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Introduction
The topical route of drug delivery has been utilized to produce local 

effect for treating skin diseases and produce systemic drug effects.1 
Hydrogels are prepared both in cosmetics and in pharmaceutical 
preparations.2 Gels often provide better release of drug substance 
independent of the water solubility of the drug when compared to 
creams and ointments.3 Local application of therapeutic compounds 
has many advantages over oral and parenteral drug delivery systems. 
The advantages include ease of application to skin, ability to deliver 
drugs selectively to a site of local action, elimination of hepatic first-
pass metabolism and better patient compliance.4,5 Hydrogels are 
widely used in topical drug delivery systems due to their physical 
and chemical properties such as controllable and prolonged release 
of drug.6,7 These formulations on contact with the skin forms a 
semi occlusive film over the skin and release the drug in controlled 
manner.8 Lipophilic drug can cross the Stratum corneum, but rate of 
diffusion decreases as it enters the more aqueous lower regions of the 
epidermis.9

Fungal infections have been divided into superficial and systemic 
infections.10 Antifungal drugs are classified according to their chemical 
structure as azoles, polyenes, allylamines, echinocandins. Terbinafine 
hydrochloride is an antifungal medication used in the treatment of 
superficial skin infections such as jock itch, athlete’s foot. it is mainly 
effective on the dermatophyte group of fungi. It is an allylamine 
antifungal drug and has a broad spectrum of antimycotic activity at 
low concentrations. It acts by inhibiting fungal sterol biosynthesis 
which leads to a deficiency in ergosterol and to an intracellular 
accumulation of squalene, which results in cell death of fungus. It 
has been reported that terbinafine does not influence the metabolism 
of hormones or other drugs.11,12 The goal of our research to formulate 

and evaluate Terbinafine hydrochloride hydrogels and also evaluate 
the in-vitro antifungal activity for prepared formulations.

Methodology
Materials 

Terbinafine Hydrochloride  was obtained from (Mecleods 
pharmaceutical, Baddi), Sodium CMC was obtained from (ultratech 
pharmaceutical Baddi), Poloxamer was obtained from (Signet 
Chemicals), HPMC was obtained from (Qualikem chemicals,Delhi), 
Glycerin, Propylene glycol, Methyl paraben,  Propyl paraben was 
obtained from (S.D Fine chemical, Mumbai) of analytical grade.

Preparation of gel

All the ingredients were collected according to the formula 
the given in table 1. Required amount of gelling agents HPMC, 
Polaxomer and Sodium CMC were added in water with constant 
stirring at 500 rpm for about 2 hours. Drug was added to the above 
mixture.  Glycerin, propylene glycol, methyl paraben and propyl 
paraben was added to it. Final weight was made with water. All the 
samples were allowed to equilibrate for 24 h at room temperature 
prior to performing evaluation test.

Drug-excipients compatibility studies

A-Differential scanning calorimetry (DSC)

The DSC studies were performed for the drug and the drug-polymer 
physical mixtures. The samples were inserted in aluminum pan and 
heated in the rate of 10ºC ⁄min, to a temperature of 200ºC using a 
differential scanning calorimeter (TA-501; shimadzu corporation, 
Japan). 
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Abstract

Terbinafine hydrochloride is an antifungal drug used in the treatment of fungal infections. 
The oral use of Terbinafine hydrochloride is not recommended as it has many potential 
side effects and undergoes hepatic first pass metabolism. This study was conducted to 
formulate and evaluate Terbinafine hydrochloride topical hydrogel for treatment of fungal 
infection of skin. The gel was formulated by using different gelling agents like HPMC, 
Sodium CMC and Polaxomer in three different concentrations. The prepared hydrogel 
formulations were evaluated for physico chemical parameters like physical appearance, 
pH, skin irritation, drug release, drug content and rheological parameters like spredability 
and extrudability. Antifungal activity of the prepared gels was evaluated using Candida as 
model fungus. The in vitro drug release from gels was evaluated using Franz diffusion cell 
containing cellophane membrane with phosphate buffer pH 5.8 as the receptor medium. 
Drug-excipients compatibility studies were performed by DSC and FT-IR analysis. All gel 
formulations showed acceptable physico chemical and rheological properties and results 
were found to be within the limits. The drug release was found to decrease with increase in 
polymer concentration. Among all the gel formulations Polaxomer showed superior drug 
release than followed by HPMC and sodium CMC. Formulation F4 shows the highest 
antifungal activity. Drug-excipients compatibility studies showed that there no interaction 
between the drug ad selected excipients.
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Table 1 Formulation development for antifungal gel

