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The management of postoperative pain is crucial in ensuring good outcomes for surgical patients. However, results from

national surveys in the United States reveal that over 80% of patients undergoing surgery complain of inadequately treated

postoperative pain. Although traditional opioids such as morphine and oxycodone are commonly used in the management of

acute postoperative pain, novel opioids may play a role as alternatives that provide potent pain relief while minimizing

adverse effects.

oliceridine  tapentadol  cebranopadol  dinalbuphine sebacate  nalbuphine

dual enkephalinase inhibitors  endomorphin-1 analog  acute postoperative pain

1. Oliceridine

Oliceridine is a novel MOR agonist with biased ligand activity that preferentially stimulates G protein-coupling while

downregulating the recruitment of β-arrestin, allowing it to limit ORAEs . Oliceridine (brand name Olinvyk) was first

approved by the FDA in 2020 to treat acute pain severe enough to warrant intravenous (IV) opioids when alternatives are

inadequate . It can be delivered in intermittent boluses or via patient-controlled analgesia (PCA). The FDA recommends

administering a starting dose of 1.5 mg, with subsequent PCA demand doses of 0.35 mg to 0.5 mg with a 6 min lockout

interval; the maximum total daily dose should not exceed 27 mg .

Oliceridine, an amine compound, has an onset of analgesia within 1 to 2 min, a peak effect at 6 to 12 min, and a half-life of

1.3 to 3 h . EC  was estimated as 10.1 ng/mL . The chemical structure is shown in Figure 1. It is primarily metabolized

in the liver by CYP3A4 and CYP2D6 P450 enzymes into inactive metabolites that are subsequently eliminated renally (70%)

or fecally . Comparing healthy subjects to those with end-stage renal disease (ESRD) and those with mild or moderate

hepatic impairment, Nafziger et al. found no significant difference in oliceridine clearance. As such, no dosing adjustments

are warranted for these patients . However, they found that patients with severe hepatic impairment may benefit from

reduced initial dosing and less frequent subsequent doses due to delayed clearance of the drug .
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Figure 1. Oliceridine.

Oliceridine leads to adverse reactions similar to those seen in traditional opioids, including nausea, vomiting, dizziness,

headache, constipation, pruritus, hypoxia, and respiratory depression . In addition, two studies found some QTc

prolongation through an unknown underlying mechanism .

1.1. Clinical Studies

In a phase I randomized, double-blind crossover study, Soergel et al. compared the safety, tolerability, and analgesia (as

determined by the cold pain test) of oliceridine (1.5 mg, 3 mg, and 4.5 mg), morphine (10 mg), or placebo in 30 healthy

subjects. The results showed that all three doses of oliceridine produced analgesic effects, with 3 mg and 4.5 mg having

higher peak analgesia and faster onset compared to morphine. Reduction in respiratory drive was present but transient in

oliceridine groups at all doses, whereas that in morphine was more persistent. In addition, severe nausea was common after

morphine and oliceridine at 4.5 mg but less frequent at a 1.5 mg or 3 mg dose. Overall, the findings determined 3 mg

oliceridine to have the best analgesic efficacy while minimizing the incidence of nausea and vomiting .

Viscusi et al. conducted a phase II randomized controlled trial (RCT) of 144 patients with moderate or severe acute

postoperative pain after bunionectomy. Patients were given oliceridine (1, 2, or 3 mg every 3 h), morphine (4 mg every 4 h),

or placebo. The results showed that 2 and 3 mg oliceridine both led to significantly lower pain intensity as assessed by a

numeric rating scale (NRS) than placebo over 48 h, with meaningful pain relief within 5 min and significantly greater pain

relief after the first dose compared to morphine. Furthermore, no serious adverse events were reported with oliceridine use

aside from dose-related ORAEs such as nausea, vomiting, dizziness, and headaches—similar to those found with morphine

use . These findings demonstrating the rapid analgesic efficacy and tolerability of oliceridine were reflected in another

phase II double-blind RCT by Singla et al. of 200 patients with moderate to severe pain after abdominoplasty. Unlike the

previous study, oliceridine was administered via PCA. They found significant reduction in pain score over 24 h for oliceridine

compared to placebo, providing analgesia at a similar level as morphine. The oliceridine regimen also had a faster onset

[2]

[2]

[5]

[6]



Novel Opioids in  Acute Postoperative Pain | Encyclopedia.pub

https://encyclopedia.pub/entry/53563 3/16

and meaningful pain relief within 0.3 h compared to 1 h for the morphine regimen. Finally, there were significantly fewer

nausea, vomiting, and respiratory events (e.g., hypoxia, bradypnea, hypoventilation) reported with oliceridine compared to

morphine . Both phase II studies were split into two parts with an interim analysis in between to help determine the dosing

regimen for the second part .

1.2. Potential Advantages

Since oliceridine can selectively activate G-protein signaling associated with analgesia while simultaneously downregulating

β-arrestin recruitment linked to ORAEs, it has potential for a widened therapeutic window. An exploratory analysis of the

APOLLO studies by Beard et al. showed that when adjusted for analgesic effect, the odds of achieving “complete GI

response” (i.e., no vomiting or use of rescue antiemetic) was two to three times higher with oliceridine than with morphine .

On the other hand, the APOLLO trials could not conclusively determine whether oliceridine has a lower incidence of opioid-

induced respiratory depression (OIRD). Subsequently, Ayad et al. conducted an analysis of the APOLLO studies to

specifically examine dosing interruption due to respiratory events and its cumulative duration as surrogate markers of OIRD.

They found lower and shorter duration of dosing interruption with oliceridine compared to morphine .

Further analysis of ATHENA, which did not exclude patients at high risk of respiratory depression, also strived to investigate

OIRD with oliceridine use. A retrospective chart analysis by Bergese et al. showed significantly lower incidence of OIRD

events for patients receiving oliceridine compared to those on conventional opioids (8.0% vs. 30.7%) . Future studies are

warranted to better understand the association between oliceridine use and OIRD, including the ongoing phase IV

VOLITION study to be completed in 2025 .

