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Chapter 16
Niosomes: A Smart Drug Carrier 
Synthesis, Properties and Applications

Madhusudhan Alle, Noufel Samed, and Jin-Chul Kim

16.1  Introduction

Even though liposomes can encapsulate the various types of drugs and are capable 
of sustained release, they are also associated with several disadvantages like high 
formulation cost, brief shelf life, low stability of their aqueous suspensions at differ-
ent pH levels and toxicity. These factors led to diverting the focus on developing 
vesicular carriers that were more biocompatible and could nullify the abovemen-
tioned shortcomings. Hence, niosomes came into being. They were first formulated 
by the cosmetic company L’Oréal, and the first commercial product containing nio-
somes was released in 1987 (Singh and Sharma 2016).

Niosomes possess most of the physical and structural properties of liposomes 
having unilamellar, bilamellar or multilamellar structure enclosing an aqueous core. 
Their ability to self-assemble easily in an aqueous medium during preparation is 
because of the high interfacial tension between water and the hydrocarbon portion 
of the surfactant involved. In addition, the presence of strong steric or ionic repul-
sion between the head groups of the surfactant molecule makes sure that these 
groups always stay in contact with water. These two strong contradicting forces 
impart strong structural strength to niosomes (Uchegbu and Florence 1995). The 
formation of stable niosomes is also governed by membrane-stabilizing agents, 
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primarily cholesterol (Abdelkader et  al. 2014). The property of high-interfacial 
activity also gives the niosomes the ability to simultaneously load many hydrophilic 
and hydrophobic drugs, for example, doxorubicin and curcumin (anticancer drugs) 
(Mahale et al. 2012) . Moreover, the presence of nonionic surfactants enhances the 
fluidity of biological membrane at the delivery site, hence making niosomes an ideal 
drug delivery vehicle for a variety of drugs via the transdermal route. It has also 
been observed that the stability of peptide-based drugs is more when encapsulated 
in niosomes. However, niosomes are also associated with disadvantages like drug 
leakage and its hydrolysation in aqueous suspensions, and they also exhibit more 
irritability than liposomes (Moghassemi and Hadjizadeh 2014; Singh and 
Sharma 2016).

This chapter aims to provide a comprehensive account of niosomes, including 
their structural properties, synthesis, characterization techniques used and adminis-
tration routes and an overview of their applications.

16.2  Advantages of Niosomes

When a comparative study is done, niosomes have significant advantages over lipo-
somes which can be summarized as follows:

 1. The risk of toxicity posed by niosomes is way less when compared to liposomes.
 2. Niosomes are more chemically stable and offer a longer shelf life than liposomes.
 3. They are capable of being degraded within any biological system and pose no 

threat of severe immune response by the body in which they have been 
administered.

 4. Because of the high fluidity exhibited by niosomes, they can be administered 
effectively and safely to the body via many routes like oral, transdermal, pulmo-
nary as well as ocular with better patient compliance.

 5. The presence of high-interfacial activity in niosomes gives them the ability to 
perform multidrug delivery mainly as a combination.

 6. The use of nonionic surfactants for synthesizing niosomes gives the advantage of 
higher biocompatibility than liposomes (Rajera et al. 2011; Chandu et al. 2012; 
Moghassemi and Hadjizadeh 2014; Verma and Utreja 2019).

A variety of substances ranging from simple and complex proteins like bovine 
serum albumin (BSA), α-interferon, immunosuppressants like cyclosporine A, hor-
mones like vasopressin, insulin and luteinizing releasing hormone and antigens for 
influenza virus have been encapsulated effectively and delivered in a targeted and 
sustained mode using niosomes. Moreover, as niosomes can provide high drug con-
centration and bioavailability, many pharmaceutical drugs also have been encapsu-
lated in niosomes for various applications like anti-leishmanial, anti-inflammatory, 
anti-tubercular and hormonal and anticancer therapy (Kumar and Rajeshwarrao 
2011; Mahale et al. 2012).
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16.3  Structure of Niosomes

Niosomes have vesicular or micellar structure, generally with a hydrophilic core 
and hydrophobic outer shell as shown in Fig. 16.1. The formation of micellar struc-
tures mainly is by the self-assembly of the nonionic surfactants, which can be 
ascribed mainly to the hydrophobic and hydrophilic interactions at the interfacial 
level at the time of aggregation. The hydrophobic interactions take place at the 
hydrocarbon tail portion of the nonionic surfactant molecule. The hydrophilic inter-
actions are between the hydrophilic heads and the aqueous medium. They tend to 
remain in constant contact with the aqueous medium in which the niosomes are 
prepared. Hence, these two opposing forces tend to decrease (hydrophobic) the 
interfacial area per surfactant molecule, while the hydrophilic force tends to increase 
the interfacial area (Abdelkader et al. 2014). Normally, hydrophilic drugs get encap-
sulated in the aqueous core, while hydrophobic drugs get entrapped at the hydro-
phobic shell (Abdelkader et al. 2014; Moghassemi and Hadjizadeh 2014).

However, the morphology of niosomes depends not only on the nonionic surfac-
tant involved but also on other factors like stabilizing agents like cholesterol and 
other formulation parameters, which will be discussed in the following sections.

16.4  Factors Affecting the Structure and Properties 
of Niosomes

16.4.1  Nature of the Nonionic Surfactant Involved

Nonionic surfactants have a polar (hydrophilic) head and non-polar (hydrophobic) 
tail. Since they are amphiphilic and do not carry a net charge, they exhibit lesser 
toxicity, lesser haemolytic activity, more stability and lesser irritation when com-
pared to other class of surfactants. They also show more potent inhibition towards 
P-proteins which enhance their drug absorption capacity. They also maintain an 
almost stable physiological pH in the solution. The inhibition of nonionic surfac-
tants towards the multidrug resistant p-glycoprotein allows adsorption and thereby 

Hydrophilic Part

Hydrophobic Part

Fig. 16.1 Structure of a 
niosome. (Adapted from 
Mahale et al. 2012) 
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targeting of a variety of cancer drugs (doxorubicin, curcumin, morusin), steroids 
(hydrocortisone) and cardiovascular drugs (beta-blockers) (Agarwal et al. 2018).

Some of the significant nonionic surfactants include polyglycerol alkylethers, 
glucosyl dialkyl ethers, crown ethers, polyoxyethylene ethers and esters, such as 
series of Brijs, Spans and Tweens (Shilpa et al. 2011). A new class of surfactants 
known as Gemini surfactants which have two hydrophobic chains and two hydro-
philic head groups linked with spacers have emerged as ideal candidates for nio-
somes. Another class of surfactants called bolaamphiphiles contains bipolar 
amphiphiles with two polar heads connected by one or two long hydrophobic spac-
ers that are also being used for niosomal formulation (Pardakhty et al. 2007; Mahale 
et al. 2012).

The chain length and the size of the hydrophilic head group play a crucial role in 
the entrapment efficiency of the niosomes. Long stearyl chains increase entrapment 
efficiency, while shorter lauryl chains decrease entrapment efficiency. Longer alkyl 
group chain with extended hydrophilic head group favours entrapment of hydro-
philic drugs, while shorter alkyl chain length with long hydrophilic head group is 
better suited for entrapment of hydrophobic drugs (Nasseri 2005). Some of the com-
monly used nonionic surfactants for formulating niosomes have been shown in 
Table 16.1 (Raymond et al. 2006; Kumar and Rajeshwarrao 2011; Ag Seleci et al. 
2016; Gharbavi et al. 2018).

