
INTRODUCTION
Owing to their uncontrolled drug release, conventional local 
dosage forms (e.g., ointments and creams) are characterized 
by low affectivities and, consequently, more side effects. These 
two disadvantages have encouraged conducting research-
works aiming at developing more advanced systems of 
controllable drug release via particle-delivery carriers such as 
microspheres, liposomes, and nanoparticles.1 In this research 
field, particular attention has been drawn to nanosponges 
(NS), especially because they allow predictable, precise, and 
targeted drug release.2-4 Due to their nanoporous structure, 
NS easily provides an advantageous topical drug delivery 
carrier for many active pharmaceutical ingredients, such as 
local anesthetics, antifungals, and anti-acne agents.3-5 The 
advantages of NS are numerous since they cause no irritation, 
allergy, toxicity, nor mutagenicity, all being safety factors. As 
delivery particulates of a wide variety of ingredients, they offer 
cost-effective, self-sterilizing extended-release. In addition, 
NS structures have enhanced thermal, physical, and chemical 
stability.6-9 

Butenafine hydrochloride is a benzylamine derivative, 
[1-(4-tert-butylphenyl)-N-methyl-N-(naphthalen-1-ylmethyl)
methanamine; hydrochloride] as shown in Figure 1, with a 
molecular weight of 353.9 and is practically insoluble in water 
drug with log P~5.85. It is the first representative of a new class 
of antifungal agents. As a broad-spectrum antifungal agent, 
butenafine has proven to be effective in the treatment of tinea 
pedis, corporis, cruris, toe-nail onychomycosis, pityriasis 
versicolor, and seborrheic dermatitis caused by Malassezia sp., 
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Figure 1: Chemical structure of butenafine hydrochloride[11]
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with the common side effects of irritation and burning sensation 
at the site of application.10-12

This study aims to prepare and evaluate butenafine HCl 
NS (BFNS) carrier for dermal delivery using ethylcellulose 
(EC) or polymethacrylate (Eudragit) and their comparison. 

MATERIALS AND METHODS

Materials
HCl and EC were supplied by Hangzhou Hyper Chemicals 
Limited, Hangzhou, China. Eudragit RS 100 was obtained 
from Evonik Rohm GmbH, Darmstadt, Germany. Polyvinyl 
Alcohol 14000 was supplied by Thomas Baker (Chemicals) 
Pvt. Ltd. Mumbai, India. All the chemicals used were of 
analytical grade. 
Methods

Preparation of NS
BFNS were prepared by the emulsion solvent diffusion method 
as proposed by Sharma and Pathak in 2011. The organic phase 
consists of 200 mg butenafine hydrochloride, with the retarder 
(EC or Eudragit RS100) were dissolved in different volumes of 
dichloromethane or acetone as seen in Table 1. The aqueous 
phase consisting of polyvinyl alcohol (an emulsifying or 
stabilizing agent) was dissolved in warm water. The organic 
phase was gradually added into the aqueous phase and stirred 
mechanically at 1000 rpm for 2 hours at room temperature to 
remove the organic solvent from the mixture.5

NS formed were collected by vacuum filtration, dried 
at 40℃, and stored in a tightly closed container. Different 
variables (ratios of butenafine hydrochloride and the retarder, 

PVA concentrations, stirring speed, type, or volume of organic 
phase) were used for preparing NS that was evaluated for 
particle size, entrapment efficiency, and yield percentage.
Percentage Yield
BFNS obtained after drying were weighed. The percentage 
yield value was calculated according to the formula:13,14 

Entrapment Efficiency (EE%) 
The UV spectrophotometric method was used to estimate the 
entrapment efficiency of BFNS. Batches of NS were selected 
and placed in 30 mL of BPS. Butenafine HCl was extracted 
by centrifuging at 1000 rpm for 30 minutes, then filtered and 
analyzed after proper dilution. Percentage entrapment was 
calculated as:15,16

Particle Size and Size Distribution 
Particle size and polydispersity index (PDI) determination were 
obtained using the Nano Brook 90Plus particle size analyzer, 
which uses dynamic light scattering (DLS) to measure the 
intensity of light scattered by the molecules in the sample as 
a function of time.17

