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Introduction
The role of the vagus nerve in physiological processes is an area of 

immense scientific interest, particularly in understanding how the nervous 
system contributes to the regulation of metabolic and immune homeostasis. 
The vagus nerve, a crucial component of the parasympathetic nervous 
system, orchestrates complex regulatory mechanisms across various organ 
systems. These mechanisms play pivotal roles in maintaining a balance 
between immune responses and metabolic processes, particularly in the 
gastrointestinal system. Among its various functions, the vagus nerve exhibits 
a unique influence on the terminal ileum, the distal portion of the small 
intestine, which is critical for nutrient absorption, immune surveillance, and 
overall intestinal health [1]. 

This relationship becomes especially intriguing in the context of the 
near-term ovine fetus, a model system often employed in developmental 
physiology research. The ovine model provides valuable insights into human 
fetal development due to its physiological similarities in growth patterns and 
maturation processes. The fetal period, particularly in the late stages, is 
characterized by the final development and fine-tuning of various systems, 
including the gut, immune system, and metabolic pathways. The terminal 
ileum, being a key site for nutrient absorption and immune cell interaction, 
holds significant importance during this stage of development. Understanding 
the interaction between the vagus nerve and the terminal ileum in the near-term 
ovine fetus offers critical insights into the mechanisms of immunometabolic 
homeostasis regulation [2].

Description
The vagus nerve is central to the brain-gut axis, transmitting sensory 

information from the gut to the brain and modulating efferent signals that 
influence gut function. In the terminal ileum, the vagus nerve plays a critical role 
in maintaining a balanced inflammatory response and promoting appropriate 
nutrient absorption. This is achieved through its interactions with the enteric 
nervous system, the network of neurons embedded in the gastrointestinal 
wall, and its influence on local immune cells. The enteric nervous system and 
vagal efferent fibers work in tandem to regulate gut motility, secretion, and the 
immune responses needed to maintain intestinal barrier integrity. A failure in 
this complex signaling network can lead to immune dysfunction, metabolic 
disorders, or compromised nutrient absorption, which are of particular concern 
during fetal development [3]. 

One of the ways in which the vagus nerve contributes to the regulation of 
immunometabolic homeostasis in the terminal ileum is through the cholinergic 
anti-inflammatory pathway. This pathway involves the release of acetylcholine, 
the main neurotransmitter of the vagus nerve, which binds to receptors on 
immune cells such as macrophages. By activating these receptors, the vagus 
nerve inhibits the production of pro-inflammatory cytokines such as Tumor 
Necrosis Factor-alpha (TNF-α) and Interleukin-6 (IL-6). In the near-term fetus, 
where the immune system is still developing, this modulation by the vagus 
nerve ensures that inflammatory responses do not overwhelm the immature 
gut, leading to tissue damage or the onset of inflammatory bowel diseases later 
in life. Furthermore, the cholinergic pathway also influences the metabolism 
of the intestinal cells, particularly the enterocytes, which are responsible for 
absorbing nutrients from the gut lumen [4].

The immunometabolic homeostasis regulated by the vagus nerve in the 
terminal ileum is closely linked to nutrient sensing mechanisms. The terminal 
ileum contains specialized cells that respond to the presence of nutrients, 
particularly fats and amino acids. These signals are then relayed to the 
brain via the vagus nerve, which modulates gut motility and the release of 
digestive enzymes to optimize nutrient absorption. In the near-term ovine 
fetus, this process is essential for preparing the gut for the nutritional demands 
postnatally, where the shift from placental nutrition to enteral feeding places 
significant stress on the intestinal absorptive capacity. The vagus nerve’s role 
in modulating the absorptive processes ensures that nutrients are absorbed 
efficiently without triggering excessive immune responses that could 
compromise gut function [5]. 

Conclusion
The vagus nerve’s influence on the mitochondrial function of enterocytes 

ensures that the cells have sufficient energy to carry out their absorptive 
functions while maintaining the integrity of the intestinal barrier. In the near-
term ovine fetus, where energy demands are rapidly increasing as the fetus 
prepares for birth, the vagus nerve’s role in modulating metabolic processes in 
the terminal ileum is critical for ensuring that the gut can meet these demands 
without triggering metabolic stress.

In conclusion, the vagus nerve plays a central role in regulating 
immunometabolic homeostasis in the terminal ileum of the near-term ovine 
fetus. Through its cholinergic anti-inflammatory pathway and its modulation of 
gut motility and nutrient absorption, the vagus nerve ensures that the fetal gut 
is prepared for the external environment post-birth. By dampening excessive 
immune responses and optimizing nutrient absorption, the vagus nerve 
prevents conditions such as necrotizing enterocolitis and other inflammatory 
bowel diseases that can compromise the health of the neonate. Furthermore, 
the vagus nerve’s influence on the metabolic processes of enterocytes 
ensures that the gut can meet the increasing energy demands as the fetus 
approaches birth. The near-term ovine model offers valuable insights into 
the role of the vagus nerve in fetal development, particularly in the regulation 
of immunometabolic homeostasis in the gastrointestinal system, which has 
important implications for understanding human fetal physiology and the 
prevention of neonatal intestinal disorders.
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