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 Abstract   

 

Published on: 31 May 2025 

Nicotine replacement therapy (NRT) remains the most widely 

accessible and evidence-based pharmacological intervention for smoking 

cessation. This review summarizes the mechanisms, formulations, efficacy, 

and safety profiles of FDA-approved NRT products, including transdermal 

patches, gum, lozenges, inhalers, and nasal sprays. While all NRTs alleviate 

withdrawal symptoms by delivering nicotine without tobacco toxins, their 

pharmacokinetic differences influence user adherence and success rates. Fast-

acting forms (gum, spray) provide rapid craving relief but require behavioral 

compliance, whereas patches offer steady dosing with lower misuse potential. 

Emerging approaches like nicotine vaccines and monoclonal antibodies show 

theoretical promise but lack clinical efficacy in trials. Despite limitations 

including variable individual response and compensatory smoking behaviors 

NRT doubles quit rates when combined with behavioral support. The review 

highlights the importance of personalized NRT selection based on dependence 

severity, side effect profiles, and patient preferences, while underscoring the 

need for novel agents to address treatment-resistant addiction. 
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INTRODUCTION 
 

Nicotine is a naturally occurring alkaloid found primarily in the leaves of the tobacco plant (Nicotiana 

tabacum), though it is also present in smaller quantities in other plants of the Solanaceae family, such as tomatoes, 

potatoes, and eggplants.[1-4] As the primary psychoactive component in tobacco, nicotine is responsible for the 

addictive properties of cigarettes, cigars, e-cigarettes, and other tobacco products. Chemically, nicotine is 

composed of a pyridine and a pyrrolidine ring, and it acts as a potent stimulant in low doses and a sedative in high 

doses. Its effects on the human body are mediated through its interaction with nicotinic acetylcholine receptors 

(nAChRs) in the central and peripheral nervous systems, leading to the release of neurotransmitters such as 
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dopamine, norepinephrine, serotonin, and endorphins. This release creates the pleasurable sensations associated 

with smoking, reinforcing repeated use and contributing to dependence.[5-12] 

The history of nicotine use dates back thousands of years, with indigenous peoples in the Americas using 

tobacco for ceremonial, medicinal, and recreational purposes long before European colonization. Following the 

arrival of Europeans in the New World, tobacco was introduced to Europe and quickly became a global 

commodity. [13-18] By the 19th century, advancements in cigarette manufacturing and mass marketing led to 

widespread nicotine consumption, despite growing awareness of its health risks. In the 20th century, scientific 

research established the link between smoking and diseases such as lung cancer, cardiovascular disease, and 

chronic obstructive pulmonary disease (COPD), prompting public health campaigns to reduce tobacco use. Despite 

these efforts, nicotine remains one of the most widely used addictive substances worldwide, with millions of 

people dependent on tobacco products.[19,20] 

Nicotine exerts its effects primarily through its action on the brain’s reward system. When inhaled or 

absorbed, it rapidly crosses the blood-brain barrier, binding to nAChRs and triggering the release of dopamine in 

the nucleus accumbens,[21][22]  a key region associated with pleasure and reinforcement. This dopaminergic 

activity underlies nicotine’s addictive potential, as users repeatedly seek to recreate the rewarding sensation. 

Additionally, nicotine enhances cognitive functions such as attention, memory, and reaction time in the short term, 

which contributes to its perceived benefits among users. However, chronic use leads to neuroadaptations, including 

receptor desensitization and upregulation, resulting in tolerance and withdrawal symptoms upon cessation. 

Withdrawal symptoms such as irritability, anxiety, difficulty concentrating, increased appetite, and intense cravings 

make quitting challenging and often lead to relapse.[23] [24][25] 

Beyond its neurological effects, nicotine has significant cardiovascular and metabolic impacts. It 

stimulates the adrenal glands to release epinephrine (adrenaline), increasing heart rate, blood pressure, and cardiac 

output. These effects raise the risk of hypertension, arrhythmias, and atherosclerosis, particularly in long-term 

smokers.[26] Nicotine also influences insulin sensitivity, contributing to an increased risk of type 2 diabetes among 

tobacco users. While nicotine itself is not the primary carcinogen in tobacco smoke most cancers are caused by tar 

and other combustion byproducts it promotes tumor growth by stimulating angiogenesis and cell proliferation. This 

has raised concerns about the safety of long-term nicotine use, even in non-combustible forms like e-cigarettes and 

nicotine replacement therapies (NRTs).[27] [28][29] 

