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ABSTRACT

EEM el ETple K@) o] EMilss NOD-, LRR- and pyrin domain-containing protein 3 (NLRP3) is
a cytosolic sensor that modulates inflammatory responses in nucleated cells by detecting

various danger signals. The aim of the present study was to determine the effect of
continuous aerobic exercise, starvation, and soy protein consumption on NLRP3
expression in liver tissue of a model of nonalcoholic fatty liver disease (NAFLD).

In the present experimental study, 60 NAFLD model rats were
randomly divided into 12 groups of 5, including control, fasting, 3 days of exercise, 5 days
of exercise, fasting + 3 days of exercise, fasting + 5 days of exercise, supplement,
supplement + 3 days of exercise, supplement + fasting + 5 days of exercise, supplement +
fasting + 3 days of exercise, supplement + fasting + 5 days of exercise, and supplement +
fasting. The expression of the NLRP3 gene in liver tissue was measured by real-time
method.

A significant decrease in NLRP3 expression was observed in the supplement +
fasting + 5 days of exercise group compared to the control and 3 days of exercise groups
(P <0.05). Also, the reduction of NLRP3 expression in the supplement + fasting + 3 days of
exercise group was significant compared to the control group (P <0.05).

Based on the findings of the present study, reducing NLRP3 expression
requires a combination of interventions, especially exercise in fasting conditions along
with soy consumption.

Non-alcoholic fatty liver disease, Fasting, Soy protein, NOD-, LRR- and pyrin
domain-containing protein 3
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Introduction

Obesity, influenced by both genetic and
O epigenetic factors, is a major public health
concern worldwide and is closely associated
with multiple metabolic disorders. Among
these, non-alcoholic fatty liver disease (NAFLD) is
particularly prevalent (1). NAFLD is characterized by
excessive fat accumulation in the liver, primarily resulting
from enhanced hepatic lipogenesis driven by insulin
resistance. This pathological state not only disrupts normal
liver metabolism but also promotes oxidative stress and
triggers inflammatory responses, which collectively
contribute to liver injury (2). If left unmanaged, NAFLD
can progress from simple hepatic steatosis to more severe
forms, including non-alcoholic steatohepatitis (NASH),
liver fibrosis, cirrhosis, and even hepatocellular carcinoma.
Moreover, patients with NAFLD are at a heightened risk
of developing cardiovascular diseases and face increased
mortality rates compared to the general population (2, 3).
Epidemiological data indicate that the prevalence of
NAFLD is rising globally, especially in obese and diabetic
populations, with a pronounced increase observed in
developing countries due to changes in lifestyle and dietary
habits (4). Chronic systemic inflammation has been
recognized as a central driver in the progression of NAFLD
(5, 6). Among the inflammatory pathways involved,
activation of the NLRP3 inflammasome has received
significant attention; it stimulates caspase-1 activation and
interleukin-1p release, leading to inflammatory cell death
and contributing directly to liver tissue damage and
immune cell activation (7, 8). Lifestyle interventions play
a pivotal role in modulating NAFLD progression. Regular
physical activity and aerobic exercise have been shown to
improve insulin  sensitivity, reduce hepatic fat
accumulation, and attenuate systemic inflammation,
whereas sedentary behavior and excessive caloric intake
exacerbate disease development (9, 10, 11). Similarly,
dietary strategies such as caloric restriction, intermittent
fasting, and consumption of specific bioactive foods—
including soy protein—can alleviate  metabolic
disturbances and inflammatory responses (12, 13, 16, 17).
Evidence suggests that soy protein may exert protective
effects through modulation or inhibition of NLRP3
activity, although the exact mechanisms remain
incompletely understood (18). Given the potential
synergistic benefits of exercise, fasting, and soy intake, the
present study aims to explore their combined effects on
NLRP3 expression in the liver tissue of NAFLD rat
models, providing further insight into therapeutic
strategies targeting liver inflammation.

