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ABSTRACT 

Novel Drug Delivery System (NDDS) have emerged as a trans-

formative approach to overcoming the limitations of 

conventional drug delivery, particularly for chronic and Life 

threatening diseases such as cancer, diabetes, and hypertension. 

Traditional  formulation often suffer from poor solubility, rapid 

metabolism, off-target toxicity, and inadequate therapeutic 

efficacy. NDDS aim to deliver the right dose of a drug to the 

targeted site while maintaining optimal plasma levels for the 

required duration. Among various advanced carriers vesicular 

system especially niosomes have gained substantial attention 

due to their bio-compatibility, structural stability, and ability to 

encapsulate both hydrophilic and lipophilic drugs. Niosomes, 

composed primarily  of non-ionic surfactants and cholesterol,  

offer advantages such as improved bio availability, reduced toxicity, prolonged circulation 

time, controlled drug release, site-specific delivery. Their application span trans-dermal, 

ocular, oral, pulmonary, and even blood-brain barrier delivery, making them valuable in 

chemotherapy, immunology, vaccine delivery, and gene delivery. Various preparation 

techniques, including thin film hydration, ether  injection, microfluidization, and pro 

niosomes conversion, allow precise control over vesicle size lamellarity, and entrapment 

efficiency. Nanocarrier-based systems further enhance therapeutic outcomes by improving 

pharmacokinetics reducing systemic toxicity and enabling ligand-mediated targeting. Overall, 

NDDS particularly niosomal systems represent a promising platform for achieving effective, 

safe, and targeted drug therapy, addressing the critical challenges associates with 

conventional drug delivery. 
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1. INTRODUCTION 

The main aim of novel drug delivery  system (NDDS) is to ensure that the right amount of a 

drug reaches the correct site in the body and maintain its concentration for the required 

duration. In other words, such a system should release the drug at a rate that matches the 

body’ needs throughout the treatment period.
[1]

 

 

Before the development of novel drug delivery system (NDDS), conventional approaches 

were used, including immediate-release formulation, sustained-release dosage forms (mostly 

through oral administration), and long-acting injectable preparations.
[2]

 

 

However, chronic and life-threatening diseases such as cancer, diabetes and hypertension 

present significant challenges when treated with traditional delivery method. Limitation such 

as extensive metabolism, poor solubility of certain drugs, interactions with food and digestive 

enzymes, and off-target adverse effects on healthy tissues reduced therapeutic efficiency.  

 

This highlights the importance of advanced delivery systems capable of transporting drugs 

directly to the diseased site and releasing them in a controlled manner.
[3] 

Such novel system 

often rely on carrier that respond to internal or external stimuli to archive site specific and 

time-specific release. 

 

Many drugs especially anticancer agents, have a very narrow therapeutic range, which means 

the safe and effective dose is very close to the toxic dose. Their clinical use is often limited 

by serious side effect. By designing advanced drug delivery methods, the therapeutic 

efficiency of these medicines can be improved. Over the last few decades, a lot of research 

has been directed towards the development of NDDS.
[4]

 These system aim not only to 

maintain controlled drug release but also to specially target the active compound to the 

desired site of action something conventional and even prolonged release dosage forms fail to 

achieve.  

 

In recent times, vesicular carrier have gained significant important in drug delivery. Lipid 

based vesicles have proven useful in fields like immunology, membrane biology, diagnostic 

method, and genetic engineering. They are especially valuable in mimicking cell membrane 

and in transporting and targeting drug. Traditional chemotherapy often fails against infection 
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because the drugs cannot easily penetrate cells. This challenge can be addressed through 

vesicular drug delivery systems. Encapsulating drug inside vesicles helps them remain longer 

in circulation and can lower toxicity if targeted uptake is achieved. When taken up by 

phagocyte cells, drug- loaded vesicles can directly reach infection sites resulting in effective 

treatment with minimal adverse effects. 

 

1.1 Advantages of vesicular drug delivery system
[5,6] 

  

 Provide a target approach by delivering the drug directly to the site of infection. 

