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Sensory nerves and pancreatitis
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Abstract: Sensory nerves are a kind of nerve that conduct afferent impulses from the periphery receptors
to the central nervous system (CNS) and are able to release neuromediators from the activated peripheral
endings. Sensory nerves are particularly important for microcirculatory response, and stimulation of
pancreatic sensory nerves releases a variety of neuropeptides such as substance P (SP), calcitonin gene-
related peptide (CGRP), etc., leading to neurogenic inflammation characterized as the local vasodilatation
and plasma extravasation. Deactivation of sensory nerves often leads to the disturbances of pancreatic
microcirculation. Pancreatitis is a common digestive disease that can lead to severe complications and even
death if it goes untreated. Experimental studies in animals and tissue analysis in patients with pancreatitis
have shown significant changes in sensory nerves supplying the pancreatic gland. Thus making clear the
whole mechanism of pancreatitis is essential to treat and cure it. Sensory nerves may have a close correlation
with the development of pancreatitis, and knowing more about the role of sensory nerve in pancreatitis is
important for the treatment for pancreatitis. This review is aimed to summarize the relationship between

sensory nerves and pancreatitis.
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Introduction

Pancreatitis, which can be generally classified into two
forms: acute pancreatitis (AP) and chronic pancreatitis (CP),
is an inflammatory reaction of the pancreatic tissue. Either
form of pancreatitis is serious and can lead to complications.
In severe cases, bleeding, infection, and permanent tissue
damage may occur.

The function of primary sensory neurons is to receive
information from external environment and transmit it
to the central nervous system (CNS), and activation of
these neurons causes the release of neurotransmitters from
peripheral endings; this process is a basis for the local
“axon reflex” (1). Sensory nerves have a special sensitivity
to capsaicin (2). Capsaicin, a natural product of the hot
pepper plant, is structurally similar to endogenous lipid
molecules such as arachidonic acid, specifically activating
the transient receptor potential vanilloid 1 (TRPV1) on
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primary sensory nerves (3,4). TRPV1 is a nonselective-
cation channel with a preference for calcium that is mainly
expressed on primary spinal afferent neurons containing
the neuropeptides calcitonin gene-related peptide (CGRP),
substance P (SP) (5). Low doses of capsaicin through
binding to the TRPV1 result in the activation of sensory
nerves accompanied by the release of neuromediators
such as CGRP, tachykinins (6,7), whereas high neurotoxic
doses of capsaicin lead to ablation of sensory nerves with
the decrease in plasma and tissue level of CGRP (8)
and the disturbances of pancreatic microcirculation (9).
Sensory nerves are strongly implicated in the maintenance
of pancreatic integrity. Deactivation of sensory nerves
aggravated AP, leading to the hypoxia and pancreatic
damage, whereas stimulation of these nerves increased
pancreatic resistance against acute inflammation (10-12).
The purpose of this review is to summarize the
relationship of sensory nerves and pancreatitis.
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Innervation of the pancreas

The innervation of the digestive tract is composed of
intrinsic component known as the enteric nervous system
(ENS) and extrinsic component. The extrinsic nerve fibers
can be anatomically and functionally classified in afferent
nerves, conducting sensory information from the digestive
system to the CNS, and efferent nerves, through which the
CNS convey motor command to the digestive system (13).

The pancreas is richly innervated by a variety of
myelinated or unmyelinated nerve fibers, thick nerve bundles
and aggregates of neural cell bodies known as intrapancreatic
ganglia; these ganglionic structures representing the intrinsic
component of the pancreatic innervation are randomly
distributed throughout the pancreatic parenchyma (13). The
afferent system, which involved in transmitting sensory to
the CNS, is composed of thin unmyelinated fibers. These
fibers run with either the parasympathetic pathways (vagi)
or the sympathetic inputs (splanchnic nerves), of which
cell bodies processes can be located either in the dorsal
root ganglia (DRG) (the spinal afferents) or in the nodose
ganglia (NG) (vagal afferents) (13-15). The extrinsic fibers
belong to the sympathetic and parasympathetic systems (14).
Parasympathetic fibers originating mainly from the dorsal
vagal nucleus and partly from the ambigous nucleus of the
brain stem are carried in the vagus nerve with termination
to synapse upon the intrapancreatic ganglia. Postganglionic
parasympathetic fibers from these ganglia reach both
exocrine and endocrine pancreas after being distributed
with sympathetic fibers. Preganglionic sympathetic fibers
are conducted through the splanchnic nerves to synapse
in the celiac ganglia. Postganglionic sympathetic fibers
run with the blood vessels to the pancreas. Many of their
terminations are close to the blood vessels controlling
pancreatic blood flow (14,15).

