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Opioid analgesics are potent and widely used medications employed to manage
moderate-to-severe acule pain; their utility in the management of chronic inflam-
matory and neuropathic pain is modest and is beset with adverse effects and con-

cerns related to abuse and addiction. The discovery of the nonclassical opioid, ie,
the nociception/orphanin receptor (NOP), has sparked interest into another possi-
ble analgesic target. Preclinical studies have demonstrated pain mitigating effects
associated with NOP receptor activation while simultaneously reducing conven-
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tional p-opioid-related adverse and euphoric effects. Consequently, agents possess-
ing dual agonism of both y and NOP receptor activations present an innovative
and promising potential target for pain management.

INTRODUCTION

Long-term opioid therapy has commonly been
prescribed for chronic pain conditions,? including
pain arising from nociceptive origins (such as low-
back pain and arthritis) as well as those from neu-
ropathic origins (such as diabetic neuropathy and
post-herpetic neuralgia). The efficacy of currently
available opioid analgesics has consisted of those
agents acting primarily via p-opioid peptide (MOP)
receptor agonism, although some may also exert
effects via A opioid peptide (DOP) and k opioid pep-
tide (KOP) receptors.® Strong agonists of MOP recep-
tors provide potent analgesia for acute pain, eg, from
post-traumatic and post-surgical causes. However,
such agents produce very modest improvements in
chronic noncancer pain conditions®; chronic pain
arising from inflammatory and neuropathic origins
often respond poorly to p-opioid analgesics.”> With
chronic use, tolerance and/or hyperalgesia may
reduce the effectiveness of opioid analgesics over
time.* Furthermore, long-term use of such agents
is hampered by adverse effects (including respira-
tory depression, constipation, and sedation) and
has been marred by concerns related to abuse and
addiction. Although reliance on long-term opioid

analgesics for the management of chronic pain con-
ditions had been increasing steadily in recent dec-
ades, recent epidemiologic studies suggest that this
trend is beginning to reverse,® due largely to fears of
drug abuse, addiction, and accidental overdose lead-
ing to respiratory arrest and death.”

There is still a considerable need for new anal-
gesics that can effectively modulate moderate-to-
severe chronic pain while, at the same time, incurring
fewer adverse effects as well as lower abuse poten-
tial than opioid analgesics that are currently avail-
able. Instead of focusing on powerful analgesics
with selective affinity for MOP receptors, efforts are
now shifting to medications that bind nonselectively
to multiple opioid receptors producing analgesia
while, at the same time, mitigating unwanted effects
encountered with MOP activation.?

THE NOP RECEPTOR

In 1994, another receptor, ie, the nociceptin/
orphanin (NOP) receptor (previously referred to
as the opioid-like receptor-1), was discovered.!®
The NOP receptor shares approximately 60 percent
homology in the structural components of classical
opioid (MOP, DOP, and KOP) receptors.'!? Unlike
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classical opioid receptors, the NOP receptor pos-
sesses little or no affinity for opioid peptides, eg,
B-endorphin and enkephalin, or morphine-like
compounds. One year after the identification of the
NOP receptor, the natural ligand for NOP receptor
was identified. Referred to as the N/OFQ peptide,
this 17-amino acid protein shares structural similari-
ties with dynorphin A and other endogenous opi-
oid ligands.!! Despite the similarities, the N/OFQ
peptide has little or no binding affinity for classic
opioid receptors, suggesting that N/OFQ peptide-
NOP receptor system is pharmacologically unique
from classic opioid receptors.!! When N/OFQ pep-
tide binds to and activates NOP receptors, a num-
ber of cellular processes are activated. The activated
NOP receptor couples to Gi/o-proteins to inhibit
adenylate cyclase, decreasing Ca** conductance and
increasing K* conductance, among other intracel-
lular processes.''!* Once activated, NOP receptors
reduce afferent neuronal excitability and thereby
modulate neurotransmitter release from axon ter-
minals, including y-amino butyric acid, glutamate,
dopamine, and norepinephrine.

The NOP receptor is abundantly present within
the peripheral and central nervous system (CNS).
Because of the diverse neuromodulatory effects,
N/OFQ binding of the NOP receptor influences
an array of physiological functions and behaviors
including the hypothalamic-pituitary axis, food
intake, motor functioning, as well as cardiovascular
and renal functioning.!! NOP effects in peripheral
tissues, eg, lymphocytes, influences the release of
cytokines and inflammatory mediators.!!