2. Tapentadol

Tapentadol (brand name Nucynta) is a centrally acting opioid analgesic that demonstrates both MOR agonist activity as well

as norepinephrine (NE) reuptake inhibition . Its chemical structure is shown in Figure 2. Tapentadol was first

approved by the FDA in 2008 as an immediate-release (IR) oral tablet to treat opioid-requiring moderate to severe pain

when alternatives are inadequate. Its extended-release (ER) formulation was later approved in 2011, with its use expanded

for the management of neuropathic pain associated with diabetic peripheral neuropathy . The FDA recommends

starting tapentadol at a low dosage to match the treatment goals of individual patients before titrating to higher doses. The

maximum total daily dose is 600 mg and 500 mg for IR and ER, respectively.
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Figure 2. Tapentadol.

Tapentadol has an onset of analgesic effect of 30 min and a half-life of 4 h. It reaches peak serum concentration within an

hour after administration . EC  was similar for both targets (1.8 μM for MOR, 2.3 μM for noradrenaline transporter) . A

total of 97% of the drug is metabolized by O-glucuronidation in the liver into inactive metabolites and subsequently excreted

via the kidneys . This is in contrast to tramadol, which requires metabolism by CYP2D6 into a potent metabolite in order

to produce analgesia .

Adverse reactions commonly associated with tapentadol include nausea, dizziness, vomiting, and somnolence in adults

(incidence ≥ 10%) or vomiting, constipation, nausea, pruritus, and pyrexia in pediatric patients age 6 or over (incidence >

5%). Patients taking tapentadol must be monitored closely for life-threatening respiratory depression, serotonin syndrome,

adrenal insufficiency, severe hypotension, and sedation. Those at risk for adverse outcomes with tapentadol use include

patients who are elderly, cachectic, or debilitated as well as those with chronic pulmonary disease or impaired

consciousness. Tapentadol is contraindicated in patients with impaired pulmonary function (e.g., significant respiratory

depression, acute or severe bronchial asthma), paralytic ileus, and concomitant use of monoamine oxidase inhibitors

(MAOIs) or use within 14 days .

2.1. Mechanisms of Action and Preclinical Studies

A 2007 study by Tzschentke et al. examined tapentadol binding to various receptors in both rat and human cells. The results

showed that tapentadol has a K  value (indicator of binding affinity) of 0.096 μM for MOR, which is an approximately 10-fold

stronger affinity compared to delta- and kappa-opioid receptors (0.97 μM and 0.91 μM, respectively) and a nearly 50 times

lower affinity compared to morphine for MOR (0.0022 μM). Tapentadol binds human recombinant MOR at a similar level as

rat receptors at 0.16 μM. In human transporter binding assays, the results showed tapentadol to have K  values of 8.80 μM

and 5.28 μM for NE and serotonin (5-HT) transporters, respectively, whereas no binding was determined in morphine.

Despite higher affinity of tapentadol for 5-HT over NE transporters, functional assays revealed more specific and selective

synaptosomal uptake inhibition of NE (0.48 μM) compared to 5-HT (2.37 μM). This suggests that stronger binding of ligands

to receptors does not automatically translate to functional significance. In other words, receptor binding does not always

equate to efficacy .
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In addition to assessing binding affinity to receptors and functional uptake inhibition, Tzschentke et al. also studied several

rat and mouse pain behavioral models to evaluate the analgesic efficacy of tapentadol, including the hot plate test, tail-flick

test, mustard oil-induced visceral pain, spinal nerve ligation (SNL), and writhing response. The authors found that despite

having a 50-fold lower binding affinity to MOR, tapentadol delivered analgesia at a level only 2 to 3 times lower overall

compared to morphine. This hints at the key role of NE reuptake inhibition in tapentadol to relieve pain, as demonstrated in

the SNL model in which the analgesic effect of tapentadol was only moderately attenuated by naloxone (a MOR antagonist)

whereas the analgesic effect of morphine was completely blocked by the antagonist. Finally, using the chronic constriction

injury (CCI) model of neuropathic pain, Tzschentke et al. found a delayed tolerance development to the analgesic effect of

tapentadol (18 days to onset of tolerance and 51 days to complete tolerance) compared to morphine (immediate onset of

tolerance and 21 days to complete tolerance) .

2.2. Clinical Studies

Tapentadol has been compared to other opioids for the management of acute pain in perioperative settings. In a systematic

review of 13 studies and 1 abstract (including a total of 12,814 patients), Wang et al. examined the safety and efficacy of

tapentadol IR after a variety of surgeries ; these included bunionectomy, cardiac surgery, dental procedures, total hip

replacement, and abdominal hysterectomy. Results from the quantitative meta-analysis found that the lowest dose of

tapentadol IR (i.e., 50 mg) was associated with less pain control, whereas higher doses (i.e., 75 mg or 100 mg) delivered a

similar level of analgesia as oxycodone IR .

Qualitative synthesis by Wang et al. further examined the effect of tapentadol compared to other opioids. A phase II single-

dose, double-blind RCT in 400 patients undergoing dental surgery found that higher dosage of tapentadol IR (200 mg), but

not low dosage (100 mg), provided greater analgesia than morphine sulfate (60 mg) , whereas phase III multicenter,

double-blind RCTs for abdominal hysterectomy (832 patients) and bunionectomy (285 patients)  showed similar levels of

analgesia for tapentadol and morphine. On the other hand, comparing tapentadol and tramadol in 60 patients, Iyer et al.

showed better pain control with tapentadol after cardiac surgery , while Moorthy et al. found no difference in pain score in

an RCT of 100 patients experiencing acute osteoarthritic knee pain after one week of treatment . Although it might not

offer significantly improved analgesia compared with other types of opioids (e.g., oxycodone, morphine, tramadol),

tapentadol appears to be better tolerated with lower incidence of gastrointestinal adverse events. Wang et al. acknowledged

potential biases of the studies included in the analysis and noted that despite the variety of surgeries, the overrepresentation

of minor procedures could pose a challenge in translating the results to major surgeries .

