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Introduction 

For past decades, the of acute or chronic disease 

mostly commonly treated by the delivery of drug to 

patients by using various pharmaceutical 

formulation such as capsules, pills, creams, tablets, 

suppositories, ointments, liquids, aerosols, and 

injections. But to maintain the drug concentration 

within the therapeutically effective range for 

treatment, it is necessary to take the dosage forms 

several times a day, resulting in significant 

fluctuations of drug levels in the body. To minimize 

this fluctuation, novel drug delivery systems have 

been developed, which include niosomes, liposomes, 

nanoparticles, microspheres, micro-emulsions, 

impalatable pumps and magnetic microcapsules. 

Liposomes and niosomes are equally active as drug 

delivery systems. Both have chemical differences in 

monomer units, but have similar physical properties. 

Liposomes contain phospholipids, whereas 

niosomes contains non- ionic surfactants. Niosomes 

are preferred over liposomes due to chemicals 

stability and economy.1 Niosomes are essentially 

non-ionic surfactants and are multilamellar or 

unilamellar vesicles depending on the preparation 

method. In niosomes, an aqueous solution of drug is 

entirely enclosed in a bilayer of non-ionic 

surfactant.2,3  

Properties of Niosomes 

Niosomes are microscopic lamellar structures of 

size range between 10 to 1000 nm and constituted 

from non-ionic surfactant and cholesterol. 
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Structurally, niosomes are similar to liposomes. 

Both are made up of bilayer, which is made up of 

non-ionic surfactant in the case of niosomes and 

phospholipids in case of liposomes. Both 

hydrophilic and hydrophobic drugs can be 

incorporated into niosomes. The niosomes are 

ampiphillic in nature, which allows entrapment of 

hydrophilic drug in the core cavity and hydrophobic 

drugs in the non-polar region present within the 

bilayer. The structure of niosomes is given in        

Fig. 1.4 

 

 

 

 

 

 

 

 

Fig. 1. Structure of niosomes 

Merits and demirits of niosomes 

Following are the merits of niosomes:5,6,7- 

1. They release the drug in sustained / controlled 

manner. 

2. They enhance the bioavailability of drug, 

particularly, in ocular delivery system.  

3. They have stable structure even in emulsion 

form. 

4. They do not require special conditions such as 

low temperature or inert atmosphere. 

5. They have ability to entrap both hydrophilic and 

hydrophobic drugs.  

6. Niosomes are non-toxic, biodegradable, and 

non-immunogenic. 

7. They are economic for large scale production. 

8. They protect the drug from enzyme metabolism.  

 

The niosomes suffer certain demerits, which include 

the following:8 

1. The aqueous suspensions of niosomes may 

undergo fusion, aggregation, leaking of 

entrapped drugs, and hydrolysis of encapsulated 

drugs, which lead to limited shelf life. 

2. The methods of preparation of multilamellar 

vesicles such as extrusion, sonication, are time 

consuming and may require specialized 

equipments for processing. 

Preparation of niosomes 

Vesicles of niosomes are prepared using surfactants. 

The surfactants used in the preparation of niosomes 

include alkyl and dialkyl polyglycerol ethers, PEG–

polyglycerol and dialkylpolyethylene ethers, 

dialkylpolyglycerol and polyoxyethylene ethers. 

Other bilayer forming amphiphilic substances are 

steroidal oxyethylene ethers, laurate ethers, alkyl 

galactosides, sorbitan monooleate and 

polyoxyethylated hydrogenated castor oil. 

 

Different methods used for the preparation of 

niosomes are described below:2,3,15-22 

 

Ether injection  

This method is essentially based slow injection of 

surfactant: cholestrol solution in ether through a 

suitable needle at approximately 0.25 mL/min into 

preheated aqueous phase maintained at 60 C, 

where vaporization leads to formation of 

unilamellar vesicles. 

  

Hand shaking  

This is also known as thin film hydration technique. 

