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I  

 

ABSTRACT 

 
 

This work concerns the current methodology for the generation of vesicles by the 

self-synthesis of non-ionic surfactants (niosomes) and their application in the 

pharmaceutical, food and cosmetic industries. The suitability of the niosomes for 

encapsulation of bioactive compounds is reported. For this purpose, a two-stage 

technique is used to create the niosomes, the first stage is mechanical agitation and the 

second is the sonication. Methods are also presented for evaluating the formation of the 

niosomes. We describe the method of incorporating bioactive compounds into liposomes 

and ex-vivo percutaneous absorption by considering the role of vesicular systems as 

nanocarriers in dermal and transdermal administration. Finally, reference is made to the 

methodology for assessing the effect of vesicle composition on its stability and its 

physicochemical properties. 

 

 

 

 

 

 

 

 

Keywords: Non-ionic surfactant; Stability; Entrapment Efficiency; Thin Film 

Hydration Method, Functional food 
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1.1 Niosomes 
 
 

 
The formation of the niosomes results from self-synthesis of non-ionic surfactants 

that result in closed two-layered structures (vesicles). As surfactants we call the 

amphiphilic molecules having two distinct regions formed by a very small attraction 

structural group for the solvent called the tail (hydrophobic part) and another strong 

pulling group for the solvent called the head (hydrophilic part). The hydrophilic group, 

depending on its nature, can be used to classify the surfactants as ionic or nonionic in 

which the surfactant has no apparent ionic charge. 

 

The first report of nonionic surfactants is found in cosmetic applications by L'Oreal, 

where nonionic surfactants were preferred due to their lower irritant power (Mahale, et 

al., 2012). 

 

The result of self-synthesis is that the hydrophilic head groups lean towards the 

aqueous medium to have maximum contact therewith and the hydrophobic portions of 

the surfactant are preserved protected by this aqueous medium. Figure 2 shows the 

schematic structure of a niosome. 

 

 

 

 

 

 

Surfactant 
head group 

 

Surfactant tail 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Schematic structure of a niosome 

 
 

 
 
 
 
 
 

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 04:35:22 EEST - 3.138.143.170



Introduction 

 

4 

 

 

 
 
 
1.2 Resveratrol 

 
Resveratrol (3,5,4’- trihydroxy-trans-stibene; RSV) is a natural polyphenol from the 

stilbenes family found in a wide variety of plants used as dietary supplement, 

nutraceutical ingredient, and also in topical use products. 

 

Extraction methods can be used to acquire RSV either from plants or chemical 

synthesis. While the RSV used in food or cosmetic industries is commonly obtained from 

plants (Lantto, et al., 2009; Soleas, et al., 1997; Tomé-Carneiro, et al., 2013), the 

pharmaceutical industry follows the organic synthesis path, where further research to 

obtain a more powerful biological activity is claimed (Delmas, et al., 2011). 

 

Although the molecule was first isolated in 1940, the main studies on RSV 

properties began in the nineties. Thus, RSV has been shown to display anticancer 

activity (Karthikeyan, et al., 2013; Surh, et al., 1999), and prolong the lifespan (Howitz, 

et al., 2003), cardiovascular protection (Hung, et al., 2000; Wu, et al., 2013) antioxidant 

activity (Coradini, et al., 2014; Frémont, et al., 1999; Wu, et al., 2013), protection from 

UV-B radiation (Kristl, et al., 2009), inhibition of platelet aggregation (Magalhães, et al., 

2014), and anti-inflammatory activity (Magalhães, et al., 2014; Ortega, et al., 2012). 

Similarly, RSV contributes to the treatment and prevention of Alzheimer’s disease 

(Björkhem, et al., 2006; Dasgupta and Bandyopadhyay, 2013; Frozza, et al., 2013; Lu, 

et al., 2009). 

 

It should be pointed out that most of the studies on RSV were carried out in vitro. 

Some authors do not accept the equivalence in vitro – in vivo to RSV benefits due to its 

poor bioavailability, which is due to its low stability, increased oxidation, and low solubility 

in water (Gambini, et al., 2013; Ndiaye, et al., 2011).Moreover, RSV is a photosensitive 

molecule existing in the form of cis and trans structural isomers (Fig. 1), in which the 

aforementioned biological effects are demonstrated. The exposure to light of RSV for 

one hour (Vian, et al., 2005) results in an irreversible change from the active trans isomer 

to the inactive cis one. For all these reasons, encapsulation of RSV seems to be a 

suitable approach to overcome these problems. 

