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Interaction of Fentanyl with Alpha 2B Adrenergic Receptor
Renyu Liu, MD, PhD*, John Grothusen, PhD, Thomas T. Joseph, MD, PhD and Andrew McKinstry-Wu, 
MD

Department of Anesthesiology and Critical Care, Perelman School of Medicine, University of Pennsylvania, USA

characterized a significant interaction between fentanyl 
and the adrenergic α2B receptor, with which fentanyl 
has not previously been reported to interact.

Methods

Radioligand binding assays and affinity 
determination

Fentanyl was purchased from Millipore-Sigma (> 
98% purity). We screened for potential interactions of 
fentanyl with adrenergic receptors- α1A, α1B, α1D, α2A, α2B, 
α2C, β1, β2, β3-using a radioligand inhibition screen as 
previously described [6]. Where potential interactions 
were found, we performed a secondary binding assay 
to determine affinity, also as described previously [6]. 
In brief, radioactive rauwolscine (5 nM) in aliquots of 
50 μl were added to wells of a 96-well plate, each of 
which contained 25 μl aliquots of 10 µM fentanyl and 50 
μl of a crude membrane fraction of cells expressing the 
adrenergic receptors was applied to each well. Reaction 
incubation, harvesting, and radioactivity measurement 
procedures from the primary assay were repeated 
four times to ensure reproducibility. A positive control 
reference ligand was used for each receptor type. For 
example, in the case of the α2B adrenergic receptor, the 
known α2 antagonist yohimbine served as a positive 
control. Affinity is recorded as the inhibition constant Ki 
or pKi (−logKi), indicating the concentration of fentanyl 
required to achieve half maximal inhibition.

Binding site determination and affinity prediction

To locate and visualize the putative binding site, we 
performed docking simulations using Docking-Server 
(https://www.dockingserver.com/, Virtua Drug Ltd, 
Budapest, Hungary) as described previously [6]. We used a 
published cryo-EM structure of the α2B adrenergic receptor 
(Protein Data Bank: 6K41) for all docking calculations [7]. 
Briefly, the protein was cleaned using the docking server, 
and a simulation box around the intrinsic binding site 
was selected. Calculations were performed using the 
Lamarckian genetic algorithm and the Solis & Wets local 
search method. Initial parameters for fentanyl were set 
randomly. Each experiment was derived from 100 runs 

Summary
The combined use of fentanyl or other synthetic opioids with 
xylazine, a non-selective α2 adrenergic agonist approved 
for use as a veterinary sedative, is increasingly associated 
with drug overdose deaths. This brief report decribes the 
molecular interaction between fentanyl and the α2B adrener-
gic receptor. We tested potential molecular interaction with 
all of the α-adrenergic receptors using a primary screening 
method followed by a secondary binding assay to determine 
the binding affinity. The binding site information was further 
explored using docking calculations. The results clearly indi-
cated that fentanyl binds to the α2B adrenergic receptor with 
a Ki of 950 nM and it binds to the intrinsic binding site of 
the receptor as predicted by the docking experiment. This 
finding is important because it indicates the cross interaction 
between fentanyl and xylazine. Further studies are needed 
to explore the downsteam pharmacological pathways to fully 
understand the clinical pharmacological effects of co-admin-
istration of fentnayl and xylazine.

Introduction
The combined use of fentanyl or other synthetic 

opioids with xylazine, a non-selective α2 adrenergic 
agonist approved for use as a veterinary sedative [1], 
is increasingly associated with drug overdose deaths 
and reports of necrosis at injection sites. Fentanyl 
acts primarily through direct binding of the μ opioid 
receptor, while xylazine nonselectively binds to all 
four α2 adrenergic receptor subtypes and is a weak 
agonist at three (A, B, and C) [2]. Fentanyl displaces 
radiolabeled nonspecific α1 antagonists on α1A, α1B, 
and α1D receptors and attenuates adrenergic-mediated 
contraction in aortic and pulmonary arterial smooth 
muscle [3-5], but the extent of its interaction with α2 
adrenergic receptors is not well known. In isolation 
its adrenergic effects are weak. Yet the profound 
effects, including death with combined administration 
of fentanyl and xylazine, invites the hypothesis that 
there are synergistic interactions among α2 adrenergic 
agonists, synthetic opioids, and their receptor targets. 
Such speculation seems particularly warranted given 
that the receptor targets of both drugs are rhodopsin-
like G-coupled protein receptors. As a first step toward 
testing this hypothesis, we screened for interactions 
between fentanyl and adrenergic receptors. We further 
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Identification of binding site

The highest ranked docked pose shows fentanyl 
binding to the intrinsic ligand binding site in the 
preformed hydrophobic orthosteric pocket of the α2B 
adrenergic receptor (Figure 1B). Fentanyl binds in the 
same pocket in the µ opioid receptor. The interaction 
mode includes polar, hydrophobic and pi-pi interaction 
from the top rank docking prediction (Table 1). For 
the highest ranked pose, the predicted free energy 
of binding is -8.91 kcal/mol, indicating a predicted 
dissociation constant KD = 292 nM. Most interactions of 
fentanyl with amino acid side chains were non-polar in 
nature.

