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Abstract
Substance addiction poses a significant public health challenge, necessitating innovative and effective treatment 

strategies. Intranasal insulin delivery has emerged as a promising therapeutic approach due to its potential 
neuroprotective and neuromodulatory effects. This article reviews the current understanding of intranasal insulin 
administration and its application in addiction treatment. The focus is on the pharmacokinetics, mechanisms of 
action, preclinical and clinical evidence, and potential therapeutic benefits. Intranasal insulin offers a novel, non-
invasive, and potentially effective approach to mitigating addiction and its associated neurobiological consequences. 
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Introduction
Addiction to substances such as opioids, cocaine, and alcohol is a 

chronic, relapsing disorder characterized by compulsive drug seeking, 
continued use despite harmful consequences, and long-lasting changes 
in the brain. Traditional treatments include behavioral therapies and 
pharmacological interventions, but these often have limited efficacy 
and high relapse rates. Therefore, there is a pressing need for novel 
treatment strategies. Insulin, a hormone primarily known for its role in 
glucose metabolism, also has significant effects on the central nervous 
system (CNS). Insulin receptors are widely distributed in the brain, 
particularly in areas implicated in addiction, such as the hippocampus, 
prefrontal cortex, and hypothalamus. Intranasal administration of 
insulin bypasses the blood-brain barrier (BBB), allowing direct access 
to the CNS. This review explores the potential of intranasal insulin as a 
treatment for addiction [1-4]. 

Intranasal delivery allows insulin to reach the brain rapidly and 
efficiently. The nasal mucosa provides a direct pathway to the CNS via 
the olfactory and trigeminal nerves, bypassing the BBB. Studies have 
shown that intranasal insulin can increase cerebrospinal fluid (CSF) 
insulin levels without significantly altering peripheral insulin levels, 
minimizing the risk of hypoglycemia.  Insulin signaling in the brain 
is involved in regulating energy homeostasis, cognitive function, and 
reward pathways. It modulates neurotransmitter systems, including 
dopamine, which plays a crucial role in addiction. By enhancing 
insulin signaling in the brain, intranasal insulin may help restore 
normal neurotransmission and counteract the neuroadaptive changes 
induced by chronic substance use. Animal models have provided 
valuable insights into the potential of intranasal insulin for addiction 
treatment. Studies on rodents have demonstrated that intranasal 
insulin administration can reduce drug-seeking behavior and relapse. 
For example, intranasal insulin has been shown to attenuate cocaine-
induced reinstatement of drug-seeking behavior and reduce alcohol 
consumption in dependent rats. These effects are believed to result 
from insulin's ability to modulate dopamine transmission and restore 
neuroplasticity in brain regions associated with addiction. Intranasal 
insulin has neuroprotective properties that could be beneficial 
in addiction treatment. Chronic substance abuse often leads to 
neurodegeneration and cognitive deficits. Insulin's anti-inflammatory 
and antioxidant effects may help mitigate these consequences. 
Additionally, insulin can enhance cognitive function, potentially 
aiding in the rehabilitation process for individuals with addiction [5].

Clinical Evidence
Human Studies

Preliminary clinical studies have explored the effects of intranasal 
insulin on addiction-related outcomes in humans. One study found 
that intranasal insulin reduced cue-induced craving and increased 
cognitive control in individuals with cocaine use disorder. Another 
study reported that intranasal insulin improved working memory and 
reduced impulsivity in alcohol-dependent patients. These findings 
suggest that intranasal insulin may address both the cognitive and 
motivational aspects of addiction [6]. 

Safety and Tolerability

Intranasal insulin has been generally well-tolerated in clinical 
studies, with no significant adverse effects reported. The most common 
side effects are mild and include nasal irritation and headache. 
Importantly, intranasal insulin does not significantly affect peripheral 
glucose levels, reducing the risk of hypoglycemia.

Potential Therapeutic Benefits
Neurotransmitter Regulation

Insulin's modulation of dopamine and other neurotransmitters 
could help normalize the dysregulated reward pathways in addiction. 
By enhancing dopamine signaling in the prefrontal cortex and other 
brain regions, intranasal insulin may reduce drug craving and prevent 
relapse. 

Cognitive Enhancement

Cognitive deficits are common in individuals with addiction and 
contribute to the persistence of addictive behaviors. Intranasal insulin's 
ability to improve cognitive function could support better decision-
making and impulse control, facilitating recovery [7].

