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ABSTRACT 
The current project is aimed at the development, formulation, and testing of a regioselective drug delivery system which 
is to provide the achievement of a long-term therapeutic effect by a new drug release mechanism. The traditional drug 
delivery methods tend to experience low site specificity, high rate of drug release, and low therapeutic efficacity which 
contributes to high dosage, and side effects. To address these shortcomings, a specialized delivery methodology has been 
established based on the high efficiency of carrier systems able to regulate the drug delivery to the specific location of 
action. The compound of choice was placed in a customized delivery system to increase localization, augment 
bioavailability and longevity of action. Optimization of the formulation was carried out based on several 
physicochemical parameters that included particle size, encapsulation percentage, drug content, and in vitro release 
properties. The system created revealed the controlled and sustained release of drugs which proved the successfulness of 
the new release mechanism. The studies carried out on evaluation showed that there was an improvement in stability, 
increased regioselective targeting, and extended therapeutic performance with respect to the traditional formulations. 
The data indicate that the regioselective drug delivery system developed can provide a promising solution in the 
treatment of chronic diseases with the lower frequency of doses and the minimization of the side effects of the system. 
This new method has high potential in enhancing therapeutic results and adherence of patients to targeted therapy of 
drugs. 
Keywords; Regioselective drug delivery; Targeted drug delivery systems; Sustained release formulations; Polymeric 
nanoparticles; Bio-responsive carriers. 
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INTRODUCTION  
The establishment of efficient drug delivery systems is becoming more and more popular in modern 
pharmaceutical research in order to increase the therapeutic effect and reduce the side effects. The 
traditional dosage forms tend to deliver drugs uncontrollably, thus causing variations in drug 
concentration, inefficiency and non-compliance of the patient in relation to drug dosing because of 
frequent dosages. These restrictions have stimulated the development of new delivery methods that can 
have the capacity to retain the concentration of drugs in the therapeutic range over long intervals. 
Advanced delivery systems can enhance predictable and effective therapeutic outcomes through 
enhancement of drug stability, absorption and bioavailability [1]. 
In order to counter these setbacks, there has been development of controlled and targeted drug delivery 
strategies which promise to counter the challenges. Such systems allow the site-specific drug release and 
the duration of therapeutic activity to be lowered, decreasing systemic levels of side effects and 
enhancing patient compliance. Regioselective delivery gives a high level of localization of the drugs to the 
target tissues and sustained release formulations extend the availability of a drug and reduces the 
frequency of drug dosing. Collectively, these measures symbolize a significant breakthrough in 

AAddvvaanncceess    
iinn      

BBiioorreesseeaarrcchh  

http://www.soeagra.com/abr.html


 
 
       

ABR Vol 17 [3] March 2026                                                                    65 | P a g e                            © 2026 Author 

