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Transdermal Delivery of Fluconazole ß-cyclodextrin 
Complex Incorporated in Aloe vera Gel for Fungal 
Therapy: Development, Characterization and in vitro 
Evaluation
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ABSTRACT
Aim: The aim of the present investigation was to increase the dissolution rate of 
Fluconazole by solid dispersion technique and then it was incorporated into the gel for 
better diffusion profile. Fluconazole, an imidazole derivative, is used for the treatment 
of various local and systemic fungal infections. Materials and Methods: FTIR reports 
suggested the compatibility between the drug and the excipients. Among all the twelve 
solid dispersions formulations (F1-F12) prepared by two different methods, F-3 showed 
best results which were formulated by solvent evaporation method using β-cyclodextrin. 
This optimized formulation was then incorporated into Aloe vera gel and was evaluated  
for various parameters like drug content, pH, viscosity, spreadability, extrudability,  
in vitro diffusion study, in vitro release kinetics, antifungal and stability studies. Results: 
The gel formulation, GF1, exhibit high drug content (94%±1.30) and acceptable 
viscosity value of 9166.97±491cps. The pH of the gel formulation was 6.88±0.07 and 
exhibited better extrudability and spreadability. The diffusion rate and antifungal activity 
of GF1 were compared with the marketed formulation (FLUKIN). The GF1 formulation 
exhibited a faster diffusion rate i.e., 96.92% than the marketed formulation i.e. 89.24%. 
Also, the zone of inhibition by GF1 was of diameter 30mm which is again higher than 
the marketed formulation (24mm). Conclusion: Overall, it was observed that dissolution 
of Fluconazole was enhanced and the Aloe vera gel showed better diffusion profile and 
antifungal activity.
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Fluconazole, an azole antifungal agent and is 
derived from synthetic triazoles.1 It is widely 
used as first line agent against various fungal 
infection like oropharyngeal candidiasis, 
visceral leishmaniasis, dermatomycosis 
and vulvovaginal candidiasis.2 Fluconazole, 
depending on its concentration, can be 
fungistatic or fungicidal. Its mechanism 
involves inhibition of  biosynthesis of  
ergosterol causing hindrance in maintenance 
of  the integrity of  the cytoplasmic 
membrane of  the fungi.3 Various adverse 
effects such as headache, nausea, vomiting 
and abdominal pain etc are associated with 

the drug when it is administered either 
from oral or parenteral route.2 It is a white 
crystalline powder with very slight solubility 
in water (5 mg/mL at 37°C) leading to its 
lower aqueous solubility which resulted in 
its reduced systemic absorption.4

To overcome the solubility issues of  the 
active pharmaceutical ingredients, various 
approaches are used among which formulation 
of  solid dispersion is most widely used. 
In solid dispersion, drug is dispersed in 
biocompatible and inert matrix.5 Solid 
dispersions is an effective technique which 
can easily enhance the dissolution rate of  
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drugs with low aqueous solubility thereby increasing 
their oral bioavailability also.3 Solid dispersions can be 
formulated using various methods. Among them the 
most commonly used is Solvent evaporation method 
which involves dissolution of  all components (drug 
and excipients) in a common volatile solvent followed 
by evaporation of  the solvent. Another widely used 
method is Hot-melt method in which mixture of  
drug and carrier is heated to molten state and then 
immediately cooled to solid state resulting in formation 
of  solid dispersion.5 Various polymers such as polyvinyl 
pyrrolidine, polyethylene glycol, cyclodextrins, mannitol 
etc are used for the preparation of  solid dispersions. 
In the pharmaceutical field, cyclodextrin and their 
derivative is becoming polymer of  choice due to their 
potential to form complexes with a variety of  drug 
molecules.6 Cyclodextrins (CDs) are a family of  cyclic 
oligosaccharides with a hydrophilic outer surface and 
a lipophilic central cavity.7 They usually form inclusion 
complexes with various drugs having solubility 
problems and result in considerable improvement in 
pharmaceutical properties like solubility, dissolution 
rate, bioavailability and even many times palatability 
also without hindering drug’s intrinsic lipophilicity and 
pharmacological properties. Among all three variants of  
cyclodextrin (α, ß and γ-cyclodextrin), ß-cyclodextrin is 
the most useful because it can form complexes easily and 
is cost effective also when compared to other variants.8

