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Formulation optimization and evaluation of 

Terbinafine hydrochloride nanoparticles for topical 

applications 

 
Vimal Kishore and Revathi A Gupta 

 
Abstract 
Objectives: Aim of the present study was to improve bioavailability and targeted drug delivery. 

Mucoadhesive nanoparticles of terbinafine hydrochloride had been formulated in order to achieve the 

prolonged retention at the site of application results in less frequent dosing and sustained response.  

Methods: The chitosan nanoparticles of terbinafine Hydrochloride was prepared by modified ionic 

gelation method and optimized by using Box-Behnken Design. The optimized nanoparticles formulation 

further characterized for the particle size, percentage drug encapsulation efficiency, percentage yield and 

mucoadhesive strength. The drug permeation behavior of the optimized formulation was studied by using 

Franz diffusion cell using goat skin and compared with marketed formulation. 

Results and conclusion: The nanoparticles size below 100nm was prepared successfully by modified 

ionic gelation method. The low flux value of terbinafine HCl mucoadhesive nanoparticles as compared to 

drug suspension and marketed formulation revealed that the nanoparticles permeated through goat skin 

mucosa in a controlled manner up to 24 hrs, whereas terbinafine suspension and marketed formulation 

show high permeability over short duration. Thus topical delivery of terbinafine hydrochloride 

nanoparticles is an efficient tool to improve its bioavailability and therapeutic effect against fungal 

infections. 

 

Keywords: Mucoadhesive, nanoparticles, box-behnken design, chitosan, terbinafine hydrochloride, 

fungal infections 

 

1. Introduction 

Terbinafine HCl is FDA approved most widely used antifungal drug for the treatment of 

various skin infections like athlete's foot, fungal nail infections, ringworm, pityriasis 

versicolor, jock itch and its broad spectrum activity make it effective against dermatophytes, 

candida species, molds, yeast, fungi, aspergillus species, and fusarium species. Oral drug 

delivery of terbinafine HCl suffers with two major disadvantages one is high first pass 

metabolism and another one is poor aqueous solubility and thus low oral bioavailability [1, 2]. 

Due to high lipophillic nature terbinafine HCl show good permeation across the epithelial 

barriers and thus topical drug delivery is a better alternative over its oral delivery to improve 

bioavailability and drug targeting [3]. 

Nanoparticles are widely used as drug delivery tool to provide enhanced solubility, better 

bioavailability, pronounced systemic stability, high drug loading capacity, significant blood 

circulation time and selective distribution in the organs/tissues with longer residence time [4, 5]. 

Further, mucoadhesive polymeric nanoparticles increase the amount of drug that reaches the 

blood circulation by improving its mucosal contact and absorption at the application site. 

Chitosan is a natural polymer widely used for the fabrication of mucoadhesive nanoparticles 

owing to its better stability, biocompatibility and low toxicity along with simple formulation 

methods and versatility in route of administration [6, 7]. Mucoadhesive nanoparticle is an ideal 

approach for both the controlled release and targeted delivery of drugs. 

The main focus of this study is to improve bioavailability and localized drug delivery. 

Mucoadhesive nanoparticles of terbinafine hydrochloride has been formulated in order to 

achieve the prolonged retention resulting in less frequent dosing and enhanced therapeutic 

effect at the target site. 
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2. Materials and Methods 

2.1 Drug and Chemicals 

Terbinafine HCl was obtained from Hetero Labs Pvt. Ltd, 

Hyderabad. Chitosan (CH) was obtained as gift sample from 

CIFT, Kochi, India. All other chemical and excipients used in 

the present study were of analytical reagent grade. 

