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Original Article
Ex Vivo Permeation Study of Terbinafine Hydrochloride 
From Nanostructured Lipid Carriers-based Formulation

Background: Nanostructured lipid carriers (NLCs) are emerging as the second generation of 
lipid nanoparticles to solve the shortcomings of the first generation (structured lipid carriers). 
Terbinafine hydrochloride is used to treat various fungal skin diseases. 

Objectives: The study’s main objective was to study the drug release and permeation between 
NLC and NLC-based gel formulation to select the better one. 

Methods: A central composite face-cantered (α=1) design with two components (the amount 
of liquid lipid and the homogenization speed) and 13 runs were used through Design-Expert® 

software (version 7.1.5). Terbinafine hydrochloride-loaded NLC (TH_NLC) was produced 
by using the hot-homogenization technique. Fourier transform infrared study was done to 
determine drug excipients’ compatibility. Dynamic light scattering (DLS) was employed 
to determine particle size. Utilizing scanning electron microscopy (SEM), the morphology 
and shape of the TH_NLC formulation were examined. The hydrogel was filled with the 
optimized products chosen by point prediction in design expert software. These products were 
assessed by their pH, spreadability, viscosity, homogeneity, extrudability, and drug content. 
The in vitro drug release study and the ex vivo permeation investigation for the optimized 
TH_NLCopt and TH_NLCopt gel formulation were carried out using Franz diffusion cells

Results: The formulation contains nanoscale particles, as evidenced by the size range of 
the particles (17.57 to 329.4 nm). Entrapment efficiency was 60.95% and 98% for TH_
NLCopt TH_NLCopt gel, respectively. Within 7 hours, 96.35% and 83.37% of the drug were 
released from optimized NLC and NLC-based gel, respectively. The amount of drug that 
had penetrated the skin in 7 hours ranged from 54.19% to 31.16%, with a retention range of 
22.46% to 61.87%. 

Conclusion: The topical delivery of the TH_NLC-based gel system is quite promising.

A B S T R A C T

Keywords:
Lipid nanoparticles, 
Terbinafine, Dynamic 
light scattering (DLS), 
Spectroscopy, Fourier 
transform infrared, 
Nanoparticles, Hydrogels

Article info:
Received: 10 Mar 2024
Accepted: 22 Apr 2024

* Corresponding Author:
Gopa Roy Biswas, Professor.
Address: Department of Pharmaceutics, School of Pharmacy, Techno India University, Kolkata, India.
Phone: +91 (98) 30532455
E-mail: goparoy2020@gmail.com

Citation Biswas GR, Patra S, Dutta P, Khanra R. Ex Vivo Permeation Study of Terbinafine Hydrochloride From Nanostructured Lipid Carriers-based 
Formulation. Pharmaceutical and Biomedical Research. 2024; 10(3):229-246. http://dx.doi.org/10.32598/PBR.10.3.1286.11

 : http://dx.doi.org/10.32598/PBR.10.3.1286.11

Copyright © 2024 The Author(s); 
This is an open access article distributed 
under the terms of the Creative Commons 
Attribution License (CC-By-NC: https://
creativecommons.org/licenses/by-
nc/4.0/legalcode.en), which permits use, 
distribution, and reproduction in any 
medium, provided the original work is 
properly cited and is not used for commercial 
purposes.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://orcid.org/0000-0002-9197-4278
https://orcid.org/0009-0001-3212-6252
https://orcid.org/0009-0008-6635-5011
https://orcid.org/0000-0002-0208-846X
https://meshb.nlm.nih.gov/record/ui?ui=D017550
https://meshb.nlm.nih.gov/record/ui?ui=C000711949
https://meshb.nlm.nih.gov/record/ui?ui=D000077291
https://meshb.nlm.nih.gov/record/ui?ui=D000067493
https://meshb.nlm.nih.gov/record/ui?ui=D000067493
https://meshb.nlm.nih.gov/record/ui?ui=D017550
https://meshb.nlm.nih.gov/record/ui?ui=D017550
https://meshb.nlm.nih.gov/record/ui?ui=D014783
https://meshb.nlm.nih.gov/record/ui?ui=D053758
https://meshb.nlm.nih.gov/record/ui?ui=D020100
mailto:oparoy2020%40gmail.com?subject=
http://pbr.mazums.ac.ir/
http://pbr.mazums.ac.ir/
http://dx.doi.org/10.32598/PBR.10.3.1286.11
https://crossmark.crossref.org/dialog/?doi=10.32598/PBR.10.3.1286.11
http://pbr.mazums.ac.ir/page/118/Open-Access-Policy


230

 July 2024. Volume 10. Number 3

Introduction 

rbinafine hydrochloride is an artificial al-
lylamine antifungal that treats mold in-
fections. It accumulates in fatty tissues, 
the skin, and nails and has a significant 
lipophilic inclination [1]. Like other allyl-
amines, terbinafine inhibits squalene epox-

idase, an enzyme involved in the pathway leading to the 
development of the fungal cell wall, hence preventing 
the production of ergosterol. Terbinafine hydrochloride 
is recommended for treating fungal skin and nail infec-
tions caused by Trichophyton species, Microsporum 
canis, Epidermophyton floccosum, and Tinea species. 
Additionally, cutaneous yeast infections caused by Can-
dida species and Malassezia furfur can be treated with 
terbinafine hydrochloride [2].

Terbinafine inhibits the enzyme squalene monooxy-
genase, commonly referred to as squalene epoxidase, 
which stops squalene from being converted to 2, 3-oxy-
dosqualene, the first step in the formation of ergosterol 
[3, 4]. Squalene accumulates due to this inhibition, and 
less ergosterol than would normally be integrated into 
the cell wall is created. Squalene-containing cytoplasmic 
vesicles in large quantities may remove other lipids from 
the cell wall, causing further harm [5].

Medication delivery is heavily employed in nanotech-
nology for passive and active targeting through various 
administration techniques. Colloidal particulate systems 
with diameters ranging from 10 to 1000 nm are known 
as nanoparticles. In response to the drawbacks of the first 
generation of lipid nanoparticles, nanostructured lipid 
carriers (NLCs) are emerging as the second generation 
[6]. NLCs are made with emulsifiers, suitable liquid and 
solid lipids, and biodegradable lipids. When liquid lip-
ids, such as oil, are introduced to solid lipids, they devel-
op structural flaws that result in a less ordered crystalline 
arrangement that offers a high drug load and stops drug 
leakage [7].