In this method, a mixture of surfactant and 

cholesterol are dissolved in volatile organic solvent 

such as diethyl ether, chloroform, methyl alcohol, in 

a round bottom flask. The organic solvent is 

removed by using rotary evaporator at room 

temperature, which leaves behind a thin layer of 

solid deposited on wall of the flask. After gentle 

agitation, the surfactant is rehydrated with aqueous 

phase at 0-60 C. This method forms multilamellar 

noisomes.  

 

Thermo sensitive noisomes are prepared at 60 C by 

evaporating organic solvent and leaving a thin film 

of lipid of on the wall of rotary flask evaporator. 

The aqueous phase containing drug is added slowly 

by shaking at room temperature followed by 

sonication. 

 

Reverse phase evaporation 

The surfactant is dissolved in choloroform and 

phosphate buffer is added, followed by 

emulsification and sonication under reduced 

pressure.  

 

Bubbling of inert gas 

It is a novel technique for the preparation of 

niosomes and liposomes without use of organic 

solvents. The bubbling units consist of round 

bottom flask with three necks. The first neck is 

meant for water cooled reflux, the second neck is 

for thermometer, and the third neck is for nitrogen 

gas supply. Surfactant and cholesterol are dispersed 

together in buffer (pH 7.4) at 70 C for 15 sec with 

high shearing homogenizer and immediately 
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nitrogen gas at 70 C is bubbled, which forms 

vesicles. 

 

Sonication 

Niosomes are prepared by using sonication method, 

in which mixture of surfactant and cholesterol is 

dispersed in aqueous phase in a vial. Then this 

dispersion is subjected to ultrasonic vibration for 30 

min at 60 C, which leads to formation of 

multilamellar vesicles. 

 

Micro fluidization  

It technique is based on submerged jet containing 

micro channels with interaction chamber in which 

two fluidized streams interact with each other at 

ultra velocities. The impingement of thin liquid 

sheet along with common front are arranged in such 

a way that the energy supplied for the formation of 

niosomes remains same. This forms unilamellar 

niosomes with better reproducibility and size 

uniformity. 

 

Multiple membrane extrusion  

Niosomes can be chemically prepared by extrusion 

through polycarbonate membrane (0.1 µm 

nucleophore) by using C16 G12. By this method, a 

desired size of the vesicles can be obtained.  

 

Transmembrane pH gradient drug uptake  

Surfactant and cholesterol are dispersed into 

chloroform in a round bottom flask followed by 

solvent evaporation under reduced pressure leading 

to the formation of thin film on the wall of the flask. 

This film is hydrated with 300 mM citric acid by 

using vortex mixing. This forms multilamellar 

vesicles, which are frozen and sonicated to get 

niosomes. To this niosomal suspension, aqueous 

solution of drug containing is added and mixed by 

vortexing, after which, phosphate buffer treatment is 

done to maintain pH between 7.0 and 7.2 and the 

mixture is heated at 60 C for 10 minutes to produce 

vesicles. 

 

Formation of niosomes from proniosomes 

Proniosome powder is filled in a screw capped vial, 

in which water or saline at 80 °C is added and 

mixed by vortexing, followed by agitation for 2 min 

results in the formation of niosomal suspension (Fig. 

2). 

 

Aqueous dispersion  

It is based on micro dispersion of surfactant in 

aqueous media containing active drug for 

entrapment or encapsulation. The method is 

represented in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Preparation of niosomes from proniosomes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Preparation of niosomes by aqueous 

dispersion method 

 

Separation of unentrapped drug  

The removal of unentrapped drug from the vesicles 

can be done by various techniques.  

1. Dialysis: The aqueous niosomal dispersion is 

dialyzed using cellophane tubing against 

phosphate buffer or saline. 24, 25 
2. Column chromatography: The free drug from 

niosomal dispersion can also be removed by 

passing through sephadex G50 column and 

eluting using phosphate buffer. The free drug 

gets retained on column and vesicles percolate 

down. 26, 27  

3. Centrifugation: The niosomal dispersion is 

subjected to centrifugation in water or saline, 

where niosomes get sedimented down and the 

supernatant containing free drug is 

separated.
21,28

    

