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ABSTRACT 

The design and development of invasomes containing bifonazole for effective topical fungal treatment 

was investigated to improve the bioavailability and therapeutic efficacy of this antifungal agent. 

Invasomes, novel lipid-based vesicular systems, were formulated to enhance skin penetration and 

provide sustained drug release, thereby increasing the local concentration of bifonazole at the site of 

infection. The formulation was optimized using response surface methodology (RSM), where various 

factors such as phosphatidylcholine, terpenes, and ethanol were varied to evaluate their effects on 

entrapment efficiency, vesicle size, and drug release characteristics. The optimized invasomal 

formulation demonstrated high entrapment efficiency (~74.12%) and an average vesicle size of 154.45 nm, 

suitable for effective skin penetration. In vitro release studies revealed sustained drug release from the 

invasomes, with a slower release profile compared to the plain drug. The optimized formulation 

exhibited enhanced antifungal activity, suggesting that invasomes could serve as a promising carrier for 

the topical delivery of bifonazole, offering a potential solution for treating superficial fungal infections 

with improved efficacy and patient compliance. 
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1. Introduction 

Topical antifungal therapies have gained considerable 

attention in recent years due to the rising incidence of 

fungal infections and the growing resistance to systemic 

antifungal agents [1].  Fungal infections can be difficult to 

treat due to the inherent challenges in drug delivery, 

including poor skin penetration, drug instability, and the 

complexity of targeting the fungal cells without damaging 

surrounding tissues [2].  

Bifonazole, an imidazole antifungal agent, has 

demonstrated broad-spectrum antifungal activity, 

particularly against dermatophytes, yeasts, and molds [3].  

However, its use is often limited by its low skin 

permeability and potential side effects from prolonged 

treatment. 

In this context, novel drug delivery systems have been 

developed to enhance the efficacy of topical antifungal 

treatments [4].  

One such system is invasomes, a promising vesicular 

drug delivery system. Invasomes are lipid-based 

nanocarriers that incorporate penetration enhancers to 

improve the transdermal delivery of drugs [5]. These 

nanocarriers can facilitate the deep penetration of 

antifungal agents like bifonazole into the stratum 

corneum, the epidermis, and even the dermis, which are 

essential for effective treatment of cutaneous fungal 

infections [6]. 

The incorporation of bifonazole into invasomes aims 

to overcome the limitations associated with conventional 

topical formulations. Invasomes not only enhance the 

solubility and stability of the drug but also improve its 

bioavailability and penetration, thereby ensuring better 

therapeutic outcomes [7].  

The design of invasomes involves optimizing the 

composition of lipids and penetration enhancers to 

achieve a balance between skin permeation and drug 

release profile, ensuring that the antifungal agent is 

delivered effectively to the site of infection [8]. 

This approach has been increasingly studied in the 

development of formulations targeting skin infections, as 

it offers several advantages over traditional delivery 

systems, including increased bioavailability, sustained 
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release, and reduced systemic side effects [9].  

The goal of this study is to design and develop 

invasomal formulations of bifonazole, evaluate their 

physicochemical properties, and assess their efficacy in 

treating topical fungal infections. 

2. Materials and Methods 

2.1. Material  

For the development of invasomes containing 

bifonazole, a bifonazole gift sample was provided by Bayer 

Zydus Pharma Pvt. Ltd, Mumbai, India, serving as the 

active antifungal agent. Phosphatidylcholine from Himedia 

was used as the primary lipid component to form the 

vesicular structure of the invasomes, ensuring stability and 

efficient drug encapsulation. To enhance skin penetration, 

limonene, also sourced from Himedia, was incorporated as 

a natural terpene penetration enhancer, improving the 

drug’s transdermal delivery. All other chemicals and 

solvents used in the study were of analytical grade, 

ensuring the purity and reliability of the formulations. 

These carefully selected materials were crucial in 

developing a stable and effective topical delivery system 

for bifonazole, aimed at improving the treatment of fungal 

skin infections. 

2.2. Methods 

A two factor two level Box Behnken design (BBD) was 

employed in optimization of Invasomes containing 

Bifonazole. The three variables (A – Phosphatidylcholine,  

B – Terpenes (limonene), C – Ethanol) were selected as 

independent variables [9]. These independent variables 

(factors) were selected at three different levels, i.e. low  

(-1), medium (0), and high (+1). The levels of factors and 

the obtained responses are shown in Table 1. The 

dependent variables (response) studied in this research 

work were Entrapment efficiency release (Y1, 

Entrapment efficiency, %) and Vesicle Size (Y2, nm). 

Seventeen runs of the experiment were evaluated for 

responses (Y1) and Y2 [9, 10, 11]. 

