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ABSTRACT: The advancement of nanotechnology 

has significantly transformed modern drug delivery 

by enabling the development of vesicular carrier 

systems capable of overcoming the limitations of 

conventional dosage forms. Vesicular drug delivery 

systems are microscopic or nanoscopic lipid- or 

surfactant-based carriers designed to encapsulate 

both hydrophilic and lipophilic therapeutic agents, 

thereby enhancing drug stability, solubility, 

bioavailability, controlled release, and site-specific 

targeting while minimizing systemic toxicity. Among 

these systems, liposomes, niosomes, transferosomes, 

ethosomes, glycerosomes, bilosomes, 

pharmacosomes, cubosomes, emulsomes, 

sphingosomes, virosomes, aquasomes, ufasomes, 

enzymosomes, and other advanced vesicular carriers 

have emerged as promising platforms for oral, 

transdermal, ocular, pulmonary, and parenteral drug 

delivery. Each vesicular system possesses unique 

structural characteristics and functional advantages 

that make it suitable for specific therapeutic 

applications. Recent developments in formulation 

strategies, surface modification, and ligand mediated 

targeting have further improved the therapeutic 

performance of these carriers, enabling enhanced 

cellular uptake, prolonged circulation, controlled 

drug release, and improved patient compliance. 

Moreover, the integration of nanotechnology with 

vesicular systems has accelerated the translation of 

several formulations into clinical practice, 

particularly in the treatment of infectious diseases, 

cancer, inflammatory disorders, and chronic 

illnesses. This review comprehensively summarizes 

the composition, preparation techniques, 

mechanisms of drug encapsulation, physicochemical 

characteristics, advantages, limitations, and recent 

pharmaceutical applications of conventional and 

novel vesicular drug delivery systems. It also 

highlights current research trends, clinical progress, 

and future perspectives, emphasizing the potential of 

these nanocarriers to improve therapeutic efficacy 

and support the development of safer and more 

effective drug delivery strategies. 
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I. INTRODUCTION 
Nanomedicine is an interdisciplinary area 

that uses nanoscale materials and devices to improve 

illness prevention, diagnosis, and treatment by 

combining nanotechnology with pharmaceutical and 

biological sciences. Enhanced drug solubility, 

extended systemic circulation, regulated drug 

release, and the possibility of passive or active 

targeting are some of the special physicochemical 

and biological characteristics of nanocarriers. These 

features minimize systemic toxicity and side effects 

while enabling increased therapeutic efficacy. With 

many nanoparticle-based formulations licensed for 

therapeutic and diagnostic uses, particularly in cancer 

treatment and targeted drug delivery, nanomedicine 

has developed over the last 20 years from a promising 

concept into a clinically useful field[1]. 

Many therapeutic agents have poor aqueous 

solubility, limited permeability, low bioavailability, 

rapid systemic clearance, instability in physiological 

environments, and non-specific tissue distribution, 

developing an effective drug delivery system 

continues to be one of the main challenges in 

pharmaceutical research. These restrictions 

frequently lead to decreased therapeutic efficacy, 

more frequent doses, and unwanted systemic toxicity, 

which affects patient compliance and treatment 

results. As a result, a lot of work has gone into 

creating sophisticated drug delivery systems that can 

enhance the pharmacokinetic and pharmacodynamic 
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characteristics of medicinal compounds. Invention of 

many conventional and sophisticated vesicular 

systems intended to overcome the drawbacks 

formulations. A number of modified systems, 

including as niosomes, transferosomes, 

glycerosomes, bilosomes, and other specialized 

vesicular platforms, have evolved from liposomes, 

the initial generation of vesicular carriers. These 

carriers have differences in their composition, 

physical properties, production techniques, drug 

loading capacity, stability, deformability, and drug 

transport mechanisms. With growing uses in oral, 

transdermal, ophthalmic, pulmonary, topical, 

parenteral, and targeted drug delivery, this system 

plays a crucial role in contemporary pharmaceutical 

research as a result of their enhanced therapeutic 

activity[2]. 

 

 
 

1) Liposomes 

In the 1960s, Bangham and associates made 

the initial discovery of liposomes, which have 

subsequently grown to be one of the most thoroughly 

studied vesicular drug delivery systems. Liposomes 

are one of the most effective nanocarrier platforms in 

pharmaceutical research because of their special 

structural features, superior biocompatibility, and 

capacity to encapsulate a broad range of therapeutic 

compounds. The food and drug administration (FDA) 

has approved a number of liposomal formulations for 

clinical usage, demonstrating their importance in 

modern medication administration[3]. Liposomes are 

spherical vesicles composed of one or more 

phospholipid bilayers enclosing an aqueous medium. 

Being amphiphilic in nature, they can encapsulate 

both hydrophilic and lipophilic drugs simultaneously. 

Liposomes are very versatile drug carriers, trapping 

hydrophilic drugs in the aqueous core and 

incorporating lipophilic drugs in the phospholipid 

bilayer. The main components of liposomes are 

phospholipids, which can be natural (e.g., soybean 

phosphatidylcholine) or synthetic. Cholesterol is 

often incorporated into lipid bilayers, as it decreases 

membrane permeability, modulates membrane 

fluidity and largely increases vesicle stability in 

biological fluids such as blood and plasma. 

Additional components, such as polymers and 

membrane proteins, can be incorporated to prolong 

systemic circulation, optimise biodistribution, and 

increase therapeutic efficacy. Above their phase 

transition temperature, phospholipids dispersed in 

water spontaneously form liposomes. Initially, 

multilamellar vesicles are produced, which can be 

subsequently converted into smaller unilamellar 

vesicles by sonication, extrusion, homogenisation or 

high-pressure processing depending on the required 

particle size and application. By lowering recognition 

and clearance by the mononuclear phagocyte system, 

surface modification with polyethylene glycol (PEG) 

or pegylation results in stealth liposomes with a 

longer circulation period[4].  

Liposomes interact with biological 

membranes in a number of ways, depending on their 

physicochemical properties and surface features. 

These include direct lipid exchange or adsorption to 
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the cell membrane, phagocytosis, nonspecific 

endocytosis, receptor mediated endocytosis, and 

membrane fusion. Cellular uptake is influenced by a 

number of variables, including vesicle size, lipid 

composition, surface charge, targeted ligand 

presence, and the biological milieu. Particle size 

distribution is typically considered while evaluating 

liposomes. Also consider Zetapotential, 

polydispersity index, encapsulation effectiveness, 

morphological features, ex vivo penetration, in vitro 

and in vivo and stability[5]. 

Proliposomes are a dry, free flowing solid powder of 

conventional  liposomes that improve drug loading 

and storage stability.in addition to resolving the 

physical and chemical property instabilities[6] 

Liposomes are classified based on different 

properties 

1)liposome based on vesicular size[7] 

 

Table 1: vesicular size of different vesicle 

Types of vesicles Vesicular size 

Unilamellar vesicles All size range 

Small unilamellar vesicles 20-100µm 

Large unilamellar vesicles >100µm 

Giant unilamellar vesicles >1µm 

Multilamellar vesicles >0.5µm 

Oligolamellar vesicles 0.1-1µm 

 

2)according to composition[7] 

• Conventional liposome 

• Immunoliposome 

• Cationic liposome 

• Ph sensitive liposome 

• Fuso genic liposome 

• Magnetic liposome 

• Long circulatory liposome 

• Heat or temperature sensitive liposome 

There are different formulation techniques; 

• Rotary evaporation method/hand shake 

method: common method[8]  

• Homogenization[9] 

• Sonication method[10] 

• Ether injection method[11] 

• Ethanol injection method[12] 

• Solvent evaporation method[13] 

• Detergent removal method[14] 

• Reverse phase evaporation method[15] 

• Sc-reverse phase evaporation method[16] 

• Supercritical anti solvent method[17] 

• Rapid expansion of supercritical solution 

method[18] 

• Depressurization of expanded liquid organic 

solution method[19] 

• Microfluidic method[20] 

• Membrane contactor method[21] 

Liposomes possess several advantages[22]: 

• Biocompatibility and biodegradability. 

• Ability to encapsulate both hydrophilic and 

lipophilic drugs. 

• Drug loading capacity 

• Reduced systemic toxicity and adverse 

effects. 

• Flexibility for surface modification to 

achieve targeted and controlled drug 

delivery. 
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Fig:1 showing liposome structure strusstructure 

 

Applications of liposomes 

                                              Table 2: applications of liposomes 

Sl.no Active agent Route of delivery Reference  

1 Celastrol  Topical  [23] 

2 Melatonin  Nasal and brain [24] 

3 Cyclosporin  Lung  [25] 

4 Natamycin  Topical  [26] 

5 Vitamin D3 Oral  [27] 

6 Sodium acetate  Oral  [28] 

7 Paclitaxel  Oral  [29] 

8 Rivaroxaban  Oral  [30] 

9 Doxorubicin  Iv  [31] 

10 Amphotericin B Iv  [32] 

 

2) Niosomes 

Niosomes are microscopic vesicular 

structures obtained from the self-assembly of non-

ionic surfactants alone or in combination with 

membrane stabilisers like cholesterol in aqueous 

medium. Structurally, they consist of one or more 

concentric bilayers surrounding an aqueous core, 

which can entrap hydrophilic drugs in the aqueous 

space and lipophilic drugs in the hydrophobic bilayer. 