In-vitro Dissolution Profile of NS
In a pre-treated dialysis bag (Schuchardt dialysis membrane 
MWCO 12,000 Da) that is cut off, an aqueous dispersion of 
NS (10 mL) is placed in a dissolution test USP apparatus Type 
II. An environment of 100 rpm and 34 ± 0.5°C in 500 mL, 5.5 
pH phosphate buffer was used.18,19

Table 1: Formulation variables of butenafine HCl NS

ID Butenafine HCl g EC g Eudragit RS 100 g PVA g DCM mL Acetone mL Stirring speed rpm
F1 0.2 0.2 - 0.5 20 - 1000
F2 0.2 0.2 - 0.5 40 - 1000
F3 0.2 0.2 - 0.5 - 20 1000
F4 0.2 0.4 - 0.5 20 - 1000
F5 0.2 0.4 - 0.25 20 - 1000
F6 0.2 0.4 - 0.75 20 - 1000
F7 0.2 0.4 - 0.5 20 - 500
F8 0.2 0.4 - 0.5 20 - 1500
F9 0.2 0.6 - 0.5 20 - 1000
F10 0.2 - 0.2 0.5 20 - 1000
F11 0.2 - 0.2 0.5 40 - 1000
F12 0.2 - 0.2 0.5 - 20 1000
F13 0.2 - 0.4 0.5 20 - 1000
F14 0.2 - 0.4 0.25 20 - 1000
F15 0.2 - 0.4 0.75 20 - 1000
F16 0.2 - 0.4 0.5 20 - 500
F17 0.2 - 0.4 0.5 20 - 1500
F18 0.2 - 0.6 0.5 20 - 1000
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Table 2: Particle size, PDI of different butenafine HCl NS formulas

ID Butenafine HCl g EC g Eudragit RS 100 g PVA g DCM mL Acetone mL Stirring Rpm Particle Size ± SEM nm PDI
F1 0.2 0.2 - 0.5 20 - 1000 311.6 ± 48.4 0.005
F2 0.2 0.2 - 0.5 40 - 1000 756.8 ± 156.2 0.8225
F3 0.2 0.2 - 0.5 - 20 1000 502.3 ± 16.2 0.3724
F4 0.2 0.4 - 0.5 20 - 1000 83.7 ± 8.9 0.091
F5 0.2 0.4 - 0.25 20 - 1000 651 ± 106.7 0.005
F6 0.2 0.4 - 0.75 20 - 1000 606 ± 58.3 0.376
F7 0.2 0.4 - 0.5 20 - 500 991 ± 11.2 0.005
F8 0.2 0.4 - 0.5 20 - 1500 73.6 ± 15.4 0.273
F9 0.2 0.6 - 0.5 20 - 1000 391.80 ± 58.5 0.005
F10 0.2 - 0.2 0.5 20 - 1000 279.8 ± 41.4 0.005
F11 0.2 - 0.2 0.5 40 - 1000 192.7 ± 4.1 0.4561
F12 0.2 - 0.2 0.5 - 20 1000 116 ± 0.96 0.1494
F13 0.2 - 0.4 0.5 20 - 1000 373.3 ± 83.7 0.005
F14 0.2 - 0.4 0.25 20 - 1000 123.7 ± 7.1 0.005
F15 0.2 - 0.4 0.75 20 - 1000 484.1 ± 14.4 0.1779
F16 0.2 - 0.4 0.5 20 - 500 1439.6 ± 237.4 0.191
F17 0.2 - 0.4 0.5 20 - 1500 146.7 ± 2.6 0.3661
F18 0.2 - 0.6 0.5 20 - 1000 464.2 ± 98.1 0.005

Zeta Potential (ZP) Measurement
The selected formula’s ZP was determined using The Malvern 
zetasizer UK.20

X-Ray Powder Diffraction (PXRD) 
Shimadzu XRD-6000 PXRD was used to test the crystalline 
nature of the substances in the solid-state. Diffractograms 
of butenafine HCl powder and the selected formulas were 
obtained.21

Scanning Electron Microscope (SEM) 
A Vega/TESCAN SEM was used to study morphology, the 
surface topography of the prepared NS, the difference in 
morphology state of the pure drug, and the selected formulas.22

Fourier Transform Infrared Spectroscopic Analysis 
The FTIR analyzer was used to study the compatibility 
between butenafine hydrochloride and the excipients in the 
selected formulas by using FTIR-8300 Shimadzu, Japan. 
Statistical Analysis 
The statistical analysis of the results were performed using 
GraphPad Prism version 8.4.3 at level of significance p < 0.05.

