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Abstract

Inflammatory bowel diseases (IBD) belong to a subgroup of persistent, long-term, progressive, and relapsing inflammatory
conditions. IBD may spontaneously develop in the colon, resulting in tumor lesions in inflamed regions of the intestine, such
as invasive carcinoma. The benefit of opioids for IBD treatment is still questionable, thereby we investigated databases to
provide an overview in this context. This review demonstrates the controversial role of opioids in IBD therapy, their physi-
ological and pharmacological functions in attenuating the IBD symptoms, and in improving inflammatory, oxidative stress,
and the quality of life factors in IBD subjects. Data were extracted from clinical, in vitro, and in vivo studies in English,
between 1995 and 2019, from PubMed, Google Scholar, Scopus, and Cochrane library. Based on recent reports, there are
promising opportunities to target the opioid system and control the IBD symptoms. This study suggests a novel approach

for future treatment of functional and inflammatory disorders such as IBD.
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Introduction

Inflammatory bowel diseases (IBD) consist of Crohn’s Dis-
ease (CD) and Ulcerative Colitis (UC). These chronic dis-
eases of the gastrointestinal (GI) tract are marked
by periods of relapses and remissions. The most common
symptoms in CD are fatigue and abdominal pain, while in
UC, bloody stools, urgent bowel movement, and diarrhea
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are more prevalent [1]. Clinical, in vivo, and in vitro evi-
dence confirmed the multi-factorial nature of IBD. First
reports of IBD stem from traditionally high-incidence areas,
such as North America, as well as Northern and Western
Europe. During the last two decades, statistics revealed that
the incidence rate of IBD is increasing in Eastern European
and Asian countries, while the incidence rate in Western
countries is decreasing [2]. Advances in single-cell anal-
ysis of samples from extensive IBD cohort studies, and
IBD animal models, illustrated that many cytokines and
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cellular pathways contribute to the intestinal inflammation
[3]. Cytokines seem to play key roles in driving the intesti-
nal inflammation and local complications in IBD patients.
Therefore, modulation of these cytokines may be applica-
ble as a novel therapeutic pathway for IBD. As a result,
tumor necrosis factor-alpha (TNF-a) and pro-inflammatory
cytokines [i.e., a number of interleukins (ILs)] are the main
targets for IBD treatment. Optimized delivery systems,
personalized medicine, and approaching novel targets for
cytokines, may improve clinical strategies in IBD patients
[4, 5]. Current treatments are mainly based on immunomod-
ulatory therapies. The efficacy and safety of antidepressants
for treating the anxiety and depression in IBD were also
evaluated, although the outcomes showed no firm conclu-
sions. Recent evidence suggests the potential anti-inflamma-
tory effect of cannabis [6].

Opioids are analgesic agents that are commonly used
to alleviate pain, either associated with malignant or non-
malignant diseases. Opioids may appear profitable in the
alleviation of the main hallmarks of IBD, for instance,
inflammation, oxidative stress, abdominal pain, diarrhea,
and reduced the quality of life (QOL). On the other hand,
chronic use of opioids may be accompanied by multiple side
effects including constipation, respiratory depression, and
cognitive dysfunction [7]. Opioid misuse, addiction, and
overdoses are serious crisis worldwide, particularly over
the past 30 years. Considering their analgesic properties,
opioids are overprescribed by physicians to control pain,
which may lead to their misuses. Thereby, restrictive laws
were enacted and have to be revised regularly. Ultimately,
reimbursement became tied to patients’ perception of pain
control. As a result, using more extensive amount of opi-
oids was led to dependence and patients sought more in use.
Uncontrolled usage of opioids is an important factor in the
increasing death rate from opioid overdoses. In addition,
identification of social, genetic, behavioral, and individual
factors that are root causes of opioid misuse is a duty to
health care providers, hospitals, the pharmaceutical industry,
and government agencies to advocate social change and to
control such a crisis [8].

This review intended to summarize the beneficial effects
of opioids in IBD patients; the significant impact of opi-
oid receptors in inflammation reduction, the remarkable
decrease of inflammatory cytokines in the intestinal mucosa,
improvement of wound healing and decline of the endoplas-
mic reticulum oxidative stress in inflamed mucosa and other
effects of narcotic use in IBD subjects.
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Search strategy

An electronic search in PubMed, Google Scholar, Scopus,
and Cochrane library was performed and relevant clinical,
in vivo and in vitro articles from 1995 to 2020 were col-
lected. Search terms included “Inflammatory bowel dis-
ease” OR “IBD” OR “Opioids” OR “Opioid receptors”
AND “Inflammation”. From a total of 16,100 results, 9933
were excluded because of duplication, 12 reports were
omitted for being reviews, and 6601 studies were deleted
for being irrelevant to the subject of this study. Among 442
retrieved papers, finally, 175 articles including 19 in vitro
or/and in vivo studies, as well as 10 human studies were
used in this review. In this study, language restriction was
applied and non-English articles were not considered.

Opioid receptors and their ligands

Opioid receptors are G protein-coupled receptors that are
expressed by different body parts such as the central and
peripheral neurons, immune cells, ectodermal cells, and
the GI track. Opioid receptors are classified into three
main types: the mu, delta, and kappa receptors (i, K, ).
Mu opioid receptors (MORSs) are located in the cerebral
cortex, thalamus, and periaqueductal gray [9]. Binding
of an agonist {i.e., DAMGO ([D-Ala, N-MePhe, Gly-ol]-
enkephalin), Morphine, Fentanyl, Endomorphins (EMs),
and P-endorphin} to its receptor can cause analgesia,
euphoria, physical dependence, constipation and respira-
tory depression [9]. Naloxone (a non-selective opioid
receptor antagonist) was shown to antagonize these effects.
MORs have crucial responsibilities in goal-directed behav-
ior, social attachment, and anhedonia. Long-term abuse of
opioid agonists may increase the corticotropin-releasing
factor (CRF) signaling [10]. In the GI, MORs are local-
ized at the myenteric and submucosal neurons, and on the
immune cells of the lamina propria. Activation of MORs
blocks neural pathways through the enteric nervous sys-
tem (ENS) that adjusts motility. Inhibition of this pathway
increases the GI muscle activity, the resting muscle tone,
spasm, and non-propulsive motility patterns, resulting in
delayed gastric emptying [11]. Activation of submucosa
inhibits the secretion of water and electrolyte into the gut
lumen and elevates the fluid absorption from the intestine
and blood flow in the intestinal wall [12].

Delta opioid receptors (DORs) are mainly located at
basal ganglia. Binding of an agonist (i.e., Enkephalins,
Deltorphin, f-endorphin) to its receptor leads to anal-
gesia, convulsions and anxiolysis. These effects are
antagonized with Naltrindole and Naloxone. Activation
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of DORs can reduce the levels of anxiety and depressive
symptoms [9]. Eventually, a decrease in DORs activities
is associated with increased ethanol-drinking behavior.
In the GI, DORs are located at both plexuses, where it is
predominantly in varicose fibers in the plexuses, muscle,
and mucosa [11].

Kappa opioid receptors (KORs) are located at the
hypothalamus and periaqueductal gray. Binding of an
agonist (i.e., Bremazocine, Dynorphin) to its receptors
causes analgesia, diuresis, and dysphoria. These effects
are antagonized with Norbinaltorphimine and Nalox-
one [9]. In the GI, KORs appear to be confined to the
myenteric plexus and bundles of muscle fibers. Stimu-
lation of Dynorphin/KOR and CRF was shown to con-
tribute to dysphoria formation [10]. Peripheral MORs
and DORs induce constipation and reduce inflammation
[9]. Recently, a different category of opioid receptors
has been found, named as opioid receptor like receptor 1
(ORL1), also called as LC132, XOR1, kappa 3, ROR-C,
and C3. It was shown that high concentration of Etor-
phine (opiate agonist) activates, and high concentration
of Naloxone inhibits the ORL1. The ligands that bind
to these receptors are in fact neuropathies called Nocic-
eptin (N) and Orphanin FQ (OFQ). ORLI1 includes sev-
eral conserved amino acids and motifs. ORL1 is majorly
consisted of two parts; the intracellular loop (responsi-
ble for the activation and interaction with the G proteins
contributed in conformational changes through receptor
activation (microswitches)), and the extracellular loop.
The ligand-binding pocket is restricted by the transmem-
brane helices, with residues from TM3, TM5, TM6, and
TM?7 that interact with ligand in the binding pocket [13].
Molecular techniques exhibited that in peptide agonist
N/OFQ, the N-terminal sequence F-G-G-F binds to the
transmembrane binding pocket, where the N-terminal
amino group of N/OFQ interacts with agonists [14]. In
IBD condition, MOR and KOR antagonists possess anti-
inflammatory effects, decrease the macroscopic and ulcer
scores, colonic wall thickness, myeloperoxidase (MPO)
activity, body weight loss and the pro-inflammatory
cytokines expression [15].