These days, lipid-based drug delivery techniques are 
commonly employed due to their capacity to increase 
the solubility and bioavailability of medications that are 
either lipophilic or poorly soluble in water. The develop-
ment of an improved generation of lipid nanoparticles 
known as NLCs has solved the problems with conven-
tional lipid-based formulations and solid lipid nanopar-
ticles [8]. NLCs have become a feasible carrier system 
for the oral, parenteral, ocular, pulmonary, topical, and 
transdermal delivery of pharmaceuticals. NLCs have re-
cently been utilized in delivering brain targeting, gene 

therapy, chemotherapy, and cosmeceuticals and nutra-
ceuticals [9].

Hydrogels are three-dimensional cross-linked poly-
mer networks that absorb a lot of water when immersed 
in an aqueous solution. They have many properties of 
solids and liquids because of this unique structure, such 
as a large amount of free water and possibly soluble 
molecules that can seep into and out of the gels. These 
polymers have good swelling qualities and are biocom-
patible, biodegradable, and non-toxic due to their highly 
water-holding (often between 30% and 90%) three-
dimensional cross-linked hydrophilic networks. Scien-
tists all around the world are currently very interested in 
hydrogel-based wound dressings because of their wide 
range of biocompatible matrices and physiologically ac-
tive components, which include neutralized polyacrylic 
acid, chitosan, cellulose, starch, and alginate [10].

Hydrogels can be made from two different types of 
polymers: Synthetic and natural. Most synthetic poly-
mers are chemicals that dissolve, spread, or swell when 
placed in water. They modify the physical properties of 
aqueous solutions through gelatinization, thickening, or 
stabilization of emulsions [11]. These polymers usually 
consist of blocks of units or repeating units with hydro-
philic groups (nonionic, anionic, cationic, or ampho-
teric) integrated into the polymer chains or attached to 
them as substituents. The synthetic polymer poly (ethyl-
ene glycol) or PEG is highly soluble in organic solvents. 
PEG's aqueous solubility and low intrinsic toxicity make 
it appropriate for biological applications. PEG's strong 
hydrophilic characteristics increase its solubility when 
paired with hydrophobic drugs or carriers. It improves 
pharmaceuticals' chemical and physical stability and 
keeps them from clumping together in vivo and during 
storage [12].

In addition to preparing and optimizing terbinafine hy-
drochloride-loaded (TH) NLC for topical administration, 
the current work aimed to assess the produced formula-
tion for comparison of the drug release and permeation 
between optimized terbinafine hydrochloride loaded 
NLC (TH_NLC)opt formulation and TH_NLCopt-based 
gel formulation and select which one was the best for 
topical drug delivery.

Materials and Methods

Study materials

Terbinafine hydrochloride was a gift sample from Ma-
cleods Pharmaceuticals Ltd (Andheri East, Mumbai). 

T
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Stearic acid was received from LOBA CHEMIE PVT.
Ltd (Mumbai, Maharashtra), and olive oil of BERTOLLI 
was purchased locally. The suppliers of stearic acid and 
carbopol 934 P were provided by Loba Chemie Pvt. Ltd., 
Mumbai, Maharashtra 400005. Tween 80 was received 
from Merck Specialities Private Limited (Shiv Sagar Es-
tate ‘A,’ Mumbai- 400 018) and selected as a surfactant. 
Triethanolamine of Loba Chemie Pvt. Ltd., Mumbai, 
Maharashtra 400005 was chosen as a gel neutralizing 
agent, and methanol of Merck Specialities Private Lim-
ited (Shiv Sagar Estate ‘A,’ Mumbai- 400 018) was se-
lected as a solvent for dissolving NLC product. Double 
distilled water was prepared in the Laboratory of Guru 
Nanak Institute of Pharmaceutical Science and Technol-
ogy (Panihati, Sodepur, Kolkata-700 114).

Study methods

Compatibility study of the materials

Fourier-transform infrared spectroscopy (FTIR) analy-
sis was used in this work to determine the drug’s (ter-
binafine hydrochloride) compatibility with the other 
materials (stearic acid, olive oil, carbopol 934 P, etc.) 
[13]. Terbinafine hydrochloride, stearic acid, olive oil, 
and their physical mixtures were all subjected to infrared 
transmission properties analyses using an FTIR spectro-
photometer (Perkin Elmer Spectrum Two). The KBr pel-
let method was employed to create the sample, and the 
FTIR spectra were recorded using an FTIR analyzer. A 
thin pellet was compressed after fine powder grinding, 
and a mass ratio 1:100 was used to combine the samples 
with anhydrous KBr. The scanning range was 4000-400 
cm-1, and the pressure was 5.5 metric tonnes for three 
minutes under a hydraulic press [14].

Experimental design of NLC

In the current study, an optimization study was con-
ducted using a central composite face-cantered (α=1) 
design with two components and thirteen runs using 
Design-Expert® software (version 7.1.5) [15]. The inde-
pendent variables, homogenizer speed and liquid lipid 
amount, were selected and set at high and low values, 
respectively. Table 1 presents the coded values for sev-

eral variables. The strategy produced thirteen NLC for-
mulations, which were subsequently evaluated for the 
response criteria of entrapment efficacy (R2) and particle 
size (R1) [16].

Table 2 listed 13 NLC formulations in accordance with 
the central composite design.

Preparation of TH NLC

First, a magnetic stirrer (REMI 1MLH) from REMI 
Elektrotechnik Ltd. (Vasai, India) was used to constantly 
stir stearic acid, a solid lipid, and olive oil, a liquid lipid, 
in a heated environment (between 60 °C and 70 °C). Ter-
binafine hydrochloride was also produced in an aqueous 
form and heated to the same temperature. After that, us-
ing a magnetic stirrer (REMI 1MLH) from REMI ELE-
KTROTECHNIK Ltd. (Vasai, India) and a surfactant 
(tween 80), the aqueous and lipid phases were combined 
at a heated temperature (60 °C to 70 °C). The mixture 
was run for 20–30 minutes at 3000-8000 rpm through a 
homogenizer (REMIMOTOR) owned by REMI ELEK-
TROTECHNIK Ltd. (Vasai, India). The procedure was 
carried out while the temperature remained high. Using 
an Ultrasonic Sonicator from LABMAN SCIENTIFIC 
INSTRUMENT PVT. Ltd. (Chennai-600118, India), the 
mixture was sonicated for 20–30 minutes and left to stand 
at room temperature for 48 hours [17]. The formulations 
were then lyophilized using OPTICS TECHNOLOGY’s 
Lyophilizer (Delhi-34, India). Table 3 provides the com-
position of the various NLC formulations [18].