The bilayer membrane is made up of hydrophobic 

alkyl chains pointing inwards and hydrophilic head 

groups pointing outwards to the surrounding aqueous 

environment. This amphiphilic architecture provides 

versatility to load drug molecules with different 

physicochemical properties. Non-ionic surfactants 

employed for the preparation of niosomes include 

spans, tweens, brij surfactants, polyoxymethylene 

alkyl ethers, polyglycerol alkyl ethers, glucosyl 

dialkyl ethers, sucrose esters, crown ethers and 

steroid-linked surfactants. Cholesterol is often added 

to the bilayer in order to increase membrane rigidity, 

reduce permeability, decrease drug leakage and 

improve vesicle stability and entrapment efficiency. 

Moreover, the inclusion of charged molecules, such 

as diacetyl phosphate, stearyl amine, and 

diacylglycerol, can be used to impart surface charge 

and thus increase the electrostatic repulsion between 

vesicles, preventing aggregation and improving 

colloidal stability[33]. 

Based on their size and lamellarity, 

niosomes are typically categorized as small 

unilamellar vesicles (SUVs; 25–50 nm), large 

unilamellar vesicles (luvs; >100 nm), and 

multilamellar vesicles (MUVs; >500 nm). The 

manufacturing method, surfactant composition, 

cholesterol level, and hydration conditions all have a 

significant impact on the physical and chemical 

characteristics of these vesicles[34].  

Various methods have been developed for 

the preparation of niosomes. Common techniques are 

thin-film hydration (hand-shaking) method, reverse 

phase evaporation, ether injection, sonication, micro 
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fluidization, multiple membrane extrusion, 

transmembrane pH gradient loading, emulsion 

method, lipid injection method and micellar 

transformation method. The preparation method has 

a significant impact on the size distribution, 

lamellarity, encapsulation efficiency, drug loading 

and release properties of vesicles[35]. 

Proniosomes are free flowing, dry 

formulations made of cholesterol, non-ionic 

surfactants, and other membrane stabilizers applied 

to an appropriate carrier. Compared to traditional 

niosomes, they easily transform into niosomal 

vesicles upon hydration, providing better stability, 

convenience of storage, and increased drug 

delivery[36]. 

 

Advantages of niosomes[37] 

• Enhanced chemical and physical stability 

compared to liposomes due to the use of non-

ionic surfactants. 

• Ability to encapsulate both hydrophilic and 

lipophilic drugs 

• Improved bioavailability and therapeutic 

efficacy  

• Potential for targeted and site-specific drug 

delivery 

• Biocompatible, biodegradable, and non-

immunogenic 

• Cost-effective and easy to manufacture and 

store, as they do not require special handling 

conditions such as an inert atmosphere or low-

temperature storage 

 

 
Fig:2 showing niosomes structure 

 

Applications of niosomes 

                       Table :3 applications of niosomes 

Sl.no Active agent Reference  

1 Atorvastatin  [38] 

2 Daunorubicin  [39] 

3 Bupropion  [40] 

4 Caffein  [41] 

5 Phyllanthus emblica [42] 

6 Geraniol  [43] 

 

3) Bilosomes 

Conacher et al. (2001) coined the term 

bilosomes for the first time while developing an oral 

vaccine delivery system of influenza subunit vaccine, 

synthetic measles peptide and bovine serum albumin 

as model antigens. In this formulation, bile salts were 

incorporated into non-ionic surfactant vesicles to 

improve their stability in the harsh gastrointestinal 

environment and to improve oral antigen delivery. 

Since then, bilosomes have emerged as a promising 

vesicular nanocarrier for oral delivery of drugs, 

proteins, peptides and vaccines[44]. Bilosomes are 

mainly composed of non-ionic surfactants, bile salts, 

cholesterol and phospholipids stabilised with bile 

salts in vesicular systems. Similar to niosomes, they 

have a lipid bilayer with an aqueous core but the 

presence of bile salts increases membrane flexibility, 

deformability and resistance to gastrointestinal 
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degradation. The properties of bilosomes ensure their 

structural integrity during passage through the 

gastrointestinal tract, leading to improved intestinal 

absorption and increased oral bioavailability[45]. 

Bile salts are endogenous amphipathic 

steroidal molecules synthesized in the liver and 

secreted into the intestine. Their unique hydrophilic 

and hydrophobic surfaces enable efficient interaction 

with biological membranes. In bilosomes, bile salts 

improve vesicle stability, membrane flexibility, and 

permeability while protecting the vesicles from 

gastrointestinal bile salts and digestive enzymes[46]. 

They also impart a negative surface charge that 

enhances colloidal stability and promotes uptake by 

m cells in Peyer’s patches, facilitating intestinal 

lymphatic transport. Commonly used bile salts 

include sodium deoxycholate (SDC), sodium cholate 

(SC), sodium glycocholate (SGC), sodium 

taurocholate (STC), and sodium taurodeoxycholate 

(STDC), with sodium deoxycholate being the most 

widely used[47]. 

Non-ionic surfactants are the primary structural 

components of bilosomes owing to their excellent 

biocompatibility, chemical stability, and low toxicity. 

They form the vesicular bilayer and function as 

emulsifying, solubilizing, wetting, and permeability-

enhancing agents. The span and tween series are the 

most frequently employed surfactants because of 

their favourable safety profile and ability to form 

stable vesicles[48]. 

Phospholipids are amphiphilic molecules that readily 

self-assemble into bilayer vesicles, contributing to 

membrane integrity, biocompatibility, and efficient 

drug encapsulation. 

Cholesterol enhances membrane rigidity, decreases 

bilayer permeability, minimizes drug leakage, and 

improves the physicochemical stability of 

bilosomes[49]. 

Following oral administration, bilosomes 

protect encapsulated drugs from gastric acidity, bile-

mediated disruption, and enzymatic degradation. 

Their lipid-rich composition and incorporated bile 

salts facilitate uptake by m cells in Peyer’s patches, 

enabling transport through the intestinal lymphatic 

system. This pathway bypasses hepatic first-pass 

metabolism, resulting in improved oral 

bioavailability, prolonged systemic circulation, 

enhanced therapeutic efficacy, and reduced dosing 

frequency[45].There are modifications performed on 

bilosomes such as chitosan coating[50], 

pegylation[51],antigen coating[52],carbohydrate 

coating[53] and pluronic bilosomes[54]. Bilosomes are 

promising carriers for oral vaccines because they 

protect encapsulated antigens from gastrointestinal 

degradation. Following intestinal uptake by m cells, 

the vesicles deliver antigens to antigen-presenting 

cells, which activate T and B lymphocytes and induce 

both mucosal and systemic immune responses. These 

properties make bilosomes an effective platform for 

oral immunization[55]. 

 

Advantages of bilosomes[56] 

• Enhanced gastrointestinal stability due to the 

incorporation of bile salts, which protect vesicles 

from bile salts, gastric acid, and digestive 

enzymes. 

• Improved oral bioavailability by enhancing 

intestinal permeation and facilitating lymphatic 

absorption. 

• Bypass of hepatic first-pass metabolism 

• Protection of encapsulated drugs and 

biomolecules (e.g., peptides, proteins, and 

vaccines) from chemical and enzymatic 

degradation. 

• Improved drug entrapment and sustained release 

• Efficient uptake through m cells of Peyer’s 

patches, enabling targeted intestinal delivery and 

enhanced mucosal absorption. 

• Suitable for oral delivery of vaccines and 

biologics, capable of eliciting both mucosal and 

systemic immune responses. 

• Biocompatible, biodegradable, and flexible 

vesicular carriers  
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Fig:3 showing bilosome structure 

 

Applications of bilosomes 

Table :4 applications of bilosomes 

Sl.no Active agent Route of delivery Reference  

1 Eprosartan mesylate Oral  [57] 

2 Ondansetron  Transdermal  [58] 

3 Resveratrol  Intranasal  [59] 

4 Moxifloxacin  Ocular  [60] 

5 Tetanus  Toxoid  [52] 

 

4) Transferosomes 

Transferosomes are advanced lipid 

nanocarriers developed to overcome the limited skin 

permeation of conventional liposomes and niosomes. 

The name is derived from the latin word transferre 

(“to carry across”) and the greek word soma 

(“body”). Transferosomes contain an aqueous core 

surrounded by one or more phospholipid bilayers. 

Hydrophilic drug is entrapped in the aqueous core of 

liposome whereas lipophilic drug is incorporated in 

the lipid bilayer depending upon the physicochemical 

property of drug. Main composition includes 

phospholipids such as soy phosphatidylcholine, egg 

phosphatidylcholine (lecithin) and cholesterol 

provide biocompatibility and structural stability to 

form the basic vesicular bilayer, edge activators are 

single-chain surfactants which destabilise the lipid 

bilayer, provide elasticity and increase membrane 

deformability. Tween 80, span 80, sodium cholate 

and sodium deoxycholate are common edge 

activators and co-solvents and penetration enhancers 

such as alcohols, especially ethanol or methanol, may 

be incorporated to increase membrane fluidity and 

enhance transdermal drug transport[61]. 