Characterization of niosomes 

The parameters for characterization of niosomes 

include size, shape, morphology and entrapment 
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efficiency. The vesicles can be visualized by using 

freeze fracture electron microscopy; photon 

spectroscopy is used for determination of mean 

diameter of vesicles; electron microscopy is used for 

determination of morphological characters of 

vesicles; laser scattering is used for size distribution 

and mean diameter of niosomes.6 

 

The entrapment efficiency is determined by using 

carboxy fluorescein as marker.30 Generally, carboxy 

fluorescein (CF) is used at 200 mM concentration 

for hydration. At this concentration inside the 

vesicles, it exhibits self quenching and does not give 

fluorescence. Another method is by disruption of 

vesicles using hydrophilic surfactants, which 

releases carboxy fluorescein and hence, 

fluorescence is observed.  

Entrapment efficiency (%) = (Amount of CF before 

disruption / amount of CF after disruption)  100 

In vitro drug release 

In vitro drug release can be determined by the 

following methods:31 

 

Dialysis  

Niosomes are placed in dialysis tubing, which 

would be hermetically sealed and dialyzed against a 

suitable dissolution medium at room temperature. 

Samples are withdrawn from medium at suitable 

intervals, centrifuged and analyzed for drug content 

by a suitable method. 

 

Reverse dialysis  

In this technique, niosomes are placed in a number 

of small dialysis tubes containing 1 mL of 

dissolution medium. The niosomes are then 

displaced from the dissolution medium. 

 

Franz diffusion cell  

In a Franz diffusion cell, the niosomes are dialyzed 

through a cellophane membrane against suitable 

dissolution medium at room temperature. The 

samples are withdrawn at suitable time intervals and 

analyzed for drug content. 

Stability of niosomes  

Stable niosomes suspension should have a constant 

concentration of entrapped drug and constant 

particle size. Stability of niosome is enhanced by 

entrapped drug. The stability is also dependent on 

concentration and type of surfactant used along with 

cholesterol content.27 For example, sonicated 

cholesterol rich spherical/tabular C16G2 niosomes 

are stable at room temperature, whereas, sonicated 

polyhedral niosomes are stable at temperatures 

above the phase transition temperature, but are 

instable at room temperature.  

Toxicity of niosomes  

The toxicity of CxEOy surfactants has been studied 

using cilio toxicity model on nasal mucosa.32 The 

results suggest that increase in alkyl chain length of 

surfactant leads to decrease in toxicity, whereas, 

increase in the polyoxyethylne chain length 

increases ciliotoxicity. It has been found that 

increase in alkyl chain length of surfactant leads to 

formation of gel, on the other hand as increase in 

polyoxyethylene chain length leads to formation of 

liquid state. By this study, it is clear that the liquid 

state is more toxic than gel state32 In a toxicity study 

involving human keratocytes, it has been reported 

that the surfactant-linked-esters exhibit less toxicity 

than surfactant-linked-ethers. In another study, it 

has been reported that vincristine encapsulated in 

niosomes is less toxic than free drug.33 

Pharmacokinetics of Niosomes
34  

The bioavailability of drug from niosomes is 

dependent on the extent of release of entrapped drug 

at target tissues. Liver is the only organ which has 

been extensively and quantitatively analyzed using 

physiological models for targeted drug availability. 

A three compartment physiological model has been 

used for studying kinetics of uptake and degradation 

of niosomes in liver. Based on this model, the 

measurable variables can be estimated as: 

1. Percentage of injected intact niosomes that 

remained in liver. 

2. Percentage of injected intact niosomes that 

remained in blood. 

3. Percentage of injected intact niosomes that 

degraded in liver. 

Applications of niosomes 

Leishmaniasis therapy
  

Leishmaniasis is a disease caused by parasite genus 

Leishmania which invades the cells of the liver and 

spleen. Most Commonly prescribed drugs for the 

treatment are the derivatives of antimony – which, 

in higher concentrations – can cause liver, cardiac 

and kidney damage. Use of niosomes as a drug 

carrier showed that it is possible to administer the 

drug at high levels without the triggering the side 

effects, and thus showed greater efficacy in 

treatment.1 
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Niosomes in oncology 

Intravenous administration of noisome loaded with 

methotrexate, did not lead to increased 

accumulation of the drug in the liver compared to 

administration of free drug. This may be due to 

difference in the size of the niosomal vesicles used 

in the two studies or by a modification of the drug in 

the liver as compared to administration of free drug. 

