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Abstract 

Nanotechnology is making significant transformation to our world, especially in healthcare and the 

treatment of diseases. It is widely used in different medical applications, such as in treatment and 

detection. Targeting diseased cell with nanomedicines is one of the numerous applications of 

nanotechnology. Targeted drug delivery systems for delivering various types of drugs to specific sites 

are such a dynamic area in pharmaceutical biotechnology and nanotechnology. Compared to 

conventional drugs, nanomedicines have a higher absorption and bioavailability rate, improving 

efficacy and minimizing side effects. There are several drug delivery systems including metallic 

nanoparticles, polymers, liposomes, and microspheres, but one of the most important is the niosomes, 

which are produced by nonionic surfactants. Because of the amphiphilic nature and structure, 

hydrophilic or hydrophobic drugs can be loaded into niosome structures. Other compounds, including 

cholesterol, can also be applied to the niosomes' backbone to rigidize the structure. Several variables 

such as the type of surfactant in niosome production, the preparation method, and the hydration 

temperature can affect the structure of the niosomes. Nevertheless, in-silico design of drug delivery 

formulations requires molecular dynamic simulation tools, molecular docking, and ADME 

(absorption; distribution; excretion; metabolism) properties, which evaluate physicochemical features 

of formulation and ADME attitudes before synthesis, investigating the interaction between nano-

carriers and specific targets. Hence, experimenting in-vitro and in-vivo is essential. In this review, the 

basic aspects of niosomes are described including their structure, characterization, preparation 

methods, optimization with in-silico tools, factors affecting their formation, and limitations.  

Keywords: Targeted drug delivery, Niosomes, Structure, Characterization, Preparation, In-silico   
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1. Introduction 

The discovery of nanotechnology in 1959 by Richard Feynmann enabled scientists to investigate the 

application of nanotechnology in different areas [1]. Nanotechnology has gained specific attention in 

medicine and medical care. Thanks to nanotechnology, nanoparticles developed to aid and accelerate 

some health problems. Some diseases, including cancer and fungal diseases, are considered unsolved 

medical conditions because: 1. The high toxicity of the therapeutic moiety and the narrow therapeutic 

window led to serious adverse drug reactions. 2: The time required for treatment is relatively long, 

resulting in ocular toxicity, hepatotoxicity, and nephrotoxicity [2-4]. The most notable problems with 

therapeutic molecules are low permeability and solubility, which results in low absorption and 

bioavailability [5, 6]. To overcome these limitation, nanoparticles (nanomedicines) provide much 

more desirable outcomes compared to conventional medicines. Today, vesicular systems, including 

niosomes, have become valuable tools in biochemical and pharmaceutical applications. The concept 

of nanomaterials as carriers in drug delivery systems (DDS) is designed to maximize the active agent 

(drug) concentration in tissues affected by the disease while protecting healthy cell organs. Different 

nano-carriers, including lipid nanoparticles (liposomes, niosomes), synthetic polymers, metal 

nanoparticles, nanocrystals, micelles, and dendrimers, are used to transfer medication to target cells 

[7-10]. Niosomes are self-assembly vesicles made of nonionic surfactants, which are formed by 

hydration with a unilamellar or multilamellar structure. Niosomes are usually stabilized by the 

addition of lipids, like cholesterols. The stability, cost-efficiency, and bioavailability of the vesicles 

have made them one of the best nano-carriers in drug and gene delivery systems [11-13]. On account 

of their amphiphilic properties, niosomes are excellent for both hydrophobic and hydrophilic drugs. 

The medication is housed in the lipid bilayer and the inner aqueous compartment, respectively [14, 

15]. Peptide drugs, such as insulin and bovine serum albumin (BSA), are remarkably stable in 

niosomal particles [16]. They are used in anti-AIDS drugs, anticancer drugs, and antibacterial drugs 

[17-22]. Drug-loaded niosomes are used in anti-cancer drugs, such as breast cancer, brain tumors, and 

prostate cancer [20, 23-25]. Niosomes, which contain drugs, can be applied in different routes such as 

intramuscular, intravenous, peroral, and transdermal [26]. Niosomes are capable of transferring API to 

various parts of the biological system, including across blood-brain barriers [27]. Drug delivery 

through niosomes has more benefits compared to other ionic carriers, namely liposomes. Niosomes 

are less toxic, more biodegradable, more stable, and more biocompatible [28, 29]. Due to their bilayer 

structure, they can release drugs in a controlled way [26, 30-32]. Development in pharmacokinetics of 

nanomedicines in the body enables them to stay longer in the body and distribute the active 

pharmaceutical ingredient (API) more effectively to target cells, increasing the efficacy and reducing 

adverse reactions [33]. Controlling the physiochemical properties of nanodrugs, such as composition 

and formulation, affects the efficacy and toxicity of nanoparticles. Late clearance of the niosome 

formulation improves therapeutic performance in a way that the biological environment can no longer 

harm the active agents [34]. Furthermore, niosomes are desirable carriers of poorly absorbable drugs, 

such as vinpocetine and simvastatin, by increasing their oral bioavailability and gastrointestinal 

absorption [35-37]. Meanwhile, niosomes have some drawbacks. To name a few: aggregation, leaking 

or hydrolysis of the active agent (drug), and fusion of vesicles [33]. Another disadvantage of 

niosomes is due to aqueous suspension of niosomes, which may lead to hydrolysis of the drug in the 

structure [38]. 

On the other hand, the unreliable connection between the formulation and features of nano-carriers is 

an issue for pharmaceutical companies. Therefore, computational chemistries, such as theoretical 

methods, molecular docking, ADME (Absorption, distribution, excretion, metabolism) properties, and 

molecular simulations, have been investigated in drug delivery systems [39-41]. This review provides 

an extensive viewpoint on niosome structure, niosome preparation methods, niosome characterization, 

in-silico prediction of niosome, etc., which is still in its infancy.   
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2. Niosomes 

Compared to liposomes, niosomes, as shown in Figure 1, are non-ionic vesicles that are composed of 

two layers. Niosomes are chemically more stable and less costly than liposomes. The noticeable 

feature of the niosome structure is that they contain both a hydrophilic head and a hydrophobic tail. It 

means they are able to entrap a large diversity of drugs (hydrophilic and lipophilic) in their formation. 

