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Abstract 

Drug delivery systems play a crucial role in enhancing the therapeutic 

efficacy and safety of pharmaceutical agents. Among the various drug delivery 

systems, niosomes have emerged as a promising platform due to their unique 

structural and functional properties. Niosomes are non-ionic surfactant-based 

vesicles that offer numerous advantages over conventional drug delivery 

systems. This paper aims to provide an overview of niosomes as a novel drug 

delivery system, including their composition, preparation methods, 

characterization techniques, and applications. The potential of niosomes in 

improving drug delivery and addressing challenges associated with traditional 

delivery systems makes them a promising tool for the pharmaceutical industry. 
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INTRODUCTION   

Background: 

Drug delivery systems (DDS) have 

revolutionized the field of pharmaceuticals 

by improving the efficacy, safety, and 

patient compliance of therapeutic agents. 

Effective delivery of drugs to the target 

site while minimizing side effects is a 

critical challenge in drug development. 

Niosomes, a type of vesicular carrier 

system, have gained significant attention 

as a novel and versatile drug delivery 

system. 
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 Importance of Drug Delivery Systems: 

Conventional drug delivery systems often 

face limitations such as poor 

bioavailability, limited drug stability, 

inadequate tissue targeting, and 

undesirable side effects. Drug delivery 

systems play a crucial role in overcoming 

these limitations and optimizing 

therapeutic outcomes. They enable 

controlled release, improved drug stability, 

site-specific targeting, and enhanced drug 

bioavailability. Niosomes, as an innovative 

DDS, offer unique advantages over 

traditional drug delivery systems, making 

them an area of intense research and 

development. 

 

Overview of Niosomes: 

Niosomes are lipid-based vesicles 

composed of non-ionic surfactants and 

cholesterol, forming closed bilayer 

structures similar to liposomes. They are 

biocompatible, biodegradable, and can 

encapsulate both hydrophobic and 

hydrophilic drugs. Niosomes provide a 

protective environment for drugs, 

enhancing their stability and 

bioavailability. The composition, size, 

surface charge, and lipid bilayer 

characteristics of niosomes can be tailored 

to meet specific drug delivery 

requirements. These versatile carriers have 

shown promising potential in a wide range 

of applications, including cancer therapy, 

dermatological applications, oral and 

ophthalmic delivery, gene delivery, and 

vaccine delivery. 

 

COMPOSITION AND STRUCTURE 

OF NIOSOMES 

Non-Ionic Surfactants: 

Non-ionic surfactants, such as Span and 

Tween, are the primary components of 

niosomes. These surfactants have 

hydrophilic and hydrophobic moieties, 

allowing them to form self-assembled 

structures in aqueous environments. The 

choice of surfactant affects the stability, 

drug loading capacity, and release kinetics 

of niosomes. 

 

Cholesterol: 

Cholesterol is often incorporated into 

niosomes to enhance their stability and 

rigidity. It helps maintain the structural 

integrity of the lipid bilayers, preventing 

leakage and improving drug retention 

within the niosomes. Cholesterol also 

influences the fluidity and permeability 

characteristics of niosomes. 

 

Other Components: 

Additional components, such as edge 

activators, can be added to niosomes to 

modulate their characteristics. Edge 

activators, like dicetyl phosphate or 
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 stearylamine, enhance the deformability 

and release properties of niosomes, 

allowing for controlled drug release. Other 

additives, such as polymers or targeting 

ligands, can be incorporated into niosomes 

to achieve specific functionalities, such as 

prolonged release or active targeting to 

specific cells or tissues. 

 

The composition and structure of niosomes 

can be optimized to achieve desired drug 

encapsulation efficiency, stability, and 

release profiles. By manipulating the 

composition and characteristics of 

niosomes, researchers can tailor these 

vesicles for specific therapeutic 

applications, thereby maximizing the 

therapeutic potential of drugs while 

minimizing adverse effects. 

 

PREPARATION METHODS OF 

NIOSOMES 

Thin Film Hydration Method: 

The thin film hydration method is the most 

commonly used technique for niosome 

preparation. In this method, the non-ionic 

surfactant and cholesterol are dissolved in 

an organic solvent, forming a thin film by 

evaporating the solvent under reduced 

pressure or by rotary evaporation. The 

obtained film is hydrated with an aqueous 

phase, followed by sonication or extrusion 

to obtain niosomes of desired size and 

characteristics. 

