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ABSTRACT 
The goal of the current study was to improve the topical penetration and 

delivery performance of diosgenin by creating and assessing a 

proniosomal formulation. Using Span 60 and cholesterol, the 

coacervation phase separation method was used to create diosgenin-

loaded proniosomes, which were then optimized among seven 

formulations. With a mean vesicle size of 215 nm, a polydispersity index 

of 0.473, and a zeta potential of −26.8 mV, the optimized formulation (F6) 

had the best entrapment effectiveness of 82.45%, showing nanoscale, 

stable, and relatively homogeneous vesicles. While DSC thermograms 

showed the removal of diosgenin's distinctive melting endotherm, 

confirming the drug's transformation into an amorphous state and 

effective encapsulation inside the proniosomal matrix, FTIR analysis 

verified the compatibility of diosgenin with excipients. Sustained drug 

release was shown by in vitro diffusion experiments, with a cumulative 

release of 35.06% over a 24-hour period. In comparison to pure diosgenin 

(9.34 mg/cm² flux 0.40 mg/cm²/h), ex vivo skin permeation experiments 

revealed a much increased permeation from the improved formulation 

(15.30 mg/cm² flux 0.66 mg/cm²/h). These findings demonstrate that the 

developed proniosomal cream is a potential transdermal cosmeceutical 

system and significantly enhances the penetration and distribution of 

diosgenin. 
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1. INTRODUCTION: 
As a vital contact between the internal 

physiological milieu and the exterior world, the 

skin is the biggest and most versatile organ in the 

human body 1. It makes up around 10% of the 

body's total mass and serves vital functions like 

thermoregulation, homeostasis maintenance, 

protection against physical, chemical, and 

microbiological assaults, and prevention of 

transepidermal water loss. The skin is crucial in 

regulating the penetration, distribution, and 

therapeutic efficacy of topically applied 

pharmaceutical and cosmeceutical formulations 

because of its intricate, multilayered structure. The 

epidermis, dermis, and subcutaneous tissue are the 

three main layers that make up the skin2. Because 

of its highly organized lipid-protein matrix, the 

file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)
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epidermis—especially the stratum corneum—

represents the principal permeability barrier and is 

the primary rate-limiting step for percutaneous 

medication absorption. The subcutaneous tissue 

provides mechanical cushioning, thermal 

insulation, and serves as a depot for lipophilic 

substances 3. While this structural association is 

vital for physiological protection, it significantly 

restricts the dermal delivery of many therapeutic 

agents, particularly phytoconstituents with poor 

solubility and limited permeability. Topical and 

transdermal drug delivery systems can avoid first-

pass metabolism, maintain sustained drug levels, 

lessen systemic side effects, and improve patient 

compliance, they have become viable alternatives 

to traditional oral and parenteral routes. However, 

sophisticated carrier-based delivery methods are 

required due to the stratum corneum's barrier 

qualities 4. To improve skin penetration and 

regulated drug release, vesicular drug delivery 

methods such liposomes, niosomes, transfersomes, 

and ethosomes have been investigated 5. 

Proniosomes stand out among these as a 

particularly promising system because of its 

exceptional stability, scalability, and ease of 

handling.  

 

Proniosomes are dry, surfactant-coated carriers that 

rapidly hydrate upon contact with aqueous media 

or skin moisture to form niosomal vesicles 6. 

Compared to conventional vesicular systems, 

proniosomes exhibit improved physical and 

chemical stability, reduced problems of vesicle 

aggregation, fusion, and drug leakage, and are cost-

effective for large-scale manufacturing. Both 

hydrophilic and lipophilic medications can be 

effectively encapsulated in their bilayer structure, 

which is made of cholesterol and non-ionic 

surfactants 7. Upon topical application, 

proniosomes interact with stratum corneum lipids, 

enhancing drug partitioning, increasing skin 

permeability, and acting as localized reservoirs for 

sustained and controlled drug release within the 

epidermal and dermal layers. 

 

In parallel, there has been a growing demand for 

cosmeceuticals that integrate cosmetic appeal with 

therapeutic benefits 8. These products commonly 

incorporate natural bioactive compounds that 

exhibit antioxidant, anti-aging, anti-inflammatory, 

skin-brightening, and photoprotective properties. 