The NOP receptor is abundantly present within
pain processing pathways such as the dorsal root
ganglion; spinal dorsal horn; and periaqueductal
gray area, thalamus, and rostro-ventral medulla
within the brain.'? Therefore, the activation of NOP
receptors is likely to influence pain transmission.!?
The NOP and classical opioid receptors are not
colocalized on the same neurons, but seem to exert
their influences in partly distinct neural pathways.!*

In addition to being present within pain pro-
cessing pathways, NOP receptors are also highly
expressed throughout the mesocorticolimbic reward
circuitry. The activation of the NOP receptor with
N/OFQ has dopamine antagonist effects (either
directly or indirectly via GABA-ergic inhibition).” In
this way, the activation of NOP receptors would not
elicit reinforcing effects encountered with traditional
p-opioid receptor activation.'

N/OFQ AND NOP RECEPTOR SYSTEM EFFECTS ON PAIN

Because of the similarity to classic opioid recep-
tors and its extensive presence in pain processing
pathways, the identification of the NOP receptor
sparked interest into a possible analgesic target to
manage pain. Early investigations in preclinical (ani-
mal) studies revealed that the N/OFQ-NOP receptor
system effects on pain processing are complex and
appeared to have species-specific as well as neuro-
anatomic site-specific differences.!>!” For example,
in rodents, it was unveiled that direct supra-spinal
application of endogenous N/OFQ in the brain
(intracerebralventricular infusion) produced pain-
augmenting, ie, pronociceptive, effects. However,
the application of N/OFQ spinally (intrathecal infu-
sion) or in peripheral (systemically administered)
sites produced pain mitigating, ie, antinociceptive,
effects. By contrast, in nonhuman primates, the N/
OFQ-NOP binding consistently produced antino-
ciceptive effects in the periphery, spinal relay, and
supra-spinal regions.!’

The combination of N/OFQ with intrathecal
morphine produced a dose-dependent enhance-
ment of morphine-induced antinociception,'® even
when combined with a normally inactive dose of
morphine.'” These findings suggested that analge-
sic benefit can be achieved by capitalizing on the
mechanisms of NOP and classical opioid receptors
simultaneously.

In subsequent years, several agonist and antago-
nist ligands to the NOP were discovered. These
agents exerted no influence at MOP receptors and
allowed for clarification of the impact of N/OFQ
manipulations in experimental paradigms. Synthetic,
nonpeptide agonists of the NOP receptor were capa-
ble of producing significant analgesia in primate
models of pain.?’ In contrast to conventional MOP
agonists that lack a robust influence on inflammatory
and neuropathic pain conditions, NOP agonists dem-
onstrated efficacy in animal models of inflammatory
pain and greater potential for mitigating neuropathic
pain.?! Indeed, NOP agonist effects have demon-
strated utility in animal models of peripheral recep-
tor sensitization (carrageenan-induced pain), central
sensitization (formalin-induced pain), as well as neu-
ropathic pain (spinal nerve ligation).?*??3 The pain
mitigating effects of the NOP ligands were reversible
with the use of NOP antagonists.

The supraspinal pronociceptive effects of the
NOP receptor system led investigators to speculate
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that the NOP receptor activation might functionally
antagonize other CNS effects of p-opioid activation,
ie, adverse effects such as respiratory depression
and even those associated with rewarding effects.
Consistent with this hypothesis, it was observed that
the combination of N/OFQ and morphine produced
analgesia without incurring, or at least ameliorat-
ing, adverse effects customarily encountered with
morphine use. Furthermore, NOP agonists did not
induce side effects encountered with conventional
analgesics, including respiratory depression, itching,
or motor impairments.'>172* When coadministered
with opioid analgesics, NOP agonists ameliorated
opioid-related side effects.?>?>? In fact, agents act-
ing on NOP and MOP activation demonstrated a
limited respiratory depression (or ceiling effect).??
The reinforcing euphoric and addictive properties
of opiates are considered to be related to influences
on the mesocorticolimbic system, ie, a dopaminergic
pathway projecting from the ventral tegmental area
to the nucleus accumbens.?” Certain endogenous
opioid ligands as well as medication with MOP and
DOP receptor agonist influences stimulate dopa-
mine release within the nucleus accumbens and
thereby mediate rewarding effects. Experimental
evidence has demonstrated that the N/OFQ pep-
tide, in contrast to encephalin and endorphin, sup-
presses dopamine release in the nucleus accumbens
in a dose-dependent manner.'®?® It is anticipated
that NOP ligands, due to their inhibitory influences
on dopamine transmission in that system, would fail
to elicit rewarding properties, and, in fact, the acti-
vation of NOP receptors has been demonstrated to
be devoid of reinforcing effects, and inhibited opioid-
mediated reward in rodents and non-human pri-
mates.?$252932 Additionally, although naloxone
administered to morphine-dependent rats precipi-
tated withdrawal signs, the withdrawal signs were
inhibited when the animals were administered
intraventricular injections of N/OFQ.%