 Minimize drug toxicity and reduce the risk of side effects  

 Enhance drug bio-availability, which can lead to lower treatment costs. 

 Capable of carrying both water soluble (hydrophilic) and fat soluble (lipophilic) drugs 

 Extend the circulation time of drugs that are rapidly broken down in the body  

 Offer controlled or sustain drug release over time. 

 Address issues related to poor drug solubility, instability and quick degradation. 

 

1.2. Types of vesicular systems
[7]

  

Various types of vesicular system are as follows  

a. Liposomes  

b. Niosomes  

c. Transferosomes 

d. Pharmacosomes  

e. Enzymosomes  

f. Virosomes 

g. Emulsomes  

h. Discomes  

i. Aquasomes  

j. Erythrosomes  

k. Hemosomes  

l. Proteosomes  

m. Vesosomes  

n. Archaeosomes 

o. Apsasomes  

p. Colloidosomes  

q. Cubasomes  
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1.3. Present scenario of ndds 

1. Liposomes based system  

2. Niosomes 

3. Nanoparticles  

4. Transdermal drug delivery system  

5. Implantable system  

6. Advanced oral drug delivery systems 

7. Microencapsulation techniques/ microcapsules  

8. Use of polymer in drug delivery  

 

Future of ndds 

1. Personalized medicine  

2. Smart drug delivery system 

3. Gene and RNA based drug delivery  

4. Nanorobotics and targeted delivery  

5. Sustain drug green drug delivery system 

6. Regenerative medicine and NDDS 

7.3D printing of drug delivery system 

 

1.4. Merits of novel drug delivery system
[8]

  

Enhanced management of chronic diseases by maintaining consistent drug level in the 

blood stream, reducing break through symptoms. 

Examples: Asthma, Arthritis. 

Improved bio availability allows a larger fraction of the active drug to reach the systemic 

circulation.  

 

Reduced frequency and intensity of adverse side effects, by avoiding high effects, by 

avoiding high pick plasma concentrations. 

 

Sustained therapeutic effect, including during periods without dosing (e.g overnight), 

ensuring continuous symptoms control. 

 

Protection of the drug from first-pass metabolism and degradation in the gastrointestinal 

tract enhancing drug stability and efficacy. 
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Targeted drug delivery to specific tissues or organs, minimizing exposure to healthy 

tissues and thereby reducing systemic toxicity. 

 

1.5. Limitations of novel drug delivery system (NDDS) 

Risk of localized drug accumulation: Some delivery systems may remain intact and 

become lodged at specific sites in the body. This can lead to a slow release of the drug in that 

area, potentially resulting in high local drug concentration that may cause irritation or tissues 

damage.  

 

Unsuitability for drugs with very short half-lives: Drugs with a biological half life of one 

hour or less are generally challenging to incorporate into sustained or controlled release 

formulation, as they may require frequent dosing to maintain therapeutic levels. 

 

Caution with highly potent drugs:  Including drugs with narrow therapeutic windows or 

very high potency in such delivery system can be risky. A slight deviation in release rate 

could lead to toxic effects or sub therapeutic outcomes. 

 

1.6. Targeted drug delivery system  

Paul Ehrlich was the first to introduce the concept of targeting in 1902, defining targeted drug 

delivery as a mechanism in which a drug carrier complex or conjugate specifically transports 

the drug to predetermined target cells.
[9]

 Later, in 1981, Gregoriadis  referred to drug 

targeting through novel drug delivery system as “old drugs in new clothes,” highlighting the 

innovative application of existing drugs using advanced delivery methods. 

 

Targeted drug delivery refers to the precise and efficient delivery of a pharmacologic ally 

active substance to specific, pre identified targets within the body at therapeutic concentration.  

 

At the same time it minimizes exposure to healthy, non target tissues, there by reducing  side 

effects and enhancing the drug’ therapeutic effectiveness.  

 

1.7. Ideal characteristics of drug carrier 

Specificity and Selectivity: The carrier should be recognized specifically by the target cells 

and maintain high affinity and specificity through its surface ligands. 