Characterization of TH_NLC formulation

Physical appearance

Visual inspection assessed the prepared TH_NLCs’ 
physical appearance [19].

Particle 

Using a Zetasizer software, version 7.11 (Malvern In-
struments Ltd, UK), dynamic light scattering (DLS) was 
used to determine the particle size of the NLC formula-
tions at a temperature of 25 ºC. Merck Life Science Pvt. 
Ltd.’s (Mumbai, India) methanol was used to dissolve 

Table 1. Different independent variables and their level used in experimental design

Independent Variables Low Level (-1) High Level (+1) -Alpha + Alpha

Amount of liquid lipid (mL) 2 4 2 4

Homogenization speed (rpm) 3000 8000 3000 8000
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the NLC formulations. They were examined for particle 
size after being diluted 100 times with methanol [20].

Morphological analysis

The TH_NLC 1 formulation underwent morphological 
examination using scanning electron microscopy (SEM) 
(ZEISS EVO 18, CARL ZEISS MICROSCOPY, PEN-
TA FET X 3). Scanner microscopy was used to check 
the particle’s size and shape. The NLC was lyophilized 
and then subjected to SEM examination. The TH_NLC 
formulation was dissolved in methanol purchased from 
Merck Life Science Pvt. Ltd (Mumbai, India) will pre-
pare the sample. A grid was covered with a few drops 
of dispersion and left to dry. The samples were photo-
graphed once they had completely dried. It was found 
that the TH_NLC formulation’s particle sizes varied 
from less than 100 to 200 nm [21].

% entrapment efficiency

Using a cooling-centrifugation process, the EE% was 
found. One gram of TH_NLC was dissolved in 10 mm 
of pH-7.4 phosphate [22]. With a cooling centrifuge 
from REMI ELEKTROTECHNIK Ltd. (Vasai, India), 
the dispersion was cold centrifuged (5-8 ºC) for 20 min-
utes at 12000 rpm. The filter paper filters the liquid su-
pernatant (Mess No. 11 µm). After that, the filtrate was 

diluted, and a UV spectrophotometer (JASCO, V630 
Spectrophotometer) at 285 nm wavelength was used to 
measure the optical density. From there, the amount of 
drug in the supernatant liquid was computed. Equation 1 
was used to determine the EE% [23].

1. 

Morphological Analysis 

The TH_NLC 1 formulation underwent morphological examination using scanning electron 
microscopy (ZEISS EVO 18, CARL ZEISS MICROSCOPY, PENTA FET X 3). Scanner 
microscopy was used to check the particle's size and shape. The NLC was lyophilized and then 
subjected to scanning electron microscopy (SEM) examination. The TH_NLC formulation was 
dissolved in methanol purchased from Merck Life Science Pvt. Ltd (Mumbai, India) will 
prepare the sample. A grid was covered with a few drops of dispersion and left to dry. The 
samples were photographed once they had completely dried. It was found that the TH_NLC 
formulation's particle sizes varied from less than 100 to 200 nm [21]. 

% Entrapment Efficiency 

Using a cooling-centrifugation process, the EE% was found. One gram of TH_NLC was 
dissolved in 10 mm of pH-7.4 phosphate [22]. With a cooling centrifuge from REMI 
ELEKTROTECHNIK Ltd. (Vasai, India), the dispersion was cold centrifuged (5ºC-8ºC) for 
20 minutes at 12000 rpm. The filter paper filters the liquid supernatant (Mess No. 11 µm). After 
that, the filtrate was diluted, and a UV spectrophotometer (JASCO, V630 Spectrophotometer) 
at 285 nm wavelength was used to measure the optical density. From there, the amount of drug 
in the supernatant liquid was computed. Equation 1 was used to determine the EE% [23]. 

𝐸𝐸𝐸𝐸% = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐷𝐷𝐸𝐸𝐷𝐷𝐷𝐷 𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑇𝑇ℎ𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑒𝑒𝐸𝐸𝐸𝐸 𝐷𝐷𝐸𝐸𝐷𝐷𝐷𝐷 𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 100 ----------------- (1) 

Optimization of the Formulation 

TH_NLC formulations were optimized using Design-Expert® software (Version 7.1.5) 
regarding response, including particle size and entrapment efficiency. Initially, the analysis of 
the quadratic model was chosen. The model was then examined using the analysis of variance 
(ANOVA) and R2 tests. Particle size and entrapment efficiency were shown to be affected by 
the independent parameters independently (A or B), jointly (AB), and quadratically (A2, B2). 
Three-dimensional response surface graphs, in addition to a polynomial equation that showed 
the design's result, three-dimensional response graphs were created. Applying numerical 
optimization, optimal solutions were identified as optimized products. From these, one 
formulation was chosen for further assessment of the optimized product due to its decreased 
particle size and improved entrapment efficiency [16,24]. 

Preparation of TH_NLCopt Gel 

Using carbopol 934 of Loba Chemie Pvt Ltd. (107, Wodehouse Rd, Colaba, Mumbai, 
Maharashtra 400005) as a gelling agent, the point prediction-based optimized TH_NLCopt was 
converted into a gel. The prepared TH_NLCopt dispersion was added in the presence of Tween 
80 while being continuously stirred with a magnetic stirrer (REMI 1MLH) from REMI 
ELEKTROTECHNIK Ltd. (Vasai, India) to the carpool (1% w/v) dispersed in distilled water 
overnight to create uniform dispersion. The pH of the gel system was finally neutralized by 
adding triethanolamine of Loba Chemie Pvt Ltd. (107, Wodehouse Rd, Colaba, Mumbai, 
Maharashtra 400005)[25]. 

Evaluation of TH_NLCopt Gel 

Optimization of the formulation

TH_NLC formulations were optimized using Design-
Expert® software regarding response, including particle 
size and entrapment efficiency. Initially, the analysis of 
the quadratic model was chosen. The model was then 
examined using the analysis of variance (ANOVA) and 
R2 tests. Particle size and entrapment efficiency were 
shown to be affected by the independent parameters in-
dependently (A or B), jointly (AB), and quadratically 
(A2, B2). Three-dimensional response surface graphs, 
in addition to a polynomial equation that showed the 
design’s result, three-dimensional response graphs were 
created. Applying numerical optimization, optimal solu-
tions were identified as optimized products. From these, 
one formulation was chosen for further assessment of the 
optimized product due to its decreased particle size and 
improved entrapment efficiency [16, 24].

