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Results (cont.)

Conclusion

To assess NX as a treatment for CRF, 27 ferrets were divided into six 
experimental groups categorized as either exposed to CRF (EX) or control 
(CTRL). The ferrets were then further categorized as receiving either one, 
two, or no treatments of  NX (TX). For example, a ferret that was exposed 
to CRF and then received two doses of  NX would be EX 2 TX. Ferrets 
were placed in whole body exposure chambers (Figure 1) and acclimated 
for 24 minutes. The EX-group ferrets were then exposed to aerosolized 
CRF, and the CTRL-group ferrets were exposed to water. The exposure 
period lasted 20 minutes followed by an off-gas period of  ten minutes, 
injection with their assigned
treatment, and 20 minutes of
additional observation; 
animals that received no
treatment were not handled, 
but still observed for
an equivalent amount of  
time. Mean arterial blood 
pressure (MAP) and heart
rate (HR) were reported.

The condensed data was plotted to create running average graphs with 
standard error. Time was formatted in relation to the 20-minute exposure 
period (times 0–20 minutes). Times before exposure were recorded as 
negative values. MAP for all groups were similar during baseline and off-
gas (Graph 1). At 25 minutes, MAP of  EX-groups decreased notably. The

McCranor, B. J., Jennings, L., Tressler, J., Tuet, W. Y., DeLey Cox, V. E., Racine, M., Stone, S., 
Pierce, S., Pueblo, E., Dukes, A., Litvin, S. R., Leyden, M. R., Vignola, J. N., Pennington, 
M. R., & Wong, B. (2020). Assessment of  naloxone as a therapeutic for 
inhaled carfentanil in the ferret. Toxicology Reports, 7, 1112–1120. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC7443168/

Tuet, W. Y., Pierce, S. A., Racine, M. C., Tressler, J., McCranor B. J., Sciuto, A. M., & Wong, 
B. (2019). Changes in murine respiratory dynamics induced by aerosolized carfentanil
inhalation: Efficacy of  naloxone and naltrexone. Toxicology Letters, 316, 127–135. 
https://www.sciencedirect.com/science/article/abs/pii/S0378427419302838

Wong, B., Perkins M. W., Tressler, J., Rodriguez A., Devorak, J., & Scuito, A. M. (2017). 
Effects of  inhaled aerosolized carfentanil on real-time physiological responses in mice: a 
preliminary evaluation of  naloxone. Inhalation Toxicology, 29(2), 1–10. https://pubmed.
ncbi.nlm.nih.gov/28330429/

The purpose of  this study was to determine the effect of  administering 
varying doses of  NX against a single exposure of  CRF. The study 
concluded that CRF lowers MAP and HR, and NX treatments return heart 
rate and MAP back to levels similar to their baseline. CTRL 1 TX, CTRL 2 
TX, EX 1 TX, and EX 2 TX groups having MAP and heart rate higher 
than that of  CTRL 0 TX, rather than similar levels, was due to anxiety 
from being handled. There was no significant difference in the MAP and 
heart rate of  an animal receiving one NX treatment versus two treatments.

It was concluded that multiple doses of  NX reversed CRF intoxication 
with no apparent negative side effects in terms of  heart rate and MAP. 
This is promising in terms of  potentially addressing human overdoses in 
the same way.

Confirmatory statistical methods were not used as the experiment was 
not designed to look for statistically significant differences in heart rate and 
MAP. The physiological portion of  the study was an exploratory study 
aimed at gathering data and holistically examining physiological effects of  
CRF exposure and subsequent treatment in a practical context.

decrease indicates that CRF exposure depresses the MAP of  ferrets. The 
physiological effects are not immediately apparent since the decrease was 
not already present at 21 minutes. MAP of  CTRL-groups, after receiving 
NX, did not differ from baseline, indicating that NX has no adverse effects 
at one and two treatments. HR among all groups (Graph 2) were similar 
during baseline, until off-gas when the HR of  EX-groups decrease below 
that of  CTRL-groups. After NX treatment, MAP and HR of  EX 1 TX and 
EX 2 TX increased to values similar to that of  CTRL ferrets, reverting to 
normal, whereas EX 0 TX remained in a state of  depressed MAP and HR. 
One animal died during off-gas. Another animal had a faulty pressure lead; 
its data was omitted.
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Opioids are lipid-soluble drugs used in pain relievers. Carfentanil (CRF) 
is a fentanyl-derivative opioid originally synthesized as a tranquilizing agent 
for large livestock; it is not intended for use in humans. Abuse of  CRF can 
lead to lethal levels of  respiratory depression (McCranor et al., 2020).

America is experiencing an opioid epidemic with the death count 
reaching levels of  major concern for public health experts. Naloxone (NX) 
is the current medical countermeasure for opioid overdoses, but its efficacy 
has been most extensively tested against morphine. Due to its potency, 
CRF requires a larger administration of  NX to counteract its effects, 
contributing to a myth of  “Naloxone resistance.” Additionally, it has no 
adverse effects when administered to a patient that did not overdose from 
an opioid (Tuet et al., 2019).

A previous study assessed the effectiveness of  NX as a counteragent of  
CRF in mice, hypothesizing that NX would reverse respiratory depression. 
The study concluded that mice were not appropriate models for lethality 
but are excellent for studying respiratory depression and reversal (Wong et 
al., 2017). A follow-up study, using ferrets as models, was conducted as 
ferrets have cardiorespiratory systems closer to those of  humans. This 
study concluded that NX was effective in reversing respiratory depression 
but did not assess other physiological parameters (McCranor et al., 2020). 
Thus, the purpose of  this research was to assess the effect of  multiple 
dosings of  NX against a single inhalational challenge of  CRF.

Materials and Methods (cont.)
Within Excel, code was written to condense data for analysis. Periods of  

interest included: ten minutes before exposure for baseline, ten minutes 
during off-gas, and 20 minutes after NX treatment. During these intervals, 
the Excel code was run to average ten points per minute for analysis. Data 
collected during the ten–minute CRF exposure was not analyzed. 

Graph 1 (above): Sets of  graphs for mean 
arterial blood pressure.

Graph 2 (above): Sets of  graphs for heart 
rate.

─ EX 0 TX ─ CTRL 0 TX 
─ EX 1 TX ─ CTRL 1 TX 
─ EX 2 TX ─ CTRL 2 TX

─ EX 0 TX ─ CTRL 0 TX 
─ EX 1 TX ─ CTRL 1 TX 
─ EX 2 TX ─ CTRL 2 TX

Figure 1: Setup for exposure and observation of  
ferrets. (McCranor et al., 2020).
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