The afferent nerves contain a variety of specific receptors
and ion channels which are the molecular site of activation
(see Figure 1). DRG and NG neurons have been thought
to convey different types of sensory information from the
viscera to the CNS. DRG neurons respond to physiological
levels of stimulation and are capable of encoding noxious
input. Therefore, they are believed to mediate painful
sensations, and their close association with the vasculature
also suggests an efferent/cytoprotective role in response
to injury or inflammation (16). NG neurons have low
thresholds for activation, and previous studies have
suggested that these afferents do not code into the noxious
range (17). Therefore it was believed that these afferents
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could only be involved in the physiological regulation of
visceral stimulation, including emotional and behavioral
aspects. Data have been accumulating over the past decade
showing that persistent inflammatory pain requires the
expression of TPRV1 in primary afferents. TRPV1 was
expressed in both DRG and NG pancreatic neurons, but
at a significantly lower level in the NG (79% for DRG vs.
35% for NG) (18). Ablation of TRPV1-positive fibers via
application of resiniferatoxin to celiac ganglia significantly
reduced SP release and inflammation in a rat model of
pancreatitis (19). TRPV1 mRNA and protein expression
were both increased in pancreatic DRG neurons following
induction of CP in rats, and treatment with a TRPV1
antagonist reduced both visceral and referred somatic pain
behaviors (20). The afferent nerves contain a variety of
specific receptors and ion channels which are the molecular
site of activation (see Figure I).

Effects of sensory nerves on pancreatic exocrine
secretion

Pancreatic exocrine secretion is regulated by a complex
neurohormonal system, and the neural regulation of this
secretion including both the CNS, the afferent (sensory) and
efferent (motor) vagus and sympathetic nerves and the ENS
innervating the stomach, duodenum and pancreas (21-24).
Autonomic nerves of the pancreas form a separate “pancreatic
brain”, which is a part of the ENS and the center of short
enteric reflexes, are essential to regulate pancreatic secretory
function and microcirculation (24,25). The activation of
dorsal vagal complex (DVC) of the brainstem, which is the
core of vago-vagal, cholinergic entero-pancreatic reflex,
determines the central regulation of pancreatic exocrine
secretion (14,22). DVC integrates signals from olfactory
cortex and hypothalamus with inputs originating from the
intestine via vagal afferent nerves and transmits outputs to
the pancreas to produce secretory response to food ingestion
(25,26). Physiologic stimuli entering into the duodenum
stimulate the release of intestinal hormones and activate
enteric-pancreatic reflex mechanisms to stimulate or inhibit
exocrine pancreatic secretion.

Cholecystokinin (CCK), a peptide hormone both in the
gastrointestinal tract throughout the human small intestine
and nerves in the myenteric plexus of the ENS and in the
CNS, has been studied for many years as a major pancreatic
secretagogue (27). CCK could stimulate pancreatic
secretion by two following possible mechanisms. First,
CCK binds CCK-1 receptors on pancreatic acinar cells
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Figure 1 Afferent signaling. The primary afferent nerve terminals contain a variety of receptors/ion channels.

causing the release of pancreatic enzymes. Second, CCK
binds CCK-1 receptors on capsaicin-sensitive vagal afferent
fibers. Stimulation of vagal afferent nerves generates a
signal sent to the medial nucleus tractus solitarius (N'T'S)
which locates in the brain stem and output information
is transmitted through cholinergic postganglionic vagal
efferent fibers to the pancreas. Acetylcholine released
from the efferent nerve endings, binds M3 muscarinic
receptors on the pancreatic acinar cells and causes the
release of pancreatic enzymes (28). However, the effect
of CCK directly acting on pancreatic acinar cells remains
controversial. CCK has been demonstrated to stimulate
pancreatic exocrine secretion in mouse, rat and dog through
directly binding CCK-1 receptors on acinar cells, whereas
human acinar cells have been thought to lack this activity,
due to inadequate number of CCK-1 receptors on human
acinar cells (29,30). Sensory nerves are involved in neural-
reflex stimulation of pancreatic exocrine secretion by CCK
and deactivation of these nerves with capsaicin diminishes
the pancreatic secretory response to food (24).

