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ABSTRACT 
Objective of this work is to formulate and evaluate microemulsion based hydrogel of Econazole 
nitrate to give prolonged action. Microemulsion of Econazole nitrate prepared using oleic acid as 
oil phase, tween 80 as surfactant and polyethylene glycol 400(PEG 400) as cosurfactant. 
Optimized microemulsion was evaluated for various tests like size distribution, zeta potential, 
dilution test, pH, viscosity, % Transperancy, drug content, in-vitro drug release study. Optimized 
microemulsion was mixed with 1% carbopol gel in the ratio of 1:1. This Microemulsion based 
hydrogel was evaluated for various tests like pH, spreadability measurement, extrudability 
measurement, yield stress ,in-vitro diffusion study, Ex vivo permeation study, release kinetic 
modellng and antifungal activity study. For preparation of microemulsion, oleic acid, tween 80 
and polyethylene glycol 400 are selected based upon solubility of drug. Concentration of oleic 
acid, surfactant and cosurfactant was selected based upon pseudo ternary phase diagram and 
%transmittance. Optimized microemulsion and 1% carbopol gel ratio selected based upon 
viscosity and gel consistency. This microemulsion based hydrogel showed good antifungal 
activity. The studies indicate that the formulation gives prolong drug release and good antifungal 
activity. 
KEYWORDS: Econazole nitrate, microemulsion based hydrogel, pseudo ternary phase 
diagram. 
 
INTRODUCTION 

FUNGAL INFECTION1 

Fungal infections are usually more difficult to treat than bacterial infections, because fungal 

organisms grow slowly and because fungal infections often occur in tissues that are poorly 

penetrated   by  antimicrobial agents (e.g., devitalized  or   avascular   tissues). Therapy of fungal 

infections usually requires prolonged treatment. Potentially life-threatening infections caused by 

dimorphic fungi are becoming more common because increasing numbers of 

immunocompromised patients are seen in clinical practice; AIDS, organ and bone marrow 

transplantation, and illnesses associated with neutropenia all predispose individuals to invasive 

fungal infection. Superficial fungal infections involve cutaneous surfaces, such as the skin, nails, 
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and hair, and mucous membrane surfaces, such as the oropharynx and vagina. A growing 

number of topical and systemic agents are available for the treatment of these infections. 

Deepseated or disseminated fungal infections caused by dimorphic fungi, the yeasts 

Cryptococcus neoformans, and various Candida spp. respond to a limited number of systemic 

agents: amphotericin B desoxycholate (a polyene), amphotericin B liposomal preparations, 

flucytosine (a pyrimidine antimetabolite), the newer azoles, including ketoconazole, fluconazole, 

itraconazole and voriconazole, and capsofungin (an echinocandin). 

INTRODUCTION TO TOPICAL DELIVERY2 

Topical preparations pertain to medicaments applied to the surface of a part of the body and is a 

term used to describe formulations that have effects only in a specific area of the body and are 

formulated in such a manner that the systemic absorption of the medicament is minimal. The 

methods involved in conventional topical drug delivery basically involve either assisting or 

manipulating  the  barrier   function  of  the   skin   (topical  antibiotics, antibacterials, emollients, 

sunscreen agents) or breaching the horny layer at the molecular scale so as to direct drugs to the 

viable epidermal and dermal tissues without using oral, systemic or other therapies. 

MICROEMULSION2,5 

The novel carriers have been exploited through almost all the routes of administration. 

Association of drugs with carriers is normally noncovalent, based on collective strength of weak 

binding forces. Many newer carriers are evolving with the advent of technology and the demand 

of targeted delivery like microemulsions. Microemulsions are clear, stable, isotropic mixtures of 

oil, water and surfactant, frequently in combination with a cosurfactant. These systems are 

currently of interest to the pharmaceutical scientist because of their considerable potential to act 

as drug delivery vehicles by incorporating a wide range of drug molecules. They offer the 

advantage of spontaneous formation, ease of manufacturing and scale-up, thermodynamic 

stability, and improved drug solubilization and bioavailability. Preparing a pharmaceutically 

acceptable dosage form demands a clear understanding of the micro-emulsion structure, phase 

behavior, factors leading to its thermodynamic stability, factors influencing drug release from the 

formulation, requirements of ideal microemulsion excipients, and the potential uses and 

limitations of the microemulsion system. 