 

Trans-resveratrol Cis-resveratrol 
 

Fig. 2. Isomers of resveratrol 
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To exert a significant effect on cellular and molecular levels, RSV must penetrate 

the cells. There is a reduction in accessibility to RSV cells due to many events involved 

in multiple stages of the penetration process, mainly complexation with extracellular 

molecules, such as serum proteins, fatty acids or lipoproteins. For this reason, 

encapsulation of RSV serves to improve its penetration and release into cells (Delmas, 

et al., 2011; Paolino, et al., 2008). 

 

1.3 Sodium Diclofenac 

 

        One of the most common non-steroidal drugs to fight pain and inflammation is 

diclofenac, which is prescribed. Diclofenac prevents the presence of the 

cyclooxygenase enzymes COX-1 and COX-2 and inhibits the synthesis of 

prostaglandins. 

 

   Diclofenac given in two salt forms: diclofenac sodium and diclofenac potassium, 

with sodium salt being the most commonly prescribed (Moore et al., 2011), is indicated 

in rheumatic diseases, gout, migraine, musculoskeletal and postoperative pain and is 

also used locally in actinic keratosis, ophthalmically for inflammatory and postoperative 

inflammation and seasonal allergic conjunctivitis. Diclofenac has been associated with 

opioid-saving effects in the treatment of cancer (Dodds et al., 2014, Palmero et al., 1999; 

Bjorkman et al., 1993). 

 

         Diclofenac is orally administered and undergoes first-pass metabolism to a large 

extent. Plasma proteins bind diclofenac at therapeutic levels with a half-life of 1-2 hours 

(Davies and Anderson, 1997). Because of its sensitivity to light, Diclofenac sodium (DS) 

can not be effectively absorbed after transdermal application having gastrointestinal 

adverse effects (Ioele et al., 2015, Menasse et al., 1978). The composition of DS (Figure 

2) consists of two benzene rings and a carboxyl group and is expected to aggregate in 

the aqueous solution when it has a fairly high concentration because its structure 

resembles a surfactant. It has been shown that although surfactant DS does not form 

micelles due to the effect of the counter ion (Ledwidge et al., 1998, Attwood et al., 1983).  

 

 

Fig. 3. Molecular structure of diclofenac sodium 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 04:35:22 EEST - 3.138.143.170



6 

          

 

1.4 Encapsulation methods 

 
 

The trapping of a substance (active agent) into another substance (wall material) 

is called encapsulation (Nedovic, et al., 2011). The protection of RSV from degradation 

and the effective mitigation of its limitations has been investigated in various 

encapsulation studies. The most common methods of encapsulating drugs or bioactive 

compounds are described in Table 1. 

 

 

• Spray-drying. The spray-drying method of encapsulation which 

produces spherical particles with diameters ranging from 10 to 100 µm has been 

used in the food industry since 1950 allowing the entrapment of a variety of 

compounds due to its economic, flexible and continuous operation. The main 

problem with this method is the shortage of soluble in water shell materials used 

for the production of the particle matrix (Desai and Jin Park, 2005; Fang and 

Bhandari, 2010). 

 

• Co-crystallization. Another method of encapsulation is the Co-crystallization 

by which the crystalline structure of sucrose is modified from a perfect to an 

irregular agglomerated crystal at high temperatures (120 ºC) thus providing a 

porous matrix for the incorporation of a second active compound at the same 

time. This enables its incorporation into the void spaces inside the 

agglomerates of the micro crystals, with a size less than 30 μm (Bhandari, et 

al., 1998; Fang and Bhandari, 2010). 
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Table 1.  Schematic illustration of the main encapsulation methods of drugs or 
bioactive compounds (Nedovic et al., 2002 ; Bhandari et al., 1998). 

 

 

Method Illustration of characteristics 

 

 
 

 
Co-crystallization 

 
 
 
 
 

Freeze drying 

 
 
 
 
 

Yeast encapsulation 

 
 
 
 

 
Emulsification 

 
Bioactive 

compound 

 
 
 
 
 

Bioactive 

compound 

 
 
 

 
Bioactive 
compound 

 
 
 

Bioactive 
compound 

 
Oil droplet 

Sugar 
crystals 

 
 
 
 
 

Matrix 

 
 
 
 
 

Yeast cell 

 
 
 
 
 
 

Water 

 
 
 
 

Bioactive 
compound 

Phospholipid 

 

Vesicle entrapment 
 

 
Bioactive 

compound 

 
Surfactant 

 
 

 
 

Spray drying Matrix Bioactive 
compound 
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This method produces final encapsulated materials that are stable, homogeneous 

and of high solubility (Beristain, et al., 1996). 