Serotonin secreting cells, which releasing serotonin in
response to wide range of stimuli, distribute throughout
the gastrointestinal tract. It has been shown that 5-HT1P
receptor agonists inhibit amylase secretion (31) while 5-HT3
agonists stimulate exocrine stimulation via vagal afferent
fibers (32).

Melatonin, of which receptors are present on cells in the
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exocrine and endocrine pancreas (33), is known to stimulate
enzyme release from pancreas depending on CCK release
and stimulation of vagal afferents since inhibition of either
signal was accompanied by a loss in amylase release.

C-natriuretic peptide (CNP) is a 22 amino acid peptide
that is abundant in the CNS and gastrointestinal tract.
The CNP receptor is a member of the G protein coupled
receptor family locating on both acinar and duct cells of
the pancreas (34). It has been shown that CNP increased
pancreatic protein, chloride and fluid secretion without
affecting bicarbonate secretion. However, the secretion of
chloride is decreased in rats following truncal vagotomy
or perivagal application of capsaicin, suggesting that this
function of CNP is modulated by the parasympathetic
nervous system (35).

Application of leptin or ghrelin into the duodenal lumen
significantly and dose-dependently increased pancreatic
amylase secretion and raised CCK plasma level. Stimulatory
effects of these substances on exocrine pancreas through
activation of entero-pancreatic reflex via CCK release (36).

Effects of sensory nerves on AP
Effect on the improvement of pancreatic microcirculation

AP is characterized by an inflammatory reaction of
the pancreatic tissue and disturbances of pancreatic
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microcirculation (37). It is well known that microcirculatory
disturbances play a pivotal role in the initiation and
progression of mild necrotizing pancreatitis to severe
necrotizing pancreatitis (SNP) (38). Reduction of blood
flow in the pancreatic microcirculation could be the primary
reason of pancreatic inflammatory changes, leading to the
capillary thrombosis, ischemia, activation of macrophages
and leukocytes, release of pro-inflammatory cytokines and
the accumulation of oxygen-derived free radicals and toxic
substances in the pancreas (11,39-41).

Sensory nerves are responsible for the regulation
of pancreatic blood flow and stimulation of sensory
nerves could produce the hyperemia in the pancreatic
microcirculation (11). As it has been mentioned above
that stimulation of pancreatic sensory nerves releases a
variety of neurotransmitters such as SP, CGRP; and these
neurotransmitters could cause the local vasodilatation as
vasodilatatory neuropeptide. The protective effects of sensory
nerve stimulation or CGRP administration on pancreas
have been attributed, at least in part, to the improvement of
pancreatic circulation (10,42). Stimulation of sensory nerves
protects the pancreas against damage evoked by ischemia
reperfusion (I/R), whereas ablation of sensory nerves
aggravates pancreatic tissue damage in the pancreas exposed
to I/R. The beneficial effect of sensory nerve stimulation on
maintenance of pancreatic integrity is partly dependent on
improving the pancreatic blood flow by releasing CGRP (11).
CGRP binds to its receptors CGRP1 and CGRP2 inducing
a raise of intracellular cAMP, followed by the activation of
protein kinase A, opening of K+ channels and subsequent
relaxation of smooth muscle cells (43).

However, Warzecha et al. (44,45) demonstrated that
CGRP administration aggravated pancreatic injury in
edematous pancreatitis after induction of pancreatitis.
In acute edematous pancreatitis, hyperemia is a well-
known microcirculatory disturbance in the pancreatic
microcirculation characterized by capillary leakage,
edema formation (38). Therefore, CGRP may aggravate
pancreatic damage by augmenting pancreatic blood flow. In
contrast, acute necrotizing pancreatitis is characterized by
hypopertusion of the pancreas leading to inflammation and
pancreatic damage (38). This can be attenuated by CGRP
administration through improving blood flow in pancreatic
microcirculation.

Liddle RA (46,47) also has demonstrated that stimulation
of primary sensory neurons produces local vasodilation,
plasma extravasation, and pain and is due largely to the

release of the tachykinins SP and CGRP. SP and CGRP,
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which appear to be responsible for many of the features of
neurogenic inflammation, have the abilities to interact with
endothelial cells, arterioles, mast cells and other immune
cells to induce vasodilation, edema and inflammatory cell
infiltration.