Phytoconstituents, in spite of their favourable 

safety profiles and broad biological activities, often 

suffer from limitations such as poor aqueous 

solubility, instability, rapid metabolism, and low 

bioavailability, which restrict their effectiveness in 

topical formulations 9. Nanovesicular delivery 

systems, particularly proniosomes, provide an 

effective platform to overcome these challenges by 

improving dermal penetration, enhancing stability, 

and enabling controlled delivery of plant-derived 

actives. 

 

Due to its numerous pharmacological and cosmetic 

properties, diosgenin, a naturally occurring 

steroidal sapogenin derived from plants like 

Trigonella foenum-graecum, Smilax species, and 

Dioscorea spp., has garnered a lot of attention 10. It 

displays strong. It is a potential option for 

dermatological and cosmetic applications because 

to its antioxidant, anti-inflammatory, anti-aging, 

tyrosinase-inhibitory, and skin-protective properties 
11.  

 

However, diosgenin's low skin permeability and 

poor aqueous solubility limit its clinical and topical 

value, requiring the creation of sophisticated 

delivery methods to improve its bioavailability and 

therapeutic efficacy 10. 

 

These bioactives not only provide complementary 

cosmeceutical benefits but may also enhance skin 

interaction and permeability, thereby supporting 

improved delivery of encapsulated drugs. The 

incorporation of diosgenin with proniosomes aligns 

with current trends toward plant-based, 

multifunctional, and consumer-friendly 

cosmeceutical products. In light of this, the current 

work attempts to create and assess a novel 

proniosomal diosgenin formulation as a cutting-

edge topical cosmeceutical delivery method. The 

work focuses on the formulation and optimization 

of diosgenin-loaded proniosomes, evaluation of 

physicochemical characteristics, stability, and 

dermal delivery performance. By integrating 

vesicular nanotechnology with natural 

phytoconstituents, this approach seeks to enhance 

skin penetration, improve drug retention, and 

provide sustained therapeutic and cosmetic 

benefits. The study thus contributes to emerging 

trends in topical drug delivery by bridging 

traditional herbal actives with modern proniosomal 

technology for improved skin therapy. 

 

2. MATERIALS AND METHODS: 
Materials: 

Span 60 and cholesterol were purchased from Loba 

Chemie Pvt. Ltd., Mumbai, India. Absolute ethanol 

and methanol were procured from Fine Chemical 

Co. Ltd. Diosgenin was kindly provided as a gift 

sample by Plants Genic Pvt. Ltd., Mumbai, India. 

All chemicals and reagents employed in this study 

were of analytical grade and were used without 

further purification. 

 

Methods: 

Formulation of Diosgenin-Loaded Proniosomes: 

Coacervation Phase Separation Method- 
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Diosgenin-loaded proniosomes were formulated by 

the coacervation phase separation technique. 

Precisely weighed amounts of Span 60, cholesterol, 

and diosgenin were placed in a clean, dry wide-

mouth glass vial. A predetermined volume of 

ethanol was added to serve as the solvent phase, 

and the vial was tightly closed to avoid solvent loss 
12.  

 

The mixture was heated on a water bath maintained 

at 65 ± 2 °C for approximately 10 minutes to 

ensure complete dissolution of the surfactant, 

cholesterol, and drug, resulting in a clear solution. 

The formulation was then allowed to cool to room 

temperature, after which the aqueous phase 

(phosphate buffer saline) was gradually added, 

followed by reheating for an additional 5 minutes 

to ensure homogeneity. The formulation was then 

allowed to cool at ambient temperature, resulting in 

the formation of a proniosomal formulation. The 

prepared formulation was stored in the same 

container under dark conditions until further 

characterization. 

 

Composition of Proniosomal Formulations: 

Multiple proniosomal formulations (F1–F7) were 

developed by varying the concentrations of Span 

60 and cholesterol while maintaining a constant 

diosgenin content. Ethanol and phosphate buffer 

saline served as the solvent and aqueous phases, 

respectively, to facilitate vesicle formation and 

stabilization. 

 
Table 1. Composition of diosgenin-loaded proniosomal formulations. 