Fluconazole is used topically to treat various skin diseases. 
In the present work solid dispersions of  Fluconazole are 
incorporated into Aloe-vera gel which aids in treatment 
of  fungal disease more rapidly. Aloe-vera, A.barbadensis, 
possesses various therapeutic properties such as anti-
inflammatory, immunostimulatory, antibacterial, anti-
viral, anti-fungal and cell growth stimulatory activity.9 
In many cultures since a very long time, it is used for 
medical purposes.10-13 Recently, Casian has investigated 
the anti-fungal properties of  Aloe vera leaves.14,15 The 
gel has the ability to stimulate cell growth and aids in 
restoration of  damaged skin. Aloe-vera’s notable feature 
is its high water content which ranges from 99.0% to 
99.5%. Due to its high water content and high water 
holding capacity, it plays important role in keeping the 
skin moistened. It is reported that Aloe-vera contain more 
than 75 nutrients and 200 active compounds including 
anthroquinones, saponins, enzymes, vitamins, lignin, 
minerals, amino acids, sugar etc. Both the part of  Aloe-
vera i.e. outer rind and inner colorless parenchyma gel 
has their own medicinal values. From the previous 
studies, it has been reported that Aloe-vera itself  also has 
some antifungal activity.16,17

In the present work, the solid dispersions of  Fluconazole 
were formulated using two different polymers by two 
different methods and were compared on various 
pharmaceutical factors. The optimized formulation of  
solid dispersion was incorporated in Aloe-vera gel which 
is used to synergize the antifungal effect of  Fluconazole 
and also aids in permeation of  drug into the skin.

MATERIALS AND METHODS
Materials used were Fluconazole (Apstech, Roorkee), 
β-Cyclodextrin (HiMedia Lab. Pvt. Ltd., Mumbai), PVP 
(Loba Chemie Pvt. Ltd., India), carbopol 940 and Aloe-vera. 
All the chemicals used were of  AR grade.

Preparation of Fluconazole solid dispersion
Preparation of Complex
Solvent evaporation method

Accurately weighed amount of  Fluconazole and the 
excipients (β-Cyclodextrin and PVP) were dissolved in 
sufficient volume of  methanol with continuous stirring. 
The solvent was then completely evaporated at 40 - 45°C 
with continuous stirring to obtain dry granules (Table 1).7

Hot-melt Method

Fluconazle along with other excipients were accurately 
weighed and then were kept at high temperature resulting 
in melting of  both drug and polymer. The molten 
mixture was then immediately cooled using ice cold 
water which leads to formation of  hard mass. The dried 

Table 1: Formulation Table for Fluconazole Solid 
Dispersion.

S.No. Composition Method Ratio 
(Drug:Carrier)

1. Drug+ß-cyclodextrin Solvent 
Evaporation 1:1

2. Drug+ß-cyclodextrin Solvent 
Evaporation 1:2

3. Drug+ß-cyclodextrin Solvent 
Evaporation 1:3

4. Drug+PVP* Solvent 
Evaporation 1:1

5. Drug+PVP* Solvent 
Evaporation 1:2

6. Drug+PVP* Solvent 
Evaporation 1:3

7. Drug+ß-cyclodextrin Hot Melt 1:1
8. Drug+ß-cyclodextrin Hot Melt 1:2
9. Drug+ß-cyclodextrin Hot Melt 1:3

10. Drug+PVP* Hot Melt 1:1
11. Drug+PVP* Hot Melt 1:2
12. Drug+PVP* Hot Melt 1:3

*PVP- Polyvinylpyrrolidine
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mass was pulverized and passed through sieve no. 100 
(Table 1). 1

Evaluation parameters of Fluconazole Solid Dispersion

Fourier-transform infra-red spectroscopy (FTIR)

FTIR of  pure drug and physical mixture of  drug and 
excipients were performed using FTIR spectrophotometer 
(IR Affinity1, Shimadzu, Japan). FTIR was performed 
with the aim to check the chemical interaction between 
drug and other excipients used in the formulation. Sample 
preparation for FTIR is done by using powdered drug 
and excipients and mixing them with dry potassium 
bromide intimately. The mixture was kept on diffused 
reflectance sampler and spectrum was recorded by 
scanning in wavelength region of  4000-400 cm−1.