2.3. Potential Advantages

Due to its unique dual mechanism of action, tapentadol is a powerful analgesic that makes use of the synergistic interaction

of two targeted receptors to address both nociceptive pain (i.e., inflammatory process from tissue damage) via MOR

agonism and neuropathic pain via NE reuptake inhibition—an advantage over traditional MOR-activating opioids.

Fortunately, the combined effects of the two mechanisms do not translate to a higher burden of adverse effects . Instead,

this synergy allows for less mu-opioid activity, leading to an improvement in ORAEs. This is supported by a systematic

review by Freynhagen et al. in patients with moderate or severe chronic pain that found that tapentadol caused less nausea

and constipation than other opioids and less dizziness and somnolence than oxycodone and oxymorphone .

Furthermore, an exploratory study by van der Schrier et al. compared the effects of tapentadol and oxycodone on the

[16]

[15]

[15][17]

[18]

[17]

[19]

[20]

[15]

[21]

[22]



Novel Opioids in  Acute Postoperative Pain | Encyclopedia.pub

https://encyclopedia.pub/entry/53563 6/16

ventilatory response to hypercapnia in healthy volunteers. While tapentadol still produced respiratory depression, the 100

mg dose may have some advantage over 20 mg oxycodone, warranting further study .

Tramadol, similar to tapentadol, is an opioid analgesic with a mixed mechanism of action of weak MOR agonism as well as

5-HT and NE reuptake inhibition . As a result, it is also considered safer than conventional opioids due to its improved

adverse effect profile. However, whereas tramadol relies on metabolism by the polymorphic CYP2D6 enzyme into an active

metabolite to achieve analgesia, tapentadol as a parent drug is in itself an active compound. Due to its lower serotonergic

effect, tapentadol theoretically has a lower risk of causing serotonin syndrome compared to tramadol . However, there

have been reports of serotonin syndrome when tapentadol is used in conjunction with serotonergic antidepressants ,

though current research in the literature on the phenomenon is limited due to inadequate characterization of adverse events

or lack of distinction of patients who take serotonergic medications from those who do not .

Because of its MOR agonist activity, the abuse risk of tapentadol must be carefully considered. Although the extended-

release formulation of tapentadol is difficult to crush and dissolve and, thus, less likely to be misused, there have been

reports of immediate-release tablets being used recreationally after being crushed and injected, at times leading to death 

. Results from a study that utilized data from the National Addictions Vigilance Intervention and Prevention Program

found the abuse potential of tapentadol to be higher than that of tramadol and similar to that of hydrocodone but lower than

that of other strong opioids (e.g., morphine) . Overall, tapentadol can be a safe alternative to typical opioids, especially

in hospital settings and for short durations .

3. Cebranopadol

Cebranopadol is a first-in-class potent opioid receptor agonist predominantly acting at the MORs and NOP receptors with

lower activity at delta and kappa receptors (MOR: K  = 0.7 nM and EC  = 1.2 nM; NOP: K  = 0.9 nM and EC  = 13 nM;

delta: K  = 18 nM and EC  = 110 nM; kappa: K  = 2.6 nM and EC  = 17 nM) . It is a spiroindole derivative of the

benzenoid class and displays promising experimental results in a range of animal models and clinical trials ; the chemical

structure is shown in Figure 3. Cebranopadol displays a synergistic (rather than additive) effect of the activation of NOP and

classical opioid receptors .
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Figure 3. Cebranopadol.

Kleideiter et al. examined the pharmacokinetic characteristics of cebranopadol through noncompartmental methods in six

phase I clinical trials in healthy subjects. They found that IR cebranopadol reaches maximum concentration after 4 to 6 h

and has a half-value duration of 14–15 h. With once-daily dosing, the time to steady state was approximately 2 weeks, and

the peak–trough fluctuation was low. Kleideiter et al. concluded that these pharmacokinetic parameters make cebranopadol

a promising therapeutic option for chronic pain .

3.1. Preclinical Studies

In preclinical studies, cebranopadol has been shown to provide appropriate analgesia through peripheral and central

administration in nociceptive and neuropathic pain , anti-hypersensitive effects in a rat model of arthritic pain ,

blockage of visceral pain , and blockage of pain in the trigeminal nerve distribution . Additionally, Schiene et al. found

that dual activation of NOP and mu receptors contributes to the anti-hypersensitive effect of cebranopadol in rat models .

There are also promising results regarding its reduced side effects and decreased use dependence. Researchers found that

cebranopadol exhibits reduced respiratory depression in both adult rhesus monkeys and rats compared to fentanyl .

Through use of selective antagonists, Linz et al. mechanistically demonstrated that attenuation of respiratory depression in

cebranopadol can be attributed to NOP receptor agonism which counteracts side effects resulting from MOR agonism .

Other studies indicate that cebranopadol has reduced physical dependence compared to other opioids. Tzschentke et al.

conducted a direct comparison study, demonstrating that cebranopadol leads to a reduced occurrence of physical

withdrawal symptoms compared to morphine . This finding was observed across various dosages and administration

periods in both mice and rats. Ruzza et al. used an elegant knockout experiment to compare symptoms of opioid withdrawal
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in mice. No disparity was observed in mice treated with morphine. However, cebranopadol administration induced more

pronounced withdrawal symptoms in knockout mice. This finding suggests that NOP activation plays a key role in mitigating

the physical dependence of cebranopadol .

Multiple studies have demonstrated that cebranopadol reduces cocaine self-administration and addiction-like behaviors in

rats without directly influencing the pharmacokinetics of cocaine . Given these results and its tolerability in

humans, cebranopadol may have potential as a novel therapy for cocaine addiction. These preclinical findings highlight the

potential of cebranopadol to offer reduced side effects.

