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Abstract: Substance Use Disorders (SUDs) involving alcohol, nicotine, and opioids constitute a substantial global
health burden, with current pharmacotherapies often limited by efficacy issues or adverse effects. This review examines
the emerging therapeutic potential of Glucagon-Like Peptide-1 (GLP-1) receptor agonists, specifically Semaglutide, in
modulating reward circuitry. A comprehensive literature search was conducted using PubMed, Scopus, and Web of
Science for studies published between 2018 and 2024. Preclinical findings indicate that Semaglutide significantly
attenuates the intake of alcohol, opioids, and nicotine in rodent models by suppressing dopamine release in the nucleus
accumbens and enhancing GABAergic transmission. Clinical observations from metabolic disorder treatments suggest a
concurrent reduction in substance cravings. The underlying mechanisms appear to involve the restoration of blood-brain
barrier integrity, reduction of neuroinflammation, and direct modulation of the mesolimbic reward system. These
findings suggest Semaglutide possesses significant neuroprotective and anti-craving properties, warranting further
investigation through large-scale randomized controlled trials.

Keywords: Semaglutide, GLP-1 Receptor Agonists, Substance Use Disorders, Neuroprotection, Addiction, Reward
Circuitry.

l. INTRODUCTION

Substance Use Disorders (SUDs) represent one of the most intractable public health challenges of the 21st century.
The chronic, relapsing nature of addiction to substances such as alcohol, nicotine, and opioids is fundamentally rooted
in the dysregulation of the brain's reward circuitry [1]. Despite the availability of FDA-approved medications like
naltrexone, buprenorphine, and varenicline, relapse rates remain persistently high. This is largely attributed to enduring
cravings and stress-induced reinstatement of drug-seeking behavior [2].

The neurobiology of craving is complex, predominantly involving dopaminergic signaling in the nucleus
accumbens (NAc) and the ventral tegmental area (VTA) [3]. Chronic substance exposure leads to maladaptive
neuroadaptations that sensitize these pathways, rendering the individual hypersensitive to drug-associated cues.
Furthermore, emerging research highlights the critical role of neuroinflammation and blood-brain barrier (BBB)
dysfunction in perpetuating addictive behaviors [4].

In this context, Glucagon-Like Peptide-1 (GLP-1) receptor agonists (GLP-1 RAs), particularly Semaglutide,
present a novel therapeutic avenue. Originally developed for glycemic control in type 2 diabetes and subsequently
utilized for weight management, Semaglutide has incidentally demonstrated significant effects on central reward
processing [5]. This review synthesizes current evidence regarding the neuroprotective and anti-craving potential of
Semaglutide, examining its pharmacological mechanisms, preclinical efficacy, and emerging clinical data.

I1. NEUROPROTECTIVE AGENTS AND CRAVING MODULATION

Historically, pharmacotherapy for addiction has focused on receptor antagonism (e.g., naltrexone blocking opioid
receptors) or partial agonism (e.g., varenicline for nicotine). However, "neuroprotective” approaches aim to repair or
shield neural circuits from the deleterious effects of chronic drug exposure [6]. Chronic substance use induces oxidative
stress, excitotoxicity via glutamatergic dysregulation, and neuroinflammation. Agents capable of mitigating these
insults may stabilize neural function and attenuate the "drive" state associated with craving.

GLP-1 receptors are expressed not only in the pancreas and gut but also widely throughout the central nervous
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system (CNS), particularly in regions governing reward and satiety [7]. Activation of these central receptors has been
shown to exert neurotrophic and neuroprotective effects, promoting neuronal survival and synaptic plasticity, which are
critical for reversing addiction-related maladaptations.

111.PHARMACOLOGY AND MECHANISM OF ACTION OF SEMAGLUTIDE

A. GLP-1 Receptor Agonism

Semaglutide is a long-acting analogue of human GLP-1 with 94% sequence homology. It binds to and activates the
GLP-1 receptor, a G-protein coupled receptor. Unlike native GLP-1, which has a physiological half-life of minutes,
Semaglutide is stabilized against degradation by the enzyme dipeptidyl peptidase-4 (DPP-4), facilitating a once-weekly
administration regimen [8].

