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Vagus Nerve: The Key Integrator of Anti-inflammatory Reflex
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Inflammation is a local response of tissue to microbial
invasion or injury, which is usually a protective
phenomenon. This inflammatory response, also
called as inflammatory reflex, should be regulated
precisely as deficiency or excess of the inflammatory
response can cause morbidity and reduce lifespan.[1]
If inflammation spreads into the bloodstream, as
occurs in septic shock syndrome, systemic sepsis,
meningitis and severe trauma, the inflammatory
responses can be more harmful. Homeostasis is
restored when inflammation is limited by antiinflammatory responses that are adaptive to changes
in input and integration by autonomic nervous system
(ANS). The recent discovery that cholinergic neurons
inhibit acute inflammation has facilitated our
understanding of how the ANS moderates immune
responses. Recent studies have identified a basic
neural pathway that reflexively monitors and inhibits
inflammatory response. Therefore, the activation of
anti-inflammatory responses has collectively been
termed as anti-inflammatory reflex. Inflammatory
stimuli activate sensory pathways that relay information to the hypothalamus, which integrates and
mobilizes defences to eliminate the inflammation.
The inflammation-sensing and inflammationmediating functions are the principal components
of the inflammatory reflex. Though, the inflammation
is mediated by many chemicals, important among
them are tumor necrosis factor (TNF), IL-1 and
high-mobility group B1 (HMGB1).[2] These inflammatory mediators are potentially harmful. The
anti-inflammatory reflex counters the effects of the
inflammatory chemicals by increasing the production
of anti-inflammatory chemicals. Counter-regulatory
mechanisms that are highly conserved limit the
acute inflammatory response and prevent the spread
of inflammatory mediators into the bloodstream.
Activated immunologically competent cells release
TNF receptor fragments that bind and neutralize its
inflammatory and potentially toxic actions. Antiinflammatory cytokines, such as IL-10 and transforming growth factor-β (TGF-β), specifically
inhibit the release of TNF and other proinflammatory
mediators.[3] Adrenal glucocorticoids, adrenaline,
α-melanocyte-stimulating hormone (α-MSH) and
other ‘classical’ stress hormones inhibit cytokine
synthesis and intracellular signal transduction.[4,5]
In the absence of an adequate adrenocorticotropic
hormone (ACTH) and glucocorticoid response,
TNF is significantly overexpressed during endotoxic
systemic inflammation. In animal models, it has

been noted that deficiency of IL-10 leads to inflammatory bowel disease and severe form of collageninduced arthritis.[6] These reports indicate that loss
of endogenous anti-inflammatory mechanisms
converts a normally protective, self-limited
inflammatory response into an excessive, potentially
deleterious response.
Recently, as the basic reflex pathway that regulates
inflammation has been identified, documentation
has been made of a neural anti-inflammatory mechanism that inhibits macrophage activation through
parasympathetic system.[7] This system has been
designated as the ‘cholinergic anti-inflammatory
pathway’ because acetylcholine is the principle
parasympathetic neurotransmitter released in this
reflex pathway, and macrophages that are exposed
to acetylcholine are effectively deactivated.[8] The
vagus nerve innervates many visceral organs, including those that contain the reticuloendothelial system
(liver, lung, spleen, kidneys and gut). Experimental
activation of the cholinergic anti-inflammatory
pathway by direct electrical stimulation of the efferent
vagus nerve inhibits the synthesis of TNF in liver,
spleen and heart, and attenuates serum concentrations
of TNF during endotoxemia.[7] Vagotomy significantly
exacerbates TNF responses to inflammatory stimuli
and sensitizes animals to the lethal effects of endotoxin.
Interaction between the macrophage cholinergic
receptor and its ligand inhibits the synthesis of
proinflammatory cytokines (TNF, IL-1 and IL-18) but
not anti-inflammatory cytokines (such as IL-10).[7]
Stimulation of efferent vagus nerve activity has been
associated classically with slowing of heart rate,
induction of gastric motility, dilation of arterioles,
constriction of pupils and as recently proposed the
inhibition of the inflammatory responses. The vagal
anti-inflammatory network that includes release of
glucocorticoids, anti-inflammatory cytokines and
other humoral mediators of inflammation, is
distributed to many tissues of the body and its
subcomponent the cholinergic anti-inflammatory
pathway is discrete and localized in tissues. Thus,
vagal anti-inflammatory responses have both systemic
and local responses.
The anti-inflammatory reflex mechanisms of vagus
nerve are mediated through several pathways.
•
The first one is the anti-inflammatory hypothalamic–pituitary–adrenal axis which is stimulated
by vagal afferent fibres and leads to the release of
cortisol by the adrenal glands.[9] Many systemic
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effects occur because vagus nerve activity relays to the medullary
reticular formation, locus coeruleus and hypothalamus, and
activation of these structures leads to increased release of ACTH
from the anterior pituitary.
•
The second one, called the cholinergic anti-inflammatory pathway,
is mediated through vagal efferent fibres that synapse onto enteric
neurons which release acetylcholine (ACh) at the synaptic junction
with macrophages.[9] ACh binds to α-7-nicotinic ACh receptors of
those macrophages to inhibit the release of tumour necrosis factor
alpha (TNF-α), a pro-inflammatory cytokine.
•
The third pathway is the splenic sympathetic anti-inflammatory
pathway, where vagus nerve stimulates the splenic sympathetic
nerve.[9] Noradrenaline released at the distal end of the splenic
nerve links to the β2 adrenergic receptor of splenic lymphocytes
that release ACh.
•
Finally, ACh inhibits the release of TNF-α by spleen macrophages
through α-7-nicotinic ACh receptors.[9]
Understanding of these components of vagal anti-inflammatory reflex
pathways has therapeutic implications, since they could be targeted
in various means to stimulate anti-inflammatory regulation in TNFαrelated diseases such as inflammatory bowel disease and rheumatoid
arthritis. The vagal nerve stimulation, either as an invasive or noninvasive procedure, is becoming increasingly the objective of many
researches to evaluate the potential effectiveness of vagus nerve stimulation (VNS) to alleviate chronic inflammation. As such VNS has recently
been attempted in the management of many clinical disorders.[10] It has
been suggested if pranayamas as part of the yogic practices can yield
the effects of VNS.[11] Currently, inflammation has been found to be an

important etiopathogenic mechanism in the causation of many metabolic disorders. Thus, role of vagus nerve as the key integrator of antiinflammatory reflex and the efficacy of VNS as a therapeutic tool will be
the target of many future clinical researches in finding-out a promising
solution to the management of lifestyle diseases.
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