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Abstract 

The increasing need for treatments that are safer, more patient-friendly, and more effective has given NDDS significant impetus in recent years. 

Due to rapid metabolism, enzymatic degradation, or poor permeability across biological barriers, traditional dosage forms frequently fall short of 

achieving optimal therapeutic levels. In order to address these problems, NDDS uses novel materials and delivery systems that make it easier for 
medications to overcome physiological obstacles. For instance, hydrophilic and lipophilic medications can be encapsulated in nanocarrier systems 

like liposomes and polymeric nanoparticles to improve cellular uptake while preventing degradation. Active targeting, in which ligands direct the 

medication directly to diseased tissues to reduce off-target effects, is made possible by their capacity to be surface-modified. The drawbacks of 
conventional drug delivery, such as low bioavailability, instability, rapid drug release, and fluctuating plasma concentrations, are addressed by 

novel drug delivery systems (NDDS), a state-of-the-art technique. This study emphasises the evolution, significance, and applications of NDDS 

in modern therapies. The article discusses a range of carrier-based systems, including liposomes, nanoparticles, microspheres, and niosomes, as 
well as transdermal techniques like sonophoresis, osmotic pumps, and microencapsulation. The key features, advantages, disadvantages, and 

factors influencing NDDS performance are examined. Particular focus is placed on the composition, production processes, and potential for 

targeted, controlled, and long-term drug delivery of polymeric nanoparticles and liposomes. Thanks to advancements, NDDS plays a 
revolutionary role in improving therapeutic efficacy, patient compliance, and overall therapy outcome. In a similar vein, sophisticated transdermal 

delivery methods improve therapeutic consistency by avoiding first-pass metabolism and offering sustained release. The skin barrier is 

momentarily disrupted by methods like sonophoresis and microneedle arrays, allowing larger or hydrophilic drug molecules to effectively 
penetrate. Osmotic pumps provide long-lasting and consistent dosing by ensuring controlled release based on osmotic pressure differences. 

NDDS continues to develop towards precision and personalised medicine as research advances, providing individualised treatments that are in 

line with the needs of each patient and particular disease profiles. This development emphasises how important NDDS will be in determining 
how pharmaceutical therapy develops in the future. 

Keywords: Sustained release, NDDS, nanoparticles, drug release, bioavailability. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under the 
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 

(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 

original work is properly credited. 

 

Introduction

The goal of innovative drug delivery systems is to continuously 
deliver drugs to the bloodstream at predictable and repeatable 

kinetics over an extended period of time. There are many different 

grade levels of New Drug Delivery System (NDDS) carriers. The 
problems with traditional formulations include overdose, 

instability, initial effects, fluctuations in plasma concentration, and 

fast release. Basic: Efficacy, protection, patient compliance, and 
product shelf life. These issues will be handled by NDDS. The 

drug delivery landscape is undergoing a dramatic transformation 

with the introduction of Novel Drug Delivery Systems (NDDS), 
which promise a new era of precision and efficacy in therapeutic 

treatments. By examining the most recent findings, advancements, 
and their potential to fundamentally alter how we use and 

administer medications, this comprehensive analysis seeks to 

unravel the intricate web of NDDS.[1-5] Poor patient adherence, 
off-target effects, and inadequate bioavailability have historically 

plagued conventional medication administration methods. Novel 

drug delivery systems are new methods used in modern medicine 
when certain drugs don't work well for serious illnesses. To ensure 

controlled drug distribution, this approach either combines the  
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medication with a carrier or modifies the drug's molecular 

structure. These will control the drug's efficacy, toxicity, 

immunogenicity, pharmacokinetics, and pharmacodynamics. Once 
only a fantasy, a novel way of delivering medication is now a 

reality. Developing new drugs with safe and effective treatments 

has been standard procedure, but it has been very costly, time-
consuming, and labour-intensive. Because the drug acts 

appropriately at target areas, it was later found that the drug's 

distribution within the biological system has a significant impact 
on the system's efficacy and safety. Nowadays, people are paying 

more attention to nanoparticles as they become more aware of their 
advantages for the environment and how they affect human health 

and environmental sustainability.[7-10] Numerous methods are 

used in a wide range of applications to create nanoparticles. 
Nanoparticles range in size from 10 to 100 nm. When producing 

nanoparticles, a variety of factors must be taken into account, such 

as release pattern, size, and surface characteristics that define the 
specific surface. Understanding the effects of using the right 

medication on quality and cost is also crucial. For example, 

polymeric nanoparticles may contain proteins or drugs. These 
bioactive substances may be retained in the polymer matrix in solid 

