
1Adv Brain-Computer Interfaces Neural Integr, 2026   

Advances in Brain-Computer 
Interfaces and Neural Integration

Smart Drug Delivery: AI, Nanotech & Future Innovations
Sengar Ashutosh*

10 Mar, 2026
06 Apr, 2026
13 Apr, 2026

Date of Submission:
Date of Acceptance: 
Date of Publication:

Volume 2, Issue 1 

Research Article

Assistant Professor, Department of Pharmaceutics, smt. Vdyawati College of Pharmacy, College of Pharmacy, S.R. Group 
of Institutions, Jhansi, India 

*Corresponding Author: Sengar Ashutosh, Assistant Professor, Department of Pharmaceutics, College of Pharmacy, 
S.R. Group of Institutions, Jhansi, India. mail: ashutoshsengar26567@gmail.com

Citation: Ashutosh, S. (2026). Smart Drug Delivery: AI, Nanotech & Future Innovations. Adv Brain-Computer 
Interfaces Neural Integr, 2(1), 01-04.

Abstract
The intersection of nanotechnology, artificial intelligence, and intelligent drug delivery systems is revolutionizing 
contemporary pharmaceutics, thus enabling precision medicine, improved bioavailability, and site-specific therapy. to 
this end, a few of the upcoming technologies such as AI-designed drugs, biodegradable drug carriers for delivery, and 
targeted medication are emphasized in line with their potential to improve efficacy, adherence, and drug safety. intelligent 
nanocarriers such as liposomes, polymeric nanoparticles, and dendrimers are transforming drug delivery by facilitating 
controlled release and site-specific targeting. at the same time, AI-based analytics facilitate strategy development, 
accelerate drug discovery, and deliver the optimal therapeutic values. antibiotic resistance, the biggest issue of modern 
medicine, is also discussed in the paper as well as the role played by nanocarrier-based antibiotic delivery systems and 
artificial intelligence drug designing in combating bacterial adaptation and increased drug penetration. the paper also 
discusses the potential of herbal medicine, personalized therapy, and smart biosensors in the field of drug delivery and 
personalization of treatment possibilities. despite these developments, scalability, regulatory, cost, and ethics are still the 
biggest challenges to broad adoption. yet through ongoing research and harmonization, AI-augmented pharmaceutical 
discovery and new delivery systems have the potential to redefine the future of medicine.
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Introduction & Emerging Technologies
Drug delivery has revolutionized with emerging technologies for augmenting therapeutic actions, reducing side effects, 
and drug targeting. conventional drug delivery systems are generally observed with drawbacks such as reduced 
bioavailability, systemic toxicity, and patient non-compliance. following these drawbacks, novel technology in the form of 
nanotechnology, artificial intelligence (AI), and biodegradable carriers has been introduced into pharmacy sciences [1].

Nanotechnology revolutionized the science of drug delivery with the potential of designing nanoparticles, liposomes, 
and vesicular systems for site-specific drug solubility, stability, and drug delivery. drug carriers at the nanoscale improve 
enhanced absorption of site-specific action drugs with fewer unwanted systemic side effects [2]. AI and ML are combined 
to further enhance drug formulation and release systems by forecasting drug-drug interaction, optimal schedules of 
doses, and personalized patient therapy [3].

AI & Nanotech in Drug Delivery
Artificial intelligence (AI) and nanotechnology have made a spark in drug delivery and pharmaceutical research, 
improving drug formulation, precision targeting, and therapeutic effectiveness [4]. AI-based algorithms aid in the design 
of nanocarriers with optimal physicochemical properties such that improved solubility, controlled release, and reduced 
toxicity become preset behavior in such nanocarriers [5]. 

Here, nanomedicine including nanotechnology, which plays an important role in targeted therapy, has led to the 
manufacture of nanoscale carriers such as liposomes, nanoparticles, and vesicular systems that transport drugs to the 
inundated locale, relaying essentially no surrounding systemic side effects [6]. within it, AI comes into play, by offering 
solutions through dataset analysis to predict behaviors during drug interactions and refining drug release mechanisms 
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through machine learning model evaluations [7]. 

