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Psychoneuroimmunology  brings  the-
oretical  and clinical  tools  to treat  GI
related  pain.
The  gut  represents  an  intersection  of
immune  and  nervous  system.
Neurohormonal  signalling  is a crucial
intermediary  mechanism  in  chronic
pain.
Microbiota  and  glial  modulation
should  be considered  as  adjunct
treatment  options.
Adding  specific  nutrients  represents
a useful  lifestyle  modification  to
reduce pain.
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Background  and  purpose  (aims):  Psychoneuroimmunology  is  both  a theoretical  and  practical  field of
medicine  in  which  human  biology  and  psychology  are  considered  an  interconnected  unity.  Through  such
a framework  it is possible  to  elucidate  complex  syndromes  in  gastrointestinal  related  pain,  particularly
chronic  non-malignant.  The  aim is  to provide  insight  into  pathophysiological  mechanisms  and  suggest
treatment  modalities  according  to  a comprehensive  paradigm.  The  article  also  presents  novel  findings
that  may  guide  clinicians  to recognize  new  targets  or scientists  to  find  new  research  topics.
sychoneuroimmunology
icrobiota

nflammatory bowel disease
unctional gastrointestinal disorders
ain

Methods:  A  literature  search  of  ‘PubMed’  and  ‘Google  Scholar’  databases  was  performed.  Search  terms
included:  ‘Visceral  pain’,  ‘Psychoneuroimmunology’,  ‘Psychoneuroimmunology  and  pain’,  ‘Pain  in GI sys-
tem’, ‘GI  related  pain’,  ‘Pain  and  microbiota’,  ‘Enteric  nervous  system’,  ‘Enteric  nervous  system  and
inflammation’,  ‘CNS  and  pain’,  ‘Inflammation  and  pain  in GI tract’,  ‘Neurogastroenterology’,  ‘Neuroen-
docrinology’,  ‘Immune  system  in GI  pain’.  After  searching  and  reading  sources  deemed  recent  and
relevant,  a narrative  review  was written  with  a tendency  to discriminate  the  peripheral,  intermediate,

and  central  pathophysiological  mechanisms  or treatment  targets.
Abbreviations: ACC, anterior cingulate cortex; ATP, adenosine triphosphate; CB, cannabinoid receptor; CD, Chron’s disease; CGRP, calcitonin-gene related peptide;
NS,  central nervous system; CRF, corticotropin releasing factor; ECC, enterochromaffin cell; ENS, enteric nervous system; FGID, functional gastrointestinal disorder; GI,
astrointestinal; GLP-2, glucagon-like peptide-2; HPA, hypothalamus–pituitary–adrenals; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; IDO, indolamine
ioxygenase; LDN, low-dose naltrexone; MT,  melatonin receptor; NAD, nicotinamide dinucleotide; NMDA, N-methyl-d-aspartate; NO, nitric oxide; NPY, neuropeptide Y;
AG,  periaqueductal grey; PFC, prefrontal cortex; RNS, reactive nitrogen species; ROS, reactive oxygen species; TNF, tumor necrosis factor; TRPV, transient receptor potential
ation  channel subfamily V; UC, ulcerative colitis; VIP, vasoactive intestinal peptide.
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Results:  Recent  evidence  point  out  the importance  of  considering  the brain–gut  axis  as the main  connector
of the  central  and  peripheral  phenomena  encountered  in  patients  suffering  from  chronic  non-malignant
gastrointestinal  related  pain.  This  axis is  also  a prime  clinical  target  with  multiple  components  to be
addressed in  order  for therapy  to  be  more  effective.  Patients  suffering  from  inflammatory  bowel  dis-
ease or functional  gastrointestinal  disorders  represent  groups  that  could  benefit  most  from the  proposed
approach.
Conclusions  (based  on  our  findings):  Rather  than  proceeding  with  established  allopathic  single-target
central  or  peripheral  treatments,  by  non-invasively  modulating  the  brain–gut  axis  components  such as
the  psychological  and  neuroendocrinological  status,  microbiota,  enteric  nervous  system,  or  immune  cells
(e.g.  glial  or  mast  cells),  a favourable  clinical  outcome  in  various  chronic  gastrointestinal  related  pain
syndromes  may  be achieved.  Clinical  tools  are  readily  available  in  forms  of  psychotherapy,  prebiotics,
probiotics,  nutritional  advice,  and  off-label  drugs. An  example  of the  latter  is  low-dose  naltrexone,  a  com-
pound  which  opens  the perspective  of  targeting  glial  cells  to reduce  neuroinflammation  and  ultimately
pain.
Implications  (our  opinion  on  what  our  findings  mean):  Current  findings  from  basic  science  provide
sound  mechanistic  evidence  and  once  entering  clinical  practice  should  yield  more  effective  outcomes
for patients.  In addition  to well-established  pharmacotherapy  comprised  notably  of  anti-inflammatories,
antibiotics,  and  proton-pump  inhibitors,  valid  treatment  strategies  may  contain  other  options.  These
disease  modulating  add-ons  include  probiotics,  prebiotics,  food  supplements  with  anti-inflammatory
properties,  various  forms  of psychotherapy,  and low-dose  naltrexone  as  a glial  modulator  that  attenuates
neuroinflammation.  Clearly,  a broader  and  still  under  exploited  set  of  evidence-based  tools  is available
for  clinical  use.
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. Introduction

.1. Psychoneuroimmunology as a framework in pain

a practical medical approach [1–3]. This combines the findings of
the physiological interconnectedness between the immunological,
neurological, and endocrine aspects of the organism as well as the
anagement

Since the last quarter of the past century, the field of psy-
honeuroimmunology has been growing both as a theoretical and
psychological one [1–4]. Medical terms that describe behaviour
such as ‘sickness behaviour’ [5,6] and syndromes such as ‘chronic
fatigue syndrome’ [7] rarely find the appropriate theoretical and
practical medical way of addressing. Common concepts divide the
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K. Toljan, B. Vrooman / Scandinav

ody in subsystems which are then independently considered by
arious specialists. Fortunately, with the new methods of scientific
nvestigations and an ever growing pool of evidence, this physio-
ogically justified approach gets its application and recognition in

 broader medical community [8–10]. From the beginnings in the
970s by the founder, Robert Ader [1,11], this field now yields more
han 50 publications yearly in PubMed database. Psychoneuroim-

unology is suited not only when considering chronic diseases
12–14] in which the psychological component is definitely noticed
s a factor, but acute states of stress, injury, or disease as well
15–18]. The interplay of cytokines, cellular mechanisms, neural
athways, and hormonal messengers can affect the behaviour if a
ottom-up approach is taken, but also the other way around in a
op-down approach [3,4,7,17]. The underlying neurobiology of elic-
ting greater motivation and a favourable response to treatment,
ncluding placebo [19], is a valuable tool for a clinician specialized
n treating pain and pain related disorders.