HYDROGEL6,7 

Hydrogel is a network of polymer chains that are water-insoluble, sometimes found as a colloidal 

gel in which water is the dispersion medium. Hydrogels are superabsorbent (they can contain 

over 99% water) natural or synthetic polymers. Hydrogels also possess a degree of flexibility 
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very similar to natural tissue, due to their significant water content. Hydrogel     Hydrogel-

forming    natural  polymers include proteins such as collagen and gelatin, and polysaccharides 

such as alginate and agarose. Synthetic  polymers  that form Hydrogels are traditionally prepared 

using  chemical polymerization  methods.There are many approaches based on genetic  

engineering and biosynthetic methods  to also create the unique Hydrogel materials. 

MICROEMULSION BASED HYDROGEL8,9 

 microemulsion-based hydrogel (MBH) formulations have generated considerable interest as a 

potential topical delivery system. The existence of microdomains of different polarity within the 

same single-phase solution enables both hydrophilic and lipophilic materials to be solubilised. 

Advantages associated with microemulsions include their thermodynamic stability, optical 

clarity, ease of preparation and high diffusion and absorption rates when compared to solvent 

without the surfactant system.  Moreover it has been reported that the ingredients of 

microemulsion may reduce the diffusion barrier of stratum corneum and enhance the permeation 

of drug . Hence, it is promising for both transdermal and dermal delivery of drugs as an efficient 

route of drug administration. However, the low viscosity of microemulsion restrains its 

application in the pharmaceutical industry. To overcome this disadvantage, various gelling 

agents are added into the microemulsion to form microemulsion-based hydrogels (MBHs), which 

include polymeric materials like gelatin, carbomer 940, xanthan gum and carrageenan . 

Nearly 40% of new drug candidates exhibit low solubility in water, which leads to poor oral 

bioavailability, high intra- and intersubject variability and lack of dose proportionality. However 

in many instances, oral administration is unsuitable when the drug undergoes significant 

degradation in the gastro intestinal tract or is metabolized to a high degree via the first pass effect 

in the liver. These disadvantages intensified the search for an alternative drug delivery in the 

form of Microemulsion based hydrogel for topical delivery. The selected drug for the study was 

which is an Econazole antifungal agent having low solubility in water. The present investigation 

was undertaken with an objective to increase the solubility of drug and also to increase the skin 

permeability which is achieved through microemulsion and Microemulsion based hydrogel was 

formulated to achieve sustained release of the drug by increasing residence time and also 

imparting viscosity to the preparation. 

MATERIAL AND METHODS 

MATERIALS: Materials used in the present investigation were obtained from the following 

sources: Econazole nitrate from FDC ltd. Mumbai, oleic acid, Tween 80 and Polyethylene glycol 
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400 , carbopol 934P from the chemdyes, Rajkot and methanol obtained from the Finar ltd. 

Ahmedabad 

METHODS: 

Preformulation study 

Drug excipients compatibility study 

The drug excipients interaction studies were carried out using Fourier Transform Infrared 

Spectrophotometer (FTIR). 

Screening of Excipients6 

To find out suitable excipient, the solubility of Econzole Nitrate was measured in various 

oils, surfactants, co-surfactants, water and phosphate buffer pH 7.4. 

Solubility Study6,7 

An excess amount of econazole nitrate was added to individually to the oils, surfactants, and co-

surfactant and mixed using magnetic stirrer. After stirring for 24 hours at 37ºC, the equilibrated 

sample was centrifuged for 10 min at 5000 rpm to remove excess amount of econazole nitrate. 

The supernatant was filtered and  make upto 10 ml phosphate buffer pH 7.4 and concentration of 

econazole nitrate was determined by UV spectrophotometry. 

PREPARATION OF MICROEMULSION 

Selection of oil, surfactant and co-surfactant7,8 

Based on the solubility data  Oleic acid, Tween 80 and PEG 400 were selected as oil, surfactant 

and co-surfactant respectively. 

Construction of Phase Diagram6,7,8 

Pseudo-ternary phase diagrams were constructed using prosim to determine the appropriate ratio 

of the surfactant to co-surfactant (s/co-s) that result in large existence area of 

microemulsification. The safe surfactant and co-surfactant were used, namely Tween 80 and 

PEG 400, which are hydrophilic in nature. The pseudoternary phase diagram of oil, surfactant, 

co-surfactant and water were constructed using water titration method to obtain the components 

and their concentration ranges that can results in large existence area of microemulsion. 

