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ABSTRACT:  

Transethosomes are a novel type of ultra-deformable lipid-based nano-vesicular carriers that show promise as a platform for 

improved cutaneous and transdermal drug administration. This thorough analysis highlights transethosome’s better penetration 

capabilities over traditional liposomes and ethosomes while examining their therapeutic uses in a variety of medical specialties. 

Phospholipids, ethanol, and edge activators make up transethosomes, which work together to promote vesicular deformability, 

rupture lipid bilayers, and fluidize membranes to increase skin permeability. Transethosomal applications in dermatological 

disorders (acne, psoriasis, eczema, fungal infections, skin cancer), pain management (NSAIDs, local anaesthetics), anti-

inflammatory therapy, cosmeceuticals, vaccine delivery, hormone replacement therapy, cardiovascular diseases, diabetes 

management, neurological disorders, and gene therapy are all thoroughly examined in this review propranolol hydrochloride for 

cardiovascular treatment has better bioavailability than oral formulations, tacrolimus for psoriasis (85.32% drug release, 76.34 % 

penetration), and caryophyllene oxide for analgesia (80.5% maximum potential effect). Transethosomes represent a versatile 

delivery system for both local and systemic drug delivery due to their improved therapeutic efficacy, decreased side effects, reduced 

systemic absorption, and capacity to avoid hepatic first-pass metabolism. Clinical translation is still limited despite encouraging 

preclinical results, which calls for stringent clinical trials, standardized manufacturing procedures, and all creation of regulatory 

frameworks. Future directions include biologics and nucleic acid delivery, hybrid delivery systems, stimuli-responsive formulations, 

optimization driven by artificial intelligence, and applications in global health. While highlighting important research gaps and 

chances for innovation in next-generation transdermal drug delivery systems, showcasing the transformative promise of 

transethosomes in creating non-invasive, patient-centric therapeutic methods. 

Keywords: Transethosomes, Transdermal drug delivery; Ultra-deformable vesicles; Edge activators; Skin penetration; Nano-

vesicular carriers; Therapeutic applications.  

INTRODUCTION: 

Drug administration via transdermal means provides many benefits over traditional methods, such as prolonged release, preventing 

first-pass metabolism, fewer systemic reactions, and increased compliance among patients [1]. Although the stratum corneum (SC), 

the exterior 10-20 micrometer layer of skin, forms a difficult barrier to penetrate [2]. This structure is limited to smaller molecular 

weights less than 500 daltons, uncharged and mildly lipophilic (log P 1-3) molecules [3]. Conventional methods of improvement 

include chemical boosters, physical techniques (such as iontophoresis and microneedles, and others), skin allergic reactions, 

unpredictability, equipment specifications, and low effectiveness for biomolecules. These are common problems with formulation 

techniques [1, 3].   

Classical liposomes, which mainly served as reservoirs on the surface with restricted penetration, were the first vesicular carriers 

developed in an effort to get through skin barriers [4]. Cevc developed transferosomes, which are ultra-deformable vesicles capable 

of squeezing through narrow spaces via an osmotic gradient by adding edge-activating agents, which are surfactants like Span 80 

and Tween 80 [5]. While Touitou created ethosomes that had high ethanol concentrations (20-45% w/w), which improved the fluidity 

of the membrane and broken up SC lipids to achieve better penetration than firm liposomes [4, 5]. Although ethosomes delivered 

ethanol-induced improvement and transferosomes showed remarkable deformability, each system had unique drawbacks, which 

sparked curiosity in combinations of both systems [5]. 

In 2012, Song et al. published the first study on transethosomes, which combine phospholipids, ethanol concentration around 20-

40% w/w, edge activators, water and were used to deliver voriconazole [6]. This rational design synergistically incorporated ethanol-

mediated lipid fluidization with edge activator-driven deformability, producing ultra-flexible vesicles with dual mechanisms where 
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ethanol distorts SC lipid organization while surfactants lower membrane interfacial tension, enabling vesicles to deform and 

penetrate through intercellular spaces [7, 8]. Compared to ethosomes, transferosomes, and traditional compositions, early research 

showed increases in drug flow, more profound penetration through the skin, and more effective entrapment efficiency, which were 

two to five times greater [8, 9]. Transethosomes are highly effective carriers for transdermal distribution since their deformability 

index (>20-30) greatly exceeds that of regular liposomes (<10) [9]. 

