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Abstract: Opioids are the mainstay for the management of moderate to severe pain. However, their
acute use is associated with several side effects, ranging from nausea, itching, sedation, hypotension
to respiratory depression, and death. Also, chronic use of these drugs can lead to the development
of tolerance, dependence, and eventually addiction. The most serious side effect, lethality due to
opioid-induced overdose, has reached the level of national emergency, i.e., the opioid crisis, which
is now the forefront of medicine. In a detailed review (Novel Synthetic Opioids: The Pathologist’s
Point of View), Frisoni and colleagues have discussed the side effects of novel licit and illicit fentanyl
derivatives, as well as the related compounds which are more potent and faster acting than morphine
and other conventional opioids (Frisoni, et al., 2018). These drugs affect the central nervous system
(CNS) and can promote the development of addiction due to the quick rush they induce because
of their faster entry into the brain. These drugs also arrest the cardiovascular and pulmonary
systems, increasing the chance of respiratory arrest, leading to opioid-induced overdose morbidity
and mortality. The respiratory arrest induced by opioids can be potentiated by other CNS depressants,
such as alcohol or benzodiazepines, and therefore may occur more frequently in polydrug users.
Therefore, the use of these newer fentanyl derivatives as well as other fast acting opioids should be
avoided or limited to specific cases and must be kept out of the reach of children and adolescents
who are more vulnerable to become addicted or overdose themselves.
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Opioids are used for the treatment of moderate to severe pain. Opioids exert their actions via
the opioid receptors, namely the mu, delta, and kappa opioid receptors. These receptors belong to
the G-protein-coupled receptors (GPCRs) family which consists of seven transmembrane domains
and an amino (N)-terminal located outside the cell membrane and a carboxyl (C)-terminal inside the
cell. These receptors mediate the actions of endogenous opioids, such as beta-endorphin, enkephalins,
and dynorphins, as well as exogenous opioids such as morphine, fentanyl, codeine, heroin, etc.
Opioid receptor antagonists also bind to these receptors and block the actions of opioid agonists.
At the cellular level, opioids exert inhibitory effects because opioid receptors are coupled to Gi/o
proteins, leading to the inhibition of adenylyl cyclase and calcium channels, as well as the activation
of the potassium channels. These cellular events lead to the hyperpolarization of cells as well as to
the reduction of neurotransmitter release from the presynaptic terminals of cells containing opioid
receptors or making any type of synaptic connection with the opioid-containing cells. Although opioids
reduce neurotransmitter release, there are occasions where opioids could increase neurotransmitter
release, e.g., the opioid-mediated release of dopamine in the nucleus accumbens, but this effect occurs
due to disinhibition of dopaminergic neurons in the ventral tegmental area [1], which is thought to
play an important role in the rewarding action of opioids, as well as in the initiation and maintenance
of addiction (for reviews, see [2–6]). Among other properties, it is believed that any drug that enters
the brain faster and increasing the level of dopamine rapidly, having a short duration of action, may be
more addicting than a slower acting drug. In this regard, it is important to list heroin, fentanyl,
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and its newer derivatives, which may be the cause of the opioid crisis, especially when these drugs are
combined with other CNS depressants [7].

Opioid analgesics exert inhibitory effects on nociceptive processing, leading to a potent analgesic
effect. However, the chronic use of these drugs leads to tolerance and dependence. These drugs also
reduce gastrointestinal motility, as well as the cardiovascular and respiratory systems, leading to
constipation and respiratory arrest, respectively, the latter being the main culprit of the opioid crisis,
which is currently at the forefront of medicine [8,9]. Therefore, intense research has been underway to
develop novel opioids that could reduce pain with limited side effects. However, earlier attempts led
to the discovery of heroin, fentanyl, and more recently to the generation of newer fentanyl derivatives,
which are useful as analgesics and preanesthetic agents, but they also possess dangerous side effects
due to their faster onset of action and greater potency than morphine. The use of prescription opioids
has fueled the opioid epidemic to the level of a national emergency. In 2017 alone, there were more than
70,000 deaths due to opioid overdose. Although this number is lower in Canada, it reached 4000 deaths
due to opioid overdose but in some parts of Canada, it is as bad as the US [9]. However, the take-home
kit containing naloxone saved many lives [9]. Nevertheless, the latter drug needs to be administered
early enough to save lives.