 

• Freeze-drying, which works by freezing the material and then reducing the 

pressure is mainly used for the encapsulation of heat sensitive and water-

soluble compounds (Desai and Jin Park, 2005). This method aims to make the 

frozen water in the material directly extracted from the solid phase into the gas 

phase. With this technique, the particles obtained have indeterminate forms and 

consist of a matrix containing the active compounds of interest (Fang and 

Bhandari, 2010). 

 

• Yeast encapsulation. Yeast encapsulation by which cells are grown in liquid 

culture medium has many benefits over other microencapsulation technologies 

due to the structure of yeast cell wall and its natural properties (Nelson, 2002). 

In this process an aqueous suspension consisting of yeast cells and the 

compound to be encapsulated is mixed allowing the compound to pass freely 

through the cell wall and the membrane, and to remain passively within the 

cell. (Bishop, et al., 1998). This method is preferred for the entrapment of 

polyphenols, including RSV, although it presents low entrapment efficiency 

values (~15%) (Shi, et al., 2008). 

 

• Emulsification. An emulsion is comprised by two immiscible liquids of different 

composition, a droplet-shaped liquid dispersed in the second. In food systems, 

the droplet diameter ranges from 0.1 to 100 μm. 
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In the case where the dispersed droplets contain smaller droplets of a different 

phase, we have a ternary system called multiple emulsion and has either the 

oil-in-water (W1 / O / W2) or oil-in-water (O1 / W / O2) structure.  The 

encapsulation of the trans-resveratrol with the use of W1/O/W2 double 

emulsions has 40 % efficiency. (Hemar, et al., 2010, Matos, et al., 2014). 

 

•     Vesicle entrapment. Another entrapment method is the Vesicle 

entrapment which is used for the encapsulation of hydrophilic 

compounds into the aqueous compartments between the bilayers and 

lipophilic compounds inside the bilayer matrix (Saini, et al., 2011; 

Uchegbu and Vyas, 1998). for either food, pharmaceutical or cosmetic 

applications, and also can work as drug carriers. The Vesicles are 

colloidal particles in which a concentric bilayer made up of amphiphilic 

molecules surrounds an aqueous compartment. The most common 

vesicles are liposomes and niosomes 

 

•       Liposomes are essentially spherical bilayer vesicles formed by 

phospholipid self-synthesis based on the unfavorable interactions 

occurring between phospholipids and water molecules in which polar 

head groups of phospholipids are exposed to the aqueous phases 

(internal and external) and hydrophobic hydrocarbon tails are forced to 

face each other in a bilayer (Da Silva Malheiros, et al., 2010). Liposomes 

were firstly mentioned by Bangham (Bangham, et al., 1965) 

 

Liposomes can be used for the encapsulation, delivery, and the controlled 

release of hydrophilic, lipophilic, and amphiphilic compounds because 

their structure has lipid and aqueous phases (Da Silva Malheiros, et al., 

2010; Du Plessis, et al., 1994). 

 

 

Niosomes ranging from 10 nm to 3 μm (Moghassemi and Hadjizadeh, 2014) are 

vesicles created by the self-assembly of non-ionic surfactants in aqueous media 

that lead to closed bilayer structures (Uchegbu and Vyas, 1998). As liposomes, 

they are created by the adverse interactions between surfactants and water 

molecules and can trap hydrophilic, lipophilic and amphiphilic compounds 

(Mahale, et al., 2012, Moghassemi and Hadjizadeh, 2014).  

 

Comparing niosomes and liposomes characteristics (Marianecci, et al., 2014; 

Uchegbu and Vyas, 1998) we come to the following points: 

 

➢ Encapsulation of drugs or bioactive compounds into niosomes 

enhances its bioavailability, while with liposomes there is no 

enhances its bioavailability. 

 

➢ Niosomes have higher stability and lower cost than liposomes 
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➢ Niosomes encapsulation allows controlled drug delivery, since it is 

possible to modify the drug release rate and also to perform targeted 

drug delivery into specific locations. 

 

➢ Niosomes are osmotically active, chemically stable, and have long 

storage time. 

 

➢ Niosomes surface formation and modification are simple processes 

because of the functional groups on their hydrophilic heads. 

 

➢ Niosomes and liposomes are highly compatible with biological 

systems and have low toxicity because of their non-ionic nature. 

 
➢ Niosomes are biodegradable and non-immunogenic. 