RESULTS AND DISCUSSION

Particle Size Analysis and PDI Measurement
The effect of different variables on the particle size and PDI was 
investigated using nine formulas for each retarder. Formulas’ 
mean particle size in terms of diameter ranged from (73.6 ± 
15.4- 991 ± 11.2 nm) for EC NS, and from (116 ± 0.96-1439.6 
± 237.4 nm) for Eudragit NS. Table 2 below offers the particle 
size, standard error (SE), and PDI for the variables affecting 
different formulas.

Variables Affecting Formulas 

Effect of Drug to Polymer Ratio
In formulas F1, F4, and F9, the increase of EC-polymer-to-drug 
ratios (1:1, 2:1, and 3:1) translated into an increase in particle 
size. The highest to lowest cline of increase was in F9, followed 
by F1 and F4. Mean of particle size increase between F4 and 
F1, and between F4 and F9 was significant (p-value < 0.05), 
but insignificant between F1 and F9. The same results were 
obtained by Sharma et al. (2011).5 

A proportional increase in nanoparticle size was measured 
in formulas: F10, F13, and F18, at an ascending cline, with 
an insignificant increase in Eudragit-to-drug ratios (1:1, 2:1, 
and 3:1; p-value > 0.05). Similar results were reported by 
Kiliçarslan et al. (2008) and Pandav and Naik (2014).23,24

Effect of Polyvinyl Alcohol (PVA) Concentration
During NS preparation, PVA molecules have the function 
of stabilizing the emulsion nano-droplets by preventing 
those droplets from aggregating with one another. An exact 
amount of PVA molecules is required to surround the droplets’ 
organic/aqueous interfacial area. The smallest particle size 
was obtained from (0.5%) PVA in F4 (EC), and F14 (Eudragit), 
respectively. The increase in the amount of PVA from (0.5%) to 
(0.75%) in F6 (EC) showed an insignificant increase (p-value 
> 0.05) in the particle size, while the decrease of that amount to 
(0.25%) in F5 caused a significant increase ( p <0.05) in particle 
size. This result corresponds with those reported by Kemala 
et al. (2012). With the Eudragit, a direct proportional increase 
in concentration to particle size was obtained in F14, F13, and 
F15. This increase in particle size was insignificant between 
F14 and F13 (p-value > 0.05), but significant between F14 and 



Comparison between Ethylcellulose and Polymethacrylate Topical Nanosponges Loaded

IJDDT, Volume 13 Issue 1, January - March 2023 Page 26

F15 (p-value < 0.01). Similar results were reported by Shoaib, 
et al. (2018) for naproxen and ibuprofen NS. 25,26

Effect of Internal Phase Solvent Type
Organic solvents play a crucial role in NS preparation due to 
their functionality in dissolving the drug and polymer, ensuring 
the initial thermodynamic equilibrium with the external phase, 
plus the organic solvent’s eventual diffusion and evaporation 
to form the NS. This diffusion and eventual evaporation are 
mainly dependent upon its boiling point.27

On comparing F1 (EC NS) and F10 (Eudragit NS) prepared 
with dichloromethane with F3 EC NS (prepared with 20mL 
acetone), there was an insignificant increase (p-value > 
0.05) in particle size and PDI. However, F12 (Eudragit NS, 
also prepared with acetone) showed a significant decrease 
(p-value < 0.05) in particle size and an increase in PDI. In this 
connection, acetone’s higher boiling point (at 56°C) rendered 
slower evaporation than DCM’s boiling point (at 39°C), also 
slowing the NS partitioning process, hence the higher PDI in 
F3 and F12. 28,29

Effect of Stirring Speed
In both ECNS (F7, F4, F8) and Eudragit NS (F16, F13, F17), the 
respective increase in stirring speed from 500 rpm to 1000 and 
1500 rpms caused a decrease in mean particle size. In ECNS, 
the significance level of this decrease in particle size was at 
p value < 0.0001, while in Eudragit NS, the significant decrease 
was at p value < 0.05. Srinivas et al. (2013) described this effect 
to the polymer’s adherence to the stirrer’s paddle due to the 
high turbulence created within the aqueous phases.30

ZP Measurement 
In BFNS, ZP were 0.0382 and -0.0688 for F1 and F10, 
respectively.