Sr.no Formulation code Span60 (mg) Cholesterol (mg) Drug 

(mg) 

Ethanol (ml) Phosphate 

buffer saline (ml) 

1 F1 150 50 50 2 3 

2 F2 180 90 50 2 3 

3 F3 210 70 50 2 3 

4 F4 225 80 50 2 3 

5 F5 280 60 50 2 3 

6 F6 210 100 50 2 3 

7 F7 300 50 50 2 3 

 

Characterization of Proniosomes: 

Physical Evaluation- 

The prepared proniosomal formulations were 

subjected to visual inspection to assess their colour, 

consistency, homogeneity, and the presence of any 

phase separation, in order to confirm formulation 

uniformity and physical stability 13. 

 

The entrapment efficiency of diosgenin in the 

proniosomal formulations was evaluated by the 

centrifugation technique. A precisely weighed 

quantity of proniosomes (0.1 g) was dispersed in 10 

mL of phosphate buffer saline (PBS, pH 7.4) in a 

glass tube and sonicated for 5 minutes to achieve 

complete dispersion and formation of niosomal 

vesicles. The resulting dispersion was subsequently 

centrifuged at 9000 rpm for 45 minutes to separate 

the vesicular fraction from the free, unentrapped 

drug.  

 

The supernatant containing the free (unentrapped) 

diosgenin was carefully collected and quantified 

using a UV–visible spectrophotometer at 272 nm, 

employing phosphate buffer saline (pH 7.4) as the 

blank. The percentage entrapment efficiency was 

calculated using the following equation:  

Entrapment efficacy = (Total drug – Unentrapped 

drug/Total drug) × 100 

 

Drug Content Determination: 

Drug content was determined by dissolving an 

accurately measured volume of proniosomal 

formulation in a methanol–PBS mixture (pH 7.4) 

followed by sonication to ensure complete drug 

extraction 14. The solution was filtered, when 

required, and the absorbance was measured at 272 

nm using a UV–visible spectrophotometer. The 

drug content was determined with reference to a 

previously constructed calibration curve and 

expressed as the percentage drug content. 

 

FTIR Compatibility Studies: 

FTIR spectroscopy was carried out to evaluate 

possible interactions between diosgenin and 

formulation excipients. Fourier transform infrared 

(FTIR) spectra of pure diosgenin, Span 60, 

cholesterol, and their physical mixture were 

obtained using an FTIR spectrophotometer over a 

scanning range of 4000–400 cm⁻¹. The samples 

were prepared by the potassium bromide (KBr) 

pellet method. The resulting spectra were examined 

for the characteristic functional group vibrations of 

diosgenin. The spectra was compared with those of 

the physical mixture to identify  peak shifts, 

disappearance, or rise of new bands, which could 

indicate potential chemical interactions. 

 

Particle Size, Polydispersity Index, and Zeta 

Potential: 

An aliquot of proniosomal formulation was diluted 

with deionized water and sonicated until a clear 

dispersion was obtained 15. The dispersion was 

passed through a 0.22 µm membrane filter and 

subsequently analyzed by dynamic light scattering 

(DLS) to determine the mean particle size, 

polydispersity index (PDI), and zeta potential. 
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X-Ray Diffraction (XRD) Analysis: 

X-ray diffraction (XRD) analysis was performed to 

evaluate the crystalline or amorphous 

characteristics of pure diosgenin and the optimized 

proniosomal formulation (F6). Diffraction patterns 

were obtained using a powder X-ray diffractometer 

equipped with Cu Kα radiation (λ = 1.540 Å) over 

a 2θ range of 5°–60°. The diffractograms were 

compared on the basis of peak intensity as a 

function of diffraction angle.  

 

Differential Scanning Calorimetry (DSC): 

Differential scanning calorimetry (DSC) was 

employed to evaluate the thermal characteristics of 

pure diosgenin, the physical mixture, and the 

optimized diosgenin-loaded proniosomal 

formulation (F6). Approximately 5 mg of each 

sample was accurately weighed, sealed in 

aluminum pans. The samples were scanned over a 

temperature range of 30–350 °C at a heating rate of 

10 °C/min under a nitrogen atmosphere. An empty 

aluminium pan served as the reference. The 

resulting thermograms were examined to identify 

melting endothermic transitions and any alterations 

in thermal behavior. 

