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ABSTRACT

Pain management is an all-time challenge in dentistry. Discontent to pain
management is a concern among patients and professionals. Unrelieved pain
affects physical and mental well-being contributing to delayed recovery,
psychological distress and anxiety. Studies have revealed that chronic pain
interferes with normal daily chores of the individual like exercise, sleep, social
life and lifestyle. At one end of pain management spectrum are Non-steroidal
anti-inflammatory drugs (NSAIDs) while at the other end are the opioids. These
drugs are not without constituent side effects. The quest is for new analgesics
with potent and long term analgesia with minimal or no side effects. An analgesic
that is intermediate in this spectrum is the need of the hour. Opiorphin is an
endogenous peptide isolated from human saliva. Opiorphin produces analgesia,
by inhibiting enkephalin (ENK) metabolizing enzymes, thus increasing the half-
life of circulating ENKs. Apart from being a potent analgesic it can also be a
potential biomarker for various systemic and psychosocial disorders. This review
focuses on the pharmacological effects of opiorphin and its potential role as a
biomarker in various disease conditions.
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INTRODUCTION

Pain is a distressing experience associated with actual or
potential tissue damage with sensory, emotional, cognitive
and social components.t While acute pain is self-limiting,
concordant with the degree of on-going tissue damage,
remitting with resolution of the injury, chronic pain is not
self-limiting and, if inadequately treated, leads to
peripheral and/or central nociceptive sensitization. The
treatment of acute and chronic pain, especially in
terminally ill patients, is still inadequate, despite the great
and extensive efforts made in this regard at both scientific
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and economic levels. The search for newer and more
effective treatments against pain is of fundamental impor-
tance not only from an ethical point of view, but also for
economic reasons. The International Association for the
Study of Pain (IASP) survey revealed that lack of
education, inadequate government policies, fear of opioid
addiction, high cost of analgesics, and poor patient
compliance are major barriers for optimal pain
management in developing countries.?

Pain is modulated by two primary types of drugs that work
on the brain: analgesics and anesthetics. The term
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analgesic refers to a drug that relieves pain without loss of
consciousness. Opioid receptor agonists, such as morphine
or its alternates are being considered as the most competent
drugs to relieve pain. However, their clinical usefulness is
limited by the development of tolerance, dependence,
hyperalgesia, constipation and respiratory depression.® In
spite of this, morphine and its surrogates remain the most
sort after drugs for pain management. Any drug able to
generate fewer side effects than morphine, at equal
analgesic doses, would therefore enhance the quality of
life of these patients.

OPIORPHIN: THE PROMISING ALTERNATIVE

Opiorphin is an endogenous peptide isolated from human
saliva in 2006. It dually inhibits ENK-inactivating human
neutral endopeptidase (NEP) and aminopeptidase-N
(APN). It is a QRFSR pentapeptide. Human opiorphin is
described as “a natural antinociceptive modulator of
opioid-dependent pathways”. Opiorphin is a peptide of
five amino acids present under 2 forms of amino acid
sequence GIn-Arg-Phe-Ser-Arg and pGlu-Arg-Phe-Ser-
Arg. It was first extracted, purified and characterized by a
functional biochemical approach from human saliva.*”
The precursor of opiorphin peptide is PROL1 gene which
is expressed by lacrimal glands and salivary glands. The
opiorphin modulates chemical-and mechanical-evoked
pain by activating endogenous opioid-dependent
pathways. It’s analgesic effects are specifically mediated
via endogenous ENK-dependent activation of p-opioid
receptor and 6 opioid receptor pathway. Opiorphin-derived
peptide inhibits nociception induced by acute and long-
acting chemical stimuli.5”

Morphine and its surrogates exert their action through
opioid receptors identified as: u-mu, -delta and k-kappa
which are widely distributed in the brain. Subcortical
regions of the brain (thalamus, periaqueductal gray, rostral
ventromedial medulla, and locus ceruleus) and dorsal horn
region of the spinal cord (laminae | and II) constitute the
primary area of concentration of opioid receptor. These
receptors are localized on presynaptic afferent fibers,
interneurons, and postsynaptic projection neurons.38

In the Central Nervous System (CNS) endogenous opioid
peptides have been recognized that interact with the above
opiate receptors. They include: p-endorphins, ENKs and
the dynorphins. Morphine acts by directly stimulating p
opiod receptor which are also activated physiologically by
ENKs (Met and Leu-ENKSs). These opioid peptides,
expressed as preproenkephalin, are processed within
specific neurons and released through a Ca?* dependent
mechanism, to interact with two G protein-coupled
receptors, the p and &-opioid receptors and act as
physiological regulators of pain. The most important
endogenous opioid peptides, the ENKSs, play a major role
in the dynamic control of pain perception. ENKs interact
with high affinity, both p and & opioid receptors, present
on synaptic membranes of opioid and target neurons. The
affinity of ENKs for p receptors is similar to that of

morphine and is 10-fold higher for & receptors. The high
intrinsic efficacy of ENKs as compared to morphine
necessitates that ENKs need to occupy a smaller
proportion of opioid receptors than morphine to elicit the
same antinociceptive responses.®°