 

2.2 Preparation of Terbinafine HCl loaded chitosan 

nanoparticles 

Chitosan (CH) nanoparticles (Nps) were prepared by 

modified ionic gelation technique using tri-polyphosphate 

pentasodium (TPP) as cross linking agent (8). Figure1 

represents the schematic representation for the formation of 

chitosan nanoparticles. After literature review, the chitosan to 

TPP ratio of 4:1 was selected for the formulation of chitosan 

nanoparticles [9, 10]. In this method, 0.1%w/v chitosan in 1% 

acetic acid solution was prepared with whole night stirring on 

a magnetic stirrer and pH was adjusted to 5.6 using aqueous 

solution of sodium hydroxide. A constant amount of drug was 

added to the chitosan solution. TPP aqueous solution was 

added drop wise to the chitosan solution by continuous 

stirring for 30 minutes. As a result of ionic cross linking of 

chitosan with TPP, a slight milky turbid solution was 

obtained, which was further stirred for half an hour. The 

nanoparticles dispersion prepared was separated by cooling 

centrifugation at 13,000 rpm for 1hr. The resultant 

supernatant was carefully decanted in a separate test tube and 

the pellets collected from bottom of the tube were redispersed 

in deionised water (10ml) and sonicated for 2 minutes. 1ml of 

this solution was further diluted with appropriate volume of 

deionised water, sonicatedand analyzed for particle size, size 

distribution and zeta potential. The undiluted nanoparticles 

after adding 2% D -mannitol (cryoprotectant) were freeze 

dried using lyophilizer. The freeze dried nanoparticles were 

collected and stored in air tight container for further studies. 

 

 
 

Fig 1: A schematic representation for the formation of chitosan nanoparticles 

 

2.3 Optimization of terbinafine HCl loaded nanoparticles 

The formulations of terbinafine HCL loaded nanoparticles 

were optimized by using Box-Behnken Design (BBD). The 

effects of selected three numeric factors (amount of polymer 

(Chitosan), amount of Cross linking agent (TPP) and stirring 

speed) were studied each at three level on the three responses 

(particle size, drug entrapment efficiency and percentage 

yield) were evaluated by Box-Behnken Design in order to 

create optimum design space (11, 12). The software Design 

Expert 11 (Stat-ease Inc. Minneapolis, MN) was employed for 

statistical analysis of the obtained data. The process 

parameters (with low, medium and high levels) and 

experimental design layout is illustrated in Table1. 

 
Table 1: Composition of various formulations of terbinafine HCl loaded Chitosan nanoparticles prepared as per experimental design. 

 

  
Factor 1 Coded factors Level Factor 2 Factor 3 

   
Formulation code Run X1 Chitosan concentration (%)W/v X2 TPP (%)W/V X3 Stirring speed Rpm 

   
12 1 0 1 1 

   
10 2 0 1 -1 

   
5 3 -1 0 -1 

   
14 4 0 0 0 

   
9 5 0 -1 -1 

   
7 6 -1 0 1 

   
1 7 -1 -1 0 

   
15 8 0 0 0 

   
17 9 0 0 0 

   
3 10 -1 1 0 

   
2 11 1 -1 0 

   
16 12 0 0 0 

   
6 13 1 0 -1 

   
8 14 1 0 1 

   
4 15 1 1 0 
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13 16 0 0 0 
   

11 17 0 -1 1 
   

Details of Process parameters used in the design optimization   

Factors code Coded Levels of Numeric factors Minimum Medium Maximum 

X1 Polymer Concentration -1 0 1 

X2 TPP Concentration -1 0 1 

X3 Stirrer Speed -1 0 1 

Polymer 
   

Chitosan (%) 0.15 0.3 0.45 

Cross linking agent 
   

Sodium Tripolyphosphate (TPP) % 0.03 0.06 0.1 

 

2.4 Characterization of the Terbinafine HCl loaded 

chitosan nanoparticles 

2.4.1 Particle size determination: Average particle size (Z-

average), of the formulated nanoparticles were determined by 

dynamic light scattering analysis using Zetasizer. All the 

measurements were carried out by dispersing the lyophilized 

nanoparticles in appropriate volume of deionised water at 25 

◦C. 1 ml sample of the nanoparticles dispersion were placed in 

disposable cuvettes for particle size analysis. Each sample 

was analyzed in triplicate. 