 

Scanning Electron Microscopy (SEM): 

The surface morphology and structural features of 

the proniosomal formulations were analyzed using 

scanning electron microscopy (SEM). The images 

were studied to determine vesicle shape, surface 

texture, and the extent of particle aggregation. 

 

In-Vitro Drug Diffusion Study: 

The in-vitro drug diffusion study was conducted 

using a Franz diffusion cell equipped with a 

dialysis membrane. A precisely weighed amount of 

the proniosomal formulation was placed in the 

donor compartment. The receptor compartment was 

filled with 20 mL of phosphate buffer saline (PBS, 

pH 7.4). The diffusion system was maintained at 37 

± 1 °C with the aid of a circulating water jacket. 

Continuous stirring at 100 rpm was provided using 

a Teflon-coated magnetic stirrer 16.  

 

Samples (1 mL) were withdrawn from the receptor 

compartment at predetermined time intervals over 

24 hours and analyzed spectrophotometrically at 

272 nm. Each withdrawn sample was replaced with 

an equal volume of fresh PBS to maintain sink 

conditions. Based on entrapment efficiency and 

drug content, formulation F6 was selected as the 

optimized formulation and compared with pure 

diosgenin under identical conditions. The 

cumulative percentage drug diffusion was plotted 

against time, and the release data were fitted to 

various kinetic models to elucidate the mechanism 

of drug release. 

 

Ex -Vivo Skin Permeation Study: 

Ex-vivo permeation studies were carried out using 

freshly excised goat skin mounted on a Franz 

diffusion cell. The skin was thoroughly rinsed with 

cold Ringer’s solution and carefully placed 

between the donor and receptor compartments, 

with the epidermal surface oriented toward the 

donor chamber. The proniosomal formulation was 

uniformly applied to the skin surface, and the 

exposed area was covered with paraffin paper to 

minimize dehydration. 

 

The receptor compartment was filled with 

phosphate buffer saline (PBS, pH 7.4) and 

maintained at 37 ± 1 °C with continuous stirring at 

100 rpm. Aliquots were withdrawn at 

predetermined time intervals over a 24-hour period 

and analyzed spectrophotometrically at 272 nm. 

Each withdrawn sample was replaced with fresh 

PBS to maintain sink conditions. Optimized 

formulation F6 was evaluated and compared with 

pure diosgenin. The cumulative percentage of drug 

permeated was plotted against time to assess 

permeation behaviour and mechanism. 

 

3. RESULTS AND DISCUSSION: 
Formulation of Diosgenin-Loaded Proniosomes 

Proniosomes of diosgenin were successfully 

prepared using the coacervation phase separation 

method. The method is based on the formation of a 

concentrated surfactant–alcohol system that 

transforms into a proniosomal formulation upon 

controlled hydration 17. This method was selected 

due to its simplicity, reproducibility, and suitability 

for producing stable vesicular systems with high 

drug-loading potential 18.  

 

To investigate the influence of surfactant 

concentration on proniosomes formation, 

formulations were prepared using varying amounts 

of span 60 (150–300 mg), while the cholesterol 

concentration was kept constant at 50 mg in all 

batches. Cholesterol was included to enhance 

membrane rigidity and stability of the vesicular 

system. The prepared formulations were visually 

examined for gel formation, consistency, and 

appearance. 

 

Among the various formulations evaluated, it was 

observed that lower concentrations of Span 60 (F1–

F5) resulted in semi-solid or less uniform gels. This 

indicates insufficient surfactant concentration to 

form a well-organized vesicular structure. In 

contrast, formulation F6, containing 280 mg of 

Span 60, produced a smooth, homogeneous 

proniosomal formulation with a desirable creamy 

appearance. This suggests that an optimal 

surfactant-to-cholesterol ratio is critical for 

effective proniosome formation 19. At this 
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concentration, span 60 likely provided adequate 

bilayer formation and improved encapsulation of 

diosgenin. 

 

Formulation F7, prepared with a higher span 60 

concentration (300 mg), showed a comparatively 

inferior gel appearance, probably due to excessive 

surfactant leading to aggregation or reduced 

structural integrity of the gel system. These 

observations indicate that increasing surfactant 

concentration beyond an optimal level does not 

necessarily improve proniosomal characteristics 

and may adversely affect gel quality. 