Fentanyl and novel synthetic licit and illicit fentanyl derivatives have significantly contributed to
these deaths due to opioid overdose because of their narrow therapeutic index [7]. Besides fentanyl
and its derivatives, other opioids that were used as recreational drugs and caused morbidity and
mortality were MT-45, AH-7921, and U-47700 [7]. The main CNS side effect reported was cerebral
edema. The deleterious cardiovascular and pulmonary side effects were petechiae due to asphyxia,
respiratory depression, chest wall rigidity, and apnea [7]. Thus, there is a critical need to develop
novel medications that possess analgesic effects with limited cardiovascular and pulmonary side
effects, as well as reduced rewarding actions and dependence liability compared to the currently used
opioid analgesics.

Recently, among the other approaches, drugs that activate the opioid receptor-like receptor
(ORL1, also known as NOP) another member of the opioid receptor family, with concomitant activity
at the mu opioid receptors (MOP), known as bifunctional NOP/MOP agonists, have been shown to
provide a potent analgesic profile [10]. Indeed, the therapeutic potential of this bifunctional approach
is currently being validated in the clinic for the first time with cebranopadol, the first NOP/MOP
bifunctional agonist small molecule [11,12] to enter clinical trials for the management of pain [13].
However, cebranopadol has equipotent efficacy at NOP (100% agonist) and MOP (98% agonist efficacy),
and while it exerts potent antinociceptive effects in many rodent models of pain, it also shows a
morphine-like discriminative stimulus in rats [14], suggesting that the drug has the potential for at
least abuse, if not overdose. Thus, an optimum balance between NOP and MOP efficacy is desirable to
generate effective and safer analgesics. Along this line, exciting data in nonhuman primates showed
that a bifunctional NOP/MOP partial agonist AT-121 exerted analgesia which was superior to morphine,
and did not induce respiratory depression or itch and displayed no tolerance or reinforcing effects.
Until the availability of such compounds in clinical settings, physicians should be wary about the
deleterious cardiovascular and respiratory side effects of currently used opioids, which are the main
culprits of opioid-induced morbidity and mortality. Furthermore, more restrictions should be placed
on the availability of licit and illicit fentanyl derivatives on the internet and street and must be kept out
of the reach of children and adolescents to avoid diversions.

Acknowledgments: I wish to thank the Brain Sciences Editorial team for inviting me to write this Editorial.

Conflicts of Interest: The author declares no conflict of interest except awarded a contract from Astraea
Therapeutics, LLC. to study the rewarding actions of a series of novel NOP/MOP bifunctional compounds and
submitted an R15 grant application to the National Institute of Health (NIH) to define the optimal balance between
NOP and MOP activity to develop analgesics with limited dependence and rewarding actions. However, Astraea
Therapeutics LLC and NIH had no role in the writing of this Editorial.



Brain Sci. 2020, 10, 485 3 of 3

References

1. Johnson, S.W.; North, R.A. Opioids excite dopamine neurons by hyperpolarization of local interneurons.
J. Neurosci. 1992, 12, 483–488. [CrossRef] [PubMed]

2. Koob, G.F. Neurobiology of addiction. Toward the development of new therapies. Ann. N. Y. Acad. Sci. 2000,
909, 170–185. [CrossRef] [PubMed]

3. Koob, G.F.; Le Moal, M. Drug abuse: Hedonic homeostatic dysregulation. Science 1997, 278, 52–58. [CrossRef]
[PubMed]

4. Koob, G.F.; Le Moal, M. Neurobiological mechanisms for opponent motivational processes in addiction.
Philos. Trans. R. Soc. Lond. B Biol. Sci. 2008, 363, 3113–3123. [CrossRef] [PubMed]

5. Koob, G.F.; Le Moal, M. Addiction and the brain antireward system. Annu. Rev. Psychol. 2008, 59, 29–53.
[CrossRef] [PubMed]

6. Koob, G.F.; Volkow, N.D. Neurocircuitry of addiction. Neuropsychopharmacology 2010, 35, 217–238. [CrossRef]
[PubMed]

7. Frisoni, P.; Bacchio, E.; Bilel, S.; Talarico, A.; Gaudio, R.M.; Barbieri, M.; Neri, M.; Marti, M. Novel Synthetic
Opioids: The Pathologist’s Point of View. Brain Sci. 2018, 8, 170. [CrossRef] [PubMed]