Effect on inflammatory reaction of pancreas

It has been reported that activation of sensory nerves is able
to increase the production of insulin-like growth factor 1
(IGF-1) in many tissues, and could reduce cell apoptosis (48).
Previous studies on the rats have shown that IGF-1 attenuates
pancreatic damage in AP and this protective effect is related
to the stimulation of an anti-inflammatory interleukin-10
(IL-10) production. The function of IL-10 is to inhibit
the activation of macrophages and T cells and to decrease
the pro-inflammatory cytokines production in AP (49).
Application of exogenous growth hormone (GH) to the
rats with active sensory nerves stimulates IGF-1 release
and attenuates acute pancreatic damage as is manifested
by significant decrease of pancreatic edema, reduction of
lipase and TNF-alpha blood levels, and improvement of
pancreatic blood flow; while deactivation of sensory nerves
by capsaicin completely reversed above protective influence
of GH on AP (50). Capsaicin could significantly induces the
liberation of CGRP by activating sensory nerves, leading
to the reduction of activation of inflammatory leukocytes
and the release of proinflammatory cytokines (51). IL-1 is
a well-known proinflammatory cytokine. It plays a pivotal
role in the production of systemic acute phase responses and
the release of other proinflammatory cytokine cascade (52).
Dembinski er al. (11) have shown that the protective effect
of sensory nerve on necrotizing pancreatitis is manifested
by a decrease in plasma amylase and lipase activity, a
reduction in plasma concentration of IL-1, and an increase
in pancreatic DNA synthesis.

Studies have demonstrated that CGRP induces an
activation of adenylate cyclase resulting in decreased NF-«xB
activation and reduced the expression of NF-kB-regulated
inflammatory gene products including inflammatory
cytokines such as IL-1b and IL-8 and adhesion protein
molecules such as ICAM-1 (53). The anti-inflammatory
effect of CGRP seems to be mediated by increased
anti-inflammatory IL-10 production (54). Above findings
suggest that activation of sensory nerves leading to the
release of CGRP and other neuropeptides, exerts the
anti-inflammatory effect on AP.

Li C et al. (55) have shown that a noxious stimulation
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of the duodenum can induce pancreatitis via a neurogenic
process mediated by TRPAL and enhanced by high
concentrations of ethanol. This data suggested neural cross
talk between visceral organs may play a role in mediating
inflammation and pain in pancreatitis. A recent study
also demonstrated an important finding that TRPV1 and
TRPALI antagonists can prevent the transition of acute to
chronic inflammation and pain in CP (56).

Effects of sensory nerves on CP
Effect on generation of pain in CP

CP is a progressive, irreversible inflammatory disease in
which pancreatic parenchyma is permanently destroyed
and replaced by fibrous tissue, leading to exocrine and
endocrine insufficiency, malnutrition and diabetes (57).
The most frequent clinical symptom of CP is abdominal
pain. The pathogenesis of pain remain unknown, although
several possibilities such as increased pancreatic duct and
intraparenchymal pressure, pancreatic ischemia and fibrosis
and pancreatic calcification have been suggested, more
recent studies strongly indicate a major role for alterations in
pancreatic sensory nerves (15,58). It has been reported that
the mean diameter of nerves, both sensory and motor nerve
fibers, are significantly greater in patients with CP than in
health people, whereas the mean area of tissue served per
nerve is significantly less than in controls, and their severity
correlates with the intensity of pain (15). Bockman ez a/. (15)
observed the change of perineurium, which forms a
continuous barrier between the nerve and its surroundings,
in CP. The absence of the normal barrier provided by the
perineurium in CP leads to the nerves subject to the effects
of the multitude of products, including activated enzymes in
addition to blood plasma components and bioactive materials
released from inflammatory cells, present in the connective
tissue space of the diseased pancreas and bioactive substances
released from eosinophils could cause stimulation of pain.
Furthermore it also has been demonstrated that CGRP and
SP mediate pancreatic hyperalgesia in CP (59), and their
increased immunoreactivity in numerous intrapancreatic
nerves (60). Sustained or intense stimulation of sensory nerves
results in the release of several neuropeptides, including SP
and CGRP, and these neurotransmitters facilitate nociceptive
signaling to second order neurons in the spinal cord through
via their specific receptors. Investigators have shown both
an increase in the expression of SP and CGRP in pancreatic
nerves in patients with CP as well as correlation between pain
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levels and the expression of the neurokinin-1 receptor (60,61).