 

Stable drug ligand linkage: It bond between the drug and its targeting ligand should remain 

stable in plasma, interstitial fluid, and other biological fluids. 



Sirisha.                                                                               World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 3, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

1765 

Bio compatibility and safety: It bond between the drug and its targeting ligand should 

remain stable in plasma, interstitial fluid and other biological fluids. 

 

Ability to cross barriers: The carrier should efficiently transverse anatomical barriers such 

as the tumor vasculature in cancer therapy. 

 

Passive targeting capability: It should enable effective delivery of drugs to organs like the 

liver, spleen and bone marrow through passive targeting mechanisms 

 

1.8. Carrier systems for targeted drug delivery  

A. Colloidal carriers 

Vesicular system  

Liposomes  

Niosomes  

Pharmacosomes 

Virosomes 

Immunoliposomes 

 

B. Microparticulate system  

Micropartricles 

Nanoparticles  

Magnetic microspheres 

Albumin microspheres 

Nanocapsules  

 

C. Cellular carriers  

1. Released erythrocytes 

2. Serum albumin 

3. Antibodies  

4. Platelets 

5. Leucocytes  

 

D .Supramolecular delivery system 

1. Micelles 

2. Reverse micelles  

3. Mixed micelles  
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4. Liquid micelles 

5. Lipoproteins (Chylomicrons, LDL, VLDL) 

 

E. polymer based system 

1. Signal sensitive 

2. Muco-adhesive  

3. Biodegradable  

4. Bioerodible  

5. Synthetic soluble polymeric carriers   

 

F. Macromolecular carriers 

1. Neoglycoproteins 

2. Artificial viral envelopes(AVE) 

3. Glycosylated water soluble polymers(poly-L-lysin) 

4. MABs 

5. Immunological fab fragments 

 

1.9. Levels of Drug Targeting 

Passive Targeting 

In passive targeting, the drug-carrier system relies on the body’s natural physiological and 

biochemical process to accumulate in specific tissues. The targeting is primarily driven by the 

physicochemical properties of the drug and its carrier. 

Examples: Histoplasmosis : Amphotericin B Gaucher’s disease: Glucocerebroside. 

 

Inverse targeting  

This approach is designed to prevent the drug or carrier system from being taken up by the 

reticulo endothelial system (RES) thereby altering the usual distribution pattern. It aims from 

sites of passive uptake. 

 

Active targeting: Active targeting involves modifying the drug carrier with specific ligands 

or homing devices that bind to receptor-mediated localization improves drug delivery to the 

intended site. 

 

Dual targeting In dual targeting the carrier itself possesses intrinsic therapeutic activity (e.g: 

antiviral), which works in synergy with the loaded active drug .this combined action 

enhances the overall therapeutic effect. 
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1.10. Advantages of novel drug delivery system
[10,11]

  

Improved drug properties 

Enhanced solubility and dissolution rate  

Increased oral bio availability 

Better adhesion to biological tissues 

 

Targeted drug delivery  

Improved targeting capability allows for delivery to specific tissues or cells 

Greater potential to reach sub cellular sites of action  

 

Optimized dosing 

Requires lower drug doses  

Reduce side effects  

Enhanced therapeutic outcomes 

 

Convenient dosage forms 

More patients-friendly delivery methods 

Potential for controlled and sustained release 

 

Versatility as a drug delivery vector  

Ideal for cancer targeted therapies 

Facilitates drug delivery across the blood brain barrier 

Enables effective oral delivery of peptides  

Acts as a vaccine adjuvant to boost immune response  

Useful in gene therapy applications 

 

1.11. Applications of novel drug delivery systems 

Pharmaceutical research & drug delivery discovery  

Used in identifying and developing new therapeutic compounds and understanding disease 

mechanisms. 

 

Protein interaction mapping 

Helps in studying and visualizing interaction between proteins to better understand cellular 

functions. 

 

DNA structure analysis 

Utilized to explore and analyze the structure and behavior of DNA molecule 
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Biomolecule& cell separation  

Support efficient separation and purification of cells,proteins,and biological molecules 

 

Tissues engineering  

Applied in the development of artificial tissues and scaffolds for regenerative medicine. 

