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Abstract: Cationic niosomes have become important non-viral vehicles for transporting a good 

number of small drug molecules and macromolecules. Growing interest shown by these colloidal 

nanoparticles in therapy is determined by their structural similarities to liposomes. Cationic 

niosomes are usually obtained from the self-assembly of non-ionic surfactant molecules. This 

process can be governed not only by the nature of such surfactants but also by others factors like 

the presence of additives, formulation preparation and properties of the encapsulated hydrophobic 

or hydrophilic molecules. This review is aimed at providing recent information for using cationic 

niosomes for gene delivery purposes with particular emphasis on improving the transportation of 

antisense oligonucleotides (ASOs), small interference RNAs (siRNAs), aptamers and plasmids 

(pDNA). 

Keywords: antisense oligonucleotides; aptamers; cationic lipids; cationic niosomes; gene delivery; 

plasmids; small interference RNA; therapy 

 

1. Introduction 

Nucleic acids drugs are becoming essential therapeutic molecules for precise medicine. Firstly, 

gene therapy has demonstrated that the deficiency of a protein can be overcome by the delivery of 

DNA vectors (usually plasmid DNA, pDNA) carrying the absent gene [1]. Secondly, the use of 

synthetic oligonucleotides for silencing overexpressed proteins has been validated using several 

approaches. The antisense approach demonstrated that single-stranded DNA complementary to 

mRNA could be used to block the translation of specific mRNA [2]. This technology generated the 
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first oligonucleotide drugs available on the market [3]. Later, this approach was used to target exon 

sequences and modulate RNA splicing. Advances in the exon-skipping approach have resulted in 

successful treatments of Duchene muscular dystrophy and spinal muscular atrophy [2,3]. The 

discovery of RNA interference (RNAi) and microRNAs (miRNAs) has triggered intense research 

activity in the development of modified RNA as drugs [4]. Short interfering double-stranded RNAs 

(siRNAs) have shown themselves to be efficient for gene downregulation of a selected mRNA which 

tends to degrade through the RNA-interfering silencing complex (RISC). The first siRNA for human 

use was approved by the Food and Drug Administration (FDA) in 2018 [5]. In addition, nucleic acids 

can also be used to block or interact with proteins. Specific nucleic acids sequences such as aptamers 

[6] have been developed by screening combinatorial nucleic acid sequence libraries (Systematic 

Evolution of Ligands by EXponential enrichment, SELEX). Nowadays, there is no doubt that nucleic 

acids can be used to interfere with the cellular metabolism in a way that can generate novel medicines 

with more specificity and less toxicity than classic small drugs [3]. 

However, nucleic acids still have some drawbacks for their development as therapeutic agents. 

Chemical modifications of nucleic acids have been shown to improve their properties in terms of 

stability against nucleases and decreasing their off-targets effects, without losing their biological 

activities [4,7]. Nevertheless, the delivery issue is still one of the most important problems in the 

development of nucleic acids as drugs [8]. Although viral vectors like retroviruses or adenoviruses 

have shown high transfection efficiencies and been used in clinical trials [9] certain concerns 

regarding immunogenicity or recombination of oncogenes must be overcome. In contrast, non-viral 

vectors such as lipids [10], cell-penetrating peptides [11], polymers [12] or gold nanoparticles [13] 

have emerged as promising alternatives in order to deliver nucleic acids safely. Although several 

advances have been described in the search for formulations for nucleic acids, there is still a need for 

novel and more efficient delivery systems. 

Liposomes constituted by phospholipids [14,15], lipidoid or lipid nanoparticles [16,17], cationic 

lipids [18] and cationic polymers [12,19] are the most frequently used non-viral vectors for nucleic 

acids transfection. From these alternatives, liposomes and other lipid formulations are most popular 

in human treatment. It has been demonstrated that of the majority these lipid formulations 

accumulate in the liver through the intervention of apolipoproteins [20]. On the other hand, niosomes 

are considered attractive alternatives for the generation of new formulations for gene and 

oligonucleotide transfection. Niosomes are non-viral vectors similar to liposomes in which 

phospholipids have been replaced by non-ionic surfactants [21,22]. In addition to non-ionic 

surfactants, niosomes for gene delivery contain one or more cationic lipids so nucleic acids are 

complexed to cationic niosomes through simple electrostatic interactions [23]. The differences in the 

chemical composition between liposomes and niosomes allow for the preparation of lipid 

formulation at a lower cost, longer stability and less toxicity. For a general overview of niosomes, 

preparation methods, drug administration routes and applications in the delivery of small molecules, 

two excellent articles have been published [24,25]. In this review, we aim to describe recent results in 

the use of cationic niosomes as alternative formulations for gene and oligonucleotide delivery. 

2. Composition, Preparation and Characterization of Niosomes 

2.1. Composition of Niosomes 

Cationic niosomes for nucleic acid delivery are made up of several elements including: 1) a non-

ionic surfactant such as polyoxyethylene fatty acid esters or polysorbates (Tween® [26]), 

polyoxyethylene alkyl ethers (Brij® [27]), sorbitan fatty acid esters (Span® [28]); 2) a neutral helper 

lipid such as cholesterol or squalene (SQ) or squalene (SQL) [29,30]; and 3) a cationic lipid such 3β-

[N-(dimethylaminoethane)-carbamoyl]-cholesterol hydrochloride salt (DC-Chol, [31]), N-[1-(2,3-

Dioleoyloxy)propyl]-N,N,N-trimethylammonium methylsulfate salt (DOTAP, [32]), 

dimethyldidodecylammonium bromide (DDAB, [33]) or 2,3-di(tetradecyloxy)propan-1-amine 

hydrochloride salt (DTPA, [34]) (Figure 1).  
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The relative amount of the different components is adjusted during the development of the 

formulations. Non-ionic surfactants are responsible for stability and lack of toxicity since they do not 

have charges. Helper lipids are neutral lipids that increase colloidal stability but also have an impact 

on cellular uptake and the internalization mechanisms of niosomes [30]. Finally, cationic lipids are 

needed to form electrostatic complexes with the negatively charged nucleic acids. A careful balance 

of the final charge of the nioplexes is needed to avoid aggregation or rapid removal from circulation 

by the reticuloendothelial system (RES) [21]. 

 

Figure 1. Chemical structure of some of compounds used in the composition of niosomes. 

Other additives may also be present in niosomal formulations used for nucleic acid transfection. 

These include polyethyleneglycol (PEG) derivatives to prevent premature removal from circulation 

by the RES [35], protamine to increase DNA condensation and transfection rates [36] and poloxamers 

to enhance cellular uptake and viability in glial cells [37].  