Discussion
Fentanyl is a potent opioid with high affinity for 

the MOR. It is a commonly used medication in the 
perioperative setting for severe pain management 
purposes. A full agonist at the MOR, fentanyl’s analgesic 
potency is much greater than other commonly-used 
opioids, including morphine and hydromorphone. 
Along with its potent analgesic effects, fentanyl’s 

to reach a maximum of 2500000 energy evaluations. The 
population size was set to 150. During the simulation, 
a translational step of 0.2 Å, and quaternion and torsion 
steps of 5 were applied. The most probable binding 
orientation and affinity are reported.

Data reporting

The data in Figure 1A are presented as mean ± 
standard error from four repeats. Efficacy of inhibition 
is determined using the following model: Y = Bottom 
+ (Top − Bottom)/(1 + 10((LogEC50-X) × HillSlope)), and is the 
concentration of fentanyl that gives a response half way 
between Bottom and Top plateaus in the units of the Y 
axis. The image of the protein graphic was generated 
with PyMOL molecular graphics systems (PyMOL 2.5, 
Schrödinger, Inc.).

Results

Affinity of fentanyl to adrenergic receptors

Among the adrenergic receptors tested, only the 
α2B adrenergic receptor demonstrated significant 
interaction with fentanyl (Figure 1A). While the initial 
screening showed some interaction between fentanyl 
and the α1 receptor, the percentage of inhibition was less 
than our screening cutoff of 50% displacement. Thus, 
no further binding assays were performed. Fentanyl 
diminished the radioactive signal of bound rauwolscine 
in a dose-dependent manner similar to that of the 
positive control, yohimbine. The Ki = 0.95 µM indicates 
a significant interaction with a pharmacologically 
meaningful affinity.

Table 1: Interaction mechanisms and residues.

Interaction mode Interacting residues
Polar THR97

Hydrophobic LEU89, ALA90, VAL93, CYS96, 
ILE100, PRO147, LEU166, TRP384, 
PHE388

Pi-pi TRP384, PHE387, PHE412, TYR416

Other ASP92, VAL93, THR97, LEU166, 

         

▲ Fentanyl
■ Yohimbine

A B

Figure 1: (A) Inhibition of rauwolsine signal (CPM) by increasing concentrations of fentanyl, Ki = 0.95 µM. Yohimbine is used 
as a positive control. Four repeats were performed as we described previously [6]; (B) Top-ranking docked pose of fentanyl 
in orthosteric binding pocket of α2B adrenergic receptor.
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respiratory depressive properties, at least partially 
mediated by the MOR, is also powerful [8], making it 
the most lethal opioid in the current opioid crisis [9]. 
In addition to respiratory depression, fentanyl also 
reduces cardiovascular function, producing bradycardia 
and hypotension [10,11]. With its increased usage in 
the streets, the death toll from fentanyl is skyrocketing 
[9,12]. This lethality is likely in part because the rapid 
onset of fentanyl leaves a very short window for 
intervention and rescue. Co-administration of fentanyl 
with sedatives or general anesthetics increases the 
likelihood and severity of respiratory depression 
with possible respiratory arrest. Xylazine, a sedative 
approved for veterinary use only, has known side 
effects that include respiratory depression, bradycardia, 
and hypotension [13]. It is therefore not surprising that 
co-administration of xylazine and fentanyl increases the 
likelihood of respiratory or cardiovascular depression. 
Unexpectedly, co-administration of the two drugs 
also appears to cause significantly greater morbidity 
(respiratory depression, circulatory depression, injection 
site necrosis) and mortality than expected based on the 
existing understanding of the pharmacology of fentanyl 
and xylazine. The molecular mechanisms underlying 
these amplified effects need to be explored.

In this study, we showed that fentanyl displaces 
rauwolscine binding at the α2B adrenergic receptor, 
suggesting that it does, in fact, bind to this receptor. 
Although the calculated inhibition constant is relatively 
high, implying a low affinity, this result opens the door to 
further studies of potential synergistic adrenergic effects 
of fentanyl and low-potency adrenergic agonists such 
as xylazine. While our initial screen data did not show 
significant interaction (no more than 50% inhibition of 
the reference ligand binding) between fentanyl and 
the α1 adrenergic receptor, it does not rule out some 
form of weak interaction between them. It is reported 
and well-reviewed that it is possible that interaction of 
fentanyl with the α1 adrenergic receptor contributes 
to the chest wall rigidity after quick and large doses of 
fentanyl administration [12]. Further study is needed.

This study shows that fentanyl can bind the α2B 
adrenergic receptor, but it does not reveal whether it 
is an agonist or antagonist, nor what signaling pathway 
it induces or inhibits (i.e. G-protein or β-arrestin). The 
interaction of fentanyl and xylazine at α adrenergic 
receptors has not been adequately explored. It is highly 
possible that fentanyl and xylazine also interact with 
each other at the MOR, resulting in enhanced opioid-
receptor-mediated effects. Further studies exploring 
these cross-interaction potentials are urgently needed 
to combat a worsening public health crisis.
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