The ZP of the aqueous dispersion describes the stability of 
the prepared NSs. The ZP of BFNSs of 0.0382 and (-0.0688) 
do not correspond with Smoluchowski (1916) values of (ZP ≥ 
±30 mV), which are indicative of the stable dispersion for hard 
spheres, not soft NSs particles. Consequently, owing to the soft 
nature of NS, ZP calculated by the conventional hard-sphere 
method does not reflect the state of agglomeration or stability 
of our soft NS particles, which were intended to be eventually 
collected as a dry powder.31,32

Dissolution Profile of Butenafine-Loaded NS Powder
Drug-release profiles for the ECNS and Eudragit NS selected 
formulas are indicated in Figure 2.

The release of BFNS powder in F10 (90.42 ± 1.81%) was 
higher than that of ECNS F1 powder (78.53 ± 3.24%) within 
(24) hours, as shown in Figure 2. This result is ascribable to 
the low particle size in F10, which increased the surface area 
and enhanced the contact between particles and dissolution 
medium.24 

Drug EE%
The results showed that the EE% for each 100 mg of NS powder 
in formulas F1 and F10 was 74.12 and 72.89%, respectively.
FTIR Spectroscopic Analysis 
The FTIR spectrum of pure BF and BFNS powder is shown 
in Figure 3. The results showed that the characteristic peaks 
of BF (sharp stretching aromatic C-H stretching 3046.01 
cm−1, C–CH3  peaks at 2959.23 cm−1, C=C aromatic peak 
at 1605.45 cm−1, and C–N stretching peaks at 1216.77 and 
550–950 cm-1 aromatic bending), present in the pure drug 
and NS formulations which show that there is no chemical 
interaction between the drug and other excipients. BF F1 F10
SEM
SEM scanning showed that the pure drug particles obtained a 
random-shaped surface, with a large particle size as revealed in 
Figure 4. On the other hand, the SEM of F1 powder in Figure 5 
showed finely spherical, smooth, and porous NS particles. 
Ahmed et al. (2021) reported the same results.15

PXRDA
As shown in Figure 6, The PXRDA patterns of pure powder 
BF revealed highly intense diffraction peaks, highlighting its 
crystalline nature. However, these diffraction peaks were of 
lower intensity in the powder pattern, as seen in Figures 7 and 8.  
This result is indicative of the BF powder’s amorphous state. 
This same result was reported by Rao et al.33,34 

CONCLUSION
On the basis of the results described above, the implemented 
emulsion solvent diffusion method in the prepared formulas of 
both EC and Eudragit NS showed successful drug-entrapment 
and prolonged release of BF for 24 hours. These results function 
in minimizing the side effects and dosing frequency of BF 
drug application.

Figure 2: BF Release Profile for F1 (ECNS) and F10 (Eudragit NS) 
Figure 3: FTIR Spectrum of Pure BF, F1 (ECNS Powder), and F10 

(Eudragit NS Powder)
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Figure 5: SEM of F1, F10 at 10.00Kx and F1 at 17.97Kx

Figure 8: PXRD of Formula F10

Figure 4: SEM of Pure Drug, at 10.00 Kx Magnification

Figure 6: PXRD of Pure Drug

Figure 7: PXRD of Formula F1

REFERENCES
1.	 Ghanbarzadeh S, Arami S. Enhanced transdermal delivery of 

diclofenac sodium via conventional liposomes, ethosomes, and 
transfersomes. BioMed research international. 2013 Oct;2013.

2.	 Pandey PJ. Multifunctional nanosponges for the treatment 
of various diseases: A review. Asian J. Pharm. Pharmacol. 
2019;5(2):235-48.

3.	 Shringirishi M, Prajapati SK, Mahor A, Alok S, Yadav P, 
Verma A. Nanosponges: a potential nanocarrier for novel drug 
delivery-a review. Asian pacific journal of tropical disease. 2014 
Sep 1;4:S519-26.

