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Abstract: Advanced drug delivery systems integrated with the most novel developments in 

therapeutics have revamped Modern Medicine entirely by redesigning new systems finding entirely 

new answers to ever-widening numbers of medical conditions. Advanced drug delivery system 

review articles to stimulate interest often highlight roles from various such sophisticated drug 

delivery systems, like: liposomes proniosomes; nanoparticles, naso-pulmonary systems. The area of 

liposomal drug delivery remained one of the foundations of modern therapeutics, though 

proniosomes and nanotechnology present new ways concerning stability, bioavailability, and 

controlled release today. New routes of oral drug delivery such as chewable tablets, effervescent 

tablets, and mouth dissolving films offer options for enhanced patient-friendly, non-invasive 

treatments. These advanced drug delivery systems, together with personalized medicine, can be very 

sure that treatments can be created specifically for a particular patient for the greatest potential 

therapeutic benefit. Clinical applications in the pharmacology of antibiotics and herbal medicine in 

urolithiasis also have recorded flexibility in these systems in many clinical scenarios. It is with these 

emerging technologies, which are believed to be more efficient and also targeted as well as precise in 

their mode of action, that the future of drug delivery systems would be powered. Such advancements 

would allow higher precision and potency of therapeutics while this also provides a possibility for 

improved outcomes of personalized health care. 
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1. Introduction to Innovations in Drug Delivery 

DDS are important in filling the gap between the therapeutic potential and clinical outcomes, 

trying to maximize efficacy while minimizing adverse effects. Over time, DDS have evolved into new 

strategies enhancing drug targeting, bioavailability, and patient compliance [1,2]. The next section 

will discuss the evolution of DDS and how advanced therapeutics will shape the future of healthcare. 

1.1. Overview of Drug Delivery Systems 

This has often criticised the traditional drugs delivery routes mainly oral and parenteral for 

inadequate stability and site non-specific drug distribution, badly availing the drugs at the actual site 

of the action. Current times have borne new delivery methods like liposomes, nanoparticles and 

vesicular drug carriers [2,3]. Site -specific targeting control release of a drug and lessen systemic 

toxicity allow drugs to prove more effective towards the therapy [1,3]. 

As Sengar (2023) reported, drug targeting systems comprise targeted drug delivery in a passive, 

active, and stimuli-responsive way towards particular tissues or cells to minimize off-targeting [1]. 

Analogously, liposomes provide a micro-environment for the drug that is encapsulated inside them, 

thus enhancing stability and bioavailability but also provide controlled release [2]. Nanoparticles 

have taken this science forward because now it permits drugs targeted at a molecular level, and this 

brings the possibility of obtaining better therapeutic outcomes [3]. 
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1.2. Importance of Advanced Therapeutics 

Advanced therapeutics incorporate DDS innovation to transform the treatment paradigm in 

several ways. Nanotechnology is one of the foundational elements that have been applied in 

designing systems able to achieve nanoscale precision and crossing of biological barriers to help drug 

targeting [4]. An example is that nanoscale drug and therapeutic delivery especially shows significant 

promise in the treatment of complex diseases like neuro-degenerative disorders and cancer through 

receptor-specific targeting [4]. 

According to Prajapati et al. (2024), such advanced systems not only allow the release of two or 

more drugs simultaneously, sustained delivery, and safety profiling but also hold much value in 

addressing multifaceted medical challenges [4]. Such inclusion of these systems in personalized 

medicine is critical; it ensures tailored solutions maximizing therapeutic outcomes and reducing 

dosing frequency [4]. 

2. Liposomes: A Game-Changer in Drug Delivery 

Liposomes are spherical vesicles consisting of one or more phospholipid bilayers. These have 

proven to be one of the most efficient drug delivery systems in modern therapeutics. The 

encapsulation of both hydrophilic and lipophilic drugs along with biocompatibility has made them 

a versatile tool to address the limitations of conventional drug delivery [6]. This section goes into the 

basics, innovations, targeting strategies, and applications of liposomal drug delivery systems. 