3.2. Clinical Studies and Potential Advantages

Clinical studies have reaffirmed many results from animal research. In a phase I study, Dahan et al. examined the

respiratory effect of 600 mcg cebranopadol on 12 healthy volunteers. Although cebranopadol produced many of the effects

expected of an opioid, respiratory depression was less severe and had a ceiling due to activation at the NOP receptor. This

suggests an advantage over conventional opioids, which may produce apnea at high concentrations . In addition, another

phase I study in 48 healthy nondependent recreational opioid users found a reduced peak effect of drug-liking in

cebranopadol relative to hydromorphone, suggesting reduced recreational potential for the drug . Finally, Scholz et al.

conducted a phase IIa multicenter, double-blind RCT in 258 patients undergoing bunionectomy. They found that the

administration of a single dose of cebranopadol at either 400 mcg or 600 mcg provided superior analgesic effects compared

to 60 mg controlled-release morphine, as measured by SPI  (sum of pain intensity 2–10 h after administration). While

both cebranopadol and morphine produced sufficient pain relief, cebranopadol was better tolerated, and patients reported

higher overall satisfaction, with the 400 mcg dose leading to less nausea, vomiting, and dizziness .

These potential advantages have also led to cebranopadol being studied for the management of chronic pain. In a phase II

multicenter, double-blind RCT, Christoph et al. showed statistically significant improvements from baseline pain for all doses

of cebranopadol (200, 400, or 600 mcg once daily) over placebo in 360 patients with moderate to severe chronic lower back

pain that completed a 12-week period . Similar results were seen for cancer-related pain as well. In a double-blind RCT of

126 patients, Eerdeckens et al. showed that cebranopadol at 200 to 1000 mcg was effective, safe, and well tolerated over a

7-week period. When looking at the primary endpoint of average daily rescue medication intake, cebranopadol was non-

inferior and superior over prolonged-release morphine . Furthermore, safety continues to be demonstrated when

following these patients up to 26 weeks .

Overall, cebranopadol is a well-tolerated, effective analgesic that demonstrates several potential advantages over

conventional opioids, including a reduced side-effect profile and lower abuse potential. According to the drug developer Tris

Pharma, it is currently being tested in phase III clinical trials and has been granted fast-track status from the FDA .

4. Dinalbuphine

Dinalbuphine sebacate (DNS), a prodrug of nalbuphine, was released in Taiwan in 2017 as a result of the unmet need for

long-acting analgesics. Nalbuphine is a semi-synthetic opioid that has been employed extensively in humans for years. The

chemical structure is shown in Figure 4. This mu partial antagonist and potent kappa agonist has been compared to

morphine and other opioids for its effective relief of moderate to severe postoperative pain . Available under its brand

name Nubain, nalbuphine has an onset of action between 2 to 3 min after IV administration and an onset of less than 15 min
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when administered subcutaneously or intramuscularly (IM). It has a plasma half-life of 5 h and an analgesic duration of 3 to

6 h . The short half-life of nalbuphine indicated a need for frequent injections in clinical practice to maintain its analgesic

impact.

Figure 4. Dinalbuphine sebacate.

To counter the limitation of its short half-life, a single injection of 150 mg oil-based-formulation DNS allows for extended

release, promising moderate to severe postoperative pain relief for 7 days . DNS is an ester derivative of nalbuphine that

requires conversion to its active component by endogenous esterases. The ester prodrug is composed of a sesame oil and

benzyl benzoate solution .

5. Dual Enkephalinase Inhibitors (STR-324, PL37, PL265)

Met- and leu-enkephalins are endogenous opioid ligands that activate mu- and delta-opioid receptors (with stronger affinity

for delta receptors) to produce analgesia and other effects . Dual enkephalinase inhibitors (DENKIs), such as STR-324,

PL37, and PL265, work by blocking both of the two major enkephalin-degrading enzymes (neprilysin and aminopeptidase

N). The chemical structures of DENKIs are shown in Figure 5. This inhibition results in higher synaptic concentrations of the

signaling molecules and increased stimulation of opioid receptors at both central and peripheral receptors . DENKIs have

been shown to produce analgesic effects in animal models and preliminary human studies with fewer adverse effects than

conventional opioids .

Figure 5. Dual enkephalinase inhibitors. (A) STR-324. (B) PL37. (C) PL265.
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There are certain disadvantages associated with exogenous opioids. Drugs administered externally do not target specific

locations or achieve the same concentrations as naturally occurring ligands within the body. Additionally, the levels of

endogenous neurotransmitters in the synaptic system are closely regulated through homeostasis. As such, external ligands

may disturb normal control mechanisms . Theoretically, inhibition of the degradation of endogenous opioid ligands can

avoid some of the shortfalls of exogenous opioids and produce a more natural analgesic effect.

5.1. Preclinical Studies

Despite the limited number of human studies conducted on DENKIs, preclinical investigations show encouraging outcomes

suggesting that DENKIs PL37, PL265, and STR-324 may provide efficient pain relief while minimizing specific side effects

typically linked to conventional opioids.

Preclinical research on the DENKI PL37 has shown promising results in various models of pain and migraine. Studies

conducted on mice and rats demonstrated that PL37 administration, either IV or orally (PO), effectively attenuated stress-

induced periorbital hypersensitivity, facial grimace responses, and cutaneous hypersensitivity . Furthermore, PL37

exhibited antinociceptive and anti-allodynic effects in a rat model of peripheral neuropathic pain . It also suppressed

osteosarcoma-induced thermal hyperalgesia in mice when administered PO . Menendez et al. concluded that PL37

activated micro-opioid receptors because administration of cyprodime, a specific antagonist of the micro-opioid receptor,

inhibited antihyperalgesic effects .

Topical instillations of PL265 significantly decreased corneal inflammation in a corneal inflammatory pain model .

Additionally, PL265 demonstrated preventive and alleviative effects in a murine model of neuropathic pain, acting

specifically at the level of peripheral nociceptors. The repeated administration of PL265 did not induce tolerance, making it a

promising approach to prevent and alleviate neuropathic pain without the unwanted effects of traditional opiates .

Furthermore, PL265 exhibited long-lasting oral analgesic effects, and its efficacy was mediated through stimulation of

peripheral opioid receptors as demonstrated by naloxone methiodide reversion .

In a rat model of mononeuropathy, continuous IV administration of STR-324 over seven days significantly reduced pain-

related behavior, along with the pain-evoked expression of spinal c-Fos, demonstrating that the drug acts at least in part

through inhibition of endogenous nociceptive pathways . STR-324 infusion also resulted in reduced responses to

mechanical stimuli, with its antinociceptive effect being reversed by naloxone, an opioid antagonist . Notably, during the

three-day postoperative period, no adverse effects on respiratory rate, oxygen saturation, arterial pressure, or heart rate

were induced by opiorphin .