2.2. Niosome and Nioplexes Preparation 

Several methods have been described for the preparation of niosomes [23,38,39]. In the solvent 

emulsion-evaporation technique, the helper lipid and the cationic lipid are dissolved in a volatile 

organic solvent such as dichloromethane and the non-ionic surfactant is dissolved in water. Mixing 

both solutions gives rise to a mixture of two phases that is emulsified with a sonicator. Thus, the 

organic solvent evaporates while dispersion is magnetically stirred and the emulsion is separated 

from the aqueous solution. 
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In the thin film-hydration method, the helper lipid and the cationic lipid are dissolved in a 

volatile organic solvent and the solution is evaporated in a large flask in order to obtain a lipid film 

that is mixed with a non-ionic surfactant molecule which is ultimately hydrated in the presence of 

water with the aid of a sonicator. Alternatively, the evaporation of the volatile solvent may be carried 

out by gently mixing it with a magnetic stirrer and the hydration of the film with the aqueous solution 

of the non-ionic surfactant can carried out by gently mixing it by shaking it with your hand. In the 

solvent injection method, both the lipid solution of a helper lipid and the cationic lipid in an organic 

solvent are injected into the aqueous solution of the non-ionic surfactant. An alternative for preparing 

niosomes without the use of an organic phase is the “bubble” method. In a glass reactor with three 

necks, the components of niosomes are dispersed at a high temperature. The first neck of the glass 

reactor is used to control the temperature with a thermometer. The second neck is used to supply   

nitrogen flow and the third one is used for the water-cooled reflux. Such dispersion containing the 

niosome components is mixed for a short period of time with a high shear homogenizer and is 

followed by bubbling with nitrogen [27]. 

All these above mentioned methods are simple but require high shear homogenization, 

ultrasounds or magnetic stirring. In these conditions it is difficult to control the size and homogeneity 

of the niosomes. However, this issue can be solved by using continuous-flow microfluidic methods. 

In this approach, the lipid solution of the helper lipid and the cationic lipid in organic solvent is mixed 

with the aqueous solution of the non-ionic surfactant by using a microfluidic system that renders a 

more homogeneous and reproducible niosome solution [40,41]. 

Once the niosomes are prepared using any of the techniques mentioned above, they can be 

stored at 4 °C for several weeks without affecting the main physicochemical parameters involved in 

nucleic acid delivery. Nioplexes can be easily obtained by electrostatic interactions after the 

complexation of a solution containing nucleic acids on the surface of cationic niosomes. The relative 

amount of nucleic acids and niosomes will depend on the nature of the nucleic acid. Normally, 

nucleic acids and niosomes are mixed in different proportions in order to obtain corresponding 

nioplexes, which leads to stock formulations that usually contain around 1 mg cationic lipid per mL 

and approximately 0.5–1 mg of plasmid DNA per mL [23].  

2.3. Characterization of Niosomes and Nioplexes 

One of the most important parameters related to the final performance of colloidal dispersions 

is size distribution. Normally, Dynamic Light Scattering (DLS) is used to determine hydrodynamic 

diameter and the polydispersity index (PDI) of both niosomes and nioplexes. Such parameters can 

be measured using a Zetasizer instrument. The same instrument can also be used to measure the zeta 

potential (ζ-potential) which is a critical parameter related to the charge of both niosomes and 

nioplexes formulations and therefore it is intimately related to the stability of these colloidal 

dispersions. In addition, the size and size distribution of formulations can also be measured using 

transmission electron microscopy (TEM) or even better, with cryo-TEM. However, these techniques 

are more difficult to use as they require staining the sample. In addition, the instruments are not 

usually available in many laboratories. However, if they are available, they can provide not only size 

and size distribution data but also morphology of the niosome and/or nioplexes.  

Another important parameter is the stability of the formulations which can be measured by 

repeated analysis of their size, PDI and ζ-potential over a period of time at different temperatures. 

The complexation of niosomes with nucleic acids is usually determined by electrophoretic shift using 

gel electrophoresis. Plasmid DNA and oligonucleotide complexes are usually analysed using agarose 

and polyacrylamide gels, respectively. In both cases, the formation of the complexes is observed by 

retardation of the nucleic acid band that stays near the pocket instead of moving along the gel, which 

indicates condensation of the genetic material on the surface of the niosomes. In the case of the 

plasmid DNA, the electrophoretic analysis also allows us to determine DNA protection against 

enzymatic digestion mediated by nucleases along with the release of the nucleic acid cargo after 

adding anionic surfactants like sodium dodecyl sulphate (SDS) [29]. In this sense, the delicate balance 

between the condensation of DNA and its release needs to be achieved in order to enhance 
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transfection efficiency of non-viral vectors based on cationic nanoparticles [42]. Additionally, analysis 

of the interactions between the cationic lipids and the genetic material at the molecular level can be 

measured using isothermal titration calorimetry. Such an analysis can provide relevant information 

about the physical mechanisms involved in the formation of nioplexes and their macroscopic and 

microscopic structure which are related to their final performance as nucleic acids delivery systems 

[43].  

Another parameter that was used in the evaluation of niosome formulations is the pKa value of 

niosome formulations, a parameter that may predict the delivery efficacy of these formulations [16]. 

There are two different methods for measuring amino lipid pKa values: (1) potentiometric titration of 

amino lipids prepared in niosomes and (2) the effect of 2-(p-toluidino)-6-naphthalene sulfonic acid 

(TNS) fluorescence at different pH values containing ionizable amino lipids [44]. This second 

approach is usually the more convenient way for measuring the pKa of cationic lipids in niosome 

formulations [45,46]. It has been suggested that the optimal pKa of cationic lipids for transfection 

should be <7.0. In in this way, a large number of amino groups are neutral at physiological pH 7.4 

[16]. 

2.4. Small Angle X-ray Scattering (SAXS)  

Small angle X-ray scattering (SAXS) analysis of cationic lipids used in niosome preparation was 

used to determine the characteristics of the bilayers made up of several cationic lipids with different 

cationic groups [47–50].  

Characterization of bilayers or multilayers is of utmost importance in understanding their 

behaviour and to be able to tailor their uses. SAXS (and also the equivalent technique of Energy 

Dispersive X-Ray Diffraction, EDXD) can provide information on bilayer thickness, hydrophilic and 

hydrophobic domain sizes as well as on hydration [46,47,51]. In multi-layered systems, additional 

information about correlated bilayers numbers and bilayer elasticity can also be obtained. 

In addition, hints about bilayer asymmetry can be obtained using appropriate models and 

making several assumptions [50,52]. While dealing with phospholipid and biomimetic bilayers in 

great detail may require both high quality data, the combination with Small Angle Neutron Scattering 

(SANS) may result in simpler bilayers and gross modification of symmetry. This process occurs by 

adsorption or asymmetrical incorporation of additives and therefore results are more easily 

interpretable [50]. The electronic density profile across the membrane, the unambiguous 

characterization of the system as interdigitated or non-interdigitated are related to the thickness of 

the hydrophobic part of the bilayer. Furthermore, this is related with the easiness of pore formation 

and permeability which is also associated with the fluidity of the membrane. The extent of hydration 

of the polar heads is related with the colloidal stability of the vesicles and also with the interactions 

with biological materials. The location of additives is related with the encapsulation capacity and 

release. 