Pain is a subjective phenomenon, especially chronic pain which
an seem elusive to standard medical classification of the triad
etiology-pathogenesis-clinical presentation, but also one which
ould be comprehensively approached through a psychoneuroim-
unological perspective. In light of the advanced findings in the

nderlying causes of chronic pain a novel, extended definition of
ain has recently been proposed [20], one that includes cognitive
nd social components in addition to the classic definition which
ncludes well-established sensory and emotional components [21].
y elucidating the complex relations between neurophysiological,
ndocrine and immunological mechanisms marked by characteris-
ic behavioural traits, psychoneuroimmunology should represent a
cientifically valid framework for an integrative and more effective
pproach in managing pain, e.g. as achievements in interdisci-
linary pain management outcomes have noted [22–25].

.2. Methods

A literature search of ‘PubMed’ and ‘Google Scholar’ databases
as performed. Search terms included: ‘Visceral pain’, ‘Psychoneu-

oimmunology’, ‘Psychoneuroimmunology and pain’, ‘Pain in GI
ystem’, ‘GI related pain’, ‘Pain and microbiota’, ‘Enteric nervous
ystem’, ‘Enteric nervous system and inflammation’, ‘CNS and pain’,
Inflammation and pain in GI tract’, ‘Neurogastroenterology’, ‘Neu-
oendocrinology’, ‘Immune system in GI pain’. After searching and
eading sources deemed recent and relevant, a narrative review
as written with a tendency to discriminate the peripheral, inter-
ediate, and central pathophysiological mechanisms or treatment

argets. Finally, conclusions based on the read material have been
ormulated with additional suggestions for future considerations.
trengths and weaknesses of methodology are presented further in
ne of the last sections of this article.

.3. Presenting a comprehensive model for managing
astrointestinal related pain

The aim of this article is to suggest a clinical approach based
n a psychoneuroimmunological pathophysiological reasoning,
hen treating patients suffering from chronic non-malignant gas-

rointestinal (GI) pain. This type of pain is commonly present
n inflammatory bowel diseases (IBD), namely ulcerative colitis
UC) [26,27] and Crohn’s disease (CD) [27,28], but insufficiently
ealt with since pain can arise both in exacerbating episodes
nd in complete clinical organic remission [29]. This makes it

 challenge to find an effective long-term therapy. The article

hould provide a sound rationale for introducing novel clini-
al options. Another area of GI related pain that could benefit
rom the psychoneuroimmunological approach is the domain of
unctional gastrointestinal disorders (FGIDs) in which abdominal
urnal of Pain 17 (2017) 431–443 433

pain is a hallmark and an inclusion criterion for the diagnosis
according to authoritative Rome criteria. The latest guideline con-
sensus Rome IV [30,31] from year 2016 features a prominent
biopsychosocial model and dubs FGIDs as disorders of gut–brain
interaction. According to the aforementioned criteria, FGIDs are
divided anatomically (esophageal, gastroduodenal, bowel, cen-
trally mediated, gallbladder, or anorectal disorders), as well as
by age (adult, neonate/toddler, or child/adolescent category). It
is striking that worldwide prevalence of FGIDs in children is
13.5%. The most common is irritable bowel syndrome (IBS) with a
prevalence of 8.8% and girls are affected more often [32,33]. Unfor-
tunately a negative feature of FGID is its persistence from childhood
to later adulthood with a rate of more than 40% after 9 years of being
diagnosed with a paediatric functional abdominal pain [33,34].
Additionally, anterior cutaneous nerve entrapment syndrome can
cause category misdiagnosis by resembling symptomatology and
as such is not considered in this manuscript [26].

1.4. Neuroanatomy of pain processing linked to gastrointestinal
(GI) tract

Since pain is mediated by neural tissue, a basic division accord-
ing to neuroanatomy may  help direct the treatment. En gros, GI
related pain may  be divided into visceral (inflammation, strictures,
adhesions) [35–37], somatic (musculoskeletal) [36,37] and central-
ized (neurobiological, psychological) [36–38]. Neuroanatomically,
the division can be made on the intrinsic GI  tract innervation which
consists of the enteric nervous system (ENS), and the extrinsic
GI tract innervation comprised of vagal, pelvic, and splanchnic
nerves which terminate in central nervous system (CNS), i.e.
spinal cord or the brain directly [35,36,38]. Spinal cord ascending
pathways transmitting afferent pain-related information include
the well-known anterolateral quadrant and the recently impli-
cated important conduit for visceral nociception – dorsal funiculus
[39–42]. Hierarchically higher centres involved in pain processing
include primarily the thalamus, somatosensory, anterior cingu-
late, and insular cortex. Descending pathways originating from
periaqueductal grey matter (PAG), raphe nuclei, and anterior cin-
gulate cortex, represent an important antinociceptive route for
exerting the effects of endogenously synthesized opioids (e.g.
endorphins), and monoaminergic neurotransmitters such as sero-
tonin, dopamine, and noradrenaline [36,38,42,43]. The anterior
cingulate cortex projects to amygdala and PAG. This structural
trio comprises salient components of the pain processing network.
Following the introduction, pathophysiological mechanisms will
be presented, proceeding to current peripheral and central ther-
apeutic approaches (graphically presented by Fig. 1), ultimately
mentioning future perspectives with concluding remarks.

2. Pathophysiological mechanisms

The importance of considering the peripheral and central patho-
physiological mechanisms via a bidirectional gut–brain axis is a
crucial step when investigating the phenomenon of GI related pain
in IBD and FGIDs. Topographical division of mechanisms presumes
peripheral (disturbances in enteric nervous system, gut epithelium,
or microbiota), central (CNS structural and functional changes),
and intermediary (immunological and endocrine imbalance) occur-
ring disarrangements. The aforementioned chronic diseases that
present with recurring GI pain are commonly accompanied by GI
motility disruption in terms of constipation or diarrhoea [28,31].