 

Non viral gene delivery   

Offer a safer alternative to viral vector for delivering genes into target cells. 

 

Forensic applications 

Used in detecting narcotics and analyzing fingerprint in criminal investigation  

 

1.12. Nanocarriers in drug delivery  

Nanocarriers are nanoscale colloidal systems, generally ranging between 50-500 nm in size. 

They serve as vehicles for incorporating active substance such as drugs, proteins and other 

biological agents to delivery them to specific sites within the body. In recent years, research 

on nanocarrier-based drug delivery system has grown significantly due to their remarkable 

potential in improving the treatment and management of various diseases, including cancer, 

bacterial and viral infection and neurodegenerative disorders.  

 

The effectiveness of nanocarriers primarily stems from their high surface area to volume ratio 

and their capability to modify essential drug characteristics like bio-activity
[12]

 Key benefits 

of nanoocarrier-based system include: 

 Enhanced pharmacokinetics and better bio distribution of therapeutics agents 

 Reduce toxicity and minimized adverse side effects; 

 Improved solubility and stability of drugs;  

 Controlled or sustained drug release; 

 Site specific drug delivery, helping to bypass first-pass metabolism and prevent dose 

dumping. 

 

Additionally, the physicochemical feature of nanocarrier can be tailored through 

functionalization techniques and structural modifications enabling the design of advances, 

intelligent delivery system. Some strategies include.
[13]

  

 Adjusting their composition using organic, inorganic or hybrid material 

 Designing nanocarriers in various sizes and shapes such as spheres, rods, or cubes. 
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 Modifying surface properties by changing surface charge, introducing functional groups 

applying PE Gylation or other coatings and attaching targeting ligands for precise 

delivery. 

 

In conclusion, the main objectives of using nanocarriers in drug delivery is to achieve 

effective treatment of diseases while minimizing adverse effects. Conventional drug delivery 

system often face numerous limitations such as low specificity, high systemic  toxicity, 

development of drug resistant, poor patient compliance with complex treatment regimens and 

prolonged therapy duration. These issues frequently result in treatment failure, relapse or the 

emergence of secondary complains.
[14]

 

 

Nanocarrier-based delivery system address these challenges by exploiting the unique tissues 

micro environments associated with various diseases, there by significantly enhancing 

therapeutic outcomes. Furthermore, the over expression of specific receptors on diseased 

cells enables targeted delivery using ligand or other functional groups leading to improved 

selectivity and efficacy.
[15]

 

 

Drug-loaded nanocarriers exhibit prolonged circulation time in the blood stream, ensuring 

controlled and sustained release of the encapsulated drug in precise doses. This characteristic 

reduces plasma release of the encapsulated drug in precise doses. This characteristic reduces 

plasma concentration fluctuations and minimizes drug related toxicity. Additionally, their 

nanoscale size allows them to easily penetrate tissues, promoting faster and more efficient 

drug accumulation at the target site.  

 

Compared to larger particles in the micrometer range (1-10 µm) nanocarriers demonstrate 

significantly higher cellular uptake enabling direct interaction with target cells. This feature 

not only enhance therapeutic efficiency but also results in reduced or even negligible side 

effects.
[16]

 

 

 

Figure 1: Niosomes as a drug delivery nanocarrier Mahmoud Gharbavi et., al. 
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1.13. Niosomes in drug delivery 

Niosomal drug delivery has wide potential in improving the action of many pharmacological 

agents against various diseases. It also serves as an effective vehicles for drugs with poor 

absorption making it useful in designing novel drug delivery system. By crossing the 

gastrointestinal barrier through transcytosis of M cells in Peyer’s patches of intestinal 

lymphatic tissues,
[17] 

niosomal enhance drug bio availability. Once administered, the vesicles 

are taken up by the reticuloendothelial systems which allows localised drug accumulation 

useful in diseases like leishmaniasis, where parasites infect liver and spleen.
[18]

 cells. 