No. Ingredients %
Formulation  Code

F1 F2 F3 F4 F5 F6 F7 F8 F9

1 Terbinafine Hydrochloride 1 1 1 1 1 1 1 1 1

2 HPMC 4 6 8 ---- ---- ---- ---- ---- ----

3 Polaxomer ---- ---- ---- 15 20 25 ---- ---- ----

4 Sodium CMC ---- ---- ---- ---- ---- ---- 4 6 8

5 Glycerin 1 1 1 1 1 1 1 1 1

6 Propylene glycol 1 1 1 1 1 1 1 1 1

7 Methyl paraben 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

8 Propyl paraben 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

9 Water QS QS QS QS QS QS QS QS QS

B- Fourier Transfer Infrared spectrophotometer (FTIR):

The FTIR studies were carried for the drug and the drug-polymer 
physical mixture, mixed separately with IR grade KBr in the ratio of 
(100:1).  Discs were prepared by applying 5.5 metric ton of pressure 
in a hydraulic press using FTIR Spectrophotometer (Genesis II, 
Mattson, England). The disks were scanned over a wave number 
range (4000 - 400cm).13

Evaluation of gels

The formulated gels were examined for their physical properties, 
rheological properties and antifungal activity. Skin irritation test was 
carried out only on all formulations.

Homogeneity

The gels were examined for their physical properties like color, 
clarity and phase separation by visual inspection. They are tested for 
the presence of any aggregates.14 

Grittiness 

Presence of any particulate matter in the formulations was 
observed microscopically. 

pH measurement 

The pH of gel formulations were determined by using digital pH 
meter. 1gram of gel was dissolved in 100 ml distilled water and stored 
for two hours. The measurement of pH of each formulation is done in 
triplicate and average values are calculated and reported.15  

Spredability 

Concentric circles of different radius were drawn on graph paper 
and a glass plate was fixed onto it. 5gms of gel was placed on the 
centre of the lower plate. Another glass plate of 100±5 gm was placed 
gently on the gel and the spread diameter was recorded after 1 minute 
of each addition.

Extrudability

The gel formulations were filled in collapsible tubes. After being 
set in the containers, the extrudability of gel formulations was 
determined in terms of weight required in grams to extrude 0.5 cm. 

ribbon of gel in 10 sec.16 

Drug content 

1 g gel was dissolved in 100 ml of phosphate buffer pH5.8. Suitable 
dilutions were made using phosphate buffer pH5.8. Absorbance was 
measured at 282 λmax nm using UV spectrophotometer.17

In-vitro drug diffusion study 

In-vitro drug release studies were carried out using Franz diffusion 
cell. 0.5 g of gel was applied on cellophane membrane as donor 
compartment. Phosphate buffer pH 5.8 was placed in the receptor 
compartment as the dissolution medium. The whole assembly 
was place on magnetic stirrer with thermostat maintained at 37oc. 
samples were collected regular time interval and sink conditions were 
maintained by replacing with new buffer solution. Collected samples 
are analyzed at 282 λmax nm using UV spectrophotometer.18

Skin irritation test 

Skin irritation test was conducted on ten healthy male and female 
volunteers. 100 mg of gel was applied on area of 2 cm and observed 
for any lesions or irritation/redness.19

Antifungal study

Antifungal activity of prepared gels was determined using nutrient 
agar cup method against Candida albicans strain. Nutrient agar Cups 
were made aseptically and inoculated with tested fungal suspension 
strain by spreading on the agar surface. Wells were made in the cups 
using sterile borer and were filled with each prepared gels by sterile 
syringe. The zone of inhibition of each cup was observed and radius 
of the zone of inhibition was calculated and compared to the control 
using antibiotic zone reader.

Results and discussion
Visual examination

The prepared formulations were inspected visually for their color, 
homogenity and grittiness. It was observed that all the preparations 
were clear and white. All the formulations showed good homogeneity 
with absence of lumps and grittiness. 
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Spredability

The diameters of the spredability in circles ranged from 13.86 cm 
to 21.27 cms. Highest spredability is seen in Polaxomer gel and least 
spredability is seen in sodium CMC gel. The results revealed that as 
the concentration of gelling agent is increased, spredability of the gel 
decreased which was expressed by the lower diameter of the spreaded 
circle.

Extrudability

All the formulations were tested for extrudability. Formulations 
prepared with Polaxomer showed excellent extrudability. Formulations 
prepared with HPMC and Sodium CMC showed good extrudability. 
It was observed that as the polymer concentration is increased the 
extrudability gets decreased. Results are shown in table 2. 

Table 2 Rheological parameters for topical antifungal hydrogel

Formulation Code Physical appearance Extrudability Spredability (cms)

F1 White, smooth, homogenous Excellent 15.7

F2 White, smooth, homogenous Excellent 15.07

F3 White, smooth, homogenous Good 14.7

F4 White, smooth, homogenous Excellent 21.27

F5 White, smooth, homogenous Excellent 16.38

F6 White, smooth, homogenous Excellent 16.01

F7 White, smooth, homogenous Good 14.4

F8 White, smooth, homogenous Good 14.13

F9 White, smooth, homogenous Good 13.86

Skin irritation

All the formulations passed skin irritation test when applied to the 
volunteers. 

pH determination

The pH values of all formulations were in the range of 5.6 to 6.3 
which is considered as acceptable to avoid the risk of irritation upon 
application to the skin.

