
Introduction
Opioid Use Disorder (OUD) is a chronic relapsing condition that has 

contributed to a nationwide public health crisis in the United States (Urabink 

et al., 2022, Centers for Disease Control and Prevention, 2025). In 2023, 

there were nearly 80,000 opioid-related deaths in the United States (Centers 

for Disease Control and Prevention, 2025). This rise in opioid related deaths 

coincides with a significant rise in the use of fentanyl, a synthetic opioid that 

is 150 times more potent than morphine and 70 times more potent than 

heroin (Torralva and Janowsky, 2019, Comer and Cahill, 2019, Hill et al., 

2020, Urabink et al., 2022). With opioid relapse and death on the rise, new 

interventions that safely bridge the gap between stopping opioid use and 

starting pharmaceutical treatment are desperately needed. In support of the 

hypothesis that satiation of both the “want” and “need” reward pathways 

(Grigson 2008) can reduce the risk of relapse, satiety-inducing agents such 

as glucagon-like peptide-1 (GLP-1) receptor agonists have shown promise in 

reducing the response to reward-driven behaviors in rats (Hernandez et al., 

2018, Zhang et al., 2020, Douton et al., 2021, Zhang et al., 2021, Douton et 

al., 2022, Urabink et al., 2022). Recently, tirzepatide, a combined GLP-

1/glucose-dependent insulinotropic polypeptide (GIP) agonist, has become 

available for the treatment of diabetes and obesity. Addition of the GIP 

agonist has increased efficacy for weight loss; however, no preclinical 

evidence exists regarding the effects of a combined GLP-1/GIP agonist on 

substance use. The goal of this study was to assess the efficacy of 

tirzepatide on reducing cue-, drug-, and stress-induced seeking in rats with a 

history of fentanyl self-administration. 
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Methods
Twenty-four male Sprague-Dawley rats were first trained to self-administer 

fentanyl (1.85µg/i.v. infusion) 6 h/day for 14 days to establish drug-taking 

behaviors. On test day, rats received pretreatment with tirzepatide (0.05 mg/kg, 

s.c.) or saline vehicle and underwent a 3-hour extinction session in the 

presence of cues, but without contingent drug administration. After the 3 h 

extinction period, rats received a single, noncontingent intravenous infusion of 

fentanyl (1.85 µg) and were monitored for one hour for drug-induced 

reinstatement of fentanyl-seeking behavior. After a 7-day abstinence period, the 

reinstatement behavior test was repeated with an intraperitoneal injection of 

yohimbine (0.5 mg/kg) to induce a stress response and to reinstate fentanyl-

seeking behavior.
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Discussion
Rats treated with 0.05mg/kg tirzepatide exhibited lower drug-seeking 

attempts during exposure to drug-related cues, fentanyl-induced 

reinstatement, and stress-induced reinstatement of drug-seeking 

behavior (p < 0.05).

Our findings suggest that acute tirzepatide administration attenuates 

drug-seeking behavior in multiple reinstatement models, supporting 
its potential as a non-opioid treatment strategy for OUD.

Change in Body Weights. Animals exposed to 0.05mg/kg tirzepatide 

experienced significant weight loss compared to saline controls (p < 0.0001).

Individual Differences in Drug Taking. Some animals took more fentanyl 

infusions than others, ranging from 126 infusions to as low as 2 infusions 

during their 14-day acquisition. A median split was performed to separate 

high drug takers and low drug takers. There were no notable differences 

between high vs low groups when given tirzepatide.

Cue- and Drug-Induced Seeking. All animals with a history of fentanyl self-administration 

were separated into Tirzepatide and Saline groups. Animals exposed to 0.05mg/kg 

tirzepatide (n=16) experienced significantly lower drug infusion attempts in the presence of 

drug-related cues compared to Saline controls (n=8) (p = 0.0065). Following a single 

noncontingent infusion of fentanyl (1.85 µg) to all animals at hour 3, animals exposed to 

0.05mg/kg tirzepatide experienced significantly reduced infusion attempts compared to 

saline controls (p = 0.0035). 

Stress-Induced Drug Seeking. Following 1-week of drug abstinence, all animals with a 

history of fentanyl self-administration were exposed to 0.05mg/kg tirzepatide (n=16) or saline 

(n=8). All animals were given a single intraperitoneal injection of yohimbine (0.5 mg/kg) at 

hour-3 to induce a stress response and to reinstate fentanyl-seeking behavior. Animals 

exposed to 0.05mg/kg tirzepatide experienced significantly reduced infusion attempts 

compared to saline controls during the stress-induced seeking period (p=0.0075).

Figure 1: Change in Body Weight (A) The percent change in body weight 

between 0.05mg/kg tirzepatide (n=16) and saline controls (n=8) ± SEM during the 

12 hours after being injected with tirzepatide or saline, before their cue- and drug-

induced reinstatement test day. (B) The percent change in body weight between 

0.05mg/kg tirzepatide (n=16) and saline controls (n=8) ± SEM during the 12 hours 

after being injected with tirzepatide or saline before their stress-induced test day. 
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Figure 2: Individual Differences in Drug Taking. (A) The average number of 

infusions ± SEM taken by all rats (n=24) during the 6-hour acquisition period over 

14-days. (B) The average number of infusions ± SEM taken by all rats (n=24) 

separated using a median split into High Drug Takers and Low Drug Takers.

Figure 3: Cue- and Drug-Induced Seeking. The average number of 

infusions ± SEM taken by groups exposed to 0.05mg/kg tirzepatide 

(n=16) or saline (n=8) with a history of fentanyl self-administration 

under conditions where they would normally have access to drug. 

Cues are active from hours 1-3 to elicit a drug-craving response, with 

a single noncontingent intravenous infusion of fentanyl (1.85 µg) 

administered to all animals (n=24) at hour 3, representing the drug-

induced seeking period.

Figure 4: Stress-Induced Seeking. The average number of 

infusions ± SEM taken by groups exposed to 0.05mg/kg tirzepatide 

(n=16) or saline (n=8) with a history of fentanyl self-administration 

under conditions where they would normally have access to drug, 

following 7 days of drug abstinence. Cues are active from hours 1-3 

to elicit a drug-craving response, with a single intraperitoneal 

injection of yohimbine (0.5 mg/kg) to induce a stress response, 

representing an increased probability for relapse, and to reinstate 

fentanyl-seeking behavior.

Tirzepatide Reduced Cue- & Drug-Induced Seeking

Tirzepatide Reduced Stress-Induced Seeking

Conclusions

A B

All rats readily self-administered fentanyl

Individual differences were observed with some rats 

taking more fentanyl than others

Treatment with a Low Dose (0.05mg/kg) of 

Tirzepatide Reduced Cue-, Drug, and Stress-

Induced Fentanyl Seeking (p < 0.05)

Significant weight loss compared to saline controls 

(p < 0.0001)

Significant effects on cue-induced fentanyl-seeking 

behavior (p = 0.0065)

Significant effects on drug-induced fentanyl-

seeking behavior (p = 0.0035)

Significant effects on stressed-induced fentanyl-

seeking behavior (p = 0.0075)

These patterns were largely similar for rats with a 

history of high or low fentanyl self-administration

GLP1/GIP dual agonists such as tirzepatide may be 

effective for the treatment of opioid use disorder in 

humans
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