8. Hrnack, S.A. Editorial Commentary: Houston, We Have a Problem! A Really Big Opioid Problem! Arthroscopy
2019, 35, 871–873. [CrossRef] [PubMed]

9. The Lancet Public Health. A public health approach to Canada’s opioid crisis. Lancet Public Health 2018,
3, e204. [CrossRef]

10. Gunther, T.; Dasgupta, P.; Mann, A.; Miess, E.; Kliewer, A.; Fritzwanker, S.; Steinborn, R.; Schulz, S. Targeting
multiple opioid receptors - improved analgesics with reduced side effects? Br. J. Pharmacol. 2017. [CrossRef]
[PubMed]

11. Linz, K.; Christoph, T.; Tzschentke, T.M.; Koch, T.; Schiene, K.; Gautrois, M.; Schroder, W.; Kogel, B.Y.;
Beier, H.; Englberger, W.; et al. Cebranopadol: A novel potent analgesic nociceptin/orphanin FQ peptide and
opioid receptor agonist. J. Pharmacol. Exp. Ther. 2014, 349, 535–548. [CrossRef] [PubMed]

12. Schunk, S.; Linz, K.; Hinze, C.; Frormann, S.; Oberborsch, S.; Sundermann, B.; Zemolka, S.; Englberger, W.;
Germann, T.; Christoph, T.; et al. Discovery of a Potent Analgesic NOP and Opioid Receptor Agonist:
Cebranopadol. ACS Med. Chem. Lett. 2014, 5, 857–862. [CrossRef] [PubMed]

13. Christoph, A.; Eerdekens, M.H.; Kok, M.; Volkers, G.; Freynhagen, R. Cebranopadol, a novel first-in-class
analgesic drug candidate: First experience in patients with chronic low back pain in a randomized clinical
trial. Pain 2017, 158, 1813–1824. [CrossRef] [PubMed]

14. Tzschentke, T.M.; Rutten, K. Mu-opioid peptide (MOP) and nociceptin/orphanin FQ peptide (NOP)
receptor activation both contribute to the discriminative stimulus properties of cebranopadol in the rat.
Neuropharmacology 2018, 129, 100–108. [CrossRef] [PubMed]

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1523/JNEUROSCI.12-02-00483.1992
http://www.ncbi.nlm.nih.gov/pubmed/1346804
http://dx.doi.org/10.1111/j.1749-6632.2000.tb06682.x
http://www.ncbi.nlm.nih.gov/pubmed/10911930
http://dx.doi.org/10.1126/science.278.5335.52
http://www.ncbi.nlm.nih.gov/pubmed/9311926
http://dx.doi.org/10.1098/rstb.2008.0094
http://www.ncbi.nlm.nih.gov/pubmed/18653439
http://dx.doi.org/10.1146/annurev.psych.59.103006.093548
http://www.ncbi.nlm.nih.gov/pubmed/18154498
http://dx.doi.org/10.1038/npp.2009.110
http://www.ncbi.nlm.nih.gov/pubmed/19710631
http://dx.doi.org/10.3390/brainsci8090170
http://www.ncbi.nlm.nih.gov/pubmed/30200549
http://dx.doi.org/10.1016/j.arthro.2018.11.043
http://www.ncbi.nlm.nih.gov/pubmed/30827439
http://dx.doi.org/10.1016/S2468-2667(18)30078-1
http://dx.doi.org/10.1111/bph.13809
http://www.ncbi.nlm.nih.gov/pubmed/28378462
http://dx.doi.org/10.1124/jpet.114.213694
http://www.ncbi.nlm.nih.gov/pubmed/24713140
http://dx.doi.org/10.1021/ml500117c
http://www.ncbi.nlm.nih.gov/pubmed/25147603
http://dx.doi.org/10.1097/j.pain.0000000000000986
http://www.ncbi.nlm.nih.gov/pubmed/28644196
http://dx.doi.org/10.1016/j.neuropharm.2017.11.026
http://www.ncbi.nlm.nih.gov/pubmed/29155273
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