DEVELOPMENT OF n AND NOP MIXED AGONISTS

In light of the aforementioned findings, a search
has been undertaken for innovative agents possessing
concurrent NOP and MOP activating effects that can
provide pain relief without the risks associated with
conventional opioid analgesics, ie, respiratory depres-
sion, dependence, and withdrawal.>3* Several agents
are in development, including AT-121,3 a buprenor-
phine derivative, BU-08028,% and a naloxone

derivative, BU-10038.%° These agents have been dem-
onstrated in preclinical animal paradigms to exert pain
mitigating effects comparable to morphine without
incurring common morphine-related adverse effects.!”

In 2014, Cebranopadol (GRT6005), another inves-
tigational drug, was developed. It is a novel agent
that has full agonist activity at MOP and high partial
activity at NOP receptors currently in clinical stages
of development internationally by Grinenthal, a
German pharmaceutical company. Having been
investigated in, and based upon the findings of, a
number of animal models of acute and chronic pain
states, including nociceptive, inflammatory, and
neuropathic pain,'>?%33% it has undergone initial
Phase 2 and Phase 3 trials.

Cebranopadol is formulated as a small immediate-
release tablet for oral use.® Its plasma concentra-
tion increases gradually after oral administration;
peak plasma concentration and effects are appreci-
able approximately 4-6 hours after ingestion. It has
a long half-life of 24 hours, allowing for once-daily
dosing.* The anticipated dose ranges between 200
and 600 pg daily.

Early clinical trials suggest safety and efficacy of
Cebranopadol for a variety of pain conditions**-4¢
(Table 1). Many of these investigations were
designed to assess the tolerability of Cebranopadol
and compare its pain mitigating effects against pla-
cebo. Although some studies incorporated conven-
tional agents in some arms of the study,*434>4 the
effectiveness of Cebranopadol was never directly
compared with those conventional agents. 14346
Some studies were limited by brief duration of
investigation,*>* small samples, % and low reten-
tion rates.*>% Nonetheless, results of these stud-
ies suggest that Cebranopadol may be a promising
alternative to traditional opioids.

Common treatment-related adverse effects
encountered with Cebranopadol included somno-
lence, fatigue, dizziness, nausea, vomiting, constipa-
tion, headache, and sweating. In the clinical trials
summarized in the table, the emergence of treat-
ment-related adverse effects appeared to be dose
related?** and contributed to trial discontinuation.*?
Additionally, consistent with findings in animal
studies, Cebranopadol demonstrated ceiling in res-
piratory depression in healthy human volunteers.*’
Although these findings are encouraging, assess-
ment of respiratory effects of Cebranopadol at vary-
ing doses, and in nonhealthy clinical populations,
has as yet to be determined.
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Table 1. Table of Cebranopadol Phase II and Phase III investigations

Age range: 18-75 years

and 600 pg vs. placebo;
morphine 60 mg

Type of pain Phase Participants Design/comparators Primary outcome/results
Enrolled = 684 Summed pain intensity scores 2-10 hours
Double-blind, RCT were significantly reduced with Cebranopadol
Acute post- N =258 compared to placebo
bunionectomy ITa
paini! M = 33; W =225 Gebranopadol 200, 400, Percentage of reported adverse effects:

morphine (92 percent); Cebranopadol 200 pg
(67.3 percent), 400 pg (77.6 percent), and
600 pg (84.2 percent)

Osteoarthritis of

Enrolled = 207

Double-blind,
randomized, parallel

group

Cebranopadol 400 pg produced statistically
significant reduction in pain ratings compared
to placebo

Percentage of reported adverse effects: placebo
(40.6 percent); Cebranopadol 75 pg (46.9