pharmaceutical technology, safer and more effective treatment methods that bring more effective and 
patient-friendly treatment to a large variety of medical disorders [2]. 
Introduction to Targeted Drug Delivery. 
Targeted drug delivery is described as the process of delivering therapeutic agents to the site of activity 
with minimal exposure to the non-target tissues. This mechanism increases the amount of drug that is 
required at the specific site, increases bioavailability and minimizes systemic side effects. There are 
different carrier-based systems including liposomes, nanoparticles, microspheres and vesicular systems, 
which have been designed to deliver in a targeted fashion. The advanced platforms can enable a 
controlled transport, prevent drug degradation and enhance cellular uptake, which makes them very 
useful in contemporary pharmacotherapy [3]. 
Drawbacks of traditional methods of drug delivery 
The traditional modes of drug delivery such as tablets, capsules and injections usually disseminate drugs 
in the body without being specific. This is non-selective distribution which might cause low drug 
concentration at the target site, high frequency of dosing, and adverse effects. Also, quick elimination and 
metabolism of drugs decrease their therapeutic benefits. These restrictions have led to the necessity of 
novel drug delivery systems that could offer controlled release, enhanced targeting and sustained drug 
action [4]. 
Idea of Regioselective Drug Delivery. 
The concept of regioselective drug delivery applies in situations where a specific part or tissue of the 
body is targeted by the drug to achieve the greatest therapeutic effect and the least possible side effects. It 
is based on the specific carriers and release mechanisms that react to the physiological conditions of pH, 
enzymes, temperature or contact with receptors. Having the ability to target the drug to the affected area, 
regioselective systems benefit the treatment efficacy, decreases the toxicity, and ensures patient 
compliance which also is a significant breakthrough in the pharmaceutical science [5]. 
Noteworthiness of Sustained Therapeutic Systems. 
Sustained release drug delivery systems help in releasing the drug at a slow rate to achieve a constant 
concentration of the drug in the body. This limits the variation of the peaks and troughs, lowers dose 
frequency and patient compliance with treatment. The long-term therapeutic systems are especially 
useful in chronic diseases that need long-term medication since they enhance the effectiveness of the 
therapeutic process and lower the number of side effects and the total cost of the treatment [6]. 
Scope and Significance of Novel Release Mechanisms 
New release mechanisms of drugs are crucial in the regulation of drug release rate, location and duration. 
Such mechanisms can include stimuli-responsive systems, biodegradable polymers, vesicular carriers or 
smart materials that are responsive to physiological stimuli. The innovation of these highly sophisticated 
systems provides better stability of the drug, accurate targeting and better therapeutic results. 
Regioselective targeting combined with sustained release is an innovative approach to drug delivery 
systems of next generation that has broad potential in pharmaceutical and clinical applications [7]. 
 Regioselective Drug delivery Principles. 
Regioselective drug delivery is a new pharmaceutical approach that is designed to deliver therapeutic 
agents to particular locations in the body with the aim of having optimum therapeutic effect and minimal 
systemic exposure. This method combines the principles of pharmacokinetics, biological interactions as 
well as controlled release technologies to overcome the physiological barriers and achieve a certain 
localization of drug action [8]. 
Definition and Concept 
The process of targeted transport and controlled delivery of drugs to a specific anatomical or 
physiological location in the body is known as regioselective drug delivery. In contrast to traditional 
systems where drugs are distributed in an identical manner, regioselective systems are developed to 
localize the drug in the targeted area with the help of specific carriers, stimuli-responsive materials, or 
molecular recognition, etc. Such selective localization increases therapeutic effects, decreases dose levels 
and minimizes adverse effects [9]. 
Barriers of the Biology and Targeting Problems. 
The human body has various biological barriers which limit movements and absorption of the drug and 
these include the skin, gastrointestinal mucosa, blood-brain barrier, cellular membranes, and enzymatic 
systems. These obstacles tend to inhibit the drug penetration and lower bioavailability at the target site. 
Also, targeted delivery is further complicated by non-specific distribution, high metabolism, and immune 
system elimination. These obstacles need to be overcome by developing novel strategies of formulation 
like permeation enhancers, vesicular system, biodegradable carriers and any of the receptor-based 
targeting mechanisms [10]. 
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Pharmacokinetic and Pharmacodynamic. 
To a large extent, pharmacokinetic aspects like absorption, distribution, metabolism and excretion 
contribute to the effectiveness of regioselective drug delivery systems. An effective system must 
maximize the concentration of drugs at the site of action and have minimal systemic exposure. The 
pharmacodynamic aspect includes the possibility to obtain the intended therapeutic effect by using 
reduced doses of the drugs due to an increase in localization. Controlled release kinetics, drug stability, 
and carrier-drug interactions are of significance in ensuring that there is a longer therapeutic level and 
better clinical outcomes [11]. 
Site-Specific Systems vs Regioselective Systems. 
Site-specific drug delivery is defined as the specific delivery of drugs to very localized organs, tissues or 
cells including tumor tissues or targeted receptors, frequently via ligand-mediated processes. 
Comparatively, regioselective drug delivery is aimed at the delivery of drugs to a more widespread part of 
anatomical location, e.g. gastrointestinal tract or skin layers or localized inflammatory areas. Although 
both methods are intended to facilitate an increase in the efficiency of targeting, regioselective systems 
focus on localization in a region instead of single cellular target, thus being especially efficient in the case 
of sustained and localized therapeutics [12]. 
Guidelines to the Choice of Appropriate Drug Candidates. 
The effectiveness of a regioselective and sustained drug delivery system mainly relies on the good choice 