3. Applications of Niosomes in Gene Delivery 

One of the first applications of niosomes was reported by the cosmetic industry in the seventies 

[53]. Because of their structural similarities to liposomes and other colloidal systems, niosomes were 

also proposed as potential vehicles for transporting all sorts of drug molecules. Such features have 

confirmed the feasibility of niosomes as depots to facilitate targeted drug delivery by promoting 

sustainable release of potential small drugs in specific cells and tissues. In addition, niosomes have 

proved to be stable particles which have allowed to give enhanced stabilities to a good number of 

encapsulated drugs [54]. There are different routes that have been used to administer niosomal drugs 

like oral (e.g., Methotrexatetopical, Flurbiprofen); ocular (e.g., Chloramphenicol, Acetazolamide, 

Fluconazole) or topical administrations (e.g., Erythromycin, Minoxidil, Rofecoxib, among others) 

[55]. Furthermore, the effectivity and safety of such routes have been confirmed in numerous 

preclinical and clinical studies which have put an emphasis on biocompatible, biodegradable and 

low immunogenicity features of their components (non-ionic surfactants, cholesterol and other fatty 

acids as well as charged molecules).  
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Toxicity is also a factor that should not be overlooked when niosomes tend to be used in therapy. 

It is well known that cationic lipids have shown certain toxicity in transfection due to the presence of 

cationic charged molecules reducing their therapeutic effect. Thus, the presence of non-ionic 

molecules in niosomes might contribute to reducing such undesirable toxicity showing better cellular 

viability profiles than their corresponding anionic or cationic counterparts [27]. Therefore, all these 

properties as well as their low production cost and ease of preparation, have allowed niosome 

formulations to demonstrate multiple advantages over liposomes and other conventional drug 

delivery systems [56]. In fact, pharmaceutical companies have taken advantage of this niosome 

adaptability by using it in multiple applications (e.g., nutraceuticals, anti-bacterial, anti-oxidant and 

anti-cancer, among others) [27]. 

Gene therapy has proved to be an efficient approach for treating inherited human diseases when 

non-viral vehicles are involved in improving the cellular uptake properties of nucleic acids [50,57–

59]. In particular, this review article is devoted to highlighting and discussing recent innovations and 

the development of niosome-based gene therapy strategy to overcome the transport of plasmids, 

antisense oligonucleotides (ASOs), small interference RNAs (siRNAs) and aptamers in target cells. 

Plasmids 

Transfection of plasmids is an important tool in therapy in order to express a particular protein 

that is lacking in certain human cells [60]. Several strategies have been carried out in order to safely 

administer plasmid DNA in vivo in either physical methods like direct injection, systemic injection, 

electroporation and ultrasound techniques or using chemical carriers like cationic lipids, peptides 

and polymers, among others [61]. 

Cationic lipids are of extraordinary interest for great ability to interact with DNA plasmids and 

other genetic materials. Although some cationic materials are somewhat toxic and that limits their 

use in clinical studies, novel designs and subsequent optimization in structure-transfection activity 

relationships (SAR) have improved their safety and biodegradability properties [62,63]. Cationic 

lipids are made up of three defined parts: i. A hydrophobic tail based on saturated or unsaturated 

hydrocarbonated alkyl chains; ii. A positively charged head group that is responsible for promoting 

the electrostatic interaction between lipids and genetic materials and iii. a backbone that covalently 

connects the hydrophobic part with polar-head groups. Since the pioneering studies carried out by 

Felgner [64], a large number of lipids containing quaternary ammonium pendent groups [e.g., 

DOTMA, DOTAP or DORIE), polyamines (e.g., DOGS (dioctadecylamidoglycylspermine) or DOSPA 

(1,2-di-O-oleyloxysperminecarboxamidoethyl-dimethypropanaminium)]) and guanidines [i.e. BGTC 

(bis-guanidinium-tris(2-aminoethyl)-amine-cholesterol)] have been prepared and their transfection 

potency has been evaluated [65–68].  

Polyamines have proved to be efficient vehicles for drug delivery. This has sparked growth in 

the synthesis of novel polyamine derivatives [68] and bringing them into various niosome 

formulations. Several families of spermine-based cationic lipids have been designed which has led to 

potent and efficient non-viral carriers for DNA plasmids. In particular, the spermine molecule has 

been chemically modified by varying the chain length with symmetrical hydrophobic alkyl residues. 

Such hydrocarbonated fatty acids have modified both at the one and the two termini of the spermine 

building block producing the following diester families: spermine-C14 (1, 2), spermine-C16 (3, 4) and 

spermine-C18 (5, 6) (Figure 2). These derivatives were formulated into niosomes using a thin-film 

hydration method in the presence of cholesterol (Chol) and Span-20 as a non-ionic surfactant 

molecule in a molar ratio of 1:2.5:2.5. These prepared niosome formulations were prone to interacting 

electrostatically with DNA plasmid encoding green fluorescent protein (pEGFP-C2) at different 

weight ratios. Interestingly, the behaviour of both spermine families was different in terms of particle 

size, complex formation and transfection efficiency. Thus, particle sizes in the first spermine family 

(A) ranged from 200 to 500 nm (213, 315 and 487 nm for 1, 3 and 5, respectively) while in the second 

family, (B) sizes were slightly bigger in most cases (876, 462 and 385 nm for 2, 4 and 6, respectively) 

(Table 1). As expected, agarose gel electrophoresis showed different weight ratio values when DNA 

was condensed into the niosome formulations. After confirming that DNA complexes did not affect 
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cellular proliferation and did not have a haemolytic effect, the in vitro transfection efficiency of each 

formulation was evaluated with their optimal weight ratio. Gene transfection mediated by the two 

families of spermine-based cationic lipids also demonstrated different behaviour. While the niosome 

formulation 1 showed the highest transfection efficiency and this decreased as the hydrophobic alkyl 

chain increased, this tendency surprisingly changed in the case of spermine family B. Herein niosome 

formulation 6 was able to promote gene transfer more efficiently than the rest of the derivatives 

(Table 1). This different response was attributed to the ability of spermine-based cationic lipids 1 and 

6 to be protonated at acid pH resulting in destabilization of the endosomal membrane [69,70].  

 

Figure 2. Spermine-based cationic lipids synthesized and evaluated as non-viral carriers for DNA 

plasmid. 

Table 1. Particle size, optimal weight ratio and transfection efficiency for cationic nioplexes made up 

of DNA plasmid and a mixture of spermine derivatives, Chol and Span-20. 