 

2.4.2 Drug entrapment efficiency (%DEE): The supernatant 

of formulations after centrifugation were collected and 

filtered. The amount of drug present in the supernatant was 

determined by UV spectrophotometer. A standard calibration 

curve of concentration versus absorbance was plotted to 

calculate the amount of drug present in the supernatant. The 

amount of drug present in supernatant (w) was subtracted 

from the total amount of drug taken for the preparation of 

nanoparticles (W) and percentage drug entrapment efficiency 

(% DEE) was calculated in triplicate manner by using the 

following formula: 

 

% DEE =
Total amount ofdrug(W) − Free drug in supernatant(w)

Total amount ofdrug (W)
× 100 

 

2.4.3 Percentage (%) yield: % Yield of mucoadhesive nanoparticles was calculated by the following formula: 

 

 Percentage Yield =
Weight of nanoparticles

Weight of polymer × Weight of drug
× 100 

 

2.4.4 Transmission electron microscopy (TEM): The size 

and morphological characteristics of the optimized 

nanoparticles formulation were further confirmed by TEM. 

The formulated nanoparticles suspension was diluted in 

HPLC grade water and sonicated for 5 min to produce 

disaggregation of the particles. The sample was negatively 

stained with 2% solution of phosphotungstic acid, deposited 

on a 300 mesh formvar coated grid and then analyzed under 

HR TEM equipment operated at 200 kV [13, 14]. 

 

2.4.5 Fourier transform infrared (FTIR) spectroscopy: 

FTIR spectroscopic analysis of polymer (chitosan), pure drug 

and drug loaded Nps was carried out using Fourier transform 

infrared spectrophotometer scanned in the frequency range of 

4000 to 400 cm-2. The pellets were prepared by proper mixing 

of KBr to the sample and compressed in to pellets by using IR 

hydraulic press and analyzed [15]. 

 

2.4.6 Mucoadhesive potential: The mucoadhesive potential 

determination of the formulated nanoparticles was carried out 

by using texture analyzer (TA XT2, Stable Microsystems, 

UK) (16, 17). For the assessment of mucoadhesive potential, 

discs were prepared by compressing 200 mg of mucoadhesive 

nanoparticles by direct compression using single punch 

hydraulic press (K-Imaya Engineers). The goat skin was 

obtained immediately after slaughter from the local butchery. 

The skin were washed with deionized water and placed in 

normal saline solution at 4 oC for further studies. The disc was 

attached to the cylindrical probe (20 mm diameter) by the 

double sided adhesive tape. The tissue was equilibrated for 15 

min at 37.0 ± 0.5 0C before placing on to the holder stage of 

the texture analyzer. The probe attached to the disc was 

loaded with 5 kg weight cell. The test speed was settled at 

1mm/s and the probe was moved downwards as to touch the 

skin for 30s and afterwards the probe was subsequently 

withdrawn. The maximum force required to separate the 

probe from the tissue (i.e. maximum detachment force; Fmax) 

was detected directly from the texture analyzer and was used 

to evaluate the mucoadhesive potential of the nanoparticles. 

 

2.5 Ex- vivo drug permeation study of the Mucoadhesive 

nanoparticles by using Franz diffusion cell: The drug 

permeation behavior of the optimized formulation was studied 

by using Franz diffusion cell (18, 19). For the ex- vivo skin 

permeation study, goat mucosa (obtained from Slaughter 

house) was used as biological membrane. The skin was 

washed with phosphate buffer of pH 6.4 and skin with contact 

area of 1.55 cm2 mounted on the receptor compartment of the 

Franz diffusion cell (diameter 10mm, 15ml volume). The 

dermal face of the tissue was mounted in contact with the 

phosphate buffer (pH 6.4). Two experimental sets (in 

triplicate) were performed keeping the temperature 37±0.5 ᵒC, 

at stirring speed of 100 rpm. The terbinafine HCL loaded 

chitosan Nps were resuspended in 2ml phosphate buffer pH 

6.4 and placed on the surface of mucosa mounted on the 

Franz diffusion cell. 2ml of sample was withdrawn from 

receptor compartment at different time intervals 0min, 15min, 

30min, 1h, 2h, 4h, 6h, 10h, 16h, and 24 hr. To maintain the 

sink conditions withdrawal sample replaced by equal volume 

of fresh phosphate buffer. The pure drug aqueous solution 

was taken as control group. The samples were analyzed by 

UV- Spectroscopy for the estimation of amount of drug 

permeated as a function of time. The permeation constant (P) 