Hydrophilic drugs are loaded into the aqueous core of the niosome, at the same time that the lipophilic 

domain of the bilayer consists of lipophilic drugs [42]. Mainly, niosomes are made of nonionic 

surfactants, a hydration medium, and lipids, including cholesterol. The efficacy of a vesicular system 

is completely dependent on its components. It is also highly essential to understand the basic 

structural elements of niosomes prior to preparation, as it provides general insight into the mechanism 

of niosomes and encapsulated drugs. They are considered unilamellar or multilamellar; unilamellar 

niosomes are bilayer structures, while multilamellar niosomes contain at least 2 bilayer vesicles. The 

size of the niosome structure is variable from 10 to 1000 nm and they are categorized as small 

unilamellar vesicles (SUV), large unilamellar vesicles (LUV), and multi-lamellar vesicles (MLV) 

[43]. From a thermodynamic point of view, SUVs are less stable than other forms of niosomes, and 

they are able to encapsulate a lower concentration of hydrophilic drugs while tending to form 

aggregates. LUVs have a large water portion that is suitable for encapsulating hydrophilic drugs.  

MLVs can be produced without the need for complicated methods and are more rigid than the other 

two forms of niosomes. In addition, they are suitable for the encapsulation of lipophilic drugs due to 

the existence of multiple bilayer membranes [38, 44]. 

3. Components of Niosome 

3.1 Nonionic surfactant 

Nonionic surfactants are a major component of the structure of niosomes and are superior in terms of 

toxicity, stability, and compatibility with anionic and cationic surfactants. Non-ionic surfactants are 

less toxic, less hemolytic, and stimulate cell surfaces. They also maintain a physiological pH in the 

solution [45]. Nonionic surfactants are considered amphiphilic molecules with two distinct regions (a 

hydrophilic end and a lipophilic end). These two parts are usually connected by ether, ester bonds, or 

amide [44]. The hydrophilic-lipophilic balance (HLB) of the surfactant determines the formation of 

the bilayer structure of the vesicles. HLB value is an important feature in controlling the entrapment 

of vesicles. This dimensionless factor is also known to be a time-efficient guide for the selection of 

surfactants. The HBL value for non-ionic surfactants is 0 to 20. An HBL value of 14 to 17 is not 

acceptable to produce niosomes, whereas the highest entrapment efficiency occurs at an HBL value of 

8.6. The encapsulation efficiency lowers as the HBL goes down from 8.6 to 1.7 [38, 46, 47]. 

Non-ionic vesicles can be composed of various sorts of molecules, namely alkyl esters, fatty acids, 

amides, amino acids, and alkyl ether surfactants. Alkyl ether surfactant is widely utilized to prepare 

nonionic surfactants as they make relatively stable niosomes, which are used to encapsulate proteins 

and peptides [48]. Non-ionic surfactants, in niosome preparation, are amphipathic, containing alkyl 

oxyethylene, terpenoids, polysorbates, and spans [49-53].  

The chain length of the alkyl oxyethylene group is usually C12 to C18. The trapping efficiency of 

non-ionic surfactants made with stearyl (C18) is greater than that of lauryl (C12). The formulation of 

niosomes with squalene (terpenoid) enhances stability and hardness, indicating negligible cytotoxicity 

in vivo and in vitro [51]. Polysorbates are also common in niosome preparation. Due to the 

polyethylene glycol present in polysorbates 80, niosomes prepared with this non-ionic surfactant are 

perfect for the gene delivery system [52]. Due to the connection of the entrapped drug and acyl chains 
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of Span 60, niosomes with Span 60, Tween 60, and cholesterol show a notably high entrapment 

efficiency compared to other Span groups. [53] In a study in 2001, niosomes containing salbutamol 

sulfate were prepared by different surfactant types such as Tween 20, 40, 60, 80, and Brij 35 using the 

transmembrane pH gradient method. Span 60 was the most acceptable surfactant, accounting for 

78.4% of drug release in 24 h and 87.51 ± 0.239 % entrapment efficiency [54]. 

3.2 Cholesterol 

Since steroids, such as cholesterol (CHOL) boost the physical structure and property of non-ionic 

vesicles, they are important components in the formation of niosomes. It is shown that cholesterols 

have a positive effect on rigidity, permeability, leakage, and entrapment efficiency. Cholesterol is an 

amphiphilic molecule. The OH group is placed in the aqueous part, while the hydrocarbon surfactant 

chain faces the aliphatic chain. As the firm skeleton of cholesterol places itself in the bilayer of the 

niosome, they become more rigid by limiting the movement of carbon of hydrocarbons, which is 

practical under intense stress conditions [42]. Preparation of niosomes with cholesterols also makes 

them less permeable against the destructive impact of plasma and serum components; decreasing the 

leakage proportion. The permeability of niosomes prepared with 5, 6-carboxy fluorescein (CF) is 

reduced 10 times after adding cholesterol to the formulation [34, 55]. A nonionic hydrophilic 

surfactant such as decyl polyglycolide can only form a stable, spherical vesicle in the presence of a 

high volume of CHOL. As a result, CHOL also improves the cohesion of the niosomal membrane 

[56]. As the HBL value goes above 10, we should add to the minimum cholesterol concentration to 

compensate for the large head groups of the surfactant. Niosomes with a high proportion of CHOL 

show a higher entrapment efficiency, while no considerable growth was indicated in the Brij 52 (HLB 

5.3) niosomes. In fact, after exceeding a precise proportion of cholesterol, the efficiency of trapping 

saw a reduction [11]. 

4. Hydration medium 

Hydration medium is a considerable factor in the formation of niosomes, as it has a straight impact on 

particle size. In the formulation of niosomes, phosphate buffer with various pH values is widely 

utilized as a hydration medium. The solubility of the encapsulated active agent dictates the pH of the 

hydration medium. In the preparation of ketoconazole niosomes, a 5.5 pH phosphate buffer was used 

whereas for preparing meloxicam niosomes the pH of the phosphate buffer was 7.4. [57, 58]. Mokhtar 

et al. [59] prepared flurbiprofen-loaded proniosomes with Sorensen’s phosphate buffer (pH 7.4) as 

hydration medium, resulting in 72.25 ± 2.3%  entrapment efficiency. Regarding the size of the 

niosomes, the smallest particles were produced using Tris, distilled water (DW), and HEPES (4-(2-

hydroxyethyl)-1-piperazineethanesulfonic acid) as hydration medium. (60.96 ± 0.36 nm, 71.83 ± 0.44 

nm, 74.10 ± 0.51 nm, respectively) [60].  