Spermine-Based 

Cationic Lipid 
Particle Size (nm) Optimal Weight Ratio Transfection Efficiency (cells/cm2) 

1 213 10 7556 ± 92 

2 315 10 6897 ± 292 

3 487 5 5453 ± 36 

4 876 20 2082 ± 63 

5 462 30 5959 ± 197 

6 385 10 7993 ± 94 

As part of a program focused on developing novel cationic lipids based on spermine analogues 

addressed to improve the delivery of DNA plasmid, the same authors were able to introduce the 

same fatty acid residue (C14) as described on Figure 2 but by varying the chemical structure of the 

spacer. Four more analogues were proposed (di(oxyethyl)amino (7), di(oxyethyl)aminocarboxy (8), 

3-amino-1,2-dioxypropyl (9) and 2-amino-1,3-dioxypropyl (10)) [71] (Figure 3). These four spermine 

analogues were formulated into the same niosomes (Chol and Span-20) as described above. The 

authors carried out exhaustive physical characterization of the particle size by varying the amount of 

cationic lipid. As a consequence, the corresponding DNA particles had sizes that ranged from 94 to 

195 nm, remarkably smaller than those shown above [14,15]. Before evaluating the efficiency of these 

cationic formulations with DNA plasmid (pEGFP-C2), exhaustive cytotoxicity and serum stability 

studies were also carried out. The authors found it had minimal effect on cellular viability and 

significant stabilities of the particles for up to 6 h. In vitro transfection experiments were carried out 

using the selected cationic lipids with a molar ratio of 0.5. This resulted in an optimized spermine-

based formulation containing Span20:Chol:8 (2.5:2.5:0.5) which shown promising ability to impart 

cellular uptake in HeLa cells. 

Recently, this study allowed the same authors to select the spermine cationic lipid 8, as a basic 

proof-of-concept for the delivery of a particular cargo. Specifically, this optimized formulation was 

used to transfect plasmid DNA-encoding ovalbumin (pOVA) by obtaining the corresponding 
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cationic lipid 8:pOVA particles [72]. The authors noticed that the optimized formulation in 

combination with a hollow microneedle device produced a sharp therapeutic action in vivo without 

observing any infections on the skin. Therefore, the strategy involving the transfection of pOVA 

complexes induced a good number of positive responses like interleukin-4, immunoglobulin and 

interferon gamma when compared to the effect produced by naked pOVA. This novel strategy has 

been recommended as an interesting method for vaccination.  

 

Figure 3. Design of a small library of spermine-based cationic lipids modifying the central core. 

Other cationic lipids have been proposed as an alternative to spermine derivatives. Manosroi et 

al. proposed to formulate dimethyldioctadecylammonium bromide (DODAB) into elastic niosome 

formulations. The efficiency of this lipid was previously studied in a good number of cell lines leading 

to transfections with close to 95% efficiency [73]. The strategy followed by the authors was based on 

evaluating the expression of the human tyrosinase gene (pMEL34) by promoting transdermal 

absorptions in order to find a reliable topical strategy for treating depigmented skin [74]. Following 

the well-known film hydration method, the authors were able to load pMEL34 in a mixture made up 

of Tween-61:Chol:DDAB (1:1:0.5 molar ratio). This protocol obtained maximum encapsulation values 

of 150 µg in 16 mg of the formulation showing ζ-potential values of 32.1 mV and particle sizes of 689 

nm for this optimal mass ratio. Furthermore, elastic niosomes displayed higher thermal stabilities for 

up to 5 weeks when measured at different temperatures (4, 27 and 45 oC) if compared to non-elastic 

ones since the cargo precipitated after two weeks.  

To understand this behaviour, the authors have suggested that the presence of ethanol might act 

as a hydroxyl scavenger and therefore protects the corresponding cargo from precipitation. However, 

these elastic niosomes were only found to be more stable at lower temperatures because of ethanol 

evaporation [75]. The authors found an optimal therapeutic response when pMEL34 was loaded in 

elastic niosomes after using Franz diffusion cells. As a consequence, this approach gave rise to the 

most intense tyrosinase activity (0.36 ± 0.03 U/µL), approximately four times greater when compared 

to non-elastic niosomes and non-loaded plasmid thus showing the potential use of elastic niosomes 

in transdermal delivery. 

Retinal gene therapy has become a promising therapeutic approach to treating disease-causing 

inherited ophthalmic pathologies [76]. While using viral vectors have proved to be more efficient 

than non-viral vehicles, they may face certain limitations in terms of safety, carcinogenesis, 

production and DNA packaging content, among others [77]. To overcome all these limitations, 

cationic niosomes have emerged as interesting nanovehicles in this types of diseases. Recently, 

Mashal et al. prepared a cationic formulation based on mixing Tween-60:DOTMA:lycopene 

according to the reverse-phase evaporation method (Figure 4A) [78]. This approach allowed these 

authors to study the effect of lycopene(a natural lipid carotenoid [79] with excellent antioxidant 

properties), not only on the stability of the niosomal formulation but also on transfection efficiency 

as it may act as a “helper” lipid.  
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The physical characterization showed that the particle size of niosome formulations increased 

when lycopene was introduced (66.4 versus 101.60 nm, respectively) whereas the ζ-potential value 

was slightly lower (45.3 versus 33.8 mV, respectively) (Figure 4B). DNA plasmid (pCMS-EGFP) was 

able to condense and form the expected nioplexes showing nanometric size and positive ζ-potential 

at the optimal mass ratio (18:1; cationic lipid:DNA). In vitro transfection experiments in ARPE-19 

cells showed approximately 35% positive cells without affecting cellular viabilities. Therefore, the 

presence of lycopene in the niosome-based formulation exceeded transfection efficiencies when 

compared to their counterparts. Although this value was slightly lower when gene transfection was 

carried out using lipofectamine (42.6%), this new formulation might be a reliable option for ocular 

gene therapies (Figure 4C).  

Further internalization studies confirmed that nioplexes containing the helper lipid followed 

caveolae and macropinoncytosis-mediated endocytosis processes. Finally, the authors confirmed the 

ability of this formulation to transfect the retinal outer segments in vivo using subretinal and 

intravitreal injections at the optimal mass ratio (18:1). Interestingly, the same niosome-based 

formulation based on DOTMA and lycopene as a cationic lipid and helper lipid, respectively was 

studied for delivering genetic material into the brain. Transfection experiments displayed moderate 

efficiencies in NT2 cells (17%) at mass ratio of 14:1 following clathrin and caveolae as the predominant 

endocytosis pathways without modifying cellular viabilities (90%). These encouraging results 

motivated these authors to propose the aforementioned niosome formulations as promising non-viral 

vehicles for plasmid DNA in vivo as EGFP expression can be evaluated in primary cortical embryos 

and blood cells [80].  

 

Figure 4. Particle characterization and in vitro gene transfection experiments mediated by niosomes 

made up DOTMA, Tween-60 and Lycopene. (A) Chemical structures; (B) particle size and zeta 

potential of nioplexes; (C) cellular viabilities and gene transfection after 72-h incubation in ARPE-19 

cells. Control positive was carried out with lipofectamine. Adapted with permission from ref. [78]. 

Copyright 2017, Elsevier B.V. 

