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Opioids Reconsidered: From Antinociception to

Potential Organ Protection

Elizabeth A. Wilson, MD,* and Evan D. Kharasch, MD, PhD?*2

ne interesting aspect of pharmacology is when
new uses or indications are found for existing
approved drugs. Whether deliberate inves-
tigation or serendipitous accidental discovery, such
repurposing is interesting to scientists, clinicians, and
patients, and can be beneficial.'> Two of the more
well-known examples of drug repurposing are silde-
nafil, a phosphodiesterase inhibitor initially devel-
oped for treating hypertension, angina, and heart
failure and later repurposed for erectile dysfunction,
and minoxidil, originally approved for hypertension
and then further developed to treat alopecia.® In anes-
thesiology, perhaps the best example is ketamine, ini-
tially developed and approved as an anesthetic, and
then repurposed successfully for treatment-resistant
major depression.” Failures also abound, such as
hydroxychloroquine and ivermectin for prevention or
treatment of coronavirus disease-2019 (COVID-19).8
Try this word-association exercise in the anesthesia
break room: ask a colleague to name the first word
that comes to mind when you say opioid. (Think of
it as the old Password game for the senior readers—
thankfully, there is a TikTok version for the junior
ones.) Likely the predominant response will be pain.
Perhaps occasionally respiratory depression, or nau-
sea, or rarely use disorder. Certainly not organ injury
or organ protection. Yet in this issue of Anesthesia &
Analgesia, the surprise answer is just that—opioid
organ injury and organ protection, appearing in the
form of a Pro-Con debate.” This debate raises the
intriguing question of whether perioperative opi-
oids have potential applicability for the prevention of
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organ injury, and perhaps more specifically, ischemia-
reperfusion injury (IRI).

In summary, the Pro position argues that a sub-
stantial body of basic science supports the potential of
opioids to protect against perioperative organ injury,
primarily by mitigating IRI. Opioid receptors are not
limited to the central nervous system; they are also
expressed on immune cells, cardiomyocytes, endothe-
lial and epithelial cells, intestinal cells, and peripheral
sensory neurons, and protective effects are thought
to occur via peripheral opioid receptors within the
affected organ. In animal models, opioids primarily
exert protective effects against IRI through x- and
d-opioid receptors, particularly in the heart and
kidney. Hepatic injury appears attenuated via path-
ways involving the hypoxia-inducible factor system,
whereas neurologic injury may be reduced through
opioid-mediated suppression of glutamate release,
which promotes antiapoptotic signaling in neuronal
cells. Alternatively, the Con position contends that
the adverse effects of opioids on the central nervous
system, pain processing, renal and gastrointestinal
function, and immune system make it difficult to jus-
tify their perioperative use solely to prevent poten-
tial organ injury. Opioids are linked to perioperative
memory deficits and delirium, conditions with sub-
stantial societal burden and cost. Certain opioids,
particularly remifentanil, are associated with hyper-
algesia, whereas others are associated with acute kid-
ney injury, both carrying significant consequences.
Opioids can also cause bowel dysfunction, reduced
motility, and constipation, and may promote immu-
nosuppression by increasing pro-inflammatory cyto-
kines and inhibiting natural killer cell activity.

Before examining the arguments, it is important to
remember that a Pro-Con debate should never be con-
fused with a scholarly review. The latter starts with
a topic, neutrally surveys, evaluates, and presents all
the facts and evidence comprehensively informing the
question, and knits an unbiased synthesis. A Pro-Con
is the opposite. It starts with a point of view (well,
2, usually in opposition), staked by protagonists and
antagonists, who then “cherry pick” whatever facts
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and evidence they believe best support their position.
By definition, a Pro-Con is biased. Or more precisely,
it contains 2 biases. Pro-Con debates can be of vari-
ous types and purposes. They may address a burning
clinical question, perhaps with a goal of controversy
resolution. They may be hypothesis-generating. At
the opposite extreme, they may simply serve as a
convenient platform for introducing a novel concept
to a readership, where the field is not yet ready for
scholarly reviews. That is, curiosity-stimulating. The
Pro-Con debate about opioids and organ injury or
organ protection nicely introduces this concept to the
clinical anesthesiologist, and perhaps will stimulate
curiosity and expand the narrower, traditional view
of opioids purely as analgesics.