Additionally, certain non-reticuloendothelial systems, such as immunoglobulin, can recognise 

the lipid surface of niosomes.
[19]

 

 

Encapsulation of anticancer drugs in niosomes has been shown to reduce toxic side effects 

while maintain or even improving anti-tumour activity.
[20] 

For instance doxorubicin ,through 

effective, causes dose-dependent irreversible cardiotoxicity.
[21]

 when delivered through 

niosomes in mice with S-180 tumours, improved survival and slowed tumour growth. 

Similarly methotrexate-loaded niosomes led to complete tumours regression in mice, while 

prolonging plasma levels and slowing elimination. Niosomes also provide controlled drug 

release which is particularly beneficial in treating brain malignancies. 

 

Beyond chemotherapy, niosomes are being studied in immunology as antigen carriers and 

even as haemoglobin carriers.
[22,23]

 since their vesicles allow oxygen permeability and can 

alter haemoglobin’s dissociation curve similar to free haemoglobin. For transdermal drug 

delivery.
[24] 

where slow skin penetration is a drawback, niosomes improve effectiveness of 

drug like flurbiprofen, piroxicam, estradiol and levonorgestrel. Moreover, they enhance drug 

concentration at target sites orally, when administrated orally or topically. Their sustained-

release action makes them valuable them valuable for drugs with low solubility and a narrow 

therapeutic index. 

 

Because of their size and limited penetration through epithelial and connective tissues, 

niosomes allow localised drug action. This increases drug potency while reducing systemic 

toxicity. For examples, antimonials in niosomes are selectively taken up by mononuclear 

cells, resulting in localisation, higher potency, reduced dosage and lower toxicity. 

 

Niosomes are bilayer vesicular system structurally similar to liposomes, consisting of outer 

lipophilic layer and an internal hydrophilic core (refer to failure 2.1 and 2.2). These vesicles 
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have emerged as effective carriers for controlled, sustained and targeted drug delivery.
[25]

 

Recently, there has been a growing shift in reserch interest towards niosomes due to their 

superior ability to address several limitations associated with conventional drug delivery 

systems.
[26]

 

 

Niosomes are primarly composed of non-ionic surfactant, cholesterol or its derivatives and 

sometimes charged molecules molecules. Cholesterol serves as a lipid component that 

enhances the rigidity and stability of the bilayer membrane. The inclusion of charged 

molecules helps stabilize polar interactions and contributes to the overall structural integrity 

of the vesicle. 

 

Unlike traditional liposomes, lies in the use of non ionic surfactants as span and tweens, 

which impart amphiphilic properties and neutrality to the vesicles. This amphiphilic enhances 

both the stability of the vesicles and their drug-carrying capacity. Due to more precise control 

over charge distribution and core composition, niosomes are capable of encapsulating both 

hydrophilic and more efficiently than liposomes. Niosomes have proven effective in 

delivering drugs through several routes of administration 

Ocular delivery (e.g., Tacrolimus, Naltrexons HCL) 

Transdermal delivery (e.g Gallidermin, clomipramine) 

Pulmonary delivery (e.g Cefdinir, Lornoxicam) 

Crossing the blood-brain barrier (e.g temozolomide) 

 

Notably, the cosmetic industry like L’Oreal being a pioneer, was the first to utilize niosomes 

in various applications. Since then, many pharmaceutical companies have adopted this 

versatile technology.
[27]

 

 

Beyond conventional drugs, niosomes are also capable of encapsulating genes, proteins and 

vaccines, owing to their well-defined bilayer structure. Hydrophillic molecules are either 

encapsulated within the aqueous core or adsorbed onto the bilayer surface, while lipophilic 

compounds are incorporated into lipophilic regions of the bilayer membrane. 

 

The formation of niosomes involves the hydration of thin lipid films, leading to swelling and 

the eventual development of vesicular structures. Subsequent agitation facilitates the 

detachment and self-assembly of hydrated into closed bilayer membrane.
[28]
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Figure 2: A schematic diagram showing the cross section of a niosome. Prachi Pandey 

et., al. 

