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Introduction: Overweight and obesity induced by a high fat diet disrupt cholesterol
homeostasis, with one of the key steps occurring during intestinal cholesterol
absorption. Since the effects of herbal supplements such as rice bran and aerobic
exercise on the intestinal cholesterol absorption pathway remain unclear, the present
study aimed to investigate the effect of moderate intensity aerobic exercise and rice
bran extract supplementation on NPC1 gene expression in the intestinal tissue of rats
fed a high fat diet.

Methods: In this study, thirty 8 week old female Wistar rats were randomly assigned
to five groups (six rats per group): normal diet control, high fat diet control, aerobic
exercise + high fat diet, rice bran extract + high fat diet, and aerobic exercise + rice
bran extract + high fat diet. The aerobic training program consisted of moderate
intensity continuous exercise (50-65% of maximal oxygen consumption) for six
weeks, five sessions per week. The ethanol extract of rice bran was administered
orally via gavage at a dose of 60 mg/kg to the supplement and combined (exercise +
supplement) groups. After the intervention period, the rats were sacrificed and
intestinal tissue was collected for measurement of NPC1 gene expression using Real-
Time PCR.

Results: The findings showed that NPC1 gene expression was significantly reduced
in the exercise, exercise + rice bran extract, and rice bran extract groups compared to
the high fat diet control group (P < 0.05).

Conclusion: Overall, the results suggest that since the NPC1 gene plays a key role
in regulating lipid absorption and metabolism, its reduced expression may indicate a
beneficial effect of these interventions on alleviating disorders associated with a high
fat diet. Therefore, combining aerobic exercise with rice bran extract may serve as
an effective approach for modulating molecular alterations related to obesity and
improving metabolic function of the gastrointestinal system.
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Introduction

The escalating global prevalence of overweight and obesity, largely attributable to modern dietary patterns characterized
by high-fat consumption, represents a critical public health challenge. Such diets profoundly disrupt metabolic
homeostasis, with significant repercussions for lipid metabolism and cholesterol regulation. The intestine, serving as the
primary site for dietary cholesterol absorption, plays a pivotal role in maintaining systemic cholesterol balance.
Dysregulation at this crucial juncture can exacerbate the pathological consequences of a high-fat diet (HFD), contributing
to hyperlipidemia, atherosclerosis, and other metabolic disorders. Understanding the molecular mechanisms underlying
intestinal cholesterol absorption and identifying interventions that can modulate these pathways are therefore of
paramount importance in combating diet-induced obesity and its associated health risks. Cholesterol transport within
enterocytes and its subsequent entry into systemic circulation are complex processes involving a network of proteins,
among which the Niemann-Pick C1 (NPC1) protein has emerged as a critical regulator. NPC1 is a transmembrane protein
primarily localized to the late endosomes and lysosomes, where it plays a crucial role in the egress of cholesterol and
other lipids from these organelles. In intestinal cells, NPCI1 is implicated in the intracellular trafficking and processing of
absorbed cholesterol, influencing the overall efficiency of dietary lipid uptake. Aberrant expression or function of NPC1
has been linked to various lipid storage disorders, highlighting its significance in maintaining lipid homeostasis.
Consequently, investigating the modulation of NPC1 gene expression in the context of a high-fat diet provides a valuable
lens through which to examine interventions aimed at mitigating diet-induced metabolic dysregulation. While the
detrimental effects of HFDs on metabolic health are well-established, the potential of non-pharmacological interventions,
such as aerobic exercise and natural dietary components, to counteract these negative impacts is gaining increasing
attention. Aerobic exercise, a cornerstone of lifestyle interventions for obesity and metabolic syndrome, is known to
induce a myriad of beneficial physiological adaptations, including improvements in insulin sensitivity, lipid profiles, and
energy expenditure. However, its specific effects on the molecular machinery of intestinal cholesterol absorption,
particularly concerning key proteins like NPC1, require further elucidation. Concurrently, there is growing interest in the
therapeutic potential of natural compounds, such as those derived from plant-based sources. Rice bran, a byproduct of
rice milling, is a rich source of bioactive compounds, including dietary fiber, vitamins, minerals, and antioxidants, which
have been associated with various health benefits, including potential lipid-lowering effects. Preliminary evidence
suggests that components within rice bran may influence lipid metabolism, but their specific impact on intestinal
cholesterol absorption pathways, and notably on NPC1 gene expression, remains largely unexplored. Given the intricate
interplay between diet, exercise, natural supplements, and intestinal lipid metabolism, and the critical role of NPCI1 in
cholesterol absorption, the present study was conceived to systematically investigate the effects of moderate-intensity
aerobic exercise and rice bran extract supplementation, both individually and in combination, on NPC1 gene expression
within the intestinal tissue of rats subjected to a high-fat diet. By examining these interventions at a molecular level, this
research aims to provide a deeper understanding of their potential to ameliorate the adverse metabolic consequences of
HFDs and to identify effective strategies for improving gastrointestinal metabolic function.

