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ABSTRACT 

Addiction to substances such as opioids, psychostimulants, and alcohol 

is a chronic and relapsing neurobiological disorder characterized by 

compulsive drug-seeking and use despite harmful consequences. This 

behavior stems from profound dysregulation in brain circuits involved 

in reward, motivation, stress, and executive control. Central to 

addiction is the mesolimbic dopamine system, often referred to as the 

brain’s reward pathway. This system originates in the ventral 

tegmental area (VTA) and projects to the nucleus accumbens (NAc), 

playing a critical role in reinforcing behaviors essential for survival, 

such as eating and social interaction. Drugs of abuse hijack this 

system, causing a surge in dopamine release in the NAc, which 

produces intense euphoria and reinforces drug-taking behavior. Over 

time, repeated drug exposure leads to neuroadaptations, including  

downregulation of dopamine receptors and reduced dopamine signaling, which diminish the 

brain’s response to natural rewards and increase the drive to seek drugs. 

 

In addition to dopamine, glutamate signaling plays a pivotal role in addiction. Glutamate, the 

brain’s primary excitatory neurotransmitter, mediates synaptic plasticity and learning 

processes in regions such as the prefrontal cortex (PFC) and the NAc. Chronic drug use 

disrupts glutamate homeostasis, leading to hyperexcitability in these regions and impairing 

cognitive control over drug-seeking behavior. The PFC, which governs decision-making and 

impulse control, becomes hypoactive, while the NAc and other limbic regions become 

hyperactive, creating an imbalance that drives compulsive drug use. Stress systems, 
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particularly the hypothalamic-pituitary-adrenal (HPA) axis, further exacerbate addiction by 

enhancing cravings and relapse vulnerability. Stress hormones like corticotropin-releasing 

factor (CRF) and cortisol amplify the rewarding effects of drugs and weaken inhibitory 

control, making individuals more susceptible to relapse during periods of stress or withdrawal 

 

Pharmacotherapies for addiction target these neurobiological mechanisms to restore balance 

and reduce drug-seeking behavior. For opioid addiction, medications like methadone and 

buprenorphine act as partial agonists at opioid receptors, stabilizing withdrawal symptoms 

and reducing cravings without producing the intense high of illicit opioids. Naltrexone, an 

opioid receptor antagonist, blocks the effects of opioids and alcohol, reducing their rewarding 

properties. For alcohol use disorder, acamprosate modulates glutamate and GABA signaling 

to alleviate withdrawal symptoms and cravings, while disulfiram discourages drinking by 

causing unpleasant effects when alcohol is consumed. Emerging treatments focus on novel 

targets, such as glutamate modulators (e.g., memantine) and CRF antagonists, which aim to 

restore synaptic plasticity and reduce stress-induced relapse. 

 

Despite these advances, addiction treatment remains challenging due to the complexity of the 

disorder, which involves overlapping genetic, neurobiological, and environmental factors. 

Personalized approaches that combine pharmacotherapy with behavioral interventions, such 

as cognitive-behavioral therapy (CBT) and contingency management, show promise in 

addressing the multifaceted nature of addiction. This review explores the pharmacological 

mechanisms underlying addiction to opioids, psychostimulants, and alcohol, highlighting 

current and emerging pharmacotherapies and their efficacy. By elucidating these 

mechanisms, this review aims to contribute to the development of more effective 

interventions for addiction, ultimately improving outcomes for individuals affected by this 

debilitating condition. 

 

KEYWORDS: CBT, CRF antagonists, psychostimulants, relapsing disorder, opioid 

epidemic. 

 

INTRODUCTION 

Addiction is a chronic, relapsing disorder characterized by compulsive drug-seeking and use, 

despite the harmful consequences that often accompany such behavior. It is not merely a lack 

of willpower or a moral failing but a complex neurobiological condition that alters brain 

function and behavior. Addiction is a major public health issue, contributing to significant 
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social, economic, and medical burdens worldwide. For instance, the opioid epidemic alone 

has claimed hundreds of thousands of lives in recent years, while alcohol and 

psychostimulant use disorders continue to devastate individuals, families, and 

communities.
[1,2]

 

 

The substances most commonly associated with addiction include opioids (e.g., heroin, 

fentanyl, prescription painkillers), psychostimulants (e.g., cocaine, amphetamines), and 

alcohol. While these substances differ in their chemical structures and immediate effects, they 

all share a common feature: they hijack the brain's reward system, leading to the development 

of addiction. This hijacking occurs through the manipulation of key neurotransmitter systems, 

including dopamine, glutamate, and stress-related pathways, which are critical for regulating 

motivation, pleasure, learning, and memory.
[3,4]

