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This study aimed to investigate the effects of aerobic and resistance training on
irisin levels and the expression of the inflammatory genes TGF-B, NF-«xB, and
SIRTL1 in intestinal lymphocytes of aged rats, in order to evaluate noninvasive
strategies to mitigate intestinal inflammation during aging. In this laboratory
trial, 32 aged male Wistar rats (18 months old) were randomly assigned to four
groups: healthy control (Ct), aged without training (Aged), aged with aerobic
training (Aero), and aged with resistance training (Res). Training protocols were
conducted for 8 weeks (5 days per week); the aerobic group trained at moderate
intensity (speed 12 m/min, up to 56 minutes), while the resistance group trained
with progressively increasing loads (5% to 40% of body weight, 8 climbs per
session). Gene expression was measured using Real-Time PCR, and irisin levels
were measured using an ELISA Kit. Data were analyzed using SPSS; two-way
ANOVA was used to examine the main effects of groups and training types,
Tukey's test was used for pairwise comparisons, and independent t-test was used
to directly compare the aerobic and resistance groups (p < 0.05). The expression
of TGF-B increased in the Aged group compared to Ct (P < 0.001) but showed
a significant decrease in both training groups (Aero: 17%; Res: 22%; P < 0.05).
NF-kB expression also increased in the Aged group (P < 0.001) and decreased
in the training groups (Aero: 36%; Res: 40%; P < 0.001). SIRT1 expression
decreased in the Aged group (P < 0.001) and increased in the training groups
(Aero: 50%; Res: 67%; P < 0.001). No significant differences were found
between Aero and Res for any of the three genes (P > 0.05). Irisin levels
increased in both training groups, but the difference between them was not
significant (P > 0.05). Aerobic and resistance training can reduce intestinal
inflammation and improve intestinal health in aging. Resistance training
showed stronger effects, although the differences were not statistically
significant. It is recommended that resistance and aerobic training be integrated
into exercise programs for the elderly to achieve optimal anti-inflammatory
effects.
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Extended Abstract

Introduction

Aging represents one of the foremost challenges to global health, with the population aged over
60 years projected to reach 2.1 billion by 2050. This demographic shift is strongly associated with a
heightened prevalence of chronic low-grade inflammation, commonly termed “inflammaging,” which
increases the risk of cardiovascular, metabolic, and gastrointestinal disorders (Cart & Pauling, 2025). The
intestine, serving as a central hub of immune regulation, becomes particularly susceptible to inflammation
during aging as intestinal lymphocytes lose their immunoregulatory capacity. Exercise has long been
recognized as a potent modulator of inflammation, and both aerobic and resistance training have
demonstrated beneficial effects on systemic inflammation; however, their specific effects on intestinal
inflammation during aging remain largely unexplored (Aya et al., 2023; Yazdannesab et al., 2023).

A key molecular mediator linking exercise to anti-inflammatory effects is Irisin, a myokine
cleaved from FNDC5 during muscular contraction. Irisin stimulates the browning of white adipose tissue
and modulates energy expenditure, while also influencing the expression of inflammation-related genes
such as NF-«kB (a pro-inflammatory transcription factor), SIRT1 (an anti-inflammatory regulator), and
TGF-B (an immune-modulating cytokine) (Hu et al., 2024; Kim et al., 2025; Raeisi et al., 2015). These genes
play crucial roles in maintaining immune homeostasis within intestinal lymphocytes, and their
dysregulation contributes to the age-associated inflammatory milieu. Understanding how different
exercise modalities influence these molecular pathways in the gut could thus provide novel insights into
non-pharmacological strategies for mitigating intestinal inflammation in older adults.