The other significant properties of the nonionic surfactants which determine the 
nature of niosomes formed are:

 (a) Hydrophilic-lipophilic balance (HLB) value
 (b) Critical packing parameter

 (a) Hydrophilic-lipophilic balance (HLB) value

Table 16.1 Brief description of some of the commonly used nonionic surfactants used for niosome 
formulation

Name of the nonionic surfactant Characteristics
Sorbitan fatty acid esters or Span The gel transition temperature increases as the carbon chain 

length of the molecule increases
Commonly used in making aqueous cosmetic products for 
enhancing oil solubilization

Alkyl ethers and alkyl glyceryl 
ethers polyoxyethylene 4 lauryl
ether (Brij 30)

Having a HLB value of 9.7 and phase transition temperature 
below 10, they form LUV when combined with cholesterol
Oxidation occurs upon interaction with oxidizable 
medications and results in discoloration

Polyoxyethylene cetyl ether (Brij 
58)

Having a high HLB value of 15.7, it forms inverse vesicles

Polyoxyethylene stearyl ethers 
(Brij 72 and Brij 76)

As HLB value of Brij 72 is lesser than that of Brij 76 (4.9 
and 12.4, respectively), Brij 72 has a higher entrapment 
efficiency than Brij 76

Tween or polyoxyethylene fatty 
acid esters

Derivatives of fatty acid-esterified ethoxylated sorbitans
Tween 20, 40, 60 and 80 usually used for niosome 
formulation

M. Alle et al.



453

The HLB value is a number is a ratio of the hydrophilic and lipophilic groups in 
a surfactant molecule. Its value ranges from 0 to 20 for nonionic surfactant mole-
cules. Generally, as a thumb rule, surfactants with values greater than 10 have a 
greater affinity for water (hydrophilic), while those with a value less than 10 have 
an affinity towards oil (lipophilic). An HLB number ranging from 4 to 8 is highly 
favourable for vesicle formation (Uchegbu and Florence 1995). Attributing to their 
higher aqueous solubility, hydrophilic surfactants cannot form free hydrated units 
(vesicles), but instead, they aggregate and undergo coalescence forming lamellar- 
like structures (Jousma et al. 1988, 1989). On the other hand, surfactants with a 
higher HLB value ranging between 14 and 17 do not usually form niosomes 
(Shahiwala and Misra 2002). When it comes to surfactants with an HLB value of 
around 10, cholesterol plays a critical role in forming niosomes (Tavano et al. 2011). 
Table 16.2 summarizes the effect of HLB value on niosomal formation (Shahiwala 
and Misra 2002).

 (b) Critical packing parameter

Another important factor that determines niosomal formation is the critical pack-
ing parameter (CPP) of the monomer. CPP value primarily determines the type of 
aggregates formed. Figure 16.2 shows the influence of CPP on the morphology of 
niosomes formed. It is given by the expression, CPP = V/( a0 x lc), where V corre-
sponds to the molecule tail volume, a0 corresponds to the surface area per molecule 
at the hydrocarbon-water interface and lc corresponds to the critical span of a molec-
ular chain in fluid when in aggregation. For better understanding, the diagrammatic 
representation of above-mentioned parameters is shown in Fig. 16.2.

However, the values of CPP and HLB alone cannot be reliable in foretelling the 
shape of the micelles formed. One more factor known as AC is the effective area per 
lipid chain, i.e. the cross-sectional of the molecule tail. If the value of Ac is above 
0.43 nm2, then a micellar structure is formed; if it is slightly below, then bilayer 
vesicles are formed; and if the value is way less than 0.43 nm2, then multilamellar 
structures are formed (Israelachvili et al. 1976; Tavano et al. 2011). A point to be 
noted is that during niosomal preparation, addition of a water-insoluble nonionic 
surfactant (as a co-surfactant) to water-soluble nonionic surfactant can result in for-
mation of large-sized niosomes with lesser entrapment efficiency. This can be 

Table 16.2 Impact of HLB value on niosomal formulation

HLB value Impact on formulation

Values lesser than 6 Cholesterol addition necessary to increase 
stability

>6 Cholesterol addition required in formation of 
bilayer vesicle

1.7–8.6 Reduction in entrapment efficiency
8.6 Enhancement in entrapment efficiency
14–16 Niosomes not produced
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attributed to the competitive interaction between the hydrophobic co-surfactant and 
cholesterol during bilayer structure formation, resulting in forming a weak mem-
brane, and hence drug leakage occurs (Yeo et al. 2019). 

16.4.2  Addition of Cholesterol

Cholesterol is an inherent part of biological membranes that play a key role in the 
membrane properties like aggregation, fusion processes, ion permeability and elas-
ticity and the size and shape of the vesicles. The addition of cholesterol during 
niosomal formulation mainly enhances the fluidity and rigidity of the niosomes (Liu 
et al. 2007). As shown in Fig. 16.3, cholesterol strengthens the structural integrity of 
the niosome by hydrogen bond formation with the surfactant involved (span 60) 
(Moghassemi and Hadjizadeh 2014). The addition of cholesterol is also dependent 
on the HLB value of the surfactant involved. When the surfactant has an HLB value 
of above 10, a minimum addition of cholesterol is necessary to compensate larger 
head groups (Bandyopadhyay and Johnson 2007). Cholesterol also improves the 
cohesion among the areas of non-polar portions of the vesicular bilayer formed 
(Manconi et al. 2006). Its action also sees the stabilizing effect of cholesterol on 
niosomes of inhibiting the destabilizing effects of serum and plasma components, 
decreasing the vesicle permeability (ROGERSON et  al. 1988). Cholesterol also 
imparts better stability to the niosomes by improving the gel to the liquid transition 
temperature of the vesicles formed. Moreover, cholesterol addition helps more 
hydrophobic surfactants in vesicle formation by inhibiting aggregate formation 
(Kumar and Rajeshwarrao 2011).

Chain Length

Volume

Area a0

a0

ν

ν

ν

lc

lc

CPP = 
lc × a0

CPP≤0.5 micelles form
CPP=(0.5-1.0) spherical vesicles form
CPP≥1.0 inverted micelles form

Hydrophilic end Hydrophobic end

Fig. 16.2 Diagrammatic representation of critical packing parameter (CPP). (Adapted from 
Kumar and Rajeshwarrao 2011)

M. Alle et al.



455

Generally on a quantitative basis, the maximum amount of the surfactant and 
lipids like cholesterol used is in the range of 1 to 2.5% (w/w). Changing the surfac-
tant/cholesterol ratio can drastically affect the drug entrapment efficiency, the vis-
cosity and, upon hydration, the assembly of the niosomes formed (Uchegbu and 
Vyas 1998; Kumar and Rajeshwarrao 2011). Studies have shown that the best 
entrapment efficiency is for those niosomes having 60% of cholesterol (Carafa et al. 
2002; Moghassemi et al. 2015, 2017). Cholesterol also plays a key role in affecting 
or regulating the niosomal release profile of the entrapped drug.

16.4.3  Addition of Charge-Inducing Agents and Phase 
Transition Temperature

Charge-inducing agents are added for the purpose to impart a net charge on the 
surface of the niosomes for attaining bilayer stabilization and enhance mobility in 
an electrophoretic sense, as observed in the case of erythrocytes. However, adding 
such agents beyond a specific amount will inhibit niosomal formation (Waddad 
et  al. 2013). Particle aggregation is also prevented due to electrostatic repulsion 
between like-charged vesicles. Charge-inducing agents also improve drug encapsu-
lation efficiency in some cases and improve chances of skin permeability and 
chances of hybrid niosomal complex formation (Oh et al. 2006; Cametti 2008). A 
few examples of charge-inducing agents include dicetyl phosphate (negative charge 
inducing), phosphatidic acid (negative charge) and stearylamine (positive charge) 
(Uchegbu and Vyas 1998; Rajera et al. 2011; Abdelkader et al. 2014; Moghassemi 
and Hadjizadeh 2014).