This dysmotility may  arise as a consequence of ongoing inflam-
mation [44] or as a primary malfunction in ENS. The latter is
being heavily investigated as a root cause in FGIDs according to
a novel paradigm that brought the field of neurogastroenterology



434 K. Toljan, B. Vrooman / Scandinavian Journal of Pain 17 (2017) 431–443

F ral ne
p

[
h
p
t
v
o
i
i
r

2

2
n

t
t
a
t
i
t
t
c
v
d
t
d
t
e
e

ig. 1. An overview of pathophysiological components in the periphery and cent
aradigm.

45]. The intestinal epithelium is being constantly populated by
ost’s own microbiota in an interactive manner. It represents a
hysical and immunological barrier for all the agents that arrive
hrough ingestion, such as nutritive compounds, but also bacteria,
iruses, and fungi. This leaves the GI tract in a constant process
f balancing anti-inflammatory and pro-inflammatory signals. The
mmunomodulation occurring should keep homeostasis ideally, or
f unable, then a dynamic balance with a higher expenditure of
esources termed ‘allostasis’.

.1. Peripheral pathophysiological mechanisms

.1.1. Enteric nervous system (ENS) as the third autonomic
ervous component

In Langley’s original division of autonomic system, ENS was  the
hird entity among sympathetic and parasympathetic nervous sys-
ems. The term ‘second brain’, clearly depicts the highly complex
nd functionally important role in physiology and pathophysiology
hat falls upon this network of 100–500 million neurons spread-
ng through the entire GI tract [46]. It is anatomically divided into
wo plexuses encircling the lumen of GI tract in two layers (myen-
eric Auerbach’s and submucosal Meissners’s, respectively). ENS
oordinates the motility and secretion in the GI tract and interacts
ia same neurotransmitters as CNS, notably acetylcholine (Ach),
opamine and serotonin. It also serves as major pool for neuro-
ransmitter synthesis. Almost 95% of serotonin [47] and 50% of

opamine [48] is synthesized in the ENS, hence its huge impor-
ance for entire organismic physiology. The production occurs in
nteric neurons, enterochromaffin cells (ECC), epithelial cells and
ven lamina propria cells [47–49]. There are seven main types of
rvous system with available treatments according to psychoneuroimmunological

serotonin receptors, 15 including receptor subtypes, and most are
present in the gut. Serotonin is a key neurotransmitter necessary
for inducing GI motility and ENS nerve growth [50]. Myenteric sero-
toninergic neurons project to cholinergic submucosal cells which
ultimately induce the proliferation of stem cells destined for the
epithelium [51]. On the other hand, ECC produced serotonin is pro-
inflammatory while neuronal produced exerts protective effects on
a cellular level [44].

2.1.2. GI tract dysmotility is influenced by kynurenic pathway
In addition to the cholinergic and serotoninergic transmission,

a pathophysiological role is especially studied for the effects of a
neurotransmitter nitric oxide (NO) and glutamatergic N-methyl-d-
aspartate (NMDA) receptors. Inflammation affects the metabolism
of tryptophan. This essential amino acid is well known for being a
precursor of serotonin, but that’s only a meagre 10% of its metabolic
fate, the majority or 90% of it being channelled to the kynurenic
pathway [52,53]. The kynurenic pathway is immensely important
for ultimately producing nicotinamide adenine dinucleotide (NAD),
but other end- and side-products include kynurenic, picolinic, and
quinulinic acid. These metabolites have an antagonistic (kynurenic
and picolinic acid) and agonistic (quinolinic acid) effect on NMDA
receptors, thus affecting the ENS neurotransmission and motility
[52–54]. Physiological state is characterized by a balance in all
metabolite quantities produced. However, by shifting the ENS to
an inflammatory milieu and via activation of resident microglia,

an imbalance occurs (the process depicted by Fig. 2). Microglia
contain the enzyme indolamine dioxygenase (IDO), which favours
the kynurenic pathway. It ultimately depletes the ENS of sero-
tonin and creates a significant amount of kynurenic metabolites
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riphosphate; IDO, indolamine dioxygenase; MT  1/2, melatonin 1/2 receptor; CB
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rom all the tryptophan available. It has been shown that through
hese interactions by predominantly exerting NMDA antagonis-
ic effects (via kynurenic acid) in acute inflammatory states, the
NS combats the enhanced motility induced by excitatory pro-
nflammatory molecules [53]. The NMDA receptors present on NO
mitting cells are the prime targets, so this is an indirect nega-
ive feedback mechanism, characteristic for complex regulation, i.e.
nother similarity of CNS and ENS. Cells secreting NO promote GI
ysmotility and enhance the ongoing inflammation through pro-
uction of reactive oxygen (ROS) and reactive nitrogen species
RNS) [53,55]. Turning down their activity is the goal of this acute
egulation by kynurenines and NMDA antagonism. Kynurenic acid
onsiderably downregulates the production of tumour necrosis fac-
or alpha (TNF�) in immune cells [56]. On the other hand, a chronic
nflammatory state leads to more NMDA agonistic effects, thus
roviding a positive feedback loop which represents a pathophys-

ological vicious cycle. This is the predominant effect of quinolinic
cid [53,54]. Nutritional component is also vital for the regulation
f these tryptophan metabolic pathways since it highly depends
n vitamins and minerals as enzymatic co-factors, e.g. vitamin B6,
itamin B2, zinc, copper, manganese and cobalt [52]. Glutamater-
ic neurotransmission in ENS, previously more or less neglected,
ecently received much attention in studying certain gut patho-
hysiological states such as IBD and IBS [57]. Regarding visceral
ypersensitivity and nociception in ENS specifically regarding C-

bre neurotransmission, evidence has confirmed all fibres respond
o thermal, mechanical and chemical noxious stimuli via tran-
ient receptor potential receptors, largely by activation of vanilloid
ype I receptors (TRPV1) [35,57–59]. Additionally, half the fibres
iary in the gut–brain axis. CGRP, calcitonin gene related peptide; ATP, adenosine
annabinoid 1/2 receptor; NPY, neuropeptide Y; GLP, glucagon-like peptide; VIP,

contain calcitonin-gene related peptide (CGRP) and substance P,
while the other half co-express purinergic P2X receptors respond-
ing to nucleotides such as ATP [58–62]. By releasing CGRP, a
paracrine-signalling molecule with an adjunct vasodilatory effect,
an effective communication of the ENS and immune system is
achieved. It acts as a crucial signal in the neuro-immune axis
[60] and modulates the production, differentiation, and func-
tion of all classes of immune cells, i.e. the ongoing research of
the ENS is uncovering roles for other peptides in gut-associated
inflammatory cascades. It was shown that vasoactive intestinal
peptide (VIP) and glucagon-like peptide 2 (GLP-2) promote an anti-
inflammatory response by reducing the glial secretion of cytokines
(TNF�, interleukin-1�,  interferon-�) and RNS, while neuropeptide
Y (NPY) does the opposite [63,64]. The ENS is contained within the
gut and is receiving stimuli highly dependent on the state of the
epithelium, which is the barrier to the lumen.