Surfactant was blended with co-surfactant in fixed weight ratios (1:1, 2:1, 3:1). Aliquots of each 

surfactant and co-surfactant mixture (Smix) were then mixed with oil at room temperature. 

(250C). For each phase diagram, the ratios of oil to Smix were varied as 9:1, 8:2, 7:3, 6:4, 5:5, 

4:6, 3:7, 2:8, and 1:9 (w/w). Water was added dropwise to each mixture under vigorous stirring 

by using magnetic stirrer. No heating was conducted during the preparation. Then each mixture 

was visually observed for transparency. Formation of monophasic / biphasic system was 
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confirmed by visual inspection. If turbidity appears followed by a phase separation, the sample 

was considered as biphasic. If monophasic, clear and transparent mixtures were considered and 

visualized after stirring. The samples were marked as points in the phase diagram. The area 

covered by these points was considered as the microemulsion region of existence. 

Preparation of Microemulsion6 

The purpose of the construction of pseudo-ternary phase diagrams was to find out the existence 

range of microemulsion.  The pseudo-ternary phase diagrams with 3:1 weight ratio of surfactant 

(Tween 80) to co-surfactant (PEG 400) showed highest area of emulsification. So, 

microemulsion formulation was further optimized with S/Co-s ratio 3:1. After the identification 

of microemulsion region in the phase diagram, the microemulsion formulations were selected at 

desired component ratios. The preparation of selected microemulsion was simply performed by 

adding the weighed components together and stirring to form a clear microemulsion.for 

econazole nitrate microemulsion, 40 ml oil is required minimum for solubility of drug.so in 3:1 

smix ratio 4:6 – 9:1 oil:smix was constructed.and different batches of microemulsion was 

prepared. 

Evaluation of microemulsion 

% Transmittance13,14 

It was observed by UV spectrophotometer at 630 nm.  

Viscosity measurement114 

The viscosity of MBH was determined by using Brookfield viscometer. For this,  ME was filled 

in a 250 ml beaker and the viscosity was measured by using Spindle number 62. 

Dilutability14 

The microemulsions formed were diluted in 1:10, ratios with double distilled water to check if 

the system shows any signs of separation. The optimized microemulsion was not showing any 

sign of phase separation. 

Drug content13 

Microemulsion equivalent to 10 mg Econazole Nitrate was taken in 10 ml methanol = 1 

mg/ml0.1 ml from above solution was further diluted with 10 ml methanol = 10 μg/ml (Test 

solution).absorbance was measured at 271nm wl. 

Absorbance of test solution (y) = 0.487 

Now, y = 0.011x-0.004 

x = (y + 0.004) / 0.011 

= (0.1029- 0.0114) / 0.0501 
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=  9.71 μg/ml 

Now, 10 μg/ml = 100 % 

9.71 μg/ml = 97.1 % 

In vitro diffusion studies 

The in vitro drug release studies were performed by using Franz diffusion cell with cellophane 

paper. The water jacketed recipient compartment had total capacity of 25 ml and it had 2 arms, 

one for sampling and another for thermometer. The donor compartment had internal diameter of 

2 cm. The donor compartment was placed in such a way that it just touches the diffusion medium  

in receptor compartment. The receptor compartment contained  PBS  that was  maintained at 

370C ± 10C. The membrane was equilibrated before application of the microemulsion equivalent 

to 10 mg of drug onto the donor side. Samples were periodically withdrawn from the receptor 

compartment, replacing with the same amount of fresh PBS solution, and assayed by a 

spectrophotometer at 271 nm.  

Droplet size analysis 

The droplet size of the microemulsion loaded with Econazole nitrate was measured by 

Malvernzeta sizer. The microemulsion (1-1.5 ml) was transferred to a disposable polystyrene 

cuvette with the help of plastic syringe or micropipette and the droplet size of the microemulsion 

was determined via a combination of laser doppler velocimetry and phase analysis light 

scattering (PALS) at an angle of 90o at 25oC. 

Zeta potential 

It must be negative or neutral, which indicate that droplets of micro emulsion having no charge 

that means the system is stable. Zeta potential was determined by Zetasizer. Zeta potential is 

essentially useful for assessing flocculation since electrical charges on particles influence the rate 

of flocculation. 

pH 

The pH of  microemulsion was determined using digital pH meter. Before measuring the pH of 

optimized formulation, the pH meter was calibrated with the phosphate buffer pH 4.0, 7.0 and 

9.0. Then about 25 ml of microemulsion was taken in a small glass beaker and the electrode of 

pH meter was dipped into it for a minute and the pH was noted. As the pH of skin is usually 5.1 

to 5.6, the pH of microemulsion for topical delivery should be within this range. 