Another essential factor that decides the entrapment efficiency of the surfactant 
involved during formulation will be the phase transition temperature of the surfac-
tant. Phase or gel transition temperature is termed as the temperature that is required 
to change the inherent closely packed state of the surfactant to a more randomly 
oriented state with increased fluidity. An example where gel transition temperature 
plays a deciding factor is in the surfactant span 60. Span 60 has a trend of having 

CPP 1/3 

BILAYERSSPHERICAL
MICELLES

CYLINDRICAL
MICELLES

INVERSE
MICELLES

1/3  CPP   1/2 1/2    CPP   1 CPP   1 ≤ ≤ ≤ ≤ ≤ >

Fig. 16.3 Morphology of 
niosomes formed 
according to CPP value. 
(Adapted from Marianecci 
et al. 2014)
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higher entrapment efficiency because of its high gel transition temperature (Kumar 
and Rajeshwarrao 2011; Key et al. 2018). Studies conducted for combined delivery 
of hydrophobic and hydrophilic anticancer drugs (curcumin and doxorubicin, 
respectively) have shown that Tween 60 has a better entrapment efficiency than span 
60 Tween 60 a longer hydrophobic and hydrophilic chains of than span 60 
(Naderinezhad et al. 2017). Some of the commonly used nonionic surfactants for 
formulating niosomes have been shown in Table 16.1 (Manosroi et al. 2003; Kumar 
and Rajeshwarrao 2011; Ag Seleci et al. 2016; Gharbavi et al. 2018).

16.4.4  Hydration Medium

The type of hydration medium used to form niosomes is primal. Phosphate buffer 
solution (PBS) of various pH levels has been used as a hydration medium. The pH 
of the buffer medium is decided based on the solubility of the drug that has to be 
encapsulated. An increase in entrapment efficiency occurs when the hydration 
medium is acidic (pH=5.5), and it decreases under alkaline conditions (pH=6.8) 
(Kumar and Rajeshwarrao 2011). It has been observed that entrapment efficiency 
increases when hydration time is prolonged, but at the same time, the entrapment 
efficiency decreases when the volume of the hydration medium is increased (Kumar 
and Rajeshwarrao 2011; Mahale et al. 2012).

The temperature of the hydration medium should be maintained at a level above 
the gel to the liquid phase transition of the surfactant involved. The temperature 
determines the possibility of the aggregation or assembly of the surfactant into ves-
icles and the shape of the vesicles formed (Azmin et  al. 1985). The duration of 
hydration time also influences entrapment efficiency and vesicular size, with shorter 
durations producing large-sized vesicles with lesser entrapment efficiency. It has 
been recommended that the optimal time for hydration will be 60 mins, with a vol-
ume of hydration medium being 5 ml (Yeo et al. 2019). Vesicles of smaller size are 
produced when hydration time is prolonged. The morphology or structural proper-
ties occur whenever a change is induced in the hydration temperature; this can also 
affect vesicle formation (Uchegbu and Vyas 1998; Rajera et al. 2011). In research 
conducted by Maryam, it was found that upon increasing the temperature of the 
hydration medium (from 25 °C to 55 °C) and hydration time (from 10 to 25 mins), 
the population of large-sized multilamellar vesicles increased (Homaei 2016). In 
another study, earlier formed polyhedral vesicles were transformed into spherical 
vesicles when the temperature was increased from 25 °C to 48 °C, and upon reverse 
cooling from 55 °C to 35 °C, polyhedral vesicles retained. During the transition 
stage, spherical vesicles of smaller size in a clustered state are formed at 49  °C 
(Arunothayanun et al. 2000).

M. Alle et al.
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16.4.5  Nature of the Drug to be Encapsulated

The degree of encapsulation of the concerned drug depends on its various properties 
like molecular weight and structural properties, whether hydrophilic or lipophilic 
(Mozafari 2007). Its subsequent interaction with the surfactant involved can affect 
vesicle size and entrapment efficiency. As far as entrapment of hydrophilic drugs is 
concerned, the efficiency is normally within 10–20% (Peltonen et al. 2002; Ferreira 
et al. 2004). But it has been observed if a charge interaction occurs between the 
surfactant and the drug, there is an enhancement in the entrapment efficiency. This 
was seen in a study conducted on transdermal delivery of a hydrophilic drug galli-
dermin in which interaction that occurred between the positive and negative charges 
of the drug and niosomes, respectively, brought up the entrapment efficiency up to 
45% (Manosroi et al. 2010).

When it comes to the entrapment efficiency of hydrophobic drugs, an inverse 
relationship exists, i.e. entrapment efficiency decreases as the concentration of the 
drug increases as that would interfere with the vesicle formation (Marianecci et al. 
2010). The process of drug entrapment ceases once the bilayer structural satura-
tion occurs.

16.4.6  Method of Niosomal Preparation

The method of niosomal preparation can influence the vesicle size and drug entrap-
ment efficiency. A study conducted concerning prednisolone-loaded ethoniosomes 
(ethanol-based niosomes) showed that the vesicles prepared by thin-film hydration 
method have better entrapment efficiency than those prepared by the ethanol injec-
tion method. But niosomes produced by the ethanol injection method were smaller 
in size (Gaafar et al. 2014). The niosomes formulated by the transmembrane pH 
method have high drug entrapment efficiency (Parthasarathi et al. 1994; Kazi et al. 
2010; Rajera et al. 2011).

16.5  Methods of Preparation of Niosomes

16.5.1  Thin-Film Hydration Technique

Also called the “Hand shaking method,” this is the most commonly used prepara-
tion method. As shown in Fig.  16.4, initially, the involved nonionic surfactant, 
hydrophobic drug and cholesterol taken in appropriate quantities are dissolved in a 
suitable organic solvent and introduced in a round bottom flask. The organic solvent 
is then evaporated preferably in a rotary evaporator leading to the formation of a 
thin layer or film, which, when wetted by a suitable hydration medium like 
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phosphate buffer (in which hydrophilic drug is dissolved), results in the formation 
of multilamellar vesicles (Rajera et al. 2011; Gandhi et al. 2012; Moghassemi and 
Hadjizadeh 2014; Ag Seleci et al. 2016). It can be seen that a large variety of hydro-
philic and hydrophobic drugs can be encapsulated in niosomes using this technique, 
for example, paclitaxel (Bayindir and Yuksel 2010), zidovudine (Ruckmani and 
Sankar 2010), green tea extract (Isnan and Jufri 2017), lornoxicam (Bini et al. 2012) 
and gallidermin (Manosroi et al. 2003).

16.5.2  Ether Injection Method

An organic solvent like diethyl ether is used to mix the surfactant and cholesterol 
together, and then the mixture gets introduced into an aqueous solution containing 
the drug. It has to be made sure the temperature of the aqueous medium should be 
maintained at a temperature above 60 °C (Moghassemi and Hadjizadeh 2014). The 
solvent is evaporated, which leads to the formation of unilamellar vesicles of diam-
eter ranging from 50 to 1000 μm (Fig. 16.5) (Uchegbu and Vyas 1998; Verma et al. 
2010). This method has been used to prepare stavudine-loaded niosomes (Shreedevi 
et al. 2016).

16.5.3  Reverse-Phase Evaporation Method

After mixing the surfactant and cholesterol in an organic solvent, an aqueous solu-
tion of the preferred hydrophilic drug is added to the organic mixture, leading to the 
formation of a two-phase system (Fig.  16.6). After homogenization, the organic 
phase is then removed in negative pressure mode. This method forms large unila-
mellar vesicles (LUVs) and has been used to prepare niosomal formulations con-
taining bovine serum albumin (Moghassemi et al. 2017), ellagic acid (Junyaprasert 
et al. 2012) and isoniazid (Singh et al. 2011).