5.2. Clinical Studies

The only published DENKI trial in humans to date is a randomized, double-blind, placebo-controlled ascending dosing study

in 78 volunteers to evaluate the safety, tolerability, pharmacokinetics, and pharmacodynamics of STR-324 . Data from the

study suggest a favorable safety and tolerability profile in healthy males up to a dose of 11.475 mg per hour administered

through a 48 h infusion. While some adverse effects occurred during the course of the experiment, no dose-dependent

effect was observed in relation to STR-324. The exact pharmacokinetic parameters of STR-324 were not determined given

the difficulty in measuring quantifiable concentrations in the plasma. However, the team did conclude that STR-324

undergoes rapid metabolism and quickly distributes beyond the bloodstream after administration.
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However, no consistent antinociceptive action of STR-324 was observed during the study. Moss et al. postulate that this

may be due to decreased involvement of endogenous enkephalinases in the acute pain models used. It is possible that the

PainCart-evoked pain model does not create sufficient pain intensity for an effect of STR-324 to be shown or that

enkephalinases are only significantly active in prolonged pain .

DENKIs have shown promising preclinical results with regards to anti-nociception, tolerability, and reduced side-effect

profiles compared to conventional opioids. Further clinical research is necessary to determine the effectiveness, dosing,

pharmacokinetic parameters, and side-effect profiles of DENKIs in humans. To date, several clinical trials have been

registered by pharmaceutical companies including PL37 (phases I and II) and PL265 (phase II) by Pharmaleads as well as

STR-324 in phase II by Stragen . These studies indicate that DENKIs are generally well tolerated and safe in

humans through PO administration.

References

1. Daksla, N.; Wang, A.; Jin, Z.; Gupta, A.; Bergese, S.D. Oliceridine for the Management of Moderate to
Severe Acute Postoperative Pain: A Narrative Review. Drug Des. Dev. Ther. 2023, 17, 875–886.

2. Food and Drug Administration (FDA). Highlights of Prescribing Information–Olinvyk (Oliceridine).
Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/210730s001lbl.pdf
(accessed on 7 August 2023).

3. Fossler, M.J.; Sadler, B.M.; Farrell, C.; Burt, D.A.; Pitsiu, M.; Skobieranda, F.; Soergel, D.G. Oliceridine
(TRV130), a Novel G Protein–Biased Ligand at the μ-Opioid Receptor, Demonstrates a Predictable
Relationship between Plasma Concentrations and Pain Relief. I: Development of a
Pharmacokinetic/Pharmacodynamic Model. J. Clin. Pharmacol. 2018, 58, 750–761.

4. Nafziger, A.N.; Arscott, K.A.; Cochrane, K.; Skobieranda, F.; Burt, D.A.; Fossler, M.J. The Influence of
Renal or Hepatic Impairment on the Pharmacokinetics, Safety, and Tolerability of Oliceridine. Clin.
Pharmacol. Drug Dev. 2019, 9, 639–650.

5. Soergel, D.G.; Subach, R.A.; Burnham, N.; Lark, M.W.; James, I.E.; Sadler, B.M.; Skobieranda, F.; Violin,
J.D.; Webster, L.R. Biased agonism of the μ-opioid receptor by TRV130 increases analgesia and reduces
on-target adverse effects versus morphine: A randomized, double-blind, placebo-controlled, crossover
study in healthy volunteers. Pain 2014, 155, 1829–1835.

6. Viscusi, E.R.; Webster, L.; Kuss, M.; Daniels, S.; Bolognese, J.A.; Zuckerman, S.; Soergel, D.G.; Subach,
R.A.; Cook, E.; Skobieranda, F. A randomized, phase 2 study investigating TRV130, a biased ligand of the
μ-opioid receptor, for the intravenous treatment of acute pain. Pain 2016, 157, 264–272.

7. Singla, N.; Minkowitz, H.S.; Soergel, D.G.; Burt, D.; Subach, R.A.; Salamea, M.Y.; Fossler, M.J.;
Skobieranda, F. A randomized, Phase IIb study investigating oliceridine (TRV130), a novel µ-receptor G-
protein pathway selective (µ-GPS) modulator, for the management of moderate to severe acute pain
following abdominoplasty. J. Pain Res. 2017, 10, 2413–2424.

[65]

[66][67][68]



Novel Opioids in  Acute Postoperative Pain | Encyclopedia.pub

https://encyclopedia.pub/entry/53563 12/16

8. Beard, T.L.; Michalsky, C.; Candiotti, K.A.; Rider, P.; Wase, L.; Habib, A.S.; Demitrack, M.A.; Fossler, M.J.;
Viscusi, E.R. Oliceridine is Associated with Reduced Risk of Vomiting and Need for Rescue Antiemetics
Compared to Morphine: Exploratory Analysis from Two Phase 3 Randomized Placebo and Active
Controlled Trials. Pain Ther. 2020, 10, 401–413.

9. Ayad, S.; Demitrack, M.A.; Burt, D.A.; Michalsky, C.; Wase, L.; Fossler, M.J.; Khanna, A.K. Evaluating the
Incidence of Opioid-Induced Respiratory Depression Associated with Oliceridine and Morphine as
Measured by the Frequency and Average Cumulative Duration of Dosing Interruption in Patients Treated
for Acute Postoperative Pain. Clin. Drug Investig. 2020, 40, 755–764.

10. Bergese, S.; Berkowitz, R.; Rider, P.; Ladouceur, M.; Griffith, S.; Vasi, A.S.; Cochrane, K.; Wase, L.;
Demitrack, M.A.; Habib, A.S. Low Incidence of Postoperative Respiratory Depression with Oliceridine
Compared to Morphine: A Retrospective Chart Analysis. Pain Res. Manag. 2020, 2020, 7492865.

11. Food and Drug Administration (FDA). Highlights of Prescribing Information–Nucynta IR (Tapentadol)
Immediate-Release Oral Tablets. Available online:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/022304s003lbl.pdf (accessed on 7 August
2023).