2.1.3. Integrity of gut epithelium is affected by inflammation
The part of the gut epithelium that is in the centre of patho-

physiological investigation is the intestinal one, due to its length,
surface, its role in nutrient resorption and the fact it is housing the
largest part of the microbiota [45]. The epithelial surface represents
an essential physiological barrier, while losing its continuity leads
to a state of pathological permeability, a phenomenon popularly
called ‘leaky-gut syndrome’ [65]. The ‘leaky-gut’ permits various

exogenous substances, e.g. sugars, peptides, bacteria, to enter the
inner layers of the GI tract or even bloodstream, after which they
spread across the body. A state of overt generalized or localized
inflammation may  ensue, in acute or chronic form, consequentially
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ggravating present diseases or inducing new ones by potentiat-
ng pathophysiological inflammatory reactions [66]. Some of the
auses for a greater intestinal permeability can be found in pri-
ary inflammatory processes affecting the epithelium (as in UC or

D) [67], the overgrowth of pathogenic bacteria from microbiota
68,69], viruses [68], autoimmune diseases such Coeliac disease
70], and novel causes that could be linked directly to gluten regard-
ess of the autoimmune response [71,72]. The average epithelial cell
urvives for five days, after which it is replaced by a matured stem
ell. Inflammatory cytokines such as TNF� increase the shedding of
pithelial cells and the newly formed gaps are not always sealed as
hey physiologically should be via tight junctions [73].

.1.4. Serotonin is the ultimate product of an inflammatory
ascade in gut epithelium

Enterochromaffin cells (ECCs), being a part of the gut lining
nd containing voltage gated sodium and calcium channels as well
s �2A adrenoreceptors [74] that characterize them as sensory
omponents, are fully implicated in pathophysiological processes
ffecting the epithelium. The connection of ECC, microglia and
NS provides a basis for the interaction of the specified epithe-
ium, immune and neural system. By producing serotonin, ECCs
xhibit a major signalling cascade which ultimately leads to

 pro-inflammatory response mediated by the aforementioned
ricellular connection. ECCs are proliferating in inflammatory con-
itions [75,76]. Recently, it has been demonstrated that ECCs
nd peripheral nervous terminals communicate with synapse-like
onnections [74]. This represents the gut–brain axis as a direct con-
inuum and indicates a direct role of microbiota and peripheral
mmune status in potentiating visceral hyperalgesia. Furthermore,

elatonin is another metabolite derived from serotonin and its
ole is still largely unknown in the GI tract [77]. It has been
hown recently that melatonin receptors MT1  and MT2  are highly
pread throughout gut epithelial cells and ENS [78]. The exact
echanisms and physiological role for these still remains to be

xplained. Endogenous cannabinoid system may  also prove salient
n future research as more aspects are being uncovered. The spe-
ific cannabinoid receptor CB1 is present in the gut and once
ctivated, demonstrates a protective effect measured by inflamma-
ory products, IgA secretion and intestinal permeability [79]. Also,
annabinoid receptor CB2 emerges as an interesting pharmacolog-
cal therapeutic target according to recent experimental data [59].
he gut lining is definitely a physical membrane, nevertheless it
hould always be considered as a part of a functional one, in unity
ith the immune component, the ENS and gut microbiota.

.1.5. Microbiota is a salient component in health and disease
Bacteria residing in each human individual account for at least

00 trillion cells [80], the number being three times greater than the
ntire sum of own human cells which has recently been counted to a
alue of 37.2 trillion [81]. The enormous contribution of microbiota
o genetic interactions with and within the host is demonstrated
y the fact that these bacteria encode genes in a 100-fold greater
mount than the entire human genome [82]. This genetic pool is
ermed microbiome and when considering it in an interactive rela-
ion with the human genome the term ‘holobiome’ is used. From
he functional perspective, the microbiota can be considered as an
rgan located in the GI lumen. It consists of commensals, sym-
ionts and pathobionts. Maintaining a constant dynamic balance
etween the three is crucial for health and if an imbalance occurs,
ermed dysbiosis, serious pathophysiological processes are started.

icrobiota is modified by dietary habits, the surrounding habi-

at and interaction with the environment such as other people,
nimals, plants, etc. Since year 2007 and the NIH microbiome ini-
iative [83], a staggering rise in research regarding microbiota is
oted, with more than 2000 articles being published in the last few
urnal of Pain 17 (2017) 431–443