The computational modeling and simulations driven by AI have further acted to accelerate the drug development 
pipeline; predicting the efficacy of new nanocarrier designs before clinical trials surely reduces lots of time and money 
[4-5]. on the other hand, smart biosensors and AI-enhanced diagnostics are changing the face of personalized medicine 
to make sure that treatments are tailored to the individual patient [6-7]. 

The AI-nanotech union means a giant leap forward for pharmacology in any precision medicine, thus providing the 
patient with smart, effective, and convenient drug delivery modes. the recent advances give a futuristic insight into 
pharmaceuticals, where drug formulations would be continuously optimized for attaining superior therapeutic benefits.

No. Innovation Key Features Applications & Benefits Examples
1 AI-Driven Drug Design Machine learning optimizes 

nanocarrier properties [4]
Improves solubility, drug 
targeting, and reduces 
toxicity [5]

AI-optimized lipid 
nanoparticles for mRNA 
vaccines [5]

2 Nanotechnology in Drug 
Delivery

Liposomes, nanoparticles, and 
vesicular carriers [6]

Enables targeted delivery 
and minimizes side effects 
[6]

Liposomal doxorubicin for 
cancer treatment [6]

3 AI-Powered Drug Release 
Models

Machine learning refines drug 
release mechanisms [7]

Ensures controlled, 
sustained drug release [7]

AI-driven hydrogel 
systems for insulin 
delivery [7]

4 Computational Modeling & 
Simulation

Predicts nanocarrier efficacy 
before clinical trials [4-5]

Reduces drug development 
time and costs [4]

AI-assisted formulation 
of novel polymeric 
nanoparticles [5]

5 Smart Biosensors & AI 
Diagnostics

AI-powered tools for real-time 
monitoring [6-7]

Enables personalized 
treatment and precision 
medicine [6]

AI-based wearable 
biosensors for glucose 
monitoring [7]

Table 1: AI and Nanotechnology in Drug Delivery

Smart & Biodegradable Carriers
Smart drug delivery systems incorporate biodegradable carriers for the improvement of therapeutic selectivity, reduction 
in adverse effects and environment safety [8]. these include liposomes, polymeric nanoparticles as well as micelles, 
which can cause body-internal degradation and hence, thus minimizing toxicity and increasing biocompatibility [9].

Stimuli-responsive carriers, which are sensitive to temperature, ph, or enzymes, have recently been the trend in 
targeted therapy paradigms where the drug is delivered specifically at the site of the shoes [10]. biodegradable lipid- 
and polymeric-based carriers, such as plga (poly(lactic-co-glycolic acid)), have also earned their place in the emerging 
technology for their ability to provide sustained drug release and their fda approval for a clinical situation [11]. artificial 
smart carriers, in conjunction with AI-based predictive modeling, are expected to boost drug stability, optimize dosages, 
and improve the level of patient compliance in the era of beginning highly efficacious and eco-friendly pharmaceutical 
solutions.

No. Carrier Type Key Features Applications & 
Benefits

Examples

1 Liposomes Biocompatible, 
encapsulates hydrophilic & 
hydrophobic drugs [8]

Enhances drug solubility, 
targeted delivery [9]

Liposomal amphotericin B for 
fungal infections [9]

2 Polymeric Nanoparticles Biodegradable, controlled 
release [9]

Reduces toxicity, 
improves drug half-life 
[10]

PLGA nanoparticles for cancer 
therapy [11]

3 Micelles Amphiphilic, enhances drug 
solubility [8]

Ideal for poorly soluble 
drugs, minimizes systemic 
side effects [9]

Paclitaxel-loaded micelles for 
chemotherapy [9]

4 Stimuli-Responsive 
Carriers

Triggered by pH, 
temperature, or enzymes 
[10]

Releases drug at target 
site, reducing off-target 
effects [10]

pH-sensitive hydrogels for 
tumor-targeted therapy [11]

5 AI-Integrated Smart 
Carriers

Predictive modeling 
for stability & dosage 
optimization [10]

Improves patient 
compliance, enhances 
precision medicine [11]

AI-optimized PLGA-based drug 
formulations [11]

Table 2: Smart & Biodegradable Drug Carriers
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Personalized & Herbal Medicine
Concept of personalized medicine redescribes medicines as a function of an individual’s genetic, metabolic, and lifestyle 
susceptibility to produce optimal therapeutic effect [12]. artificial intelligence enabled data processing enables patient-
specific drug regimens to be designed in order to maximize efficacy with a minimum of adverse effects [13].