PREPARATION OF HYDROGEL AND MICROEMULSION BASED HYDROGEL 

For the preparation of the Hydrogel,gelling agent carbopol 934 was selected and dispersed in 

water in various concentration. 
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BATCH % CARBOPOL 934P 
1 0.5 
2 0.75 
3 1 
4 1.5 
5 1.75 
6 2 

Preparation Of Microemulsion Based Hydrogel 

The hydrogel was slowly mixed with microemulsion under stirring. As the microemulsion was 

added to the hydrogel, the viscosity of system MBH was decreased. Hence, to obtain sufficient 

viscosity of MBH, the hydrogels were prepared at various concentrations  and the final 

concentration was selected on the basis of viscosity  .The polymer selected for hydrogel 

preparation was slowly mixed with microemulsion under stirring. The clear microemulsion based 

hydrogel was obtained after entire dissolution of polymer in the microemulsion. 

Evaluation of microemulsion based hydrogel 

Viscosity measurement 

The viscosity of MBH was determined by using Brookfield viscometer. For this hydrogel was 

filled in a 250 ml beaker and the viscosity was measured by using Spindle number 62  

Spreadability study14 

A weighed quantity  of  gel was taken on a glass plate (10*5 cm). Another glass plate (10 *5 cm 

and 5.8± 1 g) was dropped from a distance of 5 cm. The diameter of the circle   of spread was 

measured after 1 min  Types of gels based on spreadability are given in table 7.2.  

Table 1 Type of gel based on spreadability 

Type of gel Measurement (cm) 
Fluid gel More than 2.4 

Semi-fluid gel 1.9-2.4 
Semi stiff gel 1.9-1.6 

Stiff gel 1.6-1.4 
Very stiff gel Less than 1.4 

 

Skin Irritancy studies 

As per OECD guideline (404) A sample of the test group (Optimized batch of econazole nitrate 

MBH)  was applied to on rat  by introduction under a double gauze layer to an area of skin 

approximately 1” x 1” (2.54 x 2.54 cm) square. The sample re-applied on the skin of Rat. 

Animals were returned to their cages. After a 60 min, 24,48,72 hour exposure, the sample are 

removed. The test sites were wiped with tap water to remove any remaining sample residue and 

study was done.   
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In vitro antifungal activity using cup-plate method 

In vitro antifungal activity was carried out by cup plate (or cylinder plate) method. The cylinder 

plate method depends upon diffusion of antifungal from a vertical cylinder through a solidified 

agar layer in a petridish or plate to an extent such that growh of added micro-organism is 

prevented entirely in a zone around the cylinder containing anti fungal agent. Evaluation of in 

vitro antifungal activity of Microemulsion based hydrogel was carried out by cup plate method. 

The overnight grown culture of Candida albicans was inoculated into the sterilized agar media 

plates. After solidification, wells were cut into the media and fixed with 100 mg of the specimens 

to be tested using MBH of Econazole nitrate. The plates were incubated at room temperature and 

the widths of zone of inhibitions resulting after drug diffusion into media were measured. 

In vitro diffusion studies7,9 

The in vitro drug release studies were performed by using Franz diffusion cell  with cellophane 

paper. The water jacketed recipient compartment had total capacity of 15 ml and it had 2 arms, 

one for sampling and another for thermometer. The donor compartment had internal diameter of 

2 cm. The donor compartment was placed in such a way that it just touches the diffusion medium 

in receptor compartment. The receptor compartment contained PBS that was maintained at 370C 

± 10C. The membrane was equilibrated before application of the microemulsion equivalent to 10 

mg of drug onto the donor side. Samples were periodically withdrawn from the receptor 

compartment, replacing with the same amount of fresh PBS solution, and assayed by a 

spectrophotometer at 271 nm. 