However, previous studies have been constrained by inconsistent protocols, a predominant focus
on systemic responses, and a lack of aged models, making it difficult to distinguish the modality-specific
effects of exercise (Chen et al., 2025; Goodarzi et al., 2020). Furthermore, the role of irisin in modulating
inflammatory gene expression in intestinal lymphocytes specifically remains poorly characterized,
highlighting an important gap. Some evidence exists that resistance and endurance training elevate
circulating irisin in healthy adults (Adilakshmi et al., 2023), while other studies have shown links between
irisin and physical activity in inflammatory bowel diseases (Al-Nimer, 2024), or demonstrated that irisin
strengthens gut barrier function in diabetic mice (Sun et al., 2024). Aerobic exercise has been associated
with beneficial changes in gut microbiota (Uchida et al., 2023), and resistance training with increases in
muscle mass in aged rats (Khodaverdi et al., 2023) or irisin in young rats (Raeisi et al., 2015), while aerobic
and resistance training reduced TGF-f expression in the hearts of aged rats (Goodarzi et al., 2020). Yet none
of these studies directly compared the effects of aerobic versus resistance training on irisin levels and
inflammatory gene expression (TGF-f, NF-kB, SIRT1) in intestinal lymphocytes of aged rats, a critical
gap this study aimed to address.

This study therefore adopted an innovative approach by directly comparing the effects of aerobic
and resistance training on irisin levels and the expression of TGF-B, NF-xB, and SIRT1 in intestinal
lymphocytes of aged rats. By focusing on the intestine in an aged animal model, this study diverges from
prior research and seeks to elucidate the molecular underpinnings of exercise-induced modulation of gut
inflammation during aging (Ayaetal., 2023; Yazdannesab et al., 2023). Findings from this work could inform
exercise prescriptions for older adults to prevent or mitigate inflammatory gut conditions (Sun et al., 2024),
guide therapeutic innovations targeting the anti-inflammatory potential of irisin (Hu et al., 2024), and
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support public health policies promoting physical activity to improve intestinal health in the elderly (Cart
& Pauling, 2025). The study hypothesized that both training types would elevate irisin but that resistance
training would induce a stronger effect, and that resistance training would more effectively suppress pro-
inflammatory gene expression (TGF-B, NF-kB) and enhance anti-inflammatory SIRT1 expression
compared to aerobic training.

Methods and Materials

This laboratory-based experimental study was conducted from March to June 2024 at a certified
animal research facility under approved ethical protocols. Thirty-two aged male Wistar rats (18 months
old, ~500 g) were obtained from a licensed breeding center and housed under controlled environmental
conditions (22 £ 2°C, 50-60% humidity, 12:12 h light/dark cycle, free access to food and water). Rats
were randomly assigned to four groups (n = 8 per group): healthy control (Ct), aged sedentary (Aged),
aged with aerobic training (Aero), and aged with resistance training (Res).

Aerobic training involved treadmill running at moderate intensity: following a 1-week
familiarization, rats progressed from 10 minutes to 56 minutes per session over 8 weeks, at a constant
speed of 12 m/min, five days per week. Resistance training involved climbing a 1 m, 80° inclined ladder
with weights attached to the tail, starting at 5% body weight and progressively increasing to 40% over 8
weeks, with eight climbs per session. All groups trained five days weekly for eight weeks. Forty-eight
hours after the final session, rats were anesthetized and sacrificed. Small and large intestinal tissues were
harvested, and intestinal lymphocytes were isolated.

Total RNA was extracted from lymphocytes using TRIzol, quantified by NanoDrop, and reverse-
transcribed into cDNA. Real-Time PCR was used to measure the expression of TGF-p, NF-kB, and
SIRT1, normalized to GAPDH and B-actin. Serum irisin levels were quantified using an ELISA kit. Data
were analyzed using SPSS 26. Two-way ANOVA tested group and training effects, followed by Tukey’s
post hoc test for pairwise comparisons, and independent t-tests directly compared the Aero and Res
groups. Significance was set at p < 0.05.

Findings

Data analysis showed that aging markedly elevated pro-inflammatory gene expression and reduced
anti-inflammatory gene expression. Specifically, TGF-p expression was significantly higher in the Aged
group compared to Ct (mean 1.8 vs. 1.0, p < 0.001). Both training modalities reduced TGF-3 expression
(Aero: 1.5, p =0.032; Res: 1.4, p = 0.008), with resistance training producing a slightly greater reduction
(22% vs. 17% relative to Aged).