 

Overall, the results demonstrate that the 

concentration of Span 60 plays a significant role in 

proniosomes formation and stability 20 Based on 

visual appearance and gel-forming ability, 

formulation F6 was identified as the optimized 

proniosomal formulation and was selected for 

further physicochemical characterization and 

performance evaluation 21. 

 

Characterization of Proniosomal Formulation: 

Physical Evaluation- 

All formulations (F1–F7) were visually examined 

and found to be homogeneous with no phase 

separation. Formulation F6 exhibited excellent 

consistency and appearance, indicating optimal 

surfactant–cholesterol balance and physical 

stability. 

 

Characterization of prepared proniosomal 

formulation: 

Physical Assessment: 

Visual evaluation of all prepared diosgenin 

proniosomal formulations (F1–F7) was carried out 

to assess colour, consistency, homogeneity, and 

phase separation. The formulations exhibited 

colours ranging from brownish semisolid to 

yellowish white and light yellowish gels, with 

consistency varying from average to excellent. All 

batches demonstrated good to excellent consistency 

and were uniformly homogeneous in appearance. 

Notably, none of the formulations showed any 

signs of phase separation, indicating good physical 

stability. The prepared proniosomal formulation 

possessed acceptable and desirable physical 

characteristics, confirming the suitability of the 

formulation composition and manufacturing 

process. 

 

Entrapment Efficiency (%): 

The entrapment efficiency (% EE) of the different 

diosgenin-loaded proniosomal formulations (F1–

F7) was evaluated. The % EE ranged from 65.68% 

(F1) to 82.45% (F6), with the optimized 

formulation F6 exhibiting the highest entrapment 

efficiency. 

It was observed that formulations with smaller 

particle sizes demonstrated higher entrapment 

efficiencies, this indicates an inverse relationship 

between vesicle size and drug encapsulation. This 

can be attributed to the fact that smaller vesicles 

provide a larger surface area-to-volume ratio, 

allowing more drug to be incorporated into the 

vesicular bilayers. Among all formulations, F6, 

which had an optimal particle size of 215 nm, 

showed superior drug encapsulation, suggesting 

that this vesicle size is ideal for achieving 

maximum loading while maintaining stability. The 

high entrapment efficiency of F6 confirms the 

successful incorporation of diosgenin into the 

proniosomal vesicles, supporting its potential for 

sustained and effective delivery. 

 

FTIR Compatibility Studies: 

Fourier Transform Infrared (FTIR) spectroscopy 

was employed to investigate the compatibility 

between diosgenin and the selected excipients, 

namely span 60 and cholesterol, and to identify any 

possible chemical interactions during formulation. 

The FTIR spectrum of pure diosgenin (Fig.1) 

exhibited characteristic absorption bands 

corresponding to its functional groups. Prominent 

peaks were observed at approximately 2897 cm⁻¹, 

attributed to CH₂ stretching vibrations, 1360 cm⁻¹ 

corresponding to CH₂ scissoring, and 848 cm⁻¹ 

associated with CH₂ twisting vibrations. In 

addition, a distinct absorption band at 1024 cm⁻¹ 

was assigned to C–O stretching, confirming the 

chemical identity and purity of diosgenin. 

 

The FTIR spectrum of span 60 (Fig. 1) displayed 

its characteristic peaks, that confirms the presence 

of ester and aliphatic functional groups typical of 

non-ionic surfactants. Similarly, cholesterol 

exhibited its characteristic absorption bands, 

indicating its structural integrity. 

 

The FTIR spectrum of the physical mixture 

containing diosgenin, span 60, and cholesterol 

showed the presence of all major characteristic 

peaks corresponding to diosgenin without any 

significant shift in peak position, disappearance, or 

formation of new peaks. The CH₂ stretching, 

twisting, and scissoring vibrations observed in pure 

diosgenin were retained in the physical mixture, 

and the C–O stretching band at 1024 cm⁻¹ was also 

preserved. The retention of these characteristic 

peaks suggests that diosgenin remained chemically 

stable and intact in the presence of span 60 and 

cholesterol. 