Transferosomes use a special mechanism 

based on the trans-epidermal moisture gradient to 

enter the skin. When applied topically in non-

occlusive settings, water evaporates from the skin's 

surface, resulting in an osmotic gradient between the 

more hydrated inner layers and the dry outer surface. 

The force that causes the transferosomes to go to the 

deeper areas of the skin is this hydration gradient, 

also known as hydro taxis. Intact vesicles can pass 

through the stratum corneum into the viable 

epidermis, dermis, and, in certain situations, the 

systemic circulation because the flexible membrane 

can be continually adjusted without rupturing during 

penetration. In terms of transdermal penetration 

efficiency, transferosomes outperform traditional 

liposomes due to their remarkable deformability [62]. 

Rotary film evaporation (thin film 

hydration) method: most commonly used method, 

reverse phase evaporation, vortex/sonication method, 

ethanol injection method, freeze thaw method are the 

general methods to prepare transferosomes. 

Characterisation of transferosomes includes the 

assessment of morphology, particle size, surface 

charge, drug loading, deformability and skin 

permeation. The morphology of the vesicles was 

studied by TEM or phase contrast microscopy and the 

particle size and zeta potential were measured by 

DLS. Entrapment efficiency is determined by 

centrifugation/ultracentrifugation and drug content 

by UV-visible spectrophotometry or HPLC. 

Membrane extrusion is used to measure the 

deformability of vesicles and skin permeation and in 

vitro drug release are measured by Franz diffusion 

cells or fluorescence microscopy[62]. 
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Advantages of transferosomes[63] 

• Ultra-deformable vesicles that effectively 

penetrate intact skin. 

• Both low molecular weight and high molecular 

weight medications can be delivered trans 

dermally. 

• high efficiency of drug entrapment, especially 

for lipophilic drugs. 

• Prevent enzymatic and metabolic deterioration 

of encapsulated medications. 

• Reduce the frequency of doses by providing 

continuous and regulated medication release. 

• Avoid hepatic first-pass metabolism to increase 

bioavailability. 

• Because of their phospholipid nature, they are 

both biocompatible and biodegradable. 

• For industrial production, a straightforward 

formulation method with acceptable scalability 

 

 
Fig:4 showing transferosome structure 

 

Applications of transferosomes 

Table :5 applications of transferosomes 

Sl.no Active agent Reference  

1 Indinavir sulfate [64] 

2 Methotrexate  [65] 

3 Amphotericin b [66] 

4 Curcumin  [67] 

5 Sodium humate [68] 

6 Quercetin  [69] 

 

5) Ethosomes 

Ethosomes are novel elastic vesicles 

composed of lipids which are specially designed to 

overcome the poor penetration ability of 

conventional liposomes to the skin. They consist 

mainly of phospholipids, a fairly high concentration 

of ethanol and water. The high ethanol content, unlike 

liposomes, provides the vesicular membrane with a 

high degree of flexibility, which allows ethosomes to 

penetrate efficiently through the stratum corneum 

and deliver drugs to deeper layers of the skin or to the 

systemic circulation. Composition includes 

phospholipids, common phospholipids like 

phosphatidylcholine, phosphatidylserine and 

phosphatidic acid have been employed to provide 

membrane integrity, excellent biocompatibility, 

biodegradability and encapsulation efficiency for 

hydrophilic and lipophilic therapeutic agents, another 

one is ethanol which is present in relatively high 

concentrations (20–50%) and fluidises both the 

vesicular membrane and the lipid bilayers of the 

stratum corneum. It increases the membrane 

elasticity, improves the deformability of vesicles, 

enhances physical stability and produces a negative 
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surface charge, which decreases the size of vesicles 

and prevents their aggregation. In general, higher 

ethanol concentrations decrease vesicle size, and 

lower ethanol concentrations create comparatively 

larger vesicles and water acts as a medium for 

hydration in the formation of vesicles and the 

aqueous core which can encapsulate hydrophilic 

drugs, other excipients contains isopropyl alcohol, 

propylene glycol or other permeation enhancers to 

improve vesicle stability, drug solubility and skin 

permeation[70]. 

The better skin permeation of ethosomes is 

due to the combined effects of ethanol and 

ethosomes. Ethanol initially partitions into the 

intercellular lipid matrix of the stratum corneum to 

induce a disruption of the highly ordered lipid 

arrangement, an increase in lipid fluidity and a 

reduction in lipid packing density. This phenomenon, 

known as the ethanol effect, temporarily decreases 

the barrier function of the skin and opens a pathway 

for drug diffusion. Then the highly flexible ethosomal 

vesicles enter through these disrupted lipid domains. 

Because they are deformable, they fuse with skin 

lipids and migrate into deeper epidermal and dermal 

layers with the encapsulated drug. This effect, called 

the ethosome effect, provides efficient intracellular 

and intercellular drug transport and may even enable 

systemic delivery after transdermal absorption. Cold 

method is the most frequently used technique in 

which phospholipids and drug are dissolved in 

ethanol and then aqueous phase is added gradually 

with continuous stirring. Hot method, phospholipids 

are dispersed in water heated to about 40°C while 

ethanol and other ingredients are heated separately. 

The mixing of both phases under stirring yields the 

formation of ethosomes. Vesicular system 

characterised by evaluating their morphology, 

particle size, surface charge, drug loading and skin 

permeation. Vesicle morphology was examined by 

TEM or SEM, particle size and zeta potential were 

determined by DLS, entrapment efficiency was 

determined by ultracentrifugation and lipid phase 

behaviour was determined by DSC. Drug content is 

analysed by UV-visible spectrophotometer or HPLC, 

while skin penetration is evaluated using confocal 

laser scanning microscopy (CLSM)[71]. 

Transethosomes are a sophisticated 

ethosome modification that incorporates an edge 

activator into the ethosomal formulation. 

Transethosomes use the combined action of ethanol 

and an edge activator to create highly deformable 

vesicles, whereas ethosomes mainly rely on ethanol's 

permeation enhancing effect. Transethosomes can 

more effectively penetrate the stratum corneum than 

conventional ethosomes leads to their increased 

flexibility, which improves skin penetration, 

increases drug deposition, and increases the 

bioavailability of both hydrophilic and lipophilic 

medicines[72]. 

 

Advantages of ethosomes[73] 

• Significantly enhance dermal and transdermal 

drug permeation compared with conventional 

liposomes. 

• Capable of encapsulating hydrophilic, lipophilic, 

and amphiphilic drugs. 

• Deliver drugs to deeper skin layers and systemic 

circulation through a non-invasive route. 

• High ethanol content improves vesicle 

flexibility, stability, and skin permeation. 

• Improve drug bioavailability and therapeutic 

efficacy while reducing systemic side effects. 

• Biocompatible and biodegradable owing to their 

phospholipid composition. 

• Simple, reproducible, and cost-effective 

preparation methods. 

• Suitable for a broad range of therapeutic agents, 

including antifungal, antiviral, anti-

inflammatory, hormonal, and protein-based 

drugs. 
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Fig:5 showing ethosome and transethosome structure 

 

Applications of ethosomes 

Table :7 applications of ethosomes 

Sl.no Active agent  Reference  

1 Lamivudine  [74] 

2 Metformin  [75] 

3 5-aminolevulinic acid  [76] 

4 5-fluorouracil  [77] 

5 Apixaban  [78] 

 

6) Phytosomes 

Phytosomes (also known as herbosomes) 

are advanced drug delivery systems based on lipids 

in which standardised plant extracts or individual 

phytoconstituents are complexed with phospholipids 

to improve absorption and bioavailability. The drug 

is physically entrapped in the phospholipid vesicles 

in liposomes, while phytosomes are formed by the 

molecular complexation of the phytoconstituent with 

phospholipid through hydrogen bonding, thus 

enhancing membrane permeability and stability. 

Phosphatidylcholine is the most common 

phospholipid but phosphatidylserine, 

phosphatidylethanolamine and phosphatidylinositol 

are also used. Phosphatidylcholine acts as a carrier 

and has hepatoprotective and nutritional properties. 

Commonly formulated phytoconstituents as 

phytosomes are quercetin, kaempferol, catechin, 

epicatechin, apigenin, luteolin, diosmin, hyperoside 

and ginkgo flavonoids. In phytosomes, the polar 

functional groups of phytoconstituents and polar 

head of phospholipids interact with each other by 

hydrogen bonding. The hydrophobic fatty acid chains 

surround the complex to form a lipid compatible 

molecular structure. This amphiphilic configuration 

facilitates diffusion across biological membranes 

such as the intestinal epithelium and stratum 

corneum, resulting in enhanced absorption and 

improved oral bioavailability and therapeutic 

efficacy compared to conventional herbal 

extract[79].Phytosomes are usually prepared by 

reacting phospholipids with standardised plant 

extracts in the molar ratio of 0.5:1 to 2:1, with 1:1 

being the most commonly used ratio. The solvent is 

evaporated under reduced pressure on a rotary 

evaporator and the resulting phytosomal complex is 

obtained by precipitation, lyophilization or spray 

drying. Phytosomes generally possess particle sizes 

ranging from 50 nm to several hundred micrometres. 