It has been observed that intracerebroventricular
administration of ENKs in animal models of acute pain
induced antinociceptive responses similar to morphine.
However, this effect was transient due to the rapid
enzymatic degradation of ENKs. In vivo, ENKs are
inactivated by two membrane-bound Zn-
metallopeptidases, neprilysin (NEP, EC 3.4.24.11), which
cleaves the Gly3-Phe4 bond, and aminopeptidase N (APN,
EC3.4.11.2)°

Accordingly, selective and potent inhibition of both ENK
metabolizing peptidases largely increases extracellular
concentrations and half-life of ENKSs released in response
to a noxious stimulus. Increasing the lifetime of circulating
ENKs, released in response to nociceptive stimuli, by
inhibiting their degradation is, therefore, an effective
method to increase their bioavailability and thus to
enhance their physiological actions and particularly their
analgesic potency. The discovery of such novel
endogenous upstream regulators in human, is of crucial
interest from physiological and therapeutic point of view.

This is achieved by inhibition of their enzymatic
degradation by two membrane-bound Zn-
metallopeptidases, neprilysin (NEP, EC 3.4.24.11) and
aminopeptidase N (APN, EC 3.4.11.2). Opiorphin
analgesic effect is caused by protection of the endogenous
ENK:Ss released after pain stimuli and potentiation of ENK-
dependent antinociception. Opiorphin activates opioid
receptor—dependent pathways indirectly by increasing the
longer term action of endogenous ENKs released in
response to painful stimuli.

PHARMACOLOGICAL
OPIORPHIN:  KINETICS,
THERAPEUTICS

PROPERTIES OF
DYNAMICS AND

Table 1: Opiorphin levels in various human
biological fluids.

Biological medium Opiorphin level (ng/ml

Saliva 2.8-25.9
Blood 0.3-1.1
Milk 3-23
Semen 3-8.5
Lacrimal fluid 2-183
Urine 8.3+1.5

The pain alleviating potency of 1mg/kg of opiorphin is
equivalent to 6mg/kg of morphine. The antihyperalgesic
potency induced by opiorphin remains stable for at least 4
days. In contrast to morphine, opiorphin lacks the
development of tolerance. The absence of adverse effects,
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such as respiratory depression, and of major hemodynamic
disturbances after continuous systemic treatment with
opiorphin may be due to the limited and targeted
stimulation of ENK-dependent opioid receptors.®

The anti-depressant like action of opiorphin has also been
demonstrated in rats by forced swim test. The
antidepressant-like effect was elicited with 1-2mg/kg
human opiorphin i.v. doses in habituated rats and was
completely reversed by the selective delta-opioid receptor
antagonist, naltrindole (10mg/kg i.p.). The antidepressant
like effect of opiorphin through central administration is
contributed by activation of both p and & opioid receptor
while the same effect through peripheral administration is
by activation of & opioid receptor only. The antidepressant
like effects of opiorphin is attributed to the activation of
endogenous - opioidergic pathways.'®!! A severe side
effect limiting the activation of & opioid receptor for
treating depression is convulsion. This effect was notably
absent while using RB101, which is a synthethically
prepared dual inhibitor of APN and NEP.81!

Studies on plantar incision—induced pain rat model showed
that opiorphin do not cause respiratory depression,
maintains stable post-operative haemodynamic status and
also lacked anti peristaltic effect.*

Opiorphin effectively crosses the Blood-Brain-Barrier
(BBB) where in N-terminal glutamine form of opiorphin
is converted into the pyroglutamate form. STR-324 is the
cyclized form of the N-terminal glutamine 1-opiorphin,
resulting in the pyroglutamate 1 peptide. Intravenous
infusion of tritiated STR-324 in monkeys, a selective
sequestration of the radioactive peptide was observed in
the spinal and cerebral tissues indicating its ability to cross
BBB.412

The gene, currently named PROL1 gene, coding the PRL1
is a precursor protein of opiorphin mature peptide product,
identified by Dickinson et al, is expressed in human
lacrimal and salivary glands. The concentration of
opiorphin in human saliva was quantified as 2.8 to
25.9ng/ml. B3

In addition to saliva and human lacrimal tears, the peptide
has also been quantified in seminal fluid, milk, blood and
urines of humans. Opiorphin also circulates in the
reproductive  system, notably in the semen of
normozoospermic donors and in the milk of lactating
women. The highest physiological level of opiorphin is
seen in tears and saliva. In human blood the opiorphin
physiological concentrations range from 0.3 to 1.1ng/ml.
Males have a higher concentration than females and the
level of opiorphin in blood was found to be comparatively
less in second trimester of pregnancy among females.'*

These observations indicate that it is synthetized, secreted
and distributed as a paracrine/autocrine and/or exocrine
peptide messenger. Prior to the identification of human
opiorphin, two identically acting natural inhibitors of the

rat membrane bound neutral endopeptidase with analgesic
activity were also detected. This include: spinorphin, a
heptapeptide extracted from bovine spinal cord and the
sialorphin QHNPR-peptide, the functional homolog of
human opiorphin in rat.*

In the gastrointestinal and urogenital tracts, opiorphin
causes colonic contraction in a concentration dependent
manner (from 10® to 10*M concentrations). This
opiorphin effect is blocked by naloxone and partially
inhibited by B-funaltrexamine and naltrindole. The Met-
ENK-induced contractile response is significantly
enhanced, indicating the involvement of ENK-dependent
opioid pathways in the opiorphin-evoked colonic
motility.?®

Intravenous administration of opiorphin
(300nmol/200ug/kg) induces transient increase in blood
pressure and heart rate in anesthetized rats (about
40mmHg and beats/min, respectively). These effects are
mediated through the renin-angiotensin system, the
sympathetic ganglia and adrenal medulla.