The fact that total pancreatectomy fails to the alleviation
of pain in up to 30% of CP patients (62) supports the
view that the chronic pain must in part be sustained by
a pancreas-independent mechanism. Recently, evidence
from experimental human pain research has illustrated
that in many of CP patients, pain processing in the CNS
is abnormal (63). In the course of a chronic inflammation
of the pancreas, repeated, pathological activation of the
afferent pathways carrying visceral information to the brain
is likely to cause neuroplastic changes in the peripheral
and CNS (64). Experimental studies have manifested that
patients with CP show signs of spinal hyperexcitability
counter-balanced by segmental and descending inhibition.
A recent review showed that an area of the superficial
dorsal horn—the substantia gelatinosa—might undergo
plastic changes in the setting of chronic pain (65). This
area receives inputs from sensory afferents that convey
noxious sensation and thus can change synaptic connectivity
and receptor expression under certain conditions such as
following peripheral tissue damage (65).

Buscher et a/. (66) summarized two mechanisms
contributing to pain in CP in a previous study: (I) central
sensitization and visceral hyperalgesia maintained by
persistent nociceptive input from ongoing pancreatic
inflammation and (II) autonomous and independent central
pain as a result of continuing nociceptive input. It is clear
that the peripheral nervous system and CNS undergo
plastic changes in response to the inflammation of CP with
the result being increased activity in several pain-related
nervous system areas. These plastic changes underlie the
pathophysiology of chronic pain in CP (64).

So far, various measures for treating pain in CP have
included analgesics such as NSAIDs and opioids, and
pancreatic enzyme supplements, celiac plexus block,
endoscopic techniques and surgery. Kaufman ez al. (67)
found that endoscopic ultrasound (EUS)-guided celiac
plexus block was effective in relieving chronic abdominal
pain in 51.46% patients with CP. However, they also noted
that improvement in patient selection and refinement of
the technique was needed. A systematic review and meta-
analysis on the role of EUS-guided celiac plexus block (68)
found that celiac plexus block was able to provide pain relief
in only 60% of patients.

Effect on chronic pancreatic inflammation and fibrosis

Primary sensory neurons play an important role in
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pancreatic inflammation in CP and permanent ablation
of primary sensory neurons by capsaicin alleviates CP
inflammation (69). Several studies have reported that
histological alterations of intrapancreatic neural structures
are implicated in the development of CP. Previous studies
concerning human CP showed that IL-8R positive immune
cells were present around the enlarged SP-immunoreactive
sensory nerves (70), and that NK-1R immunostaining was
seen in the pancreas with inflammatory cells infiltration (61),
suggesting that the presence of direct relationship between
pancreatic sensory nerves and inflammatory cells as an
important mechanism in the pathophysiology of CP. Ikeura
T et al. (69) demonstrated that primary sensory nerves
denervation by neonatal capsaicin administration attenuated
the severity of CP, indicating sensory neurons determined
the severity of CP.

SP has been shown to induce lymphocyte proliferation
and immunoglobulin synthesis and enhance the release
of cytokines from lymphocytes, macrophages, and mast
cells, leading to amplification of inflammatory responses
(71,72). Furthermore, SP appears to act as a trophic agent
in collagen-producing cells and plays an important role
in induction of tissue fibrosis in fibrosing disease (73). In
addition, NK-1R immunoreactivity is detected in fibroblasts
in CP (61), suggests that SP directly affects fibroblasts and
promote the development of pancreatic fibrosis.

Conclusions and expectation

The study described in this review shows that sensory nerves
play a pivotal role in protecting the pancreas against damage
in AP through releasing neurotransmitters from peripheral
endings; whereas these nerves promote the development
and fibrosis of CP due to the histological alterations of
intrapancreatic neural structures. The understanding
of the precise effect of sensory nerves on pancreatitis in
different phases helps us make distinct therapy for treating
pancreatitis. Clinical study has demonstrated that an
overall increase in electric and pressure pain thresholds
after thoracoscopic splanchnic denervation (T'SD) in CP
patients (74), indicating that denervation of sensory nerves
could be used to pain processing in patients with painful
CP. Activation of sensory nerves as one of the methods for
treating AP in clinical use could be taken into account.
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