 

 

The scope of the problem 

Addiction is not just an individual problem; it has far-reaching societal implications. The 

economic burden of addiction includes healthcare costs, lost productivity, and criminal 

justice expenses. For example, the annual cost of opioid addiction in the United States alone 

is estimated to be over 249 billion annually.
[5,6]

 Beyond the financial toll, addiction 

contributes to social issues such as family breakdown, homelessness, and increased rates of 

infectious diseases like HIV and hepatitis C due to risky behaviors such as needle sharing.
[7,8]

 

 

The brain's reward system: A common target 

At the heart of addiction lies the brain's reward system, which is designed to reinforce 

behaviors essential for survival, such as eating and reproduction. This system is primarily 

mediated by the mesolimbic dopamine pathway, which includes the ventral tegmental area 

(VTA) and the nucleus accumbens (NAc). When a person uses addictive substances, these 

drugs artificially stimulate the release of dopamine, creating an intense feeling of euphoria or 

a "high." Over time, the brain adapts to these surges in dopamine by reducing its natural 

production of the neurotransmitter, leading to tolerance (needing more of the drug to achieve 

the same effect) and dependence (needing the drug to function normally).
[9, 10]

 

 

The Role of Genetics and Environment 

Addiction is influenced by a combination of genetic and environmental factors. Genetic 

predisposition accounts for approximately 40-60% of an individual's vulnerability to 

addiction, with certain genes affecting how the brain responds to drugs and stress.
[11,12]
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Environmental factors, such as trauma, peer pressure, and socioeconomic status, also play a 

significant role. For example, individuals who experience childhood trauma are at a higher 

risk of developing substance use disorders later in life.
[13,14]

 

 

The cycle of addiction 

Addiction is often described as a cycle that includes three main stages: binge/intoxication, 

withdrawal/negative affect, and preoccupation/anticipation. During the binge/intoxication 

stage, the individual experiences the rewarding effects of the drug, reinforcing its use. The 

withdrawal/negative affect stage occurs when the drug's effects wear off, leading to 

unpleasant physical and emotional symptoms. Finally, the preoccupation/anticipation stage 

involves intense cravings and a focus on obtaining and using the drug, despite negative 

consequences.
[15,16]

 

 

The need for effective treatments 

Given the complexity of addiction, effective treatment requires a multifaceted approach that 

addresses both the biological and psychological aspects of the disorder. While behavioral 

therapies, such as cognitive-behavioral therapy (CBT) and contingency management, are 

essential, pharmacotherapies play a critical role in managing withdrawal symptoms, reducing 

cravings, and preventing relapse. This review will explore the pharmacological mechanisms 

underlying addiction to opioids, psychostimulants, and alcohol, as well as the current and 

emerging pharmacotherapies available for treating these disorders. 

 

Neuropharmacological mechanisms of addiction 

The Reward Pathway and Neurotransmitter Systems 

The brain’s reward system, primarily involving the mesolimbic dopamine pathway, is central 

to addiction. This pathway connects the VTA to the NAc, where dopamine release reinforces 

rewarding behaviors. Other key neurotransmitters include glutamate, GABA, serotonin, and 

endogenous opioids, each playing critical roles in addiction. 

 

Flowchart: The Mesolimbic Reward Pathway and Neurotransmitter Interactions 

Component Function 

Ventral Tegmental Area (VTA) Releases dopamine to the nucleus accumbens (NAc) 

Nucleus Accumbens (NAc) Mediates reward and reinforcement 

Prefrontal Cortex Involved in decision-making and impulse control 

GABAergic Neurons Inhibit dopamine release, regulated by opioids 

 



www.wjpr.net      │     Vol 14, Issue 7, 2025.      │     ISO 9001: 2015 Certified Journal      │ 

Bhatia et al.                                                                         World Journal of Pharmaceutical Research 

692 

Opioids 

Opioids, such as heroin and prescription painkillers, act primarily on mu-opioid receptors 

(MORs) in the brain. Activation of MORs inhibits GABAergic neurons in the VTA, leading 

to disinhibition of dopaminergic neurons and increased dopamine release in the nucleus 

accumbens (NAc). Chronic opioid use induces neuroplastic changes, including receptor 

desensitization, altered gene expression, and structural modifications, contributing to 

tolerance, dependence, and withdrawal symptoms (Volkow et al., 2016). 