Aside from this, the use of herbal therapeutics in modern drug delivery systems has proven to be a force to be considered. 
phytochemicals blended with nanocarriers like liposomes and proniosomes have provided enhanced bioavailability with 
site specificity [14]. the process makes sure that traditional drugs constituted by herbal plants are standardized as per 
the demands of modern pharmacology, thereby bridging the gap between complementary and evidence-based medicine 
[15].

Antibiotic Resistance & Solutions
Antibiotic resistance is an international public health emergency calling for immediate innovation in drug formulation 
and delivery [16]. conventional antibiotics are likely to fail as a result of bacterial adaptation, biofilm formation, and 
insufficient penetration into infected tissues [17].

Next-generation nanocarrier-based antibiotic delivery systems such as liposomes, polymeric nanoparticles, and 
dendrimers improve drug stability, targeted action, and minimize resistance by providing sustained and controlled 
release [18]. AI-based drug discovery also facilitates the identification of new antimicrobial peptides and combination 
therapies, further fortifying the fight against resistant bacterial strains.
intelligent drug delivery, together with precision medicine and innovative drug formulation, is critical to counteract 
antibiotic resistance at the lowest expense of drugs and side effects.

Future Challenges & Opportunities 
Although nanotechnology, AI, and biodegradable carriers hold monstrous potential, scalability, regulatory acceptability, 
and long-term safety concerns remain to be resolved [19]. cost economies, ethical concerns, and worldwide accessibility 
must be resolved to ensure widespread acceptability [20].

Artificial intelligence-facilitated drug discovery and predictive analytics have the potential to personalize drug 
characteristics and speed up clinical trials, reducing time and cost of development [21]. meanwhile, advances in self-
assembling nanocarriers, smart biosensors, and adaptive patient therapies hold the promise of a new age of precision 
medicine [22].

As the research progresses, coordination between researchers, AI specialists, and regulatory bodies will be necessary in 
bringing smart drug delivery from novelty to global practice of medicine [23-25].

No. Category Challenges Opportunities
1 Scalability & 

Manufacturing
High production costs, complexity 
in large-scale synthesis [19]

AI-driven automation for cost-
effective mass production [21]

2 Regulatory Approvals Lengthy approval processes, 
evolving guidelines [20]

Standardized AI-assisted regulatory 
frameworks [22]

3 Long-Term Safety Unclear long-term effects of 
nanocarriers [19]

Biodegradable carriers reducing 
systemic toxicity [23]

4 Ethical & Accessibility 
Issues

Data privacy in AI-driven drug 
design, unequal access to 
technology [20]

Global collaboration for ethical AI use 
& equitable distribution [24]

5 Precision Medicine 
Integration

Need for patient-specific 
formulations, complex AI models 
[21]

Smart biosensors & adaptive 
therapeutics for personalized 
treatments [22]

Table 3: Future Challenges & Opportunities in Smart Drug Delivery
Conclusions
The convergent synergy of smart delivery systems, nanotechnology, and artificial intelligence represents a novel 
pharmaceutical development paradigm. from the delivery of antibiotics with nanocarriers to drug design by AI, the 
pharma industry is undergoing revolution in enhancing specificity of drugs, reducing toxicity, and delivering enhanced 
patient outcomes. personalized medicine and biodegradable carriers enable green and effective therapy, while AI-
supported drug analytics make formulation, prediction, and optimization easy.

yet, scalability, cost, and regulatory acceptability barriers must be overcome to bring these advances to therapeutically 
successful applications. follow-up studies must then overcome the gap between progress in the laboratory and drug 
delivery application by making them cost-effective, safe, and useful. with AI, next-generation biomaterials, and precision 
medicine, intelligent drug delivery will be the building blocks for future healthcare advances.
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