In order to improve vesicular functioning over a variety of therapeutic fields, investigators have significantly refined and diversified 

transethosomes since their creation by improving phospholipid types, ethanol concentrations, edge activator choices, and production 

techniques. [10]. Effective incorporation of water-soluble, lipophilic and also amphiphilic medications as well as new uses in the 

delivery of peptides, proteins, and genetic elements have shown how diverse transethosomal techniques are [11].  Apart from basic 

drug delivery systems, Transethosomes have developed into complex networks that include targeting ligands, stimuli-responsive 

elements, and hybrid compositions including transethosomal gels, patches, and films that offer the advantages of vesicular 

distribution with useful dosage forms [10, 11-12]. Transethosome’s clinical application potential is becoming more widely 

acknowledged in a number of clinical fields, including pain treatment, anti-inflammatory therapy, cosmeceutical applications, skin 

conditions (psoriasis, acne, fungal infections) and vaccine administration [11,12]. Comparison research showed that transethosomes 

function better than traditional preparations and single-mechanism vesicular systems in terms of skin penetration parameters, 

bioavailability improvement, and effectiveness for treatment [10]. Transethosomes are positioned as a paradigm change in resolving 

the long-standing difficulties of transdermal medication delivery because of the dual-action mechanism, which offers synergistic 

effects that cannot be obtained by ethanol or edge activators alone [12].   

1.1 Objectives:  

Table 1. Objectives of Transethosomal drug delivery 

Objectives Objective Description 

Fundamental Understanding and 

Mechanism Elucidation  

Elucidate physicochemical principles, structural characteristics, formation mechanisms, 

and synergistic effects of ethanol-mediated lipid fluidization and edge activator-induced 

membrane flexibility [11, 12]. 

Formulation Science and 

Optimization Strategies  

 

Evaluate component selection (phospholipids, ethanol 7-40% v/v, edge activators), 

preparation methods, and statistical designs (Box-Behnken, factorial) achieving 100-500 

nm vesicles with 80-90% entrapment efficiency [4, 5]. 

Characterization and Quality 

Assessment  

Examine particle size analysis (DLS), deformability assessment, entrapment efficiency, 

stability evaluation, and advanced imaging (TEM, AFM, CLSM) for quality control and 

regulatory compliance [13, 14]. 

Therapeutic Applications and Clinical 

Translation  

Analyze applications in dermatology (psoriasis, acne, fungal infections, skin 

 cancer), pain management (NSAIDs, analgesics), cosmeceuticals (anti-aging, skin 

whitening), and systemic delivery (cardiovascular, hormones, neurological agents) [8, 15]. 

Translation Challenges and 

Regulatory Pathways  

Identify barriers: stability issues, batch variability, scale-up difficulties, regulatory 

requirements, manufacturing complexities, and cost-effectiveness [16, 17]. 

2. SKIN ANATOMY AND BARRIERS TO DRUG PERMEATION 

2.1 Skin Structure: Epidermis, Dermis, and Hypodermis 

Skin is the largest organ in the human body, functions as a sophisticated exterior barrier that regulates body temperature and water 

loss while guarding against diseases, UV rays, toxins, and mechanical damage [18]. This integumentary system is composed of three 

distinct layers: the epidermis, dermis, and hypodermis. Each layer has distinct anatomical characteristic and functions [19]. 
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Figure 1. Layers of the Skin involved in Transdermal Drug Delivery 

2.2 The Main Defence: The SC 

As the primary barrier to drug penetration in transdermal drug delivery systems, the SC, the topmost layer of the epidermis, is 

composed of multiple layers of fully cornified, anucleate keratinocytes called corneocytes embedded in a lipid-rich extracellular 

matrix, creating a unique “brick and mortar” architecture with intercellular lipids serving as the mortar and corneocytes as the bricks. 

The SC has a complex, many-layered structure that is typically 10-20μm thick and composed of approximately 15-20 layers of 

corneocytes [20]. The primary pathway of transepidermal drug penetration and a crucial component of barrier function is the SC’s 

intercellular lipid matrix. Unlike traditional biological membranes composed of phospholipids, the SC lipid matrix is mostly 

composed of three lipid classes in nearly equimolar ratios: ceramides (50%), cholesterol (25%), and free fatty acids (25%) [21, 22]. 

2.3 Pathways of Drug Penetration 

The transepidermal pathway and the transappendageal pathway are the two primary routes the medication components can enter the 

skin with no damage. The transepidermal route, which can be further separated into intracellular and intercellular paths, requires 

passing through the SC directly [23]. 

 

Figure 2. Major Routes of Drug Transport Across the Skin 
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2.4 Physicochemical Factors Affecting Drug Permeation  

Table 2. Physicochemical Properties Influencing Transdermal Drug Permeation [24-26] 

Factor Optimal Range Effect on Permeation Mechanism 

Molecular 

Weight 

< 500 Da Smaller molecules 

exhibit higher 

permeability 

Larger molecules cannot pass through the stratum 

corneum due to the tightly packed nature of lipids and 

the narrow aqueous pore size. As molecule weight 

rises, the diffusion coefficient falls rapidly. 

Lipophilicity 

(log P) 

1-3 Optimal permeation at 

intermediate 

lipophilicity 

Molecules must be sufficiently lipophilic to partition 

into stratum corneum lipids, yet not so lipophilic that 

they become trapped. Very hydrophilic molecules (log 

P < 1) cannot partition into lipid matrix; very 

hydrophobic molecules (log P > 5) show excessive 

retention and poor release. 