A study assessing the salivary concentration of opiorphin
level before and after administration of local anesthesia
(LA) showed a significant difference in the levels of
salivary opiorphins ranging from 5.96-14.49ng/ml before
and after LA administration, suggesting the possible action
of local anesthetics on the ENKs.’

In spite of the captivating leads of opiorphin peptide, its
pharmaceutical development is hindered by its low
stability, typical of N-terminal glutamine peptides.*? The
metabolic half-life of opiorphin is 5min owing to it rapid
degradation by circulating peptidases.®

DIAGNOSTIC AND
IMPLICATION

THERAPEUTIC

Opiorphin is the human functional homologue of the rat
sialorphin, which is an inhibitor of pain perception. The
endogenous opioid peptides, in particular the ENKSs, have
a pivotal role in the control of pain perception and mood-
related states, including modulation of emotional and or
motivational responses. While the peripheral and spinal p
opioid pathways are involved in the control of nociceptive
transmission, the central opioid pathways are
preferentially involved in the control of emotional
behavior.? This is supported by the complete antagonism
of activity of opiorphin by nonselective opioid antagonist
naloxone in contast to partial attenuation of anti-
depression like effect of opiorphin by p selective
antagonist in force swim test rat model.** § opioid agonists
also known to facilitate the p mediated antinociception
while p opioid agonists modulate the antidepressant
potency of opioid agonists.'° Endogenous opiorphin could
facilitate adaptive responses to threat-inducing stimuli by
potentiating analgesic and antidepressive-like behavior,
induced by endogenous enkephalinergic systems, in
humans. The greater effectiveness of opiorphin with
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respect to all other peptidase inhibitors suggests that it may
produce higher levels of ENK-like peptides, not only pro-
tecting endogenous ENKs from hydrolysis, but also
stimulating their release. Another important advantage in
the use of opiorphin as painkiller agent is that many of the
side effects of morphine and morphine-like drugs (such as
respiratory depression, sedation, constipation, physical
and psychic dependence and tolerance) are absent.>81°

Table 2: Diagnostic and therapeutic role of opiorphin.

Analgesic

Anti-tumor activity
Anti-depressant

Panicolytic

Gastro intestinal motility
Cardiovascular effect

Erectile physiology

Sperm motility

Follicular growth and Ovulation
Embryo implantation

Carrier for minerals
Hyperalgesic syndrome
Socio-relational behavioral
imbalances

Depressive states

Neuropathic conditions affecting
oral mucosa

Painful oral mucosal lesions and
conditions

Pharmacological
action

Potential
biomarker

Opiorphin is also suggested as a suitable marker for
erectile dysfunction. Opiorphin may have therapeutic
implications as a potential initiator of molecular pathways
that could be exploited to develop new candidate drugs for
the clinical management of pain relief and the alleviation
of emotional disorders. Opiorphin can improve certain
form of mood disorders, particularly depression without
inducing hypo- or hyper-active, anxiogenic- nor
anxiolytic-like and amnesic behavioral responses. It could
be a biological marker with a potential diagnostic role in
various pathological situations, such as hyperalgesic
syndromes, depressive states and socio-relational
behavioral imbalances.’%!:!4 |evels of opiorphin in
plasma, saliva and urine sample has also been estimated in
psycho somatic disorders like burning mouth syndrome
(BMS) emphasizing a significant use of opiorphin as a
potential biomarker to represent emotional and cognitive
imbalances occurring with BMS. However, the direct role
of opiorphin in BMS is not supported although its blood
levels may indicate a systemic deregulation in these
patients,18-20

CONCLUSION
Despite the strong therapeutic potential of opiorphin, its

short duration of action, represents a serious obstacle to its
successful use in clinical practice. Structural modifications

of opiorphin, to improve its bioavailability by increasing
its lipophilicity and metabolic stability may change the
state of art of treating pain and mood disorders.
Conformational changes in chemical structure of
opiorphin through structure-activity relationship method
provided some functional derivatives of opiorphin, which
showed improved metabolic stability and unaltered
analgesic activity with respect to the natural peptide. Using
liposomes and pegylated liposomes as a carrier for
delivery of opiorphin has shown significant improvement
in bioavailability of opiorphins. These lipid based
molecules have shown effective delivery of the drug to its
target site while protecting it from degradation.

As cognitive factors play an important role in modulation
of chronic pain, drugs like opiorphin that has modulatory
effect on the psychosomatic system can effectively combat
such vicious conditions.
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