Fig. 16.4 Thin-film hydration technique or “Hand shaking method”. (Adapted from Ge et al. 2019)

M. Alle et al.
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16.5.4  Transmembrane pH Gradient

This method involves dissolving equal proportions of the surfactant and cholesterol 
in an organic solvent like chloroform, followed by removing the organic solvent 
under reduced pressure. A thin film like lipid layer gets formed, hydrated by vortex-
ing using an acidic solution (usually citric acid). Once the mixture is freeze-thawed, 
an aqueous solution of the desired drug is added and mixed well by vortexing. The 
pH of the final mixture is then adjusted to the desired value using disodium hydro-
gen solution (Fig. 16.7). Remote drug loading can happen using this method (Kazi 
et al. 2010; Kumar and Rajeshwarrao 2011; Durak et al. 2020).

Fig. 16.5 Ether injection 
method. (Adapted from 
Chen et al. 2019)

Fig. 16.6 Schematic diagram of reverse phase evaporation method. (Adapted from Durak 
et al. 2020)

16 Niosomes: A Smart Drug Carrier Synthesis, Properties and Applications
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16.5.5  The “Bubble” Method

This method is devoid of using an organic solvent. A layered system comprising of 
a flask having three necks is used. In the flask, proper mixing of the surfactant, cho-
lesterol and phosphate buffer is ensured. A water bath is used to maintain the tem-
perature of the flask at the desired temperature. At one neck of the flask, a 
thermometer is placed to note the temperature. Nitrogen gas is supplied through the 
second neck, while the final neck has an attachment for reflux cooling. After dis-
persing the mixture at a temperature of 70 °C and homogenizing for 15 s, nitrogen 
gas is supplied (Fig. 16.8) (Moghassemi and Hadjizadeh 2014). Large unilamellar 
vesicles formed by this method are required to undergo a suitable size reduction 
(Kazi et al. 2010; Mahale et al. 2012).

16.5.6  Microfluidization Method

In this method, a mixture of the desired drug and the surfactant upon dissolving in 
a reservoir is pumped under pressure to an interaction chamber maintained at low 
temperatures (using ice packs) because the resulting interaction produces heat. The 
solution is passed through a cooling loop for further cooling (Fig.  16.9). 
Comparatively, much uniformly smaller-sized niosomes get produced by this 
method (Sorgi and Huang 1996; Kazi et al. 2010; Kumar and Rajeshwarrao 2011).

Surfactants and cholesterol
in organic solvents Hydration

with citric
acid

solution at
pH 4

Freeze
and thaw
process

Aqueous
drug

solution

Evaporation

under reduced
pressure

Niosomal
suspension Sonication

Adjust to pH 7

Heat to 60 °C

Fig. 16.7 Schematic diagram of transmembrane pH gradient. (Adapted from Chen et al. 2019)
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Fig. 16.8 Schematic diagram of the “Bubble” method. (Adapted from Yeo et al. 2017)

Fig. 16.9 Schematic diagram of microfluidization method. (Adapted from Chen et al. 2019)
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16.5.7  Heating Method

In this method, the surfactant (and other additives) and cholesterol are hydrated 
separately with buffer at room temperature under an inert nitrogen atmosphere for 
about 1 h. The buffer solution of cholesterol is heated to 120  °C for an hour to 
ensure proper cholesterol dissolving. After cooling the solution to about 60 °C, a 
buffer solution of the surfactant and other ingredients are added while the solution 
is continuously stirred, leading to the formation of niosomes. The niosomes are first 
kept at room temperature for about half an hour, followed by storage at 4–5 °C in 
nitrogen atmosphere (Fig.  16.10) (Moghassemi and Hadjizadeh 2014; Ag Seleci 
et al. 2016).

16.5.8  Multi-membrane Extrusion Technique or 
Single-Pass Technique

This method involves passing a lipid-containing drug from a porous device through 
a nozzle. Passing through the nozzle allows forming uniformly sized niosomes with 
about 50–500 nm (Gharbavi et al. 2018).

Cholesterol

Cholesterol

Surfactant

Surfactant
Aqueous
solvent

Aqueous

15min 15min

60°C120°C

solvent

Final
Suspension

Merging,
Heating and

Stirring

Heating and
Stirring

Fig. 16.10 Schematic diagram of a heating method. (Adapted from Moghassemi and 
Hadjizadeh 2014)
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16.5.9  Dehydration-Rehydration Method

In this method, niosomes are first prepared by thin-film hydration method followed 
by overnight freeze-drying using liquid nitrogen, which results in the formation of 
powdered niosomes. The powered niosomes are then hydrated using phosphate buf-
fer saline of pH 7.4 at 60 °C. Niosomes containing the drug naltrexone for ocular 
delivery have been formulated using this method (Abdelkader et al. 2012).

16.5.10  Freeze and Thaw Method

This method is somewhat similar to the method mentioned above, but the niosomes 
prepared by thin-film hydration undergo freezing cycles. The niosomes are first 
frozen using liquid nitrogen for a minute, followed by 1-min thawing in a water bath 
at 60 °C. This cycle is done five times. This alternate freeze method and thaw helps 
reduce the size of the niosomes formed, but the entrapment efficiency of the nio-
somes is compromised. This method produces multilamellar vesicles (Moghassemi 
and Hadjizadeh 2014; Bartelds et al. 2018).

16.5.11  Sonication Method

This method is just probe sonication of a mixture of the surfactant and cholesterol 
and a buffer solution of the drug at 60 °C, which produces multilamellar vesicles. 
Unilamellar vesicles can be further obtained using ultrasonication. This method was 
used to formulate niosomes containing the drug cefdinir (Bansal et al. 2013).

16.5.12  The Handjani-Vila Method

In this method, a mix of the surfactant and cholesterol is added to an aqueous solu-
tion of the desired drug followed by agitation or ultracentrifugation for the purpose 
of homogenization. Throughout the process, the temperature has to be maintained 
(Palani 2010).

16.5.13  Supercritical Carbon Dioxide Fluid

In this method, the supercritical carbon dioxide apparatus used to prepare niosomes 
is a view cell with two glass windows on both sides equipped with a high-pressure 
pump for carbon dioxide gas feeding. An appropriate amount of the surfactant 
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mixed with cholesterol and the drug dissolved in Dulbecco’s phosphate buffer solu-
tion is added to the view cell. The view cell is maintained at high pressure (about 
200 bar) and temperature (about 60 °C), and carbon dioxide is introduced into the 
view cell. The mixture undergoes magnetic stirring for about 30  min, and once 
equilibrium is achieved, the pressure is released, and niosome dispersions are 
obtained. Throughout the process, the temperature has to be maintained constant 
(Manosroi et al. 2008).

16.5.14  Microfluidic Hydrodynamic Focusing

In this method, two miscible liquids undergo mixing in microchannels in a rapid but 
controlled manner. This method is very effective in producing niosomes with better 
size distribution than other regularly used methods. The parameters like surfactant 
chemical structure, the material used for microchannel fabrication and microfluid 
mixing conditions affect the assembly of the niosomes. When the flow rate ratio is 
increased, there is a subsequent decrease in the diffusive mixing time, hence pro-
ducing small-sized niosomes. However, when a microchannel of a wider size is 
used, diffusive mixing time increases, thereby producing large-sized niosomes (Lo 
et al. 2010).

16.6  Type of Niosomes

Broadly, niosomes formed are of three types, as shown in Table 16.3 and Fig. 16.11.
Besides this general classification, there are some special niosomes formed as 

discussed below which was shown in Table 16.4.

16.6.1  Proniosomes

These are niosomes in the dehydrated state which, upon hydration in the aqueous 
medium, form dispersions. Since being in the dry form, the chances of the niosomes 
to aggregate, fuse or cake are less than average niosomes, and hence the problems 

Table 16.3 Major types of niosomes

Type of niosomes Characteristics

Small unilamellar vesicles (SUVs) 10–100 nm in size
Large unilamellar vesicles (LUVs) 100–3000 nm in size
Multilamellar vesicles (MLVs) More than 1000 nm in size
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of transportation and distribution are minimized (Rajera et al. 2011; Gharbavi et al. 
2018). Proniosomes, once hydrated, can be used for transdermal delivery of drugs. 
Their percutaneous absorption capacity is much better than currently used semisolid 
preparations (Touitou et al. 2000; Touitou and Godin 2007).