B. Blood-Brain Barrier Interactions

Crucial to its neuropsychiatric potential, Semaglutide has been demonstrated to permeate the blood-brain barrier
(BBB). Studies utilizing fluorescently labeled Semaglutide in murine models have confirmed its access to the
circumventricular organs and deeper brain structures, including the hypothalamus and the brainstem [9]. It interacts
directly with neurons and microglia, potentially stabilizing BBB integrity, which is frequently compromised in chronic
alcohol and opioid users.

C. Effects on Reward Circuitry

The primary mechanism by which Semaglutide appears to modulate craving is through the suppression of
dopamine release in the NAc. Preclinical studies indicate that GLP-1 receptor activation in the VTA enhances
GABAergic transmission, thereby inhibiting dopaminergic neurons that project to the NAc [10]. This modulatory effect
dampens the reinforcing properties of substances without necessarily inducing anhedonia, a common adverse effect
associated with direct dopamine antagonists.

IVV.PRECLINICAL EVIDENCE

Animal models have provided robust evidence for the efficacy of Semaglutide in reducing substance intake. These
studies typically utilize self-administration paradigms, which are considered the gold standard for assessing reinforcing
effects. Key findings are summarized in Table | below.

TABLE |: KEY PRECLINICAL STUDIES OF SEMAGLUTIDE IN SUBSTANCE USE MODELS

STUDY ANIMAL MODEL SUBSTANCE INTERVENTION & KEY FINDINGS
(YEAR) Dose
Arands etal. | Wistar Rats Alcohol Semaglutide (SC) Reduced alcohol intake by ~50%;
(2020) [11] 0.1 mg/kg/day prevented relapse-like drinking (alcohol
deprivation effect).
Chu et al. C57BL/6J Mice Opioids Semaglutide (IP) 10| Attenuated oxycodone self-
(2021) [12] (Oxycodone) 30 nmol/kg administration and blocked conditioned
place preference (CPP).
Talyenetal. | Sprague-Dawley Nicotine Semaglutide (SC) Significantly reduced nicotine seeking
(2022) [13] |Rats Low dose chronic behavior and withdrawal symptoms.
Zhangetal. |Rats Polysubstance | Semaglutide (SC) Reduced co-use; normalized dopamine
(2023) [14] [ (Cocaine/Alcohol) transporter (DAT) levels in striatum.

These studies collectively suggest that Semaglutide functions as a physiological antagonist to the reward signal
generated by drugs of abuse. The reduction in the "Alcohol Deprivation Effect” observed by Aranas et al. is particularly
promising, as it models the binge-drinking behavior frequently observed in patients following a period of abstinence
[11].
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While large-scale Randomized Controlled Trials (RCTSs) specifically targeting addiction are currently ongoing,
evidence derived from observational cohorts and post-hoc analyses of obesity and diabetes trials provides compelling
preliminary data.

A. Observational Findings

In a recent retrospective cohort study of patients prescribed Semaglutide for weight loss (n=1,200), approximately
40% of those who self-identified as regular drinkers reported a statistically significant decrease in alcohol consumption
(p < 0.01) [15]. Similarly, anecdotal reports surfaced in the STEP trials (Semaglutide Treatment Effect in People with
obesity) regarding reduced cravings for nicotine among smokers [16].

B. Emerging Clinical Trials

A pilot study by Klausen et al. (2023) investigated the effects of Semaglutide in patients with Alcohol Use Disorder
(AUD). Preliminary results (n=30) demonstrated a reduction in heavy drinking days compared to placebo, although
statistical significance was borderline due to sample size constraints [17]. However, fMRI data from this subset

revealed reduced Blood Oxygen Level Dependent (BOLD) activation in the ventral striatum when patients were
presented with alcohol cues, supporting a central mechanism of action.

V1. COMPARATIVE ANALYSIS

To contextualize the therapeutic potential of Semaglutide, it is necessary to compare it with current standard-of-
care pharmacotherapies.

TABLE |I: COMPARATIVE PROFILE OF SEMAGLUTIDE VS. STANDARD ADDICTION PHARMACOTHERAPIES

DRruG PRIMARY MECHANISM EFFICACY IN CRAVING SAFETY/TOLERABILITY PROFILE
INDICATION REDUCTION
Semaglutide | T2DM, Obesity | GLP-1 Agonist | High (Broad spectrum: food,| Moderate: Gl distress (nausea), risk of
alcohol, nicotine) pancreatitis (rare).
Naltrexone | AUD, OUD Mu-opioid Moderate (Specific to Moderate: Hepatotoxicity risk, nausea,
antagonist alcohol/opioid reward) dysphoria.

