reduced food intake, and altered stool consistency. The colitis control group exhibited significant
decreases in microbial diversity compared to healthy controls. Shannon diversity index dropped from 3.5
+ 0.2 in healthy controls to 2.5 + 0.3 in colitis controls, while Simpson index decreased from 0.9 + 0.1 to
0.7 £ 0.1. Both exercise groups demonstrated recovery of diversity: high-intensity training raised Shannon
to 3.2 + 0.2 and Simpson to 0.85 £ 0.1; moderate intensity improved Shannon to 3.0 + 0.2 and Simpson
t0 0.8 £0.1.

Analysis of bacterial populations showed pronounced dysbiosis in colitis controls, with
Lactobacillus and Bifidobacterium significantly reduced (7.0 + 0.3 and 6.7 £ 0.4 logio copies/g,
respectively) and E. coli elevated (7.0 + 0.3 logio copies/g). Aerobic training reversed these trends. High-
intensity exercise increased Lactobacillus to 7.9 + 0.2 and Bifidobacterium to 7.6 £+ 0.3 logio copies/g
while reducing E. coli to 6.3 £ 0.2. Moderate training produced similar but slightly smaller effects
(Lactobacillus 7.7 + 0.2, Bifidobacterium 7.4 + 0.3, E. coli 6.5 + 0.2). ANOVA confirmed significant
differences among groups (p < 0.001). Direct comparison between exercise intensities revealed that high
intensity had stronger effects on Lactobacillus (p = 0.04) and Shannon diversity (p = 0.05), while
differences in Bifidobacterium, E. coli, and Simpson index were not statistically significant (p > 0.05).

Discussion and Conclusion

This study demonstrated that aerobic exercise, particularly at high intensity, substantially
improved gut microbial diversity and restored the balance of beneficial and harmful bacteria in aged mice
with colitis. Both high- and moderate-intensity training reversed DSS-induced dysbiosis, but high
intensity produced superior improvements in Shannon diversity and Lactobacillus abundance. These
results support the hypothesis that structured aerobic exercise can be a potent non-pharmacological
approach for mitigating gut inflammation and age-related microbial decline (Aya et al., 2023).

The findings align with previous research linking physical activity to increased microbial diversity
and enhanced intestinal barrier function (Allen et al., 2018; Aya et al., 2023; Huynh & Zastrow, 2023). By
showing that high-intensity exercise exerts greater microbial benefits, this work clarifies previously
inconsistent results regarding exercise dose—response relationships. It also fills critical gaps identified in
earlier studies, which often focused on younger models (Conley et al., 2016) or failed to examine E. coli
and specific probiotic species (Varghese et al., 2024; Zhong et al., 2021). Mechanistically, improved diversity
may stem from enhanced gut perfusion, reduced oxidative stress, and stimulation of short-chain fatty acid



production by Lactobacillus and Bifidobacterium. Lower E. coli levels likely result from competitive
exclusion and pH changes favorable to beneficial taxa.

Clinically, these findings suggest that aerobic exercise protocols can be integrated into preventive
and therapeutic strategies for elderly individuals at risk of or suffering from inflammatory bowel
conditions. High-intensity aerobic training, when safely monitored, may maximize microbiome resilience
and reduce inflammation. The study also highlights the potential for personalized exercise prescriptions
aimed at optimizing gut health during aging.

In summary, this research shows that both high- and moderate-intensity aerobic exercise
counteract colitis-associated dysbiosis in aged mice, with high intensity offering superior benefits. These
insights advance understanding of how exercise modulates the aging gut microbiome and provide a
foundation for non-pharmacological interventions to improve gastrointestinal and overall health in elderly
populations.
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