Partition 

Coefficient (log 

P/log D) 

log P: 1-3 log D at 

physiological pH 

preferred for 

ionizable drugs 

Determines partitioning 

between lipophilic and 

aqueous environments 

Represents relative affinity for lipophilic versus 

aqueous phases. Log D accounts for all molecular 

forms (ionized and unionized) at specified pH, 

providing more accurate permeability prediction for 

ionizable compounds. 

Ionization State Unionized form 

preferred 

Ionized molecules show 

markedly reduced 

permeability compared 

to unionized 

counterparts 

Charged, highly polar ionized molecules cannot 

effectively penetrate lipophilic stratum corneum. 

Fraction of unionized drug determined by pKa and 

local pH via Henderson-Hasselbalch equation. 

pKa Should favour 

unionized form at 

skin pH (4.5-6.5) and 

formulation pH 

Influences fraction of 

unionized drug available 

for permeation 

For weak acids: unionized form predominates at pH < 

pKa For weak bases: unionized form predominates at 

pH > pKa, pH gradients across skin (surface pH 4.5-

6.5; viable epidermis pH ~7.4) influence permeation. 

Hydrogen Bond 

Donors (HBD) 

<5 (more restrictive 

than oral: < 5 

combined 

HBD+HBA) 

Excessive HBDs reduce 

permeation 

Strong interactions with water molecules must be 

broken to partition into lipophilic stratum corneum, 

creating energetic barrier. May also reduce solubility in 

lipophilic vehicles. 

Hydrogen Bond 

Acceptors 

(HBA) 

<10 (Lipinski); < 5 

combined for 

transdermal 

Excessive HBAs reduce 

permeation 

Same mechanism as HBDs: hydrogen bonding with 

water creates barrier to lipid partitioning. Transdermal 

delivery requires more restrictive criteria than oral 

bioavailability. 

Melting Point < 200°C Lower melting point 

correlates with better 

permeability 

Lower melting points indicate reduced crystal lattice 

energy, leading to enhanced solubility and dissolution. 

Aqueous 

Solubility 

Sufficient to maintain 

concentration 

gradient (Dose 

number < 1) 

Essential for creating 

driving force for 

diffusion 

According to Fick's first law, flux is proportional to 

both permeability coefficient and drug concentration in 

vehicle. Insufficient solubility limits concentration 

gradient and reduces flux. Creates fundamental 

challenge as increased aqueous solubility often reduces 

lipophilicity. 

Lipophilic 

Permeability 

Efficiency (LPE) 

Optimized balance Captures opposing 

effects of lipophilicity 

on permeability and 

solubility 

Single metric combining membrane permeability and 

aqueous solubility effects. Particularly relevant for 

"beyond rule of five" molecules. 

Vehicle 

Composition 

Optimized for drug 

properties and 

delivery requirements 

Profoundly influences 

permeation rate and 

extent 

Affects drug thermodynamic activity, solubility, and 

partitioning behaviour. Can alter drug release rates, 

modify stratum corneum properties, and influence 

effective partition coefficient between vehicle and 

skin. 
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3. TRANSETHOSOMES: CONCEPT AND UNIQUE CHARACTERISTICS 

3.1 Definition of Transethosomes 

Transethosomes belongs to a cutting-edge family of lipid-based ultra-deformable nanocarriers designed to improve transdermal 

medication delivery by overcoming the SC’s strong barrier [10]. Transethosomes were hypothetically created to combine the 

beneficial effects of both traditional ethosomes and flexible liposomes (transferosomes) through a single, more effective delivery 

mechanism. They were first presented by Song et al. in 2012 [5, 27]. These novel compounds have exceptional abilities to facilitate 

drug penetration through intact skin barriers, enabling delivery to the more extended dermal and epidermal layers while maintaining 

therapeutic efficacy [28].  

Transethosomes are defined architecturally as sphere-shaped, extremely deformable vesicles having a circular bilayer of lipids 

organization and an uneven shape [29]. In order to create distinct aqueous and lipophilic regions that can capture water-soluble and 

lipid-soluble substances, phospholipids molecules are designed to align one another with the heads that are hydrophilic facing 

outside toward the aqueous environment and their tails that are hydrophobic kept within the double-layered cell membrane [30]. 

Transethosomes can exhibit extremely high drug-loading capability and outstanding entrapment efficiency throughout a broad 

molecular weight range, which ranges from tiny components (130.077 Da) to big macromolecules such as peptides as well as 

proteins, that are large as 325 kDa, owing to its amphiphilic structure [31, 32].  

3.2 The Dual Mechanism: Ethanol + Edge Activators 

Transethosome’s unique dual mechanism, which involves the synergistic interplay of ethanol and edge stimulating agents to 

drastically enhances skin permeability and drug penetration accounts for their exceptional efficacy in transdermal delivery of drugs 
[33]. Compared to traditional vesicular systems that depend on a single penetration enhancing mechanism, this combination offers a 

substantial improvement.  