and flux (J) were calculated by using the following formula: 
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Permeation constant(P) =
Slope × Volume ofdonar solution

Surface area
 

 

Flux(J) =  P × Concentration of donar solution 

 

3. Results and Discussion 

3.1 Preparation, optimization and characterization of 

terbinafine loaded chitosan nanoparticles 

3.1.1 Particle size, % DEE and % yield determination: All 

the formulated mucoadhesive Nps were subjected to 

characterization for Particle size, DEE and production yield. 

The values of all responses measured (particle size, drug 

entrapment efficiency (% DEE) and %Yield) are shown in 

Table 2. Particle size of all the formulations were found to be 

in the range of 109.5 nm to 979.1 nm, % DEE varied from 

31.8% to 83.6% and %Yield varied from 45.7 % to 85.1%. 

 
Table 2: The responses obtained from the trial runs as per 

optimization design (1 to 17) 
 

Trial Run Particle Size (nm) DEE (%) Yield (%) 

1 775.4 68.5 59.1 

2 689.6 65 54.1 

3 206.1 77.9 80.4 

4 507.5 68 53.4 

5 478 70.1 61.9 

6 109.5 82.9 85.1 

7 203.8 70.4 77.5 

8 490 59.9 48.9 

9 559.5 49.8 45.7 

10 189.7 83.6 82.3 

11 690.7 47 48.9 

12 570.6 67.2 55.9 

13 608.3 43.7 52.8 

14 894 37.5 45.8 

15 979.1 31.8 48.1 

16 403.7 71.5 63.8 

17 505 61.6 57.9 

 

3.1.2 Optimization by Box Behnken Design 

Design expert software version 11 was used for the design 

optimization of the mucoadhesive nanoparticles using Box 

Behnken Design (BBD) by response surface methodology 

(RSM) [20]. Total 17 confirmatory runs were suggested by 

BBD for the optimization of terbinafine HCl loaded chitosan 

nanoparticles by selecting the three numeric factors (Polymer 

concentration, TPP concentration and Stirring speed). The 

objective of optimization was to minimize the particle size, 

maximize entrapment efficiency and production yield by 

varying the concentration of polymer and cross linking agent 

and stirring speed for the preparation desired formulation. 

A design space with desirability of 0.982 was generated from 

the numerical optimization. The optimum formulation 

parameters, (as suggested by the software) were 0.15% 

chitosan, 0,886 rpm stirrer speed and 0.321% sodium 

triployphosphate as the crosslinking agent. The optimized 

formulation was fabricated in triplicate and evaluated. The 

numerical optimization was validated by comparing the 

predicted and actual values of the responses which revealed a 

statistically insignificant percent prediction error. Optimized 

formulation of the terbinafine nanoparticles was selected from 

the design space suggested by the design expert software 

which was further evaluated for physicochemical, 

morphological, and in-vivo drug permeation studies through 

goat skin. 

ANOVA for Quadratic model was found to be best fit model 

for the responses; particle size, production yield and linear 

model for the response % DDE with p values for X1, X2 and 

X3 are less 0.0001 and F values as 29.80, 18.01 and 9.58 

respectively. P-values less than 0.0500 indicate model terms 

are significant. Values greater than 0.1000 indicate the model 

terms are not significant. The adequate precision was the 

measure of the signal to noise ratio and its value being more 

than 4 for all these selected response variables and hence 

model can be used to navigate the optimum design space. The 

reliability of regression models was also established from the 

high R2 for the particle size, drug entrapment efficiency and 

production yield (0.9746, 0.8060 and 0.9249) values and their 

similar adjusted R2 values (0.9419, 0.7613 and 0.8283) 

respectively. The Lack of Fit F-value for all the three 

responses was found to be not significant relative to the pure 

error. Non-significant lack of fit is good if we want the model 

to fit. Polynomial coded equations were generated for various 

responses for optimization terbinafine HCl nanoparticles are 

depicted in Table 3. 

