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Abstract

Could it be possible that we should give some weight to the contribution of biological differences as
contributors to the greater fentanyl mortality in males than in females? Most current explanations for a sex
difference are based largely on psychosocial and other non-physiologic contributions. Our recent findings
suggest a biological contribution. This could have broad implications for the interpretation and prevention
of fentanyl overdose deaths.
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Editorial

Opioid-induced overdose deaths, the majority involving fentanyl, were recently documented to be two- to
three-fold higher in men than in women in a recent comprehensive analysis by Butelman et al. [1] (the
datasets do not include information regarding transgender or non-binary persons). The findings by
Butelman et al. [1] are particularly convincing because the results are consistent across states within the
United States, despite differences in demographic, economic, and psychosocial variables and levels of drug
misuse and drug laws. The data are supportive of prior suggestive epidemiological studies as well as
observations across other countries [2-4].

To date, the popular explanations for any sex difference in human fentanyl-induced overdose mortality have
been based largely on psychosocial and other non-physiologic contributions, such as men’s greater
propensity for risky behaviors, post-traumatic stress disorder (PTSD), and a variety of socioeconomic and
other factors [5]. Surprisingly, there is almost no literature on the possible inherent greater physiological
sensitivity of males compared to females regarding fentanyl-induced mortality. Marchette et al. [6] recently
reported in a comprehensive study that fentanyl produced similar changes in respiratory depression in
female and male Long Evans (LE) rats, but they stopped short of testing lethal doses. We report for what we
believe is the first time that the fentanyl mortality potency is greater in healthy adult male rats (eight to
nine weeks of age) of two different strains, Sprague Dawley (SD) and LE, than in healthy adult female rats of
the same strain and age, and that the ratio of the difference is in very close agreement with the human ratio.

We employed an up-and-down technique in order to use the smallest number of rats, which allows the
determination of a 50% lethal dose (LD50) value with as few as 6 animals [7]. The number of animals, study
design, and procedures were approved by the site animal care and use committee (AN-2023-S063 and AN-
2023-S064). The LD50 values (mg/kg i.v.) for SD rats were 1.75 and 5.5 for males and females, respectively,
and for LE rats were 1.75 and 3.3 for males and females, respectively. Thus, for both strains of rats, fentanyl-
induced mortality was greater (approximately 2- to 3-fold) in male rats than in female rats. The mortality
ratio in rats compares closely to that reported by Butelman et al. [1] for humans. Although an interesting
finding, the interpretation of a very small rat study correlating directly to humans must be tempered
accordingly. Regarding potential biological explanations, at the time of writing, there was no potential
biologic explanation. But Wasilczuk et al. [8] recently reported that male mice are more susceptible to
anesthetics than female mice and that the sensitivity is modulated by testosterone. The authors hypothesize
that this might be related to the greater number of active neurons in the ventral hypothalamic sleep-
promoting regions in male mice compared to female mice. Whether this has relevance to the difference in
fentanyl sensitivity is unknown.

Our results suggest that there might be a biological contribution to the explanation(s) for greater fentanyl-
induced mortality rates in men than in women. As such, they could have broad implications for the
interpretation of fentanyl overdose deaths (e.g., accidental vs. intentional overdose), the identification of
predisposition and sensitivity to overdose deaths, and harm-reduction strategies. We hope that these
preliminary findings will prompt research on what appears to be a potentially relevant and important

How to cite this article
Raffa R B, Pergolizzi J V, Mathews J, et al. (February 17, 2024) A New Rat Study Suggests There May Be a Biologic Explanation for Higher
Fentanyl Mortality in Men Than in Women. Cureus 16(2): €54354. DOI 10.7759/cureus.54354


https://www.cureus.com/users/236060-robert-b-raffa
https://www.cureus.com/users/681212-joseph-v-pergolizzi
https://www.cureus.com/users/694217-jeanette-mathews
https://www.cureus.com/users/694220-michael-schatman
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus
phenomenon.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Robert B. Raffa, Joseph V. Pergolizzi Jr., Jeanette Mathews, Michael E. Schatman
Acquisition, analysis, or interpretation of data: Robert B. Raffa, Jeanette Mathews, Michael E. Schatman
Drafting of the manuscript: Robert B. Raffa