 

 

 

 

 

 

 

5. Methods of preparation 

Figure 1. illustrative depiction of niosome 
structure. 
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As the method of niosome preparation directly affects vesicle size and distribution, entrapment 

efficiency, the number of double layers, and permeability of vesicle membrane, it is important to fully 

comprehend the techniques before selecting the best method for niosome preparation. Multiple 

methods for the preparation of niosomes have been introduced, yet only a limited number of these 

methods such as ether injection, hand shaking (TFH), sonication, Micro fluidization are considered 

standard [61]. Generally, niosome preparation is easier than liposome preparation, as nonionic 

surfactants are steadier against air oxidation than phospholipids. For targeting the cells, niosomes can 

be also coated with a different agent, including polyethylene glycol (PEG), hyaluronic acid (HA), and 

antibodies [44, 62-65]. In general, all of the niosome preparation techniques are included in two 

categories [66]: 

1- Passive trapping techniques  

This technique involves most methods of preparing niosomes, in which the drug is encapsulated 

during the process of niosome production.   

2- Active trapping techniques  

In active trapping techniques, after the niosome preparation is complete, the drug is loaded while the 

ion gradient or pH gradient is kept to enable the absorption of the drugs in the niosomes. Benefits of 

this method include; cost-effectiveness, leakage reduction, and suitability for thermosensitive drugs. 

The preparation of niosomes begins by hydrating the surfactant and lipid mixture at high temperatures 

and then optionally increasing the size to acquire a colloidal suspension. The nested drug is then 

removed by centrifugation, gel filtration, or dialysis [61]. More information on particle size, benefits, 

and drawbacks of the preparation techniques is presented in Table 1. 

Table 1. Different preparation methods and their properties.  

Preparation 

Method 

Type of 

niosome 
Advantage Disadvantages 

Preparation 

category 
References 

TFH 

(Hand shaking) 

method 

MLV 
A simple technique for 

laboratory research 

includes the use of 

organic solvent 

Passive 

trapping 
[38, 67] 

Multiple membrane 

extrusion method 
SUV 

An acceptable method for 

niosome size control 

Involves the use of 

organic solvent 

Passive 

trapping 
[67] 

RPE method MLV/LUV High Entrapment efficiency 
includes the use of 

organic solvent 

Passive 

trapping 
[68] 

Ether injection 

method 
SUV/LUV 

A simple method for 

laboratory research 

Not suitable for heat-

labile drugs 

Passive 

trapping 
[69] 

Micro fluidization 

method 
MLV no organic solvent required 

Not suitable for heat-

labile drugs 

Passive 

trapping 
[42, 44] 

Trans membrane 

pH gradient 

method 

MLV/SUV High entrapment efficiency 
Involves the use of 

organic solvent 

Active 

trapping 
[70] 

Sonication method SUV/LUV 
no organic solvent 

involved/ 
 

Passive 

trapping 
[71] 
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eco-friendly/ produces 

small niosome particles 

Lipid injection 

method 
 

SUV/LUV no organic solvent involved 
cannot be used for 

heat-labile drugs 

Passive 

trapping 
[44, 72] 

SUV size = 0.025-0.05 µm                                    TFH (Thin Film Hydration) 

MLV size => 0.05 µm                                            RPE (Reverse Phase Evaporation) method 

LUV size => 0.10 µm 

5.1 Ether injection method 

The drug and lipid (Figure 2) are added to diethyl ether and gradually to the aqueous phase through a 

14-gauge needle at 0.25 ml/min, which is maintained at 60 ° C. When the organic solvent is heated 

above the boiling point, large unilamellar niosomes are produced, which can be further treated to 

obtain reduced niosomes in size. Using the ether injection method, Baillie et al. [73] were successful 

in the preparation of salbutamol niosomes with an entrapment efficiency of 67.7%. 

5.2 Thin film hydration method (hand shaking) 

The thin-film hydration method (Figure 3) is the most widely used, repeatable, and studied technique 

to produce multilayer vesicles (MLV). After dissolving surfactant and cholesterol in a volatile solvent 

such as diethyl ether, chloroform, or methanol in a round bottom flask, dissolve the niosomes by thin-

layer hydration, then remove the organic solvent by a rotary evaporator at room temperature (20°C). 

This creates a thin layer of solid mixture on the wall of the flask. While stirring gently, the dried 

surfactant can be hydrated with the aqueous phase including the drug at 0-60°C. Fig.3. This process 

forms typical multilamellar niosomes [12, 30]. Imran Khan et al. [42] synthesized diaceteine 

containing niosomes to treat joint disease by thin layer hydration.

 

 

Figure 2. Illustrative depiction of the preparation of niosomes with the ether injection 

method. 
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Figure 3. Illustrative depiction of the preparation of niosomes with the thin film hydration 

(hand shaking) method. 

 

 

5.3 Multiple membrane extrusion method 

This is an acceptable way to control the size of niosomes. With a mixture of surfactant, cholesterol, 

and diacetyl phosphate in chloroform, a thin layer is produced by evaporation. This product is 

hydrated with an aqueous medicinal solution (Figure 4) [42]. The suspension is extruded through 

polycarbonate membranes and then placed in up to 8 passages [30].  

 

Figure 4. Illustrative depiction of the preparation of niosomes with the multiple membrane 

extrusion method. 

 

5.4 Reverse phase evaporation method 

Surfactant and cholesterol are dissolved in chloroform and ether. An aqueous phase including the drug 

is added to the mixture and then ultrasound is performed at 4-5 ° C. A small proportion of buffer salt 
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is then included in the compound, producing a more sonic gel. The organic solvent is withdrawn at 40 

° C under low pressure. After diluting the resultant suspension with PBS, we heated the mixture in a 

water bath at 60 ° C for 10 minutes to form large monolayers (Figure 5). Guinedi et al [74] produced 

acetazolamide niosomes with REV for the treatment of glaucoma with a 65.71% ± 1.09 encapsulation 

efficiency [30].  

 

Figure 5. Illustrative depiction of the preparation of niosomes with the reverse phase 

evaporation method. 