2.1. Fundamentals of Liposomal Drug Delivery Systems 

Liposomal drug delivery systems are the nano- or micro-sized vesicles mainly of phospholipids 

and cholesterol, which form a bilayer structure and can entrap therapeutic agents [6]. Such systems 

have additional advantages such as drug stability enhancement, prolongation of circulation time, and 

control on release. It creates the possibility of simultaneously entrapping large numbers of 

therapeutic molecules in its hydrophilic core with a lipophilic bilayer [6]. 

The structural design of liposomes prevents drug molecules from enzymatic degradation and 

systemic clearance, thus improving their bioavailability. They can be designed according to size, 

charge, and surface functionalization towards site specificity, which provides less systemic toxicity 

and enhanced therapeutic efficacy [6]. These liposomal systems, therefore, are indispensable when 

compared with other drug-delivery agents for cancer, infectious diseases, and genetic disorders. 

2.2. Innovations in Liposomal Drug Delivery Mechanisms 

Most innovations in mechanisms of liposomal drug delivery have been addressed through 

improvement in stability, targeting, and the release profile of a liposomal formulation. These include 

PEGylated liposomes, wherein polyethylene glycol chains attached to the surface decrease 

opsonization and extend circulation time, thus better evading immune system clearance [7]. 

In addition, stimuli-sensitive liposomes have been prepared to deliver the payload at pH, 

temperature, or enzymatic activity by using specific triggers so that drug delivery is controlled at the 

action site [8]. For instance, very recently, temperature-sensitive liposomes were proven to be quite 

effective in the delivery of chemotherapeutic agents to the site of the tumor, while reducing the off-

target toxicity [8]. 

Other developments include ligand-targeted liposomes that target specific receptors 

overexpressed on diseased cells to ensure effective cellular uptake and therapeutic action [7,19]. 

These represent the versatility in the liposomal systems to fulfill the range of therapeutic 

requirements. 

2.3. Advances in Targeting Strategies for Liposomal Delivery 
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Targeting strategies are necessary for the optimal drug release in liposomal delivery. The EPR 

effect is utilized in tumor microenvironments in passive targeting, where leaky vasculature allows 

accumulation of liposomes [9]. 

These targeting strategies better make specificity apparent by conjugating liposomes with 

ligands such as antibodies, peptides, or small molecules selectively bound to receptors on diseased 

cells. For example, modified folic acid liposomes have been described to have enhanced uptake in 

cancer cells that overexpress folate receptors [9]. 

Recent development is the combination of nanotechnology with liposomal systems to produce 

multi-functionalized liposomes that can encompass targeting, imaging, and therapeutic capabilities. 

It has further been able to give more opportunities to personalized and efficient treatments [9]. 

2.4. Applications of Liposomal Systems in Personalized Medicine 

This adaptability has put liposomal systems at the very core of personalized medicine, a therapy 

customized according to the individual’s needs. Precise dosing of drugs based on the patient’s genetic 

and molecular profile minimizes the variability in response to the drug [10]. 

According to Sengar (2024), there has been a growing use of liposomal formulations in cancer 

therapy due to the reduction in the systemic toxicity resulting from the encapsulation of cytotoxic 

drugs within these vesicles while maximizing efficacy [10]. There is also the use of liposomes for gene 

therapy whereby DNA or RNA molecules are encapsulated within the vesicles to enable targeted 

delivery to diseased cells [10]. 

Other researchers regard the possibility of tailoring liposomal therapies with cardiovascular and 

neurodegenerative diseases as research applications. The purpose of which clarifies how therapies 

based on liposomes highly contribute to treating complicated clinical diseases [10]. 

3. Nanotechnology in Drug Delivery 

Drug delivery systems have really evolved through the technology of nanotechnology. Its 

advancement allows specific targeting, increase bioavailability and increased therapeutic outputs. 

Through nanoparticle carriers like nanoparticle, design issues are given for improved bioavailability 

[4]. 

3.1. Nanoparticles: Design and Applications in Advanced Therapeutics 

Nanoparticles fall between 1 and 100 nanometers and have applications in drug delivery; these 

nanoparticles are fabricated to enhance the controlled release and stability of drugs, as well as target 

the drug delivery sites [4]. Drug delivery systems comprise polymers, lipids, or metals for many 

medicinal applications. 

Applications include cancer therapies, where nanoparticles target the tumors while reducing 

systemic toxicity, and vaccine delivery systems that improve immunogenicity. In addition, 

nanoparticles fight drug resistance in infections and target cardiovascular plaques, among many 

applications [4]. 