consecutive years. As evidence are gathered, microbiota emerges
as an important contributor to physiology and pathophysiology in
most, if not all diseases, ranging from neuropsychiatric to metabolic
ones [84,85]. With the recognition of the various axes in the body,
e.g. brain–gut [86], brain–heart [87], liver–brain [66], and by com-
bining it with the microbiota as a salient component to organismic
immunology and metabolism, an inevitable road is paved for the
integrative approach in medicine. Psychoneuroimmunology as a
conceptual scientific backbone in ongoing research, devised years
before any of this was  known, testifies Ader’s framework is bound
to increasingly enter the clinical practice in order to achieve better
treatment outcomes. Research on microbiota yields findings that
correlate microbial contents with health or disease. It still remains
to fully elucidate the cause–effect relationship with the correlation,
i.e. does the dysbiosis cause the disease or the other way  around.
However, the microbial influence in an ongoing pathophysiological
process cannot be ignored. There are approximately 1000 strains
of bacteria present in the GI tract, most of those being anaerobic
[80]. Microbiota varies across life and established findings point
to a physiological loss of microbial biodiversity with ageing. Two
most represented phyla are Firmicutes and Bacteroidetes [80]. The
ratio between microbial phyla has been studied in various dis-
eases. It has been shown that a dysbiosis linked with Western-diet
eating habits causing a Firmicutes prevalence and decreasing Bac-
teroides and Lactobacilli levels (both Bacteroidetes phyla) [88], is
correlated with IBS [89]. In patients suffering from acute episode
of UC, a lower level of microbial diversity has been noted as well
as an absolute and relative increase in the amount of pathobionts
such as E. coli and Campylobacter with a restitution of symbionts
once disease remission was achieved [90]. In analysis of patients
suffering from CD, a significant predomination of Firmicutes phyla
has been marked in the mucosal and even submucosal layers [91].
The presence of pathobionts has a direct pathological effect and an
indirect one in exacerbating or prolonging the acute inflammatory
episode and concurrent pain [92]. Microbiota serves a prominent
metabolic role as a source of essential vitamins and short-chain
fatty acids (SCFA), which enterocytes and further ‘upstream’ hep-
atocytes use for energetic purposes. In that sense dysbiosis could
potentially lead to malnutrition and further aggravate the effects
of the primary disease. Microbiota is closely involved directly with
modulating the immune pattern and interacts bidirectional with
Th1, Th2, Th17 and Treg cells, also influencing the production of
TNF� and Interleukin-1�  [91].

2.2. Intermediary pathophysiological mechanisms

2.2.1. Peripheral immune system alterations affect the central
nervous system

The immune system is especially salient for proper functioning
of the GI tract. By keeping the possible noxious bacterial products or
the bacteria itself away from entering the bloodstream, a powerful
role is being fulfilled. The GI lymphatic tissue represents the largest
peripheral one, the appendix even being called the intestinal tonsil.
It is connected with central and other peripheral lymphoid tissues
and that is how a localized immune-mediated response in the GI
tract can elicit systemic effects. By constantly interacting with the
content of the gut lumen depending on the state of the epithe-
lium, immunosurveillance has a crucial adaptive role. The potential
unwanted too-revved up inflammatory process can become coun-
terproductive, affecting the GI organs and the ENS. The peripheral
neuroinflammation perpetuated by microglia disrupts the CNS bal-
ance as well. Directly, autonomic nervous tissue such as the vagal

nerve, mediates the thrombin induced apoptosis in the CNS which
is linked with central microglial and astrocyte activation [93]. This
comes from the standard model of experimentally induced coli-
tis where a marked decrease of neurons in efferent vagal nuclei



ian Jo

h
d
t
r
n

2
a

i
i
t
t
p
i
i
T
k
l
b
O
i
t
p
i
i
r
b
b
a
a
u
d
p
a
a
m
b
u
u
t
A
i
m
s

2
a

h
a
r
m
f
t
o
h
i
t
r
a
m
a
G
a
t

K. Toljan, B. Vrooman / Scandinav

as been noted. Indirectly, peripheral neurotransmitter synthesis is
isrupted. This leads to depletion of CNS serotonin or dopamine and
he metabolic shift to kynurenic profile enlarges the pool of neu-
oexcitatory and neuroinflammatory derivatives with a potential
eurotoxic epilogue [53].

.2.2. Chronic pain results from a heterogenic immune cell
ctivation profile

Other than microglia, another class of immune cells have been
mplicated in IBD pathology. Mast cells tend to proliferate signif-
cantly in IBD [94,95] and IBS [96,97]. The secretion of histamine,
ryptase, and serotonin initiates and maintains a vicious cycle by
hese being both activating and secretory factors for mast cells in
articular, but other immune cells also [94]. Mast cells are also

nteracting with the ENS and even CNS [98], therefore eliciting an
nfluence far away from the primary focus of inflammation [99].
-cells are also implicated in inflammatory GI pathology. Current
nowledge recognizes the characteristic hallmarks of CD being
inked to Th1 and Th17 cell profile differentiation, accompanied
y cytokines such as IL-12, IL-23 and interferon-gamma [100,101].
n the other hand, in UC, a typical profile of immune response

s favouring Th2 response together with IL-4 and IL-13, the lat-
er being heftily produced by natural killer T-cells [101–103]. This
oints to various immune mechanisms leading to respective clin-

cal presentations and histopathological findings, but ultimately
nducing chronic GI pain as a common symptom. Finally the
esponse of macrophages can either promote inflammation by
eing polarized to a M1  profile, or exert an anti-inflammatory effect
y polarizing to M2  profile [104]. This has recently gained a lot of
ttention, since it is valid for both peripheral macrophages as well
s microglial cells [104,105]. New evidence for the existence of a
nique CNS lymphatic system connected to the peripheral lymph
rainage, dubbed ‘the glymphatic’ one, extends the connection of
eripheral and central immunity [106]. The glymphatic system is

 conduit connecting the perivascular spaces of cerebral arteries
nd veins. The path is made by astrocytes and serves as a clearance
echanism parallel to the veins. Cerebrospinal fluid and arterial

lood filtrate flow into the arterial perivascular space. Its flow, reg-
lated by astroglia, continues via venous perivascular space until
ltimately reaching proper lymphatic drainage. This also redefines
he old paradigms of the brain being an immunoprivileged site.
cute and chronic inflammation alters behaviour [107]. Accord-

ngly, hormonal changes are also noted. This points to the other
ain intermediary pathophysiological route, namely the hormonal

ystem, one which is often disrupted in any chronic disease.