3.2.1 Ethanol-Mediated Mechanisms 

Ethanol increases penetration via a number of interrelated ways. By connecting between the molecules of lipid and enhancing the 

permeability in both vesicular membranes and skin lipids, ethanol impairs the SC’s densely organized, extremely structured bilayer 

of lipid structure at its molecular level. This fluidization impact creates temporary pores in water and increases membrane 

permeability by promoting the transition from rigid crystalline states to more fluid liquid- crystalline phases and reducing the phase 

transition temperature of SC lipids [34]. Furthermore, by altering the tissue’s solubility properties, ethanol makes it easier for 

medications to separate into the SC. Ethanol’s interconnected impact on phospholipid bilayers improve fluidity of the membrane 

and vesicle elasticity, making it easier for the vesicle to distort and pass through constricted intercellular routes [35]. By altering the 

normal configuration of lipid molecule structures in the SC, enhancing total lipid fluidity, and widening paracellular spaces, ethanol 

also improves permeation into the skin capabilities [33]. Ethanol exhibits the best permeation improvement at quantities commonly 

used in transethosomal compositions (20-40%) without producing appreciable irritation to the skin or toxicity [10]. Ethanol provides 

the vesicles flexibility and makes it easier for the medicine to pass through the SC because it interacts with the lipids in the vesicles 

as well as the skin [36].  

3.2.2 Edge Activator-Mediated Deformability 

 By giving the vesicular membrane ultra-deformability, edge activators enhance and intensify the effects of ethanol. Because these 

surfactants weaken the hard bilayer composition and lower the interfacial tension at the lipid-water interface, the vesicles become 

extremely flexible and can go through pores smaller than their diameter [37]. By weakening the lipid bilayers and increasing vesicular 

deformability, edge activators facilitate effective penetration through the SC barrier. Transethosomal characteristics are affected 

differently by different edge activators. These typically contain surfactants like Tween 80, Span 80, or sodium cholate, which 

increase the vesicle’s elasticity and deformability, allowing for greater penetration through the skin’s SC [38].  
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3.3 Mechanisms of Enhanced Skin Penetration 

3.3.1 Role of Ethanol in Lipid Fluidization 

 

Figure 3.  Ethanol’s role in enhanced skin penetration 

3.3.2 Edge Activator-Mediated Membrane Destabilization   

 

Figure 4. Edge Activator-Mediated Membrane Destabilization 

3.3.3 Vesicle Deformation Through Narrow Pores 

 

Figure 5. Vesicle Deformation Through Narrow Pores 
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3.4 Advantages of Transethosomes Over Conventional Vesicular Systems 

Table 3. Comparative of Transethosomes Over Conventional Vesicular Systems [5, 10, 27, 30, 32, 36, 52] 

Parameter Liposomes  Ethosomes Transferosomes Transethosomes 

Primary components Phospholipids, 

cholesterol, water 

Phospholipids, 

ethanol, water 

Phospholipids, edge 

activators, water 

Phospholipids, ethanol, 

edge activators, water 

Membrane flexibility Rigid, limited 

deformability 

Moderate, ethanol-

induced fluidity  

High; edge activator-

driven 

Ultra-high; dual 

ethanol+ edge activator 

synergy 

Deformability index <10  10-25 15-25 >20-30 

Entrapment efficiency 50-80%  60-85% 55-80% 70-95% 

SC penetration depth Superficial; upper SC 

only  

Deeper than 

liposomes; reaches 

viable epidermis 

Full SC; reaches 

dermis 

Full Sc + dermis; 

potential systemic 

access 

Vesicle size 

(optimized) 

100-400 nm 150-500nm 100-300nm 100-500nm; typically 

100-300nm for optimal 

permeation 

Zeta Potential -10 to -30mV -25 to -50mV -20 to -40 mV -20 to -60mV; ethanol 

contributes to negative 

surface charge 

Drug release profile Immediate to sustained Sustained 12-24 hr Sustained 12-24 hr Biphasic; burst (20-

40% in 1-2hr) then 

sustained 12-24hr 

Ethanol concentration None 20-45% w/w none 20-40% v/v  

4. FORMULATION AND DESIGN OF TRANSETHOSOMES  

4.1 Components of Transethosomal Systems 

Transethosome’s core composition consists of five major components that cooperate to give them their distinctive qualities: Water, 

phospholipids, ethanol, and edge activators, stabilizers [10, 39]. 

 

Figure 6. Schematic illustration of the key structural components of a transethosomal vesicle 
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4.1.1 Phospholipids  

Phospholipids serve as the primary structural building blocks, typically comprising 2-5% (w/v) of the formulation [10, 40]. Various 

sources of phospholipids can be utilized, including phosphatidylcholine from soybean lecithin, 1,2-dioleoyl-sn-glycero-3-

phosphocholine (DOPC), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and egg phosphatidylcholine [30]. The type of 

phospholipids and their concentration exert profound effects on critical vesicular properties including size, zeta potential, and 

entrapment efficiency. Due to their biocompatible and biodegradable nature and abundance in eukaryotic cells, phospholipids 

provide an ideal foundation for drug encapsulation while ensuring safety for both topical and systemic administration [10].  