 

5.5 Sonication method  

A standard method of producing vesicles is the ultrasound technique. An aqueous phase containing 

the active agent in the buffer is included in a mixture (cholesterol/surfactant) in a 10 ml glass vial. For 

3 minutes, sonication in a sonic titanium probe is applied to the mixture at 60°C, yielding small and 

uniform niosomes in size. Niosomes loaded with rifampicin were produced using the probe sonication 

method as a drug model for low-soluble drugs [30, 71, 75] (Figure 6). 
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Figure 6. Illustrative depiction of the preparation of niosomes with the sonication method 

 

5.6 Micro fluidization 

Micro-fluidization (Figure 7) is a current approach to prepare niosomes by specified size distribution. 

This method is formed on the jet principle. That is to say, mix two different fluids, namely water and 

alcohol, in the microchannel. The surfactant solution and the drug are pumped under tank pressure 

through ice-filled interactions. The mixture is then passed through a cooling ring to withdraw the heat 

generated in the course of micro-fluidization. The recirculation or removal happens when the solution 

reinterns the reservoir. This is repeated to obtain the proper size of the size of the vesicle [11]. Obeid 

et al. [76] prepared siRNA-containing niosomes in the treatment of cancer cells. The niosomes were 

monodisperse and small (less than 60 nm), considered an efficient size range for drug delivery 

systems. 

 

Figure 7. Illustrative depiction of the preparation of niosomes with Microfluidization method. 
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5.7 Lipid injection method 

In this method, there are no organic solvents involved, which are both expensive and highly toxic for 

in vivo use. The molten surfactant and cholesterol are added to a heated aqueous phase, including 

dissolved drug molecules, resulting in niosome formation(Figure 8) [77].  

 

Figure 8. Illustrative depiction of the preparation of niosomes with the lipid injection method.  

 

 

 

5.8 Transmembrane pH gradient method 

In this method, the same amount of cholesterol and surfactant is added to chloroform. Under low 

pressure, the evaporated solvent forms a thin film on the wall of the round bottom flask. The resulting 

film is hydrated with 300 ml of citric acid (pH 4.0) using a vortex mixer. The following vesicular 

particles undergo freezing and thawing cycles. After adding an aqueous solution to the mixture, the 

pH of the sample increases to 2.7-7.2 by adding a solution of sodium hydrogen phosphate. (Figure 9) 

The suspension is then heated to 60 ° C to form multilayered niosomes for 10 minutes [30].  
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Figure 9. Schematic diagram of the preparation of niosomes via trans membrane pH 

gradient. 

 

6. Comparative assessment of niosomes produced by different methods 

Baillie et al. [34] compared niosomes, which were produced by injection of ether, hand shaking and 

sonication methods. The entrapment efficiency of the ether-injected niosomes was noticeably higher 

than that for hand-shaken and sonicated vesicles. While niosomes prepared with sonication had the 

lowest mean size value (152.5 ± 81.6 nm), ether-injected and hand-shaken niosome particles were 

higher in size (306.0 ±178.0 nm and 490.0 ±378.0 nm, respectively). Guinedi and Mortada et al. [74] 

compared acetazolamide-loaded niosomes, produced by the RPE and TFH method. After 8 hours of 

niosome storage, the MLVs, produced by the TFH method, showed higher entrapment efficiency than 

those produced with RPE. Multilamellar niosomes obtained particle sizes higher than those of REV. 

Generally, multilamellar acetazolamide niosomes were considered to be more efficient and presented 

a prolonged decrease in IOP. Key Yeo et al. [78] produced niosomes loaded with Cinnarizine, 

processed by the TFH and the micro fluidization method. MLVs produced by thin-film hydration have 

greater particle size distribution from 827 to 7320 nm and a greater polydispersity index (PDI) of 0.3 

to 0.9, while niosomes prepared by the microfluidic method produced smaller vesicles (ranging from 

155 to 355 nm) and lower PDI value (0.011 to 0.209). The entrapment efficiency of niosomes 

produced by microfuidization and TFH method was noticeably low (≥9% and ≥20, respectively). 

Bhaskaran et al. [79] prepared salbutamol sulfate-containing niosomes using Span 60 as a surfactant 

using various methods such as TFH, ether injection, lipid layer hydration, and membrane pH gradient 

method. Encapsulation efficiency varies between 62% to 82%. The membrane pH gradient method 

was the most satisfying technique that showed a 78.4% drug release in a day and an 87.51 ± 0.239% 

entrapment efficiency. Gim Ming Ong et al [67] studied the efficiency of various methods for 

nanosizing liposomes.  

These liposomes were assayed by extrusion, ultrasound, freeze-thaw sonication (FTS), ultrasound, 

and nano synthesis. Among the methods, the extrusion method was more efficient, reducing its size to 

67.9. FTS, ultrasound, and sonication followed, with reductions of 61.2%, 26.7%, and 15.0%, 

respectively. The homogenization method was found to be less efficient. A detailed example of drug-

loaded niosomes and their properties is provided in Table 2. 
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Table 2. Drug-loaded niosomes and their characteristics.  

Methods of 

preparation 
Drug Composition solvent Application References 

Ether injection 

method 
Methotrexate 

3 p-d Glucopyranosides 

(octyl, decyl, dodecyl), 

cholesterol,  

dicetylphosphate 

Chloroform/ 

Methanol 
anticancer [80] 

TFH Paclitaxel Span 40, cholesterol, DCP Chloroform anticancer [81] 

TFH, 

Sonication (20min) 
Curcumin Tween 20, cholesterol 

Chloroform/ 

Methanol 

anticancer, 

antioxidant, anti-

inflammatory 

[81] 

Probe sonication 

method (5 min) 
Rifampicin 

Span60, Cholesterol, 

Pluronic L121, DCP 
___ 

antitubercular, 

antimicrobial 
[71] 

REV, TFH Acetazolamide Span40,  Span60, cholesterol 
Chloroform/ 

Methanol 
glaucoma [74] 

Ether injection 

method 

Sodium 

stibogluconate 
Surfactant, cholesterol Diethyl ether 

visceral 

leishmaniasis 
[17] 

TFH Vinblastine 
Span60, Tween 60, 

cholesterol-PEG 600, DCP 

Chloroform/ 

Methanol 
anticancer [82] 

Micro fluidization 

method 
siRNA 

Tween 85, Cholesterol, 

DDAB, 
Ethanol anticancer [76] 

RPE Tetanus toxoid Span 60, cholesterol Diethyl ether tetanus [83] 