3.2. Role of Nanotechnology in Precision Medicine 

The possibility of personalized medicine is opened by nanotechnology because it designs 

systems that deliver drugs to specific tissues or cells and reduces variability in treatment outcomes 

[1]. Ligands such as antibodies on functionalized nanoparticles selectively target diseased cells while 

sparing healthy tissues [2]. 

Responsive nanoparticles release drugs based on pH or temperature stimuli, further narrowing 

the time of application. Such developments illustrate potential applications of nanotechnology 

toward realizations of personalized and effective treatments [1,2]. 
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4. Exploration of Vesicular Systems Beyond Liposomes 

Vesicular systems have revolutionized the drug delivery industry, and for several decades, 

liposomes have been there at the center. However, beyond the liposomes, quite a number of other 

vesicular systems have emerged and therefore have some advantages that make them alternatives. 

This section is proniosomes, core concepts, benefits, and progress compared to the traditional 

vesicular systems. 

4.1. Proniosomes: Core Concepts and Their Benefits 

Proniosomes are water-based niosome precursors that contain the surfactant-based systems like 

vesicular drugs. The niosome of proniosome, when it will get hydrated in the presence of water, 

makes vesicles distinct from traditional drug delivery carriers as the niosomes prepared using lipid. 

However, the basic unit consists of a non-ionic surfactant in combination with other additives and 

cholesterol for improving stability and encapsulating drugs [14]. 

The major advantages of proniosomes are its dry powder formulation, which in turn enhances 

its stability and shelf life compared with conventional liposomal formulations. With hydration, it 

rapidly becomes niosomes, allowing the preparation as an easy and stable drug delivery system that 

also favors transportability. The drug-delivery system can be used to administer a wide range of 

drugs from hydrophilic to lipophilic molecules that provide versatility in diversive therapeutic 

applications. This can be orally, transdermally, and intravenous drugs [14]. 

Proniosomes have also shown better bioavailability and patient compliance because of their non-

invasive nature and specificity to target tissues. They are also coming into the fore for use in 

personalized medicine where they can be engineered to work at a local site with the release of drugs 

as per local conditions. 

4.2. Comparative Advances in Vesicular Delivery Systems 

Although extensive study and widespread application have been utilized with liposomes, newer 

alternatives in vesicular systems such as proniosomes offer many advantages. Comparing the 

stability drug release profiles along with therapeutic applications of proniosomes, niosomes, and 

liposomes as cited by Sengar (2024) depicts the following [10]. 

For instance, proniosomes are more stable than liposomes, which commonly degrade soon after 

incorporation into the aqueous mediums. This stability makes proniosomes very advantageous in the 

preparation of drugs that require longer shelf lives or those that are transported without refrigeration. 

Moreover, proniosomes can be modified to obtain better release profiles from the drugs contained 

within them. Such profiles may give either sustained or controlled release for long therapeutic effects 

[10]. 

These vesicular systems have also, with advancements in formulation techniques, become much 

more effective within the clinical realm, such as through the addition of nanoparticles and targeted 

drug delivery mechanisms. With versatility and adaptability, these delivery systems will not be too 

long before advanced therapeutics development uses them as a more reliable and customizable 

answer to drug delivery challenges. 

5. Naso-Pulmonary Drug Delivery Systems 

Naso-pulmonary drug delivery systems have extensively been studied along with their possible 

full functionality for curing respiratory diseases. Such direct-acting respiratory system systems hold 

more advantages as compared to the oral or injectable systems. The mechanisms, advantages, 

challenges, and future prospects of such systems in this area are discussed here. 

5.1. Mechanisms and Benefits for Respiratory Therapeutics 
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It deals with the delivery systems of the drug to the lungs through inhalation. It directly offers 

access to the respiratory tract where drugs are absorbed immediately [5]. These systems of drug 

delivery made to the lungs in the form of aerosols, dry powders, and nebulizers work systemically 

or locally. 