 

Reverse Phase Evaporation Method: 

The reverse phase evaporation method is 

suitable for the encapsulation of 

hydrophilic drugs. It involves the 

formation of water-in-oil (w/o) emulsion 

by dissolving the non-ionic surfactant and 

cholesterol in an organic solvent, followed 

by the addition of an aqueous phase 

containing the drug. The organic solvent is 

then evaporated under reduced pressure, 

resulting in the formation of niosomes. 

 

Ether Injection Method: 

The ether injection method utilizes the 

rapid injection of an organic phase 

containing the non-ionic surfactant and 

cholesterol into an aqueous phase under 

continuous stirring. The organic solvent is 

removed by evaporation, leading to the 

formation of niosomes. This method is 

relatively simple and suitable for large-

scale production. 

 

Microfluidics-based Methods: 

Microfluidics-based methods involve the 

use of microfluidic devices to precisely 

control the mixing and formation of 

niosomes. These methods offer advantages 

such as uniform size distribution, 

reproducibility, and scalability. 



 
 

 

51 Page 48-55 © MANTECH PUBLICATIONS 2023. All Rights Reserved 

 

International Journal of Drug Formulation, Development & Research 

 Volume 1 Issue 1 

 

 Microfluidic techniques, including 

nanoprecipitation and droplet-based 

systems, enable the production of 

niosomes with precise control over size, 

composition, and drug loading. 

 

CHARACTERIZATION OF NIOSOMES 

Size and Size Distribution: 

The size and size distribution of niosomes 

are crucial parameters that impact their 

stability, drug loading capacity, and 

biodistribution. Techniques such as 

dynamic light scattering (DLS), 

nanoparticle tracking analysis (NTA), and 

electron microscopy can be used to 

measure the size and assess the size 

distribution of niosomes. 

 

Surface Charge: 

The surface charge of niosomes, 

determined by the zeta potential, 

influences their stability, interaction with 

biological systems, and cellular uptake. 

Zeta potential measurements can be 

performed using techniques like 

electrophoretic mobility or laser Doppler 

velocimetry. 

 

Morphology: 

The morphology and structure of niosomes 

can be visualized using techniques such as 

transmission electron microscopy (TEM) 

or scanning electron microscopy (SEM). 

These techniques provide information 

about the shape, bilayer structure, and 

surface morphology of niosomes. 

 

Encapsulation Efficiency: 

Encapsulation efficiency determines the 

amount of drug entrapped within the 

niosomes. Various methods, including 

dialysis, centrifugation, or ultrafiltration, 

can be employed to determine the 

encapsulation efficiency of niosomes. 

 

Drug Release Profile: 

The release kinetics of drugs from 

niosomes can be evaluated using in vitro 

release studies. Techniques such as 

dialysis membrane diffusion, Franz 

diffusion cells, or dissolution testing can 

be employed to assess the drug release 

profile from niosomes. 

 

Stability Studies: 

Stability studies are essential to evaluate 

the physical and chemical stability of 

niosomes over time. Parameters such as 

size, shape, drug leakage, and storage 

stability can be accessed through long-term 

stability studies under different storage 

conditions. 

 

Proper characterization of niosomes is 

critical to understand their 

physicochemical properties, optimize 
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 formulation parameters, and ensure 

consistent quality for their successful 

application as drug delivery systems. 

 

ADVANTAGES OF NIOSOMES AS A 

DRUG DELIVERY SYSTEM 

Enhanced Drug Stability: 

Niosomes provide a protective 

environment for drugs, shielding them 

from degradation, enzymatic activity, and 

harsh physiological conditions. The lipid 

bilayers of niosomes act as a barrier, 

preventing drug degradation and 

maintaining drug stability during storage 

and transportation. 

 

Controlled Drug Release: 

Niosomes can be designed to exhibit 

controlled drug release profiles, allowing 

for sustained and targeted drug delivery. 

By manipulating the lipid composition, 

size, and surface properties of niosomes, 

the release kinetics of drugs can be tailored 

to achieve desired therapeutic outcomes, 

such as prolonged action, reduced dosing 

frequency, and improved patient 

compliance. 

 

Targeted Drug Delivery: 

Surface modification of niosomes with 

ligands or antibodies enables active 

targeting to specific cells, tissues, or 

receptors. This facilitates site-specific drug 

delivery, minimizing off-target effects and 

maximizing therapeutic efficacy. Targeted 

niosomes can enhance drug accumulation 

at the desired site, improving treatment 

outcomes and reducing systemic toxicity. 