or solution form, or they may be chemically or physically present 

on the surface.[5] The process of preparing nanoparticles can 
involve the use of drugs for premade nanoparticles. These 

bioactive substances may be trapped as solid solutions or particles, 

or they may be chemically or physically bonded to the particle 
surface.These bioactive compounds can be chemically or 

physically bonded to the particle surface, or they can be trapped as 

solid solutions or particles in the polymer matrix.While the 

nanoparticles are being manufactured, the medicine or drugs can 
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be added. Both biodegradable and non-biodegradable polymers can 
be used to create drug-carrying nanoparticles. This thorough 

analysis explores the fascinating realm of NDDS, revealing its 

mysteries and demonstrating its revolutionary potential. The 
different nano drug carriers are displayed in the list below.[9,1] 

 

 

 

 

 

 
Fig 1:Classification of Drug Delivery System 

 Definition  

Novel Drug Delivery Systems (NDDS) are cutting-edge methods 

and tools created to improve pharmaceutical safety, therapeutic 
efficacy, and patient compliance. These technologies enable 

controlled release, target specific body regions, and increase the 

bioavailability of medications.[11-14] 

Features of Novel Drug Delivery System 

1. Increase the bioavailability 

2. Easy to administer, safe and reliable. 
3. Deliver the medication in a controlled  

4. economical manner.[1] 

5. Factors affecting NDDS 
6. Chronic therapy 

7. Physicochemical property of drug molecules are of the main 

factor of drug efficiency. 
8. Site of action 

9. The disease level 

10. NDDS also differ on Route of drug administration[15] 

Advantages of novel drug delivery system  

It offers consistent delivery. 

The distribution of tissue macrophages was enhanced by NDDS. 
Drugs are protection from physical and chemical degradation. 

Enhancement of pharmacological activity. 

Enhancement of drug stability.[13] 
 Disadvantages of novel drug delivery system 

Requires highly sophisticated technology for the formulation of 

NDDS drugs. 
requires skilled man power for manufacturing, storage and 

administration. 

Dose dumping can occur. 

The immune reactions can be occurred against intravenous 

administered carrier systems. 

Difficult to maintain stability of dosage forms. 

Drug loading can be slow.[16-19] 

Carrier based Drug Delivery System 

A Liposomes  

B) Nanoparticles  

C) Microspheres  
D) Niosomes  

Transdermal Drug Delivery Systems  

Sonophoresis 
Osmotic pump  

Microencapsulation 

Carrier based Drug Delivery System 

LIPOSOMES- Liposomes are a type of vesicle made up of one, 

several, or many phospholipid bilayers. Polar medicinal molecules 

can be encapsulated due to the polar nature of the liposomal core. 
Depending on their affinity for the phospholipids, amphiphilic and 

lipophilic compounds are solubilized within the phospholipid 

bilayer. Niosomes are produced when nonionic surfactants, rather 
than phospholipids, participate in the bilayer building process. 

Channel proteins function as a size-selective filter that only permits 

the passive passage of tiny solutes such ions, nutrients, and 
antibiotics within the hydrophobic domain of vesicle membranes 

without losing their activity. Consequently, drugs enclosed in a 

nanocage functionalised with channel proteins are effectively 
protected from the early degradation caused by proteolytic 

enzymes. Nonetheless, the drug molecule can diffuse through the 

channel due to the concentration difference between the inside and 
outside of the nanocage. These "smart" liposomes may be used to 

treat inflammatory diseases or infections that require precise 

temporal and spatial control of drug release. Despite its 

advantages, issues like high production costs and potential 

instability during storage are also being looked into.[20-22]

 

Material Used:- 

Diethyl ether or ether/methanol mixture 

 

 
 

Fig 2: Structure of Liposome 

Manufacturing of liposomes 

There are several ways to formulate liposomes. The final features of liposomes are significantly influenced by the phospholipid type and the 

manufacturing procedure. The processes used to create liposomes can be divided into: 
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The Bangham method of thin-film hydration 

Using a round-bottom flask, all lipids and the hydrophobic medication are dissolved in an appropriate organic solvent. A thin film layer was then 

produced as the organic solvent gradually evaporated at lower pressure. The produced thin film is subsequently hydrated using an aqueous buffer 

solution at a temperature greater than the transition temperature (Tm) of the used lipid. A hydrophilic material or drugs to be added to the 
liposomes' aqueous core may be present in the hydration solution. The effectiveness of drug encapsulation is influenced by the rate of hydration. 

