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INTRODUCTION 

Occupational contact dermatitis (OCD) represents 90% 

of all occupational skin diseases, of which the annual 

incidence is 9.1–31.7 per 100,000 workers.
[1]

 Change of 

job occurs in 29-72% of the cases.
[2]

 The European OCD 

prevalence, during a defined 1-year period, is estimated 

to be between 6.7 and 10.6%.
[3]

 Acute or chronic 

exposure to irritants can lead to irritant contact 

dermatitis, representing 80% of all OCDs.
[3]

 Irritant 

contact dermatitis is caused by a non-immunological 

reaction which may be immediate or cumulative over 

time. It is found mainly in ‘wet-work’ occupations such 

as household-cleaning workers, dish washers, people 

who work in the food industry such as bakers, health care 

workers, hairdressers or metal workers.
[4,5]

 Some 

extraprofessional activities like gardening, domestic 

work or do-it-yourself could be a confounding factor. 

Damaged, dry and rough skin increases the penetration 

of substances in the stratum corneum, acting as a 

reservoir for the substances which have penetrated.
[6]

 

Cream is defined as semisolid emulsions which are oil in 

water (o/w) or water in oil (w/o) type and these semisolid 

emulsions are intended for external application. Cream is 

classified as oil in water and water in oil emulsion. It is 

applied on outer part or superficial part of the skin and its 

main ability is to remain for a longer period of time at 

the site of application. The function of a skin cream is to 

protect the skin against different environmental 

condition, weather and gives soothing effect to the skin. 

There are different types of creams like cleansing, cold, 

foundation, vanishing, night, massage, hand and body 

creams.
[7]

 Terbinafine hydrochloride is a broad-spectrum 

antifungal activity against a wide variety of fungi.
[8-10]

 It 

is an ally amine antifungal used in the treatment of jock 

itch and athletes foot. It is highly lipophilic in nature and 

tends to accumulate in skin and nails when applied 

topically and cause side effects like rash, irritation etc. 

Because of the size and porous polymeric structure of 

microsponges, they slowly release the active ingredient, 

thereby prevent excess build up in epidermis and dermis 

and reduce side effects. Terbinafine hydrochloride has 

Pharmacokinetic interactions with drugs that are 

substrates for CYP2D6 (e. g., tricyclic antidepressants, β-

blockers, selective serotonin reuptake inhibitors [SSRIs], 

and monoamine oxidase [MAO] inhibitors).
[11,12]

 In the 

present investigation, we attempted to develop and 

optimize cream containing terbinafine for improved 

transdermal permeation. 
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ABSTRACT 

Skin tissue is frequently exposed to various irritant substances in the workplace, particularly in wet work, which 

can lead to the development of occupational contact dermatitis. In contact dermatitis the inflammation is 

accompanied by the secondary infections caused by the invasion of the bacteria viz. staphylococcus aureus. This 

very condition leads to secondarily infected dermatoses which requires immediate intervention to cure the 

infection by the application of the antibacterial agents in such a way that the skin to eliminate the bacteria from the 

site of infection. The objective of the present study was to formulate cream of terbinafine hydrochloride and 

evaluating their organoleptic characteristics, spreadability, pH values, viscosity measurement and in-vitro drug 

release. Among all, the formulation F4 was found to be best formulation. The spreadability, pH and viscosity of 

F4 formulation were found to be 13.86 g.cm/s, 7.46 and386±0.36 cps respectively and Invitro drug release was 

found to be 94.16 at 24 hrs which was significantly high when compared to other formulation. The prepared cream 

containing terbinafine hydrochloride was optimized and can be use for topical preparation for its antifungal affect. 

The results were obtained which showed that cream was a promising candidate for transdermal delivery with 

targeted and prolonged release of a drug. It also enhances skin permeation of many drugs. 

 

KEYWORDS: Contact dermatitis, Staphylococcus aureus, Cream, Terbinafine hydrochloride, Organoleptic 

characteristics. 
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MATERIALS AND METHODS 

Materials 

Terbinafine hydrochloride was obtained as a gift sample 

from Macleods Pharmaceuticals, Mumbai. Liquid 

paraffin, Soybean oil, Propylene glycol, was purchased 

from Himedia Laboratory, Mumbai. Ethanol, chloroform 

Triethanolamine, and Propylparaben purchased from 

CDH chemical Pvt. Ltd. New Delhi.  Glycerol was 

obtained from Loba Chemical Pvt Ltd (Mumbai, India). 