of drug candidates. The targeted and controlled release drugs should have certain physicochemical, 
biopharmaceutical, and stability properties, which guarantee efficient formulation, therapeutic 
functionality, and patient safety. Close consideration of these attributes promotes drug loading 
performance, predictable release pattern, and the system stability [13]. 
Physicochemical Properties 
The physicochemical characteristics of molecular weight, lipophilicity, melting point, and ionization 
constant have a great impact on the drug permeability, encapsulation efficiency, and release profile. 
Medium-weight drugs that have a balanced hydrophilic-lipophilic characteristic are the favored drugs to 
be used in regioselective delivery systems. These attributes promote breaching biological obstacles and 
fixed assimilation into carrier systems, which allow regulated and consistent drug delivery [14]. 
Biopharmaceutical Considerations 
Such biopharmaceutical parameters as absorption rate, bioavailability, metabolism as well as elimination 
half-life are important in determining the suitability of the drug. Sustained and targeted delivery systems 
are advantageous to drugs that have a low bioavailability, high metabolism, or low half-lives. The 
alternate method of regioselectivity assists in increasing concentrations of therapy at the point of attack 
and reducing the systemic clearance, thus increasing the overall effectiveness of therapy [15]. 
Dose and Therapeutic Window 
To permit effective concentrations of drug without resulting in toxicity, an ideal drug candidate must 
have a clear therapeutic window. Sustained release systems are particularly appropriate to drugs that 
have to be taken regularly or have a thin range of therapeutic levels. The administration of drugs in a 
controlled manner serves to regulate plasma levels within the therapeutic range during prolonged 
intervals reducing variations and decreasing the possibility of adverse effects [16]. 
Solvability Factor and Stability Factor. 
The stability of drugs during formulation and physiological processes is what is needed to preserve 
therapeutic effects. The drug must be chemically and physically stable through processing, storage and 
release. Solubility is also known to affect the drug loading and kinetics of drug release; ill soluble drugs 
can be subject to the formulation strategy of solubilizing and/or encapsulating it in carriers to boost 
bioavailability and regulated drug release behavior [17]. 
Drug–Carrier Compatibility 
The interaction of the drug and the carrier system of choice is critical in order to achieve stability in 
formulation and appropriate release properties. There should be no interactions that lead to the 
degradation, precipitation or loss of activity of the drug. Compatibility experiments based on methods like 
the difference scanning calorimetry, Fourier-transform infrared spectroscopy and stability analysis are 
applicable to ensure that the drug is not degraded and it is uniformly spread in the delivery system [18]. 
New Drug Release Profiles. 
The concept of controlled, sustained and regioselective therapeutic effects of advance drug delivery is 
attained by the effect of novel drug release mechanisms. These processes focus on the rate, duration and 
the site of drug liberation using physical, chemical and biological stimuli. Such systems have been 
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developed and the stability of drugs, target efficiency and patient compliance have been greatly enhanced 
[19]. 
Diffusion-Controlled Systems 
Diffusion-controlled drug delivery systems entrap the drug using a polymeric matrix or membrane as the 
release system is gradual release of the drug depending on the concentration gradients. The drug diffuses 
slowly out of the carrier to the biological environment to deliver the longest levels of treatment. They are 
extensively employed because they are simple, have predictable release kinetics and are able to achieve 
stable drug concentrations with time [20]. 
Erosion-Controlled Systems 
Drug release in systems controlled by erosion is by the gradual degradation or dissolution of the 
polymeric carrier in physiological conditions. The release profile is defined by the erosion rate, making it 
possible to release drugs at a constant and even at a zero-order rate. Such systems usually utilize 
biodegradable polymers, and these polymers are especially applicable to long-term and implantable drug 
delivery systems [21]. 
Stimuli-Responsive Systems 
Smart drug delivery systems are stimuli-responsive or smart, i.e., drug delivery systems that release 
drugs based on a particular stimulus (physiological or external) [22]. 
pH-Sensitive Systems 
These systems take advantage of the differences in pH between different parts of the body, including 
acidic tumor microclimate or the GIT. The controlled release of the drug is caused when the carrier is 
exposed to a certain pH, which allows the targeting of controlled delivery [23]. 
Temperature-Sensitive Systems 
Temperature sensitive systems make use of polymers that experience a phase transition at certain 
temperatures and release drugs when subjected to heat, whether in the form of physiological or external 
heat. These systems can be applicable in localized hyperthermic therapies [24]. 
 Enzyme-Triggered Systems 
Enzyme-sensitive carriers are drugs that liberate under the action of certain enzymes that are present at 
the sites of the disease, i.e. inflamed tissue or tumor. The method varies the drug release to sites and the 
exposure to the system [25]. 
Redox-Sensitive Systems 
Redox-responsive systems are stimulated by changes in the intracellular and extracellular redox state, 
especially high levels of glutathione in the cell. With the help of these systems, intracellular drug release 
can be controlled, which increases the efficacy of therapies [26]. 
The Osmotically Controlled Release. 
The osmotic drug delivery systems rely on the differences in osmotic pressure to maintain the rate of 
drug release at a constant rate. Water gets into the system via a semi permeable membrane which creates 
pressure that causes the drug to push out via a delivery orifice. The systems offer very predictable and 
extended release of drugs which are not very dependent on the conditions of the physique [27]. 
Smart Polymeric Systems 
The Smart polymeric systems are means to combine controlled release, environmental responsiveness 
and biodegradability. These polymers are able to conform to the physiological conditions thus providing 
accurate drug delivery over a long time. Their tunable properties make them ideal in regioselective 
targeting, sustained therapy and improved therapeutic outcomes in current drug therapies [28]. 
 