 
➢ Niosomes can entrap both lipophilic and hydrophilic compounds 

 
➢ Niosomes and liposomes improve skin penetration of drugs or 

bioactive compounds. 

 

➢ Variables involved in niosome formation can be easily controlled. 

 
➢ Niosomes and liposomes can enhance absorption of some drugs 

across cell membrane. 

 

➢ Niosomes can be used for drug administration by different routes: 

transdermal, oral, pulmonary, ocular, parenteral, etc. 
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1.4.1 FACTORS AFFECTING NIOSOMES FORMATION 
 

 
The production of niosomes from the surfactants is regulated by certain 

parameters. These are mentioned below: 

 

1.4.1.1 Formulation aspects 
 

The comprehension of the role that the key ingredients have in the formation of the 

niosomal structure before it is prepared is important 

 

A. Structure of non – ionic surfactant 

 
Niosome formation depends on the structure of the non – ionic surfactants. This 

can be seen because despite the fact that the formation of a bilayer membrane in 

aqueous media usually needs a surfactant with higher contribution of the hydrophobic 

part we can create niosomes from hydrophilic surfactants by also using an optimum level 

of hydrophobic membrane stabilizer (e.g. Cholesterol). (Manconi, et al., 2006). 

 

In order to select the appropriate surfactant, there are two key parameters to be 

considered: HLB and CPP. 

 

One indicator of the ability of a surfactant to form vesicle is the HLB (Hydrophilic – 

Lipophilic Balance) because each surfactant molecule is consisted by hydrophilic and 

lipophilic groups and the ratio between the weight percentages of these two groups for 

non-ionic surfactants determines their behavior (Griffin, 1955). So a value of 1 for HLB 

indicates a lipophilic surfactant and a a value of 20 a completely hydrophilic molecule. 

The relationship between HLB values and surfactant application is shown in table 2. 
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Table 2. HLB scale and surfactants application 

 
 

HLB RANGE 
 

APPLICATION 

 

1-3 
 

Antifoaming 

 
3-6 

 
Water-in-oil emulsions / Niosomes 

 
7-9 

 
Wetting and dispersion 

 
8-18 

 
Oil-in-water emulsions / Micelles 

 
13-15 

 
Detergency 

 
15-18 

 
Solubilization 

 
 

Niosomes are formed usually when HLB values range between 4 and 8 (Saini, et al., 

2011), but niosomes can be produced also by surfactants that have HLB values outside 

of this range.  

 

Another indicator of the ability of a surfactant to form niosomes is the CPP (Critical 

Packing Parameter) which compares the contribution of hydrophobic and hydrophilic 

groups and it is given by the following equation: 

 

 

 

(1) 

 
 

Where v is the volume of the hydrophobic group, lc is the critical length of the 

hydrophobic group, and a0 is the area of the head of the hydrophilic group. When CPP 

value is between 1/2 and 1 the surfactant can be used for the formation of vesicles, when 

CPP value is lower than 1/3 the surfactant give spherical micelles, for values from 1/3 to 

1/2 cylindrical micelles are formed, for values around 1 surfactant form planar bilayers, 

and for values higher than 1 they form inverted micelles (Israelachvili, 2011). 
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B. Additives 

 
A common practice in the production of high stability vesicles is the use of additives 

in niosome formulation. These additives can be classified by the area that their 

functionality affects, to the following: 

 

• Membrane additives. Cholesterol which improves the main vesicular 

properties, such as entrapment efficiency, release, and stability under storage 

(Biswal, et al., 2008; Shilpa, et al., 2011).is the most common additive of this 

category.  Cholesterol abolishes the gel to liquid phase transition of liposomal 

and niosomal systems (Manosroi, et al., 2003), by changing the fluidity of the 

bilayer membrane thus providing greater stability (Kumar and Rajeshwarrao, 

2011). Recent reports state that dodecanol could replace cholesterol as a 

stabilizer in food-grade niosome formulations (Pando, et al., 2015). 

 

• Surface additives. This category includes additives that act on the niosome 

surface. Dicetyl phosphate (DCP) which imparts negative charge on the surface 

of niosomes which remain stabilized by electrostatic repulsion (Waddad, et al., 

2013) is the most common additive of this category. 

 

• Steric additives. The most common additive in this category is Polyethylene 

glycol (PEG) which stabilize niosomes by providing them steric repulsion. 

Surface-attached PEG chains water solubility and flexibility sterically stabilizes 

the vesicles preventing them from self-aggregation and/or fusion processes. 

(Garbuzenko, et al., 2005; Lasic, 1994). 

