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How Does Narcan Work? Mapping How It Reverses Opioid Overdose 
Can Provide a Molecular Blueprint for More Effective Drugs 
By Saif Khan

Naloxone, also known by the brand 
name Narcan,1 is one of the most impor-
tant drugs in the United States’ fi ght 
against the opioid crisis. It reverses an 
opioid overdose nearly instantly, restart-
ing breathing in a person who was unre-
sponsive moments before and on the 
brink of death. To bystanders witness-
ing it being administered, naloxone can 
appear almost supernatural.

Although the Food and Drug Admin-
istration approved naloxone for medical 
use in 19712 and for over-the-counter 
purchase in 2023,3 exactly how it works 
is still unclear. Researchers know nalox-
one acts on opioid receptors,4 a family 
of proteins responsible for the body’s 
response to pain. When opioids such as 
morphine and fentanyl5 bind to these 

1 How naloxone reverses opioid over-
doses (and why it’s important to have on 
hand!). NIH Medline Plus. https://magazine.
medlineplus.gov/article/how-naloxone-
reverses-opioid-overdoses-and-why-its-
important-to-have-on-hand/
2 Naloxone (Compound). PubChem. https://
pubchem.ncbi.nlm.nih.gov/compound/
Naloxone
3 FDA approval of over-the-counter Narcan 
is an important step in the effort to combat 
the US opioid crisis. https://theconversation.
com/fda-approval-of-over-the-counter-nar-
can-is-an-important-step-in-the-effort-to-
combat-the-us-opioid-crisis-198497
4 Your body naturally produces opioids 
without causing addiction or overdose – 
studying how this process works could help 
reduce the side effects of opioid drugs . 
https://theconversation.com/your-body-nat-
urally-produces-opioids-without-causing-
addiction-or-overdose-studying-how-this-
process-works-could-help-reduce-the-side-
effects-of-opioid-drugs-204522
5 What is fentanyl and why is it behind the 
deadly surge in US drug overdoses? A medical 
toxicologist explains. https://theconversation.
com/what-is-fentanyl-and-why-is-it-behind-
the-deadly-surge-in-us-drug-overdoses-a-
medical-toxicologist-explains-182629

receptors, they produce not only pain 
relief and euphoria but also dangerous 
side effects. Naloxone competes with 
opioids for access to these receptors, 
preventing the drugs from triggering 
effects in the body. How it does this at 
the molecular level, however, has been 
an ongoing question.

In our recently published research in 
the journal Nature, my team and I were 
able to provide some defi nitive evidence 
of how naloxone works by capturing 
images of it in action6 for the fi rst time.

Biology of Opioids
To better grasp how naloxone works, 

it’s helpful to fi rst zoom in on the biol-
ogy behind opioids.

One member of the family of opioid 
receptors, MOR—short for µ-opioid 
receptor—is a central player in regulat-
ing the body’s response to pain.7 It sits 
on the surface of neurons, mostly in the 
brain and spinal cord, and acts as a com-
munication hub.

When an opioid—such as an 
endorphin,8 the body’s natural painkill-
ers—interacts with MOR, it changes the 
structure of the receptor.9 This change 
in shape allows what’s called a G pro-
tein to bind to the receptor and trigger a 
signal to the rest of the body to reduce 
pain, induce pleasure, or—in the case of 
overdose—dangerously slow breathing 
and heart rate. 

6 Structural snapshots capture nucleotide 
release at the µ-opioid receptor. Khan, S., 
Tyson, A.S., Ranjbar, M. et al. Nature 648, 
755–763 (2025). https://doi.org/10.1038/
s41586-025-09677-6
7 OPRM1 gene. Medline Plus. https://med-
lineplus.gov/genetics/gene/oprm1/
8 Five Decades of Research on Opioid Pep-
tides: Current Knowledge and Unanswered 
Questions. Fricker, L.D., et al. Molecular 
Pharmacology, Volume 98, Issue 2, 96–108. 
https://doi.org/10.1124/mol.120.119388
9 Opioid receptors reveal a discrete cellular 
mechanism of endosomal G protein activa-
tion. Fisher, N.M. and von Zastrow, Mark, P. 
PNAS, April 22, 2025 122 (17) e2420623122. 
https://doi.org/10.1073/pnas.2420623122

When a molecule binds to the µ-opioid recep-
tor, it changes its structure and elicits an 
effect. Antagonists like naloxone inactivate 
the µ-opioid receptor, while agonists like fen-
tanyl activate it.10

Source: Bensaccount/Wikimedia Commons 

In everyday terms, MOR is like a 
lock on the outside of the cell. The G 
protein is the mechanism inside the 
lock that turns when the correct key—
in this case, an endorphin or a drug like 
fentanyl—goes in. For decades, scien-
tists believed that an opioid’s ability to 
enable this signaling cascade was linked 
to how effectively it reshaped the struc-
ture of the receptor—essentially, wheth-
er the lock could open wide enough for 
the internal mechanism of the G-protein 
to engage.