Yield stress9 

A Brookfield viscometer is used to measure the torque necessary to rotate a spindle through a 

liquid sample at speeds of 0.5 to 100 rpm. Multiplying the torque reading by the appropriate 

constant for the spindle and speed gives the apparent viscosity. Spindle speed corresponds to 

shear rate. Yield value is an extrapolation of measured values to a shear rate of zero. Brookfield 

yield value (BYV) can be calculated by the following: 

      BYV dyn/cm2 =      2r1 (ŋ1-ŋ2) 

                                   --------------- 

                                         100 

Where, ŋ1-ŋ2  = apparent viscosities obtained at two different spindle speeds 

            r1, r2  =  two different RPM r1/r2=2 
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Table 2  Viscosity of MBH at different RPM 

RPM 
 

Viscosity 
(cps) 

RPM Viscosity 
(cps) 

10 9998.23 60 9687.09 
20 9957.98 70 9618.43 
30 9949.90 80 9530.78 
40 9879.41 90 7932.76 
50 9756.21 100 6945.34 

 

Drug release kinetics 

In order to investigate the mechanism of drug release from microemulsion based hydrogel, the 

release data was analyzed with the following mathematical models.  

Zero-order equation 

Qt=Q0+k0t 

Where, Qt is the amount of drug release in time t, Q0 is the initial amount of drug in the solution 

(most times, Q0 = 0) and k0 is the zero-order release rate. (Erythema recation scores + Edema 

reaction scores) Time interval (h) 

First-order equation 

ln Qt=ln Q0+k1t 

Where, Qt is the amount of drug released in time t, Q0 is the initial amount of drug in the solution 

and k1 is the first-order release rate constant. 

Korsemeyer and Peppas model  

Mt / Mα = K . tn 

Where, Mt / Mα is the fraction of drug release at time‘t’.  n is diffusion exponent, if n is equal to 

one the release is zero-order, if n is equal to 0.5 the release is best explained by Fickian 

diffusion, and if 0.5 < n< 1 then the release is though anomalous diffusion or case II diffusion.  

In this model, a plot of % drug released versus log time is linear.  

Higuchi s equation 

Q= kH t½ 

Where, Q is the amount of drug release at time t, and kH is the Higuchi diffusion rate  constant. 

pH 

The pH of  microemulsion based hydrogel  is  determined using digital pH meter. 

Drug content 

Microemulsion equivalent to  10 mg Econazole Nitrate was taken in 10 ml methanol 
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 = 1 mg/ml. 0.1 ml from above solution was further diluted with 10 ml methanol = 10 μg/ml 

(Test solution).absorbance was measured at 271nm wl. 

Extrudability study  

Extrudability test is based upon the determination of weight required to extrude 0.5 cm ribbon of 

MBH in 10 sec from lacquered collapsible aluminum tube. The extrudability was then calculated 

by using the following formula. 

Extrudability = weight applied to extrude gel form tube (in gm)/ area (in cm2) 

Ex vivo skin permeation study6 

Ex vivo skin permeation study was performed by using Franz diffusion cells. The excised skin 

samples (dorsal side) of rat were clamped between the donor and the receptor compartment of 

Franz diffusion cells with the Stratum corneum facing the donor compartment. Then, 1 g of 

microemulsion containing 1% (w/w) Econazole nitrate was applied on the donor compartment. 

The receptor compartment was filled with phosphate buffer saline pH 7.4 and maintained at 37o 

C with stirring at 100 rpm. At predetermined time intervals (30 min), 1 ml receptor medium was 

withdrawn and the same volume of pure medium was immediately added into the receptor 

compartment. The procedure was repeated upto 8 h. All samples were filtered through Whatman 

filter paper and analyzed by UV spectrophotometer at 271 nm.  

Stability Study of Optimized batch 6 

Stability studies were carried out on gel formulation according to ICH guidelines. A sufficient 

quantity of in situ gel in glass bottles was stored in stability chamber at 40±2oC and relative 

humidity of 75±5%, and samples were withdrawn at 0 and 30 days. The physical stability of gel 

was observed periodically the occurrence of turbidity or gelation. The drug content remaining 

and the viscosity of formulation were measured at predetermined time interval. Result are shown 

in table. 

RESULT AND DISCUSSION 

Preformulation study 
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Figure  1 FTIR data 

Table 3  FT-IR signal of Econazole nitrate 

Peak 
no. 