 
 

Fig. 3 shows the different types of stabilizers used in niosomes formulation 
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Membrane additives 

e.g. Cholesterol 

Surface additives 

e.g. DCP 

Steric additives 
e.g. PEG 

 

 
 
 
 
 
 
 

 
NIOSOMES 

ADDITIVES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. Types of additives for niosomes (Manosroi, et al., 2003; Waddad, et al., 2013 ;   
Garbuzenko, et al., 2005; Lasic, 1994) 

 
 

C. Encapsulated substance 

 
The morphology and stability of the final dispersion can be affected by the 

substances, either drugs or bioactive compounds that are being incorporated into 

niosomes, the most problematic are the amphiphilic compounds (Kumar and 

Rajeshwarrao, 2011; Uchegbu and Vyas, 1998). One amphiphilic drug is Doxorrubicin 

which leads to aggregation when it is encapsulated in niosomes. This can be overcome 

by the addition of a steric stabilizer (Kumar and Rajeshwarrao, 2011). 

 

1.4.1.2 Surfactant concentration 
 

The production of niosomes usually demands a 10–30 mM (1–2.5% w/w) concentration 

of surfactant (Lawrence, et al., 1996; Uchegbu, et al., 1992; Uchegbu, et al., 1996; Zarif, 

et al., 1994), although it is possible to produce niosomal dispersions using concentrations 

out of this range. Normally, higher surfactant concentration involves higher drug 

entrapment efficiency which leads to an increase in system viscosity (Pando, et al., 
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2013a; Uchegbu and Vyas, 1998) 

 

1.4.1.3 Temperature 
 

In the production of niosomes the hydrating temperature should be above the Tc 

of the system which is the temperature that gels transition to liquids (Kumar and 

Rajeshwarrao, 2011; Marianecci, et al., 2014). When the hydrating temperature used is 

above Tc the niosomes show higher entrapment efficiencies than when it is lower than 

Tc (Biswal, et al., 2008; Hao, et al., 2002; Kumar and Rajeshwarrao, 2011).  

 

1.4.2 NIOSOMES PREPARATION METHODS 

 
During the process of niosomes formation additional energy is required (Lasic, 

1990). There are more than 10 different preparation methods reported in the literature 

(Moghassemi and Hadjizadeh, 2014; Walde and Ichikawa, 2001) although, in this 

section, only the most common are discussed. 

 

Selection of the most appropriate method depends on surfactants and stabilizers 

present in the formulation, compound to be encapsulated, and characteristics required 

for the final application of niosomes. 

 

1.4.2.1 Agitation – Sonication 
 

In this method mechanical agitation (Liu and Guo, 2007), sonication (Pando, et al., 

2013b), or a combination of both (Pando, et al., 2013a) are used as system energy input. 

 

The best operational procedure seems to be an initial sample homogenization by 

agitation followed by sonication. Sonication produces small unilamellar vesicles (SUVs) 

with narrow size distribution. This technique involves the aqueous solution containing the 

compound of interest to be added to the surfactant/stabilizers mixture which is then 

stirred or sonicated to form niosomes. A schematic diagram of this method is shown in 

Fig. 4. 

 

Other procedures, such as mechanical agitation, produce multilamellar vesicles 

(MLV) (Pando, et al., 2013a; Walde and Ichikawa, 2001).  
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Addition of an aqueous solution 
containing the bioactive compound to 

surfactant / stabilizers 

Homogenization 
by agitation 

Sonication 

Fig. 4. Agitation – sonication method for niosomes preparation 

 
 

1.4.2.2 Thin Film Hydration (TFH) 
 

Film Hydration (TFH) described by Bangham et al. (Bangham, et al., 1965) is still 

widely used.  

TFH method can be divided into stages. Firstly, the dissolution of the 

surfactant/stabilizers in an organic solvent, as chloroform or ethanol. Secondly, the 

removal of the organic solvent by vacuum evaporation. Thirdly, the hydration of the thin 

film formed on the wall of the flask with an aqueous solution containing the substance of 

interest. (Hao and Li, 2011; Manconi, et al., 2006). 

 

Finally, depending on the final application of formulated niosomes, different 

homogenization techniques can be applied to the aqueous solution from hydration 

process: manual shaking or agitation lead to MLV, while sonication leads SUV niosomes. 

In general, this method provides good niosomes dispersion (Flower and Perrie, 2013). 