Proniosome-derived 

niosome method 
Tenofovir Span 20, 40, 60, cholesterol Ethanol Anti-AIDS [84] 

TFH Embelin 
Span 60, cholesterol, 

phospholipid 
Chloroform anti-diabetic [85] 

RPE Ganciclovir Span 40, 60, cholesterol 
Ether/ 

Chloroform 

herpes viruses: 

varicella-zoster 

virus,  

cytomegalovirus, 

and Epstein-Barr 

virus 

[86] 

TFH Minoxidil 
Brij 52, 76 and Span 20, 40, 

60, and 80 
Chloroform 

androgenetic 

alopecia 
[87] 

TFH Nystatin Span 40 and 60, cholesterol Methanol fungal infection [88] 
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RPE Letrozole 
Span 60, Tween 80, 

cholesterol 
Alcohol anticancer [88] 

Sonication method Diallyl disulfide 
Span 20, 40, 60, 80, 

cholesterol, DCP 

Phosphate 

buffered 

saline (PBS) 

antibacterial and 

antifungal 
[89] 

TFH Morinhydrate (MH) 
Span 60, 80, Tween 80, 

cholesterol 

Methanol/ 

Chloroform 

antimicrobial and 

anticancer 
[90] 

RPE Ellagic acid (EA) 
Span-60 and Tween-60, 

cholesterol 
Diethyl ether antioxidant [91] 

micro fluidization 

method 
Topotecan 

Span 60, cholesterol, and 

DSPE-PEG(2000) 

maleimide 

Chloroform Antitumor [92] 

TFH Hydroxychloroquine 
Brij 35, 52, 58, 72, 76, 92, 

97, cholesterol, DCP 
Chloroform 

rheumatoid 

arthritis, lupus 
[48] 

Thin-film hydration 

method 
Glucocorticoid 

polysorbate 20, cholesterol 

and BDP 

Chloroform/ 

Methanol 

inflammatory lung 

diseases 
[62] 

Solvent injection 

method 
Gatifloxacin Span 60, cholesterol Chloroform 

Anti-bacterial for 

ocular diseases 
[93] 

TFH Doxorubicin 
Span 40, Tween 40, 

cholesterol, Hydrophobin-1 
Chloroform anticancer [7] 

 

 

7. Characterization of niosomes 

Niosome characterization is highly important to understand the behavior and the quality of the 

vesicles and how they might act in future clinical studies. Characteristics of niosomes including size, 

size distribution, zeta potential, morphology, entrapment efficiency (EE), and in vitro release study 

have a significant effect on vesicle rigidity and in vivo performance of the niosomes. Some of the 

most fundamental parameters are niosome size, EE, and in-vitro drug release. Reasonable vesicle size 

and EE, cholesterol, and the properties of membrane components, including the loaded drug, all 

determine to the rigidity of the niosome structure and the encapsulated drug. The method of loading 

the drug into the vesicle structure also defines the EE rate. As might be anticipated, larger vesicles 

present higher entrapment efficiency since they have more space to accommodate the active agent. 

They are summarized in Table 3 and discussed further below [72].  
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Table 3. Evaluation parameters and their related methods. 

Evaluation parameter Methods 

Size and size 

distribution 

Dynamic light scattering particle  

(TEM) laser light scattering, gel exclusion 

Polydispersity index Size analyzer 

Morphology SEM, TEM, freeze fracture technique 

Entrapment Efficiency Centrifugation, Dialysis, Gel chromatography 

In vitro release  Dialysis membrane, Franz diffusion cells 

Bilayer Formation X-cross 

Zeta potential Laser Doppler velocimetry 

 

 

7.1 Size and size distribution 

Niosome size is an important feature in the structure of niosomes because it gives data about particle 

stability and physical properties. The size of the niosome particles varies from about 10 nanometers to 

about 50 micrometers. Measurement of niosome size is possible through various methods, namely 

light scattering techniques (DLS) and light microscopy [38]. DLS should be converted as photon 

correlation spectroscopy (PCS) [44]. This fast and non-destructive method requires only a low 

concentration of particle samples. DLS provides not only cumulative information about average 

particle size, but also particle size distribution [77]. Other techniques, such as electron microscopic 

analysis (SEM), (TEM), and freeze-fracture replication-electron microscopy (FF-TEM)) are also used. 

Electron microscopic techniques are acceptable approaches for not only niosomes size but also the 

number of bilayers [94]. Generally, it should be mentioned that microscopy techniques give artifacts. 

Consequently, it is suggested to apply several methods to obtain reliable results.  

7.2 Morphology 

Microscopic methods are also applied to study the particle morphology of the niosome structure. 

Electron microscopy, transmission electron microscopy (TEM) and ice fracture transmission electron 

microscopy (FF-TEM) techniques are preferably utilized for liquid samples, while scanning electron 

microscopy (SEM) techniques are used for solid samples [77]. 

7.3 Zeta potential 

The surface charge of nanoparticles (zeta potential) provides information about the solidity of the 

structure of niosomes; thus, it is one of the main factors in characterizing niosome particles. In 

general, the stability of charged niosomes against aggregation and fusion is higher compared to those 

of uncharged niosomes [94]. The zeta potential can be done using the laser Doppler velocimetry 

technique, which indicates the electrostatic interaction between two nanoparticles side by side. 

Studies show that the zeta potential above 30 mV or less than 30 mV has satisfactory stability [95]. 
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7.4 Bilayer formation 

Niosomes have either unilamellar or multilamellar structures. The assembly of surfactants to form 

bilayers can be characterized with the aid of X-cross formation under light polarization microscopy 

[96]. 

7.5 Temperature of hydration 

The temperature of hydration is an effective factor in the size and shape of niosome vesicles. It is 

ideal when the hydration temperature is over the gel to the liquid phase transition of the system. 

Decreasing or increasing the temperature impacts the grouping of surfactants and the morphology of 

the niosomes [97]. 

7.6 Niosome stability 

The stability of vesicular niosomal bilayer systems is related to physical, biological, and chemical 

stability. Niosome stability determines the function of niosomes in vitro and in vivo [98]. By studying 

the size and zeta potential and making changes in these two factors, we can show possible instability. 

The stability of niosomes is often evaluated within 90 days, in different temperatures (4 ℃, 25 ℃, 40 

℃,) and a relatively humid atmosphere [99] [100]. 