16.6.2  PEGylated Niosomes

These are niosomes that have undergone modification with polyethylene glycol 
(PEG), and they can evade the phagocytosis by mononuclear cells, thereby 
increasing the circulation time of the drug-encapsulated niosomes in the body 
(Moghassemi and Hadjizadeh 2014). When monostearate was attached to the 
hydrophilic tail of PEG, it could be incorporated better into the hydrophobic lipid 
vesicular core (He et al. 2017). Moreover, it has been observed that PEGylation 
helps in improving the solubility and bioavailability of certain drugs, for example, 
gambogenic acid. In this case, span 60 was the surfactant used along with choles-
terol and diacetyl phosphate as additives, and niosomes were prepared by ether 
injection method followed by modification with PEG (Lin et al. 2013). Dual drug 
delivery (paclitaxel and curcumin) also is possible with PEGylated niosomes 
(Alemi et al. 2018).

Fig. 16.11 Major types of niosomes formed
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16.6.3  Elastic Niosomes

These do come under the class of niosomes, but a nonionic surfactant is used along 
with ethyl alcohol and water. So we can say that it’s a hybrid version of ethosomes. 
They are very suitable for transdermal drug delivery because of their ability to 
quickly move through the tight junction pores at the stratum corneum (Kumar and 
Rajeshwarrao 2011). They can be loaded with drugs independent of molecular 
weight and have a longer duration of action when compared to conventional nio-
somes. An example of a drug loaded in elastic niosomes is papain used for treating 
scars. The component of the drug carrier was Tween 61 along with cholesterol and 
methanol which are taken in the ratio 1:1 (Manosroi et al. 2013a).

Table 16.4 Types of niosomes and the large variety of drugs they can encapsulate 

Types of niosomes Drugs encapsulated References

Proniosomes Celecoxib (anti-inflammatory drug) Nasr (2010)
Vinpocetine (treating cerebrovascular 
disorders)

El-Laithy et al. (2011)

Diphenyl dimethyl bicarboxylate (antiviral 
drug)

Aburahma and Abdelbary 
(2012)

Isradipine (antihypertensive drug) Veerareddy and Bobbala 
(2013)

Nateglinide (anti-diabetic drug) Sahoo et al. (2014)
PEGylated niosomes Gambogenic acid (anticancer) Lin et al. (2013)

Paeonol (neurological disorders) He et al. (2017)
Paclitaxel and curcumin (anticancer drugs) Alemi et al. (2018)
Carboplatin (anti-tumour drug) Davarpanah et al. (2018)

Elastic niosomes Papain (scar treatment on skins) Manosroi et al. (2013a)
Calcitonin (treating osteoporosis) Manosroi et al. (2013b)

Discomes Naltrexone (to treat drug addiction) Abdelkader et al. (2012)
Bola-surfactant 
niosomes

Fluorouracil (to treat skin cancer) Muzzalupo et al. (2007)
Ammonium glycyrrhizinate 
(anti-inflammatory)

Paolino et al. (2007)

Aspasomes Zidovudine (anti-HIV) Gopinath et al. (2004)
Magnesium-ascorbyl phosphate (treating 
melasma)

Aboul-Einien et al. (2020)

Surfactant ethosomes Paeonol (neurological disorders) Ma et al. (2018)
Testosterone propionate (hormone 
treatment)

Meng et al. (2013)

Evodiamine (anti-inflammatory) Lin et al. (2020)
Raloxifene (to treat osteoporosis) Mahmood et al. (2018)
Curcumin (anticancer) (Li et al. (2020)
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16.6.4  Discomes

They are, as the name suggests, large disc-shaped niosomes (11–60 μm in size) 
formed after spherical niosomes undergo a morphological transformation when 
kept incubated in Solulan 24 of varied proportions at 74  °C and shaken for 1  h 
(Uchegbu et al. 1992; Abdelkader et al. 2014). They are preferably used for drug 
delivery via the ocular route (Abdelkader et al. 2014; Gharbavi et al. 2018), and the 
drug naltrexone has been delivered using discomes (Abdelkader et al. 2012).

16.6.5  Bola-Surfactant Niosomes

Bola-surfactant or bola-amphiphiles, unlike single-headed amphiphiles, have two 
hydrophilic groups attached to both ends of a long hydrophobic carbon chain and 
can aggregate or undergo self-assembly to form vesicles under certain conditions. 
Niosome formation has been reported to be formed when the bola-surfactant omega- 
hexadecyl- bis-(1-aza-18-crown-6), span 80 and cholesterol were taken in the molar 
ratio (2:3:1).

16.6.6  Aspasomes

Aspasomes are lamellar made from a mix of ascorbyl palmitate in water. Cholesterol 
and diacetyl phosphate are added for enhancing rigidity and improving stabiliza-
tion, respectively. Apasomes are suitable for drug delivery via the transdermal route 
because of their excellent permeation properties and hence used in various cosme-
ceutical and pharmaceutical preparations. Moreover, they possess excellent anti- 
oxidative properties and hence are used in treatments involving reactive oxygen 
species (Rajera et al. 2011; Gandhi et al. 2012; Gharbavi et al. 2018; Aboul-Einien 
et al. 2020).

16.7  Characterization of Niosomes

16.7.1  Morphology, Size, Size Distribution and Other 
Structural Properties of Niosomes

Microscopic techniques like SEM (scanning electron microscopy) and TEM (trans-
mission electron microscopy) are usually used to examine and the size and shape of 
niosomes formed (Moghassemi and Hadjizadeh 2014; Agarwal et al. 2018). AFM 
(atomic force microscopy), X-ray spectroscopy and NMR can determine the 
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number of lamellae present in the niosomal structure (Madhav and Saini 2011; 
Rajera et al. 2011; Marianecci et al. 2014). X-ray scattering technique can be used 
for examining the thickness of the bilayer structure with the help of energy-disper-
sive X-ray diffraction (Liu and Guo 2007a, b; Domenici et al. 2009; Di Marzio et al. 
2011). Fluorescence probe as a function of temperature can be used for determining 
the membrane rigidity of niosomes (Singh et al. 2004; Rajera et al. 2011).

To have a proper understanding of the niosomal membrane packing structure, 
fluorescence polarization is used, which is also used to determine the microviscosity 
of the membrane (Manosroi et  al. 2008; Marianecci et  al. 2014). Confocal laser 
scanning microscopy (CLSM) can be used to understand the location of entrapped 
entities (dyes). Usually, the hydrophilic substance gets embedded in the core of the 
niosomes and the hydrophobic substance in the outer shell of the niosomes as shown 
in Fig. 16.12. In Fig. 16.12, the dyes used were Nile red (hydrophobic) and FITC- 
dextran (hydrophilic). Nile red gets deposited at the niosome hydrophobic shell 
(Fig.  16.12a), while FITC-dextran gets encapsulated in the aqueous core 
(Fig. 16.12b). From Fig. 16.12c we can visualize the ability of niosomes to load 
both hydrophobic and hydrophilic entities simultaneously.

Average particle size is usually determined by the dynamic light scattering (DLS) 
method, but the actual particle size of the vesicle on an individual basis can be deter-
mined by TEM (Ma et al. 2018). Determining the overall or net charge on niosomes 
is essential to evaluate the stability of niosomes. Zeta potential is calculated to 
determine the stability of niosomes and is done using zeta potential analyser, DLS 
instrument, Mastersizer, pH-sensitive fluorophores, microelectrophoresis and high- 
performance capillary electrophoresis (Shilpa et al. 2011). A niosomal system, hav-
ing a negative value of zeta potential within the range of −41.7 to −58.4 mV, is 
considered stable with enough electrostatic repulsion between the particles (Bayindir 
and Yuksel 2010).