 

This procedure is shown in Fig. 5. 
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Surfactant/Additives are 
dissolved in an organic 
solvent 

Organic solvent is 
removed and a thin 

film is formed 

Thin film hydration by 
addition of an aqueous 

solution of bioactive 
compound 

Sonication 

 

Fig. 5. Thin Film Hydration method for niosomes preparation 

 
1.4.2.3 Dehydration – Rehydration Vesicles (DRV) method 

 

DRV described by Kirby and Gregoriadis (Kirby and Gregoriadis, 1984) can be 

divided into stages. Firstly, niosomes are obtained by TFH method. Secondly, the 

niosomes are frozen in liquid nitrogen and freeze-dry overnight to form a cake that 

contains the bioactive compound/. Finally, the dried cake formed is hydrated and 

sonicated again to form the final niosomes. 

 

This method produces niosomes with high mean size and good entrapment 

efficiency (Kawano, et al., 2003; Mugabe, et al., 2006). Fig. 6 shows a schematic diagram 

of this method. 

 

 

Freezing of niosomal 
dispersion 

Freeze-drying to form a cake 
containing the bioactive 

compound 

Rehydration Sonication 

 
 

Fig. 6. Dehydration – Rehydration Vesicles method for niosomes preparation 
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1.4.2.4 Reverse Phase Evaporation (REV) 
 

Before the application of this method, surfactant and additives are previously 

dissolved in an organic solvent. This method can be divided into the following stages: 

firstly, the organic solution is added to an aqueous phase, containing the bioactive 

compound. Secondly, this mixture is sonicated to obtain an emulsion. Finally, the organic 

solvent is removed in a vacuum rotary evaporator until hydration is completed and 

niosomes are formed (Abdelkader, et al., 2011; Guinedi, et al., 2005). This procedure 

enables to obtain large unilamellar vesicles (LUV) (Moghassemi and Hadjizadeh, 2014). 

Fig. 7 shows a schematic diagram of this method. 

 

 

Organic solution is added to 
an aqueous phase containing 

the bioactive compound 

 
An emulsion is formed 

by sonication 

 
Organic solvent is removed 

in a vacuum rotary evaporator 

 
 

Fig. 7. Reverse Phase Evaporation method for niosomes preparation 

 
1.4.2.5 Ether Injection Method (EIM) 

 

This technique can be divided into two stages. Firstly, the surfactant and additives 

dissolved in an organic solvent, as diethyl ether or ethanol are injected slowly through a 

needle into an aqueous phase containing the bioactive compound. Secondly, the organic 

solvent is removed using a vacuum rotary evaporator and niosomes are formed after 

organic solvent is removed if diethyl ether is used (Wagner, et al., 2002). Depending on 

experimental conditions, vesicles size range between 50-1000 nm. This method can be 

easily scaled-up (Wagner, et al., 2002). This procedure is shown in Fig. 8. When ethanol 

is used as organic solvent, niosomes are formed during the injection process,
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Injection of the organic 
solution into the aqueous 

phase 

Niosomes formation after 
organic solvent removal by 

vacuum evaporation 

 
 

Fig. 8. Ether Injection Method for niosomes preparation 

 
 

 
1.4.3 NIOSOMES CHARACTERIZATION 

 
The most important parameters to characterize niosomes are the following: 

 
1.4.3.1 Vesicle mean size and its distribution of size 

 

It is supposed that Niosomes have are spherical, thus a Niosomes size is appointed 

a mean value (Z-Average), ranging from 20 nm to 50 µm (Mean particle size, diameter, 

nm) (Moghassemi and Hadjizadeh, 2014). Polydispersity Index (PDI or PI) is the 

parameter used to characterize the distribution of niosomes size (Pando, et al., 2013b). 

The 0 value for a PDI dictates vesicles which are totally monodispersed, on the other 

hand a PDI value of 1 dictates vesicles which are polydispersed to a high extent. In this 

study a Zetasizer Nano ZS (Malvern Instruments Ltd, UK utilizing the Dynamic Light 

Scattering (DSL), determined both the mean (Z-Average) size and PDI of niosomes  

 

1.4.3.2 Zeta potential (-potential) 
 

The plane of shear, located between the compact and diffuse layers has an electric 

potential which is described by this parameter. This means that the -potential is the 

difference in electric potential that the dispersion medium has in relation to the 

corresponding one of the stationary layer of fluid which is attached to the dispersed 

particle (Clogston and Patri, 2011). The -potential indicates the level of niosomes 

stability thus, a high absolute value means electrostatic repulsion between vesicles 

leading to high stability, since it prevents aggregation and fusion of niosomes (Pando, et 

al., 2013b). 
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1.4.3.3 Stability 
 

The encapsulated compound presents aggregation, fusion, and leakage problems 

in reference with vesicles storage. For this reason backscattering (BS) profiles were 

measured to monitor niosomes stability with time. This was done in a Turbiscan Lab® 

Expert apparatus (Formulaction, France) by incorporating an Ageing Station 

(Formulaction, France). The produced findings present macroscopically the niosomes at 

a given time showing the changes in the distribution of the vesicles size and/or 

appearance of a creaming layer or a clarification front with time (Pando, et al., 2013a). 

