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ABSTRACT 

Objective: The present study aimed to prepare a nanoformulation using GMS and/or Precirol ATO5and Tween 80 (1% and 2%) to develop and 
optimize solid lipid nanoparticles with the potential to enhance oral bioavailability. 

Methods: The factorial design was selected to study the impact of two solid lipid formulation parameters on the particle size (PS), zeta potential 
(PS), entrapment efficiency (EE), and in vitro drug release. The emulsification technique was used to develop solid lipid nanoparticles, and the 
prepared nanoparticles were evaluated using design of expert (DoE) software.  

Results: The drug estimation was found linear between 5 and 40µg/ml, and the melting point was found to be 195 °C. Enhancing the lipid content 
(GMS or precirol ATO5) resulted in an increase in PS. However, increasing the concentration of the surfactant (Tween 80) reduced the PS. Among 
the two lipids used as a qualitative factor, the desirability function was more with precirol ATO5 formulations. The numerical optimization 
suggested an optimized formulation containing 2% Tween 80 and 5.5% precirol ATO5. Among the experimental batches, formulation F6 (2% 
Tween 80 and 3% precirol ATO5) exhibited a PS of 98.3±5.12 nm, an EE of 81.5±6.27%, and a drug release of 77.5±8.09% over 10 h. 

Conclusion: The TB-loaded SLN were successfully formulated by the emulsification method. Among the two lipids used as a qualitative factor, the 
desirability function was more with precirol ATO5 formulations. This may potentially enhance oral bioavailability, as suggested by nanoscale PS and 
improved in vitro drug release. 
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INTRODUCTION 

Nanoparticles are a type of innovative drug delivery system that can 
release medication at an optimal pace at the intended site of action. 
Nanoformulations provide the versatility to employ a wide range of 
polymers, encompassing synthetic, natural, biodegradable, and non-
biodegradable types [1]. The nanoparticles have a size range of 1 to 
1000 nm, while nanoparticles within the range of 50-500 nm are 
deemed appropriate, depending on the method of administration 
[2]. The particles in the nanosize range contribute to improved 
stability of the compounds, controlled drug release and better 
bioavailability are effective at overcoming permeability barriers. 

Nanomaterials enhance the effectiveness of both new and existing 
medications, such as natural products, and enable targeted detection 
using disease-specific biomarkers. Common problems associated with 
drugs exhibiting low solubility encompass insufficient bioavailability 
and/or erratic absorption [3]. Solid lipid nanoparticles (SLNs) are a 
cutting-edge method for delivering medications directly to the brain 
and overcoming the challenges posed by the blood-brain barrier [4]. 
Small size, vast surface area, and high drug loading are some of the 
special qualities that SLNs offer, which serve to enhance the efficacy of 
medications and other materials [5, 6]. 

Terbinafine hydrochloride (TB), a synthetic allylamine compound, 
demonstrates strong and wide-ranging fungicidal effects by blocking 
the action of squalene epoxidase. However, its oral bioavailability is 
limited due to extensive first-pass metabolism and high plasma 
protein binding. Nanocarrier-based systems may offer a strategy to 
improve oral absorption [7]. Glycerol monostearate, a 
monoglyceride, is a white, odourless powder and hygroscopic in 
nature beside, it is utilized as an emulsifier. Precirol oil dissolves in 
chloroform and dichloro methane butnotin ethanol, mineral oil, and 
water [8, 9]. 

To situate our own work in relation to contemporary advances in 
topical SLN science, we highlight here some of the contemporary 
scientific literatures that indicate the potential of SLNs in improving 
dermal delivery of drugs in general [10]. Topical SLNs have also 
indicated their potential in improving retention and availability of 
drugs into and from skin in a maximized form and their occlusive and 
moisturizing action in several in vivo and in vitro human and clinical 
studies, including significant advancements in in vivo models where 
vitamin A and tretinoid SLNs proved to be effective and showed 
favourable skin tolerability and improved stability, and corticosteroid 
SLN gels showed significantly increased dermal deposition and 
permeability compared to conventional preparations [11]. 