 

Opioid effect Mechanism 

Euphoria Increased dopamine release in NAc 

Tolerance Downregulation of opioid receptors 

Withdrawal Symptoms Reduced endogenous opioid function 

 

Psychostimulants 

Psychostimulants, including cocaine and methamphetamine, increase synaptic dopamine 

levels by blocking dopamine transporters (DAT) or promoting reverse dopamine transport. 

This dopamine surge intensifies reward signaling, reinforcing drug-taking behavior. Long-

term use leads to synaptic remodeling, reduced dopamine receptor availability, and impaired 

prefrontal cortex function, weakening impulse control and promoting relapse (Koob & 

Volkow, 2016). 

 

Stimulant effect Mechanism 

Increased Alertness Dopamine and norepinephrine release 

Addiction Potential Dopamine receptor downregulation 

Neurotoxicity Oxidative stress and excitotoxicity 

 

Alcohol 

Alcohol modulates multiple neurotransmitter systems, enhancing GABAergic inhibition and 

reducing glutamatergic excitation. It also activates the endogenous opioid system and 

influences dopamine release in the reward circuitry. Chronic alcohol consumption triggers 

adaptive changes, such as upregulation of NMDA receptors and downregulation of GABA 

receptors, which contribute to tolerance, dependence, and withdrawal symptoms (Spanagel, 

2009). 

 

Alcohol effect Mechanism 

Sedation Enhances GABA activity 

Tolerance Upregulation of NMDA receptors 

Dependence Reduced GABAergic inhibition 
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Neuroadaptive Changes and Relapse 

Addiction involves long-lasting changes in synaptic strength, gene expression, and neuronal 

connectivity. Stress, environmental cues, and drug-associated memories can reactivate these 

pathways, triggering intense cravings and relapse. The prefrontal cortex, responsible for 

decision-making and impulse control, is particularly vulnerable to dysregulation, further 

perpetuating addictive behaviors. 

 

Factor Role in relapse 

Stress Activates CRF pathways, increasing cravings 

Environmental Cues Triggers conditioned drug-seeking responses 

Neuroplasticity Reinforces compulsive drug use 

 

Neurobiological basis of addiction 

The mesolimbic dopamine system 

The mesolimbic dopamine system: The Brain's reward pathway 

The mesolimbic dopamine system, often referred to as the brain's reward system, plays a 

central role in addiction. This system originates in the ventral tegmental area (VTA) of the 

midbrain and projects to key regions like the nucleus accumbens (NAc), prefrontal cortex 

(PFC), and amygdala. Dopamine, the primary neurotransmitter in this system, is released in 

response to rewarding stimuli, such as food or social interaction, reinforcing behaviors 

essential for survival. However, drugs of abuse hijack this system, causing excessive 

dopamine release that far exceeds natural levels, leading to compulsive drug-seeking 

behavior.
[3,4]

 

- Opioids: Activate mu-opioid receptors (MORs) in the VTA, increasing dopamine release 

in the NAc, producing euphoria and reinforcing drug use.
[5,6]

  

- Psychostimulants: Cocaine blocks dopamine reuptake, while amphetamines promote its 

release, prolonging dopamine activity and reinforcing drug-seeking behavior.
[7,8]

  

- Alcohol: Increases dopamine release acutely but reduces it chronically, leading to 

tolerance and dependence. Over time, the brain becomes less responsive to natural 

rewards, driving reliance on alcohol.
[9,10]

  

 

Chronic drug use alters the mesolimbic system, reducing dopamine production and receptor 

sensitivity, and promoting neuroplastic changes that strengthen drug-related cues. These 

adaptations underlie cravings, tolerance, and relapse, making addiction a persistent condition. 