 

 

1.4.3.4 Morphology 
 

Negative staining transmission electron microscopy (NS-TEM), using a JEOL-

2000 Ex II TEM (Japan) was used for the analysis of the structure of niosomes and the 

confirmation of vesicles morphology. 

 

1.4.3.5 Entrapment efficiency 
                           

The percentage of the entrapped bioactive compound or drug into purified 

niosomes gives the efficiency of Encapsulation (EE%). The measurement of the difference 

between entrapped and total amount of drug or bioactive compound initially incorporated 

determines this percentage. This also refers to the total amount of bioactive compound 

which is present in a non-purified sample. Different analytical techniques must be used 

depending on compound encapsulated. In this work, bioactive compounds were 

determined by chromatography (HP series 1100 chromatograph, Hewlett Packard, USA) 

using UV/VIS absorbance and fluorescence detectors. 

 

The various methods for the characterization of niosomes is presented in Table 3 
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Table 3. Methods used to characterize niosomes 

 

Parameter Method 

Average size 
Dynamic Light Scattering (DLS) 

Transmission Electron Microscopy (TEM) 

Size distribution DLS 

 

-potential 

 

Phase Analysis Light Scattering (PALS) 

 

Stability 
 

Multiple Light Scattering (MLS) 

 

Morphology 
 

TEM 

 
Entrapment efficiency 

High Performance Liquid Chromatography (HPLC) 

Spectrophotometry 

 
 
 

1.4.4 NIOSOMES APPLICATIONS 

 

The high entrapment efficiency of the niosomes for different types of drugs or 

bioactive compounds was the main reason for their use in cosmetic industry and by 

pharmaceutical companies (Shilpa, et al., 2011).  

Thus, niosomes can be used as nanocarries in several delivery systems, such as: 

gene delivery, anti-bacterial, antioxidant, antimicrobial, anticancer, anti-inflammatory, 

anti-malarial, anti- asthma, anti-amyloid, anti-Alzheimer, anti- fungal, nutraceuticals, etc. 

(Moghassemi and Hadjizadeh, 2014). 

 

1.4.4.1 Dermal and transdermal delivery 

Niosomes in a drug or bioactive compound applied dermally into the skin can 

increase the residence time of the drug in skin deeper layers. This topical application is 

used for the treatment of diseases or for other health benefits. The resulting higher 

concentrations in epidermis and dermis reduces the systemic absorption of the drug thus 

increases the treatment efficiency (Manconi, et al., 2006; Marianecci, et al., 2014; Pando, 

Daniel, et al., 2013).  

Further, transdermal delivery is used as an alternative route of drug administration, 

instead of oral or parental routes and has several advantages, such as the avoidance 
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of the intravenous therapy inconveniences and risks, avoidance of first pass hepatic 

metabolism, no gastrointestinal degradation, and avoidance of several issues due to oral 

administration (e.g.: vomiting) (Marianecci, et al., 2014). 

Fig. 9 shows dermal and transdermal delivery of the drug into the skin. 

 

 
Stratum corneum 

Epidermis 

 
Dermis 

 
 
 

 
Dermal delivery Transdermal delivery 

 

 
1.4.4.2  Oral delivery 

 

Oral administration of drugs is the most common system of delivery and there is 

an increase in the use of functional foods and nutraceuticals because of their health 

gains, (Shahidi, 2009). 

Niosomes encapsulation is used to address the bioavailability problems of orally 

administrated compounds that are the result of poor solubility, low dissolution rate, 

degradation, and unpredictable absorption, and protects the compound and increases 

its bioavailability  (Gurrapu, et al., 2012; Pando, et al., 2013a) and also help to mask 

undesirable flavors (Tavano, et al., 2014). 

 

1.4.4.3 Pulmonary delivery 
 

Pulmonary delivery because of the high drug concentration located at the specific 

site of action is preferred in inflammatory diseases such as infections or cancer of the 

respiratory tract. 

Because of the inability of some lipophilic drugs to permeate through the 

hydrophilic mucus to reach a site of action a targeted delivery using niosomes is used 

for the drug to reach this specific location thus having the optimal effect for the patient, 

(Marianecci, et al., 2014; Terzano, et al., 2005). 