Table 2. Thirteen NLC formulations obtained from Design-Expert® software

Run Amount of Liquid Lipid (mL) Homogenization Speed (rpm)

1 3 8000

2 2 5500

3 3 5500

4 3 5500

5 4 5500

6 2 8000

7 3 5500

8 2 3000

9 4 3000

10 4 8000

11 3 5500

12 3 3000

13 3 5500

NLC: Nanostructured lipid carrier. 
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Preparation of TH_NLCopt gel

Using carbopol 934 of Loba Chemie Pvt Ltd. (107, 
Wodehouse Rd, Colaba, Mumbai, Maharashtra 400005) 
as a gelling agent, the point prediction-based optimized 
TH_NLCopt was converted into a gel. The prepared TH_
NLCopt dispersion was added in the presence of Tween 
80 while being continuously stirred with a magnetic stir-
rer (REMI 1MLH) from REMI ELEKTROTECHNIK 
Ltd. (Vasai, India) to the carpool (1% w/v) dispersed in 
distilled water overnight to create uniform dispersion. 
The pH of the gel system was finally neutralized by 
adding triethanolamine of Loba Chemie Pvt Ltd. (107, 
Wodehouse Rd, Colaba, Mumbai, Maharashtra 400005) 
[25].

Evaluation of TH_NLCopt gel

A digital pH meter (Systronics 335, India Ltd.) was 
used to measure the TH_NLCopt gel’s pH at room tem-
perature [26] NLCs. Gel spreadability testing is one of 
the most essential steps in determining how well gel 
flows. The measured amount of TH_NLCopt gel (5 g) 
was placed on the glass slide using the pre-marked di-
ameter of 5 cm before being covered with another slide. 
The second glass slide had a weight (20 g) connected to 
it, and the time it took the gel to travel 5 cm was recorded 
[27]. The viscosity of the gel sample was measured at 
room temperature using a Brookfield viscometer. At 20 
rpm, viscosity was measured using spindle number S-64 
[28]. Visual examination of the gel formulation allows 
for assessing the homogeneity of TH_NLCopt gel [29]. 

The extrudability test aimed to determine how well gel 
extruded from a collapsible tube under continual weight 
application. Ten grams of TH_NLCopt gel were pressed 
out of the collapsible tube with a constant load of 100 g. 
The extruded gel was collected and weighed once the 
cap was removed. The extruded gel percentage >90% 
was computed (good extrudability, greater than 80% 
good extrudability, over 70% fair extrudability) [30] ”IS
SN”:”19994923”,”abstract”:”Superficial fungal diseases 
of the skin and nails are an increasingly common occur-
rence globally, requiring effective topical treatment to 
avoid systemic adverse effects. Polymeric nanoparticles 
have demonstrated sustained and effective drug delivery 
in a variety of topical formulations. The aim of this proj-
ect was to develop polymeric antifungal nanospheres 
containing terbinafine hydrochloride (TBH. The use of a 
cooling-centrifugation process discovered the drug con-
tent. Ten milliliters of pH-7.4 phosphate buffer was used 
to dissolve 1 g of TH-NLCopt gel. The dispersion was 
cold centrifuged at a temperature of 5-8 ºC using a cool-
ing centrifuge from REMI ELEKTROTECHNIK LTD. 
(Vasai, India), running at 12000 rpm for 20 minutes. The 
supernatant liquid was separated from the dispersion us-
ing filter paper with a mesh size of 11 µm. If necessary, 
the liquid supernatant was further diluted. Once the fil-
trate had been diluted, the optical density was measured 
with a UV spectrophotometer (JASCO, V630 Spectro-
photometer) set to 285 nm wavelength. Using these data, 
the drug concentration in the liquid supernatant was then 
calculated [26].

Table 3. Composition of different NLC formulations

Formulation Stearic Acid (g) Olive oil (mL) Tween 80 (mL) Double Distilled 
Water (mL)

Terbinafine HCl 
(mg)

Homogenization 
Speed (rpm)

TH_NLC1 7 3 0.3 10 30 8000

TH_NLC2 8 2 0.3 10 30 5500

TH_NLC3 7 3 0.3 10 30 5500

TH_NLC5 6 4 0.3 10 30 5500

TH_NLC6 8 2 0.3 10 30 8000

TH_NLC8 8 2 0.3 10 30 3000

TH_NLC9 6 4 0.3 10 30 3000

TH_NLC10 6 4 0.3 10 30 8000

TH_NLC12 7 3 0.3 10 30 3000

Notes: The formulations for TH_NLC4, TH_NLC7, TH_NLC11, and TH_NLC13 were the same as TH_NLC3, in accordance 
with the design.
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In vitro drug release study using dialysis mem-
brane

Utilizing a dialysis membrane 50 (Hi-Media) with a 
receptor compartment capacity of 45 mL and a cross-
sectional area of 0.785 cm2 was accomplished by using 
a Franz diffusion cell apparatus. The membrane was 
treated with the synthesized TH_NLCopt and TH_NLCopt 
gel formulation [31]. The mended membrane was then 
positioned in the donor chamber to face the receiving 
compartment. The receiver compartment was filled with 
7.4 pH PBS buffer. Magnetic beads constantly stir the re-
ceptor solution and maintain a temperature of 32±0.5 ºC. 
The drugs were assessed after the samples were taken at 
15, 30, 60, 90, 120, 180, 240, 300, 360, and 420 minutes. 
Then, 4 mL of receptor solution that had been removed 
was replaced with a fresh buffer that had a pH of 7.4. 
The materials were examined for drug content using a 
UV-VIS spectrophotometer (JASCO, V630 Spectropho-
tometer) set at 285 nm [32] drug dissolution/diffusion and 
polymeric combination. For the preparation of controlled 
release dosage form, hydrophilic, swellable polymers in 
optimum combination are essential. The major objective 
of the current study is to prepare Amoxicillin trihydrate-
loaded bucco-matrix tablets by direct compression tech-
nique and to study the effect of ratio of HPMCK100M 
and HPMCK15M used in the formulation on the basic 
properties and on drugrelease and permeation kinetics. 
The tablets offered satisfactory physicochemical results. 
The buccal strength, detachment force and bond strength 
of the tablets were good enough to hold the tablets in the 
buccal region. The drug release data generated during in 
vitro drug release study of bucco-matrix tablets in phos-
phate buffer pH 6.8 were evaluated by zero-order, first-
order, Higuchi, Korsmeyer - Peppas, and Kopcha models. 
Release exponent (n. The computation was carried out us-
ing the slope discovered from the terbinafine hydrochlo-
ride standard curve in pH -7.4 phosphate buffer. The fol-
lowing equation yields the slope (0.0074). The regression 
coefficient is 0.9997, and y=0.0074x [33].