 

The absence of prominent changes in the FTIR 

spectra of the physical mixture indicates that no 

chemical interaction occurred between diosgenin 

and the excipients during formulation. These 
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findings confirm the compatibility of diosgenin 

with span 60 and cholesterol, supporting their 

suitability for the preparation of proniosomal 

formulations. The FTIR results thus demonstrate 

that the drug–excipient combination is stable and 

appropriate for further development of diosgenin-

loaded proniosomal systems. 

 

 
Figure 1. FT-IR spectra of pure diosgenin, cholesterol, Span 

60 and optimized diosgenin-loaded proniosomal formulation. 

 

Particle Size, PDI, and Zeta Potential: 

The particle size, polydispersity index (PDI), and 

zeta potential are critical parameters for evaluating 

the quality, stability, and performance of 

proniosomal formulations. For the optimized 

diosgenin-loaded proniosomal formulation (F6), 

the mean particle size was found to be 215 nm, 

while the overall mean particle size for the batch 

was 241 nm. The nanoscale size of the vesicles is 

advantageous for transdermal delivery, as smaller 

vesicles can more easily penetrate the stratum 

corneum, minimize skin irritation, and enhance 

drug bioavailability at the target site 22. 

 

The polydispersity index (PDI) of F6 was 

determined to be 0.473, indicating a moderately 

homogeneous size distribution of vesicles. A PDI 

value below 0.5 reflects an acceptable level of 

uniformity, which is essential for predictable drug 

release and reproducible performance of the 

proniosomal system 21.  

 

The zeta potential of the optimized formulation was 

measured as −26.8 mV, suggesting that the vesicles 

possess sufficient surface charge to maintain 

colloidal stability. This negative charge generates 

electrostatic repulsion between vesicles, thereby 

preventing aggregation or fusion over time and 

ensures long-term stability of the formulation 23. 

 

The particle size, PDI, and zeta potential results 

confirm that the F6 proniosomal formulation 

exhibits nanosized, stable, and relatively uniform 

vesicles, making it suitable for efficient transdermal 

delivery of diosgenin in cosmeceutical applications 

 

X-ray Diffraction Analysis: 

The XRD patterns of the samples (Fig. 2) show 

differences in crystallinity. The first sample 

exhibits a broad hump at ~19° 2θ with some sharp 

peaks, indicating a predominantly amorphous 

structure with small crystalline domains. The 

second sample shows multiple sharp peaks with 

higher intensity, suggesting a more crystalline 

nature. 

The changes in peak intensity and pattern between 

the two samples indicate structural modification 

due to formulation or processing. Similar changes 

were observed in proniosome formulation, where 

crystallinity is partially reduced in the first sample. 

These structural changes can enhance solubility, 

stability, or controlled release, confirming 

successful formulation of the proniosomes. 

 
Figure 2. X-ray diffraction patterns of diosgenin and 

optimized diosgenin-loaded proniosomes  

 

Differential Scanning Calorimetry (DSC): 

The DSC thermogram (Fig. 3) of the physical 

mixture showed distinct endothermic peaks 

corresponding to diosgenin (280–300 °C), 
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cholesterol (145–150 °C) and span 60 (50–60 °C), 

indicating that all components retained their 

individual crystalline characteristics without any 

significant interaction. 

 

In contrary , the thermogram of diosgenin 

proniosomes exhibited complete disappearance of 

the characteristic melting peak of diosgenin along 

with marked broadening and shifting of the 

excipient peaks. The loss of diosgenin’s sharp 

endotherm confirms transformation of the drug 

from a crystalline to an amorphous or molecularly 

dispersed state within the proniosomal matrix. The 

altered thermal behaviour of cholesterol and span 

60 further suggests interruption of their crystalline 

lattices due to strong drug–excipient interactions 24. 

 

These results confirm successful encapsulation of 

diosgenin in proniosomes and formation of a stable 

vesicular system, which is expected to improve the 

solubility and dissolution properties of diosgenin. 

 

 
Figure 3. DSC thermograms of (a) physical mixture of 

diosgenin, cholesterol and Span 60, and (b) diosgenin-loaded 

proniosomes. 

 

Scanning Electron Microscopy (SEM) of 

Proniosomal Formulation: 

Fig.4, shows SEM images  of the optimized 

diosgenin-loaded proniosomal formulation (F6). 