4.1.2 Ethanol  

Ethanol constitutes the second critical component, typically present at concentrations ranging from 20-40% (v/v) or 7-30% 

depending on the formulation requirements [10, 41]. Ethanol serves multiple crucial functions within the transethosomal system. First, 

it disturbs the SC’s highly ordered lipid bilayers by acting as a strong penetration enhancer, increasing lipid fluidity and creating 

transient permeation pathways [42]. Second, ethanol imparts enhanced flexibility and deformability to the vesicular membrane 

through its interdigitating effect on the phospholipid bilayer, enabling vesicles to squeeze through narrow intercellular channels [39]. 

Third, ethanol increases the loading efficiency of hydrophobic medications within the vesicles by acting as an efficient solubilizing 

agent [43]. Additionally, presence of ethanol contributes to the characteristically negative zeta potential of transethosomes, which 

enhances colloidal stability and prevents vesicle aggregation [44].  

4.1.3 Edge activators 

The feature that sets transethosomes apart from typical ethosomes is edge activators [39, 45]. These surfactants are applied to the 

membrane to improve its flexibility and deformability. In addition to oleic acid as a penetration enhancer, non-ionic surfactants such 

as Tween-20, Tween-80, Span-60, Span-80 and sodium deoxycholate are frequently utilized edge activators [14, 30]. Depending on 

the particular surfactant chosen, Edge activator concentrations typically range from 0.3 and 2% (w/v) [46]. By decreasing interfacial 

tension and boosting fluidity within the membrane, these drugs disrupt the lipid bilayers of the vesicles, improving their capacity 

for distortion and pass via the SC’s convoluted routes [47]. Moreover, edge activators can create new penetration routes by interfering 

with the stacking of lipids and proteins inside the SC [48].  

4.1.4 Water Phase 

The water phase creates ideal circumstances for vesicle production and acts as a hydrating vehicle for phospholipid layers [44]. 

According to the needs for solubility of drugs and consistency, purified water, phosphate buffered saline (PBS) or alternative water-

based media could be used [5]. Drug ionization behaviour, soluble state, and immobilization inside vesicles are all significantly 

influenced by the pH value of the hydrating media [45].  

4.1.5 Stabilizers 

Stabilizers to give the transethosomal matrix a stable structure, stabilizers like cholesterol can be added, especially at higher 

ethanolic concentrations [49]. For polar substances, the water phase concludes the preparation by acting as an agent for vesicle 

generation and drug dispersion. The pH levels of the fluid medium have a major impact on the solubility of pharmaceuticals and the 

extent of drug entrapment within the vesicles [10, 50].  

4.2 METHODS OF PREPARATION 

4.2.1 Cold Method 

One of the most popular methods for transethosomal preparation is the cold method, which is especially useful for heat-sensitive 

thermolabile medications [27, 45]. This process involves dissolving phospholipids and edge activators in ethanol in a closed vial at 

ambient temperature or in a refrigerator (2-8 °C) [9]. After adding the medication to the organic phase, the mixture is shaken until it 

dissolves completely. The lipid-ethanol mixture is then continuously stirred at room temperature while the aqueous phase is added 

dropwise, causing spontaneous vesicle formation [5]. The cold approach is perfect for heat-sensitive compounds because it has the 

benefits of simplicity, scalability, and drug integrity preservation [48]. 
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4.2.2 Hot Method  

Phospholipids are dissolved in ethanol using the hot technique at high temperature (30-40 °C) while stirring constantly [51. After 

incorporating the medication into the lipid-ethanol phase, the heated aqueous phase (at the same temperature) is gradually added 

while being vigorously stirred [52]. To guarantee full vesicle formation, the mixture is kept at a steady temperature throughout. The 

transethosomal dispersion is obtained after cooling to room temperature [53]. This approach can enhance lipid solubilization and 

vesicle formation for specific formulations, but it might not be appropriate for thermolabile medications [54]. 

4.2.3 Thin Film Hydration 

A traditional technique modified for transethosomal preparation is thin film hydration [55, 56]. In a round-bottom flask, phospholipids, 

medication and edge activator are dissolved in an organic solvent mixture (usually chloroform: methanol or ethanol) [45]. To create 

a thin lipid layer on the flask walls, the organic solvent is evaporated using a rotary evaporator at 40-50°C under low pressure [54, 57].  

After that, the film is hydrated with an aqueous-ethanolic phase while rotating, which results in the creation of vesicles on its own. 

Size reduction methods like sonication or extrusion are applied to the resultant dispersion [58, 59]. For sinapic acid-loaded 

transethosomes, recent research by Bin Larden et.al. effectively used thin film hydration, producing optimal formulations with 

vesicle size of 111.67nm, zeta potential of -7,253 mV, and entrapment effectiveness of 74.36% [45]. The identical findings were 

obtained when methotrexate-loaded transethosomes were manufactured utilizing this technique with Box-Behnken design of 

optimization [60]. 

