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As the opioid addiction crisis reaches epidemic levels, the identification of opioid analgesics that lack abuse potential may
provide a path to safer treatment of chronic pain. Preclinical studies have demonstrated that galanin affects physical
dependence and rewarding actions associated with morphine. In the brain and periphery, galanin and opioids signal
through their respective GPCRs, GalR1–3 and the μ-opioid receptor (MOR). In this issue of the JCI, Cai and collaborators
reveal that heteromers between GalR1 and MOR in the rat ventral tegmental area attenuate the potency of methadone,
but not other opioids, in stimulating the dopamine release that produces euphoria. These studies help us understand why
some synthetic opioids, such as methadone, do not trigger the release of dopamine in the mesolimbic system but still
possess strong analgesic properties.
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Galanin system and 
pharmacological responses to 
opioid alkaloids
A substantial number of patients with 
chronic pain develop physical dependence 
on prescription opioid painkillers and often 
become addicted. Opioid abuse–related 
deaths have reached an alarming level, 
with the NIH reporting over 50,000 US 
deaths in 2017 (1). Although the mecha-
nisms by which synthetic opioids such as 
oxycodone and fentanyl exert their actions 
are partially understood, there are clear 
differences in the pharmacodynamic and 
pharmacokinetic properties of synthetic 
opioids used in clinical practice. All opi-
oid painkillers are agonists of the μ-opioid 
receptor (MOR), a GPCR that mediates 
the analgesic as well as euphoric effects of 
addictive opioid medications. In dopami-
nergic brain regions, specifically the ven-
tral tegmental area (VTA), MOR activation 
potentiates dopamine release in the stria-
tum and nucleus accumbens; this reward 
pathway is considered the anatomical 

crux of the addictive properties of opioids 
and other drugs of abuse. MOR is also the 
receptor for the synthetic opioid metha-
done, which is commonly used in rehabili-
tation programs because of its long half-life 
and its ability to prevent opiate withdrawal 
without promoting euphoric effects (2). 
To date, there is limited knowledge on the 
cellular actions that contribute to metha-
done’s unique pharmacological profile.

The escalation of the opioid epidemic  
has galvanized interest in strategies that 
harness the analgesic power of opioids 
without their abuse potential. Over the 
past two decades, several preclinical stud-
ies documented the influence of the gala-
nin system in behavioral responses to the 
opiate alkaloid morphine (3). Galanin, a 
multifunctional neuropeptide expressed in 
various cell types of the CNS, contributes 
to neuroendocrine function, learning and 
memory, mood, nociception, and appetite 
(4, 5). The diverse actions of galanin are 
mediated by three GPCR subtypes (GalR1, 
GalR2, and GalR3), which show unique 

distribution profiles in the brain and trig-
ger distinct intracellular pathways (6). In 
rodent models, centrally administered 
galanin blocks the rewarding effects of 
morphine (7), whereas administration of 
galanin-like molecules attenuates symp-
toms of morphine withdrawal (8). Nota-
bly, in humans, variants in noncoding  
regions of GAL, the gene encoding gal-
anin, have been identified as potential 
vulnerability factors for heroin addiction 
(9). Genomic studies in rodents have also 
identified changes in Gal expression upon 
morphine withdrawal (10), as well as an 
upregulation of Galr1 expression in the 
ventral striatum after chronic oxycodone 
self-administration (11). Previous work by 
Dr. Ferré’s group identified heteromeri-
zation between MOR and GalR1 in the rat 
VTA and demonstrated that galanin dis-
rupts opioid-induced dendritic dopamine 
release in rat VTA slices (12). This finding 
provided insight into the impact of the gal-
anin system on GPCR dimerization, which 
is known to play a prominent role in func-
tional responses to endogenous and syn-
thetic opioids (13).

Exploring the differences 
between methadone and 
morphine actions in the VTA
In their recent study entitled “Opioid- 
galanin receptor heteromers mediate the 
dopaminergic effects of opioids,” Cai et al. 
discover an agonist-dependent function of 
galanin–opioid receptor heteromers and 
provide insight into the mechanisms that 
control the rewarding potency of opioids 
(14). The study shows that MOR-GalR1 
heteromers in the rat VTA are formed 
upon administration of methadone, ulti-
mately inhibiting the release of dopamine 
in the VTA/nucleus accumbens pathway. 
In contrast, MOR-GalR1 heteromers did 
not alter the ability of morphine and fen-
tanyl to stimulate dopamine release. This 
pharmacodynamic difference between 
methadone and highly addictive MOR 
agonists may provide a way to dissociate 
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potency of these opioids in activating the 
dopamine reward pathway. Future stud-
ies in models of drug addiction will fur-
ther validate the opioid–galanin receptor 
heteromers as pharmacological targets 
and will help determine whether inter-
ventions targeting the function of these 
heteromers can provide a way to treat 
drug addiction or develop safer analge-
sic treatments. Given the diverse role of 
galanin receptors in essential physiolog-
ical functions, it will also be important 
to understand the role of opioid–galanin 
receptor heteromers beyond the dopami-
nergic reward system.
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the euphoric versus therapeutic effects 
of methadone-like compounds. The find-
ings of Cai et al. are supported by data 
showing substantially fewer self-reports 
of “high” sensations in patients on meth-
adone maintenance compared with those 
using other opioids, confirming the lack 
of euphoric effects associated with meth-
adone use. Thus, in addition to differences 
in brain penetrability, analgesic efficacy, 
ability to induce MOR internalization, 
recruitment of G protein complexes, and 
heteromerization with opioid receptor 
subtypes, MOR agonists may also differ in 
their ability to recruit heteromers contain-
ing galanin receptors.

Future directions for studies on 
synthetic opioids
These studies highlight not only the 
complex role of the galanin system in 
the neuroplasticity that drives physical 
dependence and addiction but also the 
need for a better understanding of the 
mechanisms mediating the actions of 
synthetic opioids beyond morphine and 
heroin. As the current opioid epidemic 
propels the identification of novel treat-
ments for drug abuse and interventions 
that lower the addictive liability of opioid 
analgesics, understanding the actions of 
MOR-targeting opioids on MOR–galanin 
receptor heteromers may help define the 
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