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Additional Information on Neuropeptides — VIP & NPY

Vasoactive intestinal peptide (VIP) is a polypeptide hormone that was first discovered in relation to its actions on
blood flow and electrolyte secretion in the intestinal tract. It was subsequently discovered to serve as a multi-
functional neurotransmitter and neuromodulator in the nervous system and organs throughout the body. VIP-
containing neurons are highly concentrated in the adrenal glands, salivary glands, and pancreas. (Igarashi et al.,
2011) VIP is frequently co-secreted with acetylcholine (ACh) from parasympathetic nerves, (Culp & Richardson,
1996) and it has therefore been employed as a marker of parasympathetic nervous activity. (Konttinen et al.,

1997; Takenaka et al., 2006)

Neuropeptide Y (NPY) is another key peptide that has multiple functions in the central and peripheral nervous
systems and in various tissues of the body. Centrally, NPY is inhibitory for sympathetic activity and it has a role
in countering stress, anxiety and depression. (Heilig, 2004) Peripherally, however, NPY’s actions are stimulatory,
synergizing with glucocorticoids and catecholamines to enhance the stress response. (Kuo & Zukowska, 2007) In
peripheral nerves NPY is often stored and co-released with noradrenaline. (Lundberg et al., 1990; Lundberg et
al., 1982) Peripheral NPY is regarded largely as a marker of sympathetic nervous system activity, although some
studies have examined plasma NPY specifically in relation to stress resilience and psychological conditions such

as PTSD disorder. (Heilig, 2004)

VIP and NPY have been shown to be important non-adrenergic, non-cholinergic (NANC) neurotransmitters that
affect saliva flow and secretion of salivary proteins. (Ekstrém, 1999) Immunohistochemical studies have shown
dense distributions of VIP-containing nerve fibers around the acini, ducts, and blood vessels of human minor
glands. (Konttinen et al., 1992; Konttinen et al., 1997; Feher et al., 1999) The nerves supplying these glands
show relatively little staining for tyrosine hydroxylase (TH), an enzyme marker associated with sympathetic
nerves, and they are therefore considered to be predominantly parasympathetic. (Konttinen et al., 1992)
Studies using animal models have shown that both mucin secretion and sustained fluid secretion from the
sublingual glands are induced primarily by parasympathetic input (ACh and VIP), while no response is seen to

sympathetic stimulation. (Culp & Richardson, 1996)



The major sources of human saliva are the submandibular and parotid salivary glands. In contrast to the minor
glands, these glands receive heavy innervation from both the sympathetic and parasympathetic nervous
systems. In animal studies, exocrine secretion of proteins has been found to be induced primarily by
sympathetic (B-adrenergic) control, with some contribution from parasympathetic (cholinergic) nerves; fluid
secretion is mostly under parasympathetic control, with some minor contribution also from a;-adrenergic
activation. (Proctor & Carpenter, 2007; Ekstrom et al., 1996; Culp & Richardson, 1996) In human subjects, fluid
secretion from the parotid glands was similarly found to be largely regulated by muscarinic-cholinergic
mechanisms with smaller contributions from ;- and B;-adrenergic mechanisms; protein (a-amylase) secretion
was observed to be affected by both cholinergic and adrenergic pathways. (Jensen et al., 1991) In addition to
secreting the main neurotransmitters NAd and ACh, respectively, many sympathetic and parasympathetic nerve
fibers around the acini, ducts, and blood vessels of these human glands also show immunoreactivity for VIP,
NPY, and other neuropeptides, indicating that these peptides also play a role in regulation of saliva. (Heym et al.,

1994; Kusakabe et al., 1998; Matsuda et al., 1997)

NPY, VIP, and various other neuropeptides have been measured in whole saliva and parotid saliva from healthy
humans, (Dawidson et al., 1997; Naito et al., 2003; Satoh et al., 2009) and levels in saliva have been shown to be
altered by nervous stimulation from acupuncture. (Dawidson et al., 1998) VIP has also been examined
extensively in human labial gland saliva from Sjégren’s syndrome patients and healthy controls. (Santavirta et
al., 1997; Konttinen et al., 1997; Tornwall et al., 1994; Tornwall et al., 1995; Konttinen et al., 1992) Because of
the general association of VIP and NPY with parasympathetic and sympathetic nerves, respectively, there is also

some interest in exploring these peptides as non-invasive autonomic markers in saliva.

The sympathetic and parasympathetic origins of the peptide-containing nerves associated with the human
salivary glands have not been well studied, however. Dual staining for tyrosine hydroxylase (TH) in the VIP-
containing nerves around the parotid glands found only sparse TH reactivity, suggesting that these nerves are
predominantly parasympathetic in nature. (Heym et al., 1994) This agrees with the strong presence of VIP-
reactive nerves in the predominantly parasympathetic innervation of the human minor and sublingual glands.
(Kontinnen et al., 1992; Kontinnen et al., 1997; Rossoni et al., 1979) Unfortunately, however, we are unaware of
any study of the sympathetic/parasympathetic nature of the nerves supplying the human submandibular glands.
In the human parotid gland, TH staining of NPY-containing nerves indicated that they were both sympathetic
and parasympathetic in nature. (Heym et al., 1994) This finding agrees with studies of the innervation of rat
salivary glands, where NPY-positive sympathetic nerves were associated with blood vessels, while NPY-positive

parasympathetic nerves were associated with the glandular acini. (Leblanc & Landis, 1988; Schultz et al., 1994)
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It is therefore possible that the general association of NPY with sympathetic activity may not hold true for
human salivary glands. Further research is needed, however, in order to understand more fully the roles of
neuropeptide transmitters in human salivary glands and to assess their utility as markers of autonomic nervous
activity. Since the submandibular glands are estimated to supply 65% of resting whole saliva, (Humphrey &
Williamson, 2001) a better understanding of the involvement of the neuropeptides in the control of these glands

would be especially helpful.
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