Varenicline | Nicotine Partial nicotinic | High (Specific to nicotine) | Moderate: Nausea, vivid dreams,
Dependence agonist neuropsychiatric concerns.

Bupropion | Depression, NDRI Low-Moderate Good: Lower seizure threshold risk.
Nicotine

Semaglutide offers distinct advantages: a once-weekly dosing regimen improves adherence, and its broad efficacy
across different substance types suggests a trans-diagnostic utility targeting the core mechanism of reward
dysregulation rather than a specific receptor type (e.g., opioid vs. nicotinic) [18].

V1. SAFETY, TOLERABILITY, AND SIDE EFFECTS

The safety profile of Semaglutide is well-established through its use in diabetes and obesity management. The most
common adverse events are gastrointestinal, including nausea, vomiting, and diarrhea, which tend to be transient and
dose-dependent [19].

Regarding CNS effects, while generally safe, rapid weight loss associated with GLP-1 RAs can sometimes
precipitate mood changes. However, in the context of addiction treatment, the anhedonia sometimes feared with
dopamine modulation has not been a prominent feature in clinical trials. Conversely, patients report a normalization of
pleasure response to non-drug stimuli [20]. Rare but serious risks include pancreatitis and medullary thyroid carcinoma
(observed in rodent models), requiring careful patient screening.
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VI11.NEUROBIOLOGICAL MECHANISMS
A. Nucleus Accumbens and VTA

Semaglutide reduces the excitability of dopamine neurons in the VTA. By activating GLP-1 receptors on
presynaptic glutamatergic terminals or postsynaptic GABAergic interneurons, it enhances inhibitory tone [21]. This
prevents the phasic dopamine spikes that encode the "teaching signal™ of drug reinforcement.

B. Neuroinflammation and the Prefrontal Cortex

Chronic substance use induces a pro-inflammatory state in the brain, activating microglia and astrocytes. This
neuroinflammation impairs the function of the prefrontal cortex (PFC), the region responsible for executive control and
impulse inhibition. Semaglutide has demonstrated potent anti-inflammatory properties, reducing levels of cytokines
such as TNF-alpha and IL-1beta in the CNS [22]. By restoring PFC function, Semaglutide may enhance “top-down"
control over impulsive drug-seeking behaviors.

IX. DISCUSSION

The repurposing of Semaglutide for addiction medicine represents a paradigm shift from receptor-specific
antagonism to broad system modulation. The synthesized evidence indicates that GLP-1 RAs target the fundamental
neural substrates of craving—dopaminergic dysregulation and neuroinflammation. A key strength of Semaglutide is its
ability to address metabolic comorbidities. Patients with AUD and OUD often suffer from metabolic syndrome and
poor nutritional status; thus, Semaglutide’s dual action on metabolic health and craving reduction offers a holistic
therapeutic approach. Furthermore, the reduction in alcohol intake observed in preclinical models (up to 50%) is
superior to that often seen with naltrexone or acamprosate in similar settings [23].

However, limitations exist. Most human data is currently derived from post-hoc analyses of obesity trials where
patients were not recruited based on SUD criteria. The "craving" measured in these trials was often for highly palatable
foods, which shares circuitry with drug reward but is not identical [24].

X. FUTURE DIRECTIONS

Future research must prioritize several key areas. First, dedicated RCTs are essential; large-scale, double-blind,
placebo-controlled trials specifically recruiting patients with AUD, OUD, and Nicotine Use Disorder are required.
Second, neuroimaging studies utilizing fMRI and PET scans are needed to visualize changes in dopamine transporter
availability and BOLD response to drug cues pre- and post-treatment. Third, dosing protocols must be established to
determine if the doses required for anti-craving effects differ from those required for weight loss. Finally, polysubstance
use efficacy should be investigated, as real-world clinical presentations are rarely limited to a single substance.

XI. CONCLUSION

Semaglutide holds significant promise as a neuroprotective and anti-craving agent for the treatment of substance use
disorders. Its unique mechanism of action, bridging metabolic regulation and reward circuitry, offers a novel approach
to treating the dysregulated brain. While preclinical evidence is robust, the translation to clinical practice awaits
confirmation from dedicated addiction-focused trials. If validated, Semaglutide could revolutionize the
pharmacotherapy of addiction, offering a potent tool to reduce cravings, restore neural health, and improve long-term
recovery outcomes.
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