In the present study, emulsification technique was employed to 
create SLNs of TB, with glyceryl monostearate or Precirol ATO5 
serving as the lipid base. The prepared SLNs were analysed for their 
particle size (PS), zeta potential (ZP), polydispersibility index (PDI), 
entrapment efficiency (EE), and in vitro drug release. 

MATERIALS AND METHODS 

Terbinafine hydrochloride (TB) was provided by Dr. Reddy’s 
Laboratories, Hyderabad. Precirol ATO5 was obtained from Active 
Pvt. Ltd. Mumbai, and glycerol monostearate from Central Drug 
House Pvt Ltd, New Delhi. Ethanol was obtained from Karnataka 
Fine Chem. Pvt Ltd, Bangalore, and Tween 80 from Thomas Baker 
(Chemical) Pvt Ltd, Ambernath. The design of expert (DoE) software, 
version 11.1.2.0, was employed for statistical study. All the other 
chemicals utilized were of either reagent or pharmaceutical grade. 
The FTIR spectra were recorded using an FTIR-100 
spectrophotometer, Shimadzu, Japan. The absorption maxima were 
detected using a UV spectrophotometer (UV-1800), Shimadzu, Japan. 
PS and size distribution were analysed by using Nano Partica SZ100, 
Horiba Scientific. 
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Evaluation of pre-formulation parameters 

Pre-formulation evaluation is the preliminary phase in the 
development of dosage forms for a pharmaceutical ingredient. 
Pharmaceutical characterization involves examining the physical 
and chemical properties of a medicinal component both on its own 
and when mixed with other substances called excipients. The 
primary objective of the evaluation is to yield valuable information 
for the development of stable dosage forms appropriate for large-
scale production.  

Measurement of melting temperature 

The melting temperature of the drug sample, TB, was measured 
using the capillary tube test. A minute quantity of pulverized 
substance was inserted into the slender capillary tube and sealed on 
one end through the process of liquefaction. The capillary was 
inserted into the melting point device [12]. A thermometer was 
inserted into the equipment that had previously been submerged in 
the liquid paraffin. Upon reaching a designated temperature, the 
drug underwent a process of melting, indicating its melting point.  

Determination of λ max. 

To determine the wavelength of maximum absorption (λ max), TB 1 
mg/ml was prepared in ethanol, then 0.15 ml was made up to 10 ml 
using phosphate buffer pH7.4 and scanned in the UV wavelength 
range of 200-400 nm. The absorption maxima indicated in the graph 
was designated as λmax for the pure TB solution.  

Preparation of TB calibration curve 

The primary stocksolution1 was prepared by dissolving 10 mg of TB 
in 0.5 ml of ethanol, followed by volume adjustment with a pH 7.4 
phosphate buffer solution containing 1000 μg/ml or 1 mg/ml. The 
secondary stock solution was prepared by 1 ml of above stock was 
diluted to 10 ml using pH 7.4 phosphate buffer (100 μg/ml). The 
volume of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 ml were diluted to 10 
ml using phosphate buffer to getaliquots of 5, 10, 15, 20, 25, 30, 35, 
and 40 µg/ml, respectively. The buffer solution was served as the 
blank, and three sets of standard solutions were prepared to repeat 
the standard graph. The absorbance was measured at 283 nm using 
a UV-Visible Spectrophotometer [13]. 

Drug-excipients compatibility study 

FT-IR analysis was performed to determine the compatibility or 
interaction with the chemical makeup after adding the excipients. A 
2 mg of samples, mixed with the excipients GMS, Precirol ATO5, and 
Tween 80, was combined with IR-grade KBr in a ratio of 1:10. The 
mixture was then subjected to a pressure of 10 tons using a 
hydraulic press, forming a clear pellet [14]. The pellet was analysed 
using an IR spectrophotometer from 4000 to 400 cm-1.  