Methods

In this experimental study, 60 18-week-old male
Wistar rats with NAFLD were obtained from the
Pasteur Institute of lIran. After one week of

acclimatization, the rats were randomly assigned
into 12 groups of five: control, fasting, 3-day
exercise, 5-day exercise, fasting + 3-day exercise,
fasting + 5-day exercise, soy supplement,
supplement + 3-day exercise, supplement + 5-day
exercise, supplement + fasting + 3-day exercise,
supplement + fasting + 5-day exercise, and
supplement + fasting. The rats were housed in
polycarbonate cages (43x27x25 cm), 2—3 per cage,
under controlled conditions (22 + 1.4°C, 55 + 4%
humidity, 12:12 h light-dark cycle). To induce
NAFLD, the rats received a high-fat diet with
sucrose supplementation: 30% vegetable oil and
10% sugar added to standard chow, provided at 10
g per 100 g body weight daily (19). The Rats in the
fasting groups consumed the same amount of food
(10 g per 100 g body weight) within 10 hours,
following a fasting protocol of 14 hours daily for 4
weeks during the active phase (17:30-7:30) (17).
Rats in the supplement groups received 18 g soy
protein per 100 g of diet (20). All animals were
acclimated to the treadmill for 15 minutes during
the first week. Subsequently, aerobic exercise was
performed for 4 weeks with 3- or 5-day-per-week
frequency, 45-60 minutes per session at 0° incline.
Treadmill speed increased from 14 m/min in Week
1 to 16-18 m/min in subsequent weeks (21). Liver
tissue RNA was extracted using a commercial kit,
and RNA quality was assessed via the 260/280
absorbance ratio. cDNA synthesis was performed
using a dedicated kit and stored at —20°C. NLRP3
gene expression was quantified using real-time
PCR. One-way Analysis of Variance (ANOVA)
was used to compare variables between groups,
followed by Tukey’s post hoc test. Data were
analyzed using SPSS version 26, with statistical
significance set at p < 0.05.

Results

Based on the results of the one-way ANOVA, there were
significant differences in fasting glucose (P < 0.001) and
NLRP3 (P = 0.002) among the study groups. According to
the results of the Tukey post hoc test, changes in fasting
glucose were significant in the fasting, 3-day exercise, 5-day
exercise, fasting + 3-day exercise, fasting + 5-day exercise,
supplement, supplement + 3-day exercise, supplement + 5-
day exercise, supplement + fasting + 3-day exercise,
supplement + fasting + 5-day exercise, and supplement +
fasting groups compared to the control group (P < 0.05).
Regarding NLRP3 expression, Tukey post hoc analysis
showed significant changes in the supplement + fasting + 3-
day exercise and supplement + fasting + 5-day exercise
groups compared to the 3-day exercise group (P < 0.05).
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Additionally, changes in NLRP3 in the fasting + 5-day
exercise group were significant compared to the supplement
group (P < 0.05).

Conclusion

The present study demonstrated that fasting significantly
reduced fasting glucose levels in NAFLD rats, indicating its
potential role in improving glycemic control in metabolic
disorders. However, changes in NLRP3 expression were not
significantly observed in most groups, suggesting that
fasting alone may not be sufficient to modulate
inflammasome activity in the liver. These results are
consistent with Liang et al., who reported that intermittent
fasting effectively decreased hepatic fat accumulation,
fasting glucose, and insulin resistance in diabetic rats,
highlighting the metabolic benefits of dietary restriction.
Complementary evidence from Torab et al. indicated that
nutrient intake can influence NLRP3 activation through
mitochondrial homeostasis and the SIRT3 signaling
pathway, suggesting a mechanistic link between diet and
inflammasome regulation. Additionally, Liu et al. reported
that NLRP3 is suppressed during fasting and increases after
refeeding, with its inhibition contributing to reduced lipid
accumulation and liver injury. In the present investigation,
fasting glucose decreased significantly across all
intervention groups compared to controls, while NLRP3
expression showed a significant reduction only in the
combined supplement + fasting + 5-day exercise group
relative to both controls and the 3-day exercise group. This
finding underscores the importance of adequate exercise
volume and soy supplementation for effectively reducing
NLRP3 activity in NAFLD. Previous studies have similarly
demonstrated that aerobic exercise and soy isoflavones can
suppress NLRP3 expression and decrease pro-inflammatory
cytokine release, including IL-1B and IL-18, thereby
improving hepatic inflammation. Overall, the results suggest
that while fasting alone improves glycemic control, a
combined approach involving aerobic exercise, soy
supplementation, and sufficient intervention duration is
more effective in modulating hepatic inflammatory
responses. These findings emphasize that improving insulin
resistance and liver inflammation in NAFLD likely requires
an integrated nutritional and physical activity strategy. Since
this study was conducted in animal models, further
mechanistic research and well-designed human trials are
necessary to confirm these observations and optimize
intervention protocols for clinical application.
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