12. Food and Drug Administration (FDA). Highlights of Prescribing Information–Nucynta ER (Tapentadol)
Extended-Release Oral Tablets. Available online:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/200533s020lbl.pdf (accessed on 7 August
2023).

13. Alshehri, F.S. Tapentadol: A Review of Experimental Pharmacology Studies, Clinical Trials, and Recent
Findings. Drug Des. Dev. Ther. 2023, 17, 851–861.

14. Manandhar, P.; Connor, M.; Santiago, M. Tapentadol shows lower intrinsic efficacy at µ receptor than
morphine and oxycodone. Pharmacol. Res. Perspect. 2022, 10, e00921.

15. Wang, X.B.; Narayan, S.W.; Penm, J.; Patanwala, A.E. Efficacy and Safety of Tapentadol Immediate
Release for Acute Pain. Clin. J. Pain 2020, 36, 399–409.

16. Tzschentke, T.M.; Christoph, T.; Kögel, B.; Schiene, K.; Hennies, H.-H.; Englberger, W.; Haurand, M.;
Jahnel, U.; Cremers, T.I.F.H.; Friderichs, E.; et al. (–)-(1R,2R)-3-(3-Dimethylamino-1-ethyl-2-methyl-
propyl)-phenol Hydrochloride (Tapentadol HCl): A Novel μ-Opioid Receptor Agonist/Norepinephrine
Reuptake Inhibitor with Broad-Spectrum Analgesic Properties. J. Pharmacol. Exp. Ther. 2007, 323, 265–
276.

17. Viscusi, E.R.; Allard, R.; Sohns, M.; Eerdekens, M. Tapentadol immediate release for moderate to severe
acute post-surgery pain. J. Opioid Manag. 2019, 15, 51–67.

18. Kleinert, R.; Lange, C.; Steup, A.; Black, P.; Goldberg, J.; Desjardins, P. Single Dose Analgesic Efficacy of
Tapentadol in Postsurgical Dental Pain: The Results of a Randomized, Double-Blind, Placebo-Controlled
Study. Anesth. Analg. 2008, 107, 2048–2055.

19. Iyer, S.; Mohan, G.; Ramakrishnan, S.; Theodore, S. Comparison of tapentadol with tramadol for
analgesia after cardiac surgery. Ann. Card. Anaesth. 2015, 18, 352–360.



Novel Opioids in  Acute Postoperative Pain | Encyclopedia.pub

https://encyclopedia.pub/entry/53563 13/16

20. Moorthy, S.; Codi, R.S.; Surendher, R.; Manimekalai, K. Comparison of the Efficacy and Safety of
Tramadol versus Tapentadol in Acute Osteoarthritic Knee Pain: A Randomized, Controlled Trial. Asian J.
Pharm. Clin. Res. 2016, 9, 253–256.

21. Romualdi, P.; Grilli, M.; Canonico, P.L.; Collino, M.; Dickenson, A.H. Pharmacological rationale for
tapentadol therapy: A review of new evidence. J. Pain Res. 2019, 12, 1513–1520.

22. Freynhagen, R.; Elling, C.; Radic, T.; Sohns, M.; Liedgens, H.; James, D.; McCool, R.; Edwards, M.
Safety of tapentadol compared with other opioids in chronic pain treatment: Network meta-analysis of
randomized controlled and withdrawal trials. Curr. Med. Res. Opin. 2021, 37, 89–100.

23. van der Schrier, R.; Jonkman, K.; van Velzen, M.; Olofsen, E.; Drewes, A.M.; Dahan, A.; Niesters, M. An
experimental study comparing the respiratory effects of tapentadol and oxycodone in healthy volunteers.
Br. J. Anaesth. 2017, 119, 1169–1177.

24. Roulet, L.; Rollason, V.; Desmeules, J.; Piguet, V. Tapentadol Versus Tramadol: A Narrative and
Comparative Review of Their Pharmacological, Efficacy and Safety Profiles in Adult Patients. Drugs 2021,
81, 1257–1272.

25. Medicines and Healthcare Products Regulatory Agency (UK). Tapentadol (Palexia): Risk of Seizures and
Reports of Serotonin Syndrome When Co-Administered with Other Medicines. 2019. Available online:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770006/PDF-
Jan-2019-publication.pdf (accessed on 7 August 2023).

26. Gressler, L.E.; Hammond, D.A.; Painter, J.T. Serotonin Syndrome in Tapentadol Literature: Systematic
Review of Original Research. J. Pain Palliat. Care Pharmacother. 2017, 31, 228–236.

27. Vosburg, S.K.; Severtson, S.G.; Dart, R.C.; Cicero, T.J.; Kurtz, S.P.; Parrino, M.W.; Green, J.L.
Assessment of Tapentadol API Abuse Liability with the Researched Abuse, Diversion and Addiction-
Related Surveillance System. J. Pain 2018, 19, 439–453.

28. Butler, S.F.; McNaughton, E.C.; Black, R.A. Tapentadol Abuse Potential: A Postmarketing Evaluation
Using a Sample of Individuals Evaluated for Substance Abuse Treatment. Pain Med. 2015, 16, 119–130.

29. Rizzi, A.; Cerlesi, M.C.; Ruzza, C.; Malfacini, D.; Ferrari, F.; Bianco, S.; Costa, T.; Guerrini, R.; Trapella,
C.; Calo’, G. Pharmacological characterization of cebranopadol a novel analgesic acting as mixed
nociceptin/orphanin FQ and opioid receptor agonist. Pharmacol. Res. Perspect. 2016, 4, e00247.

30. Tzschentke, T.M.; Linz, K.; Frosch, S.; Christoph, T. Antihyperalgesic, Antiallodynic, and Antinociceptive
Effects of Cebranopadol, a Novel Potent Nociceptin/Orphanin FQ and Opioid Receptor Agonist, after
Peripheral and Central Administration in Rodent Models of Neuropathic Pain. Pain Pract. 2017, 17, 1032–
1041.