Understanding this system is critical for developing effective treatments, such as 
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pharmacotherapies targeting dopamine regulation and behavioral interventions to retrain the 

brain's reward pathways.
[11,12]

 

 

Opioids 

Opioids, such as heroin and prescription painkillers, exert their effects by binding to opioid 

receptors in the brain, particularly the mu-opioid receptor (MOR). Activation of MORs in the 

VTA leads to the disinhibition of dopamine neurons, resulting in increased dopamine release 

in the NAc. This surge in dopamine produces the euphoric effects associated with opioid use 

and reinforces drug-taking behavior.
[5,6]

 

 

Psychostimulants 

Psychostimulants, such as cocaine and amphetamines, increase dopamine levels in the NAc 

by blocking the reuptake of dopamine (cocaine) or promoting the release of dopamine 

(amphetamines). This results in a prolonged and intense activation of the mesolimbic 

dopamine system, leading to the reinforcing effects of these drugs.
[7,8]

 

 

Alcohol 

Alcohol's effects on the mesolimbic dopamine system are more complex. Acute alcohol 

consumption increases dopamine release in the NAc, but chronic alcohol use leads to 

adaptations in the dopamine system, including reduced dopamine release and receptor 

sensitivity. These changes contribute to the development of tolerance and dependence.
[9,10]

 

 

Glutamate signaling 

Glutamate is the primary excitatory neurotransmitter in the brain and plays a crucial role in 

synaptic plasticity, learning, and memory. Chronic drug use leads to dysregulation of 

glutamate signaling, particularly in the NAc and PFC, which contributes to the persistence of 

addictive behaviors.
[11,12]

 

 

Opioids 

Chronic opioid use leads to increased glutamate release in the NAc, which contributes to the 

development of tolerance and dependence. This increased glutamate signaling also plays a 

role in the withdrawal symptoms experienced upon cessation of opioid use.
[13,14]
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Psychostimulants 

Psychostimulants, particularly cocaine, lead to long-term changes in glutamate signaling in 

the NAc and PFC. These changes are thought to underlie the persistent craving and relapse 

associated with psychostimulant addiction.
[15,16]

 

 

Alcohol 

Chronic alcohol use leads to alterations in glutamate receptor expression and function, 

particularly in the NAc and PFC. These changes contribute to the development of tolerance, 

dependence, and withdrawal symptoms.
[17,18]

 

 

Stress and Reward Systems 

The brain's stress and reward systems are closely interconnected, and dysregulation of these 

systems plays a key role in addiction. Chronic drug use leads to alterations in the 

hypothalamic-pituitary-adrenal (HPA) axis, which regulates the body's response to stress. 

These changes contribute to the negative emotional state associated with withdrawal and the 

increased risk of relapse.
[19,20]

 

 

Opioids 

Chronic opioid use leads to dysregulation of the HPA axis, resulting in increased stress 

responsiveness and a heightened risk of relapse. The stress hormone corticotropin-releasing 

factor (CRF) plays a key role in this process.
[21,22]

 

 

Psychostimulants 

Psychostimulant use also leads to dysregulation of the HPA axis, with increased CRF release 

and heightened stress responsiveness. These changes contribute to the negative emotional 

state associated with withdrawal and the increased risk of relapse.
[23,24]

 

 

Alcohol 

Chronic alcohol use leads to dysregulation of the HPA axis, with increased CRF release and 

heightened stress responsiveness. These changes contribute to the negative emotional state 

associated with withdrawal and the increased risk of relapse.
[25,26]
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Pharmacotherapies for addiction treatment 

Opioid addiction 

Methadone 

Methadone is a long-acting opioid agonist that is used as a maintenance treatment for opioid 

addiction. It works by binding to the same receptors as other opioids, but with a slower onset 

and longer duration of action. This reduces the euphoric effects of opioids and helps to 

stabilize patients, reducing cravings and withdrawal symptoms.
[27,28]

 

 

Buprenorphine 

Buprenorphine is a partial opioid agonist that is used in the treatment of opioid addiction. It 

has a high affinity for the mu-opioid receptor but only partial agonist activity, which reduces 

the risk of overdose and abuse. Buprenorphine is often combined with naloxone (Suboxone) 

to further reduce the risk of misuse.
[29,30]

 

 

Naltrexone 

Naltrexone is an opioid antagonist that blocks the effects of opioids at the receptor level. It is 

used to prevent relapse in patients who have already undergone detoxification. Naltrexone 

can be administered orally or as a long-acting injectable (Vivitrol).
[31,32]

 

 

Psychostimulant addiction 

Disulfiram 

Disulfiram is an inhibitor of aldehyde dehydrogenase, an enzyme involved in the metabolism 

of alcohol. It is used in the treatment of alcohol addiction but has also shown promise in the 

treatment of cocaine addiction. Disulfiram works by increasing the levels of acetaldehyde, a 

toxic metabolite of alcohol, which produces unpleasant effects when alcohol is consumed. In 

the context of cocaine addiction, disulfiram has been shown to reduce cocaine use, possibly 

by altering dopamine metabolism.
[33,34]