A slower rate of hydration results in an increase in encapsulation efficiency. Particle distributions, lamellarity types, and liposome resizing can be 

controlled by either extrusion through polycarbonate membranes with particular pore sizes or bath or probe sonicators. Compared to sonication, 
the extrusion method yields more stable liposomes with higher encapsulation efficacy. In addition to producing SUV liposomes, sonication can 

hydrolyse or degrade encapsulated medications and/or lipids.[23-25] 

 

 
 

 

Fig 3:Thin Film Method 

Reverse  phase evaporation  technique  

The reverse phase evaporation method is based on inverted micelles or water-in-oil emulsions, in which the organic phase is made up of lipids to 
form liposomal bilayers and the aqueous phase contains the drugs of interest. To make lipid films, we place this lipid mixture in a flask and allow 

the solvents to evaporate. The lipid films are then dissolved again using the organic phase, which is primarily made up of isopropyl and/or diethyl 

ether. A homogeneous dispersion is produced by the sonication that follows the addition of the water phase, which produces a two-phase system. 
As the organic solvent gradually evaporated, the mixture solidified into a thick gel that contained liposomes in an aqueous suspension. Higher 

internal aqueous loading is one advantage of the reverse phase evaporation method over the thin-film hydration method. Even though some 

organic solvent may still be present and could interact with the lipids or the drugs, methods like centrifugation and dialysis can be used to remove 
it 

 

 

 
Fig 4: Flow Chart of Reverse Phase Evaporation Method 

Type, Description, Benefits, Applications 

NANOPARTICLES 

Nanoparticles, which include nanospheres and nanocapsules with sizes between 10 and 200 nm, can be crystalline or amorphous in their solid 
state. They can adsorb or encapsulate a drug, protecting it from chemical and enzymatic degradation. Nanocapsules are vesicular systems in 

which the drug is enclosed in a cavity with a unique polymer membrane, whereas nanospheres are matrix systems in which the drug is physically 

and uniformly distributed. Drug-carrying nanoparticles can be made from both biodegradable and non-biodegradable polymers. Due to their 
potential for controlled drug release, targeting particular organs or tissues, acting as DNA carriers in gene therapy, and delivering proteins, 

peptides, and genes orally, biodegradable polymeric nanoparticles have attracted a lot of attention as potential drug delivery vehicles in recent 

Type Description Benefits Applications 

Conventional 

Liposomes 

 

Drug delivery for variety of disease, and disorders. Enhanced drug solubility, bioavailability, controlled delivery 

potential. 

Cationic Liposomes Gene therapy, DNA delivery, non-viral vector 

delivery. 

Efficient gene transfection, enhanced cellular uptake,potencial 

for targeted delivery. 

Steath Liposomes Cancer therapy, drug delivery to specific tissues. Reduced clearance by reticuloendothelial system, longer 

circuation time improved tumor targeting. 

 

Stimui-Responsive 

Lisosomes 

 

 

Targeted drug delivery to diseased tissue 

controlled release based on biological cues 
 

 

Enhanced therapeutic efficacy reduced side effects, imoproved 

drug targeting potencial. 

Multifuntional 

Liposome 
 

Targeted therapy for specific disease diagnosis and 

treatment integration. 

Increased drug delivery efficacy, real-time tracking of drug 

delivery, personalized medicine potencial. 
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years. Due to their potential for controlled drug release, targeting particular organs or tissues, acting as DNA carriers in gene therapy, and 
delivering proteins, peptides, and genes orally, biodegradable polymeric nanoparticles have recently attracted a lot of attention as potential drug 

delivery vehicles.[20] These particles have the ability to penetrate the epithelial tissue of tiny blood vessels and penetrate deeply into the tissues. 

They can enter the systemic circulation without forming platelet aggregates. They have a large surface area due to their smaller particle size, 
which speeds up drug release. Drug delivery rate and particle integrity can be modulated and controlled using engineered carriers, which can be 

triggered by changes in the pH of the surrounding environment, chemical stimuli by applying a engineered carriers allow for the modulation and 

control of drug delivery rate and particle integrity, which can be triggered by changes in the pH of the surrounding environment, chemical stimuli 
through the application of a fast oscillating magnetic field, or an external heat source. Drug delivery systems make substantial use of 

nanoparticles. They can offer regulated release, encapsulate medications, and shield them from deterioration. The selective accumulation of 
nanoparticles in tumor tissues is made possible by the increased permeability and retention (EPR) effect. Because of their special qualities and 

prospective uses in a variety of industries, nanoparticles are still the subject of substantial research.[26-30] 

Composition:  

Depending on their intended function, nanoparticles can be made of a variety of materials. Gold, silver, silica, polymers, and lipids are examples 

of common materials. Every material has unique qualities that can be customised for specific uses. 