Fig. 16.12 CLSM image of niosomes showing the distribution of the Nile red and FITC-dextran. 
(a) Green channel (FITC-dextran), (b) red channel (Nile red) and (c) overlapped image of red and 
green channels. Scale bar = 5 μm. (Adapted from Sharma et al. 2015)
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16.7.2  Entrapment Efficiency (EE)

It is usually calculated by subtracting the unloaded drug from the total amount of 
drug added (Kumar and Rajeshwarrao 2011). The quantity of unloaded drug is 
determined by filtration, chromatographic techniques like HPLC and gel chroma-
tography and centrifugation, while the concentration of loaded drugs can be deter-
mined by dissolving the niosomes in a solvent like 0.1% TritonX-100 or 50% 
n-propanol and determining the assay of the solution using any specific method 
(Vyas et al. 2005; Manvi et al. 2012; Rinaldi et al. 2018).

The equation determines the entrapment efficiency (usually mentioned in 
percentage):

% Entrapment Efficiency = (Quantity of drug-loaded in the niosome/ Total quan-
tity of drug taken) X 100

16.7.3  Drug Release Studies (In Vitro and In Vivo)

The dialysis membrane method is the most preferred to examine the in vitro drug 
release from niosomes. The niosomal suspension, after being put in a dialysis bag, 
is placed in a container having the dissolution media (usually buffer at the desired 
value of pH). The whole assembly is then placed on a magnetic stirrer, and the tem-
perature is maintained at 37  °C (to simulate normal human body temperature) 
(Fig. 16.13). A sample is drawn at specific time intervals from the receptor, and the 
concentration of the drug is determined usually by spectroscopic methods like 
UV-Vis spectroscopy (Manosroi et al. 2010; Kumar and Rajeshwarrao 2011; Rajera 
et al. 2011).

Fig. 16.13 The dialysis 
method, a prevalent 
method used to study the 
in vitro drug release from 
niosomes. (Adapted from 
Durak et al. 2020)
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In another in vitro method, about 15 mg of the niosomal preparation is dissolved 
in 15 ml of phosphate buffer of pH 4.5 and 7.4. The pH of 4.5 and 7.4 was chosen 
to mimic the intracellular environment and blood plasma pH conditions. The sam-
ples are taken in Eppendorf tubes and continuously kept under rotation for a specific 
period of days. The tubes are removed at specific time intervals and centrifuged at 
high speeds of about 15000 rpm, and the resultant supernatant is analysed for deter-
mining the drug content by spectroscopic methods (Agarwal et al. 2018).

The in vivo study depends on the chosen route of drug administration or delivery, 
concentration of the drug taken and the presence or circulation time of the drug 
inside the body tissues, namely, the liver, spleen, lung and bone marrow (Verma 
et al. 2010; Moghassemi and Hadjizadeh 2014). Usually animal models like labora-
tory strain or species of rats, mice and guinea pigs are used to study the distribution 
of the drugs in the previously mentioned tissues. The distribution pattern is studied 
by sacrificing the drug administered animals, and its various tissues (as mentioned 
before) are removed, are washed with buffer and underwent homogenization and 
centrifugation. The drug concentration is analysed from the supernatant (Rajera 
et al. 2011).

16.7.4  Stability Studies

To check on the degree of drug leakage from the niosomal suspension, the stability 
studies are conducted at various temperatures like refrigeration temperature (4 °C), 
room temperature and elevated temperature (45  °C) (Kopermsub et  al. 2011; 
Moghassemi and Hadjizadeh 2014). The usual parameters determined periodically 
during stability studies include entrapment efficiency, size and shape of the nio-
somes. The determination of these parameters is usually conducted after exposing 
the niosomal suspension to various conditions of humidity and irradiation with light 
of desired frequency range. In one study, the effect on niosomal stability under dif-
ferent body enzymes like trypsin, chymotrypsin and pepsin was studied, and it was 
discovered that the niosomes protect the encapsulated drug (paclitaxel) from these 
gastrointestinal enzymes (Bayindir and Yuksel 2010).

16.8  Routes of Niosomal Administration

Some of the most frequently used routes of administration for niosomes are dis-
cussed in this section. The route selection depends on the drug properties, the site of 
drug delivery and the concerned disease (Fig. 16.14).
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16.8.1  Intravenous

The main advantage of the intravenous route is that the niosomes have a direct entry 
into systemic circulation, and niosomes ensure that the stability of the drug is main-
tained and its duration of being present in the blood is prolonged. To ensure that the 
prepared niosomes evade the monophagocytic system, the niosomes can undergo 
PEGylation in the synthesis stage. PEGylation also enhances the stability and bio-
availability of niosomes. Morin hydrate and paeonol are two medications that were 
administered via an intravenous method include morin hydrate and paeonol (Waddad 
et al. 2013; He et al. 2017).

16.8.2  Oral

Generally, the oral route is the most preferred non-invasive route for any drug 
administration. A setback of oral administration is the destruction of the drug by the 
highly acidic environment and enzymes of the gastrointestinal system and, hence, a 
decrease in the drug’s bioavailability (Bayindir and Yuksel 2010). However, it has 
been observed that niosomes can protect the drug and get adsorbed into the gastric 

Fig. 16.14 An overview of the different routes of niosomal administration
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mucosa, increasing oral bioavailability. Some of the drugs with the proven increase 
in oral bioavailability by niosomal delivery are cefdinir (Bansal et al. 2013), pacli-
taxel (Bayindir and Yuksel 2010) and ginkgo biloba (Onochie et al. 2013). In another 
study, by coating the insulin-loaded niosomes with trimethyl chitosan, there was 
enhancement in the permeation ability of insulin across the intestinal membrane 
(Moghassemi et al. 2015).

16.8.3  Ocular

When administered via the ocular route, the low bioavailability of a drug can be 
attributed to a loss in the precorneal portion because of tear formation and a short 
period of stay in the conjunctival sac (Biswas and Majee 2017). A study found that 
during the ocular delivery of the drug naltrexone, anionic niosomes had better per-
meation ability than neutral niosomes (Abdelkader et al. 2012). Functionalizing the 
niosomes with specific agents will improve their corneal permeation ability and 
hence prolong their availability. This was observed in coating niosomes (loaded 
with tacrolimus) with hyaluronic acid, which decreased its lipophilicity and hence 
better permeation (Zeng et al. 2016). Hence using suitable agents for surface charge 
modification and inducing functionalization help in improving the chances of the 
niosomes to be better candidates for ocular drug delivery.

16.8.4  Nasal

Nasal administration is a suitable route for drug delivery if the objective is to escape 
the gastric and hepatic metabolism, thereby improving the efficacy of delivering 
drugs to the brain. However, nasal administration has some shortcomings, including 
short residence time in the nasal cavity because if airflow obstruction occurs, the 
niosomes can be eliminated by the mucociliary presence. Moreover, the susceptible 
nature of the nasal mucosa can drastically reduce the drug bioavailability and per-
meation. The bioavailability of the drug diltiazem has increased when loaded in 
niosomes and faced fewer chances of elimination by the nasal mucosa (Ammar 
et al. 2017).

16.8.5  Pulmonary

The pulmonary route for drug administration shows better permeation, targeting, 
sustained or prolonged drug delivery and, hence, better therapeutically. 
Ciprofloxacin-loaded niosomes exhibited a lesser minimal inhibitory concentration 
than the free drug. In the study involving MTT assay on human carcinoma lung cell 
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line (A549), the niosomal suspension showed higher cytotoxicity compared to the 
free drug form of ciprofloxacin, and the nebulization was also higher. These results 
can show that niosomes can be considered for effective pulmonary drug delivery 
(Moazeni et al. 2010).