 
Table 3: The following polynomial coded equations were generated 

for all the Responses 
 

Particle Size 
 

% DEE  % Yield  

+506.26 
 

+62.14118  +53.54000  

+307.88 A -19.35000 A -16.21250 A 

+94.54 B -0.025000 B -0.325000 B 

+37.74 C -0.775000 C -0.162500 C 

+75.62 AB   -1.40000 AB 

+95.58 AC   -2.92500 AC 

+14.70 BC   +2.25000 BC 

-73.98 A²   +9.21750 A2 

+83.54 B²   +1.44250 B2 

+22.20 C²   +3.26750 C2 

 

The equation in terms of coded factors can be used to make 

predictions about the response for given levels of each factor. 

By default, the high levels of the factors are coded as +1 and 

the low levels are coded as -1. The coded equation is useful 

for identifying the relative impact of the factors by comparing 

the factor coefficients. 

 

Response surface analysis 

A. Effect of numerical factors on particle size of 

Terbinafine HCl Nps: 3D Response surface for the of 

polymer concentration, cross linking agent (TPP) 

concentration and stirring speed on particle size of terbinafine 

HCl nanoparticles are shown in Figure 2 & 5. It was found 

that the particle size increased with increase in the polymer 

concentration. At medium level of crosslinking agent, 

particles size of nanoparticles was found to be minimum. 

Particle size was found to be increased at higher polymer TPP 

ratio, due to increase in cross linking agent (TPP) 

concentration results in to the higher cross linking with the 

polymer. The stirrer speed at 1000 rpm (maximum), minimum 

particle size was obtained whereas at lower speed (i.e. 500 

rpm) the particle size gets increases. This behavior can be 

attributed to the fact that low stirring speed did not provide 

sufficient attrition to nanoparticles whereas high stirring 

speed provides sufficient attrition. In general particle size was 

increased with increase in polymer (chitosan) concentration 
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and decreased with the increase in the crosslinking agent 

(TPP) concentration and stirring speed. 

 

B. Effect of numerical factors on % DEE of Terbinafine 

HCl Nps: 3D Response surface for the of polymer 

concentration, cross linking agent (TPP) concentration and 

stirring speed on % DDE of terbinafine HCl nanoparticles are 

shown in Figure 3 & 6. It was observed that DEE increased 

with decrease in polymer (chitosan) concentration as higher 

amount of polymer can entrap drug in nanoparticles which 

may leach out in to the solution. Increase in TPP 

concentration, increases the cross linking due to more drug 

entrapped in the particles. At maximum level of TPP 

concentration the % DDE was found to be maximum 83.6%. 

With increase in the stirring speed %DEE was also get 

increased, with maximum level of stirring speed the DDE was 

found maximum (83.6 %). 

 

C. Effect of numerical factors on production yield of 

Terbinafine HCl Nps: 3D and 2D Response surface for the 

of polymer concentration, cross linking agent (TPP) 

concentration and stirring speed on production yield of 

terbinafine HCl nanoparticles are shown in Figure 4 &7. It 

was observed that production yield increased with decrease in 

the polymer (chitosan) concentration as the entire polymer 

was converted in to small size of nanoparticles with larger 

surface area. Medium level of cross linking agent (TPP) 

resulted in to the high production yield 85.1% and both high 

and low level of TPP decreased the production yield as low as 

48.9% and 48.1% respectively. Maximum level of stirring 

speed produced high production yield (85.1%). 