Case Study
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Neuroprotection

The neuroprotective effects of insulin may help repair the 
brain damage caused by chronic substance abuse. By reducing 
neuroinflammation and oxidative stress, intranasal insulin could 
support the recovery of neuronal function and structure.

Future Directions
Combination therapies

Combining intranasal insulin with other pharmacological or 
behavioral treatments could enhance its efficacy. For example, pairing 
intranasal insulin with cognitive-behavioral therapy (CBT) might 
provide synergistic benefits by addressing both the biological and 
psychological aspects of addiction.

Personalized medicine

Individual differences in insulin sensitivity and metabolism may 
influence the effectiveness of intranasal insulin treatment. Personalized 
approaches that consider these factors could optimize treatment 
outcomes [8-10]. 

Discussion
The application of intranasal insulin as an addiction treatment 

represents a novel and promising approach, leveraging the hormone's 
neuromodulatory and neuroprotective properties. This discussion will 
explore the implications of the findings, the potential mechanisms 
underlying the observed effects, the limitations of current research, 
and future directions for the field. The reviewed evidence suggests 
that intranasal insulin can modulate key neurobiological processes 
implicated in addiction. By enhancing insulin signaling in the brain, this 
method appears to address several aspects of substance use disorders, 
including drug craving, cognitive deficits, and the neurodegenerative 
effects of chronic substance abuse. These findings are significant, 
given the limited effectiveness of existing treatments and the high 
rates of relapse among individuals with addiction. The beneficial 
effects of intranasal insulin in addiction treatment likely arise from its 
ability to modulate neurotransmitter systems, particularly dopamine. 
Dopamine plays a central role in the brain's reward pathways and is 
heavily implicated in the development and maintenance of addiction. 
Chronic substance use disrupts normal dopamine signaling, leading 
to the compulsive drug-seeking behaviors characteristic of addiction. 
Intranasal insulin may help restore normal dopamine transmission, 
thereby reducing craving and preventing relapse. In addition to its 
effects on dopamine, intranasal insulin may also influence other 
neurotransmitter systems, including glutamate and GABA. These 
neurotransmitters are involved in synaptic plasticity and neural 
communication, processes that are often impaired in individuals with 
addiction. By enhancing insulin signaling, intranasal administration 
could help normalize these systems, supporting cognitive function 
and reducing the likelihood of relapse. The neuroprotective properties 
of insulin are another critical factor in its potential as an addiction 
treatment. Chronic substance abuse often leads to neuroinflammation, 
oxidative stress, and neuronal damage. Insulin has been shown to have 
anti-inflammatory and antioxidant effects, which could help mitigate 
these damaging processes. Additionally, insulin's role in promoting 
neuroplasticity may support the recovery of neural networks disrupted 
by substance use, further enhancing cognitive function and overall 
brain health. Cognitive deficits are a common consequence of addiction 
and pose a significant barrier to recovery. By improving cognitive 
function, intranasal insulin could help individuals with addiction make 

better decisions, exercise greater impulse control, and engage more 
effectively in behavioral therapies. This cognitive enhancement may be 
particularly beneficial when combined with other treatment modalities, 
such as cognitive-behavioral therapy (CBT). 

Limitations of current research

While the preliminary findings are promising, several limitations 
must be addressed in future research. First, most studies to date have 
been conducted in animal models or small human samples. Larger, 
well-controlled clinical trials are needed to confirm the efficacy and 
safety of intranasal insulin in diverse populations of individuals 
with addiction. Second, the optimal dosing regimen and duration 
of treatment for intranasal insulin have yet to be established. Future 
studies should explore different dosing strategies to determine the most 
effective approach for achieving sustained therapeutic benefits.

Long-term Studies

Long-term clinical trials are needed to evaluate the sustained effects 
of intranasal insulin on addiction. These studies should assess not only 
the immediate impacts on craving and cognition but also long-term 
outcomes such as relapse rates and quality of life.

Conclusion
Intranasal insulin represents a promising and innovative approach 

to addiction treatment. By leveraging insulin's neuromodulatory and 
neuroprotective effects, this method offers a novel way to address 
the complex neurobiological underpinnings of addiction. While 
preliminary findings are encouraging, further research is needed 
to fully establish the therapeutic potential of intranasal insulin in 
addiction treatment. As a non-invasive and well-tolerated intervention, 
intranasal insulin could become a valuable addition to the current 
arsenal of addiction therapies, providing new hope for individuals 
struggling with substance use disorder. 
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