Types:  

Organic Nanoparticles:- 

Liposomes 

Dendrimers 
Polymers 

Micelles 

Emulsion 
Nanogel 

Inorganic Nanoparticles:- 

Gold NP 
Silica NP 

Quantum dot NP 

Iron NP 
Carbon-based:- 

Carbon nanotubes 

Fullerene 
Graphene 

 
Fig 5: The schematic classification of Nanoparticles 

Method of Preparation 

The two main categories of nanoparticle manufacturing methods are polymerization of monomers and dispersion of premade polymers. The 

following are some methods for spreading premade polymers: 

Salting out/emulsion diffusion method. 
Spontaneous emulsification method. 

Nonaqueous phase separation method. 

Solvent evaporation method.[29] 

Microspheres  

One drug delivery method that has been extensively studied in cancer chemotherapy is microspheres. They are essentially solid porous particles 

(diameters ranging from 1 to 100 μm) that can both target their drug load by physically capturing it in blood vessels (chemoembolization) and 
sustain the therapeutic agent's effect through controlled-release polymeric materials, such as proteins, polysaccharides, polyesters, and lipids, 

using a variety of methods (emulsification, thermal stabilization, and phase inversion technology).[29,17] 

METHOD OF PREPARATION: 

The various methods of preparations are: 

Emulsion Solvent Evaporation Technique 

Using this technique, the drug is dissolved in a polymer that has previously been dissolved in chloroform. The resulting solution is then added to 
an aqueous phase that contains 0.2 percent sodium PVP as an emulsifying agent. The medication and polymer were separated into fine droplets 

after being agitated at 500 rpm. These droplets were then collected by filtration, rinsed with demineralized water, and allowed to dry for a full day 

at room temperature. Solvent evaporation produced the solidified microspheres.[21] 
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Fig 6:- Microspheres by Solvent Evaporation Technique[29] 

Transdermal Drug Delivery Systems:  

Sonophoresis    

Sonophoresis, also known as phonophoresis, is a non-invasive technique that uses low-frequency ultrasonic waves to improve the passage of 

drugs or other therapeutic materials through biological barriers, primarily skin. This method greatly accelerates the absorption of topical 

medications (transdermal administration) into the skin's dermis, epidermis, and appendages by using ultrasonic radiation. It's a promising way to 
deliver medications to specific target areas, boost bioavailability, and potentially reduce side effects. Hospitals frequently use sonophoresis to 

administer medication through the skin. In order for the ultrasound transducer to deliver ultrasonic energy to the skin, chemists combine the 
medications with a coupling agent (gel, cream, or ointment).[30-35] 

Mechanism of Action 

Although sonophoresis has attracted a lot of attention lately, its mechanisms remain unclear. acknowledged, taking into account the potential for 
several incidents following ultrasound exposure. These include: 

Cavitation (gasbubble production and oscillation). 

Convective transport is induced. 
Thermal effects (raising the temperature). 

 

 
 

Fig 7: Process Of Sonophoresis 

Osmotic pump  

The osmotic pump is a drug delivery device that uses osmotic 

pressure to deliver a controlled and consistent rate of drug release 

over an extended period of time. These allow the drug to be 
administered gradually as a suspension or solution because they 

have one or more drug delivery pores in a semi-permeable 

membrane covering them. The core of an oral osmotic system is a 
compressed tablet covered in a semi-permeable membrane through 

which delivery orifices are drilled using a laser beam or a 

mechanical drill. Numerous gastrointestinal factors have no effect 
on these regulated systems, which depend on osmosis and osmotic 

pressure. But it's crucial to remember that several crucial elements, 

such as drug solubility, delivery holes, osmotic pressure, and semi-
permeable.[11] However, it is important to keep in mind that a 

number of critical factors, including drug solubility, delivery 

orifices, osmotic pressure, semi-permeable membrane, and others, 

influence the design of osmotically controlled drug delivery 
systems, including membrane thickness, plasticizer type and 

quantity, and polymer type and nature.[19] 

Mechanism: 

The drug solution or suspension is forced through a delivery 

aperture at a regulated rate by this pressure. 

This layer protects the enclosed material from outside influences 
and regulates its release. 

The device is made up of a semi-permeable membrane that 

encloses a compartment that holds the medication and an osmotic 
agent. 

Osmotic pressure is produced when the system is exposed to 

bodily fluids because water seeps through the membrane and into 
the apparatus. 