 

1.14. Formulation aspect of niosomes  

The formulation of niosomes involves various parameters that influence the creation of 

niosomal vesicles. These vesicles are made from excipients such as non-ionic surfactant, 

polar lipids and charge inducers, which are used in different concentration. Key factor that 

affect niosomal vesicles formation include Hydrohilic-lipophilic balance (HLB), Critical 

packing parameters (CPP),and transition temperature
[29]

 (TC). 

 

Surfactant which are typically amphiphilic molecules, have two distinct region:a hydrophilic 

head and a hydrophobic tail. The hydrophobic region consist of chains made from alkanes, 

fluorocarbons, aromatic compound, or other non-polar groups, while the hydrophilic head 

includes functional groups that are highly solvated, such as phosphonates, ammonium, 

sulfonates, carboxylates, and their derivatives. Surfactants are classified based on the nature 

of their polar head groups into cations, anionic, amphoteric, or non-ionic surfactant. For 

example, surfactants with a negatively charged head group like fatty acid salts (soaps), 

phosphate esters, sulfates and ether sulfates are termed anionic surfactants, while amphoteric 

(zwitter ionic) surfactants have a head group, with two oppositely charged moieties.
[30]

  

 

It is worth noting that cationic surfactants are often regarded as irritating and sometimes toxic, 

which limits their application compared to other types of surfactants. on the other hand, non 

ionic surfactants, which lack any charge on their head groups, are particularly suitable for 

niosomal formulations. When these surfactant are dispersed in aqueous solution, they 

spontaneously form structure where the hydrophilic heads face the aqueous phase, and the 

hydrophobic tails align with the organic phase. This self-assembly process leads to the 

formation of niosomes. Non-ionic amphiphiles used in niosomal formulations are typically 

categorized into four types: alkyl esters, amides, ethers and fatty acid esters.
[31]
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The toxicity of niosomal formulation has been investigated to assess their impact on cell 

proliferation and to understand the influence of factors such as cholesterol content non-ionic 

surfactants and alkyl chain length on cellular behavior.
[32]

 The findings indicated that these 

formulations generally exerted minimal inhibitory effects on cell proliferation. However, the 

nature of the bond linkage between the surfactant and the polyoxyethylene head group 

significantly influenced cell growth. Specifically, surfactants containing ether linkages were 

found to inhibit cell proliferation by approximately 50%, in contrast to only 10%inhibition 

observed with ester-linked surfactants, likely due to the increased susceptibility of ester 

bonds to enzymatic degradation. Additionally, variations in cholesterol concentration with in 

the bilayer structure did not appear to significantly affect cell proliferation.
[33,34]

 

 

 

Figure 3: Different vesicles morphology of niosomes- Multiamellar (MLV), 

Oigolamellar (OLV) and Unilamellar (ULV) vesicles (H.Abdelkader et., al.) 

 

1.15. Types of Niosomes  

Niosomes can be categorized based on either the number of bilayer (lamellarity) or their 

particles size. 

 

Based on lamellarity 

Multillamellar vesicles (MLVs
[35,36]

 These have multiple lipid bilayers (lamellarity)and 

typically range from 1to 5μm in diameter. 

 

Large Unilamellar Vesicles (LUV): These consist of a single vesicles with diameter 

between 25 to 500 nm. 

 

Small Unilamellar Vesicles (SUVs): These are single-layer vesicles with diameter between 

25 to 500 nm. 
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Based on size 

Small niosomes: 100-200 nm 

Large niosomes: 800-900 nm  

Very large niosomes: 2-4 μm 

 

1.16. Preparation of niosomes  

Niosomes are synthesized using non-ionic surfactants, and their properties such as number of 

bilayers, vesicles size, encapsulation efficiency and membrane permeability are significantly 

influenced by the method of preparation. Typically a surfactant- lipid mixture is hydrated at 

elevated temperatures to form a colloidal dispersion. Unentrapped drug is then separated by 

techniques such as centrifugation, gel filtration or dialysis. While several lab scale production, 

such as the Novasome® Method and heating method. 

Below are the key techniques used for niosomes preparation. 