In a study conducted on dextran sulfate sodium (DSS)-
induced colitis wild type mice and nociception receptor
(NOR)-deficient mice, upon Noc/OFQ treatment, the body
weight reduced in wild-type mice but not in NOR-deficient
animals. Subsequent to treatment, the Noc/OFQ was up-
regulated and the MAdCAM-1 expression level increased
in both groups. Following the administration of DSS in
wild-type mice, the Nociceptin expression and the num-
ber of f7-integrin-positive cells enhanced. In non-treated
wild-type or NOR-deficient mice, the vascular cell adhe-
sion molecule 1 gene was not expressed, although the
intercellular adhesion molecule 1 gene was expressed [13].

Endogenous opioids

The central nervous system (CNS) and peripheral tissues
such as adrenal glands, are the main manufactures of endog-
enous low-molecular opioid peptides. Under stress condi-
tions like inflammation or cancer, these natural ligands bind
to opioid receptors. There are three types of opioid pep-
tides, including endorphins, enkephalins, and Dynorphins,
with a similar structure to enkephalin at the N-terminus and
dissimilar sequences at the C-terminus. These opioid pep-
tides are synthesized via cleavage of 3 precursor proteins:
Proopiomelanocortin (POMC), Prodynorphin (PDYN), and
Proenkephalin (PENK). POMC is the precursor of a- and
b-endorphin, and some non-opioid peptides such as Dynor-
phin A and B, as well as neoendorphin a and b. PENK
is a precursor for several types of enkephalins, including
Leu-enkephalin, Met-enkephalin, etc. b-endorphin showed
comparable affinity towards MORs and DORs, Dynorphins
belong to KORs agonist, whereas enkephalins have been
associated with DORs [16].

In the GI tract, endogenous opioid peptides are found to
control the intestinal motility and secretion. In the GI tract,
these peptides are located at the neural networks and endo-
crine cells, particularly the ENS. PENKs are mainly placed
at myenteric neurons and submucosal plexus, while PDYNs
are confined to submucosal and myenteric neurons, as well
as fibers of the celiac ganglion. In ENS, enkephalins and
Dynorphins are co-localized with major neural transmitters
such as acetylcholine (ACh) or peptides like substance P
(SP), though, endorphin peptides are more likely limited
to endocrine cells. Enkephalins are short length peptides,
mainly produced in the GI tract, as well as the gastric, and
intestinal endocrine cells [17]. [Leu5] enkephalin and [Met5]
enkephalin are two types of enkephalins that participate in
molecular signaling through opioid receptors. Both peptides
have high agonist affinity for DORs and to a lesser extent
for MORs. Physiologically, enkephalins are antinociceptive
peptides, able to mediate the analgesia and pain signals in
the CNS and periphery, especially the GI tract, to inhibit
and exacerbate nociception and may be involved in inflam-
matory pathways. Initially, N/OFQ was identified as the
endogenous ligand. Next studies disclosed that N/OFQ and
its receptor (N/OFQergic system) are widely distributed in
the central and peripheral nervous systems (PNS) as well as
the GI tract of humans and animals. N/OFQ is involved in a
broad spectrum of biological functions such as pain percep-
tion, intestinal motility and secretion, immune modulation,
and stress [18]. None of the molecules that target the N/
OFQergic system have succeeded in going through clinical
trials, specifically due to the intestinal pathologies, indicat-
ing that further studies are requisite. A significant reduction
in the messenger RNA (mRNA) expression of the nociceptin
opioid peptide receptor (NOP) receptor in colonic biopsies
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of male and female CD patients has been reported, but not in
UC patients. In another study, the beneficial effect of a NOP-
specific agonist in a mouse model of trinitrobenzenesufonic
acid (TNBS)-induced intestinal colitis was proven. Together,
these data suggest a protective role of the endogenous N/
OFQergic system in IBD. Despite being controversial, all
experimental studies indicated that there is a correlation
between the N/OFQergic system and the intestinal inflam-
matory conditions (peptide, receptor or both), signifying an
implication of this system in IBD [19].

Alkaloids and diterpenes

Morphine is an analgesic alkaloid that mainly is used to
reduce the acute and chronic pain. The compound acts as a
potent agonist of MORs, while it has weak affinity toward
KORs. Morphine can pass through the blood brain barrier
and affects the CNS. Prolonged and frequent administration
of Morphine may cause tolerance, nausea, or sedation [20].
There are controversies about the effect of Morphine on the
GI transit time, either through MORs, or the CNS and the
periphery, or both. Advances in cellular and molecular tech-
niques helped to characterize Morphine tolerance; however,
it is not clear in case of the GI function [20].

Animal and clinical studies demonstrated that there is a
regional difference between the acute and chronic adminis-
tration of Morphine throughout the GI, mainly mediated by
MORs and p-arrestin 2. Repeated administration of Mor-
phine enhances tolerance to the Morphine analgesic effects
in the upper GI, particularly in the circular muscle of the
ileum but not in the colon. This leads to the suppression of
B-arrestin 2 and reduces tolerance to Morphine, constipa-
tion and opioid bowel dysfunction (OBD). OBD defines as
several GI side effects that are associated with opioid con-
sumption such as constipation, nausea, vomiting, dry mouth,
incomplete evacuation, gastric reflux, abdominal cramping,
spasms, and bloating. Of note, opioid-induced constipation
has been reported to be the most important and common
GI complication related to OBD. OBD negatively affects
the QOL in patients, mainly those receiving treatment for
pain in cancer and in palliative care [21]. It was proposed
that the transporter glycoprotein P may participate in opioid
tolerance. In healthy adult horses, intravenous administration
of Morphine (0.5 mg/kg), every 12 h for six days, reduced
propulsive motility, and moisture content in the GI lumen
[22]. Morphine and other alkaloids stimulate the immune
response regulated by the opioid receptors in the GI tract.
In mice fragment cultures of ileal segments, Peyer’s Patches
(PPs), and mesenteric lymph nodes; administration of a
Morphine slow-release pellet led to specific inhibition of
Ag-specific immunoglobulin (Ig)-A response in gut-asso-
ciated lymphoid tissue through inhibiting the transforming
growth factor (TGF). Morphine significantly inhibited the
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cholera toxin-specific IgA and IgG production levels in frag-
ment culture supernatants and serum, which was modulated
by opioid receptors.

In another study, Morphine suppressed the TGF-mRNA
expression in PPs and ileal segments [23]. Administration
of slow-release Morphine pellet (75 mg) accelerated oral
infection with Salmonella typhimurium in mice, leading to
typhoid fever in a murine model and caused gastroenteritis
in humans. Morphine implementation via mini pumps could
not alter the sensitivity to the Salmonella infection and heav-
ily suppressed the GI transit in comparison with Morphine
pellets [24]. These experiments suggest that Morphine may
also be involved in bacterial infections.