The same research group studied other synthetic cationic lipids and helper lipids. Helper lipids 

have been anchored to liposome and niosome formulations with the aim of improving circulation in 

the bloodstream, stability and transfection potency [23,29,81]. There are a good number of helper 

lipids that have been commonly used in vitro and in vivo [e.g., DOPE (1,2-dioleyl-sn-glycero-3-
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phosphoethanolamine), Chol, DOPC (1,2-dioleyl-sn-glycero-3-phospho-choline) and PEG-C-DMA 

[3-N-[(-methoxypoly(ethylene glycol)2000carbamoyl]-1,2-dimyristyloxy-propylamine], among 

others]. An interesting study was carried out by Ojeda et al. who researched the impact of the amino 

lipid derivative 13 on the transfection process when combined with various helper lipids like 

squalene (SQ), Chol and squalane (SQL) [30]. The resultant cationic nioplexes were fully 

characterized and showed that SQL-based formulations displayed higher ζ-potential and particle size 

values than their niosome counterparts. However, cationic formulations containing SQ in their 

composition demonstrated superior transfection efficiencies and consequently, to promote cellular 

uptake through a micropinocytosis pathway which circumvents the degradation into the lysosomal 

compartment. 

In light of these findings, Ojeda et al. carried out SAR studies by designing novel synthetic amino 

lipids (11-13) containing three different cationic polar heads such as an amino (11), triglycine peptide 

(12) and dimethylamino ethyl (13) pendent groups (Figure 5A) [82]. These three cationic lipids were 

formulated into the corresponding cationic niosomes in which SQ was part. After confirming that all 

of them were able to form nioplexes when mixed with a DNA plasmid (pCMS-EGFP), several 

physicochemical studies were carried out. It is worth mentioning that nioplex formation differed 

from the process used, thus the oil-in-water (O/W) emulsion technique led to lower polydispersity 

(PDI) values when compared to the film-hydration method. Interestingly, the prepared nioplexes 

displayed different a stability behaviour at different temperatures. Thus, while particle size and ζ-

potential remained constant at 4 oC for 100 days, these parameters changed remarkably after 

incubating the nioplexes at 25 oC showing particle stabilities after less than one month. In vitro 

transfection experiments mediated by these novel nioplexes confirmed that the ionizable cationic 

lipid 11 and 13 promoted better efficiencies than formulations based on the tripeptide in ARPE-19 

and PECC cells at the optimized 30:1 mass ratio (Figure 5B). These promising results were also 

demonstrated in vivo experiments by introducing both intravitreal (Figure 5C) and subretinal (Figure 

5D) injections showing EGFP expression in photoreceptors and in the outer nuclear layer as well as 

in cerebral cortex administration in rat brains.  

 

Figure 5. (A) Preparation of cationic niosome-based formulations containing lipids 11, 12 and 13, 

respectively and using SQ as a helper lipid; (B) in vitro gene transfection experiments after a 72-h 

incubation period at several mass ratios in three cell lines: HEK-293, ARPE-19 and PECC cells; (C) 

EGFP gene expression in retina after subretinal injection; (D) EGFP gene expression in the retina after 

intravitreal injection. Adapted with permission from ref. [82]. Copyright 2016, Elsevier B.V. 

In addition to SQ and others helper lipids, alternative components have been introduced into 

niosome formulations with the aim of evaluating their transfection efficiencies. Protamine is a 

polycationic peptide that has been used in a good number of liposomal formulations in order to 

improve DNA condensation and enhance DNA delivery [36]. Puras et al. carried out this study by 
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mixing protamine with a mixture containing Tween-80 and the corresponding ionizable amino lipid 

11. Optimal ratios for this ternary formulation were found at 1:1:5 (protamine:DNA:niosome) and it 

was used to deliver pEGFP plasmid in vitro using ARPE-19 cells also in vivo. The authors showed 

that the presence of protamine considerably improved the number of positive cells (26 %) when this 

transfection experiment was extended to 72 h. Although the value was lower than gene transfections 

mediated by lipofectamine (50% of positive cells), the authors reported cellular viabilities of up to 

94% as well as good cell morphologies when the ternary system was used. This confirmed the 

potential use of this formulation in gene transfer into the retina. Finally, the authors studied the 

ability of this ternary system in order to mediate gene delivery in vivo. Interestingly, EGFP expression 

was observed in various cell retina layers depending on whether subretinal or intravitreal 

administrations were used. 

In addition to adding helper lipids to niosome formulations, Puras et al. studied the efficiency 

of cationic niosomes based on cationic lipids (11) but removing the use of any helper lipid from the 

formulation [34]. Interestingly, niosomes exhibited the same ability to interact with DNA plasmid at 

various mass ratios. In this particular case, the authors found nanometric sizes (200 nm) and positive 

zeta potential values (7.3 and 13.2 mV at 2:1 and 6:1 mass ratio, respectively). Taking these values 

into account, the authors designed both in vitro and in vivo experiments using the corresponding 

nioplexes at an optimal ratio of 2:1. This ratio exhibited high efficiencies of transfection and cellular 

viabilities when compared to commercially available cationic lipids in two cell lines: HEK293 and 

ARPE-19. The ability of these nioplexes to impart cellular uptake was also demonstrated in vivo by 

carrying out subretinal and intravitreal injections and thus confirming the great potential of the 

cationic lipid 11 for retinal gene delivery therapies.  

Additionally, the versatility of this formulation was also shown for bone regeneration 

applications by preparing the corresponding nioplexes from pUNO1-hBMP-7 plasmid and 

delivering it into mesenchymal stem cells (D1-MSCs) [83]. Preliminary results demonstrated the 

ability of nioplexes to impart cellular uptake in D1-MSCs (1460 pg/mL) at different mass ratios (4:1, 

8:1 and 12:1, respectively) which produced a whole series of biological processes like cellular 

proliferation (164, 137 and 122% for 8:1, 12:1 and 16:1 mass ratio, respectively and alkaline 

phosphatase improvement facilitating osteoblast-like cell formation. 

Glycerol-based cationic lipids have proved to be efficient vehicles for transporting DNA 

plasmids, in particular lipids 11 and 13. The impact of the amino lipids’ backbone on gene transfection 

was also studied in depth (Figure 6). Ojeda et al. proposed the use of serinol-based amino lipids (14-

16) as novel vehicles to impart cellular uptake [46]. This study was aimed at synthesizing a small 

series of amino lipid derivatives containing the same cationic head pendent groups and hydrophobic 

residues as illustrated on Figure 5 but varying the backbone structure (Figure 6A). The oil-in-water 

emulsion technique gave rise to the corresponding cationic niosome formulations with nanometric 

size and lower PDI values when compared to the film-hydration approach (Figure 6B). Surprisingly, 

the authors found significant differences depending on the cationic lipid polar group after promoting 

cellular internalization. Thus, serinol-based amino lipids containing the ionizable dimethylamino 

ethyl residue (16) was able to transfect efficiently HEK-293 and ARPE-19 cells providing greater 

internalization results at 10:1 and 30:1 as an optimal mass ratio, (respectively) without affecting 

cellular proliferation (Figure 6C).  
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Figure 6. (A) Serinol-based cationic lipids that were formulated into cationic niosomes; (B) physical 

characterization by dynamic light scattering (DLS) showing spherical nanoscale patterns. Scale bar: 

100 nm; (C) in vitro transfection efficiencies mediated using three serinol lipids. Adapted with 

permission from ref. [46]. Copyright 2015, The Royal Society of Chemistry. 