With naso-pulmonary delivery, there are rapid onset of action, improved bioavailability of the 

drug, and fewer systemic side effects. For diseases such as asthma, COPD, and pulmonary infections, 

it increases the therapeutic efficacy because it targets the site of the disease and opens the route for 

many future treatments [5]. The lungs also serve as the best absorption site for drugs with high 

surface area and rich blood supply, enhancing the delivery efficiency of drugs. 

5.2. Challenges and Future Directions in Naso-Pulmonary Delivery 

Despite the advantages mentioned above, there are numerous challenges associated with naso-

pulmonary drug delivery systems. The main challenge is the variability in drug deposition and 

absorption resulting from particle sizes, inhalation techniques, and lung conditions [5]. The other 

challenge is the development of stable and effective drug carriers which could reach the lungs 

without degradation. 

Some of the possible directions in this area include enhancing the specificity of drug targeting 

within the lung. Increasing the stability of formulations and finally solving compliance problems will 

be very crucial with patients. Further improvement in nanotechnology and aerosolization would 

optimize these systems for better curation of those diagnosed with respiratory diseases [5]. 

6. Novel Oral Drug Delivery Systems 

The demand for more patient-centric drug delivery solutions, which would further provide 

increased compliance and convenience, hence motivated further progress in oral drug delivery 

systems. The rest of this section discusses some recent innovation relating to chewable tablets, 

effervescent tablets, and mouth-dissolving films. 

6.1. Chewable Tablets: Innovations and Consumer-Centric Approaches 

Chewable tablets have become very popular as a dosage form, especially in pediatric and 

geriatric patients, because they are easier to use and improve patient compliance [12]. Innovations of 

chewable tablets focus on taste masking that is critically associated with enhancing the patient 

acceptability for taking challenging medicines to be swallowed. Other novel developments are the 

new excipients that help the formulation dissolve quickly and enhances bioavailability. 

Further, controlled-release mechanisms provide for the delivery of drugs administered through 

chewable tablets to be slowly released and dispensed. Thus, there would be improved drug release 

that would make the patients respond with lesser side effects and, hence, an enhancement of the 

results [12]. 

6.2. Effervescent Tablets: Benefits and Formulation Strategies 

Another innovative oral drug delivery system is effervescent tablets. These are made to 

disintegrate in water, releasing carbon dioxide that forms a fizzy solution. This imparts a palatable 

character to the drug [13]. Effervescence provides an enhanced mechanism for improving the 

solubility of poorly water-soluble drugs, thereby enhancing their rates of absorption and more rapid 

onset of action. 

Formulation strategies for effervescent tablets have been optimized toward balancing the levels 

of the effervescent agents, acid, and base while stabilizing active pharmaceutical ingredients and 

controlling the release rate. These systems are particularly useful for patients who have difficulty in 

swallowing or who require rapid relief, such as in pain management or antacid therapy [13]. 

6.3. Mouth-Dissolving Films: Enhanced Patient Compliance 
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Mouth-dissolving films are an emerging oral delivery system dissolving on the tongue within a 

short duration without any requirement for water intake [11]. Such kinds of films are obviously very 

convenient for patients suffering from dysphagia or for the administration of some medicines in the 

most secretive manners. The recent advances in film technology have improved the stability, taste 

masking, and drug release profiles to ensure uniform therapeutic effects. 

Such oral dissolving films have a few obvious advantages. One of them is that they are easy to 

use-one quick onset of action, maximum patient compliance. They are supposed to hold enormous 

promise for treatments like motion sickness, nausea, and analgesia where speedy absorption is 

imperative [11]. 

7. Advanced Applications in Clinical Therapeutics 

Drug delivery innovations are pushing new therapeutic agents development forward and 

changing the clinical management of many diseases. The rest of this chapter is divided into two parts, 

one on clinical pharmacology in antibiotics, where mechanism and resistance are discussed and the 

use of herbal medicine in treating urolithiasis is discussed. 

7.1. Clinical Pharmacology of Antibiotics: Mechanisms and Resistance 

Antibiotics will continue to form the cornerstone in the treatment of bacterial infections, but 

increasingly arising problems are those of antibiotic resistance in clinical therapeutics [15]. The 

mechanism of action for antibiotics involves interfering with bacterial cell wall synthesis or protein 

synthesis, and once these are understood, then their performance is enhanced. However, the 

development of resistance mechanisms has complicated treatment schemes with bacterial enzyme 

mutations, efflux pumps, and alterations in drug targets. 