4.2.4 Sonication Techniques 

In order to increase size distribution homogeneity and decrease vesicle size, sonication is frequently used as a post-formation 

processing step [38]. It is possible to use both bath and probe sonication [61]. In order to avoid overheating, probe sonication is the 

direct application of ultrasonic energy using a titanium probe submerged in the transethosomal dispersion. This process is usually 

carried out for 5-15 minutes at 20-50% amplitude in pulsed mode [62].  A kinder option is bath sonication, which involves submerging 

the vesicular dispersion in an ultrasonic bath for 15 to 30 minutes [37]. Large vesicles and multilamellar structures are broken up by 

sonication, resulting in smaller, more homogeneous nanovesicles with improved stability and penetration capacity [63]. 

4.2.5 Microfluidic Approaches 

Emerging technologies for regulated, repeated transethosomal manufacturing include microfluidic methods [64]. These techniques 

produce monodisperse vesicles with limited size distributions by carefully controlling the mixing of lipid and aqueous phases using 

microchannels [65]. Compared to traditional methods, microfluidic systems have the advantages of continuous production, scalability, 

precise control over formulation parameters, and decreased batch-to-batch variability [66, 67]. 

4.3 Quality by Design in Transethosomal Formulation 

A methodical approach to pharmaceutical development known as “Quality by Design”. Places a strong emphasis on comprehending 

formulation and process variables in order to guarantee consistent product quality [68, 69]. Critical Quality Attributes (CQAs), Critical 

process Parameters (CPPs), and Quality Target Product Profile (QTPP) must be identified in order to apply QbD principles to 

transethosomal formulations [70].  Recent research has effectively applied QbD techniques for transethosomal optimization. In order 

to optimize tacrolimus-loaded transethosomes, Deshmukh et al. used a 32factorial design. They found that ethanol and lipid 

concentrations were important parameters that affected drug release, vesicle size, and entrapment efficiency. The enhanced 

formulation (F1 batch) was shown to have a zeta potential of -36Mv, an entrapment efficacy of 85%, and a vesicle size of 168nm 
[71]. Similarly, other groups optimized transethosomal formulations systematically using a Box-Behnken design [33 ,60, 72]. This 

method makes it easier to identify the ideal formulation space and allows examination of the interaction effects of formulation 

factors [73].  

4.4 Scale-Up Considerations 

Transethosomal manufacturing scale-up from laboratory to industrial scale poses special difficulties that necessitate careful 

evaluation of equipment selection, process parameters, and quality control procedures [74].  

The following are essential elements for a successful scale-up:  

Process Consistency: To guarantee repeatable vesicle formation during scale-up, maintain equal mixing energy, temperature 

control, and addition rates [75, 76].  
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Equipment Selection: Selecting suitable large-scale equipment that can distribute energy uniformly, such as industrial sonicators, 

homogenizers, and high-shear mixers [77]. 

Quality Control: Using reliable analytical techniques to monitor important quality features in real time throughout production is 

known as quality control [78].   

Stability Considerations: Using suitable packaging, storage conditions, and the inclusion of stabilizers to ensure sufficient stability 

throughout shelf life [79].  

5. CHARACTERIZATION OF TRANSETHOSOMES 

5.1 MORPHOLOGICAL ANALYSIS 

5.1.1 Transmission Electron Microscopy (TEM) 

The most reliable techniques for observing transethosomal morphology at nanoscale resolution is TEM [29, 64]. After applying a small 

amount of diluted transethosomal dispersion to carbon-coated copper grids, the sample is made by using either phosphor-tungstic 

acid or uranyl acetate for negative staining [80]. Vesicle size, form, lamellarity, and structural integrity are all visible with unique 

lipid bilayers that are spherical or irregularly shaped [33, 81].  

5.1.2 Scanning Electron Microscopy (SEM) 

Transethosome’s three-dimensional surface shape is revealed by SEM [82]. Before imaging, samples are usually lyophilized and 

sputter-coated with platinum or gold 66. Particle form, surface properties, and possible aggregation are revealed by SEM [84].  

5.1.3 Atomic Force Microscopy (AFM) 

Transethosomal topography can be visualized and quantified using AFM in ambient or near-physiological settings without requiring 

significant sample preparation [85, 86]. On a recently cut mice surface, a tiny amount of transethosomal dispersion is applied, and 

tapping mode imaging is performed [87]. Vesicle size, height profile, surface roughness, and mechanical characteristics are all 

revealed by AFM [88]. Caryophyllene oxide transethosomes have been successfully characterized by AFM in recent research, shown 

spherical nanovesicles measuring of 450.7 ± 55.03 nm on average [89].  

5.2 Particle Size and Distribution 

Most popular method for figuring out transethosomal particle size and size distribution is dynamic light scattering [90, 91]. A particle 

size analyzer is used to measure samples at 25°C after they have been suitably diluted (usually 1:100) with distilled water or PBS 
[92].  