Critical review of the manuscript for important intellectual content: Robert B. Raffa, Joseph V.
Pergolizzi Jr., Jeanette Mathews, Michael E. Schatman

Supervision: Robert B. Raffa, Joseph V. Pergolizzi Jr., Jeanette Mathews

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: Enalare Therapeutics funded the study. Financial relationships: Raffa,
Pergolizzi, and Mathews declare(s) personal fees, employment, a patent and stock/stock options from
Enalare Therapeutics. The results of the reported study will not result in financial benefit to the authors and
do not represent a conflict of interest. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Butelman ER, Huang Y, Epstein DH, Shaham Y, Goldstein RZ, Volkow ND, Alia-Klein N: Overdose mortality
rates for opioids and stimulant drugs are substantially higher in men than in women: state-level analysis.
Neuropsychopharmacology. 2023, 48:1639-47. 10.1038/s41386-023-01601-8

2. Sinicina I, Sachs H, Keil W: Post-mortem review of fentanyl-related overdose deaths among identified drug
users in Southern Bavaria, Germany, 2005-2014. Drug Alcohol Depend. 2017, 180:286-91.
10.1016/j.drugalcdep.2017.08.021

3. YungF, Herath J: An investigation of demographic and drug-use patterns in fentanyl and carfentanil deaths
in Ontario. Forensic Sci Med Pathol. 2021, 17:64-71. 10.1007/s12024-020-00321-5

4. Roxburgh A, Nielsen S: Twenty-year trends in pharmaceutical fentanyl and illicit fentanyl deaths, Australia
2001-2021. Int ] Drug Policy. 2022, 109:103854. 10.1016/j.drugpo.2022.103854

5. Rehder K, Lusk J, Chen JI: Deaths of despair: conceptual and clinical implications . Cogn Behav Pract. 2021,
28:40-52. 10.1016/j.cbpra.2019.10.002

6. Marchette RC, Carlson ER, Frye EV, et al.: Heroin- and fentanyl-induced respiratory depression in a rat
plethysmography model: potency, tolerance, and sex differences. ] Pharmacol Exp Ther. 2023, 385:117-34.
10.1124/jpet.122.001476

7. Bruce RD: An up-and-down procedure for acute toxicity testing . Fund Applied Toxicol. 1985, 5:151-157.
10.1016/0272-0590(85)90059-4

8. Wasilczuk AZ, Rinehart C, Aggarwal A, et al.: Hormonal basis of sex differences in anesthetic sensitivity .
Proc Natl Acad Sci U S A. 2024, 121:e2312913120. 10.1073/pnas.2312913120

2024 Raffa et al. Cureus 16(2): €54354. DOI 10.7759/cureus.54354 20f2


https://dx.doi.org/10.1038/s41386-023-01601-8
https://dx.doi.org/10.1038/s41386-023-01601-8
https://dx.doi.org/10.1016/j.drugalcdep.2017.08.021
https://dx.doi.org/10.1016/j.drugalcdep.2017.08.021
https://dx.doi.org/10.1007/s12024-020-00321-5
https://dx.doi.org/10.1007/s12024-020-00321-5
https://dx.doi.org/10.1016/j.drugpo.2022.103854
https://dx.doi.org/10.1016/j.drugpo.2022.103854
https://dx.doi.org/10.1016/j.cbpra.2019.10.002
https://dx.doi.org/10.1016/j.cbpra.2019.10.002
https://dx.doi.org/10.1124/jpet.122.001476
https://dx.doi.org/10.1124/jpet.122.001476
https://dx.doi.org/10.1016/0272-0590(85)90059-4
https://dx.doi.org/10.1016/0272-0590(85)90059-4
https://dx.doi.org/10.1073/pnas.2312913120
https://dx.doi.org/10.1073/pnas.2312913120

	A New Rat Study Suggests There May Be a Biologic Explanation for Higher Fentanyl Mortality in Men Than in Women
	Abstract
	Editorial
	Additional Information
	Author Contributions
	Disclosures

	References