.2.3. Hormonal dysregulation as a consequence of chronic
berrations

The main neurohormonal axes are consisted of the
ypothalamus–pituitary-target organ/tissue model. The main
xis thoroughly investigated in psychoneuroimmunological
esearch is the hypothalamus–pituitary–adrenals (HPA) axis [2]. It
ediates the acute and chronic stress response changes by directly

reeing substantial amounts of cortisol and catecholamines from
he adrenal cortex and medulla, respectively [108]. Acutely, a state
f higher immunoreactivity is noted, but chronically it leads to a
igher level of pro-inflammatory cytokines. Corticotropin releas-

ng factor (CRF), IL-6 and TNF� being more expressed demonstrate
he signalling interconnectedness of the immunological and neu-
oendocrine systems [109]. Indirectly, the HPA activation disrupts
ll other hormonal axes, such as the gonadal or growth axes, with
ultiple pathophysiological cycles started in order to achieve an
llostasis – a defective homeostasis [110]. The aforementioned
I pathologies with pain as a prominent presenting component
re proven to be linked with hormonal imbalances as well. Fur-
hermore, GI related pathology impacts the dietary habits and
urnal of Pain 17 (2017) 431–443 437

digestion in the affected people, leading to malnutrition, vitamin
deficiencies, especially lipid soluble ones, and shortage of macro
and micronutrients necessary for proper hormone production (e.g.
folates, K, Fe, Ca, Mg,  Zn, Se, vitamin A, vitamin D, vitamin B12)
[111,112]. Hormonal imbalance can further lead to osteoporosis,
hypothyroidism, hypogonadism, and glucose and insulin dysreg-
ulation [113–115]. All of these perpetuate the pain component,
since pain is perceived from a cognitive and social aspect as noted
before. The long term application of drugs used to treat IBD or
FGID can further predispose patients to hormonal imbalances
(e.g. steroids [116]) or nutritional deficiencies (e.g. proton-pump
inhibitors impairing calcium absorption [117,118]). The disease per
se carries the negative impact on overall health, but the iatrogenic
effects should not be disregarded as GI disorders linked to pain are
significantly present in the population [119]. The immunological
and hormonal regulation are intertwined and they cover the
entire organism, however the penultimate pathophysiological
mechanism encompasses the CNS as the key cognitive and bodily
integrator where the pain is indeed consciously experienced.

2.3. Central pathophysiological mechanisms

2.3.1. Neuroplastic modifications lead to functional changes of
central nervous system

In chronic pain, various pathophysiological processes take place
at the level of spinal cord and the brain. From a psychoneuroim-
munological standpoint, the affection of CNS is not representing
these central structures solely as a target, but also as a source for
contributing pathophysiological stimuli and changes affecting the
neuro-immune axis. With ongoing chronic pain and inflammatory
cascades, multiple typical symptoms such as hyperalgesia or allo-
dynia are noted [35,120,121]. Peripheral sensitization at the level
of afferents and central sensitization at the level of higher cortical
structures represent key chronic pain-related mechanisms occur-
ring in CNS [122]. Due to the ability of the nervous system to rewire
itself constantly, also known as ‘neuroplasticity’, unfavourable con-
sequences may  be elicited and chronic pain is a typical example
of such improper adaptation [123]. From an evolutionary point of
view, chronic pain may  have been useful to provide the necessary
sparing of the injured body part for a longer period of time in order
to heal. However, with drastic evolutionary leaps and environmen-
tal changes, chronic pain is presently regarded as a maladaptive
mechanism, in essence being an evolutionary mismatch mecha-
nism for current conditions. After a prolonged period of peripheral
nervous stimulation with a nociceptive or inflammatory process,
central structures tend to succumb to neuroplastic modulation.
Neuroplasticity, usually described as an effective tool for motor
learning and rehabilitation, may  display both positive and negative
features when considering pain since it is inherently a neutral phe-
nomenon. The pain matrix is a complex of CNS structures important
for processing pain [123,124], namely the somatosensory cortex
(S1,S2), insular cortex, anterior cingulate cortex (ACC), amygdala,
prefrontal cortex (PFC), and thalamus. The PFC is important for
emotional and cognitive processing of pain, whereas amygdala and
ACC for noting pain as an unpleasant experience [123–125]. The
other structures of the pain matrix are primarily providing sensorial
discrimination of painful stimuli. Even though various triggers and
diseases may  lead to chronic pain neuroplastic changes, it mostly
ends with uniform alterations in the pain matrix. The continu-
ous neuronal excitation leads to diminished grey matter volume
in amygdala, ACC and insular cortex [126–129]. The functioning
of the brain measured via functional magnetic resonance imaging

(fMRI) without any particular task is known as the default mode
network (DMN). Its counterpart is the attention system, it being
the fMRI pattern of activation when person is presented with a
novel task or stimulus that requires active involvement. With fMRI



4 ian Jo

s
e
t
f
t
f
a
w
e
p
i
o
a
d
p
o
u

3

a
H
m
t
t
a
T
t
m
r
r
b
o
n
c
m
p
p
a
o
s
w
t
s

3

3
l

t
i
i
c
a
(
M
i
p
I
a
t
G
t

38 K. Toljan, B. Vrooman / Scandinav

tudies that had been conducted in people affected by chronic pain,
vidence is provided that there is a notable and distinct shift in
he DMN  and attention system functioning, thusly displaying a
eature of a possible biomarker [123,130]. The pathological activa-
ion pattern linked with neuroplastic changes shows a receptivity
or heteronymous set of stimuli, i.e. once these troublesome alter-
tions occur, a person might react to different provoking stimuli
ith an exaggerated central response [121]. The primary periph-

ral input may  even be absent, but the pain symptomatology will
ersist. In such cases, the pathophysiology extends further from the

mmunological and neurological substrates, reaching the domain
f psychological. As mentioned before, when considering FGID in
ccordance with Rome IV criteria, a prominent role for functional
isruption of CNS is introduced [30,128]. Following treatment these
athological neuroplastic changes measured by fMRI should reduce
r revert to the activation pattern of normal, non-affected individ-
als’.

. Therapeutic approaches

Respecting the psychoneuroimmunological therapeutic
pproach it is vital to keep the holistic perspective in mind.
owever, that does not mean conventional symptom-orientated
edicine does not provide benefits for the patient. It most cer-

ainly leads to favourable outcomes. Additionally, by addressing
he entire spectrum of aforementioned pathophysiological alter-
tions taking place, even more effective results may  be achieved.
reatments can be roughly divided in those acting primarily on
he periphery or the centre. The periphery as a single target is a

ore sound option for IBD-spectrum of diseases, since the GI tract
epresents the pathophysiological crucial origin. CNS and the neu-
al axis are major targets for cases of FGID, this being confirmed
y a paradigm shift in gastroenterology with the introduction
f Rome IV criteria and the stressing of the novel discipline of
eurogastroeneterology [30,31]. The best practice would be to
ombine both, i.e. taking the bottom-up and top-down approach in
anaging the diseases. This does not only involve the healthcare

roviders, but a very prominent active role is reserved for the
atient, especially regarding acquiring coping skills and making
n effort to engage with the psychodynamics. Even though the
rganism is a unity and no true division on peripheral and central
tructures is possible in terms of imposing treatment on one
hile excluding the other, a perspective taken here emphasizes

he predominant target being either the GI tract and its relating
tructures or the CNS.