Hydrochloric acid was obtained from S. D. Fine Chem. 

Ltd., Mumbai. All other chemical were purchased from 

Hi Media, Mumbai. Double distilled water was prepared 

freshly and used whenever required. All other chemicals 

used in this study including those stated were of 

analytical reagent (A.R.) grade. 

 

Preformulation study
[13,14]

 

Physical characteristics 

By visual examination, the drug was identified for 

physical characters like colour, texture, odour etc. 

 

Determination of λmax of terbinafine hydrochloride 

Accurately weighed 10 mg of drug was dissolved in 10 

ml of methanol solution in 10 ml of volumetric flask. 

The resulted solution 1000µg/ml and from this solution 1 

ml pipette out and transfer into 10 ml volumetric flask 

and volume make up with methanol solution prepare 

suitable dilution to make it to a concentration range of 5-

35μg/ml. The spectrum of this solution was run in 200-

400 nm range in U.V. spectrophotometer (Thermo 

scientific). A graph of concentration Vs absorbance was 

plotted. 

 

Solubility 

The solubility is the maximum quantity of a solute that 

can be dissolved in certain quantity of a solution at a 

specified temperature. Terbinafine hydrochloride (10mg) 

was dissolved in a 10ml of different solvents (i.e. 

chloroform.0.1N NaoH, ethanol, ether, 1-2 

dichloromethane, water, PBS (7.4)) and phosphate buffer 

(6.0) at room temperature and kept for 3 days for 

equilibrium in separating funnel. Funnel was regularly 

shaken. Equilibrium solubility was determined by taking 

supernatant and analyzing it on the U.V. 

spectrophotometer at 𝜆max 283nm (Thermo scientific 

Evolution 201, Mumbai). 

 

Melting point 

A small quantity of powder was placed into a fusion 

tube. That tube was placed in the melting point 

determining apparatus (Chemline) containing castor oil.  

The temperature of the castor oil was gradual increased 

automatically and read the temperature at which powder 

started to melt and the temperature when all the powder 

gets melted. 

 

FTIR spectroscopy  

Identification of terbinafine hydrochloride was done by 

FTIR Spectroscopy (Bruker, alpha model II, Germany) 

by using attenuated total reflectance (ATR) method with 

respect to marker compound. It was identified from the 

result of IR spectrum as per specification.  

 

Partition coefficient 

The partition coefficient is defined as the ratio of 

unionized drug distributed between the organic and 

aqueous phase at equilibrium. Behavior of drug was 

examined in n-octanol: PBS (Ph7.4) system. It was 

determined by shaking 05 mg drug sample (terbinafine 

hydrochloride) in 2 separating funnels. One containing 

10 ml of n-octanol and 10 ml water and other containing 

10 ml portion of n-octanol and 10 ml of PBS (Ph 7.4) 

respectively. The separating funnels were shaken for 

2hrs using wrist action shaker equilibration. Two phases 

were separated and the amount of drug in aqueous phases 

was analyzed spectrophotometrically at 283nm after 

appropriate dilution. The PC of the drug was calculated 

by using the following formula.  

PC (K) = Amount of drug in organic layer/ Amount of 

drug in aqueous layer 

 

Formulation of cream 

The oil phase was prepared by melting the waxes at 75
0
C 

and mixing the ingredients uniformly. The aqueous 

phase was prepared by dissolving the water-soluble 

ingredients in deionized water. The water phase was 

warmed to 75-80
0
C until all ingredients were dissolved. 

When the water and oil phase were at the same 

temperature, the aqueous phase was slowly added to the 

oil phase with moderate agitation and was kept stirred 

until the temperature dropped to 40
0
C. The emulsion was 

cooled to room temperature to form a semisolid cream 

base. The solutions were added to the cream base using 

an overhead stirrer. The mixture was stirred for 15 min 

until the formulation became uniform.
[15]

 The drug-

loaded cream was preserved with paraben concentrate. 

The exact concentration of each ingredient is shown in 

Table 1. 

 

Table 1: Composition of cream of terbinafine hydrochloride. 