16.8.6  Transdermal

The transdermal route is always preferred if the delivery of the drug is superficial 
and localized. The most significant benefit of this route is that the concerned drug 
does not undergo pre-systemic metabolism resulting in better bioavailability and 
better patient compliance. The primary challenging part for transdermal drug deliv-
ery is crossing the barrier made by the stratum corneum (SC). One of the primary 
reasons is that SC is tightly connected, limiting the drug permeation (Alexander 
et al. 2012). It has been observed that vesicular systems are ideal vehicles for trans-
dermal drug delivery because of their malleable nature giving them better penetra-
tion ability through the SC and hence better bioavailability and lesser side effects. 
The sustained or prolonged release of drug is also ensured when loaded into 
niosomes.

Usually, ethosomes are preferred over niosomes for transdermal drug delivery. 
The predominant presence of ethanol in high concentration in ethosomes imparts 
them the ability to modify the highly dense alignment of the SC’s lipid bilayers, 
thereby ensuring deeper penetration. However, niosomal gel loaded with the drug 
lopinavir showed better permeation and more site deposition than ethosomal gel 
loaded with the same drug (Patel et al. 2012). Moreover, the use of proniosomes 
helps in improving chances of the drug delivery. This was seen in the case of the 
anti-fungal drug fluconazole. The proniosomal formulation had a better drug depo-
sition and more localization when compared to the available marketed formulation 
of the drug (Sandeep et  al. 2014). The use of penetration enhancers can help in 
achieving sustained drug delivery. A study was conducted on the effect of chemical 
enhancers on the penetrating ability of ellagic acid. The potential of a penetration 
enhancer of two chemicals, namely, dimethyl sulphoxide (DMSO) and N-methyl-2 
pyrrolidone, was examined. It was found that niosomes with DMP are better suited 
for dermal delivery, while DMSO niosomes were ideally better for epidermal drug 
delivery of ellagic acid (Junyaprasert et al. 2013).

16.9  Applications of Niosomes

Niosomes have been found to be versatile drug delivery carrier. As mentioned 
before, they are more stable and less cytotoxic than liposomes, and loading multiple 
drugs onto a single carrier and stimuli-responsive drug release have been possible 
with niosomes. Niosomes have been found to be effective in delivering drugs via 
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different routes, and some of the applications in recent years are being discussed in 
this section (Fig. 16.15).

16.9.1  Delivery of Anticancer Drugs

One of the vast and established applications of niosomes is their ability to deliver 
anticancer drugs. Normally for anticancer targeted drug delivery, targeting on the 
tumour is of two types:

 – Passive, in which the drug carrier (in this case niosomes) gets deposited on the 
tumour cells on account of tumour cells having unique properties than normal 
cells (e.g. the enhanced permeability of tumour cell membranes allows better 
drug deposition in the tumour cells) (Attia et al. 2019).

 – Active, in which drug targeting is achieved because of the abnormal presence of 
certain receptors on tumour cells. Active targeting involves the attachment of 
niosomes with specific ligands. For attaching ligands, either PEG or cholesterol 
conjugation of niosomes is done (Kim et al. 2012; Oswald et al. 2017; Gharbavi 
et al. 2018).

Sustained and more stable delivery of gambogenic acid for anticancer activity 
was possible with PEGylation of niosomes (Lin et al. 2013). The bioavailability of 
paclitaxel when orally delivered increased by loading them in niosomes. The 
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simultaneous multidrug delivery for anticancer activity is also possible; this has 
been seen in the case of niosomes loaded with doxorubicin (hydrophilic) and cur-
cumin (niosomes). This strategy increased the bioavailability of curcumin, and 
release happened for 7 days with effective cytotoxic activity on HeLa cell lines, 
while the release of doxorubicin was only for 2 days (Sharma et al. 2015) which 
shows further research has to be conducted on enhancing niosomal uptake and 
release of hydrophilic drugs. Another example of dual-drug delivery for anticancer 
activity is combined delivery of paclitaxel and curcumin and showed enhanced anti-
tumour activity (Alemi et al. 2018). A stimuli-responsive drug release was seen in 
the case of morusin-loaded niosomes. Here the release of the drug from the nio-
somes was pH- sensitive with the higher release of the drug in an acidic environment 
(pH=4.5) than in a neutral or alkaline environment (pH=7.4) (Agarwal et al. 2018).

16.9.2  Delivery of Proteins- and Peptide-Based Drugs 
and Vaccines

The oral delivery of protein- and peptide-based drugs has been challenging because 
of the drug destruction by the highly acidic environment and enzymatic activity in 
the gastrointestinal tract. Nevertheless, studies have shown that they are better pro-
tected by niosomal loading of such drugs and hence better bioavailability (Kumar 
and Rajeshwarrao 2011). To enhance the bioavailability and permeation of insulin 
at the intestinal mucosa, a study was conducted by loading insulin in niosomes and 
then coating them with trimethyl chitosan. It was seen that the uptake of such coated 
niosomes was four times more than insulin alone in Caco-2 cell monolayer 
(Moghassemi et al. 2015). Another study involving oral delivery of peptides was an 
investigation done by H.  Yoshida (Yoshida et  al. 1992). The peptide/protein 
9- desglycinamide 8-arginine vasopressin (DGAVP) was encapsulated in stable nio-
somes made of polyoxyethylene alkylethers (C18EO3). The in vitro release studies 
conducted on the rat intestinal loop model showed that the release of DGAVP from 
the niosomes was much higher than DGAVP solution alone. This study shows the 
role of the surfactant used in formulating the niosomes as penetration enhancers in 
the intestinal tract.

Bilosomes are niosomes formulated by including bile salt in the vesicle bilayers 
during the preparation of niosomes. These bilosomes have been found to be effec-
tive for oral delivery of vaccines because of their ability to protect antigens from 
being degraded by the proteolytic enzymes of the gastrointestinal tract (Wilkhu 
et al. 2013). Hence, niosomes can be considered for non-invasive administration of 
vaccines which will promote better patient compliance. Niosomes or proniosomes 
are highly permeable to oxygen and hence can be used as a haemoglobin carrier, 
and niosomes can be used to treat anaemia by making the presence of haemoglobin 
more in the blood (Radha et al. 2013).
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16.9.3  Delivery of anti-HIV Drugs

Lopinavir is an anti-HIV drug that acts as a protease inhibitor. However, its high 
lipophilicity, vulnerability to P-glycoprotein efflux transporters and cytochrome 
sensitivity make the systemic bioavailability of the drug poor, and hence oral admin-
istration is least preferred. Transdermal delivery of the drug was possible by nio-
somal gel, and its properties were compared with that of an ethosomal gel. Even 
though in the comparative study, ethosomal gel had a better drug deposition, the 
niosomal gel showed better and deeper penetration, and the drug release profile was 
more sustained (Patel et al. 2012). Another example of increasing the bioavailability 
of an anti-HIV drug administered orally by niosomal delivery is the case of the anti- 
HIV drug zidovudine (Ruckmani and Sankar 2010).

The dual-drug delivery ability of niosomes has been found to an ideal candidate 
for targeted delivery of anti-HIV drugs. In a study, mannosylated niosomes were 
used as a dual-drug delivery system loaded with gold nanoparticles (GNPs) and the 
anti-retroviral medication efavirenz (Malik et al. 2018). Efaverinz being lipophilic 
got loaded in the hydrophobic vesicle membrane, while GNPs got encapsulated in 
the aqueous core of the niosomes. The niosomes were functionalized with a man-
nate appendage to enhance their targeting ability via receptor-based drug delivery. 
HIV host cells have receptors for the oligosaccharide mannan, and these functional-
ized niosomes can interact better with the target and improve the bioavailability of 
the drug in question. GNPs can effectively inhibit the entry of HIV into cells. 
Moreover, the GNPs also played an essential role in developing this niosomal for-
mulation into a thermoresponsive gel, assuring non-invasive drug administration. 
This study shows one more example of how surface modification of niosomes helps 
in improving its targeting ability.