 

 
 

 
 

Fig 2: 3D and 2D response surface graphs for particle size 

 

http://www.thepharmajournal.com/


 

~ 825 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

 
 

 
 

Fig 3: 3D and 2D response surface graphs for %DDE 

 

 
 

 
 

Fig 4: 3D and 2D response surface graphs for Percentage Yield
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Fig 5: Cube plots showing the effect of X1 (polymer Concentration), (X2) TPP ratio (X3) stirring speed on the particle size of the Terbinafine 

HCl Nps 

 

 
 

Fig 6: Cube plots showing the effect of X1 (polymer Concentration), (X2) TPP ratio and (X3) stirring speed on the % DDE of the Terbinafine 

HCl Nps 

 

 
 

Fig 7: Cube plots showing the effect of X1 (polymer Concentration), (X2) TPP ratio and (X3) stirring speed on the % Yield of the Terbinafine 

HCl Nps 
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Desirability: A design space with desirability was generated from the numerical optimization shown in Table 4.  
 

Table 4: A design space with maximum desirability was generated from the numerical optimization 
 

Polymer concentration TPP conc. Stirring speed Particle Size DEE Yield Desirability 
 

0.15 0.321 0.886 109.456 80.797 85.113 0.982 Selected 
 

A design space with desirability of 0.982 was generated from 

the numerical optimization. The optimum formulation 

parameters (as suggested by the software) were 0.15% 

chitosan, 0,886 rpm stirrer speed and 0.321% sodium 

triployphosphate as the crosslinking agent. The optimized 

formulation was fabricated in triplicate and evaluated. The 

numerical optimization was validated by comparing the 

predicted and actual values of responses which revealed a 

statistically insignificant percent prediction error. Optimized 

formulation of terbinafine nanoparticles was selected from the 

design space suggested by the design expert software which 

was further evaluated for the physicochemical, 

morphological, and in-vivo drug permeation studies through 

the goat skin. 

 

3.1.3 Characterization of the optimized formulation of 

terbinafine HCl nanoparticles 

Particle size, DEE and percentage yield: The optimized 

formulation was fabricated and evaluated in triplicate. The 

values of particle size, %DEE and % yield for the optimized 

terbinafine Nps are depicted in Table 5. Particle size 

distribution of the optimized formulation is depicted in Figure 

8 (21, 22). 

 
Table 5: Particle size, %DEE and percentage yield for the optimized 

formulation of terbinafine HCl nanoparticles 
 

Sr. No. Particle Size (nm) % DEE %Yield 

I 123.3 88.05 83.09 

II 130.2 81.00 85.00 

III 147.0 78.65 84.45 
 

 
 

Fig 8: Average Particle size of the optimized formulation of terbinafine HCl nanoparticles 
 

3.1.4 Mucoadhesive strength: Mucoadhesive strength (Fmax) 

was measured by the texture analyzer and found to be 0.3N 

for the optimized mucoadhesive nanoparticles (23, 24). The 

maximum force required to separate the probe from the tissue 

was (i.e. maximum detachment force; Fmax) given by force 

versus time curve for optimized mucoadhesive nanoparticles 

formulation is shown in Figure 9. 

 
 

 
 

Fig 9: The graph showing force (Y˗axis) time (X˗axis) curve for the optimized formulation of terbinafine HCl nanoparticles 
 

3.1.5 Transmission Electron Microscopy (TEM): 

Transmission Electron Microscopy of the optimized 

formulation of Terbinafine nanoparticles is shown in Figure 

10. TEM image shows spherical and smooth shape of chitosan 

nanoparticles having size range below 100 nm. The particle 

size found in TEM analysis was less than that analyzed by 

Zetasizer due to hydrodynamic layer covering the particles 

got removed during slide preparation in TEM examination 

and it gives an actual size of chitosan Nps in dry state (25, 

26). 
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Fig 10: TEM image of the optimized formulation of terbinafine HCl 

nanoparticles 

 

3.1.6 Ftir analysis 

The optimized formulation was characterized by infrared 

spectroscopy to confirm the successful drug entrapment in the 

nanoparticles. FTIR spectra of pure drug terbinafine HCl, 

Polymer chitosan and optimized formulation mucoadhesive 

Nps are shown in Figure 11, 12 and 13 respectively (27). The 

FTIR spectra of the optimized mucoadhesive Nps shows the 

presence all the characteristic peak of the drug as well as 

polymer, thereby confirming the absence of any chemical 

interaction between drug and polymer. 