Yet, recent research—including our 
work—has revealed that the critical step 
to how opioids work is not how wide 
they open the lock but how well the 
mechanism works. G proteins act like 

10 File:Mu-opioid receptor.png. https://com-
mons.wikimedia.org/wiki/File:Mu-opioid_
receptor.pngSaif Khan is a Ph.D. Candidate in Biology, Uni-

versity of Southern California. This article is 
published under a creative commons license from 
The Conversation.
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a switch,11 releasing one molecule in 
exchange for another molecule that trig-
gers the protein to send the signal that 
sets off opioid effects.

In essence, drugs like fentanyl, by 
acting on the receptor, transmit physi-
cal changes to G proteins that result in 
the switch fl ipping more rapidly. What 
we now see is that naloxone jams the 
mechanism,12 preventing the switch 
from fl ipping and sending the signal.

Capturing the Switch
Researchers know that the effects of 

opioids are triggered when the G protein 
switch is fl ipped. But what does this pro-
cess look like?

For years, attempts to visualize this 
mechanism were largely limited to two 
states—before the G protein binds to 
the µ-opioid receptor, and after the mol-
ecule was released from the G protein. 
The states in between were considered 
too unstable to isolate. My team and I 
wanted to capture these unseen states 
moment by moment as the switch fl ips 
and the molecule is released. 

To do this, we used a technique called 
cryo-electron microscopy,13 which freez-
es molecules in motion to visualize them 
at near-atomic resolution. For both nal-
oxone and the opioid drug loperamide 
(Imodium), we trapped the G protein 

11 The G protein-fi rst activation mechanism 
of opioid receptors by Gi protein and ago-
nists. Mafi , A., Kim, S.-K., & Goddard, W. A. 
(2021). QRB Discovery, 2, e9. doi:10.1017/
qrd.2021.7. https://doi.org/10.1017/qrd.2021.7
12 Supra, Note 9.
13 Visualizing the inside of cells at pre-
viously impossible resolutions provides 
vivid insights into how they work. Berg, J. 
The Conversation. https://theconversation.
com/visualizing-the-inside-of-cells-at-pre-
viously-impossible-resolutions-provides-
vivid-insights-into-how-they-work-195873

bound to the opioid receptor right before 
it released the molecule.

We captured four distinct structural 
states14 leading up to the release of the 
molecule from the G protein.

The fi rst of these, which we call the 
latent state, is the earliest form of the 
opioid receptor and G protein after they 
make contact. We found that both the 
opioid receptor and the G protein are 
inactive at this point. Moreover, nal-
oxone stabilizes this latent state. What 
this means is that naloxone effectively 
jams the mechanism15 right at the start, 

preventing all subsequent steps required 
for activation.

In the absence of naloxone, an opi-
oid drug promotes a transition to the 
remaining three states: The G-protein 
rotates and aligns itself with the receptor 
(engaged), swings open the door block-
ing the molecule that would trigger the 
switch from fl ipping (unlatched), and 

14 Supra, Note 9.
15 Id.

holds that door open so the molecule can 
be released (primed) and send the signal 
to carry out the drug’s effects. 

To confi rm that our snapshots refl ect 
what’s really happening, we performed 
extensive computational simulations 
to watch these four states change over 
time. Together, these fi ndings point to 
the molecular root of naloxone’s thera-
peutic effects: By stalling the opioid 
receptor and G protein at a latent state, it 
shuts down opioid signaling,16 reversing 
an opioid overdose within minutes.

Visualizing New Drugs
Designing a new key for a lock is 

most successfully done when you know 
exactly what that lock looks like17. By 
mapping the exact sequence of how opi-
oids interact with opioid receptors and 
pinpointing where different drugs can 
intervene in this process, our fi ndings 
provide a blueprint for engineering the 
next generation of opioid medicines and 
overdose antidotes. 

For example, one of the persistent 
challenges with naloxone is that it must 
often be administered repeatedly during 
an overdose.18  This is especially the case 
for fentanyl overdoses, where the opioid 
can outcompete or outlast the effects of 
the treatment. 

Knowing that naloxone works by 
stalling the µ-opioid receptor in an early, 
latent state suggests that molecules that 
can bind more tightly or more selective-
ly to this form of the receptor could be 
more effective at stabilizing this inac-
tive state and thus preventing an opi-
oid’s effects.

By uncovering the structure of mol-
ecules involved in opioid signaling, 
researchers may be able to develop 
drugs that provide longer-lasting protec-
tion against overdose. 

16 Id.
17 90% of drugs fail clinical trials – here’s one 
way researchers can select better drug candi-
dates. Sun, Duxin. The Conversation. https://
theconversation.com/90-of-drugs-fail-
clinical-trials-heres-one-way-researchers-
can-select-better-drug-candidates-174152
18 Intranasal Naloxone Repeat Dosing Strat-
egies and Fentanyl Overdose. Strauss DG, Li 
Z, Chaturbedi A, et al. JAMA Netw Open. 
2024;7(1):e2351839. https://doi.org/10.1001/
jamanetworkopen.2023.51839

One of the persistent challenges with naloxone is that it must 
often be administered repeatedly during an overdose. This is 
especially the case for fentanyl overdoses, where the opioid 

can outcompete or outlast the effects of the treatment. 
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