Measured key parameters consist of:  

• Mean particle size: For optimum formulations, the mean particle size (Z-average) usually falls between 100 and 500nm [33, 93].  

• Polydispersity Index ( PDI): Narrow, uniform size distribution is indicated by values less than 0.3 [94].   

Particles with diameters between 100-300 nm are typically seen in ideal transethosomal formulations, which enable penetration via 

skin intercellular channels while preserving sufficient drug loading capacity [10, 95].  

5.3 Zeta Potential 

Zeta potential measurements can be used to assess the surface charge and colloidal stability of transethosomes [96]. Laser Doppler 

electrophoresis, which measures particle mobility by subjecting diluted samples to an electric field, is used for the analysis [48]. 

Generally, transethosomes have negative zeta potential values from -20 and -60mV [45].  

A negative zeta potential prevents aggregation and enhances colloidal stability by generating electrostatic repulsion between vesicles 
[40]. Research has shown that formulations with compared to positively charged or neutral vesicles, negatively charged 

transethosomes exhibit improved epidermal penetration [44].  
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5.4 Entrapment Efficiency (EE%) 

The % of drug that is successfully incorporated within vesicles in relation to the total amount of drug added is measured by EE% 
[97]. Indirect procedures are frequently used for determination, such as ultracentrifugation (15,000-20,000 rpm for 1-3 hours at 4°C) 

or ultrafiltration [48, 91], which separate free (unentrapped) medication from vesicles. EE% is computed using the following formula 

after spectrophotometric or chromatographic analysis of the free drug-containing supernatant:  

EE% = [(Total drug – Free drug) / Total drug] × 100 

Depending on the drug’s characteristics and the composition of the optimized transethosomal preparations usually attain entrapment 

efficiencies between 70 and 955 [28, 33, 71].  

5.5 Deformability Index (DI) and Elasticity Measurements 

Transethosomes are known for their deformability, which allows them to pass through small intercellular spaces 38, 81. 

Transethosomes are extruded using filters made of polycarbonate membrane with predetermined particle diameters (usually 50-100 

nm) narrower than the actual vesicle diameter employing a mini-extruder at a controlled pressure in order to calculate the 

deformability index [37].  

DI = J × (rv/rp)2 

Where: J = Amount of vesicle suspension extruded in 5 minutes,  

rv = vesicle size after extrusion,  

rp = pore size of membrane  

Enhanced vesicular flexibility and deformability are indicated by higher DI values [1, 99]. Comparative investigations consistently 

show that transethosomes have far greater deformability indices than ethosomes, transferosomes, and ordinary liposomes [5, 14].  

5.6 Studies on Drug Release (DR) 

DR release studies conducted in vitro can help to understand the DR kinetics and mechanisms from transethosomal dosage forms 
[94]. Franz diffusion cells or dialysis bags are the most often used technique [100]. Transethosomal dispersions are put in dialysis 

membranes with a molecular weight threshold of 12,000-14,000 Da, submerged inside receptor media (usually phosphate buffer 

with a pH of 7.4 or biological fluid simulators), and kept at 32-37°C while being constantly stirred [101]. At prearranged intervals, 

samples are taken out and their drug content is examined [102]. Release profiles usually show biphasic patterns: a continuous, 

regulated release over 12-24 hours [35, 103] after an initial burst release (20-40% in first 1-2 hours). Release mechanisms are clarified 

using mathematical modelling utilizing zero-order, first-order, Higuchi, and Korsmeyer-Peppas equations [70, 71].   

5.7 Stability Studies 

5.7.1 Physical Stability 

Assessing variation in particle size, PDI, zeta potential, and visual appearance during storage is part of the physical stability 

evaluation procedure [104]. Samples are kept for 30 to 180 days at different temperatures (4°C, 25°C ±2°C/60% RH, 40°C±2°C/75% 

RH ± 5% RH) [19, 105]. With little variation (<10% deviation) in measured parameters, stable formulations retain constant physical 

properties [106].  

5.7.2 Chemical Stability 

Drug deterioration and preservation of chemical integrity during storage are tracked by chemical stability evaluation  [35]. Validated 

chromatographic techniques (HPLC or UPLC) are used to examine samples in order to determine degradation products and quantify 

medication content [44]. Transethosomes can retain their chemical stability for three to six months in either ambient or refrigerated 

environments, according to studies [71].   
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5.7.3 Storage Conditions 

Transethosomal preparations are best stored at 2-8°C in airtight, amber-coloured containers to prevent oxidation and light damage 
[107]. Excellent stability for five to six months under these circumstances has been observed in studies [71, 100].  