Peak assign with peak no. Standard 
frequency 
(cm-1 ) 

Observed 
Waveno. 
inpure 
drug(cm-1 ) 

Observed 
wave no. in 
mixture 
(cm-1) 
 
 

1 Imidazole ring C-N stretching 3100-3260 3175 3174.94 
2 C-H aromatic stretching 3000-3100 3070 3071 
3 C-H aliphatic stretching 2850-2990 2882 2885 
4 C-C bond stretching  1400-1600 1587 1584 
5 C-C bond of bending  1400-1490 1470 1455.70 
6 Stretching in C-O-C group 1000-1300 1088 1058 
7 P-disubstitued benzene ring 800-860 831 828 
8 O-disubstitued benzene ring 750-790 759 781 
 

Solubility data of Econazole nitrate in different component 
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TABLE 4 Solubility data of Econazole nitrate in different component 

 

Mean ± SD; n=3 

From the solubility study of Econazole Nitrate,As showen in table 6.1  oleic acid ,Tween 80 and 

PEG 400 has found highest solubility. The selection of oil and surfactant, and the mixing ratio of 

oil to S/Co-S, play an important role in the formation of the microemulsion. After performing 

solubility studies, oleic acid, tween 80 and PEG 400 were selected as an oil, surfactant and co-

surfactant respectively for phase behavior study. 

preparation of Microemulsion 

Figure 2 Optimization of (S/Co-s) ratio from pseudo ternary phase diagram 

 

 

Components Solubility(mg/ml) 
Oils: 

oleic acid 
 

24.91±0.23 
Benzyl alcohol 0.2±0.13 

Isopropyl myristate 0.6±1.12 
Surfactants: 

Tween 20 
 

6.24±1.32 
Tween 80 30.53±0.98 
Span 80 2.5±1.12 

Co surfactants: 
Isopropyl alcohol 

 
0.29±0.45 

Polyethylene glycol 400 2.5±0.41 
Propylene glycol 0.42±1.16 
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Tween 80 and PEG 400 in the ratio of 3:1 showed wider microemulsion existence area in 

comparison with other ratios . Hence, 3:1 Smix ratio was selected for formulation development. 

Evaluation of microemulsion 

 % transmittance(%T) 

% transparency of various formulation was measured using UV spectroscopy 

                             Table 5 %T of Microemulsion 

FORMULATION % T 

F1 98.23% 

F2 99.41% 

F3 99.87% 

F4 97.96% 

F5 97.32% 

Mean ± SD; n=3 

 viscosity 

Viscosity was determined  and result was shown in table:6 

                              Table 6 Viscosity of Microemulsion 

FORMULATION VISCOSITY(cps) 

F1 1121.13 

F2 1090.56 

F3 990.76 

F4 986.89 

F5 1020.12 
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 Dilutability 

Dilutability of microemulsion was checked and result was shown in table. 

                            Table 7 Dilutability of Microemulsion 

FORMULATION Dilutability (10 times) 

F1 Clear viscous ME 

F2 Clear viscous ME 

F3 Clear viscous ME 

F4 Clear viscous ME 

F5 Clear viscous ME 

After the dilution of microemulsion there is no phase separation was observed  

 Drug content 

Drug content of all microemulsion was done and result was shown in table. 

                             Table 8 Drug content of Microemulsion 

FORMULATION Drug content(%)Mean ± SD; n=3 

F1 97.1±0.19 

F2 90.8±0.67 

F3 98.18±1.12 

F4 93.30±0.97 

F5 94.28±1.17 

 Formulation F3 having more drug content as comapare to other formulation. 

 in vitro drug release study 

In vitro drug release study was done and result was shown in table. 

Table 9 in vitro drug release study of Microemulsion 

Time (hr) F1 F2 F3 F4 F5 
1 3.782194 3.813196 6.252782 5.689984 5.701908 
2 6.554372 7.6531 8.934658 6.830207 6.958188 
3 15.24261 10.04372 10.33911 9.642925 11.81479 
4 19.22019 11.24769 17.23355 18.23863 17.07281 
5 28.29762 23.62973 32.97456 39.63657 26.82067 
6 49.00986 40.19905 58.43879 55.35676 36.26264 
7 68.21176 55.57901 80.33704 62.10715 41.85087 
8 85.05437 76.60604 89.29412 71.15803 65.87313 

12 97.14181 94.51542 98.55167 81.49348 83.64102 
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Figure 3 In vitro drug release 

 Droplet size measurement6 

Average Droplet size of optimized microemulsion (F3) was found to be 18.98 nm; 

such globules were considered to be suitable for topical administration. The results 

are shown in Figure 4. 