Similarly, NF-xB expression was significantly elevated in Aged compared to Ct (2.5 vs. 1.0, p <
0.001). Both Aero and Res groups showed significant reductions (1.6 and 1.5 respectively, p < 0.001),
corresponding to 36% and 40% decreases versus Aged. The difference between Aero and Res was not
statistically significant (p = 0.340).

In contrast, SIRT1 expression decreased markedly in Aged relative to Ct (0.6 vs. 1.0, p < 0.001).
Both exercise groups reversed this decline, with Aero increasing SIRT1 to 0.9 (50% increase, p < 0.001)
and Res increasing it to 1.0 (67% increase, p < 0.001). While resistance training showed a greater effect,
the between-group difference was not statistically significant (p = 0.130).

Regarding irisin, both exercise groups exhibited elevated levels compared to Aged, but the
difference between Aero and Res groups was not statistically significant. Visual inspection of boxplots



and bar graphs supported these patterns, showing consistent downregulation of TGF-f and NF-xB and
upregulation of SIRT1 in both exercise groups, with slightly greater effects in the resistance group.

Discussion and Conclusion

This study demonstrated that both aerobic and resistance training effectively modulate
inflammatory gene expression in the intestinal lymphocytes of aged rats, reducing TGF-B and NF-xB
while enhancing SIRT1. These results confirm the hypothesized anti-inflammatory role of exercise in
mitigating age-related intestinal inflammation. Although resistance training produced slightly stronger
effects than aerobic training, these differences did not reach statistical significance, suggesting that both
modalities are beneficial.

The reduction in TGF-B expression following exercise suggests an attenuation of aberrant immune
activation and fibrotic processes commonly observed in aging intestines. Aerobic training decreased TGF-
B by 17% and resistance by 22%, potentially reflecting different mechanistic pathways—such as aerobic-
induced oxidative stress reduction versus resistance-induced irisin upregulation. Similarly, NF-xB, a
central driver of pro-inflammatory transcription, was reduced by 36% with aerobic training and 40% with
resistance training, indicating that both modalities suppress chronic inflammatory signaling in intestinal
lymphocytes. The upregulation of SIRT1—a key anti-inflammatory and metabolic regulator—by 50%
(aerobic) and 67% (resistance) further supports the anti-inflammatory adaptations induced by exercise,
likely mediated in part by irisin-driven activation of SIRT1.

Taken together, these findings highlight exercise as a powerful non-pharmacological intervention
for counteracting inflammaging in the intestine. While resistance training appeared slightly more potent,
the lack of statistically significant differences suggests that combining both modalities could provide
additive benefits. This aligns with emerging evidence that mixed training regimens may synergistically
enhance anti-inflammatory and metabolic adaptations.

From a translational perspective, these results underscore the potential of tailored exercise
prescriptions for older adults to preserve intestinal health and prevent inflammatory disorders. Clinically,
leveraging irisin’s anti-inflammatory properties through structured exercise may inspire novel therapeutic
approaches. From a public health standpoint, promoting regular aerobic and resistance exercise could help
mitigate the growing burden of age-related gut inflammation.

However, certain limitations should be acknowledged. The small sample size may have limited
the power to detect subtle differences between training types, and the use of an animal model restricts
generalizability to humans. The relatively short 8-week intervention may not capture long-term
adaptations, and mechanistic measures such as gut microbiome composition or serum irisin levels were
not assessed. Future research should address these gaps by incorporating larger samples, longer
interventions, human cohorts, and additional mechanistic endpoints.

In conclusion, this study provides novel evidence that both aerobic and resistance training can
beneficially modulate key inflammatory genes in the intestines of aged rats. These findings advance
understanding of the molecular mechanisms linking exercise to gut health in aging, offering a foundation
for developing targeted exercise interventions to promote healthy aging and combat intestinal
inflammaging.
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