 

 

Modafinil 

Modafinil is a wakefulness-promoting agent that has shown promise in the treatment of 

cocaine addiction. It works by increasing dopamine levels in the brain, but with a lower risk 

of abuse compared to other stimulants. Modafinil has been shown to reduce cocaine use and 

improve cognitive function in patients with cocaine addiction.
[35,36]
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Topiramate 

Topiramate is an anticonvulsant that has shown promise in the treatment of cocaine and 

alcohol addiction. It works by enhancing GABAergic neurotransmission and reducing 

glutamatergic neurotransmission, which may help to reduce cravings and withdrawal 

symptoms.
[37,38]

 

 

Alcohol addiction 

Acamprosate 

Acamprosate is a medication used to treat alcohol addiction. It works by modulating 

glutamate and GABA neurotransmission, which helps to reduce cravings and withdrawal 

symptoms. Acamprosate is thought to restore the balance between excitatory and inhibitory 

neurotransmission, which is disrupted in chronic alcohol use.
[39,40]

 

 

Naltrexone 

Naltrexone, as mentioned earlier, is an opioid antagonist that is also used in the treatment of 

alcohol addiction. It works by blocking the effects of endogenous opioids, which are released 

in response to alcohol consumption. This reduces the rewarding effects of alcohol and helps 

to prevent relapse.
[41,42]

 

 

Disulfiram 

Disulfiram, as mentioned earlier, is an inhibitor of aldehyde dehydrogenase and is used in the 

treatment of alcohol addiction. It works by producing unpleasant effects when alcohol is 

consumed, which helps to deter drinking.
[43,44]

 

 

Emerging pharmacotherapies 

Vaccines 

Vaccines for addiction are an emerging area of research. These vaccines work by stimulating 

the immune system to produce antibodies that bind to the drug of abuse, preventing it from 

reaching the brain. Vaccines for cocaine, nicotine, and opioids are currently in development, 

with some showing promise in early clinical trials.
[45,46]

 

 

Deep brain stimulation 

Deep brain stimulation (DBS) is a surgical procedure that involves the implantation of 

electrodes in specific brain regions to modulate neural activity. DBS has shown promise in 

the treatment of severe, treatment-resistant addiction, particularly to opioids and alcohol. The 
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exact mechanisms of action are not fully understood, but DBS is thought to modulate the 

reward and stress systems in the brain.
[47,48]

 

 

Psychedelics 

Psychedelics, such as psilocybin and LSD, are being investigated for their potential in 

treating addiction. These substances work by modulating serotonin signaling in the brain, 

which may help to disrupt maladaptive patterns of thought and behavior associated with 

addiction. Early clinical trials have shown promise, particularly in the treatment of alcohol 

and tobacco addiction.
[49,50]

 

 

CONCLUSION 

The neuropharmacology of addiction represents one of the most complex and pressing 

challenges in modern medicine. It is a multifaceted condition that disrupts fundamental 

neurobiological processes, altering cognition, behavior, and emotional regulation. Addiction 

is not merely a habit; it is a profound and insidious disorder that rewires the brain, hijacking 

neural circuits responsible for reward, motivation, and impulse control. 

 

Despite significant advancements in understanding the mechanisms underlying addiction, 

treatment remains a formidable challenge. Current pharmacotherapies provide relief but are 

far from being definitive solutions. The high relapse rates and persistent cravings associated 

with substance use disorders underscore the urgent need for innovative treatments that go 

beyond symptom management and target the deep-rooted neuroadaptations responsible for 

addiction. 

 

As research advances, the integration of pharmacological interventions with cutting-edge 

therapies such as gene modulation, immunotherapy, and neurostimulation offers hope for 

more effective and personalized addiction treatments. The future of addiction therapy lies in 

precision medicine—tailoring interventions to individual neurobiological profiles, addressing 

the specific molecular dysfunctions underlying addiction, and providing holistic, long-term 

recovery solutions. 

 

Ultimately, unraveling the intricate neuropharmacological web of addiction is not just a 

scientific endeavor but a critical mission for global health. Addiction devastates individuals, 

families, and communities, posing an immense socioeconomic burden. Only through 

relentless research, innovative therapeutics, and a commitment to understanding the 
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complexities of addiction can we hope to develop transformative solutions that restore lives 

and reshape the future of addiction medicine 
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