In recent years, the rise of electronic nicotine delivery systems (ENDS), such as e-cigarettes and vapes, 

has transformed the landscape of nicotine consumption. Marketed as a less harmful alternative to traditional 

smoking, these devices heat a nicotine-containing liquid into an aerosol, which users inhale.[30][31] While they 

eliminate many of the toxic combustion products found in cigarette smoke, concerns remain about their long-term 

health effects, particularly regarding lung health and cardiovascular risk. Additionally, the popularity of flavored e-

liquids and sleek, discreet designs has led to a surge in nicotine use among adolescents, sparking public health 

debates over regulation and youth prevention strategies. Some studies suggest that e-cigarettes may serve as 

effective smoking cessation tools for adult smokers, while others warn that they may act as a gateway to traditional 

smoking or sustain nicotine addiction indefinitely.[32] 

Nicotine replacement therapies (NRTs), including patches, gums, lozenges, inhalers, and nasal sprays, 

provide controlled doses of nicotine to help smokers quit by reducing withdrawal symptoms and 

cravings.[33][34][35] These products are designed to wean users off nicotine gradually while avoiding the harmful 

toxins in tobacco smoke. Clinical studies have demonstrated their efficacy when combined with behavioral 

support, though success rates vary depending on individual factors such as dependence level and motivation. Other 

pharmacological treatments for nicotine dependence include bupropion, an antidepressant that reduces cravings, 

and varenicline, a partial agonist at nAChRs that blocks nicotine’s rewarding effects.[36] Despite these options, 

relapse rates remain high, underscoring the complexity of nicotine addiction and the need for personalized 

treatment approaches. 

Public health policies aimed at reducing nicotine addiction have included measures such as smoking bans 

in public places, graphic warning labels on tobacco products, and taxation to deter consumption. The World Health 

Organization’s Framework Convention on Tobacco Control (FCTC) has been instrumental in coordinating global 

efforts to curb tobacco use, though disparities persist in policy implementation between high-income and low-

income countries.[36] In some regions, harm reduction strategies such as promoting smokeless tobacco or vaping 

as alternatives have been adopted, while others maintain strict prohibitions on all nicotine products. The debate 

over how to balance individual choice, public health, and corporate interests continues to evolve, particularly as 

new nicotine products enter the market.[38][39][40] 

The societal and economic costs of nicotine addiction are substantial. [41][42] Tobacco-related illnesses 

place a heavy burden on healthcare systems, with billions spent annually on treating diseases caused by smoking. 

Lost productivity due to illness and premature death further exacerbates the economic impact. On the other hand, 

the tobacco industry remains a powerful economic force, generating significant revenue and employment in many 

countries. [43][44] This tension between public health objectives and economic interests complicates efforts to 

implement stricter regulations. Meanwhile, the rise of corporate social responsibility initiatives within the tobacco 
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industry, such as funding smoking cessation programs, has been met with skepticism by critics who view these 

efforts as attempts to offset liability and maintain consumer dependence.[42][45][46][47]  

Looking ahead, research into nicotine’s effects and addiction mechanisms continues to advance, with 

emerging studies exploring genetic predispositions to dependence, novel pharmacological treatments, and the 

potential cognitive benefits of nicotine in neurodegenerative disorders like Parkinson’s and Alzheimer’s disease. 

[48][49][50] While nicotine’s role in these conditions remains controversial, such investigations highlight the 

compound’s complex and multifaceted nature. Ultimately, nicotine’s dual identity as both a highly addictive 

substance and a potential therapeutic agent underscores the need for balanced, evidence-based approaches to 

regulation, treatment, and public education. As technology and science progress, the challenge will be to mitigate 

the harms of nicotine addiction while exploring its possible benefits in a controlled and ethical manner.[51][52]  

 

METHODS 
 

To explore the latest advancements in nicotine replacement therapy (NRT), a systematic literature 

search was performed using PubMed, focusing on studies published between December 2024 and May 2025. 

The search term "nicotine replacement therapy" was employed to identify relevant articles, supplemented by 

reference tracking and the pearl-growing method to expand the selection. The review included clinical trials, 

comparative studies, systematic reviews, narrative reviews, and guidelines from international health 

organizations. Only English-language publications were considered for analysis. This approach ensured a 

comprehensive evaluation of recent NRT developments, including efficacy, safety, and emerging formulations. 