Upon hydration they give rise to micelle or liposome 

like vesicular structures. The improved membrane 

permeability, stability, balanced hydrophilic-

lipophilic properties and significantly higher 

bioavailability compared to traditional herbal 

extracts are achieved by these formulations[80,81]. 

The phytosomes were characterised by determining 

their morphology, particle size, drug entrapment, and 

molecular interactions. Commonly used techniques 

are FTIR, 1 H/ 13 C NMR, DSC and X-ray diffraction 

(XRD) to confirm the complex formation and 

changes in crystallinity. SEM and TEM are used to 

study the surface morphology, and the particle size 

and polydispersity are determined by photon 

correlation spectroscopy (PCS) or dynamic light 

scattering (DLS). Centrifugation and UV-visible 
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spectrophotometry or HPLC analysis is used to 

estimate the drug entrapment efficiency[82]. 

 

Advantages of phytosomes[82] 

• Significantly improves the oral and topical 

bioavailability of phytoconstituents. 

• Enhances membrane permeability and 

gastrointestinal absorption. 

• Provides higher drug entrapment efficiency than 

conventional herbal formulations. 

• Improves chemical and physical stability 

through phospholipid complexation. 

• Phosphatidylcholine acts as both a carrier and a 

hepatoprotective agent. 

• Suitable for systemic as well as topical delivery 

of herbal drugs. 

• Improves therapeutic efficacy and patient 

compliance. 

 

Limitations of phytosomes[82] 

• Mainly applicable to phytoconstituents capable 

of forming phospholipid complexes. 

• Preparation requires organic solvents and 

controlled processing conditions. 

• Large scale production may increase 

manufacturing costs. 

 

 
Fig:6 showing phytosome structure 

 

Applications of Phytosomes 

                                    Table :8 applications of phytosomes 

Sl.no Active agent Purpose  References  

1 Silymarin  Hepatoprotective  [83] 

2 Flavonoid (medinilla speciosa blume fruits) 

 

Acne [84] 

3 Bergamot essential oil with spironolactone 

 

Acne  [85] 

4 Rutin  Cancer  [86] 

5 Nutraceutical combination  Dyslipidaemia  [87] 

 

7) Glycerosomes 

Manca et al. introduced modified liposomal 

vesicles called glycerosomes to enhance transdermal 

and dermal medication administration. They are 

composed of phospholipids, cholesterol, glycerol 

(usually 10-30% v/v) and water. Glycerosomes are 

different from conventional liposomes, in that they 

contain glycerol, which increases the bilayer fluidity, 

elasticity and deformability, resulting in improved 

skin penetration and vesicle stability. Such properties 

allow glycerosomes to effectively transport the 

therapeutic agents into deeper skin layers with good 

biocompatibility and low toxicity. Glycerosomes are 

primarily composed of glycerol which is responsible 

for increasing membrane fluidity, deformability, 

hydration, and skin permeation so that can pass 

through narrow intercellular spaces of stratum 

corneum ,phospholipid which may be natural or 

synthetic phospholipids, mainly 

phosphatidylcholine, cholesterol which improves 

membrane rigidity, stability, packing efficiency, and 

reduces drug leakage by decreasing membrane 
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permeability[88].Glycerosomes are typically prepared 

by the same methods as conventional liposomes, 

including thin film hydration (most common), 

solvent evaporation method, sonication, French 

pressure cell method, reverse phase evaporation, 

detergent removal, double emulsion evaporation, 

ether injection, ethanol injection, calcium induced 

fusion, micro fluidization, and freeze–thaw method. 

General characterization done by evaluating their 

particle size and polydispersity index (DLS/PCS), 

vesicle morphology (SEM, TEM or Cryo-TEM), 

deformation index, entrapment efficiency (dialysis or 

centrifugation), in vitro drug release (dialysis 

method), skin permeation (Franz diffusion cell), 

bilayer fluidity (DSC), and zeta potential to assess 

colloidal stability[89]. 

 

 
Fig:7 showing glycerosome structure 

 

Applications of Glycerosomes 

                                   Table :9 applications of glycerosomes 

Sl.no  Active agent Route of delivery Reference  

1 Plumbagin  Topical  [90] 

2 Quetiapine fumarate Brain  [91] 

3 Rifampicin  Lungs [92] 

 

8) Pharmacosomes 

It is a vesicular drug delivery system in which the 

drug is covalently linked to a lipid carrier. 

Pharmacosomes are made up of drug lipid 

conjugates, which are amphiphilic in nature and thus 

can self-assemble into vesicular structures as against 

conventional vesicular systems. This approach 

overcomes the limitations of conventional liposomes 

and transferosomes such as drug leakage, low 

encapsulation efficiency and instability. Drugs 

containing active groups, such as carboxyl, hydroxyl, 

or amino groups, are covalently conjugated to 

phospholipids either directly or through a spacer to 

generate pharmacosomes. These amphiphilic 

conjugates enhance the administration, permeability, 

stability, and bioavailability of poorly lipophilic and 

poorly water-soluble medications by facilitating the 

formation of vesicles. Solvent evaporation and ether 

injection techniques are the general formulation 

techniques of pharmacosomes[93]. 

 

9) Cubosomes 

Cubosomes are nanostructured bicontinuous cubic 

liquid crystalline particles formed by the self-

assembly of amphiphilic lipids, primarily glycerol 

monooleate (GMO) or Phytantriol, in an aqueous 

medium and stabilized by polymers such as 

poloxamer 407. They may simultaneously 

encapsulate hydrophilic, hydrophobic, and 

amphiphilic medications because of their special 

three-dimensional honeycomb like internal structure, 

which is made up of two continuous but non-

intersecting water channels divided by a lipid bilayer. 

Compared with conventional liposomes, cubosomes 

exhibit higher drug loading capacity, superior 

physicochemical stability, sustained and controlled 

drug release, and enhanced bioavailability[94]. Their 

high internal surface area and bicontinuous 

architecture make them suitable carriers for oral, 

transdermal, ocular, parenteral, and anticancer drug 

delivery. Drug release from cubosomes occurs 

predominantly by diffusion through the 
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interconnected aqueous channels and is influenced by 

factors such as drug solubility, diffusion coefficient, 

partition coefficient, pore size, cubic phase geometry, 

PH, temperature, and ionic strength of the release 

medium. Owing to their biocompatibility, 

biodegradability, thermodynamic stability, and 

ability to protect labile therapeutic agents, cubosomes 

have emerged as a promising platform for the 

delivery of small molecules, proteins, peptides, and 

nucleic acids[95]. 

 

10) Sphingosomes 

Sphingosomes are concentric bilayered vesicular 

carriers having an aqueous core completely 

surrounded by one or more lipid bilayers composed 

primarily of natural or synthetic sphingolipids, 

particularly sphingomyelin, which is often mixed 

with cholesterol. Sphingosomes are structurally 

similar to traditional liposomes, but their lipid 

content is different because sphingolipids take the 

place of phosphatidylcholine. Sphingosomes are 

more resistant to hydrolysis and oxidation because 

the amide linkage in sphingolipids provides better 

chemical stability than the ester linkage in 

phospholipids[96]. 

Sphingosomes preparation methods include thin-film 

hydration (Bangham process), mechanical dispersion 

method, and size reduction techniques include 

sonication, extrusion, freeze-thaw cycles, and 

homogenization. Stable adsorption, endocytosis, 

membrane fusion, and lipid transfer are some of the 

ways that sphingosomes interact with cell[97]. 

 

11) Spanlastics  

Spanlastics are highly deformable, non-ionic 

surfactant-based elastic vesicles composed primarily 

of span surfactants and an edge activator such as 

tween. Their superior elasticity enables them to 

penetrate biological barriers, particularly the skin and 

ocular tissues, resulting in enhanced drug 

permeation, improved bioavailability, and efficient 

topical, transdermal, and ocular drug delivery[98,99]. 

 

12) Brijosomes 

Brijosomes are non-ionic surfactant-based vesicular 

carriers composed mainly of brij® surfactants, with 

or without cholesterol. They enhance drug solubility, 

stability, and membrane permeation, making them 

promising carriers for oral, topical, transdermal, and 

ocular drug delivery[100]. 

 

13) Emulsomes 

Emulsomes are lipid based nanocarriers consisting of 

a solid or semi-solid lipid core surrounded by one or 

more phospholipid bilayers. They combine the 

characteristics of emulsions and liposomes, 

providing high loading capacity for poorly water-

soluble drugs, sustained drug release, improved 

stability, and enhanced bioavailability, particularly 

for parenteral drug delivery[101]. 

 

14) Erythrosomes 

Erythrosomes are vesicular drug delivery systems 

prepared by coating chemically stabilized 

erythrocyte (red blood cell) membranes or 

cytoskeletons with phospholipid bilayers. They 

exhibit excellent biocompatibility, prolonged 

circulation time, and enhanced targeting efficiency, 

making them suitable carriers for macromolecules, 

proteins, enzymes, and anticancer drugs[102]. 