31. Ziemichod, W.; Kotlinska, J.; Gibula-Tarlowska, E.; Karkoszka, N.; Kedzierska, E. Cebranopadol as a
Novel Promising Agent for the Treatment of Pain. Molecules 2022, 27, 3987.

32. Christoph, T.; Raffa, R.; De Vry, J.; Schröder, W. Synergistic Interaction between the Agonism of
Cebranopadol at Nociceptin/Orphanin FQ and Classical Opioid Receptors in the Rat Spinal Nerve
Ligation Model. Pharmacol. Res. Perspect. 2018, 6, e00444.



Novel Opioids in  Acute Postoperative Pain | Encyclopedia.pub

https://encyclopedia.pub/entry/53563 14/16

33. Kleideiter, E.; Piana, C.; Wang, S.; Nemeth, R.; Gautrois, M. Clinical Pharmacokinetic Characteristics of
Cebranopadol, a Novel First-in-Class Analgesic. Clin. Pharmacokinet. 2018, 57, 31–50.

34. Schiene, K.; Schröder, W.; Linz, K.; Frosch, S.; Tzschentke, T.M.; Jansen, U.; Christoph, T.
Nociceptin/orphanin FQ opioid peptide (NOP) receptor and µ-opioid peptide (MOP) receptors both
contribute to the anti-hypersensitive effect of cebranopadol in a rat model of arthritic pain. Eur. J.
Pharmacol. 2018, 832, 90–95.

35. Schiene, K.; Schröder, W.; Linz, K.; Frosch, S.; Tzschentke, T.M.; Christoph, T.; Xie, J.Y.; Porreca, F.
Inhibition of experimental visceral pain in rodents by cebranopadol. Behav. Pharmacol. 2019, 30, 320–
326.

36. Rizzi, A.; Ruzza, C.; Bianco, S.; Trapella, C.; Calo’, G. Antinociceptive action of NOP and opioid receptor
agonists in the mouse orofacial formalin test. Peptides 2017, 94, 71–77.

37. Ding, H.; Trapella, C.; Kiguchi, N.; Hsu, F.-C.; Caló, G.; Ko, M.-C. Functional Profile of Systemic and
Intrathecal Cebranopadol in Nonhuman Primates. Anesthesiology 2021, 135, 482–493.

38. Linz, K.; Schröder, W.; Frosch, S.; Christoph, T. Opioid-type Respiratory Depressant Side Effects of
Cebranopadol in Rats Are Limited by Its Nociceptin/Orphanin FQ Peptide Receptor Agonist Activity.
Anesthesiology 2017, 126, 708–715.

39. Tzschentke, T.M.; Kögel, B.Y.; Frosch, S.; Linz, K. Limited Potential of Cebranopadol to Produce Opioid-
Type Physical Dependence in Rodents: Weak Cebranopadol Dependence. Addict. Biol. 2018, 23, 1010–
1019.

40. Ruzza, C.; Holanda, V.A.; Gavioli, E.C.; Trapella, C.; Calo, G. NOP agonist action of cebranopadol
counteracts its liability to promote physical dependence. Peptides 2019, 112, 101–105.

41. Wei, H.; Zhang, T.; Zhan, C.-G.; Zheng, F. Cebranopadol reduces cocaine self-administration in male rats:
Dose, treatment and safety consideration. Neuropharmacology 2020, 172, 108128.

42. Shen, Q.; Deng, Y.; Ciccocioppo, R.; Cannella, N. Cebranopadol, a Mixed Opioid Agonist, Reduces
Cocaine Self-administration through Nociceptin Opioid and Mu Opioid Receptors. Front. Psychiatry 2017,
8, 234.

43. de Guglielmo, G.; Matzeu, A.; Kononoff, J.; Mattioni, J.; Martin-Fardon, R.; George, O. Cebranopadol
Blocks the Escalation of Cocaine Intake and Conditioned Reinstatement of Cocaine Seeking in Rats. J.
Pharmacol. Exp. Ther. 2017, 362, 378–384.

44. Wei, H.; Shang, L.; Zhan, C.-G.; Zheng, F. Effects of Cebranopadol on Cocaine-induced Hyperactivity and
Cocaine Pharmacokinetics in Rats. Sci. Rep. 2020, 10, 9254.

45. Dahan, A.; Boom, M.; Sarton, E.; Hay, J.; Groeneveld, G.J.; Neukirchen, M.; Bothmer, J.; Aarts, L.;
Olofsen, E. Respiratory Effects of the Nociceptin/Orphanin FQ Peptide and Opioid Receptor Agonist,
Cebranopadol, in Healthy Human Volunteers. Anesthesiology 2017, 126, 697–707.

46. Göhler, K.; Sokolowska, M.; Schoedel, K.A.; Nemeth, R.; Kleideiter, E.; Szeto, I.; Eerdekens, M.-H.
Assessment of the Abuse Potential of Cebranopadol in Nondependent Recreational Opioid Users: A
Phase 1 Randomized Controlled Study. J. Clin. Psychopharmacol. 2019, 39, 46–56.



Novel Opioids in  Acute Postoperative Pain | Encyclopedia.pub

https://encyclopedia.pub/entry/53563 15/16

47. Scholz, A.; Bothmer, J.; Kok, M.; Hoschen, K.; Daniels, S. Cebranopadol: A Novel, First-in-Class, Strong
Analgesic: Results from a Randomized Phase IIa Clinical Trial in Postoperative Acute Pain. Pain
Physician 2018, 21, E193–E206.

48. 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.

49. Eerdekens, M.-H.; Kapanadze, S.; Koch, E.D.; Kralidis, G.; Volkers, G.; Ahmedzai, S.H.; Meissner, W.
Cancer-Related Chronic Pain: Investigation of the Novel Analgesic Drug Candidate Cebranopadol in a
Randomized, Double-Blind, Noninferiority Trial. Eur. J. Pain 2019, 23, 577–588.

50. Koch, E.D.; Kapanadze, S.; Eerdekens, M.-H.; Kralidis, G.; Létal, J.; Sabatschus, I.; Ahmedzai, S.H.
Cebranopadol, a Novel First-in-Class Analgesic Drug Candidate: First Experience with Cancer-Related
Pain for up to 26 Weeks. J. Pain Symptom Manag. 2019, 58, 390–399.