The findings highlight innovations such as personalized NRT dosing, combination therapies, and digital health 

interventions to improve smoking cessation outcomes. Additionally, the review assessed real-world 

effectiveness, adherence challenges, and comparisons between traditional NRT (patches, gums) and newer 

alternatives like oral strips and inhalers. By synthesizing current evidence, this analysis provides insights into 

evolving NRT strategies and their implications for public health and clinical practice. 

 

Mechanism of action of nicotine 

In the brain's ventral tegmental region, nicotine functions via activating neuronal nicotinic acetylcholine 

receptors (NAChRs). In the nucleus accumbens, this results in the release of dopamine. may cause frequent smokers 

to experience fewer symptoms of nicotine withdrawal. Don't smoke. (19) By reducing the reward of tobacco products, 

NRT may also serve as a coping method. Since none of the current nicotine delivery methods can replicate the quick 

and high levels of arterial nicotine attained when cigarette smoke is breathed, it does not totally alleviate the withdrawal 

symptoms. (22) Since systemic venous absorption is the basis for all currently available medicinal nicotine 

medications, they are unable to achieve such rapid systemic arterial delivery. (23) High nicotine dosages from 

cigarettes take a few seconds to reach the brain, (fig,1) whereas medications release lesser levels over the course of 

minutes for nasal sprays and hours for transdermal patches and oral items like gum, inhalators, sublingual tablets, or 

lozenges. (13) 

 
 

Fig 1: Mechanism of action of nicotine 
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FORMS OF NICOTINE REPLACEMENT THERAPY 

Nicotine replacement therapy (NRT) is the most extensively studied and widely used pharmacological 

approach for managing nicotine dependence and withdrawal symptoms. NRT products are available in multiple forms, 

including transdermal patches, chewing gum, lozenges, nasal sprays, and oral inhalers, each designed to deliver nicotine 

in different ways.[47][48] Transdermal patches provide a slow, steady release of nicotine through the skin, helping to 

maintain baseline nicotine levels and reduce general cravings. In contrast, fast-acting forms such as gum, lozenges, 

nasal sprays, and inhalers offer rapid nicotine absorption, which helps alleviate acute cravings and withdrawal 

symptoms as they arise. The effectiveness of these products varies based on their nicotine absorption rates and 

individual user preferences.[49][51] While NRT is most successful when combined with behavioral counseling, studies 

show that it can still be beneficial even without additional therapy. The availability of multiple NRT formulations 

allows for personalized treatment plans, increasing the likelihood of successful smoking cessation. 

 

Transdermal patch 

The transdermal nicotine patch is a widely used form of nicotine replacement therapy (NRT) designed to 

help individuals quit smoking by delivering a controlled dose of nicotine through the skin. Unlike fast-acting NRT 

products such as gum or lozenges, the patch provides a steady release of nicotine over 16 to 24 hours, helping to 

stabilize blood nicotine levels and reduce withdrawal symptoms.[52][53] Available in varying strengths, the patch 

allows users to gradually taper their nicotine intake, typically starting with a higher dose and stepping down over 

several weeks. Its ease of use applied once daily to a clean, hairless area of the skin makes it a convenient option 

for many smokers. Clinical studies have shown that the patch, when used as directed, can double the chances of 

successful smoking cessation, especially when combined with behavioral support.[54] However, some users may 

experience mild side effects such as skin irritation, sleep disturbances, or vivid dreams. Despite these drawbacks, 

the transdermal patch remains a first-line treatment for nicotine dependence due to its consistent dosing, low 

maintenance, and proven efficacy in reducing cravings and relapse rates.[55]  

 

Acute Dosing Nicotine Product 

A key advantage of fast-acting nicotine replacement therapy (NRT) products is their flexible dosing, 

allowing users to adjust both the amount and timing of nicotine intake based on their individual needs. Smokers 

experiencing mild side effects can reduce their dosage, while those with higher nicotine dependence can increase it to 

manage cravings effectively. This self-titration feature makes acute-dosing NRT products particularly useful as 