Drug Content of Complex

Weighed amount of  solid dispersions equivalent to 
10mg of  Fluconazole were taken and was dissolved 
in ethanol. Further appropriate dilutions were done 
using Phosphate buffer pH 6.8. Finally, the absorbance 
of  solutions was determined at 260nm by UV-Visible 
Spectrophotometer.

Solubility studies of Solid Dispersions

Various formulations of  Fluconazole Solid dispersions 
were taken in beakers filled with required amount of  
distilled water and then kept in mechanical shaker for 
8hr. The solution was then filtered using microfilter and 
the absorbance of  the same was taken at 260nm using 
UV-Visible spectrophotometer.

In vitro Dissolution Study

Dissolution studies were performed assuring sink 
condition using USP apparatus type-I (Electrolab TDT-
O9T). The dissolution medium used for the study 
was Phosphate buffer pH 6.8 and the temperature 
was maintained at 37°C±0.5°C. The solid dispersions 
containing 50 mg of  Fluconazole drug was filled in 
capsules and then kept in basket of  the dissolution 
apparatus with the rotating speed of  50rpm. Samples 
were withdrawn at regular interval of  10 min for 60 min 
and were analyzed spectrophotometrically at 260nm 
using UV-visible spectrophotometer. Dissolution of  the 
pure drug was also performed. Each preparation was 
tested in triplicate.3

Incorporation of Solid Dispersion in Aloe-vera Gel

Preparation of Aloe-vera Gel

Extraction

The fresh leaves of  Aloe vera (Aloe barbadensis) plant were 
taken from Herbal Garden, GRD (PG) IMT, Dehradun, 
Uttarakhand. Leaves were then washed in tap water for 

15 min and then rinsed with distilled water and mild 
chlorine solution. The leaves were cut longitudinally and 
the inner gel-like pulp was removed using a spoon. It is 
then minced and homogenized in a mixer.14,18,19

Formulation of Fluconazole solid dispersion 
incorporated Aloe vera Gel

Aloe vera gel is prepared by dissolving glycerin, methyl 
paraben and propyl paraben in distilled water. Carbopol-940, 
the gelling agent, is added to the mixture and continuous 
stirring was done till it got swollen completely. 
Triethanolamine was added drop wise under continuous 
stirring till the required consistency is obtained. Finally, 
Aloe vera extract was added to it and stirred for 15 min. 
Final volume of  the formulation was made up with 
distilled water under continuous stirring for 15 min till 
a uniform gel is obtained.14 At the end, solid dispersion 
of  Fluconazole equivalent to 1gm drug is dissolved 
in ethanol and this dry solution is incorporated in the 
formulated gel (Table 2). The mixture is properly mixed 
until a homogenous gel is obtained.

Evaluation of Gel

Determination of pH

The pH of  all three formulations was measured using 
digital pH meter. An aqueous dispersion of  1gm 
Fluconazole Aloe-vera gel was made in 100 mL distilled 
water and kept for some time. The pH meter was 
calibrated with standard buffer solution of  pH 4.0, 7.4 
and 9.0. The measurement of  pH of  each formulation 
was done in triplicate and average values were calculated.10

Viscosity Estimation

The measurement of  viscosity of  the prepared gel was 
done with a Brookfield Rheometer. The gels were rotated 
at 1rpm and the corresponding dial reading was noted. 