Table 1. Formulation variables and their levels in Box-

Behnken experimental design 

Formulation Variables 

Independent variables 
Level 

Low (-) Medium (0) High (+) 

A: Phosphatidylcholine 

(% v/v) 
0.25 0.5 0.75 

B: Terpenes (% v/v) 0.1 0.15 0.2 

C: Ethanol (ml) 5 7.5 10 

Response variables    

R1: Entrapment efficiency 

R2: Vesicle Size 

2.2.1. Formulation of Bifonazole Loaded Invasomes 

Bifonazole (10 mg) was loaded into invasomes by 

mechanical dispersion technique. Soya phosphatidylcholine 

(0.25 to 0.75% w/v) was added to ethanol and vortexed 

for 5 minutes. Drug and terpenes (0.1 to 0.2%) were 

added under constant vortexing, this mixture was 

sonicated for 5 minutes. Fine stream of phosphate buffer 

saline (up to 10% w/v) was added with syringe under 

constant vortexing. It was vortexed for additional 5 

minutes to obtain final invasomal preparation (Table 2) 

[12, 13, 14, 15, and 16]. 

Table 2. Design matrix in Box-Behnken design for invasomes preparation 

Std Run 

Factors 

Coded Values Actual Values 

Factor A Factor B FactorC 
Factor A : 

Phosphatidylcholine 

Factor B: 

Terpenes 

Factor C: 

Ethanol 

3 1 -1 1 0 125 500 1 

13 2 0 0 0 187.5 300 1 

14 3 0 0 0 187.5 300 1 

6 4 1 0 -1 250 300 0.5 

2 5 1 -1 0 250 100 1 

1 6 -1 -1 0 125 100 1 

17 7 0 0 0 187.5 300 1 

7 8 -1 0 1 125 300 1.5 

4 9 1 1 0 250 500 1 

12 10 0 1 1 187.5 500 1.5 

15 11 0 0 0 187.5 300 1 

10 12 0 1 -1 187.5 500 0.5 

16 13 0 0 0 187.5 300 1 

11 14 0 -1 1 187.5 100 1.5 

9 15 0 -1 -1 187.5 100 0.5 

8 16 1 0 1 250 300 1.5 

5 17 -1 0 -1 125 300 0.5 
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Final Equation in Terms of Coded Factors 

Entrapment efficiency = +66.61-0.4462A-1.32B-3.93C-

1.18 AB-0.5475 AC+0.3000 BC+1.52 A²-0.2493 B²+1.14 C² 

Final equation in terms of actual factors 

Entrapment efficiency = +89.74375-5.40700 

Phosphatidylcholine + 32.51000 Terpenes - 4.23930 Ethanol 

- 94.00000 Phosphatidylcholine * Terpenes  

- 0.876000 Phosphatidylcholine* Ethanol + 24.29200 

Phosphatidylcholine² - 99.70000 Terpenes² + 0.182920 

Ethanol² 

Final Equation in Terms of Coded Factors 

Vesicle Size = +183.44 - 0.5050 A + 14.09 B + 20.94 C + 

14.01 AB - 10.55 AC - 1.81 BC - 1.11 A² + 0.5172 B² + 3.26 C² 

Final Equation in Terms of Actual Factors 

Vesicle Size = +113.42250 - 25.91600 

Phosphatidylcholine - 231.94500 Terpenes + 11.15910 

Ethanol + 1120.80000 Phosphatidylcholine * Terpenes -

16.87200 Phosphatidylcholine * Ethanol - 17.68400 

Phosphatidylcholine² + 206.90000 Terpenes² + 0.521960 

Ethanol² 

2.2.2. Evaluation of prepared invasomes 

2.2.2.1. Entrapment efficiency 

Entrapment efficiency of bifonazole invasomes 

formulation was determined using centrifugation method 

[17, 18]. The entrapment efficiency of bifonazole in 

invasomes vesicle was determined by ultracentrifugation, 

10 mL of invasomes formulation were collected in test 

tube. The amount of drug not entrapped in the invasomes 

was determined by centrifuging at 3,000 rpm and 

collecting the supernatant, the supernatant layer was 

separated, diluted with water suitably and drug 

concentration was determined at 260 nm using UV 

spectrophotometer. 

2.2.2.2. Vesicle Size 

The vesicle size and size distribution were determined 

using Dynamic Light Scattering (DLS) with a Malvern 

Zetasizer Nano ZS (Malvern Instruments Ltd., 

Worcestershire, UK). [19].  

2.2.2.3. Morphology and Vesicular Shape 

The morphology and shape of the invasome formulation 

15 was analyzed using a transmission electron microscope 

(TEM) at an accelerating voltage of 100 kV. The samples 

were prepared by using negative staining with a 1% 

aqueous solution of phosphotungstic acid. A small amount 

of the invasomal formulation was placed on a carbon-

coated grid and dried; the excess staining solution was 

carefully removed using whatman filter disks.  Once the 

drying was done, the sample was examined under the 

microscope to determine its vesicular structure and 

morphology [20, 21].  