Most of the argument and evidence for opioid-
mediated organ protection in the Pro position is
termed “preclinical,” and the clinical data are lim-
ited, negative, or absent. Opioids are described as
having “significant potential.” Such is the nature
of basic science. It is basic discovery, which is criti-
cal and foundational. But the term “preclinical” is
unfortunate, imprecise, and potentially misleading.
The Supplemental Tables list the findings supporting
pros and cons as preclinical or clinical. Preclinical
research is defined as laboratory and animal stud-
ies that happen before clinical research in humans.
It used to be called basic science. But that term did
not have enough cache. Basic science research is
not “preclinical” until clinical research follows, and
only then, perhaps in retrospect, can it be called pre-
clinical. More importantly, “preclinical” is impre-
cise. It can mean research on molecules, proteins,
cells, organs, zebrafish, rodents, or non-human pri-
mates. This is not elucidated in the corresponding
Supplemental tables. Readers may attribute differ-
ent meanings and significance to a paper describing
drug effects on an enzyme versus a nonhuman pri-
mate. Lumping everything together as “preclinical
research” deprives a reader of that additional nuance,
information, and perhaps importance. The scientific
landscape is littered with “preclinical” research that
never translated into anything more. The plethora of
animal models for pain, which failed to serve drug
development or benefit patients, is a pertinent exam-
ple. More concerning is the assumption—which, to
be clear, the authors of the Pro-Con debate did not
make—that “preclinical” findings in animal mod-
els translate directly to humans and should drive
clinical practice before human data exist. A striking
example is the black-box warning on low-flow sevo-
flurane, prompted by concerns about compound
A-induced nephrotoxicity, an effect demonstrated in
rats'” but not in humans, including those with preex-
isting renal impairment, once rigorous clinical stud-
ies were performed.1? Indeed, in the United States,
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the National Institutes of Health has prioritized
human-based research, and will no longer develop
new funding opportunities focused exclusively
on animal models (https://grants.nih.gov/news-
events/nih-extramural-nexus-news/2025/07/
how-does-the-nih-initiative-to-prioritize-human-
based-research-affect-research-proposing-the-use-
of-laboratory-animals).

Evidence for organ protection is heterogeneous: dif-
ferent n opioids exert distinct effects, which appear to be
species-, organ-, and cell-specific. This signaling diver-
sity underscores the need for a deeper understanding
of cell-specific responses to different opioid receptor
ligands. Most of the cited evidence pertains to x and
9, rather than p, opioid effects. If clinical studies ulti-
mately support the organ-protective effects of opioids,
then future research, as noted by the authors, should
focus on developing highly selective ligands that target
specific activation sites, maximizing therapeutic benefit
while minimizing adverse effects and addiction risk.

Taking this a step further, if opioids do offer organ
protection, then there must be an underlying evolu-
tionary advantage. What is it? If nature anticipated
that mammals (humans) would eventually discover
poppies and opioids, ingest them, and obtain pain
relief, then why do non-neuronal opioid receptors
exist, especially in tissues like the gut, where their
effects are largely undesirable? Much of the evidence
for opioid-mediated organ protection involves IRI.
Did nature anticipate this form of injury and evolve
to develop a protective mechanism in response?

In reviewing the Con position, the debaters need to
define their terms, as there is some drift, and the con-
cept of organ injury is applied somewhat broadly. The
Con position states “intraoperative opioid admin-
istration is associated with widespread, adverse
effects,” offering memory deficits, delirium, hyperal-
gesia, immune effects, bowel dysfunction, and addic-
tion (some in animals, some in humans, and some still
uncertain). What distinguishes an adverse side effect
from true organ injury?

Following this logic—that the adverse effects of
opioids outweigh any potential organ-protective ben-
efits—one might ask: then why use opioids at all? In
practice, we rely on opioids perioperatively for their
effective antinociceptive benefits and have developed
strategies to administer them safely and appropri-
ately while minimizing adverse effects. What if opi-
oids also confer secondary organ-protective benefits?
Adverse effects might not preclude the use of such
opioids; rather, they prompt more thoughtful, judi-
cious administration. If opioids offer both analgesia
and organ protection, might the combined benefits
outweigh the risks?

To date, no clinical pharmacologic intervention
has been identified that mitigates perioperative IRI.
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Experimental and occasional clinical studies of vola-
tile anesthetics, propofol, and dexmedetomidine
have suggested some benefit, but large perioperative
trials and consistent high-quality clinical evidence
are absent.”*'> Nonetheless, if we do not seriously
consider the possibility opioids may offer organ-
protective effects, we risk overlooking something
potentially important. As Wayne Gretsky famously
said, “You miss 100% of the shots you don’t take.”
History reminds us that transformative insights
often emerge from unexpected places: beta-blockers,
once contraindicated in heart failure, proved lifesav-
ing when clinicians used them off-label;'*” aspirin,
developed as a simple analgesic, reshaped the man-
agement of cardiovascular disease with its antiplate-
let effects.’®20 Both are associated with adverse side
effects, yet their benefits prevail. Opioids are rarely
linked to the ideas of organ injury or organ protec-
tion. To its credit, this Pro-Con debate brings that pos-
sibility into focus, inviting us to look anew, question
long-held assumptions, and perhaps recognize oppor-
tunities we have not yet allowed ourselves to see. &&
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