The active substance is surrounded by a protective coating, usually 

comprised of polymers, lipids, or proteins.[10,27] 
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Fig  8:The Rose–Nelson pump

Microencapsulation 

Small liquid or solid droplets or particles are covered or encased 
with a continuous polymeric layer during the microencapsulation 

process. The gelatin coacervation process was initially used to 

produce gelatin spheres for the microencapsulation technology, 
which was created by Bungen burg de Jon and Kan in 1931. The 

controlled drug delivery system has been used to lessen the 
negative effects of traditional therapy and increase the therapeutic 

efficacy of a specific medication. The active component must be 

delivered to the target tissue at the ideal rate in order to optimise 
therapeutic efficacy and reduce toxicity and side effects.[28] It is 

possible to convert liquids into solids, modify surface and colloidal 

characteristics, safeguard the environment, and alter the release 
characteristics of various coated materials. Liquids can be 

transformed into solids, surface and colloidal properties can be 

changed, the environment can be protected, and the release 
characteristics of different coated materials can be controlled with 

the help of microencapsulation. Micromanaging techniques can 

accomplish some of these features in contrast to 
microencapsulation, which uses tiny coated particles to create a 

wide range of dosage forms.[4] 

Purpose for Microencapsulation:  

Isolation of the core from its environment, such as separating 

vitamins from oxygen's degrading effects. 

Preventing a volatile core from evaporating. 

Making a sticky material easier to handle.  

Preventing chemical attack on a reactive core. 
To handle hazardous items safely.  

To obtain a targeted medication release.[10] 

Benefits of Microencapsulation:-  

Reduces the frequency of doses, which increases patient 

compliance.  
The ability of microspheres to target tumours with anticancer drugs 

has attracted a lot of attention.  

Under controlled circumstances, solid biodegradable microspheres 
can release medications throughout the particle matrix.  

A reliable way to get the drug to the right place and maintain the 

necessary concentration there without having negative side 
effects.[29] 

The drawbacks of microencapsulation:  

It is challenging to produce a consistent, continuous film. 
Needs expertise.  

The procedure is costly.  

Techniques for Microencapsulation 
Techniques for solvent evaporation 

Pan coating  

Congealing and spray drying  
Multi-orifice centrifugal method  

Phase separation during coacervation 

Air suspension[36-40] 

 

 

 
 

 

Fig 9: The microencapsulation process 

 

 

  

http://www.ijhcr.com/


International Journal of Health and Biological Sciences, 2026;9(2):11-18                                                e-ISSN: 2590-3357 

 

______________________________________________________________________________________________________ 

________________________________________________________________________________________________________  

Chaudhary et al             International Journal of Health and Biological Sciences, 2026; 9(2):11-18 

www.ijhcr.com                                                                                                                                                                          17 

Conclusion 

Future developments in interdisciplinary sciences like 

biotechnology, molecular engineering, materials science, and 

artificial intelligence will have a significant impact on NDDS. 
These developments are making it possible to develop intelligent 

delivery systems that can precisely release medications when and 

where they are needed by reacting to physiological cues like pH, 
temperature, enzymes, or external stimuli. These stimulus-

responsive nanoparticles and hybrid delivery systems have 
enormous potential for treating complicated illnesses where 

traditional treatments frequently fail, such as cancer, 

neurodegenerative diseases, and chronic inflammatory conditions. 
By overcoming the drawbacks of conventional drug delivery 

techniques, novel drug delivery systems mark a substantial 

breakthrough in the pharmaceutical industry. By increasing 
medication stability, targeting effectiveness, controlled release, and 

bioavailability, NDDS improves therapeutic performance. While 

transdermal techniques increase the number of non-invasive 
delivery alternatives, carrier-based systems like liposomes and 

nanoparticles offer creative ways to transfer and safeguard 

medications. NDDS continues to advance with continued research 
and technology advancements despite obstacles such formulation 

complexity, stability problems, high manufacturing costs, and 

possible immunological reactions. NDDS is anticipated to further 
transform drug administration by providing safer, more efficient, 

and patient-friendly therapy options as cutting-edge materials and 

engineering processes advance. Additionally, NDDS innovations 
are expected to have a significant positive impact on personalised 

medicine. Customising drug carriers to each patient's unique 

genetic, biochemical, and physiological profile can greatly enhance 
treatment results while reducing side effects. Theranostic systems, 

which integrate therapy and diagnostics on a single platform, may 

also result from the integration of NDDS with diagnostic 
instruments like imaging agents or biosensors. To guarantee that 

these technologies are more widely accessible, cost-effective 

production techniques, improved quality-control methods, and 
regulatory changes will be crucial. NDDS will continue to 

transform the pharmaceutical industry by providing safer, more 

focused, and more effective therapeutic solutions for a wide range 
of medical conditions as these issues are progressively resolved.  
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