7.7 Entrapment efficiency (EE) 

For the therapeutic use of niosomes, the most fundamental factor is entrapment efficiency [87]. For 

EE measurement, unloaded drugs (free drug) should be removed from the entire process by 

centrifugation, gel chromatography, dialysis, or filtration. The drug trapped in the niosomes, with 

complete withdrawal of the free drug, is determined using 50% n-propanol or 0.1% Triton X-100 at 

approximately 1 hour of incubation [101]. Entrapment efficiency is known as the concentration of 

loaded drug in the vesicular structure and can be assessed using the following equation. 

EE = (Amount of drug entrapped ÷ Total amount of drug added) 100% 

The entrapped drug concentration is a certain amount of drug that is trapped in the vesicles. The total 

amount of drug is the total ratio of the primary drug [77].  

7.8 In vitro drug release 

One of the main factors of niosome characterization is in vitro drug release, which is determined by 

several factors, including the temperature of hydration, the concentration of the drug, and the nature 

of the membranes. The dialysis membrane is generally used to study the rate of release of active 

agents (drug molecule) release. In this procedure, a clean dialysis bag is washed and bathed in 

distilled water. The mixture is then inserted into a piped bag and sealed. The vesicle bag is placed in a 

200 ml glass of (PBS) at a continuous temperature (37°C) under a magnetic stirrer. At predetermined 

intervals, the samples are exposed to the same proportion of freshly prepared medium. We then 

analyze the samples using the appropriate methods to assess the volume of the drug released over time 

[95, 102, 103]. Another method of studying in vitro drug release is the Franz diffusion cell. In this 

method, proniosomes are placed into a Franz diffusion cell shaped with a cellophane membrane. A 

suitable release buffer is selected, then the proniosomes are dialyzed at room temperature. The 

resultant specimens are taken out of the solution at appropriate intervals, and then effective analysis 
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for drug content is applied. The methods include U.V. spectroscopy and HPL.  [66]. Different drug-

loaded niosomes are shown in Table 4. 

 

 

 

 

Table 4. Different drug-loaded niosomes and their characterization. 

 

Drug 

 

Method of preparation 

The highest 

EE 

 

Size 

 

Zeta potential 

 

Polydispers

ity index 

Methotrexate Ether injection method 94.8 ± 4.6 115.2 ± 7.0 nm ND ND 

Paclitaxel Thin-film hydration method 98.7 ± 0.8% 134±3 nm -81.1± 2.2 0.294±0.006 

Curcumin 
thin film hydration, sonication 

(20min) 
ND 80 to 200 nm ND ND 

Rifampicin Probe sonication (5 min) 75.37% 
190 nm to 893 

nm 
−27.5 ± 0.9 

0.381 ± 

0.053 

Acetazolamide REV, TFH 65.71% ± 1.09 3.46 µm ND ND 

Sodium 

Stibogluconate 
ether injection method 77.0± 0.3 146± 15 −40.3± 0.2 ND 

Vinblastine thin film hydration method 99.92±1.6 % 234.3±11.4 nm -34.6±4.2 mV 0.24±0.09 

siRNA Micro fluidization method 
93.18 ± 2.10 

% 
46.30 ± 0.18 51.48 ± 2.99 0.19 ± 0.09 

Tetanus toxoid 
Reverse-phase evaporation 

method 
42.1 ± 2.1 2.9 ± 0.5 ND ND 

Tenofovir 
Proniosome-derived niosome 

method 
33.68% 50 nm 7.7 mV ND 

Embelin Thin-film hydration method 85.20% 500 nm ND 0.121 

Ganciclovir 
Reverse-phase evaporation 

method 
89±2.13% 144±3.47nm 

−9.5±0.9 mV 

to −27.9±1.9 
0.08 

Minoxidil Thin-film hydration method 69.526 ± 2.9% 
0.2 µm to 1.3 

µm 

−44.71 ± 1.3 

mV 
0.244 ± 0.02 

Nystatin Thin-film hydration method 97.88±1.58 164.8±22.3 nm ND 0.096 

Letrozole 
Reverse-phase evaporation 

method 
66.60% 231.4 nm -8.71 mV ND 
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Diallyl disulfide Sonication method 68.6 ± 3.3 140 ± 30 nm 
−30.67 ± 0.45 

mV 
ND 

Morin hydrate 

(MH) 
Thin-film hydration method 98.62 ± 0.01 109 ± 0.35 nm 

−27.48 ± 3.02 

mV 

0.096 ± 

0.005 

Ellagic acid (EA) 
Reverse-phase evaporation 

method 
38.73 ± 1.58 312-402 nm ND ≤ 0.4 

Topotecan micro fluidization method 37.50-39.30 128.47 nm -27.00 mV 0.131 

Hydroxychloroqui

ne 
hand shaking method 26.3 ± 3.98% 

4.16 ± 0.03 

µm 
ND ND 

Glucocorticoid Thin-film hydration method 77.0± 0.3 186± 24 nm 
−25.1± 0.1 

mV 
ND 

Gemifloxacin solvent injection method 64.9 ± 0.66 % 213.2 ± 1.5 nm 
-34.7 ± 2.2 

mV 
ND 

Doxorubicin Thin-film hydration method 75 ± 1.22 338 ± 3.14 nm 
−23.7 ± 0.39 

mV 
0.17 ± 0.09 

ND: Not determined.  
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8. Application of in-silico methods in niosome preparation 

8.1 Molecular dynamic simulation 

The design of in-silico drug delivery formulation requires a molecular dynamic simulation (MDS) 

tool, which predicts formulation features prior to synthesis and provides information about possible 

self-assembled structures; therefore, in vitro and in vivo experiments are required less [104, 105]. 

MDSs are appropriate for the examination of atomic-level intermolecular interactions, responsible for 

the determination of diffusivity, solubility, carrier-drug miscibility, drug accumulation in organs, cell 

distribution, clearance, kidney filtration, and the kinetics of drug release that affects niosomes [106]. 

A significant cause of drug failure in clinical trials is poor bioavailability due to ineffective cell 

membrane penetration [107]. Operated broadly MDS estimates the nanocarrier-loaded drug 

permeation to a cell membrane [108], also it is a dependable technique that has been implemented for 

the analysis of interactions and the orientations of drug molecules and bilayer forms [109].  