The SEM micrographs (a–c) represent the surface 

morphology of the same sample observed at 

different magnifications. At lower magnification 

(a), the surface appears relatively uniform with a 

continuous fibrous network, indicating good 

structural integrity of the matrix. On increasing the 

magnification (b), the fibrous nature becomes more 

evident, with localized thickened regions that 

suggest partial aggregation or fusion of the 

material. At the highest magnification (c), the 

surface shows a rough and irregular texture with 

the presence of cracks and fragmented regions, 

which reveals the detailed microstructural features 

of the sample. Overall, these images confirm that 

the sample possesses a fibrous and interconnected 

surface architecture, with minor surface 

irregularities becoming prominent at higher 

magnification. 

 

 
Figure 4. SEM images of optimized diosgenin loaded 

proniosomes 

 

In-Vitro Drug Diffusion and Ex-Vivo 

Permeability: 

The in-vitro drug diffusion study of the optimized 

proniosomal formulation (F6) was performed using 

goat skin as a model membrane to simulate 

transdermal drug delivery. The cumulative drug 

release profile demonstrated a controlled and 

sustained release of diosgenin from the 

proniosomal system over a 24-hour period (Fig. 5). 

Initially, a small amount of unentrapped drug was 

released rapidly, but most of the drug, encapsulated 

within the proniosomes, exhibited a gradual and 

sustained release pattern. The cumulative drug 

release from F6 reached 35.06 % after 24 hours, 

whereas the pure diosgenin demonstrated 

significantly lower release, highlighting the 

efficiency of proniosomal encapsulation in 

modulating drug release. 

 

The sustained release observed in F6 is attributed to 

the presence of cholesterol, which enhances 

membrane rigidity, stabilizes the vesicular 

structure, and prevents premature leakage of the 

drug 25. The release kinetics of F6 were evaluated 

using different models, and the Higuchi model 

showed the highest correlation (R² = 0.9716), 

indicating that drug release occurred primarily via 

diffusion through the vesicular matrix. The 

Korsmeyer-Peppas model also supported this 

mechanism (R² = 0.9633), classifying the release as 

super case II transport, characteristic of a diffusion-

controlled system. 

 

Ex-vivo permeability studies further confirmed the 

improved skin permeation potential of the 

proniosomal formulation (Fig.6). Using goat skin 

mounted on a Franz diffusion cell, the optimized 

formulation (F6) exhibited a cumulative 

permeation of 15.30 mg/cm², a flux of 0.66 

mg/cm²/h, and a permeability coefficient of 0.033 

cm/h, all of which were markedly higher than the 

pure diosgenin (9.34 mg/cm² cumulative 

permeation, 0.40 mg/cm²/h flux, and 0.02 cm/h 

permeability). This enhanced permeation is a direct 

consequence of the nanosized vesicles facilitating 
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drug penetration through the stratum corneum 26. 

 

Overall, the in-vitro and ex-vivo studies 

demonstrate that the diosgenin-loaded proniosomal 

formulation (F6) not only provides sustained 

release but also significantly enhances skin 

permeation compared to the pure drug, validating 

its potential as an effective transdermal 

cosmeceutical delivery system. 

 

 
Figure 5. In-vitro drug release profile of diosgenin loaded 

proniosomes and pure drug. 

 

 
(a (b) 
Figure 6. Permeation of drug form optimized 

formulation(F6) (a) and pure drug (b) 

CONCLUSION: 
Diosgenin-loaded proniosomes were successfully 

formulated using the coacervation phase separation 

technique and optimized for topical delivery. FTIR 

studies confirmed the absence of chemical 

interactions between diosgenin and excipients, 

indicating good compatibility. DSC analysis 

revealed the disappearance of the characteristic 

melting peak of diosgenin in the proniosomal 

formulation, confirming its transformation from 

crystalline to amorphous state and successful 

encapsulation within the vesicular matrix. These 

findings demonstrate that proniosomal formulation 

effectively modifies the physicochemical properties 

of diosgenin, which is expected to enhance its 

solubility, stability, and skin permeation. Therefore, 

the developed proniosomal system represents a 

promising and efficient transdermal cosmeceutical 

delivery platform for diosgenin. 
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