With growing resistance, drug delivery systems come under the spotlight. Targeted and site-

specific formulations improve stability at the infection site, reduce side effects, and decrease systemic 

exposure [15]. The hope is that through linkage with novel antibiotics, clinicians can perhaps preserve 

the effectiveness of our present therapies and fight against resistance. 

7.2. Herbal Medicine: Advancements in Urolithiasis Treatment 

Such medications have been in use for a long time in folk medicine to cure various diseases, 

including urolithiasis or stone formation in the kidneys. Nowadays, researchers mainly concentrate 

on making the best of plant-based preparations, such as Tribulus terrestris, which is confirmed to 

inhibit the formation of stone masses and help to dissolve them [16]. 

The delivery systems for herbal medicine have advanced with the encapsulation of active 

compounds in nanocarriers, which enhance the bioavailability and therapeutic efficacy. Such 

delivery systems enable the use of targeted delivery of drugs to the kidneys, thereby making 

treatments more effective with fewer side effects generated [16]. This is a new approach toward better 

management of urolithiasis and other renal disorders by using traditional knowledge combined with 

modern delivery techniques. 

8. Future Directions in Drug Delivery 

The future of medicine is going to be redefined with new therapeutic strategies and personalized 

approaches with the advancement of drug delivery technologies. A part of this section discusses 

emerging technologies and next-generation therapies, as well as growing importance of 

personalization in advanced therapeutics. 

8.1. Emerging Technologies and Next-Generation Therapies 

Nanocarriers, biomolecular delivery systems, and gene therapy are the next promising drug 

delivery technologies to open new ways of treatment for those affected with complex diseases [1,4]. 
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These technologies are going to overcome the limitation in the application of traditionally applied 

drugs. Nanotechnology allows for the controlled and sustained release, thus improving drug efficacy 

and minimizing side effects [4]. 

Furthermore, the next-generation therapies include CRISPR-based gene editing and RNA-based 

therapies, which might be able to address previously untreatable conditions, such as certain genetic 

disorders and cancers. Clinical therapeutics is likely to change as these high-tech therapies along with 

advanced delivery systems are being used. 

8.2. The Role of Personalization in Advanced Therapeutics 

Future directions in drug delivery include tailoring therapies according to the specific genetic 

and molecular profile of the individual patient [2,9]. Personalized medicine ensures that the patient 

is given the most appropriate therapy to optimize treatment outcomes with minimal adverse effects. 

Development in diagnostic tools, genetic testing and search for a biomarker, allows for targeting in 

the most precise manner and in dosing regimens for individuals [2,17,18]. 

With these systems, such as liposomes and nanoparticles, that provide targeted drug delivery 

based on a specific patient requirement, the system also increases accuracy in treatment. Therefore, 

how the field would be taken further into advanced drug delivery systems, integrated with 

personalized medicine, would be the next horizon of developments. Advanced drug delivery systems 

would soon revolutionize health care [9,20,21]. 

Conclusion 

In short, drug delivery systems and advanced therapeutics really have made great strides. 

Advanced formulations enter the pipeline to revolutionize the look of modern medicine. Be it the 

liposomal systems which are more classical or proniosomes, more recent, the drugs become better 

targeted, efficient, and easily accessible to patients. Another enhanced component of this delivery 

system is by the application of nanotechnology. It increases the correctness level of treatment 

application toward personalizing the therapy with the unique needs of an individual. Naso-

pulmonary drug delivery has evolved the concept toward respiratory diseases and orally 

administered drug delivery systems like chewable tablets, effervescent tablets, and mouth dissolving 

films enhance patient compliance and even make it more rewarding to patients. 

These range from antibiotic pharmacology to herbal medicine for the treatment of urolithiasis 

and are, therefore, enormous scope areas of several drug delivery technologies for clinical 

therapeutics. Vesicular systems more than liposomes like proniosomes open new vistas since the 

drugs show much better stability coupled with the advantage of controlled and targeted release; this 

indeed marks one of the potential areas to be further pursued. Looking ahead, emerging technologies 

and personalized medicine shall redefine the future of drug delivery to precision, efficiency, and 

patient-centered care. 
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