knee*#2 la N=127 percent), 200 pg (50 percent), and 400 pg (83.9
percent)
M = . W = 1 - 1Q 1 At - Q
36; 9 Gebranopadol 75, 200, Treatment discontinuation due to adverse
and 400 1 vs. placebo effects: Cebranopadol 75 pg (9.4 percent), 200
Age range: 40-75 years H8 VS P ng (6.3 percent), and 400 pg (41.9 percent)
N =635 Cebranopadol 200, 400, and 600 pg and
Double-blind, RCT tapentadol were significantly better than
M = 223; W = 412 placebo
Chronic low back 1 56.2 e leted trial: treat .
pain® Age range: 18-80 years | Cebranopadol 200, 400, | .~ pereent compieted triat trea rflcn
and 600 g vs. placebo; discontinuation rates due to adverse effects:
o > | Cebranopadol 200 pg (32.1 percent), 400 pg
tapentadol PR 200 mg
Mean age: 57.5 vears | BID (40.6 percent), and 600 pg (47.7 percent),
8E 270y tapentadol (26.2 percent)
Enrolled = 189 Double-blind, Cebranopadol 200 pg was numerically but not
randomized, parallel statistically better than placebo; Cebranopadol
N =122 group 25 and 75 pg did not differ from placebo; a
greater percentage of Cebranopadol-treated
Diabetic polyneu- ’ _ B patients reported > 30 percent reduction of pain
ropathy* la M =84 W =38 from baseline as compared to placebo
Cebranopadol 25, 75,
and 200 pg vs. placebo | Discontinuation rates were highest for
Age range: 18-75 years Cebranopadol 200 pg (13.3 percent), due to
adverse effects
Enrolled = 91 Double-blind. Cebran'opadol 80, 100, and 129 }'Jg and
. morphine CR demonstrated clinically
randomized, cross-over ) ) . . .
N =89 meaningful reductions in baseline pain
. . Cebranopadol 120 pg condition had the highest
Di: | -
14bet1c$ 1350 yneu ITa M =55, W =34 rates of >30 and >50 percent reduction of pain
ropathy*, Cebranopadol 40, from baseline
80, 120, and 200 pg;
rrizzzll;;ne CR 60 mg; Three subjects discontinued morphine CR but
Age range: 32-76 years P 0 subjects discontinued Cebranopadol due to
adverse effects
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Table 1. Table of Cebranopadol Phase II and Phase III investigations (continued)
Type of pain Phase Participants Design/comparators Primary outcome/results
. ) Cebranopadol was superior to morphine PR
Enrolled N = 200 Rf(;lfomlzed’ parallel in terms of amount of daily rescue medication
group required over 2 weeks of maintenance
N =125
Chronic cancer Both conditions resulted in significant pain
pain 1 M =76; W =49 Cebranopadol rejuc?ons.; Csbraﬁopadf)l prodgtced t> 3 point
i , reduction in baseline pain severity ratings
Age range: 18 + years 200 1’900 ng/day vs.
morphine prolonged
release 30-150 mg/day | percentage of reported adverse effects:
Mean age = 62.3 years Cebranopadol (83.1 percent); morphine
(82 percent)
N =76 50 percent completed trial
Chronic cancer Open-label smdy
pam—opfn label 11 M = 44; W =32 Average pain level remained in mild ranges
extension® Cebranopadol th Cebr dol. ¢ ible-10
Mean age: 61.7 years [200-1,000 pg with Cebranopadol, ie, 3-out-of-possible-
"Results are unpublished but are accessible through European Union Clinical Trials Register.

The abuse potential of Cebranopadol was
assessed in a double-blinded, active, and placebo
controlled phase 1 trial, involving 48 healthy recrea-
tional opioid users.* In this study, Cebranopadol of
200, 400, and 800 pg was compared against placebo,
as well as hydromorphone immediate-release 8 and
16 mg. As expected, hydromorphone was found to
elicit greater rates of drug liking, ie, appeal, as com-
pared with placebo. However, Cebranopadol of 200
pg did not differ from placebo. Both Cebranopadol
200 and 400 pg elicited less drug liking as compared
with both hydromorphone doses. The appeal of
Cebranopadol 800 ng was comparable to hydromor-
phone 16 mg. Similarly, sedative effects were sig-
nificantly lower for Cebranopadol 200 and 400 pg
doses as compared with hydromorphone; 800 pg
did not differ from hydromorphone 8 mg but was
significantly less than that associated with hydro-
morphone 16 mg.

CONCLUSION

There is currently no optimal analgesic agent that
provides effective pain relief, particularly among
patients afflicted with chronic inflammatory and/or
neuropathic pain. The use of conventional analge-
sics, which primarily influence p-opioid receptors,
is marred by a number of adverse effects and the

risks of tolerance, abuse/misuse, and dependence.
Consequently, the quest for an ideal, or at least bet-
ter, pain reliever continues. The development of
NOP receptor ligands has sparked excitement in the
field of pain management. It has opened the possi-
bility of a new vista in the treatment of pain that may
become the next promising candidate for analgesic
intervention.

Raphael J. Leo, MA, MD, Associate Professor, Department
of Psychiatry, Jacobs School of Medicine and Biomedical
Sciences, University at Buffalo, Buffalo, New York.
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