Solubility is the first important step in the absorption of drug from bilayer structures to the target 

[110]. The application of a multitude of reactions in the solvent media is necessary in the process of 

niosome manufacture. On the other hand, the solvent can affect the reaction kinetics, purity, and 

production of operations such as crystallization and extraction. [111]. thus, in the pharmaceutical 

industry solubility is a key factor to select the appropriate solvent. Nowadays, computational 

prediction of solubility requires molecular surface area assessments, hydrophilicity/hydrophobicity 

calculations, electronic and topological evaluations [112]. A comprehensive perception of drug-

nanocarriers solubility alterations by changing the pH and salt concentration in the variety of organs 

can be achieved from MDS. In the event of moderately soluble or insoluble drugs, multiple applied 

carrier molecules are responsible for improving the stability of the drug [113, 114]. To calculate the 

miscibility of pharmaceuticals and carriers compounds, a computational model, is developed [115, 

116]. One of the MDS aspects is drug loading and releasing evaluation [117, 118]. The simulations 

showed that the changes in drug load cause the nanocarrier structure to change significantly. The size, 

internal structure, and location of the drug in the nanocarriers are also vital issues in terms of drug 

release [119, 120]. Free energy calculations can play a significant role in the placement of drug 

components in the nanocarriers and their release process. In many cases, nanocarriers are designed 

and simulated to release the evaluation of their drugs in response to pH changes [121, 122]. Kinetics 

is one of the necessary physicochemical descriptors that represent the association and dissociation 

rates of a binding or non-binding ligand to its target by MDS methods [123]. NMR and X-ray 

crystallographic structures often indicate ligand-binding pockets; however, experimental models 

sometimes hide other potentially druggable sites because most proteins have small-molecule binding 

pockets that are not simply identified [124]. These cryptic [125] and allosteric [126] binding sites 

require a conformational alteration to become visible. A significant aspect of drugs is their capability 

to crystallize in various structures or polymorphs. Each polymorph of the medicine may vary from 

others in physio-chemical features, for instance (density, solubility, bioavailability, mechanical 

strength, dissolution rate, and alike) that can affect fabrication and the therapeutic performance, so the 

crystallization of complex drug crystals and the chance of new polymorphs of the crystal structure can 

be studied by MDS [127-129].  

To date, full reports of all MDS niosome studies are represented. The first report of a niosomal bilayer 

was represented by Sanghwa et al. [130]. In a period of 60 nanoseconds, MD simulation of span 80 

and cholesterol was investigated on multiple physical features such as area per lipid, thickness, 

number of hydrogen bonds, and diffusion coefficient. Afterward in 2016 Aksornnarong et al. [131] 

utilized the Span 60 with and without 50 mmol% cholesterol to form a niosome, based on Gromaces 

4.5.4 software in 60ns for each step. At temperature, niosome properties including area per lipid, 

molecular orientation, membrane thickness, lateral and transversal diffusion, and number and 

dynamics of hydrogen bonds with or without cholesterol were calculated from the dynamic 
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simulation. The dynamic simulation represented, as the niosome without cholesterol prefers, gel phase 

formation with a higher order structure; however, with cholesterol, the niosome indicated more 

fluidity and a less ordered structure. Yoochan et al. [132] simulated the interaction between the Span 

60/cholesterol niosome with flavones using the Gromacs software package (version 4.5.2). At a high 

concentration, it was aggregated at the center of the niosome and increased membrane thickness, but 

at a low concentration, flavone crossed the bilayer. After that in 2018, i [133] used molecular 

dynamics simulations to represent the dynamical properties and structure of niosome formed by Span 

60 and cholesterol molecules at various cholesterol concentrations (from 0 mol% to 70 mol%). They 

investigated whether cholesterol influences the structure of the niosome and its characteristics, 

including compressibility, area per molecule, and thickness. Finally, in 2019, Barani et al. [134] 

Demonstrated the dynamic features of Span 60 / Teen 60 / cholesterol and Span 60 / Teen 60 / 

ergosterol using the Gromacs software (version 4.5.4) of MD simulation. They also suggested the 

formulation of DNA loaded with niosomes compressed with protamine and Fe3O4 nanoparticles with 

ergosterol instead of cholesterol. The purpose of designing drug delivery systems is to predict 

formulations that have advantages such as high trapping efficiency and low cytotoxicity., reduce 

frequency of drug consumption, and magnetic features for targeted delivery. 

8.2 ADME properties 

The pharmacokinetic knowledge of ADME is a crucial part of the drug delivery system study; on the 

other hand, achieving any therapeutic goal with a new drug delivery system from the early stages to 

the final clinical evaluations requires absorption, distribution, metabolism and excretion (ADME) 

[135, 136] (Figure 10). To check the absorption: Caco-2 permeability, human intestinal absorption, 

bioavailability of F (20% and 30%) bioavailability, Pgp-inhibitor, and Pgp substrate are calculated. 

Plasma protein binding, Blood-brain barrier, Volume Distribution are assessed for distribution 

prediction. CYPs are membrane-enzymes that mainly reside in the endoplasmic reticulum and 

mitochondria of hepatocytes and the intestines. CYPs (CYPs 3A4, 2D6, 2C19, 2C9, and 1A2) are in 

charge of the metabolism of more than 80% of clinically used drugs [137]. Clearance and T1 / 2 (half-

life) are investigated to determine exertion. In addition,  toxicity is mostly evaluated by hERG 

blockers and human Hepatotoxicity  [138, 139]. The absorption of biomolecules changes by alteration 

of hydrophobicity (log P), solubility (log S), polarity, the shape of the molecule, ionization, and 

molecular weight as well as size. Metabolism and excretion are also influenced by chemical 

constructions, and it is necessary to identify chemical groups that are highly exposed to metabolism. 

For instance, hydrophilic molecules are rapidly eliminated, while lipophilic molecules have a fast 

metabolism. Many software tools are available to investigate chemical features such as ADMETLAB 

(http://admet.scbdd.com/calcpre/index/) and SWISS ADME (http://www.swissadme.ch/) [140-143]. 
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Figure 10. ADME (A: absorption; D, distribution; E, excretion; M, metabolism) processes of 

materials of the drug nanocarrier system (MDNS). 

