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Sir

Both acute and long-term studies suggested that vagus
nerve stimulation (VNS) is of benefit in the therapy for
treatment-resistant depression. VNS therapy acts via
innervation of the nucleus tractus solitarius, with secondary
projections to limbic and cortical structures that are
involved in mood regulation, including brainstem regions
that contain serotonergic and noradrenergic perikarya that
project to the forebrain. Mechanisms that mediate the
beneficial effects of the procedure of stimulation of vagus
nerve for treatment of resistant depression remains obscure
(Nemeroff et al, 2006). I propose that the procedure of
stimulation of vagus nerve for treatment of depression
works by suppressing the production of proinflammatory
cytokines: interleukin-6 (IL-6), tumor necrosis factor-a
(TNF-a), HMGB1 (high mobility group box 1), and
macrophage migration inhibitory factor (MIF) (Bernik
et al, 2002; Guarini et al, 2003).
Proinflammatory cytokines may cause depressive illness.

This is based on the observations that: (a) activation of the
immune system, and administration of endotoxin (LPS) or
IL-1 to experimental animals induces sickness behavior,
which resembles depression; (b) activation of the immune
system is observed in many depressed patients; (c)
depression is more frequent in those with medical disorders
associated with immune dysfunction; (d) treatment of
patients with cytokines can produce symptoms of depres-
sion; (e) chronic treatment with antidepressants inhibits
sickness behavior induced by LPS; (f) proinflammatory
cytokines activate the hypothalamo–pituitary–adrenocorti-
cal axis, which is activated in depressed patients; (g)
cytokines activate cerebral noradrenergic systems that is
known to occur in depressed patients; and (h) several
proinflammatory cytokines activate brain serotonergic
systems, which have been implicated in major depressive
illness and its treatment (Schiepers et al, 2005; O’Brien et al,

2004; Dunn et al, 2005; Castanon et al, 2002; Sluzewska et al,
1996; Basterzi et al, 2005). These results imply that
depression could be a low-grade systemic inflammatory
condition.
Central nervous system regulates the production of

proinflammatory cytokines: TNF, IL-1, HMGB1, IL-6, and
MIF through the efferent vagus nerve (Borovikova et al,
2000; Ulloa, 2005). Acetylcholine, the principal vagus
neurotransmitter, inhibits the production of proinflamma-
tory cytokines through a mechanism dependent on the a7
nicotinic acetylcholine receptor subunit. Thus, vagus nerve
stimulation controls the production of proinflammatory
cytokines.
As VNS is of benefit in depression, vagus inhibits the

production of proinflammatory cytokines, and patients with
depression have elevated plasma and cerebrospinal fluid
concentrations of these cytokines (Levine et al, 1999; Suarez
et al, 2003), I propose that the beneficial effect of VNS in
depression is owing to its (VNS) inhibitory action on the
production of proinflammatory cytokines. This can be
verified by estimating plasma levels of various proinflam-
matory cytokines before and after VNS therapy and
response. I also suggest that failure of VNS therapy, in
some, could be due to its inability to suppress production of
proinflammatory cytokines either because duration and/or
strength of VNS is not sufficient. Thus, if this idea is true,
correlation of VNS, depression, and plasma and cerebrosp-
inal fluid cytokine profile may in turn be an interesting tool
as suitable biomarkers to predict response and adequacy
of VNS, and for screening of populations under risk for
depression.
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