 

Biocompatibility and Biodegradability: 

Niosomes composed of biocompatible 

materials exhibit low toxicity and are well-

tolerated by biological systems. They are 

non-immunogenic and can be easily 

eliminated from the body. The 

biodegradable nature of niosomes ensures 

their safe clearance, minimizing the risk of 

long-term accumulation. 

 

Reduced Side Effects: 

By improving drug stability, controlling 

drug release, and enhancing targeted 

delivery, niosomes can minimize side 

effects associated with conventional drug 

delivery systems. The localized and 

controlled drug release from niosomes 

reduces the exposure of healthy tissues to 

high drug concentrations, minimizing 

systemic toxicity and adverse reactions. 

 

APPLICATIONS OF NIOSOMES 

Cancer Therapy: 

Niosomes have shown great potential in 

delivering anticancer drugs to tumor 

tissues. Targeted niosomes can accumulate 

in tumor cells, enhancing drug efficacy 
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 while minimizing damage to healthy cells. 

Additionally, niosomes can encapsulate 

both hydrophilic and hydrophobic 

anticancer agents, allowing for 

combination therapies and improved 

treatment outcomes. 

 

Dermatological Applications: 

Niosomes have been explored for topical 

and transdermal drug delivery in 

dermatology. They can encapsulate drugs 

for the treatment of skin disorders, such as 

acne, psoriasis, and fungal infections. 

Niosomal formulations provide controlled 

release, improved penetration, and targeted 

delivery of drugs to the skin layers, 

enhancing therapeutic efficacy. 

 

Oral Delivery: 

Niosomes have been investigated for oral 

drug delivery, particularly for poorly 

soluble drugs and those with low oral 

bioavailability. By encapsulating drugs 

within niosomes, their solubility and 

absorption can be improved. Niosomes 

protect drugs from the harsh 

gastrointestinal environment, enhance their 

stability, and facilitate controlled release, 

resulting in improved oral bioavailability. 

 

Ophthalmic Delivery: 

Niosomes have been explored for 

ophthalmic drug delivery to treat various 

ocular diseases. They can improve drug 

penetration, prolong drug residence time, 

and enhance corneal absorption. Niosomal 

formulations offer a sustained drug release 

profile, reducing the frequency of 

administration and improving patient 

comfort. 

 

Gene Delivery: 

Niosomes have shown promise as carriers 

for gene delivery due to their ability to 

protect nucleic acids and facilitate their 

intracellular delivery. They can protect 

genetic material from enzymatic 

degradation, promote cellular uptake, and 

facilitate targeted delivery to specific cells 

or tissues. 

 

Vaccines: 

Niosomes have been utilized as vaccine 

delivery systems to enhance immune 

response and improve vaccine stability. 

Niosomal formulations can protect 

antigens, enhance antigen presentation, 

and promote sustained release, leading to 

enhanced immunogenicity and long-lasting 

protection. 

 

Conclusion: 

Niosomes have emerged as a promising 

and versatile drug delivery system, 

offering numerous advantages over 

conventional drug delivery systems. Their 
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 ability to enhance drug stability, provide 

controlled release, facilitate targeted 

delivery, and reduce side effects makes 

them highly attractive for various 

therapeutic applications. The composition 

and structure of niosomes can be tailored 

to meet specific drug delivery 

requirements, allowing for the 

encapsulation of both hydrophobic and 

hydrophilic drugs. However, challenges 

such as stability issues, scalability, 

regulatory considerations, and clinical 

translation need to be addressed to fully 

realize the potential of niosomes in clinical 

practice. 

 

Despite these challenges, ongoing research 

and development in niosome technology 

hold great promise. Advances in 

nanotechnology, combination therapies, 

personalized medicine, and emerging 

technologies will further enhance the 

functionality and performance of 

niosomes. Additionally, the establishment 

of regulatory guidelines and standards, 

along with clinical trials and cost-

effectiveness studies, will contribute to 

their successful clinical translation and 

commercialization. 

 

Niosomes represent a novel drug delivery 

system that has the potential to 

revolutionize the field of pharmaceuticals. 

Their versatility, biocompatibility, and 

targeted drug delivery capabilities make 

them a valuable tool for improving 

therapeutic outcomes and patient well-

being. 
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