"rescue medications" during sudden, intense cravings or high-risk situations that threaten abstinence. [56] Such 

breakthrough cravings are a major challenge for smokers trying to quit and are strongly associated with relapse. Fast-

acting NRT options including nicotine gum, lozenges, sublingual tablets, inhalers, and nasal sprays provide rapid 

nicotine absorption, closely mimicking the quick relief offered by cigarettes. Unlike transdermal patches, which 

deliver a steady nicotine release, these on-demand products empower users to take immediate control over withdrawal 

symptoms, improving adherence and cessation success. Studies suggest that combining long-acting patches with fast-

acting NRT can further enhance outcomes by addressing both baseline withdrawal and acute cravings. By offering 

personalized nicotine delivery, these acute-dosing formulations play a critical role in smoking cessation strategies, 

particularly for individuals with strong situational triggers or fluctuating nicotine needs.[57][58]  

 

Nicotine Gum 

Nicotine polacrilex, commonly known as nicotine gum, was the first nicotine replacement therapy (NRT) 

product made available to the public. Unlike regular chewing gum, it is used transmucosally kept in the mouth for 

about 30 minutes and chewed intermittently to release nicotine gradually. [59][60] Available in 2 mg and 4 mg doses, 

the gum's strength is selected based on the user's level of nicotine dependence, with studies showing that heavily 

dependent smokers benefit more from the 4 mg formulation. The treatment involves gradually reducing daily usage 

over weeks or months until nicotine intake is no longer needed. However, proper administration is crucial for 

effectiveness: acidic beverages like soda, coffee, or beer should be avoided 15 minutes before and during gum use, as 

they can interfere with buccal nicotine absorption. By providing controlled, on-demand nicotine delivery, nicotine 

gum helps manage cravings and withdrawal symptoms, making it a widely used and effective tool in smoking 

cessation programs.[61] 

 

Nicotine Lozenge 

Nicotine lozenges offer an alternative to nicotine gum, providing similar benefits through a different 

delivery method. Available in 2 mg and 4 mg strengths, the lozenge is designed to dissolve slowly in the mouth 

over approximately 30 minutes, allowing nicotine to be absorbed through the buccal mucosa much like nicotine 

gum. While the dosing guidelines mirror those of gum (with heavier smokers typically requiring the 4 mg option), 

lozenges are particularly useful for individuals who prefer not to chew or who need a more discreet form of 

nicotine replacement. Studies suggest that lozenges may deliver slightly higher nicotine absorption per dose 

compared to gum, potentially enhancing their effectiveness for some users. As with gum, acidic beverages should 
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be avoided before and during use to maximize nicotine uptake. This controlled-release format provides flexible, 

on-demand craving relief, making it a valuable option in smoking cessation strategies.[62] 

 

Nicotine Sublingual Tablet 

Nicotine sublingual tablets provide another convenient option for nicotine replacement therapy (NRT). 

Designed to dissolve under the tongue, these 2 mg tablets deliver nicotine through sublingual absorption, offering 

comparable nicotine levels to a 2 mg lozenge. Like lozenges, they eliminate the need for chewing, making 

[63]them ideal for users who prefer a discreet and straightforward method. Clinical guidelines recommend using 

these tablets for at least 12 weeks to stabilize smoking cessation, after which the dosage should be gradually 

tapered to wean the body off nicotine dependence. Their rapid absorption and ease of use make sublingual tablets a 

practical choice for individuals seeking flexible, on-demand craving relief while avoiding the chewing motion 

required by gum. This method ensures steady nicotine delivery while minimizing behavioral triggers associated 

with smoking.[64] 

 

Nicotine Oral Inhaler 

The nicotine inhaler offers a unique approach to nicotine replacement therapy (NRT) by addressing 

both physiological dependence and behavioral aspects of smoking. Designed to mimic the hand-to-mouth ritual 

of cigarette use, the device consists of a mouthpiece and replaceable plastic cartridges containing 10 mg of 

nicotine each. While called an "inhaler," it primarily delivers nicotine to the oral cavity (36%) and 

gastrointestinal tract (36%), with only about 4% reaching the lungs. This means absorption occurs mainly 

through the oral mucosa, resulting in a nicotine uptake rate similar to nicotine gum. With regular use, each 

cartridge delivers approximately 2-4 mg of absorbable nicotine through repeated puffing. By satisfying both the 

physical need for nicotine and the habitual motions of smoking, the inhaler may improve adherence for some 

users. However, its effectiveness depends on proper technique and frequent use, as the nicotine delivery is 

gradual and requires active participation compared to other NRT forms. This makes it particularly suitable for 

smokers who miss the behavioral components of their smoking routine during cessation attempts.[61][62] 