Opioid receptors genes

Opioid receptors are encoded by OPRM1, OPRK1, OPRDI,
and OPRLI1 genes; induced by endogenous opioid peptides:
beta-endorphin, prodynorphin, enkephalin, and nociceptin/
orphanin. OPRM1, OPRD, and OPRK1 genes are respon-
sible for inducing MORs, DORs, and KORs, respectively.
OPRMI1, OPRKI1, and OPRD1 genes are located at cytoge-
netic band 6q25.2, on chromosome 8q11.2 and chromosome
1p36, respectively [25]. Opioid receptor genes are tightly
preserved in their homologous coding exons, the 7-trans-
membrane domain, located at the center of each gene. In
addition to the common 7-transmembrane domain, their
DNA, amino acid sequences, and exon-intron boundaries
(splicing junctions) are also homologous. However, these
genes vary in their amino and carboxyl termini that results
in diverse ligand binding and intracellular signaling patterns.
All three genes are mediated through 2 main networks; (1)
common pathways involving the member of Sp, AP1, Ik,
NF-kB, and the Signal Transducer and Activator of Tran-
scription (STAT) family; and (2) variant transcription factors
specific to each gene. Of note, the importance of epigenetic
regulation is undeniable. Beyond their similar gene regula-
tory mechanisms, each gene follows a particular route of
expression, leading to the production of different mRNA
isoforms. It has been suggested that each receptor gene is
derived from alternative splicing, alternative promoters,
alternative polyadenylation sites, or from the inclusion of
non-coding exons, which results in distinct function and
protein production [26]. OPRM1 gene includes 23 tran-
scription variants, of which the primary subtype consists of
four exons, and MOR-10 is the most abundant type. DORs
contain three exons, and the main transcription variant of
KORs has four exons (50 is non-coding) [27].

Exon 1 encodes the N-terminus and transmembrane domain
I (TMI) of all opioid receptors, exon 2 encodes the distal TM
domains (TMV-VII), and exon three induces TMII-IV and the
intracellular C-terminus [28]. The most crucial polymorphism
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in OPRMI is A118G, a single nucleotide polymorphism
(SNP), that encods an amino acid substitution (Asn40Asp).
A118G participates in receptor binding or alters the expression
ability of the gene. It was shown that SNP A/G (1rs569356)
upregulates the OPRD1 promoter activity by increasing the
binding affinity of transcription factors. Evidence is pointing to
the association and/or functionality of several SNPs in the opi-
oid system genes, suggesting the involvement of these SNPs
for future therapeutic approaches [26].

Opioid receptors in the gastrointestinal tract

The gut has the highest number of all neurons outside the
brain, known as the ENS. Thus, this system actively expresses,
synthesizes, and releases the transmitters, neuropeptides, and
neuropeptide receptors like opioid peptides as their transmit-
ters [16].

In the CNSS, opioid receptors are located at the cerebral cor-
tex, striatum, and hippocampus of the brain, whereas in the GI
tract, opioid receptors are mainly sited at neurons of the ENS
(the myenteric and submucosal plexus), smooth muscle cells,
the terminals of sympathetic peripheral neurons, and endo-
crine cells of the intestinal mucosa. These receptors control the
motility and secretion of the system and vary among different
species [29]. For example, in rats, MORs have been detected
in neurons of the submucosal and myenteric plexus, and in
neurons innervating the GI smooth muscle, vasculature, and
mucosa, as well as in the myenteric and deep muscular plexus.
In the guinea pig, MORs are distributed in myenteric plexus
neurons with higher density in the small intestine, mainly the
ileum and smooth muscle layer of muscular plexus [29].

In the human GI system, DORs are found in the myenteric
plexus of the ENS. DORs are implicated in enhancement of
the SP and choline acetyltransferase production, which leads
to the suppression of interneurons and the motoneurons that
express nic oxide synthase (NOS). DORs are also distrib-
uted in nitrergic myenteric neurons in the mouse colon [30].
KORs are localized at the CNS and ENS, and are frequently
expressed in the dermal fibroblasts and epidermal keratino-
cytes, in nerve terminals of muscles, joints, viscera, as well
as in dorsal and trigeminal root ganglia. In the GI tract,
KORs are localized at myenteric and submucosal neurons,
blood vessels, mucosa, and muscle fibers. Absolute quantita-
tive real-time technique confirmed the distribution of KOR
in the liver. The presence of opioid receptors on the surface
of lymphocytes and macrophages was also reported [30].

The function of opioid receptors
in the gastrointestinal tract

Several physiological components are contributing to the
proper operation of the GI tract; mainly consisted of ENS,
the intestinal mucosa, the GI smooth muscle cells as well
as blood vessels. Submucosal plexus manages local absorp-
tion and the secretion activities of the GI. Opioid receptors
are constantly upregulated in the myenteric and the submu-
cosal plexus, thereby actively assist in maintaining the GI
homeostasis, mainly through adjusting the GI transit and
mucosal transport of fluids and electrolytes. In a different
way, opioid receptor antagonists may act as prokinetics, by
reducing the gastrointestinal hypo-motility, preliminary due
to the excessive activity of the enteric opioid [12]. The out-
comes of three different studies offered a significant inter-
action between the opioid and glutamate receptors in the
guinea pig ileum [31].

It has been proposed that stimulation of the nitrergic path-
way may trigger the opioid-receptor expression. It is worth
mentioning that the opioid receptor agonists reduce the
tonic/segmental contractions and alleviate the impairment
of peristalsis, through the attenuation of the release of ACh
and SP. In addition, the opioid receptor agonists decrease the
GI secretion by alleviating the ACh and vasoactive intestinal
peptide (VIP) activities [32].

Dietary nutrients, water, and electrolytes are predomi-
nantly absorbed by the intestinal mucosa. The active absorp-
tion of Na* and secretion of Cl~ throughout the intestinal
mucosa is pivotal for digestive processes, adjustment of the
balance of water-electrolyte ratio, and for protection against
bacterial infections [33]. It was evidenced that opioids
decrease the epithelial secretion and increase water-electro-
lyte absorption, principally through stimulation of DORs
and MORs. Opioid receptors also regulate the stimulation
of cyclic nucleotide concentration, induce the Cl~ secretion,
and inhibit the Na*/Cl~ absorption [34]. Overall, opioids
decline the number of transient lower esophageal sphincter
relaxations; delay gastric emptying and small bowel tran-
sit; impair bile duct flow; induce common post-operative
symptoms; and induce narcotic bowel syndrome. In contrast,
opioids improve the absorption of fluids from the intestinal
contents. Concerning the high density of opioid receptors
in the GI, aberrant activities of these receptors have been
implicated in several adverse effects such as constipation,
nausea, dysphagia, abdominal discomfort or pain, bloating,
vomiting, and delayed transit time [34].

Furthermore, the opioid receptor agonists may control
the gastric activity through altering the neuronal excitabil-
ity. For instance, stimulation of MORs downregulated both
tonic and phasic Gamma-Aminobutyric Acid-A (GABA-A)
receptor signalings in the medial sub-nucleus of the tractus
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solitarius (mNTS), resulting in reduced intragastric pres-
sure and phasic contractions, as well as gastric motility [35].
These functions of the MOR agonists are accompanied by
local GABA inhibition, in which, it was shown to lessen
the gastric tone and motility [36]. In another study, micro-
injection of low doses of the MOR agonists (30-300 fmol)
through the mNTS area altered the gastric motility through
reducing the intragastric pressure and phonic contractions.
Pretreatment with a selective MOR antagonist or vagotomy
can fade the inhibitory effect of the MOR agonists in the
mNTS area [37].

Beneficial effect of opioids
on the gastrointestinal track

Opioid therapy in various medical fields has grown and
attracted much attention. However, opioids are widely
used to attenuate severe acute and chronic pains, yet the
consequences of their long-term consumption are question-
able. Opioids are mainly classified based on their analgesic
potentials and the types of receptors that they may stimu-
late. Low potent opioid analgesics include Codeine, Meperi-
dine, Propoxyphene, and Pentazocine, while Hydrocodone,
Methadone, Oxycodone, Morphine, Hydromorphine, and
Fentanyl have shown high analgesic potency. According to
the receptor subtypes, opioids are divided into the agonists
(Codeine, Dihydrocodeine, Dextropropoxyphene, Tramadol,
Morphine, Methadone and Oxycodone), partial agonists
(Buprenorphine); and mixed agonists/antagonists (Pentazo-
cine) types. G-protein, 1, K, and & receptors are frequently
distributed in the CNS and PNS, predominantly in myenteric
and submucosal neurons of the gut [38]. Studies suggest that
the opioid agonists possibly decrease the input of pain transi-
tion through the CNS, but have no effects on source of pain.