 
 

Fig 11: FTIR spectra of the Terbinafine HCl 

 

 
 

Fig 12: FTIR spectra of the Polymer chitosan 
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Fig 13: FTIR spectra of the optimized formulation of terbinafine HCl nanoparticles formulation 

 

3.2 Ex -vivo drug permeation studies 

The goat skin mucosa was selected as biological membrane 

for the permeation studies by using Franz diffusion cell. The 

formulated nanoparticles was suspended in carbopol gel for 

the permeation studies. The terbinafine HCl nanoparticles 

containing carbopol gel, drug suspension and marketed 

formulation of terbinafine HCl Terbicep® (1%) were 

compared for the drug permeation across the epithelial skin 

layer. The amount of drug permeated at different time 

intervals are given in Table 6. Drug permeated from the 

optimized Nps formulation showed sustained release up to 24 

hours whereas pure drug suspension showed rapid drug up to 

92.6% in 6 hours through goat epithelial tissues. The graph of 

the % drug permeated versus time is shown in Figure 14. The 

regression plot was used to calculate the permeation constant 

given by the slope of the regression line and flux (J) 

calculated for optimized terbinafine Nps, Drug suspension 

and Terbicep® 27.97, 34.24 and 37.05 respectively as shown 

in Figure 15. The higher flux value for the pure drug 

suspension and Terbicep® as compared to the optimized 

nanoparticle formulation through the goat skin reveals the fast 

permeation of the drug whereas drug from the nanoparticles 

was slowly permeated over longer time period. Thus the 

nanoparticles permeation behavior follows the sustained drug 

release pattern. 

 
Table 6: Ex- vivo drug permeation profile for the optimized 

nanoparticles, drug suspension and marketed formulation of the 

terbinafine HCl 
 

 
Percentage drug permeated 

 
Time (Hours) Optimized Nps Drug suspension Terbicep® 

0 0.0 0.0 0.0 

0.25 8.7 8.2 7.5 

0.5 17.4 9.5 15.4 

1 20.5 38.5 32.6 

2 29.9 60.1 52.0 

4 41.5 84.2 70.9 

6 47.9 92.6 80.5 

10 54.2 93.2 88.0 

16 62.1 91 93.1 

24 73.9 90.5 91.7 

 

 
 

Fig 14: The drug permeation profile showing % drug permeated versus time for the optimized Nps, Drug suspension and marketed formulation 

(Terbicep®) of the terbinafine HCl
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Fig 15: The flux values comparing the drug permeation across for optimized Nps, Drug suspension and marketed of formulation (Terbicep®) of 

terbinafine HCl 

 

4. Conclusion 

The terbinafine HCl nanoparticles were formulated by 

modified ionic gelation method using chitosan as 

mucoadhesive polymer and optimized by the Box Behnken 

Design (BBD). The optimized drug loaded nanoparticles was 

further characterized and evaluated. The transmission electron 

microscopic examination reveals the smooth & spherical 

shape nanoparticles with size range below 100nm. 

Mucoadhesive strength was found to be appropriate (0.3N 

approximately). 

Ex– vivo skin permeation study using goat skin mucosa was 

revealed the better permeability up to 24 hrs by terbinafine 

loaded optimized mucoadhesive nanoparticles formulation as 

compared to its drug suspension and its marketed formulation 

Terbicep®. Overall, the topical drug delivery in form of 

nanoparticles is a better option for the improving 

bioavailability and sustained effect of poorly water soluble 

drugs. 
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