Ingredients (%) 
Formulation code 

F1 F2 F3 F4 F5 F6 

Terbinafine hydrochloride (% w/w) 0.5 0.5 0.5 0.5 0.5 0.5 

Liquid paraffin 20 25 30    

Soy bean oil    20 25 30 

Propylene glycol 15 12 10    

Glycerol    15 12 10 

Thymol oil 5 5 5 5 5 5 
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Triethanolamine 1 1 1 1 1 1 

Propylparaben 0.03 0.03 0.03 0.03 0.03 0.03 

Total wt. 41.53 43.53 46.53 41.53 43.53 46.53 

 

Evaluation of cream
[15-17]

 

Organoleptic characteristics 

All drug-loaded formulations were tested for physical 

appearance, color, texture, and homogeneity. These 

characteristics were evaluated by visual observation. 

Homogeneity and texture were tested by pressing a small 

quantity of the formulated cream between the thumb and 

index finger. The consistency of the formulations and 

presence of coarse particles were used to evaluate the 

texture and homogeneity of the formulations. 

 

Spreadability 

Spreadability of the formulations was determined by 

measuring the spreading diameter of 50 mg of sample 

between two horizontal glass plates (10 cm × 20 cm) 

after one minute. Spreadability was determined by the 

following formula 

S= M*L/T 

Where, S-Spreadability, g.cm/s M-Weight put on the 

upper glass L-Length of glass slide T-Time for spreading 

gel in sec. 

 

pH Values 

10 mg of each formulation was dispersed in 5 ml of 

deionized water, and the pH was determined using a pH 

meter. Measurements were made in triplicate. The pH 

meter was calibrated with standard buffer solutions (pH 

4, 7, and 10) before each use. 

 

Viscosity measurement 

The viscosity of the cream formulations was determined 

using Brookfield viscometer with spindle no. 7 at 100 

rpm at the temperature of 25
0
C. 

 

In-vitro drug release 

The in-vitro drug release study of cream formulations 

were studied by dialysis bag diffusion method. Prepared 

creams were dispersed into dialysis bag and the dialysis 

bag was then kept in a beaker containing 100 ml of pH 

6.8 phosphate buffer. The beaker was placed over a 

magnetic stirrer and the temperature of the assembly was 

maintained at 37±2°C throughout the experiment. During 

the experiment rpm was maintained at 100 rpm. Samples 

(2ml) were withdrawn at a definite time intervals and 

replaced with equal amounts of fresh pH 6.8 phosphate 

buffers. After suitable dilutions the samples were 

analyzed using UV–Visible spectrophotometer at 

283 nm. 

 

Mathematical treatment of in-vitro release data: The 

quantitative analysis of the qualities got in 

dissolution/release tests is simpler when mathematical 

formulas that express the dissolution comes about as an 

element of a portion of the measurement frames 

attributes are utilized. 

 

Zero-order kinetics: The pharmaceutical dosage frames 

following this profile release a similar measure of 

medication by unit of time and it is the ideal method of 

medication release keeping in mind the end goal to 

accomplish a pharmacological prolonged action. The 

following relation can, in a simple way, express this 

model: 

Qt = Qo + Ko t 

Where Qt is the amount of drug dissolved in time t, Qo is 

the initial  amount of drug in the solution (most times, 

Qo=0) and Ko is the zero order release constant. 

 

First-order kinetics: The following relation expresses 

this model: 

 
Where Qt is the amount of drug dissolved in time t, Qo is 

the initial  amount of drug in the solution and K1 is the 

zero order release constant. 

 

Along these lines a graphic of the decimal logarithm of 

the released measure of drug versus time will be linear. 

The pharmaceutical dosage shapes following this 

dissolution profile, for example, those containing water-

solvent drugs in permeable frameworks, discharge drug 

in a way that is corresponding to the measure of drug 

staying in its inside, in such way, that the measure of 

drug released by unit of time reduce. 

 

Higuchi model: Higuchi built up a few theoretical 

models to ponder the arrival of water-solvent and low 

dissolvable medications in semi-strong or potentially 

strong grids. Mathematical expressions were acquired for 

sedate particles scattered in a uniform grid acting as the 

diffusion media. The simplified Higuchi model is 

expressed as: 

 
 

Where Q is the amount of drug released in time t and KH 

is the Higuchi dissolution constant. Higuchi model 

describes drug release as a diffusion process based in the 

Fick’s law, square root time dependent. This relation can 

be utilized to portray the drug dissolution from a few 

kinds of modified release pharmaceutical dosage 

structures, for example, transdermal systems and matrix 

tablets with water-dissolvable drugs. 