Table 2: Formulation Table for Fluconazole  
ß-Cyclodextrin solid dispersion incorporated into 

Aloe-vera Gel.
S.No Ingredients GF1 GF2 GF3

1
Solid dispersion 

equivalent to 1g of 
Fluconazole

4.56 4.56 4.56

2 Aloe-vera Gel (g) 45 45 45
3 Carbopol 940 (g) 0.25 0.50 0.75
3 Glycerine (%w/w) 0.5 0.5 0.5

4 Methylparaben 
(%w/w) 0.01 0.01 0.01

5 Propylparaben 
(%w/w) 0.01 0.01 0.01

6 Triethanolamine 
(%w/w) 0.2 0.2 0.2

7 Water(ml) q.s q.s q.s
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The viscosity of  the gel was obtained by that reading. 
The viscosity was measured in cPs. Experiments were 
carried out in triplicates.10

Spreadability

It is an important criterion for a topical formulation as 
it describes the ability of  the formulation to spread on 
the area of  application. It indicates the extent of  area 
to which the gel quickly spreads when applied to skin 
or affected area. The therapeutic effectiveness of  the 
gel formulation also depends on its spreading value. 
Spreadability of  the gel was determined by placing 0.5g 
of  gel within a circle of  1 cm diameter pre-marked on a 
glass plate of  20x20 cm, over which a second glass was 
placed. A weight of  500g was kept on the upper glass 
plate for 5 min and the increase in the diameter due to 
gel spreading was noted.14 

Extrudability

The collapsible tube was filled with the formulation 
and was pressed firmly from the crimped end for the 
determination of  the extrudability of  the gel. While the 
cap was removed, formulation extruded to release the 
pressure applied. Weight in grams required to extrude 
a 0.5 cm ribbon of  the formulation in 10 secs was 
determined. The test was performed in triplicate and the 
average values were calculated. The extrudability was 
then calculated by using the following formula.

Extrudability = �Weight applied to extrude gel from 
tube (in gm) / Area (in cm2).

Drug content

A specific amount of  formulated gel was accurately 
weighed and dissolved in a suitable solvent. The volumetric 
flask containing gel solution was kept on mechanical 
shaker for 2 hrs so that the drug gets solubilised 
completely. The solution was filtered using Milipore 
filter (0.45μm) and the absorbance was measured 
spectrophotometrically at 260 nm after appropriate 
dilutions. Calculation of  the drug content was done using 
the slope and the intercept obtained by linear regression 
analysis of  standard calibration curve. Experiments were 
carried out in triplicates.

In vitro Diffusion study 

In the present work, modified Kiescary Chein diffusion 
cell was used for the diffusion study. Specified amount 
of  Fluconazole gel was accurately weighed and was kept 
on dialysis membrane in the donor compartment in 
such a manner that there was complete contact between 
the entire membrane surface containing formulation 
and the phosphate buffer pH 7.4 kept in the receiver 

compartment. This assembly was placed on a magnetic 
stirrer with continuous stirring at 100rpm, temperature 
maintained at 37°C for a specific time period. The 
samples were withdrawn from the receptor compartment 
at regular time interval and sink condition was also 
maintained. The absorbance of  the samples was measured 
spectrophotometrically at 260nm using UV-Visible 
Spectrophotometer.

Release kinetics of the gel formulation

To analyze the mechanism for the release and release 
rate kinetics of  the dosage form, the data obtained from 
the in vitro diffusion study was fitted in to Zero order, 
First order, Higuchi matrix and Korsmeyer- Peppas 
model. By comparing the R2 values obtained, the best fit 
model was selected.

Antifungal Study

Antifungal studies of  the prepared formulations were 
done using Agar cup method against Candida albican 
strain. Using Sabouraud dextrose agar media, a cupt 
of  10mm in diameter was made aseptically. The tested 
fungal suspension strain was then spread over the agar 
surface. The prepared formulations along with the 
marketed formulation were introduced in each cup 
using sterile syringe. Finally, the zone of  inhibition of  
each cup was observed and calculated the radius of  zone 
of  inhibition and it was compared with the marketed 
formulation (Flukin, MDC Pharmaceuticals Ltd).20

Stability Studies 

The stability studies were carried out for the optimized 
formulation. The formulation was kept in a plastic box 
and was sealed and the box was then kept at 25°C±2°C 
and 40°C±2°C at RH 60±5%RH and 75±5% RH for 3 
months. The sample was analyzed for pH, viscosity and 
in vitro diffusion study at the end of  1st, 2nd and 3rd month 
of  the study period.

