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Fentanyl

ü Potent synthetic opioid that is 
currently approved by the FDA

ü First used medically in the 1960’s as 
a general anesthetic

ü Now used as a transdermal patch, 
lollipop, dissolving tablet and nasal 
spray for management of chronic or 
breakthrough pain

What is fentanyl?
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But Pharmaceutical Fentanyl is Not Driving 
the Current Epidemic

(Volkow, 2017)
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How does fentanyl differ from heroin (morphine)?
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Morphine Fentanyl
Little to no MOR internalization MOR internalization

beta-arrestin 2 knockout (KO) mice

No analgesic tolerance

No locomotor sensitization

Tolerance JNK-dependent

beta-arrestin-2 KO mice

Tolerance not affected

Locomotor sensitization not changed

Tolerance JNK-independent

Tolerance is GRK3-independent Tolerance is GRK3-dependent

RGS9-2 KO increases analgesia RGS9-2 KO decreases analgesia

No ERK1/2 activation (via beta-arrestin-2) ERK1/2 activation (via beta-arrestin-2)

Analgesic potency = 1 Equi-analgesic potency = 0.01* (i.e., 

fentanyl is ~100x more potent than 

morphine)

Less lipophilic More lipophilic

Slow central nervous system (CNS) entry Rapid CNS entry

OPRM1 A118G  decreases morphine 

reward

OPRM1 A118G  no effect on fentanyl 

reward
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Ko et al (2002) JPET 301: 698-704

Fentanyl and its structural 
analogs can produce 
profound decreases in 
respiratory depression in 
monkeys.



Flynn and France (2021) Drug and Alcohol Dependence 221: 108599

Fentanyl and carfentanil
produce effects that are 
similar to heroin in rats

Fentanyl

Carfentanil

Heroin

But carfentanil produces 
longer lasting effects than 
fentanyl

Fentanyl

Carfentanil



Although naltrexone antagonizes fentanyl and heroin to 
a similar extent, it is less effective against carfentanil.

Flynn and France (2021) Drug and Alcohol Dependence 221: 108599



But what about naloxone for 
reversing fentanyl-related overdose?
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ABSTRACT
In December 2018, the Centers for Disease Control declared
fentanyl the deadliest drug in America. Opioid overdose is the
single greatest cause of death in the United States adult
population (ages 18–50), and fentanyl and its analogs [fentanyl/
fentanyl analogs (F/FAs)] are currently involved in.50%of these
deaths. Anesthesiologists in the United States were introduced
to fentanyl in the early 1970s when it revolutionized surgical
anesthesia by combining profound analgesia with hemodynamic
stability. However, they quickly had to master its unique side
effect. F/FAs can produce profound rigidity in the diaphragm,
chest wall and upper airway within an extremely narrow dosing
range. This clinical effect was called wooden chest syndrome
(WCS) by anesthesiologists and is not commonly known outside
of anesthesiology or to clinicians or researchers in addiction
research/medicine. WCS is almost routinely fatal without expert
airway management. This review provides relevant clinical human
pharmacology and animal data demonstrating that the significant
increase in the number of F/FA-induced deaths may involve
a-adrenergic and cholinergic receptor–mediated mechanical
failure of the respiratory and cardiovascular systems with rapid

development of rigidity and airway closure. Although morphine
and its prodrug, heroin, can cause mild rigidity in abdominal
muscles at high doses, neither presents with the distinct and
rapid respiratory failure seen with F/FA-induced WCS, separating
F/FA overdose from the slower onset of respiratory depression
caused bymorphine-derived alkaloids. This distinction has significant
consequences for the design and implementation of new pharmaco-
logic strategies to effectively prevent F/FA-induced death.

SIGNIFICANCE STATEMENT
Deaths from fentanyl and F/FAs are increasing in spite of
availability and awareness of the opioid reversal drug naloxone.
This article reviews literature suggesting that naloxone may be
ineffective against centrally mediated noradrenergic and cholin-
ergic effects of F/FAs, which clinically manifest as severe muscle
rigidity and airway compromise (e.g., wooden chest syndrome)
that is rapid and distinct from respiratory depression seen with
morphine-derived alkaloids. A physiologic model is proposed
and implications for new drug development and treatment are
discussed.

Introduction
Currently, opioid overdose is the number one cause of death

in United States residents 18–50 years of age. The Centers for
Disease Control reported that fentanyl (Sublimaze) and its
analogs were the cause of death in .50% of United States

deaths related to opioids in 2016 and were estimated to be
.70% for 2017 and 2018 (Hedegaard et al., 2018; Jannetto
et al., 2019).
Belgian chemist Paul Janssen first synthesized the fully

synthetic opioid, fentanyl, in 1960, which revolutionized the
field of surgical anesthesia. Fentanyl has extremely high
potency (e.g., ∼150 greater than morphine) and hemody-
namic stability (Stanley, 2014). Like all narcotics given in
sufficient quantity, fentanyl/fentanyl analogs (F/FAs) can
induce dose-dependent respiratory depression, hypoxia, and
death (Stanley, 2014). Unlike morphine-derived alkaloids,
F/FAs can rapidly induce a combination of vocal cord closure
(laryngospasm) and severe muscle rigidity in the chest wall
and diaphragm at doses well within therapeutic ranges used
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ABBREVIATIONS: ACh, acetylcholine; CNS, central nervous system; CSF, cerebrospinal fluid; DRG, dorsal respiratory group; EMG,
electromyography; EMS, emergency medical services; F/FA, fentanyl/fentanyl analog; FIMR, fentanyl-induced muscle rigidity; FIRMR, fentanyl-
induced respiratory muscle rigidity; LC, locus coeruleus; M, muscarinic; N2O, nitrous oxide; PCA, posterior cricoarytenoid; TA, thyroarytenoid; VCD,
vocal cord dysfunction; VRG, ventral respiratory group; WCS, wooden chest syndrome.
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ü Fentanyl is potent, has a rapid onset 
of action, and is short acting

ü Naltrexone is effective in preventing 
the fentanyl-induced responses but 
is less effective against carfentanil

ü Naloxone appears to be less 
effective against fentanyl overdose

What can we conclude so far?
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Some hurdles…



ü How well do methadone, 
buprenorphine, and naltrexone work 
for treating OUD in patients using 
fentanyl? What about the analogs?

ü How do we most effectively transition
patients from fentanyl to these
treatment medications?

ü How do we most effectively manage 
fentanyl-related overdoses?

Unanswered Questions



Thank you!