Ex vivo permeation study using goat abdominal 
skin

Goat abdomen skin that had recently been taken from 
an abattoir was employed in this investigation. It was 
hydrated in a pH 7.4 PBS buffer for one hour [17]. As 
previously stated, the ex vivo skin penetration investiga-
tion used a 45 mL Franz diffusion cell. The goat faced 
the donor compartment when 1 g of the TH_NLCopt and 
TH_NLCopt gel formulation was applied to the stratum 
corneum of its abdomen skin. After that, the donner 
compartment was placed so that the skin was deep into 

the upper half of the buffer solution in the diffusion cell’s 
receiver compartment, which held pH 7.4 PBS buffer. 
The receptor solution was continually stirred with a mag-
netic bead while maintaining a temperature of 32±0.5 ºC. 
The drug content was assessed after the samples were 
taken out at 15, 30, 60, 90, 120, 180, 240, 300, 360, and 
420 minutes. Then, 4 mL of receptor solution that had 
been removed was replaced with a fresh buffer that had 
a pH of 7.4. To find out if any medications were present, 
the samples were exposed to UV-visible spectroscopy 
(JASCO, V630 Spectrophotometer) at a wavelength of 
285 nm [34]. The calculation was carried out in a pH-
7.4 phosphate buffer using the slope of the terbinafine 
hydrochloride standard curve. The percentage of the re-
tained drug to the penetrated drug was determined using 
the UV spectrophotometric data [31].

Statistical method

As a statistical method, ANOVA was used to detect any 
non-significant components in the study.

Results

Compatibility study of the materials

Infrared experiments investigated potential physical or 
chemical interactions between terbinafine hydrochloride 
and its excipients (olive oil and stearic acid). Figure 1 
displays the resulting IR spectrum. The FTIR spectra 
of terbinafine hydrochloride showed that the C-C in 
the ring and Ar2NH groups were all visible. The stretch 
bands for the Ar-C and Ar-N groups were located at 1490 
cm-1 and 1326 cm-1, respectively. The stretch band for 
RCOOH, R – OH, RCO – O-, and C=C-CO-OH group 
of carbopol 934 P were located at 1015 cm-1, 1762 cm-1, 
1600 cm-1, and 3333 cm-1, respectively. The stretch band 
for RCOOH, RCOOH, and RCH2CH3 group of stea-
ric acid were located at 1142 cm-1, 2989 cm-1, and 2989 
cm-1, respectively. C-C in ring, Ar2NH, RCOOH, RCO-
OR1, C=C-CO-OH, R – OH, and RCO – O- exhibited 
stretched bands at 1324 cm-1, 1131 cm-1, 1236 cm-1, 3331 
cm-1, 1760 cm-1, and 1605 cm-1, respectively, which were 
comparable to the physical composition of terbinafine 
hydrochloride, stearic acid, olive oil and carbopol 934 P. 
These typical transmission bands showed no physical or 
chemical interaction between the medication, olive oil, 
stearic acid, and carbopol 934 P. The excipients and the 
medication worked flawlessly together.

Biswas GR, et al. Ex Vivo Permeation Study of NLC-Based Drug. PBR. 2024; 10(3):229-246.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


235

 July 2024. Volume 10. Number 3

Characterization of TH_NLC formulation

Physical appearance

After producing the product (nanostructured lipid car-
riers), the homogeneity, texture, and condition of the 
TH_NLC formulations are appropriate for additional 
investigation.

Particle size

The preparation of the terbinafine hydrochloride-load-
ed NLCs (TH_NLC) involved varying the volumes of 
liquid and solid lipids and the speed at which they were 
homogenized. The findings of examining the particle 
size of the synthesized TH_NLC formulations are dis-
played in Figure 2. Particle sizes of TH_NLCs ranged 
from 17.57 (TH_NLC6) to 329.4 nm (TH_NLC3). The 
drug’s particle size significantly impacts its capacity to 
penetrate the skin and stay in the epidermis.

Morphological analysis

Figure 3 displays the SEM pictures of the TH_NLC1 
formulation at various magnifications. The image shows 
the TH_NLC1 formulation’s large particle distribution. 
The findings verified the TH_NLC1 formulation’s surface 
shape, and the particle size was between 52 and 176 nm.

% entrapment efficiency

The entrapment effectiveness of the prepared TH_
NLCs was calculated using the indirect technique (Table 
4). It was discovered that the TH_NLC formulations’ en-
trapment efficiencies ranged from 60.94% to 98%. The 
entrapment efficiencies of formulations of TH_NLC2 
to TH_NLC8 were 98% and 60.946%. Because liquid 
lipid in NLCs introduces defects into the order crystal 
structure and increase the space available to retain more 
medication, it affects loading and entrapment.

Optimization of the formulation

Statistical method

The NLC formulations were optimized using a two-
factor, three-level, face-centered central composite for-
mulation design approach to get the optimal composition 
with the lowest particle size and the highest entrapment 
effectiveness. The design exhibited 13 formulation com-
positions with 5 common compositions to check for any 
faults in the findings. The information on particle size 
(R1) and entrapment efficiency (R2) was considered to 
interpret the results. The program generated predicted 

values, polynomial equations, and 3D response surface 
graphs to evaluate the impact of independent factors on 
dependent components. The outcome was closer to the 
predicted value (Table 5) when the expected value gen-
erated by the program was compared to the actual par-
ticle size and entrapment efficiency. The best-fit model 
(R2) for all responses was the quadratic model with 
the highest correlation coefficient value (Table 6). The 
quadratic response was the best option for optimization 
since the selected independent variable affected the de-
pendent variables both singly and collectively. 

Regression model analysis

According to Table 6, a negative predicted R2 for par-
ticle size indicates that the overall mean predicts the 
reaction more accurately than the current model. The 
adequate precision measures the signal-to-noise ratio. 
Ideally, the ratio should be higher than 4. A ratio of 7.000 
in this investigation denotes a sufficient signal. The de-
sign area can be navigated with the help of this model. 
Regarding entrapment efficiency, the adjusted R2 of 
0.9696 and the predicted R2 of 0.8572 are reasonably in 
agreement. The adequate precision measures the signal-
to-noise ratio. Ideally, the ratio should be higher than 4. 
A sufficient signal in this investigation is indicated by a 
ratio of 28.525. The design area can be navigated with 
the help of this model, named the quadratic model.