RESULTS
Preparation of Solid dispersion

Fluconazole solid dispersion formulations were prepared 
using two different polymers viz, β-cyclodextrin and 
Polyvinylpyrrolidine and all the 12 formulations were 
prepared using two different methods i.e, Solvent 
evaporation and Hot melt method.

FTIR Studies

FTIR studies reveal that there is no change in the drug 
when it is mixed with the excipients. Figure 1 and 
Figure 2 showed that the drug is compatible with both 
β-cyclodextrin and Polyvinylpyrrolidine.
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Evaluation of Solid dispersion

Drug Content

It can be depicted after the drug content studies of  
all the 12 formulations that drug content varied from 
55.96 – 87.11%. Among all the formulations, F3 showed 
highest drug content i.e, 87.11%. This formulation was 
prepared using solvent evaporation method (Table 3).

Solubility study

In the present study, it was found that aqueous solubility of  
the pure drug was 25.63%, which was very low. While 
the aqueous solubility of  the Fluconazole dispersions 
was found to be in the range of  63.54% (F-10) to 

85.46% (F-3). From the data shown in Table 3, it can be 
seen that in both the methods, solid dispersion prepared 
using β-cyclodextrin showed greater aqueous solubility 
rather than solid dispersion using PVP. From the 
previous studies, it is evident that cyclodextrins increases 
apparent water solubility as they form non-covalent, 
water soluble inclusion complexes.21 The elevated drug 
aqueous solubility aids in the better bioavailability and 
hence increased therapeutic efficacy of  the dosage 
form.22 Also in the cyclodextrin inclusion complex there 
is no covalent bonds are formed or broken and when 
the complex enters the aqueous solution, dissociation 
of  the complex readily takes place and the drug molecule 
is free and equilibrium is maintained between free drug 
molecules and those bound within the cyclodextrin 
complex.7,23

In vitro Dissolution study

The dissolution studies revealed that solid dispersion 
dissolution rate was faster than the pure drug (Figure 
3). From the Figure 4, it can be seen that values for 
dissolution rate of  all the 12 solid dispersion formulations 
ranges from 82.41-98.49% in a time interval of  60 min. 
The formulation F-3 prepared by solvent evaporation 
method, showed highest dissolution rate i.e, 98.49% 
after 50 min only. Also the formulation F-9 prepared 
by hot melt method showed highest dissolution rate i.e, 
96.87% after 60 min, among the formulations F-7 to 
F-12. The increased dissolution rate may be attributed 
due to the presence of  β-cyclodextrin in the formulation 
F-3. From the previous studies it is proven that in solid 
dispersion with β-cyclodextrin, Fluconazole is present 
in amorphous form leading to faster dissolution rate.24 
Furthermore, it is also reported that β-cyclodextrin 

Figure 1: FTIR of Fluconazole drug.

Figure 2: FTIR of (a) Fluconazole and ß-cyclodextrin  
(b) Fluconazole and PVP.

Table 3: Percentage drug content and aqueous solu-
bility of fluconazole solid dispersion formulations.
Formulation % Drug Content % Aqueous Solubility

F1 56.25 68.31

F2 70.82 70.52

F3 87.11 85.46

F4 69.91 80.22

F5 55.96 69.61

F6 80.45 65.52

F7 58.53 68.26

F8 71.25 72.71

F9 82.32 75.30

F10 60.28 63.54

F11 72.53 65.05

F12 79.62 69.31

PURE DRUG 100 25.63



Aswal and Bisht.: Fluconazole ß-cyclodextrin Complex Incorporated in Aloe vera Gel for Fungal Therapy

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 [Suppl] | Jan-Mar, 2021� S71

possess surfactant like properties which results in the 
reduction of  interfacial tension between the water 
insoluble drug and the dissolution medium, leading to 
elevated dissolution rate.25,26

After evaluation of  all the 12 solid dispersion formulations 
for their drug content, aqueous solubility and in vitro 
dissolution, the optimized formulation was selected for 
the incorporation in the Aloe vera gel. It was found that 
formulation F-3, prepared using solvent evaporation 
method exhibited highest drug content, solubility and 
dissolution rate among all the 12 formulations. Hence, 
further studies were carried out using F-3 formulation.