 

Korsmeyer-Peppas model: Korsmeyer et al. used a 

simple empirical equation to describe general solute 

release behaviour from controlled release polymer 

matrices:  
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Where Mt/M is fraction of drug released, a is kinetic 

constant, t is releasing time and n is the diffusional 

exponent for drug release. ’n’ is the slope value of log 

Mt/M versus log time curve. Peppas stated that the 

above equation could adequately describe the release of 

solutes from slabs, spheres, cylinders and discs, 

regardless of the release mechanism. Peppas used this n 

value in order to characterize different release 

mechanisms, concluding for values for a slab, of n =0.5 

for fickian diffusion and higher values of n, between 0.5 

and 1.0, or n =1.0, for mass transfer following a non-

fickian model. In case of a cylinder n =0.45 instead of 

0.5, and 0.89 instead of 1.0. This equation can only be 

used in systems with a drug diffusion coefficient fairly 

concentration independent. To the determination of the 

exponent n the portion of the release curve where Mt/M  

< 0.6 should only be used. To use this equation, it is also 

necessary that release occurs in a one-dimensional way 

and that the system width-thickness or length-thickness 

relation be at least 10. A modified form of this equation 

was developed to accommodate the lag time (l) in the 

beginning of the drug release from the pharmaceutical 

dosage form: 

 
 

When there is the possibility of a burst effect, b, this 

equation becomes: 

 
 

In the absence of lag time or burst effect, l and b value 

would be zero and only at
n 

is used. This mathematical 

model, also known as Power Law, has been used very 

frequently to describe release from several different 

pharmaceutical modified release dosage forms.
[18-20]

 

 

Patch test  

Marked an area of 1sq.cm on the left-hand dorsal 

surface.  The cream (F4) was applied to the specified 

area and time was noted. Irritancy, erythema, edema was 

checked, if any, for regular intervals up to 24hrs and 

reported. 

 

RESULTS AND DISCUSSION 

The drug terbinafine is white fine odourless crystalline 

powder having melting point about 195±1.54°C. It is 

freely soluble methanol and dichloromethane, soluble 

in ethanol, dimethyl sulfoxide and slightly soluble in 

water, phosphate buffer 6.8 and acetone. It is 

highly hydrophobic and tends to accumulate in hair, 

skin, nails, and fatty tissue. Partition coefficient is 

calculated by the ratio of equilibrium concentration of a 

dissolved substance in a two-phase system they are n-

octanol and water. The partition coefficient of 

Terbinafine hydrochloride was found out to be 3.2.  The 

λ max of terbinafine was found to be 283 nm by using 

U.V. spectrophotometer (Thermo scientific) in linearity 

range 5-35µg/ml Figure 1 & 2. Drug-excipients 

compatibility was checked by comparing the IR spectra 

of pure drug, excipients and the physical mixture of the 

drug and excipients. FT-IR spectra of the drug excipient 

mixture retained the characteristic functional peaks of the 

drug and it was ensured that there was no interaction 

between the drug and the excipients Figure 3. The 

organoleptic properties, including physical appearance, 

colour, texture, homogeneity, and immediate skin feel of 

the selected topical formulations. Results showed that the 

cream had a cosmetically appealing appearance and 

smooth texture, and they were all homogenous with no 

signs of phase separation Table 2. One of the essential 

criteria for cream formulation is that it should possess 

good spreadability. Spreadability depends on the 

viscosity of the formulation and physical characteristics 

of the polymers used in the formulation. A more viscous 

formulation would have poor spreadability. Spreadability 

is a term expressed to denote the extent of area on which 

the cream readily spreads on application to the skin. The 

therapeutic efficacy of a formulation also depends upon 

its spreading value Table 3.  