Carrier Systems Used in Regioselective Delivery 
Carrier systems are the basis of regioselective drug delivery and they allow the targeted localization of 
therapeutic agents, regulated release and protect therapeutics. These systems enhance stability of drugs, 
increases penetration of the drug through the biological barriers and the retention of therapeutic 
concentrations in particular areas [29]. 
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Figure 1. Synergy in Regioselective Delivery 
Polymeric Nanoparticles 
Polymeric nanoparticle is a carrier that is biodegradable and can be used to incorporate drugs inside 
polymer matrix so that they are released in a controlled manner and last longer. They are nanoscale, 
which facilitates greater tissue penetration and efficient drug delivery to areas where it is required [30]. 
Lipid-Based Systems 
Carriers based on lipids like liposomes and solid lipid nanoparticles increase bio-compatibility and 
solubility of drugs. They replicate biological membranes, enhance organizational cellular absorption, and 
targeted therapeutic effect [31] 
Vesicular Systems 
Vesicular systems are bilayer systems that have the capacity of being loaded with hydrophilic and 
lipophilic drugs. These systems are able to offer better permeability, release control, and localization of 
these systems in specific tissues [32]. 
Hydrogels and In Situ Gels 
Hydrogels are three dimensional networks that entrap drugs and release them over time whereas in situ 
gels release through a conversion to gel form in physiological conditions. These systems provide long 
retention of drug at the point of delivery [33]. 
Microspheres and Implants 
Microspheres allow long term diffusion of drugs or erosion of polymer, whereas implants allow long term 
treatment during weeks or months. They are particularly applied to chronic treatment [34]. 
Hybrid Nanocarriers 
Hybrid nanocarriers refer to polymeric and lipid-based nanocarriers that are developed to achieve a high 
stability, targeting and controlled release. Such multifunctional systems are one of the novel platforms of 
selective therapy [35]. 
Formulation Strategies 
Regioselective and sustained drug delivery systems require formulation strategies to develop effective 
systems. A step-by-step systematic and scientific methodology is used to guarantee optimum loading of 
the drug, a regulated release profile, stability, and targeting. Current development of formulations 
combines selection of material, carrier engineering and statistics optimization to obtain high efficacy [36]. 
Rational Design Approach 
The rational approach to design aims at attaining knowledge on drug properties, biological barriers and 
carrier behavior prior to formulation development. With the help of the analysis of physicochemical 
properties and therapeutic goals, appropriate delivery systems and release mechanisms are chosen. Such 
an approach minimizes the trial-and-error exploration and enhances the performance of formulation and 
reproducibility [38]. 
Selection Criteria of Excipients. 
Excipients are selected according to biocompatibility, stability, acceptance by regulatory authorities and 
as substances that will increase solubility, permeability and release inhibition. Commonly used to 
enhance formulation performance is the use of surfactants, stabilizers, polymers as well as penetration 
enhancers to ensure safety and compatibility [38]. 
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Selection and Functionalization of Polymers. 
Polymers are involved in regioselective and sustained drug delivery. The process is based on 
biodegradability, mechanical strength and release properties. Controlling and targeted drug release in 
response to physiological conditions Polymers targeted Functionalization of polymers with responsive 
groups or surface modifiers enhances targeting and controlled drug release [39]. 
Targeting Ligand Incorporation. 
Locating ligands like peptides, antibodies or receptor-specific molecules are attached on carrier surfaces 
to enhance site-specific localization. These ligands improve cellular specificity and cellular uptake and 
hence promote improved therapeutic efficacy and minimization of systemic exposure [40]. 
Design of Experiments (DoE) Optimization. 
DoE is a statistical method that seeks to analyze the input variables in formulation on key quality 
parameters like particle size, drug loading and release profile. It facilitates orderly optimization by doing 
as few experiments as possible to establish strong and repeatable formulation development [41]. 
Methods of Preparation 
The preparation methodology has a significant impact on physicochemical properties, drug loading ability 
as well as release behavior of regioselective drug delivery systems. The choice of a suitable fabrication 
process is made depending on the type of the drug, carrier substance, and the required therapeutic 
outcome. The established as well as the innovative methods of preparation are used to obtain controlled 
and reproducible formulations [42]. 
Evaporation of Solvents Methods. 
The process of solvent evaporation entails dissolution of the drug, and polymer in an organic solvent, and 
emulsification in a water phase. Solvent evaporation causes the formation of solid particles which contain 
the drug. The approach is common to creating nanoparticles and microspheres that have sustained 
release characteristics [43]. 
Emulsification Methods 
The emulsification methods produce dispersed particles of one phase in another immiscible phase 
through the surfactants. The single and dual emulsion systems are used depending on the solubility of the 