4.	 Kundlas J. Nautiyal., Jassal M. Nanosponges: As Originated 
Form For Targeted Drug Delivery. International Journal of 
Recent Advances In Pharmaceutical Research. 2015;5(2):75-81.

5.	 Sharma R, Pathak K. Polymeric nanosponges as an alternative 
carrier for improved retention of econazole nitrate onto the 
skin through topical hydrogel formulation. Pharmaceutical 
development and technology. 2011 Aug 1;16(4):367-76.

6.	 Patel G, Patel JK. Use of a microsponge in drug delivery systems. 
Pharmaceutical processing. 2008;158(1).

7.	 Khopade AJ, Jain S and Jain NK. “The Microsponge”. Eastern 
Pharmacist 2012; 49-53.

8.	 Jain N, Devi VK, Dang R, Bhosal U. Micro Sponges: A Novel 
Drug Delivery System. Vol 15, Issue 81, March-April, 2013

9.	 Vishwakarma A, Nikam P, Mogal R, Talele S. Review on 
nanosponges: A benefication for novel drug delivery. Int J 
PharmTech Res. 2014 Jan;6:11-20.

10.	 Savin R, De Villez RL, Elewski B, Hong S, Jones T, Lowe N, 
Lucky A, Reyes B, Stewart D, Willis I, Centerd BM. One-week 



Comparison between Ethylcellulose and Polymethacrylate Topical Nanosponges Loaded

IJDDT, Volume 13 Issue 1, January - March 2023 Page 28

therapy with twice-daily butenafine 1% cream versus vehicle in 
the treatment of tinea pedis: a multicenter, double-blind trial. 
Journal of the American Academy of Dermatology. 1997 Feb 
1;36(2):S15-9.

11.	 Lopez GI, Bonifaz A. Butenafine. A review. Cosmetic, Medical 
and Surgical Dermatology.2007;5(4).

12.	 Syed TA, Ahmadpour OA, Ahmad SA, Shamsi S. Management 
of toenail onychomycosis with 2% butenafine and 20% urea 
cream: a placebo‐controlled, double‐blind study. The Journal 
of Dermatology. 1998 Oct;25(10):648-52.

13.	 Penjuri SC, Ravouru N, Damineni S, Bns S, Poreddy SR. 
Formulation and evaluation of lansoprazole loaded Nanosponges. 
Turk. J. Pharm. Sci. 2016 Sep 1;13(3):304-10.

14.	 Fareed NY, Kassab HJ. Studying the Effect of Variables on 
Acyclovir Microsponge. Iraqi Journal of Pharmaceutical Sciences 
(P-ISSN 1683-3597 E-ISSN 2521-3512). 2018 Dec 6:66-76.

15.	 Ahmed MM, Fatima F, Anwer MK, Ibnouf EO, Kalam 
MA, Alshamsan A, Aldawsari MF, Alalaiwe A, Ansari MJ. 
Formulation and in vitro evaluation of topical nanosponge-
based gel containing butenafine for the treatment of fungal skin 
infection. Saudi Pharmaceutical Journal. 2021 May 1;29(5):467-
77.

16.	 Abass MM, Rajab NA. Preparation and characterization of 
etodolac as a topical nanosponges hydrogel. Iraqi Journal of 
Pharmaceutical Sciences (P-ISSN: 1683-3597, E-ISSN: 2521-
3512). 2019 Jun 11;28(1):64-74.

17.	 Shekunov BY, Chattopadhyay P, Tong HH, Chow AH. Particle 
size analysis in pharmaceutics: principles, methods and 
applications. Pharmaceutical research. 2007 Feb;24:203-27.

18.	 Singh D, Soni GC, Prajapati SK. Recent advances in nanosponges 
as drug delivery system: a review. Eur J Pharm Med Res. 
2016;3(10):364-71.

19.	 Li W, Yang Y, Tian Y, Xu X, Chen Y, Mu L, Zhang Y, Fang 
L. Preparation and in vitro/in vivo evaluation of revaprazan 
hydrochloride nanosuspension. International journal of 
pharmaceutics. 2011 Apr 15;408(1-2):157-62.