The ANOVA result was deemed significant since the 
F value showed a value greater than 4. Residual values 
were found to support the optimization, and the degree 
of lack of fit was deemed negligible (Table 7). The model 
seemed significant because the P<0.05, precisely 0.0335 
for particle size and <0.0001 for Entrapment efficiency. 
A calculation of the software’s accuracy as a percentage 
prediction was done. The interaction between indepen-
dent and dependent variables is encouraged by the poly-
nomial equation’s positive sign, whereas the reverse rela-
tionship is shown by its negative value.

Effect of independent variables on particle size 
(R1) and entrapment efficiency (R2)

Equations 2 and 3 were obtained after analyzing the 
results of particle size and entrapment efficiency, respec-
tively, describing the relationship between independent 
variables, particle size, and entrapment efficiency. The 
results of the particle size (R1) and entrapment efficiency 
(R2) were analyzed using ANOVA and the R2 test. The 
relationship between the independent variable and the 
responses and the interaction between the independent 
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variables are described by the 3D response curve and 
counterplot, shown in Figure 4.

2. R1=+307.88+(34.10×A)-(42.85×B)+(70.58×A×B)–
(100.43×A2)–(87.98×B2)

3. R2=+85.70+(1.68×A)+(14.38×B)–(5.01×A×B)+ 
(4.89×A2)–(8.22×B2)

Particle size was found to be positively influenced by 
the amount of liquid lipid (A), as indicated by Equation 
2. According to the Equation, particle size rose as liquid 

lipid content decreased, most likely because homogeni-
zation speeds varied. It was also discovered that homog-
enization speed negatively impacted particle size (B). 
According to the equation, increasing the homogeniza-
tion speed resulted in smaller particles. The breaking 
and decrease of particle size occurs at high homogeniza-
tion speeds because of the tremendous force generated. 
Particle size was positively impacted by the mixture of 
homogenization speed (AB) and liquid lipid quantity. 
The formula demonstrates that as homogenization speed 
and liquid lipid amount were raised, so was particle size. 

Figure 1. FTIR spectra of drug, stearic acid, carbopol 934 P, and drug with all excipients mix
FTIR: Fourier-transform infrared spectroscopy
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drug encapsulation void grew, increasing entrapment’s 
effectiveness. Additionally, it was discovered that en-
trapment efficiency was positively impacted by homog-
enization speed (B). According to the equation, increas-
ing the homogenization speed enhanced entrapment 
efficiency. The high shear stress resulting from the fast 
homogenization speed is the cause. Entrapment efficien-

This is because of the low surfactant content, which 
causes the lipid particles to aggregate quickly.

Based on Equation 3, entrapment efficiency was posi-
tively impacted by the quantity of liquid lipid (A). Ac-
cording to the Equation, entrapment efficiency rose, as 
did liquid lipid content. This is because liquid lipid was 
present; when solid lipid ensnared the oil droplets, the 

Table 5. Central composite design of TH_NLC formulations

Std. Run
Factor 1

A: Amount of Liquid 
Lipid (mL)

Factor 2 B: Homogenization 
Speed (rpm)

Response1
Particle Size (nm)

Response 2
Entrapment Efficiency (%)

Actual Predicted Actual Predicted

8 1 3 8000 52.81 117.049 95.33 91.853

5 2 2 5500 152.5 173.342 91.33 88.909

10 3 3 5500 329.4 307.881 85 85.698

11 4 3 5500 329.4 307.881 85 85.698

6 5 4 5500 154.8 241.552 93.33 92.26

3 6 2 8000 17.57 -28.072 98 100.07

13 7 3 5500 329.4 307.881 85 85.698

1 8 2 3000 174 198.8 60.946 61.291

2 9 4 3000 134 125.845 75 74.669

4 10 4 8000 259.9 181.303 92 93.401

9 11 3 5500 329.4 307.881 85 85.698

7 12 3 3000 279.4 262.756 63.108 63.094

12 13 3 5500 329.4 307.881 85 85.698

TH_NLC: Terbinafine hydrochloride-loaded NLC.  

Table 4. Entrapment efficiency (%) of different TH_NLC formulation

Serial No. Formulations Entrapment Efficiency (%)

1 TH_NLC1 95.33

2 TH_NLC2 91.33

3 TH_NLC3 85

4 TH_NLC5 93.33

5 TH_NLC6 98

6 TH_NLC8 60.946

7 TH_NLC9 75

8 TH_NLC10 92

9 TH_NLC12 63.108

TH_NLC: Terbinafine hydrochloride-loaded NLC.  
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cy was adversely affected by the combined quantity of 
liquid lipid and homogenization speed (AB). According 
to the equation, the liquid lipid significantly impacted 
entrapment efficiency.

Point prediction

The formulation was further enhanced by the point pre-
diction approach developed by software. The point pre-
diction was achieved by making extremely tiny changes 
to the values of the independent factors to get a closer 
and more precise value of those parameters and their in-
fluence on the replies. This step’s main objective is to 

Table 6. Statistical model summary of regression analysis results for R1 and R2 responses

Model R2 Adjusted R2 Predicted R2 SD %CV Remark

Pa
rti

cle
 si

ze
 (R

1)

Linear 0.1182 -0.0581 -0.6763 115.85

2FI 0.2492 -0.0011 -1.3754 112.68

Quadratic 0.7705 0.6066 -0.9655 70.64 7 Suggested

Cubic 0.8897 0.7353 -11.8158 57.94 Aliased

En
tr

ap
m

en
t e

ffi
cie

nc
y 

(R
2) Linear 0.7944 0,7533 0.5476 5.7

2FI 0.858 0.8106 0.6133 5

Quadratic 0.9823 0.9696 0.8572 2 28.525 Suggested

Cubic 0.9888 0.9732 -0.2976 1.88 Aliased

Table 7. ANOVA results of quadratic model for responses of developed TH_NLCs

ANOVA Results  Particle Size (R1) (nm) Entrapment Efficiency (%) (R2)

Re
gr

es
sio

n

Some of square 1.173E+005 1554.75

Degree of freedom 5 5

Mean square 23454.1 310.95

F-value 4.7 77.62

P  0.0335 <0.0001

Influence Significant Significant

La
ck

 o
f fi

t-t
es

t

Some of square 34930.32 28.04

Degree of freedom 3 3

Mean square 11643.44 9.35

Influence Not significant Not significant

Re
sid

ua
l

Some of square 34930.32 28.04

Degree of freedom 7 7

Mean square 4990.05 4.01

ANOVA: Analysis of variance. 