Formulation of solid lipid nanoparticles 

The lipid phase, consisting of Precirol ATO5 or glyceryl 
monostearate was melted the above its melting point, approximately 
60 °C. TB (1% w/w) was dissolved in 0.5 ml of ethanol and 
incorporated into the molten lipid phase to obtain a uniform lipid–
drug mixture. The aqueous phase was prepared by dissolving Tween 
80 (1% or 2% w/w) in 50 ml of deionized water and heated to the 
same temperature (≈60 °C). The hot lipid phase was then slowly 
added to the aqueous phase under continuous magnetic stirring 
(REMI2) at 2000 rpm. Stirring was continued for 4 h to allow solvent 
evaporation and formation of a hot nanoemulsion [15]. The resulting 
dispersion was allowed to cool naturally to room temperature under 
continuous stirring, leading to solidification of the lipid phase and 
formation of TB-loaded solid lipid nanoparticles. 

Design of experiments (DoE) 

DoE was utilized to optimize the independent variables to achieve 
the desired value of dependent variables. 2² full factorial design with 
one qualitative (categorical) factor was employed using Design-
Expert® software. Two quantitative factors, between 80 
concentration and lipid concentration-were studied along with one 
qualitative factor, namely lipid type (glyceryl monostearate or 
Precirol ATO5), as shown in table 1. Where the amounts of two 
excipients, Tween 80 and two different lipids such as GMS or 
Precirol ATO5, were selected as the independent variables. The 
levels for Tween 80 were considered as-1 and+1, corresponding to 
1% and 2%, respectively [16]. For GMS or Precirol ATO5, the levels 
were considered as-1 and+1, corresponding to 3% and 6%, 
respectively. All other formulations and processing variables were 
constant throughout the trial. 

 

Table 1: 2² full factorial design with one qualitative (categorical) factor of TB 

Factor Name Units Minimum Maximum 
A Tween 80 Quantitative % 1 2 
B GMS and precirol ATO5 Quantitative % 3 6 

 

Numerical method 

Two quantitative independent variables (Tween 80 concentration 
and lipid concentration) and one qualitative independent variable 
(type of lipid: GMS or Precirol ATO5) were considered in the 

statistical design. They are (i) the amount of Tween 80 as factor A, 
(ii) the amount of lipid as factor B. These three factors are varied in 
their concentration. The amount of tween 80 was used in range of 1–
2% and GMS or Precirol ATO5 was used within the range of 3-6%. 
The amount of drug used was a constant 1%, as shown in table 2. 

 

Table 2: Composition of various TB-loaded SLNs 

S. No. Batch code Amount of drug (%) Amount of GMS (%) Amount of precirol (%) Tween 80 (%) Distilled water (ml) 
1 F1 1 3  1 50 
2 F2 3  2 
3 F3 6  1 
4 F4 6  2 
5 F5  3 1 
6 F6  3 2 
7 F7  6 1 
8 F8  6 2 

 

Evaluation of nanoparticles 

All measurements were performed in triplicate using the same 
sample dispersion, and the reported values represent instrumental 
repeatability rather than batch-to-batch variation. 

PS and PDI analysis  

The average PS and size distribution are critical characteristics that affect 
the physiochemical properties and biological behavior of nanoparticles. 
The PS must range from 10 to 100 nm. The polydispersity index is a 
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metric that characterizes the PS distribution of synthesized 
nanoparticles. The dimensionless number, derived from the 
autocorrelation function, varies from 0.01 for monodisperse particles to 
0.5-0.7 for broad PS distributions. The prepared nanoparticle sample 
was diluted with double-distilled water [17]. The PS and distribution 
were assessed using the analyser (Horiba Scientific Nano Partica SZ100). 
The PS of each formulation was measured thrice, and the mean as well as 
standard deviation were calculated (n=3). 

Determination of ZP 

The surface charge was assessed by evaluating the electrophoretic 
mobility of the nanoparticles, which is a key factor in determining 
the colloidal stability. 1 ml of the prepared SLNs sample was diluted 
with 10 ml of double-distilled water [18]. The samples were placed 
into the cuvette containing electrodes and the ZP was analysed by 
transmitting laser-scattered light through a cuvette (Nano Partica – 
SZ100, Horiba Scientific). 