2.2.3. Experimental data with predicted response  

On the basis of experimental data with predicted 

response the formulation F15 was selected as optimized 

formulation for further evaluation. 

2.2.4. In vitro skin permeation study 

The in vitro skin permeation of invasomes system was 

studied using locally fabricated Franz’s diffusion cell 

having an effective permeation area and receiver cell 

volume of 2 cm2 and 15 ml, respectively. The receptor 

cell contained 15 ml of phosphate buffer saline pH 7.4, 

which was constantly stirred with a magnetic stirrer at 

100 rpm. Experiments were carried out for 24 h at 

32 °C ± 1 °C. Samples were withdrawn through the 

receiver cell sampling port at 0.5, 1.0, 2.0, 4.0, 8.0, 

12.0, and 24.0 h and analyzed for drug content by UV 

spectrophotometer at 260 nm. The receptor cell after 

each withdrawal was replenished with an equal volume of 

fresh vehicle [22, 23, and 24]. 

3. Results 

The entrapment efficiency and vesicle size were 

predicted and optimized based on a combination of 

factors, including phosphatidylcholine (A), terpenes (B), 

and ethanol (C). The coded factor equations reveal that 

increasing phosphatidylcholine (A) and ethanol (C) tends 

to improve entrapment efficiency, while increasing 

terpenes (B) generally reduces it. The actual factor 

equation supports these findings, suggesting that high 

levels of phosphatidylcholine and terpenes enhance 

entrapment efficiency, while ethanol appears to 

negatively affect it. The interaction terms in the 

equations, such as the negative interaction between 

phosphatidylcholine and ethanol, indicate complex 

relationships between the formulation components that 

impact the final properties of the vesicular systems. 

Similarly, for vesicle size, increasing concentrations of 

phosphatidylcholine and terpenes lead to larger vesicle 

sizes, while ethanol appears to reduce the vesicle size. 

The positive interaction between phosphatidylcholine and 

terpenes also indicates that this combination is important 

in controlling vesicle size. The optimization of these 

parameters is crucial for developing formulations with 

high entrapment efficiency and controlled vesicle size, 

which are key factors in improving drug delivery 

performance. The transmission electron microscopy (TEM) 

analysis of formulation 15 revealed well-defined, 

spherical vesicles with a smooth surface morphology. The 

vesicle size observed through TEM was consistent with the 

size determined by dynamic light scattering (DLS), 

confirming the uniformity of the formulation. This 

correlation between the vesicle size and morphology 

supports the reliability of the DLS results and the 

successful optimization of formulation 15. 

The experimental data in Table 3 for formulations F1 

to F17 show variability in entrapment efficiency and 

vesicle size, which highlights the impact of different 

formulation factors. Formulation F15 stands out with an 

entrapment efficiency of 74.12% and a vesicle size of 

154.45 nm, which was predicted accurately by the model, 

as seen in Table 4 (predicted vs. actual values). The close 

alignment between predicted and actual values, along 

with the random distribution of residuals in the graphical 

analysis (Figures 1a and 2a), indicates that the models for 

both entrapment efficiency and vesicle size are reliable 

and robust. The residuals vs. predicted and predicted vs. 

actual plots confirm that the model predictions were not 

biased and align well with experimental outcomes, 

further validating the optimization process. 
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Table 3. Results of entrapment efficiency and vesicle size of prepared formulations 

Formulation Code Entrapment Efficiency (%) Vesicle size (nm) 

F1 68.85 180.32 

F2 62.95 220.36 

F3 67.74 185.65 

F4 65.98 215.65 

F5 65.55 210.36 

F6 63.32 195.65 

F7 67.74 183.32 

F8 68.12 185.45 

F9 65.55 197.74 

F10 67.85 183.36 

F11 65.58 184.45 

F12 67.12 183.32 

F13 64.85 180.45 

F14 69.98 152.23 

F15 74.12 154.45 

F16 73.65 176.63 

F17 72.65 150.45 

 

 

(a)                       
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 (c)                                                                 

 (d)

Fig 1. (a) Graph for entrapment efficiency Residuals vs. Predicted   (b) Graph for entrapment efficiency Predicted vs. 

Actual (c) Contour graph for entrapment efficiency between Phosphatidylcholine vs. Terpenes (d) 3D surface graph for 

entrapment efficiency between Phosphatidylcholine vs. Terpene. 
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           (a)                                                                                         

 

 (b) 

 

(c)

 

   (d)

Fig. 2. (a) Graph for vesicle size Residuals vs. Predicted, (b) Graph for vesicle size Predicted vs. Actual (c) Contour graph for 

vesicle size Phosphatidylcholine vs. Terpenes (d) 3D surface graph for vesicle size Phosphotidylcholine vs. Terpenes. 