Drug content determination

Percentage drug content of all formulations was in the range of 95 

to 99. The drug content results confirmed that the drug was uniformly 
distributed throughout the gel.

Zone of inhibition

The antifungal activity of Terbinafine hydrochloride from its 
different gel formulations were given in table 3. the antifungal activity 
was determined by measuring the zone of inhibition. The results from 
all the formulations were satisfactory and the greatest activity was 
observed in formulation F3 where the inhibition zone reached 24mm, 
while the lowest activity was found in the formulation F2 where the 
inhibition zone was 11 mm.  Results are shown in table 3.

Figure 1 Drug release profile of topical hydrogels. 
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Figure 2 FTIR spectra of pure drug and selected formulation. 

Figure 3 DSC curves of pure drug and selected formulation. 

Table 3 Evaluation parameters for topical antifungal hydrogel

Formulation Code Skin irritation pH Drug content Zone of inhibition (mm)

F1 Pass 6.1 95 18

F2 Pass 6.04 98 17

F3 Pass 6.3 99 14

F4 Pass 6 96 24

F5 Pass 5.6 95 22

F6 Pass 6.1 98 20

F7 Pass 6.22 99 14

F8 Pass 6.5 97 13

F9 Pass 6.8 96 11
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In-vitro release studies

The In-vitro drug release profile of topical gels was represented 
in Figure 1. It was found that the amount of drug diffused from all 
the formulation ranged from 28 to 9% during first hour. Formulation 
F4 to F6 containing Polaxomer showed complete drug release in 6 to 
8hrs. The drug release from formulations F2 and F7 extended up to 9 
hrs and from formulations F3 and F8, drug release extended up to 10 
hrs. F9 formulation extended drug release up to 11 hrs.  Highest drug 
release was observed in formulation F4 and lowest in formulation F9. 
It was observed that the drug release was influenced by the polymer 
type and the concentration of the polymer used. The release rate of the 
drug was found to decrease drastically with the increase in viscosity.

In vitro drug release kinetics of Terbinafine 
hydrochloride topical Hydrogels:

The drug release kinetic study revealed that drug release followed 
krossmeyer peppas model in all the formulations F1 to F9 which 
indicates that drug is diffused through the membrane. The Krosmeyer 
peppas graphs were plotted and the release rate constant, k, and the 
slope n, determined. The results showed that most of the ‘n’ values 
were between 0.711 and 0.988. Therefore it can be inferred that the 
drug may have followed case II transport mechanism. Results are 
shown in table 4.

Table 4 In vitro drug release kinetics of Terbinafine hydrochloride topical hydrogels

Formulation codes
R2 values of Kinetic Models

Zero order First order Higuchi Hixson Crowell korsmeyer peppas Slope (n)

F1 0.942 0.913 0.987 0.606 0.975 0.764

F2 0.935 0.923 0.984 0.607 0.97 0.855

F3 0.955 0.913 0.984 0.65 0.984 0.979

F4 0.995 0.803 0.997 0.574 0.999 0.711

F5 0.994 0.85 0.995 0.729 0.998 0.714

F6 0.992 0.815 0.996 0.531 0.999 0.757

F7 0.976 0.878 0.993 0.569 0.994 0.853

F8 0.977 0.861 0.991 0.54 0.993 0.898

F9 0.988 0.818 0.995 0.502 0.991 0.988

Drug-excipients compatibility studies

Purity of the drug and drug-excipient compatibility studies were 
performed using DSC and FT-IR analysis. FT-IR study revealed that 
there was no major change in the position of peak obtained in the 
drug alone and in a mixture of drug with excipients.  This shows that 
there was no interaction between drug and excipients. The pure drug 
showed a sharp exothermic peak at 205oC in DSC study. Similar 
exothermic peaks were observed at similar temperature in the selected 
formulation at 207oC. The above study confirms that there was no 
drug and excipients interaction.

Conclusion
From above results, it was concluded that Terbinafine 

hydrochloride gel formulations prepared with different gelling 
agents HPMC, Sodium CMC, Polaxomer showed acceptable 
physic chemical, rheological properties and antifungal activity. 
All prepared gel showed acceptable physical properties concerning 
color, homogeneity, consistency, spredability and pH value. All the 
above parameters showed satisfactory results and were found to be 
within the prescribed limits.  It can be concluded that formulation 
F4 produced better spredability, consistency, and homogeneity and 
drug release study. The prepared gels showed promising antifungal 
activity against C. albicans strains. Therefore, it was concluded that 
prepared formulation could be a promising topical alternative for the 
treatment of skin fungal infections. The side effects associated with 
oral therapy of Terbinafine hydrochloride tablets can be avoided by 
using the topical gels. 
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