Evaluation of Fluconazole solid dispersion Aloe vera 
Gel

The optimized Solid dispersion formulation i.e, F-3 was 
incorporated in Aloe-vera gel and three formulations 
were prepared by varying amount of  Aloe-vera in each 
formulation (GF1, GF2, GF3). Following are the results 
obtained after the evaluation of  the formulated gel 
preparations.

pH of the gel formulation

The Aloe-vera gel formulation GF1 and GF2 was  
translucent while GF3 was opaque. The pH of  all the 
formulation was found to be in the range of  6.8–7.01, 
which is an acceptable range for the topical formulations. 
(Table 4).

Viscosity, Spreadability and Extrudability 

Viscosity of  the formulated gel was found to be in 
the acceptable range, data is shown in Table 4. The 
Spreadability of  a gel is an important factor that aids 
patient compliance and in uniform application of  gel on 
the skin. Gels which can spread easily after application 
of  very small shear force are considered best for the 
formulation. In the present study, the prepared GF-1 
showed spreadability which is acceptable i.e. 6.98±0.32, 
for easy spreading of  the gel (Table 4). Extrudability 
relates to the extent to which a semisolid formulation 
is extruded out from the tube. The viscosity and 
consistency of  the semisolid preparation affects the 
extrudability of  the formulation. There is inverse relation 
found between the extrudability and the viscosity i.e, 
the lesser the viscosity, the more will be the extrudability. 
Extrudability of  all the three formulations was found to 
be 15.52±0.09, 12.75±0.10 and 9.95±0.45 (Table 4).19,27

Drug Content

From the study it was observed that formulation GF1 
showed highest drug content i.e, 94%±1.30 followed by 
GF2 with a value of  91.5%±1.65 while 80.88%±1.93 
drug content was found in formulation GF3 (Table 4).

In vitro Diffusion study

From the Figure 5, it can be seen that the drug release 
from the gel formulation showed inverse relationship 

Figure 3: Comparative dissolution profile of Fluconazole pure 
drug, F3 and F9.

Table 4: Evaluation Parameters of Fluconazole Solid Dispersion Incorporated Aloe vera Gel Formulations.

Formulation Physical 
Appearance

Drug content
(%) pH Viscosity

(Cps)
Spreadability

(cm/sec)
Extrudability

(gm/cm2 )
GF1 Translucent 94%±1.30 6.88±0.07 9166±491 6.98±0.32 15.52±0.09

GF2 Translucent 91.5%±1.65 6.93±0.13 25428±576 8.01±0.67 12.75±0.10

GF3 Opaque 80.88±1.93 7.01±0.06 35581±894 12.76±0.24 9.95±0.45

Figure 4: Dissolution profile of Fluconazole solid dispersions 
formulated by (A) Solvent Evaporation (B) Hot melt Method; 

All the results are mean±SD (n=3).
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with the polymer concentration i.e., with the increase in 
polymer concentration (Carbopol 940) there is reduced 
drug release from the gel formulation. The crosslink 
density of  the polymer will increase with increase in 
polymer concentration resulting into high inter-linkage 
of  the polymer molecules from which the drug release 
occurs within the hydrogel network. After the time interval 
of  120 min, it was observed that GF1 formulation, 
having least amount of  polymer concentration, showed 
highest drug release (96.92%) which is even greater than 
the marketed formulation, Flukin (MDC Pharmaceuticals 
Ltd), which showed 89.24% drug release after 120 min.28 

In vitro Release Kinetics

In order to calculate the release constant and regression 
coefficients (R2), the drug release data was fitted in various 
kinetic models. It was found that GF-1 formulation was 
best fitted with Korsmeyer Peppas model and showed 
regression coefficient of  0.9969. This exhibits that the 
amount of  drug released was dependant on the matrix 
drug load. The diffusion exponent (n) value obtained 
was 0.8074, which is more than 0.5 and thus indicates 
that the drug release mechanism involved is non-fickian 
mechanism of  drug release.