Opioids are able to affect the GI tract in several ways,
mainly due to the abundance of their receptors in myenteric
plexus. Primarily, opioids decrease the GI secretion and
motility, which results in less abdominal spasm and pain.
Thereby, opioids may be promising therapeutic options for
patients with irritable bowel syndrome (IBS), particularly
for IBS with diarrhea (IBS-D) patients [38]. In 2008, a
clinical trial was designed to investigate the effect of Asim-
adoline (kappa-opioid receptor agonist) on IBS-D patients.
Asimadoline significantly enhanced the relief time and
improved IBS symptoms, i.e., abdominal pain, urgency, and
stool frequency. Canadian Association of Gastroenterology
Clinical Practice Guideline (published in 2019) suggested
that Eluxadoline [mu & kappa-opioid receptor agonists
and delta-opioid receptor antagonists] could attenuate the
symptoms in IBS-D patients. The Eluxadoline efficacy was
proved by three randomized controlled trials (n=3235) [39,
40]. Markedly, Eluxadoline did not reduce the abdominal
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pain significantly, but could improve the stool consistency
[39]. In recent years, it was evidenced that the Endogenous
Opioid System (EOS) has positive anti-nociceptive and anti-
secretion activities, which might be beneficial for manage-
ment of some GI disorders, i.e., IBS. Of note, EOS peptides
have a short life span, since they are quickly inactivated by
peptidase enzymes. This makes the enkephalinase inhibitors
more crucial. In contrast to exogenous opioid agents, the
EOS interacts with natural signaling pathways through the
body; thereby, the enkephaline inhibitors do not have any
side effects. For instance, it was shown that the enkephali-
nase inhibitors alter the intestinal habits in IBS patients
and can be proper candidates to manage chronic abdominal
pain [41]. Racecadotril, another enkephalinase inhibitor,
is known as a potent and safe anti-diarrheal compound for
both the adults and children. Additionally, it was evidenced
that Naloxone reversed the anti-diarrheal effect of Racecad-
otril in vitro, which was attributed to its anti-secretory but
not anti-motility action. The efficacy of Racecadotril was
significantly higher than Loperamide, without causing con-
stipation [42]. In another study, Marta Zielinska et al. dem-
onstrated that methyl-orvinol (a mu opioid receptor agonist
and a kappa opioid receptor antagonist) is a valuable medi-
cal choice to cure the GI disorders related to the peristalsis
and pain, mainly due to its anti-motility and anti-nociceptive
properties [43].

Opioids can effect on the GI track through modulating
inflammation. Inflammation is known to be the main etiol-
ogy of IBD. Data suggest that opioids such as Morphine
and Methadone have potential anti-inflammatory properties.
Morphine was shown to suppress the inflammation asso-
ciated cytokines such as TGF-p1 and IL-10 [44], whereas
Methadone downregulates the TNF-a, and IL-1B activities
[45]. Therefore, opioid agents are worth consideration in
IBD therapeutic approaches. In acute DSS-induced colitis
mice, Anselmi et al. demonstrated that mu opioid receptor
agonists significantly decreased diarrhea, the blood in the
stool and the weight loss, mainly through suppression of
the nuclear factor Kappa-light-chain-enhancer of activated B
cells (NF-kB) expression. This study suggested that opioids
are beneficial for maintenance therapy [46]. In another study,
Oxymatrine (opioid agonist) and Mesalazine ameliorated the
congestion and erosion in luminal mucosa and improved the
IBD symptoms induced by inflammation [47].

Along the advantages of opioids for some conditions in
digestive system, several adverse effects including constipa-
tion, nausea, dizziness or vertigo, somnolence, vomiting and
pruritus were also reported by patients using drugs contain-
ing opioids (i.e., Fentanyl, Tramadol, Codeine, Methadone,
Oxycodone, Loperamide, and etc.). Accordingly, the major-
ity of studies suggested individualization for chronic opioid
therapy [48].
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Opioids in IBD

IBD may also induce neuropeptide expression, i.e., SP, VIP,
and CRH neural damage [49]. Therapeutic approaches in
IBD patients should focus on controlling inflammation and
improving the QOL. Abdominal pain is a well-known symp-
tom of IBD, which increases the cramping sensation and
intensity [50]. Increase of viscera, obstruction, and inflam-
mation can induce abdominal pain and hypersensitivity in
the GI tract. Recently, it was elucidated that prolonged use
of opioids leads to enhancement of pain. In bimodal opioid
regulation system, activation of excitatory pathways over
time may lead to opiate tolerance and pain intensification
through releasing of anti-opioid neuromodulators such as
Dynorphin and Cholecystokinin [51]. It has been verified
that primary afferent neurons are sensitive to variations in
intrinsic sensory neurons and nociceptive specific proteins
genes. This process induces the production of pro-inflamma-
tory mediators by neurogenic inflammation, of which may
cause swelling, edema, and vasodilation [52].

Opioids also modulate the inflammatory process through
MOR ligands, highlighting their crucial immunomodulatory
roles. It has been demonstrated that inflammation results in
overexpression of POMC mRNA by immune cells, which
eventually leads to endorphin production and antinociceptive
action. In mice, administration of MOR agonists, DALDA
and DAMGO, improved colitis, where MOR—/— mice
showed higher vulnerability to inflammation compared with
wild type animals. It has been shown that opioids modulate
the pro-inflammatory cytokines (i.e., IL-12, IL-6, TNF-«)
production in peritoneal macrophages in mice. It has also
been proposed that the anti-inflammatory effect of MOR is
associated with the regulation of T cell proliferation and the
cytokines secretion. Philippe et al. exhbited that MOR is
upregulated during IBD, resulting in accelerating the intes-
tinal transit and reducing the pathological intestinal inflam-
mation [19].

Administration of (MOR)-specific agonist [D-Arg2,Lys4]
dermorphin-(1,4)-amide (DALDA) improved the DSS-
induced bowel injury in mice through suppression of
the Signal Transducer and Activator of Transcription 3
(STATS3), cytoprotective genes (Reg3b, Cendl, Cox2, myc),
and the enterocyte expression, which attenuates the disease
symptoms. DALDA has also been shown to improve the
intestinal barrier damage through IBD. It has been dem-
onstrated that inhibition of MOR can also reduce inflam-
mation. Thereby, MOR antagonists are favorable for IBD
therapy through downregulating the expression of pro-
inflammatory cytokines such as IL-6 and IL-12. Smith and
colleagues reported that co-administration of Morphine and
Naloxone enhances the anti-inflammatory effect of Nalox-
one. In RAW264.7 macrophages, Naloxone suppressed

the endotoxin-induced activation of intracellular NF-kB
pathway in a way that was more dependent on L-type cal-
cium channels than opioid receptors. Clinical evidence dis-
played that Naltrexone (4.5 mg) significantly improved the
GI mucosal inflammation. The side effects were rare and
include insomnia, diarrhea, and abdominal pain [53].

Aminosalicylates and corticosteroids are the main classes
of medication for IBD management, however, the immuno-
suppressive and anti-TNF-o agents are the latest alternative
drugs. Although, conventional medications for IBD modu-
late inflammation, but their efficacies are fading each year,
thus, invasive intervention (i.e., surgery) or corticosteroid
dependency are the next steps [54, 55]. Altogether, there is
still a demand for novel therapeutic approaches. There are
strong evidence supporting the idea that the impairment of
opioid receptors is a considerable factor for IBD develop-
ment [56]. It was demonstrated that DORs play key roles in
analgesia and reduction of colonic motility and contraction.
The MOR agonists possess fewer side effects like constipa-
tion, respiratory depression, and addiction in comparison
with other opioid agents. KORs were also shown to reduce
inflammation and nociceptive visceral pain by modifying
visceral sensation [57].