Biswas GR, et al. Ex Vivo Permeation Study of NLC-Based Drug. PBR. 2024; 10(3):229-246.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


239

 July 2024. Volume 10. Number 3

create a model with more precise results. The compo-
sition of the optimized formulation (TH_NLCopt) is as 
follows: 4 mL of liquid lipids and 3000 rpm for homog-
enization. The compound showed a 134 nm particle size 
and a 75% entrapment efficiency. It was found that there 
was a very close relationship between the expected and 
actual values. It was found that the anticipated particle 

size was 125.845 nm, with an entrapment effectiveness 
of 74.669%. There was little difference between the ac-
tual and projected particle sizes and entrapment efficacy 
(Figure 5). It demonstrates that the model’s fit between 
them was appropriately modified.

Figure 2. DLS result of TH_NLC5 formulation for particle size
TH_NLC: Terbinafine hydrochloride-loaded NLC.
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Evaluation of TH_NLCopt gels

The TH_NLCopt gel was evaluated by measuring pH, 
spreadability, viscosity, homogeneity, extrudability, and 
drug content. The result observed from the evaluation 
test is mentioned in Table 8. These results confirm the 
suitable physicochemical parameter of the TH_NLCopt-
gel for topical application.

In vitro drug release study using dialysis mem-
brane

The in vitro drug release profiles of terbinafine hydro-
chloride from TH_NLCopt and TH_NLCopt gel are re-
ported in Figure 6. The in vitro drug release study was 
performed for 7 hours. The results show that the drug re-
lease from the TH_NLCopt and TH_NLCopt gel formula-
tions follows biphasic behavior. At first, a burst release of 

Figure 3. SEM image of the TH_NLC1 formulation in different magnification
SEM: Scanning electron microscopy; TH_NLC: Terbinafine hydrochloride-loaded NLC.

Figure 4. Counter plot and 3D response curve showing effect of independent variable on particle size and entrapment ef-
ficiency
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TH was observed, and after a certain time, the release of 
TH_NLCopt and TH_NLCopt gel slowed. This result pre-
dicted that the drug release from TH_NLCopt was greater 
than the TH_NLCopt gel. The release rate of terbinafine 
hydrochloride was 96.35% and 83.37% in 7 hours from 
TH_NLCopt and TH_NLCopt gel, respectively.

Ex vivo permeation study using goat abdominal 
skin

The ex vivo permeation profile of terbinafine hydro-
chloride from TH_NLCopt and TH_NLCopt gel has been 
plotted in Figure 7. The results show that the drug per-
meation from the NLC formulations gradually increased 
and maintained a constant rate after 6 hours. This result 
predicted that the drug permeated from TH_NLCopt 
and TH_NLCopt gel through goat abdominal skin was 
54.19% and 31.16% in 7 hours, and the drug remained 
in the donor compartment at 23.35% and 6.97%, respec-
tively. From there, the drug present in a different layer of 
the skin or drug retention was calculated for TH_NLCopt 
and TH_NLCopt gel, and the values were 22.46% and 
61.87%, respectively. The permeation of Terbinafine 

Hydrochloride from TH_NLCopt and TH_NLCopt gel 
formulations through goat abdominal skin follows zero-
order kinetics, and the R2 values were 0.9807 and 0.969, 
respectively. The permeation coefficient or permeability 
coefficient (P)=J/S×Cd, where S=effective surface area, 
J=slope of the line, Cd=drug concentration within the 
receiver chamber varies from 0.00602 cm/h to 0.00725 
cm/h, and the flux was 0.0949 to 0.068 mg/cm2/min [35].

Discussion

This study is carried out on TH_NLC, as mentioned 
above. The study was done to see the effectiveness of 
NLC for topical delivery of terbinafine hydrochloride. 

At first, the compatibility between the drug and excipi-
ents was checked by conducting an FTIR study. By ana-
lyzing the FTIR spectra, it can be interpreted that stearic 
acid, olive oil, and the drug did not interact physically or 
chemically. One of the important pre-formulation studies 
to fabricate a new dosage form is drug–excipient com-
patibility. Among the various methods available to study 
it, FTIR-spectroscopy is an easy and simple way [36]. 

Figure 5. Actual and predicted values of particle size and entrapment efficiency

Table 8. Different evaluation tests of TH_NLCopt gel and results

Serial No. Test Name Results

1. pH determination The pH of TH_NLCopt gel was found to be 6.3 at room temperature. The pH was in the 
range of topical gel pH. So it does not produce toxicity.

2. Spreadability The gel was passed 5 cm distance in 3 min 45 sec.

3. Viscosity The viscosity of the gel was found to be 510 CPs.

4. Homogeneity The gel formulation was homogeneous and visually observed. 

5. Extrudability The weight of the extruded gel was 9.324 g. The % of extrudability is 93.24%. The gel 
shows excellent extrudability.

6. Drug Content The amount of drug present in TH_NLCopt gel was 85%.

TH_NLC: Terbinafine hydrochloride-loaded NLC.  
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FTIR spectroscopy shows interaction at the molecular 
level, which means the functional groups. In this work, 
the FTIR spectra (Figure 1) suggest physical interactions 
due to the formation of weak to medium-intensity bonds 
since no major shifting of peaks was noted [37]. Stretches 
found are mainly responsible functional groups for those 
regions. Few physical interactions might help sustain the 
release of drug molecules from the experimental formu-
lations, which is a prerequisite for the current study.

Then, the formulation was designed with the help of 
Design-Expert® software using a two-factor and three-
level face-centered central composite design to optimize 
the formulation based on particle size and entrapment 
efficiency as two responses. To check and interpret the 
error, 13 formulations were given by the software with 
5 repetitions. The DLS study revealed that the particles 
were between 17.57 nm to 329.4 nm, proving nano-
structure formation. The entrapment efficiency of the 

Figure 7. Ex Vivo skin permeation profile of terbinafine hydrochloride from TH_NLCopt and TH_NLCopt gel (n=3) 
TH_NLCopt: Terbinafine hydrochloride-loaded NLC optimized. 

Figure 6. In vitro drug release profile of TH_NLCopt and TH_NLCopt gel (n=3)
TH_NLCopt: Terbinafine hydrochloride-loaded NLC optimized. 

In Vitro Drug Release Study Using Dialysis Membrane 

The in vitro drug release profiles of terbinafine hydrochloride from TH_NLCopt and 

TH_NLCopt gel are reported in Figure 6. The in vitro drug release study was performed for 7 

hours. The results show that the drug release from the TH_NLCopt and TH_NLCopt gel 

formulations follows biphasic behavior. At first, a burst release of TH was observed, and after 

a certain time, the release of TH_NLCopt and TH_NLCopt gel slowed. This result predicted that 

the drug release from TH_NLCopt was greater than the TH_NLCopt gel. The release rate of 

terbinafine hydrochloride was 96.35% and 83.37% in 7 hours from TH_NLCopt and TH_NLCopt 

gel, respectively. 