 

8.3 Molecular Docking  

Another virtual screening, molecular coupling, mimics biological systems and predicts the interaction 

of two or more molecular structures (drug and protein or enzyme) together with different binding 

affinity and RMSD [144]. Among 60 different molecular docking programs, MOE –Dock [145], 

AutoDock Vina [146], and GOLD [147] have the highest score, furthermore, the appropriate active 

sites are recognized by GOLD [147] and LeDock [148] and Both Glide (XP) [149] and GOLD 

identify poses with a 90.0% efficiency [150]. In Table 5, the molecular coupling of niosomes is 

represented. Performance prediction can be enhanced by combining in silico methods, for instance: 

molecular dynamics, molecular coupling, artificial intelligence, and binding free energy (Figure 

11)[151]. 
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Figure 11. Integration of docking with ligand-based, molecular dynamics, binding free energy 

approaches, and artificial intelligence. 

 

In summary, in-silico designing and simulations are a significant part of current drug delivery 

research, providing the possibility of creating a complete pixelated design of the molecular details of 

the drug and carrier for its user. With this achievement, nanocarriers designing with optimized 

properties can be done much faster with minimal laboratory effort and cost [152, 153].
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Table 5. Molecular coupling of drug-loaded niosomes. 

Gene 
Target gene 

PDB ID 

Niosome 

Material 

Computational 

program 
Disease Ligand 

Active sites 

Interaction 
Ref. 

 

MMP-2 
1CK7 

Span60 and 

cholesterol 
AutoDock 4.0 

tumor milieu in 

pancreatic cancer, 

colorectal cancer, 

ovarian cancer, and 

breast cancer, etc 

Morusin 

(anticancer) 

1: Polar interaction between Asn 111, Asn 55, 

and His 193 with morusin 

2: cationic-pi interactions between Tyr 182 

MMP-9 and morusin 

 

3:hydrophobic interactions between Pro 105 

and Leu 190 with morusin 
 

[154] 

MMP-9 1GKC 

1: Hydrogen bond between Tyr 393 MMP-9 

and morusin 

2: cationic-pi interactions between Tyr 423 

MMP-9 and morusin 

3: hydrophobic interactions between Leu 187, 

Met 422, and His 401 with morusin 

Human serum 

albumin 

(HSA) 

1BMO 

No 

information. 
AutoDock 4.2.2 

nosocomial infections of 

P. aeruginosa, E. coli. 

k. pneumonia, S. typhi, 

E. VRE, Acinetobacter, 

E. faecium, MRSA, and 

faecalis. 

Ho (III) [Ho(2,2′- 

bipyridine) (H2O)6] 

Cl3 

(Antimicrobial and 

antitumor) 

Interaction with Ho (III) ASN18, ALA21, 

LEU135, LEU139, LEU155 and ALA158 of 

HSA 
[155] 

bovine serum 

albumin (BSA) 
3V03 

Interaction with the hydrophobic residues 

LEU24, PHE36, VAL40, and TRP134 of Ho 

(III) of BSA 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 December 2021                   doi:10.20944/preprints202112.0315.v1

https://doi.org/10.20944/preprints202112.0315.v1


24 

 

d(CGCGAATT

CGCG)2 

sequence 

dodecamer 

DNA 

1BNA 

and human lung 

carcinoma and breast 

cancer cell lines. 

1: the gap between the DNA minor grooves 

and bipyridine ring. 

2: 5.31 kcal mol - 1 binding energy between 

the DNA minor groove and Ho(III) 

concanavallinA 

(CON A) 
5CNA 

Span 60, 

Tween 80 

and 

cholesterol 

Maestro 

Schrodinger 

In tumor tissue 

including skin, lung, 

breast, prostate, 

melanoma, and gastric 

overexpression of 

glucose transporters. 

N- lauryl 

glucosamine (NLG) 

(Target 

ligand/penetration 

enhancer) 

and N-acetyl 

glucosamine (NAG) 

anchored 

doxorubicin (DOX) 

(anticancer) 

The hydrophobic interaction of TYR 100 and 

ALA 207 with either C3, C4, C5, or C6 atoms 

of D-mannose of conA 

[156] 

HSV-1 

thymidine 

kinase proteins 

1KI7, 1KI4, 

1KIM, 1E2P 

Cholesterol, 

non-ionic 

surfactant 

(Brij 93 or 

Kolliphor 

RH40) and 

soy lecithin. 

Molecular 

Operating 

Environment 

(MOE 

2014.0901) 

Herpes simplex virus 

type 1 (HSV-1) 

Curcumin 

(antiviral) 

1: In 1KI7H- bond between curcumin and Tyr 

101, interacts via 2 H-bonds with the Glu 225. 

2: In 1KIM curcumin interacts by 3 H bonds 

with Arg 176 and Gln 125. also interact by H-

bond with the Gln 125 and Pi-H interaction 

with Arg 163. 

3: In 1E2P Curcumin interacts with the Tyr 

101, interacts via the H-bond with Gln 125. 

The Pi-H and Pi-Pi interactions between HOH 

2036 and Tyr 172 residues, respectively. 

 

[157] 
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bovine serum 

albumin (BSA) 
3V03 

Span 60 and 

cholesterol 
Autodock Vina 

Protein modification and 

alteration causes such as 

diabetes and 

Alzheimer's disease. 

Carnosine (alanyl-L-

histidine) 

H-bonds stabilizing the carnosine-BSA 

(Sudlow's site I and II) complex: Arg208, 

Gly327 Leu346, and Glu353. 

[158] 

adenosine A2A 3vg9 

cholesterol, 

nonionic 

surfactant 

(span60), 

soya lecithin 

Autodock 4.2.6 Migraine 
Caffeine 

iodine-131-caffeine 

same binding affinity of iodine-131-Caffeine 

and caffeine with adenosine A2A receptor (-

6.49 vs.−6.50 kcal/ mol), respectively. 

[159] 
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9. Conclusions 

Niosomes are a relatively recent drug delivery system whose structure consists of two layers of non-

ionic surfactants. By changing the experiment conditions and the ratio of surfactant and cholesterol 

used, different drugs can be loaded in niosomes. In addition, because of their amphipathic nature, 

hydrophobic and hydrophilic drugs can be loaded into the niosomes. Niosomes also increase drug 

stability, slow drug release, and reduce drug toxicity. Compared to other drug delivery systems, 

niosomes do not require specific conditions for preparation and storage. Due to recent developments 

in computational optimization as well as new theoretical advances, in the future, in-silico tools can 

play a significant role in the field of drug delivery. In summary, it seems that with more studies, we 

can expect a good market for niosomes in pharmaceutical biotechnology in the future. 
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