%EE 

The EE was determined by separating the unentrapped drug from 
the SLN dispersion using centrifugation. Briefly, 2 ml of TB-loaded 
SLNs was mixed with 0.5 ml of ethanol to facilitate solubilization of 
the free drug present in the dispersion medium without disrupting 
the solid lipid matrix [19]. The mixture was centrifuged at 6000 rpm 
for 30 min at 25±1 °C. The supernatant was suitably diluted with 
phosphate buffer pH 7.4 and analysed spectrophotometrically at 283 
nm. The % EE was calculated using the following equation. 

% EE =  
Total weight −  Free weight

Total weight
x 100  

Drug content 

1 ml of the dispersed nanoparticle sample was sonicated in 5 ml of 
acetone, and the volume was adjusted to 100 ml with phosphate 
buffer at pH 7.4. 1.5 ml of this solution was diluted with same buffer 
to 10 ml to get a concentration within the standard graph range, and 
the drug content was quantified by UV-Spectrophotometry at 283 
nm. 

In vitro drug release studies 

The drug release of pure TB and TB-loaded SLNs were examined by 
using dialysis bag technique in a phosphate buffer with a pH of 7.4. A 

dialysis membrane possessing a specific molecular weight cutoff of 
12000 to 14000 Da and a pore size of 2.4 nm was used to 
encapsulate the TB nanoparticle, corresponding to 10 mg of drug. 
The dialysis membrane was soaked in distilled water for 24 h [20]. 
The TB sample was introduced into the dialysis bag, and both ends 
of the bag were securely sealed. The bag was then immersed in 100 
ml of dissolving medium, using a glass rod to prevent it from 
floating. The medium was constantly stirred at 100 rpm, using a 
magnetic stirrer, at 37±0.5 °C. Consistent concentration was 
maintained by replacing them with an equal amount of fresh 
dissolution medium with every 2 h. The samples were examined 
using spectrophotometry at a wavelength of 283 nm. Although 
improved in vitro drug release and reduced PS are indicative of 
enhanced dissolution and absorption potential, no in vivo 
pharmacokinetic evaluation was performed in the present study to 
directly confirm improved oral bioavailability. 

Numerical optimization 

Numerical optimisation explores the design space using models 
created during analysis. It can optimize any combination of several 
objectives. The various objectives encompass as maximization, 
minimization, targeting, maintain within a certain range, none (for 
responses exclusively), and establishing an exact value (for factors 
exclusively). Each parameter used in the optimization must have 
both a minimum and maximum level defined, as shown in table 3. 

RESULTS AND DISCUSSION 

Preliminary investigations were conducted to assess the purity of 
the drug prior to the formulation. The purity was assessed by 
determination of melting point and λmax. The melting temperature of 
TB was found to be 195 °C, thus indicating the purity of the obtained 
drug sample [21]. 

Calibration curve of TB 

Determination of λ max 

The standard solution of TB was analysed using a UV spectrometer 
within the wavelength range of 200-400 nm. The absorption maxima 
were determined to be at 283 nm. Sample were prepared from the 
stock solution for the calibration curve, and the absorbance was 
measured at 283 nm, as shown in table 4. 

 

Table 3: Constraints for the chemicals to prepare a new nanoparticle formulation using Tween 80 as liquid phase and precirol ATO5 as 
lipid phase 

Name Goal Lower limit Upper limit 
A: Tween In range 1 2 
B: Concentration of lipid In range 3 6 
Type of lipid In range GMS Precirol ATO5 
PS (nm) minimize 98.3 209.6 
ZP (mV) In range -30 30 
EE (%) maximize 70.5 83.1 
10 h drug release maximize 66.2 83 

 

Table 4: Absorbance of standard solution of TB at pH 7.4 phosphate buffer 

Concentration (µg/ml) Absorbance (Mean±SD) 
0 0 
5 0.120±0.0202 
10 0.239±0.0145 
15 0.351±0.0150 
20 0.458±0.0467 
25 0.553±0.0289 
30 0.657±0.0139 
35 0.749±0.0276 
40 0.876±0.0198 

Value are expressed as mean±standard deviation (SD, n = 3). 