drug. Using these methods, it is possible to efficiently encapsulate both hydrophilic and lipophilic drugs 
and control the formation of particles [44]. 
Nanoprecipitation 
Nanoprecipitation is an easy and fast technique as a polymer solution of a drug in a non-solvent is applied 
and the rapid solvent displacement generates the particles immediately. It yields homogenous 
nanoparticles with a high encapsulation capacity and few processing procedures [45]. 
Spray Drying 
Spray drying is used to turn liquid formulations into dry particulate systems by selectively swiftly drying 
the solvents in a hot chamber. The approach is a scalable synthesis of controlled release particles of 
known size which, in turn, can be used in a range of drug delivery projects [46]. 
Microfluidic Techniques 
Microfluidic systems exploit the use of controlled microscale channels to mix formulation components 
with precision leading to uniform and reproducible nanoparticles. The methods provide a better control 
of particle size distribution and formulation consistency [47]. 
The Cutting-edge Fabrication Technologies. 
More sophisticated technologies like electrospinning and 3D printing provide the opportunity to produce 
tailored drug delivery systems with good control of drug distribution and release pattern. Such 
technologies allow building incredibly specific and effective regioselective delivery platforms [48] 
Mechanistic Impressions of Intelligent Drug Given Discharges. 
Sustained release systems and regioselective approaches to drug delivery require the mechanistic 
knowledge of the targeted drug delivery. Such processes regulate the drug carrier passage across 
biological barriers, cell entry, localization of the drug carrier at the target site, and controlled release of 
the drugs. The understanding of such processes assists in optimization of formulation and predictive 
therapeutic outcomes [49]. 
Transport Mechanisms 
Transport mechanisms refer to the way in which drugs or carriers will pass through biological 
membranes and tissues. They are passive diffusion, facilitated transport, active transport, and 
paracellular pathways. Advanced carrier systems are used to improve permeation through stability of 
drugs, enhanced interactions with surfaces and temporary alterations of barrier permeability to enhance 
regioselective targeting [50]. 
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Cellular Uptake Pathways 
Endocytic cellular internalization mainly takes place via a clathrin-mediated uptake, caveolae-mediated 
transport, macropinocytosis, and receptor-mediated internalization. Selective uptake is augmented by the 
incorporation of targeting ligands on carrier surfaces that are incorporated selectively in particular cells. 
Upon internalization, intracellular conditions cause drugs to be released leading to a better therapy [52]. 
Localization and Retention of Tissues. 
Tissue retention The capacity of the drug carriers to stay longer in the targeted part is known as tissue 
retention. This could be by passive accretion in permeable tissues, specific binding to receptors or by 
means of interaction between the local extracellular matrices. The extended localization is a guarantee of 
the long-term therapeutic effect and less systemic exposure [52]. 
Release Behavior Mathematic Modeling. 
Kinetics of drug release out of the delivery systems are mathematically modeled and predicted. The most 
common ones are zero-order, first-order, diffusion-based and empirical equations representing release 
mechanisms. These models can be used to gain insights into the release behavior, how to optimize the 
formulation parameters and to ensure that there is a consistent performance in the therapy [53]. 
New Technologies and Recent Improvements. 
The recent advancements in pharmaceutical sciences have greatly increased the effectiveness and 
accuracy of the regioselective drug delivery systems. Material science, Biotechnology and computational 
tools have facilitated the creation of sophisticated carriers which can provide responsive, controlled, and 
patient-specific therapeutic interventions [54]. 
Smart Nanocarriers 
Smart nanocarriers are designed in a way that they respond to a particular physiological stimulus like pH 
or temperature or enzyme or redox. These systems stay constant in normal condition and deliver drugs 
specifically to target site which enhances therapeutic performance and reduces systemic toxicity [55]. 
Bio-responsive Systems 
Bio-responsive delivery systems make use of biological signals that are found in diseased tissues to 
initiate the release of drugs. They are enzyme sensitive polymers, pH sensitive carriers, and redox 
sensitive nanoparticles. These systems improve pathological microenvironment exploitation, which 
improves site-specific targeting and controlled therapeutic action [56]. 
Individualized Drug Delivery Platforms. 
Personalized drug delivery aims at designing the formulations with attention to the specifics of individual 
patients including genetic profile, disease severity, and pharmacokinetic behavior. Individualized release 
profiles and targeting plans enhance the outcome of treatments and lessens of adverse reactions, favoring 
the development of precision medicine [56]. 
Artificial Intelligence in Formulation Design. 
Tools based on artificial intelligence and machine learning are embraced more often to predict 
performance of formulations, optimize the choice of excipients and model drug release. With these 
technologies, it takes shorter durations of development, minimizes the cost of conducting experiments 
and enhances the strength of formulations with respect to making decisions based on data. 