Anti-fungal Study

From the Figure 6, it was observed that zone of  
inhibition made by optimized formulation GF1 (30mm), 
was greater than the marketed formulation (Flukin) (24 
mm) and placebo. It can be summarized that antifungal 
activity of  the prepared gel against the selected test 
organism (Candida albicans) is acceptable and greater than 
the marketed formulation. 

Short-term Stability Studies

A three-month short term stability study of  the 
optimized formulation was carried out at room and 
accelerated temperature i.e, 25±2°C/60±5% RH and  
40±2°C/75±5% RH respectively. The tested formulation 
was inspected visually after the period of  three months. 
No change in color was found, gel homogeneity was 
maintained and there was no recrystallization of  the 
gel occurred. pH of  the fresh gel formulation was 
6.88±0.07 and after 3 months of  storage slight decrease 
in the pH value was observed i.e, 6.05±0.12, this can 
be attributed to proximity of  drug and polymer over a 
long period. Also a slight reduction in the viscosity of  
the gel formulation was observed after the storage of  
3 months. A very minimal reduction in the drug release 
was observed over a period of  90 days in both room and 
accelerated temperature. Hence, it can be concluded that the 
optimized gel formulation, GF-1, exhibited acceptable 
stability profile at room temperature (25±2°C/60±5% 
RH) and accelerated temperature (40°C/75% RH) for a 
defined period of  three months.

DISCUSSION
In the present study solid dispersions of  Fluconazole 
was prepared to enhance its aqueous solubility. On 
comparison of  two different methods of  preparation 
of  solid dispersion i.e. Solvent evaporation and hot melt 
method, it was found that solid dispersions formulated 
by Solvent evaporation method showed enhanced 
aqueous solubility and better dissolution rate. Also solid 
dispersion formulated using β-cyclodextrin showed 
better results when compared with PVP.
All the three Fluconazole solid dispersion incorporated 
Aloe-vera gel formulations were translucent and their pH, 
drug content, extrudability and viscosity were found in 
the acceptable range. The optimized gel formulation, 
GF1, was then tested for antifungal activity and was 
compared with marketed formulation for the same. 
The tested formulation was found to exhibit better 
anti-fungal activity than the marketed formulation. 
This may be due to the presence of  Aloe-vera gel which 
also exhibits antifungal activity and so, may results in 

Figure 5: Comparative diffusion profile of Fluconazole SD 
incorporated gel formulations and marketed gel preparation.

Figure 6: Comparative antifungal study of (a) Optimized gel 
formulation (b) marketed gel formulation and (c) Placebo.
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the enhanced antifungal activity of  the prepared gel 
formulation.29-31 In vitro release kinetic data was best fits 
in korsmeyer-peppas model showing non-fickian drug 
release mechanism i.e, the release mechanism of  drug 
from formulation is both by diffusion and by swelling of  
the polymer.32 The optimized formulation remains stable 
under the accelerated conditions even after duration of  
three months.

CONCLUSION
On the basis of  above findings, it can be concluded 
that Fluconazole solid dispersions are successfully 
incorporated into the Aloe vera gel using β-cyclodextrin 
as the complexing agent. Among the two method 
used for the solid dispersion formulation, Solvent 
evaporation method was found to be the best method, 
as the formulations showed better aqueous solubility 
and enhanced dissolution rate when compared with the 
other method. Among 12 solid dispersion formulations, 
F3 showed the best results and so was incorporated 
into the Aloe vera gel formulation. The formulated gel 
showed enhanced diffusion rate and better antifungal 
activity than the marketed formulation. Thus, it can be 
concluded that our formulae could be very promising 
topical alternative for the treatment of  skin fungal 
infections. Pre-clinical and clinical studies need to be 
carried out in future.
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SUMMARY

The intent of present study was to enhance the solubility 
and diffusion of the antifungal drug, Fluconazole, so 
that it can give enhance and better local effect when 
applied topically. Different methods using different 
polymers were used to formulate solid dispersion of 
the drug. The optimized formulation, F3, was then 
incorporated in Aloe-vera gel for its transdermal 
delivery. The gel formulation, GF1, was then compared 
with the marketed preparation (FLUKIN) and it was 
observed that the test formulation showed greater and 
better results.