4. Use of Niosomes for Transfection of Oligonucleotides 

4.1. Antisense Oligonucleotides  

Antisense oligonucleotides (ASOs) are DNA oligonucleotides of around 18-mer length in which 

one of the non-bridging oxygens (PO) was replaced with phosphorothioate units (PS). The 

introduction of such modifications is critical in stabilizing oligonucleotides in the presence of 

nucleases over time [84]. There is growing interest in designing efficient ASOs against different types 

of cancer, diabetes and Duchenne muscular dystrophy among many others [57]. This great effort has 

contributed to launching several antisense-based therapeutics into the market like Fomivirsen, 

Mipomersen, Eteplirsen and Nusinersen as well as having many others in late clinical trials [3,85].  

While using liposomes and solid lipid nanoparticles (SLNs) have been widely employed as non-

viral carriers for ASOs [86–89], examples involving cationic niosomes are scarcely reported in 

literature. One of the first articles focused on promoting the delivery of ASOs with niosomes was 

described by Liang et al. in 2006 [90]. These authors prepared niosomes made up of commercially 

available cationic lipid (DC-Chol) and soybean phospholipids (SPLs) in the presence of sorbitan 

monoester series (Span-85, -80, -40 and -20) at several molar ratios using the film-hydration method. 

This protocol generated spherical particles in the nanometric size that ranged from 147 to 105 nm. 

After electrostatically complexing an antisense oligonucleotide and characterizing the corresponding 

particles using agarose electrophoresis, the authors carried out cellular uptake studies on COS-7 and 

HeLa cells. This demonstrated that some sorbitan fatty acids, in particular Span-40, have a pivotal 

role in promoting cellular internalization as well as showing some activity on gene expression. These 

results allowed the authors to modify the composition of these cationic niosomes by adding a 

modified polyethylene glycol (PEG2000-DSPE, 1,2-distearoyl-sn-glycero-3’-phospho- ethanolamine-

N-[amino(polyethylene glycol)-2000 ammonium salt) instead of SPLs [35]. The presence of PEGylated 

niosomes favoured the interaction with protein sera and thus avoided particle aggregation after 

incubating the corresponding particles at sera concentrations of 0 and 50%, respectively. This result, 

though interesting, showed that the ability of these particles to promote cellular uptake was highly 

compromised since the particles were not able to facilitate endosomal escape as the concentration of 
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DOPE was relatively low (up to 10% mol). This behaviour was confirmed using 

cetyltrimethylammonium ammonium bromide (CTAB) in the niosomal formulation, a cationic 

surfactant molecule that is able to facilitate endosomal escape [91].  

In addition to displaying excellent efficiencies for the delivery of DNA plasmid, our research 

group decided to use synthetic amino lipid 11 to prepare cationic niosomes made up of non-ionic 

surfactant Tween-80 in order to prepare the corresponding nioplexes with a model antisense 

oligonucleotide (Figure 7) [92]. Interestingly, the expected nioplexes displayed spherical 

morphologies with nanometric sizes (324 and 332 nm at optimized N/P ratios of 14 and 16, 

respectively) (Figure 7A). Toxicity studies confirmed that N/P ratios greater than 16 had a strong 

negative effect on cellular proliferation (Figure 7B). To avoid this, gene transfection experiments were 

carried out in vitro at N/P ratios of 14 confirming the ability of cationic lipid 11 to silence luciferase 

efficiently [93] with comparable efficiencies to commercially available cationic lipids (approximately 

85% of inhibition at 100 nM) (Figure 7C).  

Further studies also confirmed that polysaccharide-based hydrogels made of κ-carrageenan 

proved to be appropriate tridimensional materials for holding the same cationic nioplexes described 

before without altering their physical properties (Figure 7D) [94]. The stability of such nioplexes 

within this tridimensional network was measured using cryo-SEM observation. The in vitro niosomal 

release was studied and confirmed that nioplexes were released? from the biodegradable material 

following Fickian diffusion controlled mechanisms as previously observed with other materials (i.e. 

phenylalanine-based supramolecular hydrogels) [95]. Interestingly, in vitro dose-response 

transfection experiments mediated by encapsulated nioplexes demonstrated significant silencing 

activities after 48-h of incubation (up to 51% at 300 nM) when compared to gene transfections 

mediated by the same hybrid material when incubated for only 24 h. These results opened up the 

possibility of using biodegradable polymers as non-toxic macroscopic materials that can be used in 

promoting the delivery of nucleic acids [96,97]. 

 

Figure 7. (A) Particle size characterization by DLS showing spherical nanosize pattern made up of the 

cationic lipid 11; (B) Cellular viabilities of cationic niosomes and nioplexes at different concentrations 

and N/P ratios; (C) Dual-luciferase activity of cationic nioplexes at several concentrations (20, 60, 100 

and 150 nM); (D) cryo-SEM observations showing cationic nioplexes encapsulated within 

tridimensional networks made up of κ-carrageenan. Adapted with permission from ref. [92] and [94]. 

Copyright 2014, Elsevier B.V. and Copyright 2017, The Royal Society of Chemistry. 
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4.2. Aptamers 

Aptamers are single stranded oligonucleotides that are able to fold and bind to a large variety 

of targets including proteins or small molecules [98]. These compounds are developed by selecting 

combinatorial nucleic acids libraries (SELEX). A large number of aptamers with a high affinity to 

proteins overexpressed in cancer cells have been found [98,99]. These are being used to decorate 

niosomes that have been used to entrap drugs for cancer treatment and provide excellent targeting 

capabilities for selective delivery to cancer cells.  

One of the most efficient aptamers is the aptamer S2.2 (5’-GCA GTT GAT CCT TTG GAT ACC 

CTG G-3’) with a high affinity to the transmembrane glycoprotein MUC1 [100,101]. MUC1 protein is 

overexpressed in large number of malignant adenocarcinoma found in lung, ovarian, prostate, breast 

and ovarian cancers. This aptamer was selected by Seleci et al. [102] to functionalize niosomes loaded 

with Doxorubicin (DOX), a known inhibitor of DNA topoisomerases used in the treatment of 

malignant adenocarcinoma. The non-ionic vesicles named as PEGNIO were prepared by film 

hydratation followed by extrusion of niosomes constituted by Span 60, cholesterol, 1,2-distearoyl-sn-

glycero-3-phosphoethanolamine-N-maleimide polyethyleneglycol 2000 (DSPE-PEG 2000 

Maleimido) and doxorubicin. The aptamer carrying an amino group was crosslinked with Cys-TAT 

peptide (CYGRKKRRQRRR-NH2) and the resulting Cys-peptide-oligonucleotide conjugate was 

loaded into the niosomes using a thiol-maleimido reaction. The resulting DOX-PEGNIO-aptamer 

niosomes were more cytotoxic in HeLa cells because of the overexpression of MUC1 receptors 

demonstrating the successful targeting of niosomes by aptamers with affinity to overexpressed 

receptor proteins. 