 

1. Ether injection method  

This techniques involves the slow injections of an ether based solution (containg surfactants 

and cholestrol mixture dissolved in 20 ml of ether is injected into 4 ml of ether is injected into 

4ml of aqueous solution using a14-gauge needle. This process yield large unilamellar vesicles 

(LUVs).
[37,38] 

 

2. Thin film hydration method (film method) 

In this method, a mixer of surfactant and cholesterol is dissolved in an organic solvent (e.g., 

chloroform or diethyl ether) in a round-bottom flask. The solvent is evaporated under vacuum 

to form a thin film. Upon hydration at 50-60
0 

C with constant agitation, multilamellar vesicles 

(MLVs) are produced.  

 

3. Sonication 

The aqueous phase is added to the surfactant-cholesterol mixture and sonicated using a probe 

or bath sonicator. This process result in small unilamellar vesicles (SUVs) compared to 

liposomal SUVs niosomal SUVs are typically larger (>100nm). 

 

4. Rev1erse phase evaporation techniques 

In this approach, surfactants are dissolved in chloroform, and phosphate -buffered saline 

(PBS) is added to form a water-in-oil (w/o) emulsion. After sonication, the chloroform is 
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removed under reduced pressure, leading to gel formation, which then hydrates into niosomes. 

Additional agents like protamine may be added before centrifugation for phase separation.
[39]

 

 

5. Heating method  

Non ionic surfactant, cholesterol, and optional charge-inducing agents are mixed in an 

aqueous medium (e.g: buffer or water) with a poly like glycerol. The mixture is stirred and 

heated under low shear until niosomes are formed. 

 

6. Microfluidization 

This modern techniques uses high-velocity fluid stream that interact in micro channels. The 

method ensure controlled mixing and energy distribution, resulting in unilamellar vesicles 

with uniform size and improve reproducibility. 

 

7. Multiple membrane extrusion method 

Here, surfactant, cholesterol and dicetyl phosphate dissolved in chloroform are dried into a 

thin film. After hydration with a drug solution, the suspension is passed through 

polycarbonate membranes (up to 8 times) to achieve controlled vesicles size.
[40]

 

 

8. Bubble method  

A solvent-free, one-step method where cholesterol and surfactants are mixed in buffer (pH 

7.4)and heated to 70
0  

C. After high-shear mixing, the solution is bubbled with nitrogen gas to 

form niosomes. The setup includes a three-neck flask, water bath reflux condenser and 

thermometer.
[41]

 

 

9. Emulsion method  

The oil-in water (o/w) emulsion is created by mixing an organic solution containing 

surfactant, cholesterol and the drug in an aqueous solution. The organic solvents is then 

removed through evaporation, resulting in the formation of niosomes dispersed in the water 

phase.
[42,43] 

 

10. Lipid injection method 

The lipid injection method eliminates the need for costly organic phases. In this approach a 

mixture of lipids and surfactant is first melted and then injected into a vigorously stirred 

heated aqueous phase that contains the dissolved drug. The drug can be dissolved in the 

molten lipid, and this mixture is then added to the heated, agitated aqueous phase containing 

the surfactant.
[44]
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10. Formation from proniosomes
[45]

 

Niosomes can also be derived from proniosomes, which are dry formulation made by coating 

a water-soluble carrier (e.g., sorbitol) with a thin layer of surfactant. Upon adding water at a 

temperature above the surfactant’s phase transition temperature (T>Tm)and brief agitation, 

the surfactant hydrates to form niosomes. 

 

 

Figure 4: Niosome form proniosome (Venkata Ramesh Yasham et., al.). 