 

Nicotine Nasal Spray 

The nicotine nasal spray is designed for rapid nicotine delivery, offering the fastest absorption among all 

nicotine replacement therapy (NRT) formulations. Each metered-dose pump delivers 0.5 mg of nicotine per 50-μL spray, 

with a standard dose consisting of two sprays (one in each nostril, totaling 1 mg). Unlike other NRTs, which rely on 

slower mucosal absorption, the nasal spray allows nicotine to enter the bloodstream quickly, helping to alleviate intense 

cravings more effectively.[63] Patients typically start with 1-2 doses per hour, with a maximum of 40 doses per day to 

prevent overuse. A single 1 mg dose maintains an average plasma nicotine concentration of 8 ng/mL for up to 10 hours, 

making it particularly useful for heavy smokers or those with strong withdrawal symptoms. However, its rapid 

delivery can cause nasal irritation, sneezing, or throat discomfort, which may limit its acceptability for some users. 

Despite these side effects, the nasal spray remains a valuable option for smokers needing immediate craving relief, 

especially when transitioning away from cigarettes. Its fast-acting nature makes it a strong alternative for individuals who 

do not respond well to slower-release NRTs like patches or gum. 

 

Table 1: Nicotine Replacement Therapy Formulation(11,14,24) 

 

Product Nicotine Dose Absorption 

Time 

Key Features Advantages Limitations 

Nicotine Gum 2 mg or 4 mg 

per piece 

20-30 

minutes 

Chewed 

intermittently; 

buccal absorption 

Portable, 

controls 

cravings 

Requires proper 

technique; jaw 

fatigue 

Nicotine 

Lozenge 

2 mg or 4 mg 

per unit 

20-30 

minutes 

Dissolves in mouth; 

buccal absorption 

No chewing; 

discreet 

Slower than 

spray; GI 

irritation 

Sublingual 

Tablet 

2 mg per tablet 10-15 

minutes 

Dissolves under 

tongue; rapid 

sublingual 

absorption 

Fast onset; no 

chewing 

Limited dose 

options 

Nicotine 

Inhaler 

10 mg/cartridge 

(2-4 mg 

absorbed) 

5-10 minutes Mimics hand-to-

mouth ritual; oral/GI 

absorption 

Behavioral 

replacement 

Requires 

frequent puffing; 

throat irritation 

Nasal Spray 0.5 mg/spray (1 

mg/dose) 

5-10 minutes Rapid nasal 

absorption; highest 

bioavailability 

Fastest craving 

relief 

Nasal irritation; 

harsh for some 

users 
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Transdermal 

Patch 

7-21 mg/day 

(step-down) 

2-4 hours 

(steady) 

Continuous delivery 

via skin 

Easy to use; 

once-daily 

Skin irritation; 

no acute craving 

relief 

 

Improving Delivery 

Electronic nicotine delivery systems (ENDS) or Electronic cigarettes 

Electronic Nicotine Delivery Systems (ENDS), commonly known as e-cigarettes or vapes, are battery-

powered devices that heat a liquid solution into an inhalable aerosol. These solutions typically contain nicotine, 

propylene glycol, glycerol, flavorings, and water, with nicotine concentrations varying widely from 0 to 34 mg/mL 

though studies have found discrepancies between labeled and actual nicotine levels. Unlike traditional cigarettes, 

ENDS do not burn tobacco, eliminating combustion-related toxins, but they still deliver nicotine to the upper and 

lower respiratory tracts, mimicking the sensory experience of smoking. Many smokers prefer e-cigarettes because 

they replicate the look, feel, and taste of conventional cigarettes, potentially aiding cessation. However, concerns 

persist over safety and regulation. The FDA has raised alarms about hazardous ingredients in some e-liquids and 

advocates for restrictions, citing risks such as youth initiation fearing ENDS may act as a gateway to nicotine 

addiction for non-smokers. While some evidence supports their effectiveness in smoking cessation, long-term safety 

and efficacy remain unclear, necessitating further research. Current debates balance their harm reduction potential for 

adult smokers against public health risks, particularly for younger users. [63] 