Another aptamer that was used to direct niosomes to cancer cells is aptamer AS1411. This nucleic 

acid aptamer has a strong affinity for nucleolin, a multifunctional protein overexpressed in most 

cancer cells [103]. This G-rich aptamer with the sequence 5’-GGT GGT GGT GGT TGT GGT GGT 

GGT GG-3’ has been used in Phase II clinical trials and it is commonly used for directing 

nanoparticles to cancer cells. Recently, Riccardi et al. has prepared niosomes loaded with the 

nucleolipid Ru(III) complex HoThyRu, a cytotoxic drug [104]. The niosomes made up ofTween-80, 

2,3-bis(tetradecyloxy)propan-1-amine (DTPA) and HoThyRu were prepared using the film hydration 

approach. The addition of the AS1411 aptamer by electrostatic interaction with the cationic niosome 

induced a clear increase in the antiproliferative activity of niosomes loaded into HoThyRu in those 

cancer cells that are able to overexpress nucleolin [105]. 

4.3. siRNA and microRNA 

RNA interference is a natural post-transcriptional gene regulation mechanism that was 

described for the first time in 1998 [106]. The effector molecules are double stranded RNA molecules 

with 21 bases (known as small-interfering RNAs, siRNAs) that bind to the RNA interference silencing 

complex (RISC) and the complexes are capable of selectively cleaving the complementary mRNA to 

one of the strands. Their high mRNA cleaving efficiency and the large turnover of the RISC-RNA 

complexes provide excellent properties for therapeutic use of siRNAs and a large number of them 

have been studied for the treatment of various diseases [107]. Recently, the first siRNA molecule, 

Partisiran, was approved for human use [5] but a lot of effort is still needed for the development of 

efficient delivery systems to improve the efficacy of the treatments. One of the most promising 

directions is the development of cationic niosomes for siRNA delivery. 

One of the first studies on the use of non-ionic surfactants in RNA interference was the 

development of SPANosomes [108]. In this study, the surfactant Span-80 and the cationic lipid 

DOTAP were used to prepare cationic niosomes through the ethanol injection method along with 

adding 1–5% of D--tocopheryl PEG 1000 succinate to avoid RES uptake [108]. The resulting vesicles 

were unilamellar with a particle size smaller 50 nm and allowed high loading of siRNA forming 

complexes with good colloidal stability. The silencing activity of the SPANosomes/ siRNA complexes 

was compared to the silencing activity of standard cationic liposomes / siRNA formulations resulting 

in higher silencing activity with results of 66–77% knock-down for niosome formulations. Through a 

careful analysis of the intracellular trafficking of the formulations, the authors were able to 
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demonstrate that though cationic liposomes formulations, most of the liposomal vesicles were more 

abundant inside the cell and located in endosomes. In the case of formulations containing Span-80, 

they were able to escape endosomal compartments and were located in the cytoplasm [108,109].  

Non-ionic surfactant vesicles (NISV) were also prepared using microfluidics for delivery of 

siRNA in cancer cell lines [110]. Obeid et al. studied the use of non-ionic surfactants monopalmotin 

glycerol (MPG) and polyoxyethylene sorbitol trioleate (Tween-85) mixed with the helper lipid 

cholesterol and DDAB as a cationic lipid. The authors found that small vesicles were obtained with 

excellent siRNA loading capacity, stability and low toxicity. But only formulations containing Tween-

85 were able to transfect anti-green fluorescent protein (GFP) siRNA with 70% transfection efficiency 

similar to the efficiency obtained with cationic Hiperfect transfecting reagent [110]. Recently NISV 

were evaluated in a in vivo mice model with good results [111].  

One of the most exciting directions in the study of the niosomes and siRNAs is the possibility of 

loading multiple drugs into niosomes in order to increase efficacy in cancer treatments. Sun et al. 

described the simultaneous delivery of DOX along with two siRNAs directed at inhibiting drug 

resistance mechanisms of cancer stem cells (CSCs) [112]. These authors selected siRNAs designed to 

inhibit ATP-binding cassette transporter (ABCG2) involved in multi-drug resistance and the anti-

apoptotic protein BCL2 [112]. Niosomes were prepared using the ethanol injection method mixing 

the surfactant Span-80 and the cationic lipid DOTAP. Tocopherol-PEG 1000 succinate (TGPS) was 

added at 5% in order to avoid the removal of RES. DOX was dissolved in ethanol and loaded into the 

niosome during the ethanol injection process. The incorporation of the two siRNA molecules 

occurred through electrostatic interactions of the cationic niosomes with negatively charged RNAs. 

An enhanced cytotoxicity on both CSCs and parental cells was observed for the nioplexes carrying 

DOX and siRNAs. The authors were able to demonstrate that the activity mediated by DOX and 

siRNA complexes was connected to an increased apoptosis resulting from the down regulation of 

ABCG2 and BCL2 genes involved in the multi-drug resistance mechanisms [112].  

Another study along those same lines described the synthesis of multilamellar niosomes 

carrying thymoquinone and a siRNA against the serine-threonine protein kinase Akt gene involved 

in tamoxifen-resistance [113]. Thymoquinone is a natural product obtained from black seed oil with 

significant antineoplastic activity. Overexpression of the Akt gene is involved in cell proliferation, 

migration and invasion. The multilamellar niosomes were synthesized by mixing Tween-80 and PEG. 

The cationic lipid was substituted with gold nanoparticles capped with octadecylamine (ODA). The 

presence of ODA afforded the positive charge needed for the complexation with siRNA. The resulting 

nioplexes provided stable to neutral conditions but were dissociated in an acidic medium present in 

tumours and endosomes. The efficacy of these nioplexes was also tested in tamoxifen-resistant and 

Akt—overexpressing MCF-7 breast cancer cells demonstrating that gold niosomes carrying the 

siRNA against Akt were more cytotoxic and displayed large apoptotic activity. These excellent results 

were confirmed in an in vivo study using MCF-7/TAM human breast carcinoma xenografts on mice. 

The gold niosomes carrying anti-Akt siRNA decreased the size of the tumour in the mice model 

thereby demonstrating the therapeutic potential of these niosomes [113].  

A triple combination of drugs in niosomes has also been described by Hemati et al. [114]. In this 

study, DOX was encapsulated with the chemosensitizer quercetin. Quercitin is a phenolic compound 

with antioxidant and anti-proliferative properties. In addition to DOX and quercetin, a siRNA 

designed to inhibit the cell division cycle 20 (CDC20) protein was selected. This protein is involved 

in the cell-cycle checkpoint (G2/M) promoting the anaphase initiation. Overexpression of CDC20 was 

observed in cancer cells causing cell proliferation. The niosome formulation used in this study was 

prepared using thin-film hydration and sonication.  Niosomes contained a mixture of the non-ionic 

surfactant Tween-60, Chol as a neutral helper lipid, the cationic lipids DOTAP and DPPC as well as 

5% of DSPE-PEG2000. Quercitin was added to the lipid mixture before evaporating the solvents. 

However, DOX was added in the aqueous phase during the hydration step. Encapsulation efficiency 

was estimated to be around 90%. The siRNA was bound to the cationic PEGylated niosomes by 

electrostatic interactions. The optimal conditions for forming the nioplexes was found to be around 

a ratio of 40:1 (niosome/siRNA). Cytotoxicity assays in three cancer cell lines showed a higher toxicity 
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of the niosome formulated drugs when compared to non-encapsulated drugs. In a non-cancer cell 

line the niosomal formulations were less toxic than the free drugs [114]. 