6. THERAPEUTIC APPLICATIONS OF TRANSETHOSOMES 

Table 4. Therapeutic Applications of Transethosomes in Transdermal Drug Delivery System  

 

Therapeutic category  Subcategory Drug(s) Key Findings & References 

Dermatological 

Applications 

Acne Treatment Anti-acne agents  
 

Enhanced penetration to sebaceous glands and hair 

follicle [109, 111] 

Dermatological 

Applications 

Psoriasis Tacrolimus   
 

85.32% drug release, 76.34% drug permeation after 

24h; reduced hyperkeratosis and inflammation 

within 7 days [71] 

Dermatological 

Applications 

Psoriasis Fluvastatin 
 

Enhanced dermal penetration and significant 

therapeutic benefits [14] 

Dermatological 

Applications 

Eczema and 

Dermatitis 
Corticosteroids and 

immunomodulators 
 

 

Minimized systemic absorption and adverse effects 
[110] 

Dermatological 

Applications 

Fungal Infections Econazole, 

Voriconazole, Nystatin 
 

Enhanced penetration and improved therapeutic 

outcomes [80, 111] 

Dermatological 

Applications 

Skin Cancer (PDT) Ferrous chlorophyllin 
 

Effective for melanoma treatment via photodynamic 

therapy with deep tissue localization [112, 120] 

Pain Management NSAIDs Delivery Ketorolac 

tromethamine, 

Flurbiprofen, 

Meloxicam, Naproxen 

  

 

Circumvented gastrointestinal side effects [113, 114, 115] 

Pain Management Analgesic Caryophyllene oxide  
 

Superior skin penetration (40.3±0.881 µg/cm² vs 

29.5±10.5 µg/cm²); 80.5% maximum possible effect 

vs 24.7% conventional [89] 

Pain Management Local Anaesthetics Local anaesthetic agents 
 

Prolonged anaesthetic effects with reduced systemic 

exposure [116] 

Anti-Inflammatory 

Therapy 

- Corticosteroids and 

anti-inflammatory 

agents 
 

Enhanced therapeutic efficacy with reduced adverse 

effects; minimized systemic absorption [117, 118] 

Anti-Aging and 

Cosmeceuticals 

Anti-aging Retinyl acetate 
 

Enhanced stability, bioavailability, and skin 

penetration while minimizing irritancy [119] 

Anti-Aging and 

Cosmeceuticals 

Antimicrobial/Ant

i-aging 
Rutin 

 

Excellent antimicrobial efficacy against Gram-

positive bacteria with enhanced skin permeation [120] 

Vaccine Delivery - Vaccine adjuvants 
 

Non-invasive transcutaneous immunization 

alternative [106] 

Hormone Replacement 

Therapy 

- Hormones 
 

Sustained, controlled release avoiding hepatic first-

pass metabolism [121] 

Cardiovascular Drugs - Propranolol 

hydrochloride 
 

Maintained effective plasma concentrations superior 

to oral tablets; enhanced bioavailability [122, 123] 

Cardiovascular Drugs - Olmesartan medoxomil 
 

Successful transdermal cardiovascular therapy [91] 

Diabetes Management Antidiabetic Metformin HCl 
 

Sustained release, improved transdermal flux, 

enhanced antidiabetic response [108] 

Neurological Disorders - Neurotherapeutic agents 
 

Delivery across skin barrier for improved treatment 

outcomes [124, 125] 

Gene Therapy  siRNA Delivery 
 

Nucleic acids and 

biomacromolecules 
 

Potential vectors for gene therapy applications [126] 
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7. FUTURE PERSPECTIVES AND EMERGING TRENDS OF TRANSETHOSOMES  

 

Figure 7. Future perspective and emerging trends 

8. CONCLUSION 

In comparison to traditional liposomes and ethosomes, transethosomes have greater penetration capacities, marking a significant 

improvement in transdermal drug delivery methods. The thorough analysis in therapeutic uses highlights the adaptability and 

therapeutic potential of transethosomal formulations in a variety of therapeutic areas. Through a variety of methods, such as 

membrane fluidization, lipid bilayer breakdown, and greater deformability, the special makeup of transethosomes which combines 

phospholipids, ethanol, and edge activators allows for increased skin permeability. Transethosomes efficiency in delivering range 

of therapeutic substances, from biomacromolecules to tiny chemicals is validated by the clinical evidence given throughout this 

review.  

Successful formulations for dermatological conditions (acne, psoriasis, eczema, fungal infections), pain management (NSAIDs),  

local anaesthetics), anti-inflammatory therapy, cosmeceutical applications, cardiovascular medications, diabetes management, and 

new uses in vaccine delivery and gene therapy are among the major therapeutic accomplishments. When compared to traditional 

formulations, transethosomal formulations of tacrolimus, caryophyllene oxide, retinyl acetate, and propranolol hydrochloride have 

shown improved bioavailability, increased therapeutic efficacy, and fewer side effects. Trasethosomes are an appealing substrate 

for both local and systemic medicinal applications because they can accomplish localized dermal and transdermal distribution while 

reducing systemic absorption. Hepatic first-pass metabolism, gastrointestinal side effects and patient compliance problems with 

injectable formulations are just a few of the significant drawbacks of traditional drug delivery methods that the technique resolves.  
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