 

High-dose nicotine patches 

While standard 22 mg/day nicotine patches typically replace only ~50% of a smoker's baseline nicotine 

levels, clinical investigations have evaluated higher-dose transdermal formulations (e.g., 42 mg/day) to better 

address the needs of heavily dependent smokers. Emerging evidence suggests these elevated doses may 

yield significantly improved abstinence rates, likely through more complete suppression of withdrawal symptoms 

and cravings in high-tolerance individuals. However, a 2023 Cochrane systematic review highlighted critical gaps 

in the evidence base, finding insufficient high-quality data to definitively establish the safety profile and long-term 

efficacy of these intensified regimens.[64] 

The potential benefits of high-dose monotherapy must be carefully balanced against dose-dependent 

adverse effects, including nausea (reported in 15-20% of users), dermatologic reactions, and theoretical 

cardiovascular risks from prolonged supratherapeutic nicotine exposure. Current clinical practice favors a stepped-

care approach: initiating therapy with standard-dose patches (21-22 mg/day) and reserving higher doses 

for treatment-resistant cases with documented heavy dependence (≥25 cigarettes/day). Notably, combination NRT 

strategies (e.g., patch + PRN oral formulations) demonstrate superior efficacy to monotherapy in most comparative 

studies, achieving abstinence rates of 25-35% at 6 months versus 15-20% with single-modality approaches. 

 

Rapid release gum 

This technological advancement addresses a critical gap in nicotine replacement therapy - the delayed 

onset of action that often leads to treatment failure during sudden, intense cravings. By more closely mimicking 

the nicotine delivery profile of cigarettes while maintaining built-in overdose protection, rapid-release gum may 

improve adherence and success rates among highly dependent smokers attempting cessation. 

 

Nicotine  

Nicotine preloading also known as pre-cessation NRT involves the use of nicotine replacement therapy 

(NRT) before a smoker’s designated quit date. This method, typically implemented 2–4 weeks prior to cessation, Reduce 

smoking satisfaction by saturating nicotinic receptors, thereby weakening the reinforcing effects of cigarettes. Disrupt 

conditioned smoking cues by decoupling nicotine intake from smoking behavior. Familiarize users with NRT, easing the 

transition to complete abstinence. 

 

True pulmonary inhaler 

Unlike the nicotine inhalers that are already on the market, a real pulmonary inhaler would deliver nicotine to 

the lung more like smoking cigarettes. (14) It is anticipated that this will provide enough nicotine to lessen withdrawal 

symptoms and background cravings while enabling prompt alleviation of morning cravings and acute cravings. A 

smoker may completely stop using tobacco and then gradually reduce their nicotine intake to lessen their reliance on 

it since direct nicotine delivery to the lung would successfully replicate the physiological consequences of cigarette 

smoking. Even though creating a lung inhaler that is both effective and palatable presents significant scientific 

problems, the biggest obstacle to advancement may be the possibility of abuse and the consequences for 

regulations. (14) The problem is that in order to allow inhalation into the pulmonary alveoli, nicotine molecules must be 

suitably condensed onto particles with a median diameter of about 1 micron. Additionally, the nicotine particles 

must be made in a way that avoids producing unpleasant sensory effects. (14) 
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Nicotine Vaccine 

Nicotine vaccines represent an innovative but still experimental strategy for treating tobacco dependence. 

Unlike traditional nicotine replacement therapies (NRTs), these vaccines aim to induce an immune 

response against nicotine itself. Because nicotine is too small to trigger immunity on its own, it is conjugated with 

a carrier protein (e.g., bacterial toxoid) to stimulate antibody production. The resulting antibodies bind nicotine in 

the bloodstream, preventing it from crossing the blood-brain barrier and reducing its reinforcing effects. 