 

15) Archaeosomes  

Archaeosomes are liposomal vesicles composed of 

unique ether linked polar lipids derived from archaea. 

Owing to their exceptional chemical and thermal 

stability, resistance to oxidation and hydrolysis, and 

intrinsic immunostimulatory properties, 

archaeosomes are promising carriers for vaccine 

delivery, targeted drug delivery, and controlled 

release applications[103]. 

 

16) Ufasomes 

Unsaturated fatty acid vesicles, or ufasomes, are tiny, 

soap like spheres composed of closed lipid bilayers. 

They are mostly made up of long-chain unsaturated 

fatty acids (such as oleic acid) and their ionized 

species, which create a structure with carboxylic 

groups facing the water and hydrophobic tails facing 

the interior. Because of their amphiphilic shape they 

can encapsulate both hydrophilic and lipophilic 

drugs[104]. 

 

17) Virosomes 

Virosomes are unilamellar, non-replicating 

phospholipid vesicles (60–200 nm) made from parts 

of the viral envelope that do not contain any viral 

genetic material. They maintain viral fusion proteins, 

allowing for the effective administration of 

medications, vaccines, and therapeutic agents while 

producing potent immune responses and having a 

very good safety record[105,106]. 

 

18) Enzymosomes 

Enzymosomes are liposomal vesicles that 

encapsulate, integrate, or covalently bind therapeutic 

enzymes to improve targeted enzyme delivery, 

increase stability, and prevent degradation[107]. 
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II. CONCLUSION 
Lipid based vesicular drug delivery systems 

have revolutionized pharmaceutical research by 

offering effective solutions to the limitations of 

conventional drug delivery. These nanocarriers 

enhance drug solubility, stability, bioavailability, 

controlled release, and targeted delivery, thereby 

improving therapeutic efficacy while minimizing 

adverse effects. Continuous advancements have 

resulted in the development of a wide range of 

vesicular systems, including liposomes, niosomes, 

bilosomes, transferosomes, ethosomes, 

glycerosomes, phytosomes, and several other 

modified carriers, each possessing unique structural 

characteristics and therapeutic advantages for 

different routes of administration. 

Although considerable progress has been 

achieved, challenges related to long-term stability, 

large-scale manufacturing, regulatory approval, and 

clinical translation still need to be addressed. 

Nevertheless, ongoing innovations in 

nanotechnology, formulation strategies, and surface 

engineering are expected to further enhance the 

performance and clinical applicability of these 

carriers. Overall, novel lipid based vesicular systems 

represent a promising platform for the safe, efficient, 

and targeted delivery of therapeutic agents and are 

anticipated to play an increasingly important role in 

the future of personalized and advanced drug 

delivery. 

 

REFERENCES 

1. Etheridge ML, Campbell SA, Erdman AG, 

Haynes CL, Wolf SM, McCullough J. The big picture 

on nanomedicine: the state of investigational and 

approved nanomedicine products. Nanomedicine: 

Nanotechnology, Biology and Medicine. 2013;9:1–

14. doi:10.1016/j.nano.2012.05.013 

2. Kapoor B, Gupta R, Gulati M, Singh SK, 

Khursheed R, Gupta M. The Why, Where, Who, 

How, and What of the vesicular delivery systems. 

Advances in Colloid and Interface Science. 

2019;271:101985. doi:10.1016/j.cis.2019.07.006 

3. Nsairat H, Khater D, Sayed U, Odeh F, Al 

Bawab A, Alshaer W. Liposomes: structure, 

composition, types, and clinical applications. 

Heliyon. 2022;8:e09394. 

doi:10.1016/j.heliyon.2022.e09394 

4. Jin P, Wu S, Wang Y, Ni Y, Ruan Q, Yuan Z, 

et al. Surface modification strategies of oral 

liposomes: functional design and barrier 

enhancement. Front Pharmacol. 2026;17:1801527. 

doi:10.3389/fphar.2026.1801527 

5. Betageri GV, Parsons DL. Drug 

encapsulation and release from multilamellar and 

unilamellar liposomes. International Journal of 

Pharmaceutics. 1992;81:235–41. doi:10.1016/0378-

5173(92)90015-T 

6. Nguyen DT, Kim MH, Baek MJ, Kang NW, 

Kim DD. Preparation and evaluation of proliposomes 

formulation for enhancing the oral bioavailability of 

ginsenosides. Journal of Ginseng Research. 

2024;48:417–24. doi:10.1016/j.jgr.2024.03.004 

7. Rao BN, Reddy KR, Mounika B, Fathima 

SR, Tejaswini A. Vesicular Drug Delivery System: A 

Review. IJCTR. 2019;12:39–53. 

doi:10.20902/IJCTR.2019.120505 

8. D’Souza GGM, editor. Liposomes: Methods 

and Protocols [Internet]. Vol. 1522. New York, NY: 

Springer New York; 2017 [cited 2026 Jul 9]. 

(Methods in Molecular Biology). Available from: 

http://link.springer.com/10.1007/978-1-4939-6591-5 

doi:10.1007/978-1-4939-6591-5 

9. Brandl M, Bachmann D, Drechsler M, 

Bauer KH. Liposome Preparation by a New High 

Pressure Homogenizer Gaulin Micron Lab 40. Drug 

Development and Industrial Pharmacy. 

1990;16:2167–91. doi:10.3109/03639049009023648 

10. Mendez R, Banerjee S. Sonication-Based 

Basic Protocol for Liposome Synthesis. In: 

Bhattacharya SK, editor. Lipidomics [Internet]. New 

York, NY: Springer New York; 2017 [cited 2026 Jul 

9]. p. 255–60. (Methods in Molecular Biology). 

Available from: 

http://link.springer.com/10.1007/978-1-4939-6996-

8_21 doi:10.1007/978-1-4939-6996-8_21 

11. Deamer DW. PREPARATION AND 

PROPERTIES OF ETHER‐INJECTION 

LIPOSOMES *. Annals of the New York Academy 

of Sciences. 1978;308:250–8. doi:10.1111/j.1749-

6632.1978.tb22027.x 

12. Gouda A, Sakr OS, Nasr M, Sammour O. 

Ethanol injection technique for liposomes 

formulation: An insight into development, 

influencing factors, challenges and applications. 

Journal of Drug Delivery Science and Technology. 

2021;61:102174. doi:10.1016/j.jddst.2020.102174 

13. Ahmed SA, Saleem MF, Hassanzadeh H. 

Optimization of solvent evaporation method in 

liposomal nanocarriers loaded‐garlic essential oil ( 

Allium sativum ): Based on the encapsulation 

efficiency, antioxidant capacity, and instability. IET 

Nanobiotechnology. 2023;17:438–49. 

doi:10.1049/nbt2.12142 

14. Jiskoot W, Teerlink T, Beuvery EC, 

Crommelin DJA. Preparation of liposomes via 

detergent removal from mixed micelles by dilution: 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:636-654 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104636654     | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal      Page 650 

The effect of bilayer composition and process 

parameters on liposome characteristics. 

Pharmaceutisch Weekblad Scientific Edition. 

1986;8:259–65. doi:10.1007/BF01960070 

15. Szoka F, Papahadjopoulos D. Procedure for 

preparation of liposomes with large internal aqueous 

space and high capture by reverse-phase evaporation. 

Proc Natl Acad Sci USA. 1978;75:4194–8. 

doi:10.1073/pnas.75.9.4194 

16. Otake K, Imura T, Sakai H, Abe M. 

Development of a New Preparation Method of 

Liposomes Using Supercritical Carbon Dioxide. 

Langmuir. 2001;17:3898–901. 

doi:10.1021/la010122k 

17. Lesoin L, Crampon C, Boutin O, Badens E. 

Preparation of liposomes using the supercritical anti-

solvent (SAS) process and comparison with a 

conventional method. The Journal of Supercritical 

Fluids. 2011;57:162–74. 

doi:10.1016/j.supflu.2011.01.006 

18. Soh SH, Lee LY. Microencapsulation and 

Nanoencapsulation Using Supercritical Fluid (SCF) 

Techniques. Pharmaceutics. 2019;11:21. 

doi:10.3390/pharmaceutics11010021 

19. Meure LA, Knott R, Foster NR, Dehghani F. 

The Depressurization of an Expanded Solution into 

Aqueous Media for the Bulk Production of 

Liposomes. Langmuir. 2009;25:326–37. 

doi:10.1021/la802511a 

20. Van Swaay D, deMello A. Microfluidic 

methods for forming liposomes. Lab Chip. 

2013;13:752. doi:10.1039/c2lc41121k 

21. Jaafar-Maalej C, Charcosset C, Fessi H. A 

new method for liposome preparation using a 

membrane contactor. Journal of Liposome Research. 