Nebulizers are the most common aerosol delivery technologies because vesicular 

structures may be delivered without further processing (Saari, et al., 1999).
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1.4.4.4 Ocular delivery 
 

The implementation of the ocular delivery of drugs presents some difficulties, both 

anatomical and physiological. A way to overcome these is the use of carriers (Marianecci, 

et al., 2014). In several cases the controlled delivery of ophthalmic drugs improves their 

ocular bioavailability compared to traditional eye drops, (Abdelbary and El-Gendy, 2008; 

Di Colo and Zambito, 2002). 

 

The use of niosomal systems as nanocarriers present some advantages such as 

the delivery of the drug at the coneal surface for a prolonged time in a controlled way, 

and the prevention by the tear/corneal epithelial surface enzymes of drug metabolism, 

(Abdelbary and El-Gendy, 2008). 

  

                       1.4.4.5 Parenteral delivery 
 

Drugs or bioactive compounds are most commonly administered by the parenteral 

route. This requires frequent injections for the maintenance of an effective concentration 

of the drug. The problems of parenteral administration have been overcome by the 

development of vesicles because they provide a predictable targeted and sustained 

release of the drug (Marianecci, et al., 2014). 

 

Nowadays, niosomes containing active drugs for parental administration are 

developed for several diseases treatment, such as melanoma, fungal and viral diseases, 

etc. These niosomes show high efficiencies compared to conventional treatments 

(Manosroi, et al., 2013; Shi, et al., 2006; Wang, et al., 2012). 

 

 1.4.4.6 Gene delivery 
 

Niosomes can be applied for topical gene delivery in gene therapies for the 

treatment of different inherited or acquired disorders. Contrary to traditional forms of 

therapy, gene therapies with the application of niosomes use genetic material such as 

DNA, oligonucleotides, small interfering RNAs, ribozymes, DNAzymes and are painless 

and have an easy administration, (Mahale, et al., 2012). 

Gene therapy has the theoretical potential to treat almost any disease (Marianecci, 

et al., 2014).  

 

                      1.4.4.7 Therapeutics / Diagnostics 
 

The use of vesicles as nanocarriers is a successful way to achieve an enhanced 

targeted delivery into specific cells using antibody/antigen recognition (Simard and 

Leroux, 2009), Nowadays due to advancements in technology mainly focused on 

liposomes, several vaccines with adjuvants based on vesicles have reached the final 

stages of clinical evaluation or have cleared for use, (Watson, et al., 2012). 

Niosomes can be used for these purposes. In addition, niosomes increase the 

chances for early diagnosis with their use as imaging agents for tumors or for making 

biosensors to detect diseases, (Uchegbu and Vyas, 1998; Yu, et al., 2011). 
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                          2. OBJECTIVES 
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                     In this work, the following specific objectives have been pursued: 

 

 
• The description of the method for the preparation of niosomes by a two-stage 

technique: thin film hydration method, mechanical agitation and sonication. The 

presentation of the method for the determination of the operation parameters 

influence on the mean size and the distribution, size, stability and entrapment 

efficiency of vesicle. 

 

• The presentation of the method for the encapsulation into liposomes for topical use. 

 

• The presentation of the method for the preparation of entrapped DS and the 

implementation of variance analysis (ANOVA) for the optimization of the key 

parameters involved in the preparation of niosomes. 
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                           3. CONCLUSIONS 
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Research has shown the excellent potential for the use of liposomes and niosomes 

nanoparticles in encapsulation of hydrophobic and hydrophilic bioactives compounds. 

The physicochemical characteristics, as well as safety, stability and release profiles of 

the liposomes and niosomes formulations will determine the manner of their behavior 

in vivo and usefulness for human health. Compared to liposomes, niosomes have the 

advantage that the components are extremely cheap compared to phospholipids and 

both the lipids and non-ionic surfactants are similarly stable. A disadvantage is that the 

currently commercially available surfactants (Spans and Tweens) are polydisperse. At 

the first place niosomes have been used in cosmetic industry and then have come to 

the attention of the pharmaceutical companies. Research on the production of 

niosomes in the food industry has not gone far enough. The use of the niosomes could 

be utilized in the manufacture of nutraceuticals. Further studies demonstrating the 

synergistic health benefits in human or animal models will help to generate concrete 

experimental data and establish the technique in food industry. Regarding niosomes in 

cosmetic industry were shown to improve both dermal and transdermal drug delivery 

in comparison with conventional liposomes. 
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