In vivo and in vitro interventions

It was evidenced that biphasic effects of Heroin and Mor-
phine increase the level of inflammatory cytokines, such
as IL-1p, IL-2, TNF-a, and IFN-y in the acute phase and
decreased the levels of anti-inflammatory cytokines such
as TGF-PB1 and IL-10 [44] (Table 1, Fig. 1). Endogenous
Morphine, secreted from neutrophils, was shown to con-
tribute to the inflammatory response through lipopolysac-
charide and IL-8 induction in the presence of Ca+2 [72].
In mice, oral administration of some MOR agonists called
soymorphins, particularly soymorphin-3, -6, and -7, reduced
food intake and the small intestinal transit in a Naloxone-
dependent manner via pl-opioid receptor by mediating a
number of downstream p1-opioid receptor such as 5-HT1A
(WAY100135), D2 (raclopride), and GABA-B (saclofen)
receptors [73]. Zhou et al. compared the efficacy of Oxy-
matrine (opioid agonist) and Mezalazine with their control
groups, of which both agents significantly attenuated conges-
tion and erosion in the luminal mucosa and the wall thicken-
ing by activating DORs. Their efficacies were comparable
[47] (Table 1). In an in vitro study in 2014, intraperitoneal
and oral administration of P317, an opioid receptor agonist,
increased the MOR and DOR mRNA levels in TNBS- and
DSS-induced colitis mice, while alleviated mucosal lesions,
the colon wall thickness, the colon weight and length, and
decreased the MPO activity (as an index of tissue neutrophil
infiltration). Real-time Polymerase chain reaction analysis

@ Springer



Molecular Biology Reports (2021) 48:855-874

862

1
0-IN.L % uonew
-Wegul [eunsur

uoneuIquod

119Y) 29 QUOXAI[eu

‘ouizefesejies g
(U t¢ 10y 3y

- o) Jo Kirronag - skep 71 od M BWS)XIN T an 'y 9]
(DS “By/8wr 1)
suopeyiew +(ADD
sules ‘9
(DS ‘S/8wr o) suop
-eylow + (A D] ‘el
BUOD XIN 'S
(ADI
‘ey/Su 1) 29 (dI ‘3
AW XIN ¥
(dI ‘3%
/W Q) XININ €
(ADI “Ie1/3U 00E %
1 uonew 0S) UOPEYIOIN T
-Weyur [eunsajul (sye1 6—L jo ADI ADI (dI ‘3/3w 0] (s300m /—9)
- oy Jo Kitroaag sdnoi3 g71) 791 yzL d1 DS % S) uopemoN ‘| PR oY  SIBIIEISIM S[EN  [29]
| uors
-saxdxe urojoxd (syoom Z1-8)
ANAg (syer auies (37 og) surure[oy syex Ao[me(q
MY1-T 29 0-ANL 9 Jo sdnois ¢) g skep £, uonoofuy  ADI 7 oures )§  -uoyd + [ojourrdoiq SANL -ongexdg oreN  [St]
1 ured Teurwopqe
29 0-INL ‘1
[9A9] A)1AT)0R
OdIA T uonewr
-lepgut feunsaqut il TA:&U AJIM]
- oy Jo Kitronag 8-9 jo sdno1p skep ¢ d1 opPIPA  BY/3w 1) 0L080Nd SANL  eoru)/qreq ey [19]
1¢-osed Kmfur
-sed T Aemyjed Qo1 poonpur-y/1
- Surpeusis ygd 9-6 jo sdno1n - oS OPIPA  (3W/810S) VATVA  BIWAydST [Busaju] 9/19LSD 1A [09]
(3%
T 0-ANL % 9-TI AW Og) T112199S
‘d1-T1 ‘A-NAT Js1uo3ejue 10) Qo1
— 7 SuIpagyq [ed2] - skep g1 d1 opIPA  -dedar JON oyroeds SSA  9/TdLSD orewod  [66]
$SQ 105w (Krep
skep £ 29 SANL 9911 3y/5w O1)
Kyanoe (o1t g—9 Jo uorsnjut A[re1o pue (A[rep
- Krojewuregur-nuy  jo sdnois 4) ze— oy 1o)je skep ¢ 2Im} 3y/5W ¢) ] CIBIIETN V uLouIAfeg SSA® SANL  °omu (D 2R [8¢]
Tonuo) ase)
S[ewtue juaux uoner
$109JJ9 SIOAPY Eelui(ekilile) Jo soquny  -Jean Jo uonein( -SIUTwIpe Jo oY UOTNUSAIU] agr Jo PO [ewrue jo odAy, Joy

Adexay) gy ut proido Jo 90USPIAQ [BWIIUR OAIA U] | 3|qel

pringer

Qs



863

Molecular Biology Reports (2021) 48:855-874

1 sso[ 1ySrom <1
d1-11 % 0-ANL

(skep
9) 901w sNIjOd
ssaur ¢

(skep ¢1) oruoxyd

Joj 29 (skep 9)
JIUOIYOTWISS JO)

‘(skep ¢) anoe (Syoom 8—9)
Jo uorssardxa 10§ $901W SNHI[0D 01w 9/19/SD
- T Kyanoe OdIN 01-9 SANL UL I dI ® ¥l OINSd 2PYsA XIN % [-ddINd SSA % SANL Srew oAreN  [S1]
(8/8w o1)
HINVN-T 10 (3
/3 §) XN Joypre
PRIISIUTWIPE SI9M
sdnoi3 om], g
SAep 9A1S$900NS
oM} 105 (3/3wr 0g L)
D JORI)X3 JAI[O JO UOT)
poe onRdYy ¢ -eNSIUTWIPE 910J9q
(dD) *euoseyiou urw O¢ (d1 ‘Y
-eXap 2 X.IN (dD /3w §) XIN Jo (dI
T ‘HINVN-T ‘T oulfes jouonenst  ‘Sy/8w o[) HINVN-T
CI-TL 2 ©-ANL (0Od) enxo -urwpe I19)je g | PaATadI (P10 oM /—9)
- ‘1 vonewrwregu]  (sye19) sdnoid (1 skep ¢ A0 T (1) proe o1Roy sdnoi3 om], [ pIoE 0190y SJeI IBISIA 9[BIN  [99]
1 uonednsuoo
- ¢1 sso[ ySom MW 7 SYoom 8—9 - - XIN on 1N [69]
T 0-ANL
‘suone[ngar (d6TTAS
Azoyewreur %0S—I/9TdLED
jsurege 109301d 9%0G) punoisyoeq
pInom auo) onouagd poxIu
—  snoudSopud YOI 01-8 - - SSa Qo Ayifeoy SSAa B UO 210M I [$9]
[onuo) ase)
sfewiue juowr uonen
$109]J9 9SIQAPY sewoonQ Jo slaquny  -Jean Jo uonein(  -SIUTWPE JO INOY UOTJUSAIIU] A4l JO [9POIN [ewrue jo odAL, Joy

(ponunuoo) | sjqey

pringer

a's



Molecular Biology Reports (2021) 48:855-874

864

1 sso[ 1ySrom <1

g1-71 2 0-ANL [0mu (0d) aurzeesay (&qrep ootm) ($40om 8-9)

- TAmnde OdiN 019 Jo sdnorp skepy1  (d1) eurydioferg opmA  3y/Su 1) urydiorerg SSA %% SANI  9dmur 9/qreq N [S1]
1 e1s (Y 7 A10A9
-e[diadAy DINSD ‘3y/3w () [opewrel],

i1 sso[ 1ySrom (uzi-s oo

1 K1anoe QdIN Qo1 Juoje K19A9 ‘8/3w G0'(0) o/ TV d 10 Qo1
1 oyeIur IoYRAN ¢! vonewWR U] /-9 Jo sdnoin ye DS oules Jo J1sa3[euy surydiouardng SSA 2 SANL 1dD orew npy  [89]

uononpur

SII[0D I9}Je IO
910J2q P)0)P
Jou 21oM YNYUW
(ddow) | snroo
JNO Suro3iopun
QOTW WOIJ SoNss1)
uojod sepndad