2011;21:213–20. 

doi:10.3109/08982104.2010.517537 

22. School of Biotechnology, Rajiv Gandhi 

Proudyogiki Vishwavidyalaya (RGPV) University of 

Technology of Madhya Pradesh, Bhopal, India, 

Vinita P, Shiv MK, School of Biotechnology, Rajiv 

Gandhi Proudyogiki Vishwavidyalaya (RGPV) 

University of Technology of Madhya Pradesh, 

Bhopal, India, Mahavir Y, School of Biotechnology, 

Rajiv Gandhi Proudyogiki Vishwavidyalaya (RGPV) 

University of Technology of Madhya Pradesh, 

Bhopal, India, et al. Liposome: A Powerful Approach 

Festinates Drug Delivery System. IJDDT. 2013. 

doi:10.25258/ijddt.3.1.2 

23. Li J, Fu X, Qu Z, Yang Y. Celastrol-Loaded 

Liposomal Hydrogel Microneedles for Safe and 

Effective Treatment of Psoriasis. Biomedicines. 

2026;14:1488. doi:10.3390/biomedicines14071488 

24. Dong Z, Dong X, Wang H, Pan Y, Yang M, 

Zhao S, et al. Ion-Triggered In Situ Gel Combined 

with Melatonin Liposomes: Breaking Through the 

Dual Barriers of Nasal and Brain Delivery to Treat 

Insomnia. Pharmaceutics. 2026;18:656. 

doi:10.3390/pharmaceutics18060656 

25. D’Angelo D, Glieca S, Flammini L, Bertoni 

S, Bianchera A, Quarta E, et al. CaP-Coated 

Cyclosporine A Liposomes Formulated as an 

Inhalable Dry Powder for Lung Inflammatory 

Diseases. Pharmaceutics. 2026;18:684. 

doi:10.3390/pharmaceutics18060684 

26. Čutović N, Batinić P, Marković T, Pirković 

A, Mitić N, Petrović J, et al. Development and 

Characterization of Natamycin-Loaded Liposomes 

for Potential Topical Application: Influence of 

Preparation Method and Phospholipid Composition. 

Pharmaceuticals. 2026;19:710. 

doi:10.3390/ph19050710 

27. Didar Z. Inclusion of vitamin D3 (free or 

liposome) into white chocolate and an investigation 

of its stability during storage. J Food Process Preserv. 

2021;45. doi:10.1111/jfpp.15231 

28. Hou Y, Gao X, Gong J, Dong X, Hao Y, Zhai 

Z, et al. Targeted Sodium Acetate Liposomes for 

Hepatocytes and Kupffer Cells: An Oral Dual-

Targeted Therapeutic Approach for Non-Alcoholic 

Fatty Liver Disease Alleviation. Nutrients. 

2025;17:930. doi:10.3390/nu17050930 

29. Xing Y, Lian X, Zhang Y, Zhang Y, Guo X. 

Polymeric liposomes targeting dual transporters for 

highly efficient oral delivery of paclitaxel. 

Carbohydrate Polymers. 2024;334:121989. 

doi:10.1016/j.carbpol.2024.121989 

30. Elsayad MK, Mowafy HA, Zaky AA, Samy 

AM. Chitosan caged liposomes for improving oral 

bioavailability of rivaroxaban: in vitro and in vivo 

evaluation. Pharmaceutical Development and 

Technology. 2021;26:316–27. 

doi:10.1080/10837450.2020.1870237 

31. Fukuda A, Tahara K, Hane Y, Matsui T, 

Sasaoka S, Hatahira H, et al. Comparison of the 

adverse event profiles of conventional and liposomal 

formulations of doxorubicin using the FDA adverse 

event reporting system. Wu HC, editor. PLoS ONE. 

2017;12:e0185654. 

doi:10.1371/journal.pone.0185654 

32. Rudramurthy SM, Jatana M, Singh R, 

Chakrabarti A. In vitro antifungal activity of Indian 

liposomal amphotericin B against clinical isolates of 

emerging species of yeast and moulds, and its 

comparison with amphotericin B deoxycholate, 

voriconazole, itraconazole and fluconazole. 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:636-654 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104636654     | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal      Page 651 

Mycoses. 2013;56:39–46. doi:10.1111/j.1439-

0507.2012.02197.x 

33. Yeo PL, Lim CL, Chye SM, Kiong Ling AP, 

Koh RY. Niosomes: a review of their structure, 

properties, methods of preparation, and medical 

applications. Asian Biomedicine. 2018;11:301–14. 

doi:10.1515/abm-2018-0002 

34. Ganesh Sai Myneni* GVR. NOVEL 

VESICULAR DRUG DELIVERY SYSTEMS: A 

REVIEW [Internet]. 2021. 

doi:10.5281/ZENODO.4772544 

35. Bautista-Solano AA, Dávila-Ortiz G, Perea-

Flores MDJ, Martínez-Ayala AL. A Comprehensive 

Review of Niosomes: Composition, Structure, 

Formation, Characterization, and Applications in 

Bioactive Molecule Delivery Systems. Molecules. 

2025;30:3467. doi:10.3390/molecules30173467 

36. Hu C, Rhodes DG. Proniosomes: A Novel 

Drug Carrier Preparation. International Journal of 

Pharmaceutics. 1999;185:23–35. 

doi:10.1016/S0378-5173(99)00122-2 

37. Jadhav SM, Morey P, Karpe MM. NOVEL 

VESICULAR SYSTEM: AN OVERVIEW. Journal 

of Applied Pharmaceutical Science. 

38. Abootorabi S, Akbari J, Saeedi M, 

Seyedabadi M, Ranaee M, Asare-Addo K, et al. 

Atorvastatin Entrapped Noisome (Atrosome): Green 

Preparation Approach for Wound Healing. AAPS 

PharmSciTech. 2022;23:81. doi:10.1208/s12249-

022-02231-x 

39. Gugleva V, Ahchiyska K, Drakalska-

Sersemova E, Mihaylova R, Toncheva-Moncheva N, 

Dimitrov E, et al. Design and Characterization of 

Thermosensitive Niosomes as Platforms for 

Daunorubicin Delivery. Pharmaceuticals. 

2025;18:1375. doi:10.3390/ph18091375 

40. Harini K, Alomar SY, Vajagathali M, 

Manoharadas S, Thirumalai A, Girigoswami K, et al. 

Niosomal Bupropion: Exploring Therapeutic 

Frontiers through Behavioral Profiling. 

Pharmaceuticals. 2024;17:366. 

doi:10.3390/ph17030366 

41. Jakaraddi S, Patil CC, Uppar AL, 

Namannavar S. Development and Characterization of 

Caffeine-Loaded Niosome Hydrogel for Topical 

Delivery. J Drug Delivery Ther. 2026;16:16–23. 

doi:10.22270/jddt.v16i4.7658 

42. Khalifa AZ, Shehab NG, Jabbar DL, 

Ibrahim HM, Hawash MA, Afif Said MJ, et al. 

Development of Phyllanthus emblica Extract-Loaded 

Niosomes for Cancer Treatment: Formulation and In 

Vitro Evaluation. Pharmaceuticals. 2026;19:582. 

doi:10.3390/ph19040582 

43. Yadav NK, Mazumder R, Rani A, Mishra R. 

Formulation and Characterization of CCD-based 

Optimized Geraniol-loaded Antidiabetic Niosomes. 

CDM. 2026;27. 

doi:10.2174/0113892002382359251122043509 

44. Shukla A, Mishra V, Kesharwani P. 

Bilosomes in the context of oral immunization: 

development, challenges and opportunities. Drug 

Discovery Today. 2016;21:888–99. 

doi:10.1016/j.drudis.2016.03.013 

45. Naji GH, Al Gawhari FJ. Evaluation of 

types and concentration of bile salts impact on 

physical properties of nisoldipine-loaded bilosomes. 

PHAR. 2024;71:1–7. 

doi:10.3897/pharmacia.71.e116917 

46. Saifi Z, Rizwanullah Md, Mir SR, Amin S. 

Bilosomes nanocarriers for improved oral 

bioavailability of acyclovir: A complete 

characterization through in vitro, ex-vivo and in vivo 

assessment. Journal of Drug Delivery Science and 

Technology. 2020;57:101634. 

doi:10.1016/j.jddst.2020.101634 

47. Elnaggar Y. Multifaceted applications of 

bile salts in pharmacy: an emphasis on nanomedicine. 

IJN. 2015;3955. doi:10.2147/IJN.S82558 

48. Aralelimath K, Sahoo J, Wairkar S. Dermal 

drug delivery via bilosomes: a synergistic integration 

for better therapeutic outcomes. Journal of 

Microencapsulation. 2024;41:818–31. 

doi:10.1080/02652048.2024.2423618 

49. Mitrović D, Zaklan D, Đanić M, Stanimirov 

B, Stankov K, Al-Salami H, et al. The Pharmaceutical 

and Pharmacological Potential Applications of 

Bilosomes as Nanocarriers for Drug Delivery. 

Molecules. 2025;30:1181. 

doi:10.3390/molecules30051181 

50. Imam SS, Alshehri S, Altamimi MA, 

Almalki RKH, Hussain A, Bukhari SI, et al. 

Formulation of Chitosan-Coated Apigenin 

Bilosomes: In Vitro Characterization, Antimicrobial 

and Cytotoxicity Assessment. Polymers. 