 

1.17. Characterization of Niosomes 

Entrapment Efficiency  

After preparing a niosomal dispersion, the free (unentrapped) drug is seperated using 

techniques like dialysis, centrifugation, or gel filtration. To measure the amount of drug that 

remains inside the niosomes, the vesicles are broken open using either 50% n-propanol or 

0.1% Triton X-100. the drug content in disrupted solution is then analyzed using a suitable 

assay. The Entrapment Efficiency (EE) is calculated using the formula.
[46]

 

EE (%)=Entrapment drug/total drug added) x 100 

 

Vesicle Diameter  

Niosomes are spherical, similar to liposomes, and their size can measured using techniques 

such as 

a) Light microscopy  

b) Photon correlation spectroscopy (Dynamic light scattering) 

c) Freeze-fracture electron microscopy 

 

Freeze-thaw cycling (freezing at- 20
0
C for 24 hours followed by thawing at  room 

temperature) may increase vesicles size, likely due to fusion  of vesicles during the process. 
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In-vitro Drug Release 

To study drug release from niosomes, a dialysis method is used. A dialysis bag containing the 

niosomal suspension is immersed in 200 ml of buffer in a beaker and stirred continuously at 

either 25
0
C or 37

0
C. At predetermined time points, the buffer is sample and analyzed for drug 

content using appropriate assay.
[47,48]

 

 

Osmotic Shrinkage  

This property is evaluated by observing a decrease in vesicle size after adding a hyper tonic 

salt solution to the niosomes suspension. Niosomes made from pure surfactant are more 

sensitive to osmotic shrinkage compared to those containing cholesterol. 

 

Physical stability at Different temperatures 

The stability of niosomes over time is assessed by measuring change in vesicle size using 

laser light scattering. Vesicles are stored in glass containers at room temperature or 

refrigerated at 4
0
C for up to 3 months. Morphological changes, include vesicles aggregation 

or fusion, are evaluated under an optical microscope. The retention of the encapsulated drug 

is measured at 72 hours, and again after 1,2, and 3 months. 

 

Turbidity measurement  

Niosomes are diluted with distilled water to final lipid concentration of 0.312 mm. After 

sonication for 5 minutes to ensure uniform mixing, turbidity is measured by recording 

absorbance using a UV-visible diode array spectrophotometer. 

 

1.18. Applications of niosomal drug delivery  

Niosomes are versatile carriers with several pharmaceutical and biomedical applications 

including 

1. Targeted drug delivery -Direct the drug to specific tissues or cells, improving 

therapeutics effectiveness and reducing side effects. 

2. Anti- infective therapy -Enhances the delivery and efficacy of antimicrobial drugs 

3. Brain drug delivery- Facilitates the transport of drugs across the blood-brain barrier. 

4. Topical delivery- improves drug penetration and retention in the skin for dermatological 

treatments. 

5. Ocular delivery - Used for sustained and localized drug delivery to the eyes. 

6. Niosomes vaccines- Can serve as carriers for antigens, enhancing immune response 
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CONCLUSION  

Novel drug delivery system (NDDS) have significantly advanced pharmaceutical therapy by 

addressing the major limitations of conventional drug delivery, including poor solubility, 

rapid metabolism, off-target toxicity, and reduced therapeutic efficacy. These system are 

particularly beneficial in the treatment of chronic and life threatening diseases such as cancer, 

diabetes, and hypertension, where precise dosing and sustained drug action are essential. By 

ensuring targeted drug delivery and maintaining optimal plasma concentrations, NDDS 

enhance therapeutic effectiveness while minimizing adverse effects. 

 

Among the various advanced delivery carrier, vesicular system especially niosomes have 

gained considerable importance due to their bio compatibility, structural stability, and 

versatility in encapsulating both hydrophilic and lipophilic drugs. Niosomes, composed of 

non-ionic surfactant and cholesterol, offer several advantages including improved bio 

availability, prolonged circulation time controlled drug release and site specific targeting. 

Their applicability across multiple route of administration, such as trans dermal, ocular, oral, 

pulmonary and blood brain barrier delivery, highlight their broad therapeutic potential in 

chemotherapy, immunology vaccine delivery and gene therapy. 

 

Furthermore, advanced preparation techniques enable precise control over vesicle 

characteristics, while nano carrier based strategies improve pharmacokinetics and reduce 

systemic toxicity through ligand mediated targeting. Overall, NDDS, Particularly niosomal 

systems, mediated targeting. overall, NDDS, particularly niosomal systems, represent a 

promising drug therapy, offering substantial potential for future pharmaceutical and clinical 

applications. 
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