 

 

Fig. 3. Average particle size distribution of Formulation F15 obtained by DLS 
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Fig. 4. Transmission electron microscope image of Formulation F15 

 

Table 4. Experimental data with predicted response 

Run 

Order 

Formulation Code Parameters Actual Value Predicted Value 

 

15 

 

F15 

 

Vesicle size 154.45 154.61 

Entrapment Efficiency (%) 74.12 73.10 

Zeta potential -39.48 

 

In terms of the in vitro skin permeation study, the 

results presented in Table 5 show that the invasomal 

formulation (F15) exhibits enhanced drug release 

compared to the plain drug. For instance, the plain drug 

release increased from 24.45% at 0.5 hours to 86.65% at 24 

hours, while the invasomal formulation showed a more 

sustained release, with 14.65% at 0.5 hours and 62.23% at 

12 hours. This suggests that the invasomes formulation is 

capable of controlling the release of the drug over an 

extended period, which could potentially improve 

therapeutic efficacy by maintaining steady drug levels in 

the target area, thus reducing the frequency of dosing and 

minimizing side effects. 

Further analysis of the drug release kinetics in Table 6 

provides insight into the release profile of formulation 

F15. The release data, when plotted against the square 

root of time (Fig. 7) and log time (Fig. 8), suggests that 

the release follows a zero-order kinetic model. This is 

typical of sustained-release systems, where the drug is 

released at a constant rate over time. The log cumulative 

percentage drug release increases steadily with time, and 

the log cumulative percent drug remaining decreases, 

indicating that the formulation is designed to provide 

sustained drug release. This is a promising feature for drug 

delivery systems, as it suggests that the invasomal 

formulation is effective in controlling drug release, 

potentially leading to improved patient compliance and 

more consistent therapeutic outcomes. 

Table 5. Cumulative % drug release of from plain drug and invasomes formulation F15  

Dissolution medium 

  

Time (h) 

  

% Cumulative Drug Release 

Plain drug Chitosan microspheres 

 

 

 

 

Phosphate buffer saline pH 7.4 

0.5 24.45 14.65 

1.0 36.65 26.65 

2.0 47.78 34.45 

4.0 55.65 41.12 

8.0 - 49.98 

12.0 - 62.23 

24.0 - 86.65 
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Table 6. In vitro drug release data for optimized formulation F15 

Time 

(H) 

Square Root 

of Time 
Log Time 

Cumulative* 

Percentage 

Drug 

Release 

Log Cumulative 

Percentage Drug 

Release 

Cumulative 

Percent Drug 

Remaining 

Log cumulative 

Percent Drug 

Remaining 

0.5 0.707 -0.301 14.65 1.166 85.35 1.931 

1 1.000 0.000 26.65 1.426 73.35 1.865 

2 1.414 0.301 34.45 1.537 65.55 1.817 

4 2.000 0.602 41.12 1.614 58.88 1.770 

8 2.828 0.903 49.98 1.699 50.02 1.699 

12 3.464 1.079 62.23 1.794 37.77 1.577 

24 4.899 1.380 86.65 1.938 13.35 1.125 

* Average of three determinations  

 

Fig. 5. Zero order release Kinetics (Cumulative % Drug Release vs Time (Hrs.) 

 

Fig. 6. First order release Kinetics (Log Cumulative % Drug remaining vs Time (Hrs.) 
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Fig 7. Higuchi release Kinetics (Cumulative % Drug release vs Root Time) 

 

Fig 8. Korsmeyers Peppas release Kinetics (Log Cumulative % Drug release vs Log Time) 

Table 7. Regression analysis data of optimized invasomal gel formulation 

F. Code 
Zero Order First Order Higuchi’s Model Korsmeyers Peppas Equation 

R² R² R² R² 

F15 0.9343 0.9844 0.9836 0.9441 

 

4. Conclusions 

In conclusion, the study demonstrates that invasomal 

formulations offer significant advantages in terms of 

entrapment efficiency, vesicle size, and drug release 

kinetics. By optimizing the formulation parameters using 

response surface methodology, it was possible to achieve 

formulations with desirable characteristics. The results of 

the in vitro skin permeation study suggest that the 

invasomal system can provide sustained drug release, 

which is beneficial for improving therapeutic efficacy and 

minimizing side effects. The drug release kinetics analysis 

further supports the potential of these formulations as 

controlled-release systems. These findings highlight the 

promise of invasomes in drug delivery applications, 

especially for treatments requiring sustained or localized 

delivery. Further investigations into the in vivo 

performance and long-term stability of these formulations 

will be valuable for confirming their clinical potential. 
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