2022;14:921. doi:10.3390/polym14050921 

51. Zafar A, Alruwaili NK, Imam SS, Alsaidan 

OA, Yasir M, Ghoneim MM, et al. Development and 

evaluation of luteolin loaded pegylated bilosome: 

optimization, in vitro characterization, and 

cytotoxicity study. Drug Delivery. 2021;28:2562–73. 

doi:10.1080/10717544.2021.2008055 

52. Jain S, Harde H, Indulkar A, Agrawal AK. 

Improved stability and immunological potential of 

tetanus toxoid containing surface engineered 

bilosomes following oral administration. 

Nanomedicine: Nanotechnology, Biology and 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:636-654 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104636654     | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal      Page 652 

Medicine. 2014;10:431–40. 

doi:10.1016/j.nano.2013.08.012 

53. Parashar P, Rana P, Dwivedi M, Saraf SA. 

Dextrose modified bilosomes for peroral delivery: 

improved therapeutic potential and stability of 

silymarin in diethylnitrosamine-induced hepatic 

carcinoma in rats. Journal of Liposome Research. 

2019;29:251–63. 

doi:10.1080/08982104.2018.1551408 

54. Waglewska E, Pucek-Kaczmarek A, 

Bazylińska U. Novel Surface-Modified Bilosomes as 

Functional and Biocompatible Nanocarriers of 

Hybrid Compounds. Nanomaterials. 2020;10:2472. 

doi:10.3390/nano10122472 

55. Palekar-Shanbhag P, Lande S, Chandra R, 

Rane D. Bilosomes: Superior Vesicular Carriers. 

CDTH. 2020;15:312–20. 

doi:10.2174/1574885514666190917145510 

56. Ahmad J, Singhal M, Amin S, Rizwanullah 

Md, Akhter S, Kamal MA, et al. Bile Salt Stabilized 

Vesicles (Bilosomes): A Novel Nano-Pharmaceutical 

Design for Oral Delivery of Proteins and Peptides. 

CPD. 2017;23:1575–88. 

doi:10.2174/1381612823666170124111142 

57. Ahad A, Raish M, Ahmad A, Al-Jenoobi FI, 

Al-Mohizea AM. Eprosartan mesylate loaded 

bilosomes as potential nano-carriers against diabetic 

nephropathy in streptozotocin-induced diabetic rats. 

European Journal of Pharmaceutical Sciences. 

2018;111:409–17. doi:10.1016/j.ejps.2017.10.012 

58. Ammar HO, Mohamed MI, Tadros MI, 

Fouly AA. High frequency ultrasound mediated 

transdermal delivery of ondansetron hydrochloride 

employing bilosomal gel systems: ex-vivo and in-

vivo characterization studies. J Pharm Investig. 

2020;50:613–24. doi:10.1007/s40005-020-00491-y 

59. Abbas H, Refai H, El Sayed N, Rashed LA, 

Mousa MR, Zewail M. Superparamagnetic iron oxide 

loaded chitosan coated bilosomes for magnetic nose 

to brain targeting of resveratrol. International Journal 

of Pharmaceutics. 2021;610:121244. 

doi:10.1016/j.ijpharm.2021.121244 

60. Zafar A, Alsaidan OA, Imam SS, Yasir M, 

Alharbi KS, Khalid M. Formulation and Evaluation 

of Moxifloxacin Loaded Bilosomes In-Situ Gel: 

Optimization to Antibacterial Evaluation. Gels. 

2022;8:418. doi:10.3390/gels8070418 

61. Kumar PK, Kumar RS. Review on 

Transferosomes and Transferosomal Gels. JPRI. 

2021;114–26. doi:10.9734/jpri/2021/v33i43B32532 

62. Rajan R, Jose S, Biju Mukund V, Vasudevan 

D. Transferosomes - A vesicular transdermal delivery 

system for enhanced drug permeation. J Adv Pharm 

Technol Res. 2011;2:138. doi:10.4103/2231-

4040.85524 

63. Benson HA. Transfersomes for transdermal 

drug delivery. Expert Opinion on Drug Delivery. 

2006;3:727–37. doi:10.1517/17425247.3.6.727 

64. Maurya SD, Aggarwal S, Tilak VK, Dhakar 

RC, Singh A, Maurya G. ENHANCED 

TRANSDERMAL DELIVERY OF INDINAVIR 

SULFATE VIA TRANSFERSOMES. 2010. 

65. Shinde S, Singh AK, Chidrawar VR, Rajput 

A, Singh S. Enhanced Topical Delivery of 

Methotrexate via Transferosome-Loaded 

Microneedle Array Patch: Formulation, 

Optimization, and In Vitro–In Vivo Assessment. 

Pharmaceuticals. 2025;18:594. 

doi:10.3390/ph18040594 

66. Singodia D, Gupta GK, Verma A, Singh V, 

Shukla P, Misra P, et al. Development and 

Performance Evaluation of Amphotericin B 

Transfersomes Against Resistant and Sensitive 

Clinical Isolates of Visceral Leishmaniasis. j biomed 

nanotechnol. 2010;6:293–302. 

doi:10.1166/jbn.2010.1121 

67. Patel R, Singh SK, Singh S, Sheth DNR, 

Gendle R. Development and Characterization of 

Curcumin Loaded Transfersome for Transdermal 

Delivery. J Pharm Sci. 2009. 

68. Katsarov P, Simeonov P, Apostolova E, 

Gvozdeva Y, Boyuklieva R, Lukova P, et al. Design, 

Characterization, and Wound-Healing Evaluation of 

Sodium Humate Transferosome-Loaded 

Alginate/HPMC Dermal Patches. Pharmaceutics. 

2026;18:290. doi:10.3390/pharmaceutics18030290 

69. Elkomy MH, Zaki RM, Alsaidan OA, 

Elmowafy M, Zafar A, Shalaby K, et al. Intranasal 

Nanotransferosomal Gel for Quercetin Brain 

Targeting: I. Optimization, Characterization, Brain 

Localization, and Cytotoxic Studies. Pharmaceutics. 

2023;15:1805. doi:10.3390/pharmaceutics15071805 

70. Zahid SR, Upmanyu N, Dangi S, Ray SK, 

Jain P, Parkhe G. Ethosome: a novel vesicular carrier 

for transdermal drug delivery. J Drug Delivery Ther. 

2018;8:318–26. doi:10.22270/jddt.v8i6.2028 

71. Touitou E, Dayan N, Bergelson L, Godin B, 

Eliaz M. Ethosomes — novel vesicular carriers for 

enhanced delivery: characterization and skin 

penetration properties. Journal of Controlled Release. 

2000;65:403–18. doi:10.1016/S0168-

3659(99)00222-9 

72. Desai V, Naduvinamai S, Gawade S, C N. 

Transethosomes: A novel lipid nanocarrier for 

enhanced skin penetration in drug delivery systems. 

Nano-Structures & Nano-Objects. 2026;46:101671. 

doi:10.1016/j.nanoso.2026.101671 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:636-654 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104636654     | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal      Page 653 

73. Lu J, Guo T, Fan Y, Li Z, He Z, Yin S, et al. 

Recent Developments in the Principles, Modification 

and Application Prospects of Functionalized 

Ethosomes for Topical Delivery. CDD. 2021;18:570–

82. doi:10.2174/1567201817666200826093102 

74. Jain S, Tiwary AK, Sapra B, Jain NK. 

Formulation and evaluation of ethosomes for 

transdermal delivery of lamivudine. AAPS 

PharmSciTech. 2007;8:249. doi:10.1208/pt0804111 

75. Mousa IA, Hammady TM, Gad S, Zaitone 

SA, El-Sherbiny M, Sayed OM. Formulation and 

Characterization of Metformin-Loaded Ethosomes 

for Topical Application to Experimentally Induced 

Skin Cancer in Mice. Pharmaceuticals. 2022;15:657. 

doi:10.3390/ph15060657 

76. Zhang Z, Chen Y, Xu H, Wo Y, Zhang Z, Liu 

Y, et al. 5-Aminolevulinic acid loaded ethosomal 

vesicles with high entrapment efficiency for in vitro 

topical transdermal delivery and photodynamic 

therapy of hypertrophic scars. Nanoscale. 

2016;8:19270–9. doi:10.1039/C6NR06872C 

77. Khan NR, Wong TW. 5-Fluorouracil 

ethosomes – skin deposition and melanoma 

permeation synergism with microwave. Artificial 

Cells, Nanomedicine, and Biotechnology. 

2018;46:568–77. 

doi:10.1080/21691401.2018.1431650 

78. El-Shenawy AA, Mahmoud RA, Mahmoud 

EA, Mohamed MS. Intranasal In Situ Gel of 

Apixaban-Loaded Nanoethosomes: Preparation, 

Optimization, and In Vivo Evaluation. AAPS 

PharmSciTech. 2021;22:147. doi:10.1208/s12249-

021-02020-y 

79. Shivanand P, Kinjal P. Phytosomes: 

Technical Revolution in Phytomedicine. 

80. Yanyu X, Yunmei S, Zhipeng C, Qineng P. 

The preparation of silybin–phospholipid complex 

and the study on its pharmacokinetics in rats. 