 

The pH of the cream formulations was found to be in the 

range of 6.07-7.46, which lies in the normal pH range of 

the skin and would not produce any skin irritation. There 

was no significant change in pH values as a function of 

time. The physicochemical properties of prepared cream 

formulations were in good agreement Table 3. The 

viscosity was measured by the Brookfield viscometer 

spindle no. 61 at 100rpm. The result was shown in the 

table 2. The viscosity of creams was found to be in the 

range of 345 -495cp Table 3. The in-vitro drug release 

study of cream formulations was studied by dialysis bag 

diffusion method and results of all formulation given in 

Table 4 & Figure 4. The in vitro drug release data of the 

optimized formulation was subjected to goodness of fit 

test by linear regression analysis according to zero order, 

first order kinetic equation, higuchi’s and korsmeyer’s 

models in order to determine the mechanism of drug 

release. When the regression coefficient values of were 

compared, it was observed that ‘r’ values of higuchi’s 

model was maximum i.e., 0.941hence indicating drug 

release from formulations was found to follow higuchi’s 

model release kinetics Table 5 & Figure 5-7. The F4 

formulation was applied on the skin for 24 hours to 

checks its safety parameters. The formulation does not 

show any kind of redness, swollen skin, red blisters, and 

irritancy. 
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Table 1: Organoleptic evaluation of all the prepared formulation. 

Formulations 
Physical 

appearance 
Colour Texture Homogeneity Immediate skin feel 

F1 Opaque White Smooth Homogeneous 
Moisturizing, no grittiness, light, 

not greasy 

F2 Opaque White Smooth Homogeneous 
Film formed after dry, cool, no 

grittiness or greasiness 

F3 Opaque Off White Smooth Homogeneous Moisturizing, no grittiness, light, 

F4 Opaque White Smooth Homogeneous 
Refreshing, cool, no grittiness or 

greasiness 

F5 Opaque White Smooth Homogeneous Moisturizing, no grittiness, light, 

F6 Opaque White Smooth Homogeneous 
Moisturizing, no grittiness, light, 

not greasy 

 

Table 3: Result of spreadability, pH and viscosity of formulations. 

S. No Formulation Spreadability  (g.cm/s) pH 
Viscosity 

(cps) 

1. F1 13.49 6.07 345±0.32 

2 F2 22.26 6.45 368±0.26 

3 F3 25.56 7.29 452±0.15 

4 F4 13.86 7.46 386±0.36 

5 F5 20.47 6.28 495±0.35 

6 F6 16.28 6.48 451±0.25 

 

Table 4: % cumulative drug release of all the formulations. 

Time (hrs) F1 F2 F3 F4 F5 F6 

2 13.65 10.64 11.74 15.84 11.64 16.84 

4 22.866 19.65 25.94 22.37 25.85 24.37 

6 30.76 26.02 32.47 36.38 31.84 38.64 

8 41.85 35.68 48.72 44.84 46.83 46.48 

10 58.56 48.38 52.73 51.83 52.46 62.74 

14 80.73 71.64 83.84 80.74 79.64 81.74 

16 88.47 85.65 88.73 91.74 81.74 86.47 

24 91.46 88.46 90.43 94.16 86.46 88.46 

 

Table 5: Release kinetics study of F4 formulation. 

Formulation Model Kinetic parameter values 

F4 

Zero Order y = 4.034x + 12.37  R
2
 = 0.902 

First Order y = -0.060x + 2.134 R² = 0.923 

Higuchi y = 26.28x - 25.74   R² = 0.941 

 

 
Figure 1: UV Scan of terbinafine HCl in methanol. 
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Figure 2: Standard curve of terbinafine HCl at λmax 283 nm. 

 

 
Figure 3: FTIR of drug and excipient. 

 

 
Figure 4: Cumulative % drug release. 
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Figure 5: Zero order kinetic model of F4 formulation. 

 

 
Figure 1: First order kinetic model of F4 formulation. 

 

 
Figure 7: Higuchi kinetic model of F4 formulation. 

 

CONCLUSION 

In this study, novel terbinafine hydrochloride cream 

formulations as transdermal delivery were developed. 

Terbinafine hydrochloride as a component of the cream 

has a good affinity for the cellulose membrane, and 

thymol oil showed good enhancement of drug released in 

the dialysis cellulose membrane. The statistical data 

showed the formulations were physicochemical stable. 

An in vitro release studies significantly showed that the 

optimized formulations data together promote the 

suggestion that terbinafine hydrochloride cream 

formulations showed potential novel delivery systems to 

improve the release and stability of drug. 
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