 
Table 1. Recent Innovations in Smart Drug Delivery Technologies and Their Therapeutic 

Applications 
Technology Key 

Feature 
Mechanism of Action Major 

Advantage 
Application 
Area 

References 
 

Smart 
Nanocarriers 

Stimuli-
responsive 
materials 

Release drug in response to 
pH, temperature, enzymes, 
or redox changes 

High targeting 
precision 

Cancer therapy, 
localized 
infections 

[57] 

Bio-responsive 
Systems 

Pathology-
triggered 
activation 

Drug release in diseased 
microenvironment 

Reduced 
systemic 
toxicity 

Inflammation, 
tumors 

[58] 

Personalized 
Delivery 
Platforms 

Patient-
specific 
design 

Customized dose and 
release profile 

Improved 
therapeutic 
outcome 

Precision 
medicine 

[59] 

Artificial 
Intelligence 
(AI) 

Data-driven 
formulation 
design 

Predicts and optimizes 
formulation parameters 

Faster 
development & 
accuracy 

Drug delivery 
optimization 

[60] 
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FUTURE PERSPECTIVES 
The combination of smart materials, nanotechnology, and biological targeting plans is likely to bring 
regioselective drug delivery systems to a new level. Bio-responsive carriers that can be used in future to 
deliver drugs according to certain physiological needs will also enhance more precise therapeutic 
delivery and minimize systemic side effects. The emergence of personalized medicine will facilitate 
personalized platforms of delivering treatment as per the needs of the patients so as to improve the result 
of dose and treatment [61]. 
In addition, computational modeling and artificial intelligence will be relevant in formulation design and 
optimization, which will speed up the development and enhance reproducibility. The further 
development of scalable manufacturing methods including microfluidics and 3D printing will facilitate the 
commercial fabrication of complicated delivery systems. On the whole, these inventions will put 
regioselective drug delivery in a more efficient, patient-specific, and clinically effective treatment line 
[61]. 
 
CONCLUSION 
Regioselective drug delivery systems can provide a potent method to enhance the level of therapeutic 
efficacy by releasing drugs to targeted areas and attaining sustained release. These innovative systems 
are superior to conventional drug dosages, and improve localization of drugs, decrease systemic adverse 
effects, and elevate patient compliance. Novel release mechanisms, smart polymers and advanced carrier 
technologies have helped a great deal to reinforce controlled and targeted performance in drug delivery. 
The aspects of rational formulation strategy, selection of correct drugs, and contemporary preparation 
methods are important in the provision of stable and efficient delivery platforms. Mechanistic knowledge 
of the transport routes, the cellular uptake, and release kinetics further assist in optimization of the 
system and reliable therapeutic results. Regioselective drug delivery is in the process of transforming 
further to more precise and clinical relevance with the introduction of bio-responsive materials, tailored 
delivery systems, and the use of artificial intelligence to aid the design of the formulations. On the whole, 
the systems are a bright future of the safer, more effective, and sustainable therapeutic treatment in 
various medical applications. 
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