20.	 Honary S, Zahir F. Effect of zeta potential on the properties of 
nano-drug delivery systems-a review (Part 2). Tropical journal 
of pharmaceutical research. 2013 May 9;12(2):265-73.

21.	 Ige PP, Baria RK, Gattani SG. Fabrication of fenofibrate 
nanocrystals by probe sonication method for enhancement of 
dissolution rate and oral bioavailability. Colloids and Surfaces 
B: Biointerfaces. 2013 Aug 1;108:366-73.

22.	 Moon, C., Kwon, Y.M., Lee, W.K., Park, Y.J., Chang, L.C. and 
Yang, V.C., 2008. A novel polyrotaxane‐based intracellular 
delivery system for camptothecin: In vitro feasibility evaluation. 
Journal of Biomedical Materials Research Part A: An Official 
Journal of The Society for Biomaterials, The Japanese Society 

for Biomaterials, and The Australian Society for Biomaterials 
and the Korean Society for Biomaterials, 84(1), pp.238-246.

23.	 Kılıçarslan M, Baykara T. The effect of the drug/polymer ratio 
on the properties of the verapamil HCl loaded microspheres. 
International journal of pharmaceutics. 2003 Feb 18;252(1-
2):99-109.

24.	 Pandav S, Naik J. Preparation and in vitro evaluation of 
ethylcellulose and polymethacrylate resins loaded microparticles 
containing hydrophilic drug. Journal of Pharmaceutics. 
2014;2014.

25.	 Kemala T, Budianto E, Soegiyono B. Preparation and 
characterization of microspheres based on blend of poly (lactic 
acid) and poly (ɛ-caprolactone) with poly (vinyl alcohol) as 
emulsifier. Arabian Journal of Chemistry. 2012 Jan 1;5(1):103-8.

26.	 Abbas N, Irfan M, Hussain A, Arshad MS, Hussain SZ, Latif 
S, Bukhari NI. Development and evaluation of scaffold-based 
nanosponge formulation for controlled drug delivery of naproxen 
and ibuprofen. Tropical Journal of Pharmaceutical Research. 
2018 Oct 5;17(8):1465-74.

27.	 Nagavarma BV, Yadav HK, Ayaz AV, Vasudha LS, Shivakumar 
HG. Different techniques for preparation of polymeric 
nanoparticles-a review. Asian J. Pharm. Clin. Res. 2012 
Jun;5(3):16-23.

28.	 Vaculikova E, Grunwaldova V, Kral V, Dohnal J, Jampilek J. 
Primary investigation of the preparation of nanoparticles by 
precipitation. Molecules. 2012 Sep 13;17(9):11067-78.

29.	 Vineeth P, Vadaparthi PR, Kumar K, Babu BD, Rao AV, Babu 
KS. Influence of organic solvents on nanoparticle formation and 
surfactants on release behaviour in-vitro using costunolide as 
model anticancer agent. Int J Pharm Pharm Sci. 2014;6(4):638-45.

30.	 Srinivas P, Sreeja K. Formulation and evaluation of voriconazole 
loaded nanosponges for oral and topical delivery. Int J Drug Dev 
Res. 2013 Jan;5(1):55-69.

31.	 Lerche D, Sobisch T. Evaluation of particle interactions by 
in situ visualization of separation behaviour. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects. 2014 
Jan 5;440:122-30.

32.	 Almutairy BK, Alshetaili A, Alali AS, Ahmed MM, Anwer 
MK, Aboudzadeh MA. Design of olmesartan medoxomil-loaded 
nanosponges for hypertension and lung cancer treatments. 
Polymers. 2021 Jul 11;13(14):2272.

33.	 Rao M, Bajaj A, Khole I, Munjapara G, Trotta F. In vitro and 
in vivo evaluation of β-cyclodextrin-based nanosponges of 
telmisartan. Journal of inclusion phenomena and macrocyclic 
chemistry. 2013 Dec;77:135-45.

34.	 Ghurghure S, Pathan M. Preparation and in-vitro evaluation of 
Itraconazole loaded nanosponges for topical drug delivery. Indo 
Am. J. Pharm. Res. 2019;9:1999-2013.