.1. Treatment focusing on the periphery

.1.1. Reducing inflammation is possible with medications and
ifestyle modifications

The main goal would be to lower any present inflamma-
ion in the GI tract, a hallmark of IBD or states with increased
ntestinal permeability. This can be achieved effectively by apply-
ng pharmacotherapy, namely drugs such as 5-aminosalicylates,
orticosteroids, thiopurines, methotrexate, calcineurin inhibitors,
nti-TNF agents (infliximab, adalimumab), anti-adhesion agents
vedolizumab, etrolizumab), JAK inhibitors and antibiotics [131].

ost patients respond well to a combination of more than one, but
n the long-run the response rate drops and this makes unlikely for
harmacotherapy to ever exist as a single modality when treating

BD [132]. With ongoing discoveries in the area of microbiomics,

dding prebiotics, probiotics and antibiotics as adjunct therapeu-
ics proved to be useful for modulating the dysbiosis and restoring
I luminal homeostasis [85,133,134]. Strong evidence for the lat-

er are still lacking, but ongoing research show the importance
urnal of Pain 17 (2017) 431–443

of microbiota-gut–brain axis in numerous diseases including neu-
ropsychiatric, cardiovascular and GI-related ones [85]. Following
the success in treating C. difficile [135], drastic experiments are
being made in the area of faecal transplants, but of no clinically
confirmed value in treating IBD for now [136,137]. Nutritional com-
ponent is extremely important and should never be neglected in
chronic GI-related pathology. Due to the nutritional imbalances
mentioned earlier, a special focus should be brought to the current
nutritional status of the patient in order to correct vitamin and min-
eral deficiencies or even overt symptoms such as anaemia [138].
Anti-inflammatory diet should also be implemented, one especially
rich in essential fatty acids while keeping even the omega-3 to
omega-6 ratio, something that’s a rarity with Western-diet habits
[139]. Additionally, anti-oxidative and hormetic food compounds
such as curcumin [140,141], allicin [142], resveratrol [143], and
quercetin [144,145] may  also provide beneficial effects for the GI
epithelium. An adequate intake of l-glutamine provides a substrate
of great value for enterocytes [146,147]. By reducing inflammation
in the GI tract, a direct origin for IBD-related pathology is covered.
Secondly, by reducing glial activation in the ENS and with estab-
lished homeostasis of ‘the second brain’, a prerequisite for adequate
neurotransmitter synthesis is ascertained. This extends further to
the CNS via the neuronal and immunological connections explained
earlier in the context of pathophysiology.

3.1.2. Pain associated symptoms are ameliorated by concurrently
addressing multiple targets

The intermediary systems, namely the hormonal and auto-
nomic nervous, are also in the need for balancing in order to
achieve a more robust organismic state. Proper functioning of the
HPA axis, melatonin secretion, gonadal axes, and growth hormone
and glucoregulatory mechanisms is in order, as well as the bal-
ance between the sympathetic and parasympathetic drives. The
imbalance of these systems is most definitely visible in sleep
disturbances, fatigue, irritability, weight gain, and similar com-
plaints which are often linked with chronic pain as additional
symptoms, in this case being both the end-results and pathophys-
iological contributors on their own, respectively [148–150]. To
break these vicious cycles, centrally orientated therapy is some-
thing that comes adjunctively in an integrative approach, with
psychoneuroimmunologal therapy being precisely the epitome.
Treating symptoms occurring in IBD and FGID such as diarrhoea,
constipation, fatigue, nausea or vomiting, and reduction in appetite
with conventional pharmacotherapy and interventional proce-
dures may  be useful for short-term relief, but regulating the
underlying pathophysiological mechanisms and possibly covering
as much pathways as possible should provide long-term improve-
ments [151]. Even though the therapy of GI-related pain should be
guided according to the exact cause, oftentimes it remains diffi-
cult to identify the full extent of pathophysiological process and
advance beyond symptomatic treatment. Unfortunately analgesics
do not represent a permanently effective solution, even leading to
heavy opioid usage among patients with IBD [152]. Novel effective
pharmacotherapeutic options could include cannabis derivatives,
since recent studies give encouraging results [153–155]. Nonethe-
less, drawbacks are also to be taken into account and currently no
sound evidence that support cannabinoid use as a conventional
clinical option exist. With emerging knowledge that neurogas-
troenterology provides, the psychoneuroimmunological approach
currently represents a promising direction and offers, but also

demands multiple therapeutic modalities. Genetic factors, previ-
ously thought to be an unmodifiable component, gain new dynamic
features with the growing knowledge supporting epigenetic mod-
ifications as a fluctuating influence [156,157].
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.2. Treatment focusing on central components

.2.1. Reducing central neuroinflammation can be achieved by
arious modalities

Centrally targeted pharmacotherapy for GI-related pain [38]
hould seem inevitable after the considerable elaboration of the
hysiological and pathophysiological connection of the CNS and
eriphery. With chronic abdominal pain which leads to alterations

n neural-circuitry, neuroplastic changes with significant anatom-
cal and ultimately behavioural changes in a patient [158–160].
n IBD and similar primary peripheral inflammatory pathologies,
hese changes are presumably secondary. This leads to focusing
he therapy primarily on the peripheral GI inflammation. How-
ver, with chronic persisting disease, even under pharmacotherapy,
NS changes that significantly contribute to the gravity of flare-
ps cannot be ignored [109]. High perception of stress is a hugely

mportant predictor of a symptomatic flare [161]. Therefore, with
he longer duration of the disease, the stress-resilience lowers
nd the patient suffers stronger and longer-lasting relapses. On
he other hand, FGID-spectrum is recently considered a gut–brain
isorder in definition by authoritative Rome IV [30,31], thus a
entrally based approach seems vital and can even be considered
tiological in its essence. By implementing cognitive behavioural
162–165] or mindfulness psychotherapy [166,167], various relax-
tion techniques such as yoga [168], biofeedback [169,170], and
ypnotherapy [171–173], much can be done to alleviate the cen-
ral component in IBD and FGID pathology. It has been shown that
ll of the aforementioned reduce stress, inflammatory cytokines
nd disease symptoms. The use of psychobiotics, i.e. probiotics that
nfluence the CNS via microbiota-gut–brain axis, may  also add a
eneficial effect [133]. The use of antidepressant drugs which effec-
ively aid patients with chronic abdominal pain [38] signifies that a
ysregulation of neurotransmitters undoubtedly occurs. By reduc-

ng the activation of microglia, mediating the neuroinflammatory
eactions in the ENS and the CNS [174], a proportion of pain gen-
rating cytokines affecting the neurons could be reduced. This glial
odulation to a more favourable non-inflammatory profile should

appen after reducing the general amount of inflammation in the
ody, i.e. by restoring ‘peripheral’ homeostasis [105]. With the
ealthy functioning ENS, the neurotransmitter pool for serotonin
nd dopamine ought to be replenished and kynurenic metabolites
ccordingly balanced ultimately decreasing the amount of acti-
ated microglia.