Figure 6. In Vitro Drug Release Profile of TH_NLCopt and TH_NLCopt Gel (N=3) 

Abbreviation: TH_NLCopt, terbinafine hydrochloride-loaded NLC optimized.   

Ex Vivo Permeation Study Using Goat Abdominal Skin 

The ex vivo permeation profile of terbinafine hydrochloride from TH_NLCopt and TH_NLCopt 
gel has been plotted in Figure 7. The results show that the drug permeation from the NLC 
formulations gradually increased and maintained a constant rate after 6 hours. This result 
predicted that the drug permeated from TH_NLCopt and TH_NLCopt gel through goat 
abdominal skin was 54.19% and 31.16% in 7 hours, and the drug remained in the donor 
compartment at 23.35% and 6.97%, respectively. From there, the drug present in a different 
layer of the skin or drug retention was calculated for TH_NLCopt and TH_NLCopt gel, and the 
values were 22.46% and 61.87%, respectively. The permeation of Terbinafine Hydrochloride 
from TH_NLCopt and TH_NLCopt gel formulations through goat abdominal skin follows zero-
order kinetics, and the R2 values were 0.9807 and 0.969, respectively. The permeation 
coefficient or permeability coefficient (P) = J/S*Cd, where S = effective surface area, J = slope 
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TH_NLC formulation ranged from 60.94% to 98%. An 
SEM image of the formulation confirmed the surface 
morphology and the particle size distribution of the TH_
NLC1 formulation. The particle size was observed to be 
52 nm to 176 nm by an SEM analysis of the TH_NLC1 
formulation. The software interpreted the values of par-
ticle size and entrapment efficiency. The ANOVA was 
used to analyze the results. The effect of independent 
variables (factor) on the response parameter particle size 
and entrapment efficiency was described by polynomial 
equations and 3D response surface graphs produced by 
the software. The software performed point prediction, 
and the optimized formulation was selected. The opti-
mized formulation (TH_NLCopt) has the following com-
position: 4 mL amount of liquid lipids and a homogeni-
zation speed of 3000 rpm. The composition displayed 
an entrapment efficiency of 75% and a particle size of 
134 nm.

The optimized formulation was converted into the gel 
using carbopol as a gelling agent. The TH_NLCopt gel 
was evaluated by measuring pH, spreadability, viscos-
ity, homogeneity, extrudability, and drug content. These 
results confirm the suitable physicochemical parameter 
of the TH_NLCopt gel for topical application. 

The in vitro drug release study used a dialysis mem-
brane, and the ex vivo permeation study used goat ab-
dominal skin with TH_NLCopt and TH_NLCopt gel for-
mulations using a Franz diffusion cell. The in vitro drug 
release study was performed for 7 hours. The results 
show that the drug diffusion from the TH_NLCopt and 
TH_NLCopt gel formulations follows biphasic behavior. 
At first, a burst release of TH was observed, and then after 
a certain time, it gets slow release from the TH_NLCopt 
and TH_NLCopt gel. This is due to the unentrapped drug 
diffusing quickly, and then the drug release gets slower. 
This result predicted that the drug release from TH_NL-
Copt was better than the TH_NLCopt gel. This outcome is 
due to the carbopol polymer in the gel, which resists the 
drug release from the gel. The biphasic release behavior 
is ideal for topical formulation because the burst release 
gives the amount of drug at the target site to achieve ther-
apeutic concentration, and slow release helps maintain 
the therapeutic concentration. 

This study aimed to target the drug with a controlled 
release effect on the skin. To achieve drug penetration 
into certain layers of the skin, NLCs and NLC-based gel 
as a supersaturated system have been used.

Percutaneous drug absorption is a process that includes 
the steps of dissolution and release of the drug from the 
vehicle/formulation, the partition of a drug into the stra-
tum corneum, diffusion of the solubilized drug across the 
stratum corneum, and penetration of the drug into the 
layers of the skin [38].

The ex vivo permeation study results show that the 
drug permeation from the TH_NLCopt and TH_NLCopt 
gel formulations gradually increased and maintained a 
constant rate after 6 hours. From this result, it was found 
that the permeation of terbinafine hydrochloride from 
TH_NLCopt was greater than that of TH_NLCopt gel. This 
outcome is due to the carbopol matrix. The slow perme-
ation from TH_NLCopt gel is ideal for topical formula-
tion. The drug slowly permeates the skin and retains on 
the skin for a longer period. The presence of the drug in 
the target area has a more prominent effect than the pre-
pared NLC formulation. The results of the studies com-
pared the drug diffusion profile and permeation profile of 
TH_NLCopt and TH_NLCopt gel formulations. Therefore, 
based on the outcome of the analysis performed here, 
we can state that the NLC-based gel formulations effec-
tively affect the delivery of antifungal drugs through the 
skin (topical drug delivery). 

Conclusion

This study developed and optimized the TH_NLC for-
mulation to address two response parameter particle size 
and entrapment efficiency using a two-factor, three-level 
face-centered central composite design. The particle size 
of the NLCs was confirmed using the DLS technique 
and SEM. The indirect method was used to calculate 
the prepared TH_NLCs’ entrapment efficiency. Then, 
the optimized products selected by point prediction 
performed by the design Expert Software were incorpo-
rated into the hydrogel and evaluated by measuring pH, 
spreadability, viscosity, homogeneity, extrudability, and 
drug content. These results confirm the suitable physico-
chemical parameter of the TH_NLCopt gel for topical ap-
plication. The in vitro drug release study using a dialysis 
membrane and the ex vivo permeability study were per-
formed to compare the TH_NLCopt with TH_NLCopt gel, 
which is better for topical formulation. This study stated 
that the terbinafine hydrochloride-loaded nanostructured 
lipid carrier-based hydrogel system is potentially active 
for topical antifungal drug delivery.

We used ANOVA as a statistical method to detect any 
non-significant components in the study. The ANOVA 
result was deemed significant since the F value showed 
a value >4. Residual values were found to support the 
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optimization, and the degree of lack of fit was deemed 
negligible. The model seemed significant because the 
P<0.05, precisely 0.0335 for particle size and <0.0001 
for entrapment efficiency. A calculation of the software’s 
accuracy as a percentage prediction was done. The inter-
action between independent and dependent variables is 
encouraged by the polynomial equation’s positive sign, 
whereas the reverse relationship is shown by its negative 
value.
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