Recently, niosomes carrying nucleic acids therapeutic drugs and an activable near-infrared 

fluorescent dye were described [28]. This combination of treatment and tracking of stem cells into a 

single unit is known as theranostics. Yang et al. developed niosomes made up of surfactant Span-80 

and the cationic lipid DOTAP and TPGS through the ethanol injection method in order to encapsulate 

indocyanine green (ICG). This is a tricarbocyanine dye approved by the FDA for clinical use with 

near-infrared emission properties [28]. The niosomes carrying the indocyanine dye (iSPN) were 

functionalized with nucleic acids such as siRNA and anti-microRNA through electrostatic 

interactions. MicroRNA are small endogenous RNAs that are produced to control gene expression 

[115]. The dysregulation of microRNA may cause diseases. When critical miRNAs are overexpressed, 

one may use complementary oligonucleotides to inhibit these particular miRNAs. These nucleic acids 

are known as anti-miRNA or antagomirs [116]. Yang et al. tested the iSPN to transfect siRNA and 

anti-miRNA into mesenchymal stem cells (MSCs) and imaging these cells in vivo. The authors 

demonstrated that iSPN was able to transfect anti –GFP siRNA and induced 85-88% silencing 

efficiency in optimal loading conditions with no apparent cytoxicity. When iSPN were loaded into 

anti-miRNA-138, the resulting nioplexes were able to accelerate osteogenic differentiation of human 

MSCs as expected for the inhibition of overexpressed miRNA-138. Moreover, iSPN was activated 

upon cellular internalization becoming very fluorescent allowing stem cells to be labelled  and 

facilitating the observation of their distribution in live animals [28]. To summarize, all the examples 

shown in this manuscript that cover the use of niosome-based formulations with the aim at 

transporting genetic material (plasmid DNA, ASOs, siRNAs and aptamers) and consequently 

displaying their biocompatible and minimal toxicities are listed in Table 2. 

Table 2. Niosome-based non-viral vehicles designed to delivery genetic material inside cells. 

Cationic Lipid Niosome Preparation Cargo Therapy 
Testing 

Conditions 
References 

Polyamine derivatives Thin-film pEGFP-C2 - In vitro [68,71],  

Polyamine derivative Thin-film pOVA Skin vaccination In vivo [72] 

DODAB Thin-film 
pMEL34 and 

pLuc 
Topical delivery In vitro [74,75] 

DOTMA 
Reverse-phase 

evaporation 
pCMS-EGFP Ocular delivery 

In vitro and In 

vivo 
[78] 

13 Oil-in-water emulsion pCMS-EGFP - In vitro [30] 

Glycerol-based amino 

lipid derivatives 
Oil-in-water emulsion pCMS-EGFP Ocular delivery 

In vitro and In 

vivo 
[82] 

DTPA 
Emulsification-

evaporation 
pCMS-EGFP Ocular delivery 

In vitro and In 

vivo 
[34] 

DTPA 
Reverse-phase 

evaporation 

pUNO1-

hBMP-7 

Bone 

regeneration 
In vitro [83] 

Serinol-based amino 

lipid derivatives 
Oil-in-water emulsion pCMS-EGFP - In vitro [46] 

DC-Chol 
Reverse-phase 

evaporation and thin-film 
ASO - In vitro [90,91] 

DTPA Thin-film ASO - In vitro [92] 

PEGNIO Thin-film 
MUC1 

Aptamer 
Chemotherapy In vitro [102] 

DTPA Thin-film AS1411 Chemotherapy In vitro [105] 

DOTAP Ethanol injection siLuc - In vitro [108] 

DDAB Microfluidic siRNA GFP Chemotherapy 
In vitro and In 

vivo 
[110,111] 

DOTAP Ethanol injection  2 siRNAs Chemotherapy In vivo [112] 

Gold niosomes (Nio-

Au) 
Ethanol evaporation siRNA Chemotherapy In vivo [113] 

DOTAP Thin-film siRNA Chemotherapy In vitro [114] 

DOTAP Ethanol injection 
siRNA and 

miRNA 
Chemotherapy 

In vitro and In 

vivo 
[28] 
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5. Conclusions and Future Perspectives  

Colloidal vesicles have become a useful approach for facilitating cellular transport not only for 

small molecule drugs but also for macromolecule therapeutics like nucleic acids, antibodies and 

proteins. Since the discovery of antisense technology and RNA interference mechanisms and with 

the recent FDA-approval of Patisiran as the first RNAi therapeutic drug in addition to other approved 

oligonucleotide therapies [3], the use of nucleic acids has opened up promising horizons in the search 

for novel drugs. While covalent strategies [7] have enabled is to modify both the termini as well as 

intermediate positions of ASO, siRNA or miRNA molecules with cholesterol [117], fatty acids [118], 

N-acetylgalactosamine derivatives [119] and polymers [120] among others, the development of 

appropriate formulations is still required for transporting a large number of cargoes to specific cell 

tissues and organs. In fact, optimized formulations have allowed chemotherapeutic molecules like 

DOX to increase their potency and activity against certain solid tumours [121]. This knowledge has 

contributed to relaunching the potential of nucleic acids as therapeutics by placing powerful 

formulations on the market [5] and in late clinical studies [122].  

Despite the success and extensive use of liposomes in therapy [123], a large number of drug 

delivery systems based on synthetic cationic lipids have presented themselves as  alternatives and 

have received a lot of attention. Niosomes are a type of vesicles made up of hydrated non-ionic 

surfactant molecules. They have emerged as a potential drug delivery system since they have shown 

similar structural features to liposomes in addition to their apparent ability to entrap different types 

of cargoes. This comparable behaviour includes the ease of manufacturing and combining their long-

term stabilities which have allowed niosomes to be used in a plethora of biomedical therapies.  

While transporting DNA plasmids into target cells and evaluating their efficiency in vivo have 

been widely described by synthesizing novel cationic lipids and preparing non-ionic surfactant-

based formulations, recent advances in genome engineering with RNA-guide CRISPR-Cas9 system 

[124,125] might open up new horizons for using such non-viral vectors. In fact, some liposome-based 

and polymeric materials have been proposed favouring their delivery and therefore enabling genome 

editing with promising results [126].  

Another important point to take into consideration concerns developing safe and effective 

formulation strategies for other nucleic acid therapeutics (e.g., ASOs, siRNAs, miRNAs and mRNAs). 

Notwithstanding, a few interesting approaches have been developed using niosomes, alternative 

colloidal systems like liposomes though solid lipid nanoparticles continue to be the leading choice 

for administering the aforementioned cargoes in vivo. As with the CRISPR-Cas9 system, further and 

detailed research involving non-ionic surfactant formulations and nucleic acids are necessary and 

may involve novel therapeutic approaches as well as provide considerable opportunities to bring 

more oligonucleotide-based therapeutics to the market.  
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