.2.2. Psychotherapy relies on hierarchical organization of CNS
The function of all psychodynamically orientated therapy is to

ctivate the prefrontal cortex, which drives inhibitory projections
o ‘hierarchically lower’ anxiety-causing centres. The goal is to
ower the negative rumination which leads to arousal of central
ain-matrix, mostly reducing amygdala and insular over-activation
175]. These structures are related to limbic areas and activa-
ion of autonomic system, both commonly linked to most, if not
ll, anxiety and chronic-stress states [176]. Patients with chronic
bdominal discomfort desperately seek therapies, hence ending
s users of complementary and alternative medicine [177–179].
t includes physiotherapy, chiropractic, acupuncture, homoeopa-
hy, and massage therapy. Some of these modalities are also a
art of the chronic pain rehabilitation programme, which repre-
ents an effective holistic approach for most kinds of chronic pain
180,181]. Lastly, the powerful phenomenon of placebo should
ot be neglected when considering psychoneuroimmunology and
I-related pain [19,182–184]. The healthcare provider–patient
elationship appears to be therapeutic in itself and the belief in a
ood outcome boosts the mighty endogenous mechanisms that aid
ealing and data even show that the more frequent patient visits
ere, the more predictive it was a measure of a placebo response
urnal of Pain 17 (2017) 431–443 439

[184]. Endogenous analgesics, endorphins, are being released from
the brain. The stimulation of the central structure PAG sends mighty
descending analgesic projections and elicits pain relief [43]. How-
ever, placebo extends beyond pain relief, it implicates the partial
or even full remission of the disease. In terms of IBD, this especially
depicts the impact of the psyche and neuro on the immuno. The
bottom-up based treatments and the top-down intertwine exactly
at the CNS. This has been recognized by gastroenterologists and
other medical specialists respectively, by adopting the integrative
approach. Future perspectives, fuelled by growing understanding
of the complex pathophysiologies, as cases of chronic abdominal
pain are, point to inclusion of the CNS as the linking central chain
in any disease that is being studied integratively.

4. Conclusions

4.1. Strength and limitations of the article

By providing a comprehensive compilation based on findings
from multiple research fields, the article should provide an exten-
sive resource for clinicians interested in up-to-date evidence.
The large area covered yields new pain treatment strategies and
presents an integrative line of thought that may  be implemented
clinically. The article benefits as much as it suffers in regard to the
used methodology. Primarily it could have led to biased present-
ing of facts. However, that is consistent with the true nature of a
narrative article. From authors’ perspective, best available evidence
were used in order to support an approach that may be considered
as an upgrade to the current standard of pain management care.

4.2. Future perspectives

4.2.1. Glial cells as novel targets for treating pain
The past few years mark a shift in traditional allopathic

approach to combating pain. Instead of utilizing just pharma-
cotherapy that consists of well-known traditional analgesics and
anti-inflammatories as well as adjunctive medication such as
antidepressants and anti-epileptics, immunomodulation seems to
be entering as the next step in pain-research and clinical practice
also [185–187]. By understanding the intercellular and intracellular
signalling in chronic pain, the traditional paradigm of considering
just the neuronal component is expanding heavily to include the
area of glia [188,189]. Chronic pain leads to revved up microglia,
a state which does not need the peripheral initial trigger to
cause CNS functional alterations, but is a self-perpetuating pro-
cess [105,190,191]. On top of that, microglia is also involved in the
pathogenesis of opioid induced hyperalgesia [192], a phenomenon
at the other end of the spectrum. When treating chronic pain
iatrogenic consequences should also be considered, remember-
ing that certain long-term medical treatments may  worsen initial
symptomatology. Glial modulation is pharmacologically possible
by a well-used drug, an opioid antagonist naltrexone [193]. The
dosage used for this indication is lesser than the standard dose
of 50–100 mg. In the range 1.5–4.5 mg  which has been clinically
tested for now, termed as low-dose naltrexone or LDN therapy,
considerable pain relief was  achieved in patients with chronic pain
including fibromyalgia, IBS and IBD [194–196]. Further scientific
research in area of LDN is needed, since the current ones hap-
pening are too few. A reasonable amount of evidence points that
LDN’s target is the Toll-like 4 receptor found on proinflammatory

microglia phenotype [105,188,194–197]. This goes in hand with
the observed immunomodulatory effects, rather than immunosup-
pressive, as traditional anti-inflammatories cause. Other than LDN
therapy, glial modulation is possible by reducing general levels of
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nflammation in the body through dietary and behavioural modifi-
ations, most of those mentioned earlier [198–200].

.2.2. Clinical psychoneuroimmunology supports modulation of
athophysiology

Immune modulation, glial modulation, as well as microbiota
odulation, illustrate that homeostatic principles are respected

s the way of combating chronic pain. Psychoneuroimmunol-
gy shows that in health and disease it is all about fine tuning
he processes occurring, never to extinguish them entirely. This
pproach could also be defined as a one between what has tra-
itionally been named the ‘allopathic’ and the ‘homoeopathic’,
ince it is applying neither disease-opposing nor disease-causing
gents. The suitable name would be modulopathy, thus describing
he true nature of practical psychoneuroimmunology. Modulating
atient’s psychological responses, neural plasticity and signalling,
nd immunological responses in a manner that will gradually calm
icious cycles and possibly restore the homeostasis, is the goal for
he discussed therapeutic approach. It might be considered an ardu-
us path, but more importantly, as a solid one to attain long-term
melioration of chronic pain.
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