16.9.4  Treatment of Parasitic Diseases

Niosomes can also be used to treat a parasitic disease like leishmaniasis. 
Leishmaniasis mainly affects the liver and spleen, and loading the antimonials 
(drugs for treating leishmaniasis) in niosomes can improve the drug uptake by the 
liver and hence cause lesser side effects on other organs. Selenium is an important 
element necessary in our body for cancer prevention and anti-inflammatory and 
anti-oxidant effects and also has predatory action against Leishmania major and 
Leishmania tropica and Leishmania infantum. Vesicular delivery is one of the best 
approaches to deliver selenium, providing sufficient bioavailability. A dual-loaded 
niosomal formulation of selenium and glucantime was synthesized, which showed 
very effective lethality in vitro activity against leishmaniasis (Mostafavi et al. 2019).

Schistosomiasis is a disease caused by schistosomes which are parasitic flat-
worms. Praziquantel is the drug recommended by WHO for the early treatment of 
schistosomiasis. However, its low bioavailability when administered orally can 
affect its efficacy and bioavailability. In a study, niosomes were loaded with the drug 
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to overcome these shortcomings (Zoghroban et al. 2019). The niosomes were further 
modified using Peceol to improve their absorption. The in vivo studies were con-
ducted on rats, and the formulation was administered orally. The use of niosomal 
formulation resulted in death of 50% of the adult parasites in the rats, while the drug, 
when administered alone, only showed 10% death. Hence, encapsulation of the drug 
into niosomes enhanced its absorption and anti-parasitical activity as well.

16.9.5  Delivery of Drugs to the Brain

Functionalization of niosomes by surface modification can help in enhancing their 
delivery to the brain to treat neurological disorders like Alzheimer’s disease. The 
drug pentamidine was able to cross the BBB when they were loaded in niosomes 
modified with chitosan-glutamate coating (Rinaldi et al. 2018). The niosomes were 
delivered intranasally which helped the drug in bypassing the hepatic metabolism 
The specific targeting of the oral alkylating agent temozolomide to treat glioblas-
toma was possible by surface modification of niosomes with the peptide choloro-
toxin (Mamelak and Jacoby 2007).

During the onset of neurological disorders, the blood-brain barrier (BBB) dete-
riorates, and the membrane loses its highly selective permeability property. The 
presence of specific receptors also becomes more at the BBB, making receptor- 
mediated drug delivery possible. The process of PEGylation of niosomes helps in 
the association of ligands with niosomes. One way is to attach the concerned ligand 
to PEG chains at their distal end if it’s PEGylated niosomes. The other way is direct 
incorporation of a conjugate made of cholesterol, PEG and the ligand into niosomes 
during the formulation or synthesis step (Kim et al. 2012; Oswald et al. 2017). Some 
examples that show ligand attachment to niosomes have been beneficial: the deliv-
ery of the neuropeptide vasoactive intestinal peptide (VIP) to the brain using nio-
somes containing glucose (Dufes et al. 2004).

16.9.6  Niosomes as Diagnostic Agents

The ability of niosomes to load a hydrophilic and hydrophobic compound simulta-
neously has been beneficial in developing niosomes as a diagnostic imaging agent. 
The dyes or contrast agents can be incorporated either into the vesicle layer or in the 
aqueous compartment of niosomes or on the surface of niosomes by conjugation 
(Masotti 2013). The conjugation of gadobenate dimeglumine-loaded niosomes with 
n-palmitoylglucosamine (NPG) and PEG 4400 helped improve the targeting and 
imaging capability of gadolinium associated with MR imaging. This study again 
shows the importance of PEG surface modification of niosomes, improving their 
functionality (Luciani et al. 2004).
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For a multifunctional approach, theranostic nanoparticles are garnering signifi-
cant interest in recent times, which can also act as imaging agents to visualize active 
cellular uptake of these nanoparticles. With this aim in mind, in one study, gado-
linium nanoparticles and protoporphyrin IX were simultaneously loaded in nio-
somes (Barlas et al. 2016). The multifunctionality role of niosomes is the combined 
“radio therapy and photodynamic therapy” along with MRI and fluorescence imag-
ing by gadolinium and protoporphyrin IX, respectively. As far as the anticancer 
effect of the agents was considered, they showed the excellent therapeutic effect on 
HeLa cells (human cervical cancer cell lines) and A549 cells (human alveolar type 
II). The imaging capabilities of the niosomes are shown in Fig. 16.16 (fluorescence 
imaging due to the presence of protoporphyrin IX) and Fig. 16.17 (MR imaging 
with the assistance of gadolinium nanoparticles).

Similarly, in another study, with one more aim of improving the targeting ability 
of niosomes, folic acid was attached to niosomes in which GNPs and the photosen-
sitizer protoporphyrin IX were encapsulated. The tagging of folic acid helped in 
receptor-mediated delivery to the cancer cell lines used in this study: HeLa cells 
(human cervical cancer cell lines) and A549 cells (human alveolar type II). The 
GNPs and protoporphyrin IX were simultaneously loaded to provide both radio 
therapy and photodynamic therapy, respectively. GNPs, due to surface plasmon 
resonance (SPR), allowed live imaging and tracking of the niosomal entry into the 
cancer cells (Demir et al. 2018). So what we see here is that by surface modification 
of niosomes and loading them with multifunctional agents, we can make niosomal 

Fig. 16.16 Fluorescence imaging of niosomes loaded with protoporphyrin IX. (Adapted from 
Barlas et al. 2016)

M. Alle et al.



479

assemblies just like assembling “building blocks” which can perform a variety of 
functions. 

16.9.7  Patents on Niosomes

The release of patented and marketed formulations of niosomes has occurred, show-
ing that the global acceptance of niosomes for drug delivery is also expanding. The 
bioavailability of doxorubicin has significantly increased with the help of niosomal 
formulations. A patented niosomal gel loaded with doxorubicin is used to treat can-
cers associated with the skin (Ramanunny et al. 2020). Another example of a patent 
is a dental gel developed for transdermal drug delivery for treating periodontal dis-
eases (Samoylenko 2016). In another patent, the targeting ability of anticancer drug 
chlorotoxin increased when incorporated into a niosomal formulation, and thermal 
responsive drug release was possible when the niosomes were incorporated into the 
chitosan hydrogel network.

16.10  Conclusions

The main attractive feature of niosomes is their ability to encapsulate both hydro-
philic and hydrophobic compounds simultaneously. Their ease of synthesis, lesser 
toxicity and cheaper cost than liposomes make them a better candidate for vesicular 
drug delivery. Hence, niosomes have been used to encapsulate many drugs and 
enzymes, peptides, vaccines, genes and imaging agents. The surface modification of 
niosomes with particular entities helps them in protecting the encapsulated drug 
from the highly acidic environment of the gastrointestinal tract and improves the 

Fig. 16.17 MR imaging of 
niosomes loaded with 
gadolinium nanoparticles. 
(Adapted from Barlas et al. 
2016)
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drug absorption in the intestinal mucosa. This showcases the potential of niosomes 
being developed as a primal source for oral administration (the most preferred and 
non-invasive mode of drug administration) for many drugs. Since most niosomal 
formulations are in suspension, they can be easily ingested, which can be a great 
relief for those who have a phobia of swallowing tablets. The loading of niosomes 
with agents like metallic nanoparticles (gold and gadolinium) and photosensitizers 
(protoporphyrin IX) has paved the path of developing multifunctional vesicular 
assemblies for cancer treatment and imaging.

However, the increase in entrapment efficiency of hydrophilic drugs in niosomes 
remains a challenge, and surface modification by coating with suitable agents might 
be a solution. The method of ligand attachment on niosomes to improve their target-
ing ability remains unexplored to a great extent. The surge in the number of patents 
and marketed niosomal formulations proves that niosomes are getting much atten-
tion globally and are on the brink of being recognized as a well-established and 
universal pharmaceutical formulation for the non-invasive administration of drugs.
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