It is clear that the charge, size, and hydrophilicity of 

the vesicles can change the distribution of 

encapsulated drug when administered intravenously. 

Also, drug accumulation in the tumor was found to 

increase when administered in cholesterol 

containing niosomes.34 

 

Niosomes containing doxorubicin prepared from 

C16 monoalkyl glycerol ether with cholesterol led 

to increased level of doxorubicin in tumor cells, 

lungs and serum, but not in spleen and liver. But, 

doxorubicin loaded niosomes without cholesterol 

exhibited reduced rate of tumor proliferation in mice. 

The life span of tumor bearing mice was increased. 

The cardio toxicity of doxorubicin was reduced with 

niosomal formulation. Also, in the form of niosomes, 

there was a change the general metabolic pathway 

of doxorubicin.35
 

 

Niosomes containing bleomycin formulated using 

47.5% cholesterol exhibited higher level of drug in 

the spleen, liver and tumor as compared to free drug 

solution when administered to tumor bearing mice. 

There was reduced accumulation of drug in kidney 

and gut in case of niosomal formulation.16 Niosomes 

containing vincristine exhibited higher tumoricidal 

efficacy as compared to free drug formulation.33 

Niosomes with carboplatin also showed higher 

tumoricidal efficacy in S180 lung carcinoma-

bearing mice as compared to free drug solution and 

decreased bone marrow toxic effects.36 

 

Anti-inflammatory niosomes  

Diclofenac sodium loaded niosomes with 70% 

cholesterol showed greater anti-inflammatory 

activity than free drug.38 Similarly, nimesulide and 

flurbiprofen loaded niosomes have exhibited greater 

anti-inflammation activity than free drug.39  

 

Niosomes in ophthalmic drug delivery
 
 

It is difficult to achieve good bioavailability of drug 

in ocular formulations due to the tear production, 

non productive absorption, impermeability of 

corneal epithelium and transient residence time. But, 

the bioavailability can be enhanced by use of 

vesicular systems such as niosomes.39
 Bioadhesive-

coated niosomes of acetazolamide prepared using 

span 60, cholesterolstearylamine or dicetyl 

phosphate have exhibited better efficacy in reducing 

the intraocular pressure than other ocular 

formulations. Chitosan-coated niosomal formulation 

of timolol maleate also showed higher efficacy in 

the reduction of intraocular pressure than other 

formulations Such formulations also have reduced 

cardiovascular side effects. 

 

Niosomes in transdermal drug delivery  

Administration of drugs trough transdermal route 

has advantage of avoidance of first pass metabolism. 

But, it suffers a drawback of slow penetration of 

drugs through the skin. One of the approach to 

enhance the penetration rate is formulation of 

niosomes. Transdermal delivery ketorolac prepared 

as pro-niosomal formulation with span-60 exhibited 

a higher effect than the pro-niosomes prepared with 

tween-20.40 It has been reported that the therapeutic 

efficacy and bioavailability of drugs like 

flurbiprofen, diclofenac and nimesulide have been 

increased with niosomal formulations.41 

 

Niosomes for Diagnosis  

Niosomes can be used as diagnostic agents. 

Conjugated niosomal formulations with gadobenate 

dimeglcemine with [N-palmitoyl-glucosamine] 

(NPG), PEG-4400, and both PEG and NPG 

significantly improved tumor targeting of 

encapsulated paramagnetic agent which was 

assessed with MR imaging.42  

Conclusion 

The niosomes are better carriers for targeting of the 

drug at appropriate tissue. Niosomes can 

encapsulate different type of drugs within their 

multi environmental structure. Niosomes are 

preferred to liposomes due to low cost, chemical 

stability and such other factors. Niosomes are useful 

in the delivery of anti-infective agents, anti-

inflammatory agents, anti-cancer agents, and 

recently use as vaccine adjuvants and diagnostic 

imaging agents. Hence, niosomes appear to be the 

most sought after carriers for a variety of drugs.  
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