Jo Joqunu e Joj
VNYJW $pa3osjop
jou sem JYJOuw
¢10)dooar prordo
-B)[op Jo uon
-e[n3axdn ‘o1t
1-dD % 9/14LSD
M UT UQSS SE
Kj11oaas [enbo

JO snIod NO
PANQIYXQ Q0T
OV 914LED
JUSIOYopoUNUIIT
¢| (1-uroneunjoxd
‘TN ‘Turreyday

-uosoad ‘uryd
-1oukpoid) s10)
-eIpowW J[qNJOS (=) 9/TALED el
2 (s10)dooar SOI[0OOON T oI —/=7OVY
prordo-e1jop) (1=u) ‘(soam Q1 01 6)
- s10)dooar [eInoN snIo) | skep ¢ NI SO0 ON [1o preysnjA Qo1 [-qD 9N [£9]
[onuo) ase)
s[ewnue juow uonen
$109]J9 9SIQAPY sowoonQ Jo slaquny  -Jean Jo uonein(  -SIUTWPE JO INOY UOTJUSAINU] A4l JO 19POIN [ewrue jo odAL, Joy

(ponunuoo) | sjqey

pringer

Qs



865

Molecular Biology Reports (2021) 48:855-874

1z uniooom

29 J 9ourisqns uoneIpeLI
‘HYD ‘9~ ‘8171 /A JO SIS0p
‘HLOV Suiw JUSISHIP IIM
-8)STy “O-IN.L dnoi3ese) ¢ (Kep 3y/3wr 1)
1 uorssordxo dnoi3 A[reoor 108-DL[ IstuoSejue
- 101dooar prordo-l onuo) | skep ¢ 22 uo uonerpel WS A[qISIA 101dooar proido uy ssa /195D °reIN [0L]
T An
-[10W JTUOJ0D
1 Kianoe OdIN
1 soewrep
ordoosoroew 29 skep £ snue syer Aorme(q
—  UOISAYpe JO SAI00S - Jloy Aepjutwt (g ampoundnoy  armoundnoe JoN  puryeq e aimoundnoy SANL -onSeidg oleN  [69]
(/3w z00)
ODINVA+SSA
w0y pakeed g
(33w z00
ODINVA+dVID
1 uorssordxo 3y/8w ¢ ‘7
A-AN “TX-1°d ‘T°0) 1stuoSejue
1 sso[ YoM ¥Oo1 +0ONvA
1 LAanoe F1=u) (5.9 Je shep {(Kep e ur DS ‘Iy/Sw
OdIN ‘T 1va <} pakejod 'z SI)pekep@ ¢ 80°0'%0°0°C0°0°T0°0)
swoydwds Qg1 (12103 9g=1) s1) (skep (DS) OOVA ODINVA  (pake[ep % Anode EalLy
- ur juowosordwy  -[[od ANy | €)amoy | (0d) 1oreM RSN WO MOy ] JO SWio) 7 up) SSA [9/19LSD NPV [9¥]
[onuo) ase)
s[ewriue JuSw uonern
S109JJ9 9SIOAPY sowroonQ JosiqunyN  -jedn Jo uonein(  -SIUTWPE JO JNOY UOTIUQAIOIU] adI Jo [9POIN rewrrue Jo od£y, “Joy

(ponunuoo) | sjqey

pringer

a's



Molecular Biology Reports (2021) 48:855-874

866

10308} Junenuns-Auojod adeydoroew-aLo0nues ‘JSO-ND euourioy SursesaI-urdonooniod ‘YYD ‘euourioy o1donod
-1)J1050UdIpE ‘HIDV ‘opLo[ydoipAyouow aprwezuaq(AylowAxouayd[Ay)e-)-g-([A-9-urjournbjAyow-g-ourwe-+)-N ‘108-DL[ ‘Pa3iodar joN ‘N ouoxaneujAylow “YXN.LIN ‘euoxanfeu ‘XN [0
9[osnuW 100w Je[NIseA AIBU0I0d DINSD urdjoid 9A1ORAI D) ‘D {IB[NOLNUSA0IGRIddRNUI ‘A D] $101dadar prordo-nut “YJOIA OpIXoyns [AyIowIp ‘OSING QULIBWAXO ‘LINO :oseprxoradofoAu
‘OdIN ‘g0 10308} IB9[oNU ‘gY-IN ‘0 J0JOBJ SISOIIOU JOWN) “D- N[, ‘eWwes UoIJIajut ‘A-NJJ ‘unynapaiut “Jr 103dooar uondadroou “YQYON $I9[0T1A eI[N “YA[) (JUTULIOINAU ‘TN ‘10 PIeIsnA ‘INO
{PIOB DIUOJ[NS UAZUSQONIULY ‘SNLL, ‘SNouLINdgns ‘)S ‘SNLIL)I[BSSNIORI) Y} JO SNA[ONUNS [RIPAW ‘ST NW {WNIPOS dJej[ns uenxap ‘SSA J0-A[D ‘poUJIN-N ‘TeIV-d ‘ODIANVJ :s101dooay pro
-1dQ eddey] ‘4O 10en [eUnsajuIonses ‘[0 A1 Jo Aupenb “TOQO SN0 9ANRIA) D[ 9SLIASI S, UYoI) ‘(D) SIASBISIP [omoq AIojewrwregul ‘qgJ (aeiur A[felo) so 1ad ‘Qd ‘[esuoitradenur ‘g1

1 franoe OJIN
1 2100s o1doos
-0I0BW [€10}

- 1 uonewwRyU]
1 Aranoe OJIN

- 1 uonewweyU]
(sdnoi3
pa3ean-LINO
29 -ourzefesowr) 1
[Tem 2y} jo Suruo
o1y} 29 esoonw
OTUOTOD UT UOTS
-0I9 ‘uonsaguod
‘ewrapa {(dnoid
QuULIIRWAXO)
Kemyjed uon
-onpsuex [euSts
Z-[og-1unsaire-g
-403 2y Sune|
-n3a1 £q paonpar
juowdo[arap DN
¢{(sdnoi3 pojean
-QUIIBWAXO
29 -ouizefesow) T
VNYJW 29 urajord
Z-1og ‘Junsarre-g
“40q Jo uors
-so1dxa ¢(dnoi3
[opow) | YN
2 urdrod z-0g
‘Tunsaire-g
goajo

- uorssaxdxy o1=u) of

skep £ d1

skep ¢ d1

(od)
a3eAe[ QUIZB[BSIIA

skep ST (IAI) dULDBWAXQ

(Arep 201m)

‘Sy/Sw 1°0) L1g-d ssa
(Krep 2o1m)

‘Sy/Sw 1°0) L1g-d SANL

SPIYIA oot Dqreq AN [14]

S[OIYaA 9ot Hqreq ok [14£]

(Kep
3%/3 ¢'0) surzeessN
(Kep 3y
/3W €9) dULNEWAXQ SANL

syer Ao[me(q

CIBILEN -ongeidg o[ [L¥]

S[ewtue

S100JJ9 9SIOAPY sowoonQ JO s1oqunN

juou uonen
-jeon jo uoneIn  -SIUTWPE JO JNOY

[onuo) ase)

UOTJUAIOIU] 41 Jo 19poN [ewrtue jo odA1, Joy

(ponunuoo) | sjqey

pringer

Qs



Molecular Biology Reports (2021) 48:855-874

Opioid’s

|STAT3 «

j

=]

867
Opioids

R T -

i 7 INo : IPKC
|NF-xB pathway + :

pathway £ % |AKT

V P H ‘

|NF-xB |iNOS |eNOS |Gsk3 |ERK

IMyc -~ |Cox2 - |Ccnd1 - |Reg3b :

]

v

v

|TNF-a

lcapase 3

Fig. 1 Opioid-dependent anti-inflammatory molecular mechanisms.
Abbreviations: IL, interleukin; GSK3, glycogen synthase kinase-3;
ERK, extracellular signal-related kinase; INF-y, interferon gamma;
TNF-a, tumor necrosis factor a; STAT3, signal transducer and activa-
tor of transcription 3; eNOS, endothelial nitric oxide synthase; NO,

exhibited significant decrease in IL-1 and TNF-a mRNA
expression levels [71] (Fig. 1).