 

Figure 4 Droplet size of optimized microemulsion 
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 Zeta potential measurement 

Zeta potential of F3 was found to be -7.46 mv. The negative zeta potential indicates 

that droplets of microemulsion having no charge i.e. the system is stable.  

 

Figure 5 zetapotential of optimized Microemulsion 

 pH 

pH of different microemulsion was checked and it was shown in table. 

                             Table 10   pH of Microemulsion 

FORMULATION pH 

F1 6.31±0.18 

F2 6.25±0.31 

F3 6.42±0.14 

F4 6.29±0.41 

F5 6.25±0.59 

                           Mean ± SD; n=3 

pH of all formulation was found near to skin pH. 

 Evaluation of microemulsion based hydrogel 

 Spreadability 

Spreadability of  optimized microemulsion based hydrogel was found to be 2.1 cm, which shows 

semi fluid type of gel according to the table . 
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 Skin irritation study 

Table 11 Skin irritation data  

Rat no. 

 

Erythema Edema 

60 

Min 

24 

Hr 

48 

hr 

72 

Hr 

60 

min 

24 

hr 

48 

Hr 

72 

hr 

1 - - - - - - - - 

2 - - - - - - - - 

3 - - - - - - - - 

Erythema means Redness of skin, Edema Means inflammation observed on the skin 

From data shown in Table, No irritation was observed on the skin of rat at 60 min 24, 48,72 hr. 

 Anti fungal activity study 

 

Figure 6 Zone of inhibition 

(A) and (B) microemulsion based hydrogel 

                                   (C) Microemulsion without drug 

                                   (D) microemulsion with drug 

               Table 12 Zone of inhibition  

 Zone of inhibition 

A 27.9 mm 

B 28.1 mm 

C 0 mm 

D 21.6 mm 
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 in-vitro diffusion study 

From in-vitro diffusion study %cumulative drug release (%CDR) was found to be 96.93% 

Table 13   in-vitro diffusion data 

Sr no. Time %CDR 

1 1 5.3155±1.12 

2 2 10.9297±0.15 

3 3 21.4003±1.10 

4 4 30.0276±0.76 

5 5 44.3567±1.13 

6 6 50.6540±0.81 

7 7 61.6286±0.56 

8 8 69.7224±1.16 

9 12 96.9338±1.12 

                                            Mean ± SD; n=3 

 

 

                                   Figure 7 iv-vitro diffusion study 

 Yield stress  

Yield stress or yield value of microemulsion based hydrogel was found to be 278.9 d/cm2 
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 Drug release kinetic  

     Table 14 Drug release constant and regression coefficient  

Drug release constant and regression coefficients of different models 

Zero order model 

K
0
 8.612 

R
2

 0.990 

First order 

K
1
 0.067 

R
2

 0.951 

Higuchi model 

K
H
 29.64 

R
2

 0.889 

Korsmeyer - Peppas model 

N 1.233 

R
2

 0.990 

From the drug release constant and regression coefficient MBH follows zero order kinetic. 

Which having r2 value 0.990. 

 pH 

pH of ME based hydrogel was found to be 6.4±1.12 which is near to skin pH. 

 Drug content6,7 

Drug content of final microemulsion based hydrogel was found to be 91.10±1.12 %. 

 Extrdability study7 

Extrudability of final microemulsion based hydrogel was found to be 10 g/cm2 

 Ex vivo skin permeation study 

Table 15  Ex vivo skin permeation study 

Sr no. 
 

Time 
(hr) 

Flux 
(µg/cm2/hr) 

%permeation 

1 1 Qn (µg/cm2)      6.782194±0.89 
2 2 600.1942 8.215898±1.12 
3 3 727.0706 16.49285±0.91 
4 4 1459.544 20.70207±1.10 
5 5 1832.041 37.23657±0.65 
6 6 3295.271 67.22734±1.21 
7 7 5949.323 75.35135±1.13 
8 8 6668.261 83.68839±1.21 
9 12 7406.053 91.54213±1.17 
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Mean ± SD; n=3 

 

Figure 8 % Drug permeation profile 

%  skin permeation of the MBH was found to be 91.54 % at 12 hr time anf flux was found 

tobe817.0 frm the slop of graph. 

 Stability study 

Table 16  Stability data Microemulsion based hydroge 

Parameter Before stability study After stability study 

pH 6.41±0.25 6.39±0.41 

Colour White White 

% Drug content 91.10±1.24 89.30±1.17 
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