Methods

In this study, thirty 8 week old female Wistar rats were randomly assigned to five groups (six rats per group): normal diet
control, high fat diet control, aerobic exercise + high fat diet, rice bran extract + high fat diet, and aerobic exercise + rice
bran extract + high fat diet. The aerobic training program consisted of moderate intensity continuous exercise (50—-65%
of maximal oxygen consumption) for six weeks, five sessions per week. The ethanol extract of rice bran was administered
orally via gavage at a dose of 60 mg/kg to the supplement and combined (exercise + supplement) groups. After the
intervention period, the rats were sacrificed and intestinal tissue was collected for measurement of NPC1 gene expression
using Real-Time PCR.

Results
The findings showed that NPC1 gene expression was significantly reduced in the exercise, exercise + rice bran extract,
and rice bran extract groups compared to the high fat diet control group (P < 0.05).

Conclusion

The findings derived from this investigation offer compelling evidence that both moderate-intensity aerobic exercise and
oral supplementation with rice bran extract can exert a salutary influence on intestinal cholesterol metabolism in rats fed
a high-fat diet, as reflected by significant reductions in NPC1 gene expression. The observed downregulation of NPC1 in
the intestinal tissue of rats subjected to these interventions, compared to the high-fat diet control group, suggests a
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potential mechanism through which these strategies may mitigate the adverse effects of a lipid-rich diet. Given that NPC1
plays a critical role in the intracellular trafficking and processing of cholesterol within enterocytes, a reduction in its
expression could imply an impairment or alteration in the efficiency of dietary cholesterol absorption. This modulation
of intestinal lipid handling is particularly significant in the context of HFD-induced obesity and dyslipidemia, where
excessive cholesterol absorption contributes to systemic lipid overload and associated pathologies. The consistent results
across the exercise group, the rice bran extract group, and the combined intervention group underscore the robust nature
of these findings. The fact that both exercise and rice bran extract, when administered independently, were sufficient to
elicit a significant decrease in NPC1 expression indicates their inherent capacity to influence intestinal lipid regulatory
pathways. The synergistic effect observed in the group receiving both interventions further suggests that combining
aerobic exercise with rice bran extract may offer an even more potent strategy for modulating molecular alterations related
to obesity and improving gastrointestinal metabolic function. This combined approach could potentially target multiple
pathways involved in lipid metabolism and absorption, leading to enhanced beneficial outcomes. From a broader
physiological perspective, the reduced NPC1 gene expression could be interpreted as an adaptive response aimed at
limiting the influx of excessive dietary cholesterol into the body. This compensatory mechanism, induced by either
physical activity or the bioactive compounds in rice bran, may help to alleviate the burden on the liver and systemic
circulation, thereby potentially preventing or reducing the severity of hypercholesterolemia and other metabolic
derangements commonly associated with HFD consumption. It is plausible that acrobic exercise, through its systemic
effects on energy balance and hormonal signaling, influences intestinal cellular processes, while rice bran extract, rich in
fiber and phytosterols, might directly interact with the intestinal lumen to modify nutrient absorption. In conclusion, this
study provides a foundational understanding of how aerobic exercise and rice bran extract can positively impact intestinal
cholesterol absorption pathways at the molecular level. The significant reduction in NPC1 gene expression observed in
the intervention groups suggests that these interventions hold promise as complementary strategies for managing diet-
induced metabolic disorders. By modulating key regulators of lipid absorption, these approaches may contribute to
improved overall metabolic health and offer a naturalistic, non-pharmacological avenue for combating the widespread
problem of obesity and its comorbidities. Further research, including investigations into the downstream effects on
cholesterol absorption efficiency, plasma lipid levels, and long-term health outcomes, as well as exploring the specific
bioactive components within rice bran responsible for these effects, would be highly valuable in translating these
promising findings into practical clinical recommendations for promoting gastrointestinal and metabolic well-being.
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