 

Table 2: Novel Biological or Vaccine Agents in Clinical Testing for Smoking Cessation (53,55) 

 

Agent Name Type Mechanism 

of Action 

Development 

Stage 

Key Findings Challenges 

NicVAX (Nabi 

Biopharms) 

Nicotine-

protein 

conjugate 

vaccine 

Induces anti-

nicotine 

antibodies to 

block brain 

entry 

Phase III 

(discontinued) 

Failed primary 

endpoints; 

insufficient 

antibody titers in 

60% of subjects 

Low 

immunogenicity; 

compensatory 

smoking 

SIgN-3C (Cytos) Nicotine-like 

hapten 

vaccine 

Triggers IgG 

antibodies to 

sequester 

nicotine 

Phase II (halted) Modest 

reduction in 

smoking 

pleasure; no 

significant 

abstinence 

improvement 

Short antibody 

persistence (≤3 

months) 

TA-NIC (Celtic 

Pharma) 

T-cell 

stimulating 

vaccine 

Targets 

nicotine via 

carrier protein 

Phase II 

(inactive) 

Mixed results; 

some subjects 

showed reduced 

cigarette 

consumption 

Variable immune 

response 

Anti-nicotine 

mAbs (e.g., 

NIC7B1) 

Monoclonal 

antibody 

Binds 

nicotine in 

serum with 

high affinity 

Preclinical/Phase 

I 

Rapid nicotine 

neutralization in 

animal models 

High production 

cost; frequent 

dosing needed 

rAd5-nicotine 

vaccine (Vector-

based) 

Viral vector 

vaccine 

Enhances 

immune 

memory 

against 

nicotine 

Phase I 

(ongoing) 

Preliminary data 

show durable 

antibody 

production 

Safety concerns 

with adenovirus 

vectors 

Nanoparticle 

vaccines (e.g., 

SEL-068) 

Synthetic 

nanoparticle 

Multivalent 

nicotine-

peptide 

presentation 

Preclinical Potent antibody 

response in 

rodents 

Unproven human 

efficacy 

 

Nicotine safety and toxicity 

Nicotine exhibits biphasic effects stimulating neuronal activity at moderate doses but inhibiting it at very 

high concentrations. While 40–60 mg constitutes an acute lethal dose (causing respiratory paralysis at 500 mg), 

nicotine replacement therapy (NRT) at recommended doses does not pose life-threatening risks. Overdose symptoms 

nausea, vomiting, headaches, and weakness are typically mild and reversible.[62] 

For pregnant smokers, NRT presents a safer alternative to cigarettes, with no evidence of adverse birth 

outcomes in major trials like the SNAP study. However, long-term developmental effects require further 

investigation. NRT is considered safe for stable cardiovascular patients, though caution is advised for those with acute 

heart disease, adolescents, or breastfeeding mothers, where risks and benefits must be carefully weighed. [63] 

Overall, NRT’s controlled dosing minimizes toxicity risks, making it a viable cessation tool under medical 

supervision. While high-dose nicotine is dangerous, therapeutic NRT use does not share the same hazards as tobacco 

consumption.  

 

 

Patient Compliance with NRT 

The majority of NRT users stop their therapy too soon. Poor compliance is frequently caused by 

misinformation about NRT. (65) A number of reasons for low NRT compliance were found; worries regarding 

security, (66,67) NRT's addictive nature, (67) Lack of faith in its effectiveness, (66,67) Relapse, Cost, and Side Effects 
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(68, 69) and "I ought to be able to stop on my own." The effectiveness of NRT was found to be one of the most 

frequent causes of low compliance. Patients may falsely believe that treatment is no longer required once cravings 

and withdrawal are effectively managed with medication. (70) These ideas compromise the efficacy of NRT. The 

main way to address this is for medical practitioners to give individuals undergoing NRT scientific knowledge. (71) 

 

CONCLUSION 
 

The main obstacle to long-term sobriety and smoking cessation is nicotine addiction. Many nicotine 

treatments are now available in a variety of forms, dosages, and tastes, and it is advised that all tobacco users utilize 

them. are not contraindicated by medicine. The patient's preferences should typically serve as the basis for the NRT 

product selection. 

According to published data, their odds of successfully quitting smoking are increased by all commercially 

available types of NRT, including gum, transdermal patches, nasal sprays, inhalers, and sublingual tablets/lozenges. 

NRTs result in a 50 –70% increase in the rate of quitting. (50) NRT raised the possibility of lowering the size of the 

habit among smokers who are unwilling to quit smoking entirely, according to another meta-analysis. (71) Research 

has recently focused more on immunological and fast administration methods to increase the effectiveness of NRT. 

To get these new modalities from the bench to the bedside, additional high-caliber research is needed. Given the 

potential of NRT, health practitioners must learn about all of its variations in order to respond to the demands and 

inquiries of tobacco users who seem to be becoming more and more interested in quitting. 
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