The serum level of [Met5] enkephalin was reduced in
IBD patients, while it was elevated in colonic inflammatory
lesions [74]. Recently, it was shown that a selective MOR
agonist, ([D-Ala2, N-Me-Phe4, Gly5-ol]-Enkephalin), with
a dose of 0.02 mg/kg ameliorated diarrhea, blood in the stool
and weight loss in DSS-colitis mice. This compound affected
the acute phase of the disease by reducing the TNF-a, IL-1p,
IL-6, and IL-10 levels, suppressing the MPO activity, and
downregulating the NF-kB expression. However, the Bcl-
xL level enhanced, but not in delayed phase [46] (Table 1,
Fig. 1). Therefore, the MOR agonists can be suggested for
remission induction in IBD, but they are not appropriate for
maintenance therapy. In DSS-induced colitis knocked out
mice (MOR-floxed and DOR-floxed), the colon sensitivity
has augmented in colorectal distention assay, indicating that
the endogenous MOR and DOR agonists are able to reduce
chronic intestinal pain [64] (Table 1).

One study investigated the effect of acupuncture on the
GVO01 area (an area between anus and tail of mouse) of
TNBS-induced colitis rats. Colonic motility reduced, while
diarrhea improved. The MPO activity was significantly
lower than control or non-acupoint groups in the histo-
logic assessment. Pretreatment by Naloxone reversed these
effects, representing the involvement of the endogenous

nitric oxide; NF-kB, nuclear factor kB; COX-2, cyclooxygenase-2;
Akt, protein kinase B; iNOS, inducible nitric oxide synthase; MPO,
myeloperoxidase; P13k, phosphoinositide 3-kinase; Ccndl, cyclin
D1; Reg3b, regenerating islet-derived protein 3-beta

opioid pathway. Notably, acupuncture did not decrease
colonic motility in control group, which may signify that
opioid receptors may be more sensitive in inflamed intes-
tinal mucosa [69] (Table 1, Fig. 1). It was shown that sev-
eral endogenous agonists named EMs, EM-1 and EM-2, are
active in the GI tract and have high affinity for MORs. In
rat esophagus, EM-1 and EM-2 suppressed the striated and
smooth muscle responses in a Naloxone reversible man-
ner. In another study, EM-2 reduced the TNF-a, IL-10,
and IL-12 productions in rat peritoneal macrophages and
inhibited the macrophage chemotaxis and the superoxide
anion production, indicating the immunomodulatory effect
of EMs in the GI tract through modulation of the produc-
tion and function of the innate immune system cytokines.
It was also demonstrated that the activation of some opioid
receptors, mainly pl (Naloxonazine-sensitive), p2 and other
subsets of pORs (B-FNA-insensitive) increased the EMs-
induced mouse colonic motility. Further, EMs repressed the
contractions of longitudinal muscle in distal colon, while
improved the contractile function in proximal and mid colon
circular muscle [75] (Table 1, Fig. 1). In a chronic constric-
tion injury rat model, intravenous administration of an EM-1
analog, derived from lactose linkage to the N-terminus of
EM with a succinamic acid spacer, caused an antinocicep-
tive activity dose-dependently, enhanced the membrane per-
meability and metabolic stability, and decreased the stool

@ Springer
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hydration compared with Morphine. Administration of
DALDA showed protection against ischemic colitis caused
by ischemia/reperfusion process in mice gut [60]. Indeed,
DALDA did not effect on the NF-kB signaling in intesti-
nal epithelial cells. However, DALDA inhibited the MOR
competitively, and abolished the glycogen synthase kinase-3
phosphorylated (GSK3P) phosphorylation. Therefore,
DALDA protected the intestinal epithelial cells from apop-
tosis in prolonged hypoxia through the phosphatidylinositol
3-kinase (PI3K) / protein kinase B (Akt) / glycogen Synthase
Kinase-3 (GSK3) survival pathway [60]. Accordingly, opi-
oid agents possess crucial roles in improving ischemic colitis
in IBD condition (Table 1, Fig. 1). It was demonstrated that
Naltrexone antagonized the inhibition of TGF-f by Mor-
phine, which resulted in immune response in the GI tract
[76]. DSS induces the T helper-2 dominant colitis similar
to UC, while TNBS induces the T helper-1 dominant colitis
similar to that of CD.

Neuronal signaling from the intrinsic ENS to the intes-
tinal tract has been considered to play major role in IBD.
For instance, Lidocaine inhibits the TNBS-induced colitis
effect and Vanilloid receptor antagonists reverse the DSS
colitis. Mustard oil, a neuronal stimulator, is a model of neu-
rogenic colonic inflammation. Mustard oil elevates the IL6,
IL-1p levels, and the macrophage and neutrophil activating
chemokines such as granulocyte-macrophage colony-stim-
ulating factor. Mustard oil also increases neuronal receptors
through neurokininl, cannabinoid receptor type 1, NO, and
endogenous opioids. It was shown that opioid receptors are
upregulated in colitis. In addition, Kimball et al. reported
that two precursors of endogenous agonists of MORs and
DORs named proenkephalin-1 and prodynorphin, are upreg-
ulated in IBD [67] (Table 1, Fig. 1).

Salvinorin A, a selective KOR agonist, extracted from
Salvia divinorum caused anti-inflammatory effects in the GI
tract. Under physiological condition, Salvinorin A inhibited
cholinergic contractions in mouse and guinea pig intestine,
which effected on KOR and cannabinoid receptor type 1. In
mice, Salvinorin A reduced the ileal hypermotility induced
by croton oil or endotoxin [77]. In the endotoxin model,
the modulatory action of Salvinorin A on epithelial barrier
function was mediated through the NO signaling pathway.
In murine models of IBD, Salvinorin A decreased inflamma-
tion and showed nociceptive effects [77]. In another study,
intraperitoneal administration of Salvinorin A (3 mg/kg,
twice daily) potentially decreased the GI motility by inter-
acting with KORs in peripheral neurons and the immune
system. Salvinorin A particularly reduced the MPO activity
and the macroscopic damage scores in histological evalu-
ation in both DSS- and TNBS-induced colitis. Intraco-
lonic and oral administration of Salvinorin A (10 mg/kg)
decreased the MPO activity, but did not change the macro-
scopic scores. Intraperitoneal administration of Salvinorin

@ Springer

A blocked the mustard oil-induced pain sensation, whereas,
intracolonic injection did not have any effect on sensation
of pain. Together, this study concluded that medications
designed based on the structure of Salvinorin A are proper
choices for IBD treatment [58] (Table 1, Fig. 1). Currently,
it was shown that eye exposure to ultra violet A enhances the
serum level of f-endorphin released from the pituitary gland
system, increases the MOR expression, and decreases the
TNF-a, which worsen the UC symptoms such as diarrhea,
fecal bleeding, colon length, body weight, and the intestinal
mucosal thickness. On the contrary, ultra violet B exposure
to eyes activated urocortin 2 to deteriorate UC, while induc-
ing the pituitary and hypothalamus glands to release more
adrenocorticotropic hormone, and corticotropin-releasing
hormone [70] (Table 1, Fig. 1).

Endogenous opioids in supernatant of cDSS mice, was
shown to have antinociceptive action on neurons excitability,
which was mediated by DORs and MORs. This effect was
associated with endosomal signaling, activating the protein
kinase C, and the extracellular signal-related kinase in sub-
cellular compartments. Unexpectedly, analgesic effect of
opioids was very high in acute phase, but the mechanism is
not clear [78]. In UC rats, central and peripheral injection
of Methadone ameliorated the macroscopic and microscopic
lesions and caused a significant reduction in TNF-a and
IL-1p levels of the intestinal mucosa. Effect of Methadone
on IBD was mainly through the central route. This effect was
completely reversed by Maltrexone and partially reversed by
Methyl naltrexone [45] (Fig. 1).