51. CTG Labs–NCBI. Clinicaltrials.gov. Available online: http://clinicaltrials.gov (accessed on 7 August 2023).

52. Tien, Y.E.; Huang, W.; Kuo, H.; Tai, L.; Uang, Y.; Chern, W.H.; Huang, J. Pharmacokinetics of
dinalbuphine sebacate and nalbuphine in human after intramuscular injection of dinalbuphine sebacate in
an extended-release formulation. Biopharm. Drug Dispos. 2017, 38, 494–497.

53. Drug Enforcement Administration (DEA). Diversion Control Division. Nalbuphine Hydrochloride (Brand
Name: Nubain). Available online: https://www.deadiversion.usdoj.gov/drug_chem_info/nalbuphine.pdf
(accessed on 10 July 2023).

54. Yeh, C.Y.; Jao, S.W.; Chen, J.S.; Fan, C.W.; Chen, H.H.; Hsieh, P.S.; Wu, C.C.; Lee, C.C.; Kuo, Y.H.;
Hsieh, M.C.; et al. Sebacoyl Dinalbuphine Ester Extended-release Injection for Long-acting Analgesia: A
Multicenter, Randomized, Double-Blind, And Placebo-controlled Study in Hemorrhoidectomy Patients.
Clin. J. Pain 2017, 33, 429–434.

55. Dhaliwal, A.; Gupta, M. Physiology, Opioid Receptor. In StatPearls ; StatPearls Publishing: Treasure
Island, FL, USA, 2023.

56. Menéndez, L.; Hidalgo, A.; Meana, Á.; Poras, H.; Fournié-Zaluski, M.-C.; Roques, B.P.; Baamonde, A.
Inhibition of osteosarcoma-induced thermal hyperalgesia in mice by the orally active dual enkephalinase
inhibitor PL37. Potentiation by gabapentin. Eur. J. Pharmacol. 2008, 596, 50–55.

57. Raffa, R.B.; Pergolizzi, J.V., Jr.; Taylor, R., Jr.; Ossipov, M.H.; The NEMA Research Group. Indirect-acting
strategy of opioid action instead of direct receptor activation: Dual-acting enkephalinase inhibitors
(DENKIs). J. Clin. Pharm. Ther. 2018, 43, 443–449.

58. Mei, H.; Hu, Y.; Kapadia, S.; Ouimet, T.; Poras, H.; Dussor, G. Efficacy of dual enkephalinase inhibition in
a preclinical migraine model is mediated by activation of peripheral delta opioid receptors. Headache
2023, 63, 621–633.

59. Thibault, K.; Elisabeth, B.; Sophie, D.; Claude, F.-Z.M.; Bernard, R.; Bernard, C. Antinociceptive and anti-
allodynic effects of oral PL37, a complete inhibitor of enkephalin-catabolizing enzymes, in a rat model of
peripheral neuropathic pain induced by vincristine. Eur. J. Pharmacol. 2008, 600, 71–77.



Novel Opioids in  Acute Postoperative Pain | Encyclopedia.pub

https://encyclopedia.pub/entry/53563 16/16

60. Reaux-Le Goazigo, A.; Poras, H.; Ben-Dhaou, C.; Ouimet, T.; Baudouin, C.; Wurm, M.; Melik
Parsadaniantz, S. Dual Enkephalinase Inhibitor PL265: A Novel Topical Treatment to Alleviate Corneal
Pain and Inflammation. Pain 2019, 160, 307–321.

61. Bonnard, E.; Poras, H.; Fournié-Zaluski, M.-C.; Roques, B.P. Preventive and alleviative effects of the dual
enkephalinase inhibitor (Denki) PL265 in a murine model of neuropathic pain. Eur. J. Pharmacol. 2016,
788, 176–182.

62. Bonnard, E.; Poras, H.; Nadal, X.; Maldonado, R.; Fournié-Zaluski, M.; Roques, B.P. Long-lasting oral
analgesic effects of N-protected aminophosphinic dual ENKephalinase inhibitors (DENKIs) in peripherally
controlled pain. Pharmacol. Res. Perspect. 2015, 3, e00116.

63. Van Elstraete, A.; Sitbon, P.; Hamdi, L.; Juarez-Perez, V.; Mazoit, J.-X.; Benhamou, D.; Rougeot, C. The
Opiorphin Analog STR-324 Decreases Sensory Hypersensitivity in a Rat Model of Neuropathic Pain.
Anesth. Analg. 2018, 126, 2102–2111.

64. Sitbon, P.; Van Elstraete, A.; Hamdi, L.; Juarez-Perez, V.; Mazoit, J.X.; Benhamou, D.; Rougeot, C. STR-
324, a Stable Analog of Opiorphin, Causes Analgesia in Postoperative Pain by Activating Endogenous
Opioid Receptor-dependent Pathways. Surv. Anesthesiol. 2016, 125, 1017–1029.

65. Moss, L.M.; Berends, C.L.; van Brummelen, E.M.J.; Kamerling, I.M.C.; Klaassen, E.S.; Bergmann, K.;
Ville, V.; Juarez-Perez, V.; Benichou, A.; Groeneveld, G.J. First-in-human trial to assess the safety,
tolerability, pharmacokinetics and pharmacodynamics of STR-324, a dual enkephalinase inhibitor for pain
management. Br. J. Clin. Pharmacol. 2022, 88, 103–114.

66. Pharmaleads. PL37. Available online: http://www.pharmaleads.com/pharmaleads-pipeline/pl37/ (accessed
on 15 August 2023).

67. Pharmaleads. PL265. Available online: http://www.pharmaleads.com/pharmaleads-pipeline/pl265/
(accessed on 15 August 2023).

68. U.S. National Library of Medicine. First-In-Human PainCart Study for STR-324. Identifier NCT03430232.
2021. Available online: https://classic.clinicaltrials.gov/ct2/show/NCT03430232 (accessed on 10 August
2023).

Retrieved from https://encyclopedia.pub/entry/history/show/121020