International Journal of Pharmaceutics. 

2006;307:77–82. doi:10.1016/j.ijpharm.2005.10.001 

81. Maiti K, Mukherjee K, Gantait A, Saha BP, 

Mukherjee PK. Curcumin–phospholipid complex: 

Preparation, therapeutic evaluation and 

pharmacokinetic study in rats. International Journal 

of Pharmaceutics. 2007;330:155–63. 

doi:10.1016/j.ijpharm.2006.09.025 

82. Tripathy S, Patel DK, Barob L, Naira SK. A 

REVIEW ON PHYTOSOMES, THEIR 

CHARACTERIZATION, ADVANCEMENT & 

POTENTIAL FOR TRANSDERMAL 

APPLICATION. J Drug Delivery Ther. 2013;3:147–

52. doi:10.22270/jddt.v3i3.508 

83. Shriram RG, Moin A, Alotaibi HF, Khafagy 

ES, Al Saqr A, Abu Lila AS, et al. Phytosomes as a 

Plausible Nano-Delivery System for Enhanced Oral 

Bioavailability and Improved Hepatoprotective 

Activity of Silymarin. Pharmaceuticals. 

2022;15:790. doi:10.3390/ph15070790 

84. Puspadewi R, Milanda T, Muhaimin M, 

Chaerunisaa AY, Kusuma SAF, Hadisaputri YE, et al. 

Enhancing Antibacterial Activity of Medinilla 

speciosa Blume Fruits Against Cutibacterium acnes 

Through Phytosome Delivery: An In Vivo Study. 

Pharmaceuticals. 2026;19:825. 

doi:10.3390/ph19060825 

85. Albash R, Badawi NM, Hamed MIA, 

Ragaie MH, Mohammed SS, Elbesh RM, et al. 

Exploring the Synergistic Effect of Bergamot 

Essential Oil with Spironolactone Loaded Nano-

Phytosomes for Treatment of Acne Vulgaris: In Vitro 

Optimization, In Silico Studies, and Clinical 

Evaluation. Pharmaceuticals. 2023;16:128. 

doi:10.3390/ph16010128 

86. Alfawaz M, Elmorsy EM, Samy A, Shams 

AS, Salem MA, Shaalan AAM, et al. Therapeutic 

Potential of Food-Derived Rutin Phytosome 

Nanoparticles: Anti-Tumor, Antioxidant, and Anti-

Inflammatory Activity in Ehrlich Ascites Carcinoma. 

Pharmaceuticals. 2025;18:1410. 

doi:10.3390/ph18091410 

87. Russo V, Napolitano N, Ascrizzi A, 

Leonardi S, Pisacane F, Di Micco P, et al. The Lipid-

Lowering Efficacy of a Nutraceutical Combination 

Including Leucoselect Phytosome, Red Yeast Rice, 

Policosanol and Folic Acid in Dyslipidaemia 

Patients: Real-World Insights. Pharmaceuticals. 

2024;17:447. doi:10.3390/ph17040447 

88. Shukla G, Singh D, Verma A. 

Glycerosomes: A Novel Vesicular System for the 

Management of Various Diseases. CSCI. 2026;02. 

doi:10.2174/0127726215422605260107112228 

89. Gupta P, Mazumder R, Padhi S. 

Glycerosomes: Advanced Liposomal Drug Delivery 

System. Indian J Pharm Sci. 2020;82. 

doi:10.36468/pharmaceutical-sciences.661 

90. Md S, Alhakamy NA, Aldawsari HM, 

Husain M, Khan N, Alfaleh MA, et al. Plumbagin-

Loaded Glycerosome Gel as Topical Delivery System 

for Skin Cancer Therapy. Polymers. 2021;13:923. 

doi:10.3390/polym13060923 

91. Zaki RM, Alfadhel MM, Alossaimi MA, 

Elsawaf LA, Devanathadesikan Seshadri V, 

Almurshedi AS, et al. Central Composite 

Optimization of Glycerosomes for the Enhanced Oral 

Bioavailability and Brain Delivery of Quetiapine 

Fumarate. Pharmaceuticals. 2022;15:940. 

doi:10.3390/ph15080940 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:636-654 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104636654     | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal      Page 654 

92. Melis V, Manca ML, Bullita E, Tamburini E, 

Castangia I, Cardia MC, et al. Inhalable polymer-

glycerosomes as safe and effective carriers for 

rifampicin delivery to the lungs. Colloids and 

Surfaces B: Biointerfaces. 2016;143:301–8. 

doi:10.1016/j.colsurfb.2016.03.044 

93. Pandita A, Sharma P. Pharmacosomes: An 

Emerging Novel Vesicular Drug Delivery System for 

Poorly Soluble Synthetic and Herbal Drugs. ISRN 

Pharmaceutics. 2013;2013:1–10. 

doi:10.1155/2013/348186 

94. Nasr M, Almawash S, Al Saqr A, Bazeed 

AY, Saber S, Elagamy HI. Bioavailability and 

Antidiabetic Activity of Gliclazide-Loaded 

Cubosomal Nanoparticles. Pharmaceuticals. 

2021;14:786. doi:10.3390/ph14080786 

95. Gaballa S, El Garhy O, Abdelkader H. 

Cubosomes: composition, preparation, and drug 

delivery applications. Journal of advanced 

Biomedical and Pharmaceutical Sciences. 2019;0:0–

0. doi:10.21608/jabps.2019.16887.1057 

96. AlMadalli HJ, Abdul Rasool BK, Shehab 

NG, Sala FD, Borzacchiello A. Pomegranate extract-

loaded sphingosomes for the treatment of cancer: 

Phytochemical investigations, formulation, and 

antitumor activity evaluation. Raza K, editor. PLoS 

ONE. 2024;19:e0293115. 

doi:10.1371/journal.pone.0293115 

97. Bharatia R, Kumar S, Chaursiya S, Gautam 

KM, Bharti S, Varun R. Sphingosomes: A Novel 

Vesicular Drug Delivery System. ijppronline. 

2023;14:88–93. 

doi:10.48165/ijppronline.2023.14308 

98. Alaaeldin E, Abou-Taleb HA, Mohamad 

SA, Elrehany M, Gaber SS, Mansour HF. Topical 

Nano-Vesicular Spanlastics of Celecoxib: Enhanced 

Anti-Inflammatory Effect and Down-Regulation of 

TNF-α, NF-кB and COX-2 in Complete Freund’s 

Adjuvant-Induced Arthritis Model in Rats. IJN. 

2021;Volume 16:133–45. doi:10.2147/IJN.S289828 

99. Almohamady HI, Mortagi Y, Gad S, Zaitone 

S, Alshaman R, Alattar A, et al. Spanlastic Nano-

Vesicles: A Novel Approach to Improve the 

Dissolution, Bioavailability, and Pharmacokinetic 

Behavior of Famotidine. Pharmaceuticals. 

2024;17:1614. doi:10.3390/ph17121614 

100. Ahmed S, Ibrahim MM, Balkhi B, Attia H, 

Aziz DE. From bench to biology: Unraveling the 

efficiency of novel brijosomes for trans-tympanic 

drug delivery. Journal of Drug Delivery Science and 

Technology. 2025;114:107493. 

doi:10.1016/j.jddst.2025.107493 

101. Vyas SP, Subhedar R, Jain S. Development 

and characterization of emulsomes for sustained and 

targeted delivery of an antiviral agent to liver. Journal 

of Pharmacy and Pharmacology. 2006;58:321–6. 

doi:10.1211/jpp.58.3.0005 

102. Cuppoletti J, Mayhew E, Zobel CR, Jung 

CY. Erythrosomes: large proteoliposomes derived 

from crosslinked human erythrocyte cytoskeletons 

and exogenous lipid. Proc Natl Acad Sci USA. 

1981;78:2786–90. doi:10.1073/pnas.78.5.2786 

103. Krishnan L, Sad S, Patel GB, Sprott GD. 

The Potent Adjuvant Activity of Archaeosomes 

Correlates to the Recruitment and Activation of 

Macrophages and Dendritic Cells In Vivo. The 

Journal of Immunology. 2001;166:1885–93. 

doi:10.4049/jimmunol.166.3.1885 

104. Gebicki JM, Hicks M. Ufasomes are Stable 

Particles surrounded by Unsaturated Fatty Acid 

Membranes. Nature. 1973;243:232–4. 

doi:10.1038/243232a0 

105. Salameh HK, Safi MM, Karaman R. 

Virosomes: Beyond Vaccines. Life. 2025;15:1567. 

doi:10.3390/life15101567 

106. Ali H, Akbar Md, Iqbal B, Ali F, Sharma 

NK, Kumar N, et al. Virosome: An engineered virus 

for vaccine delivery. Saudi Pharmaceutical Journal. 

2023;31:752–64. doi:10.1016/j.jsps.2023.03.016 

107. Kumar D, Sachdeva K, Tanwar R, Devi S. 

Review on novel targeted enzyme drug delivery 

systems: enzymosomes. Soft Matter. 2024;20:4524–

43. doi:10.1039/D4SM00301B 

 

 