In another investigation, Sialorphin, a natural inhibitor of
endogenous opioid peptide-degrading enzymes neprilysin
and aminopeptidase N, attenuated the macroscopic scores
(i.e., ulcer scores, colonic wall thickness, colonic weight and
length), and suppressed the MPO activity in TNBS-induced
colitis, but not in DSS-induced colitis. These effects were
reversed by the KOR and MOR antagonists [15] (Fig. 1).
In TNBS-induced colitis mice, intraperitoneal injection of
Biphalin, a mixed MOR and DOR agonist, caused antinocic-
eptive but not anti-inflammatory activity. Though, its intrac-
ranioventicular administration caused antinociceptive and
anti-inflammatory effects, and improved the macroscopic,
histological, and ulcer scores, suggesting central interaction
by MOR [79].

Another in vivo study investigated the protective effect of
the hydroalcoholic extract of the olive leaf (OLE) on colitis.
Oral application of OLE significantly reduced the IL-2 and
TNF-a levels, which attenuated the inflammatory responses
and inhibited the proceeding to fibrosis, as a complication of
IBD. It was shown that OLE improved the macroscopic and
microscopic scores in histopathological evaluation by inter-
acting with nitrergic system through increasing the endothe-
lial NOS or blockage of inducible NOS, and by upregulation
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of opioidergic systems via the intestinal opioid receptors
[66] (Table 1, Fig. 1).

As mentioned, GI contains numerous endogenous opioid
and NORs that participate in anti-inflammatory processes.
BUO08070, a mixed NOR and MOR agonist, reduced the
MPO activity, neutrophil infiltration and TNF-« in the colon.
BUO08070 ameliorated the shortening of the colon, weight
loss and ulceration by inactivation of NF-kB [62] (Fig. 1).
Stress hormones (i.e., epinephrine and corticosterone)
directly increase the pain signaling through stimulating the
dorsal root ganglion neurons and in indirect interaction with
the immune system, thus, may reduce endogenous opioids in
inflammatory disorders. Opioids reduce the pain sensation
by suppressing the neuronal stimulation and blockade of the
transient receptor potential vanilloid 1 ion channels [80].
In indomethacin-induced colitis rats, combination of low
dose naltrexone (LDN) and Sulfasalazine improved disease
activity index, and the histopathologic symptoms such as
hyperemia, edema, and mucosal lesions. This combination
reduced the inflammatory mediators like TNF-a and C reac-
tive protein. The combination of LDN and Sulfasalazine was
more potent than each compound alone [63].

Clinical studies

Statics reported that there is a persistent use of opioids
among the IBD population. Patients with chronic obstructive
pulmonary disease, mental health disorders, CD, and inde-
terminate colitis are more prone to persistent opioid use dur-
ing experiencing a flare [81]. For instance, Loperamide, as
an opioid receptor agonist in the intestinal lumen, decreased
the GI motility and secretion, so it has been recommended
for diarrhea and colonic pain. Nevertheless, Loperamide
did not affect the CNS, nor had positive effect on addiction.
Opioids or their combination with systemic steroids short-
ened the life expectancy in IBD patients in comparison with
Mesalazine, which prolonged the life expectancy in these
populations [82]. In healthy subjects, chronic administration
of Morphine (0.05 mg/kg) postponed colonic transit time.
Likewise, a metabolite of Naloxone named Naloxone-3-glu-
curonide (0.16 mg/kg), improved the Morphine efficacy [83].
Similarly, oral administration of Naloxone-3-glucuronide
(0.16 mg/kg) reversed Morphine-induced delay (0.05 mg/
kg) of colonic transit time in 15 male subjects. This indicates
that Naloxone-3-glucuronide reduces the constipation symp-
toms without antagonizing the opioid-analgesic effects [83].
Naltrexone (MOR antagonist) often exists at high concentra-
tions. Administration of LDN (4.5 mg, once daily) resulted
in the upregulation of endogenous enkephalin and endor-
phin levels, which improved wound healing and reduced
the endoplasmic reticulum stress in inflamed mucosa in
IBD patients. LDN made 74.5% clinical development and

remission in 25.5% of IBD patients [60, 84, 85] (Table 2).
In a randomized double-blind placebo-controlled study, the
efficacy and safety of Naltrexone was evaluated. Oral admin-
istration of Naltrexone (4.5 mg, once-a-day, 12 weeks) in CD
adults led to a 5-point reduction from the baseline of Crohn’s
disease endoscopic index surgery score in 78% of CD sub-
jects. 33% of patients that had received Naltrexone achieved
remission in comparison with 8% of the placebo group. Nal-
trexone improved endoscopic appearance, as well as clinical
and inflammatory symptoms of patients with moderate to
severe CD. The only reported adverse effect was fatigue,
which was dominant in placebo group [53].

According to the Pediatric Crohn’s disease activity index,
consumption of Naltrexone (0.1 mg/kg, orally, eight weeks)
in children with moderate to severe CD was well tolerated
and 67% of the subjects experienced improvement of disease
activity, and 25% considered in remission. It was proposed
that selective blockage of excitatory opioid responses is
the main mechanism underlying the effect of LDN, how-
ever, more evaluation is warranted. QOL was assessed by
the IMPACT III survey and developed, overly. Few adverse
effects were reported in Naltrexone treated group. Although,
similar adverse effects were observed in control group. In
addition to be cost-effective, Naltrexone exhibited better
compliance, especially in teenagers. It has been proposed
that high polar Naloxone derivatives peripherally suppress
the GI motility, signifying that peripheral receptors play a
crucial role in modulating the opioids function in the GI
tract [93].

Chronic use of opioids and corticosteroids increased the
risk of infections in patients undergoing joint replacement
surgery. However, this effect was not seen with immunosup-
pressant or anti-TNF drugs [94]. Additionally, long-term use
of opioids was associated with more infections, revision,
and repeated surgery [53, 90, 95] (Table 2). Chronic opioid
users in CD population experienced a longer duration of
the disease, more use of Prednisone and a higher number
of admissions, and according to Harvey Bradshaw Index,
even a chance of surgery associated with CD. Chronic opi-
oid usage also reduced QOL in these subjects, even when
the other severity factors of the disease were controlled [91]
(Table 2). The prevalence of heavy opioid users among the
IBD population is 5% during the first ten years of diagno-
sis, which is strongly correlated with a history of moderate
opioid consumption. Concomitantly, three main reasons for
being susceptible to heavy opioid use have been defined as
developing a tolerance for opioid effects, their use in the
treatment of Loperamide resistant diarrhea, and the reluc-
tance of clinicians to use other analgesics such as Non-
steroidal anti-inflammatory drugs [7]. Based on Wren et al.
study in 2018, nearly 18.2% of 93,668 IBD individuals met
chronic opioid therapy criteria. Sustained chronic opioid use
in adolescents and young adults with IBD is increasingly
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common, underscoring the need for screening and interven-
tion for this vulnerable population. Chronic opioid therapy
increases the risk of comorbidities like depression, anxiety,
and arthritis. Major risk factors were recorded in female sex
and CD subjects [96] (Table 2).

Conclusion

Conventional treatments of IBD are majorly limited to
those that control the IBD symptoms. The critical core of
today’s drug discovery is personalized therapy, requiring
multidimensional genetic and molecular knowledge of the
disease, attentive drug selection, and directing the drugs to
their molecular targets within the cells. The personalized
based opioid therapy would certainly target various molecu-
lar pathways that might lead to the development of toler-
ance or OBD. In conclusion, opioid receptors may become
crucial pathways in the modulation and alleviation of an
inflammatory process in IBD, mainly due to their effect on
immune cells. The importance of opioid receptors and their
ligands in the GI and also controversial outcomes of clinical
and in vitro studies warrant further investigations on pos-
sible therapeutic actions of opioids for IBD management.
Of note, many of the opioids side effects or their particu-
lar pharmacological actions in IBD subjects have not been
explored enough. Therefore, programmed clinical trials are
mandatory to clarify the safety and efficacy of opioids in
IBD patients.
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