 

The calibration curve plotted against the concentration range of 5 to 
40 µg/ml showed excellent linearity with a high correlation 
coefficient of R² = 0.9993, while its positive proportionality 

relationship of concentration to absorbance confirmed its reliability 
and suitability for analysis of the drug concentration by this method. 
This relationship of proportionality can be represented by fig. 1. 
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Fig. 1: Calibration curve for TB at pH 7.4 Phosphate buffer 

 

Drug-excipient compatibility study 

The FTIR spectrum of pure TB showed characteristic absorption 
bands corresponding to its functional groups (fig. 2a). Broad bands 
observed in the region of 3200–3000 cm⁻¹ were attributed to N–H 

stretching vibrations, while peaks in the range of 2950–2850 cm⁻¹ 
corresponded to aliphatic C–H stretching shown in table 5. The 
absorption band around 1600–1500 cm⁻¹ was associated with 
aromatic C=C stretching, and peaks in the region of 1300–1000 cm⁻¹ 
were assigned to C–N stretching vibrations [22]. 

 

Table 5: Major characteristic FTIR peaks of TB 

S. No. Functional group Wavenumber (cm-1) Observed peak value 
1. N-H Stretching 3200-3000 cm-1 3041.84 cm-1 
2. Aliphatic C-H stretching 2950-2850 cm-1 2565.41 cm-1 
3. Aromatic C=C stretching  1600-1500 cm-1 1556.61 cm-1 
4. C-N stretching 1300-1000 cm-1 1132.25 cm-1 

 

The FTIR spectra of TB-loaded SLNs containing GMS, Precirol ATO5, 
and Tween 80 exhibited all the characteristic peaks of the drug 
without significant shifts, disappearance, or formation of new peaks 

shown in fig. 2b. This indicates the absence of chemical interaction 
between TB and the excipients, confirming compatibility within the 
formulation [23]. 

 

 

Fig. 2: FTIR spectrum of (a) pure TB and (b) TB-loaded SLNs showing retention of characteristic drug peaks 

 

Evaluation of solid lipid nanoparticles 

TB-loaded SLNs were successfully prepared, and different solid 
lipids were developed to obtain uniform nanosized particle. 
Utilizing a 2² full factorial design incorporating a qualitative lipid-
type factor, eight batches of TB-loaded SLNs were produced by 
altering three determinants: drug to lipid ratio, surfactant 
concentration (% w/v), and volume of the organic phase, with 
results documented in table 6. The relatively low standard 
deviation values reflect the repeatability of instrumental 
measurements obtained from the same formulation batch and do 
not represent inter-batch variability. It was noted that formulation 
F6 refers to an experimental batch containing 3% Precirol ATO5 
and 2% Tween 80 as per the factorial design [16]. 

The 5.5% Precirol ATO5 composition corresponds to the 
numerically optimized formulation predicted by Design-Expert 
software, which was not part of the initial factorial batches but was 
generated through numerical optimization. The PS and % EE of 8 
batches showed a variation from 98.3±5.12 to 209.6±8.46 nm and 
70.5±5.02 to 83.1±6.18%, respectively. The in vitro release data 
demonstrated a gradual and sustained release of TB, with 
cumulative drug release ranging from 66.2±4.98 to 83.0±8.43% over 
a period of 10 h (fig. 3). However, ethanol was used in a minimal 
volume solely to extract unentrapped TB from the aqueous phase. 
While this method is commonly employed for preliminary EE 
estimation, more refined techniques such as ultrafiltration or 
dialysis-based separation may provide greater accuracy and should 
be considered in future studies [24]. 
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Table 6: The results of 2² full factorial design with one qualitative (categorical) factor of TB. All the parameters were measured thrice 
(n=3), and the mean as well as standard deviation (mean±SD) were representing instrumental repeatability 

Run PS (nm) PDI ZP (mV) EE (%) Drug content (%) 10-h drug release (%) 
1 137.2±6.21 0.43±0.02 -29.3±1.01 70.5±5.02 94.2±7.13 66.2±4.98 
2 107.5±6.08 0.28±0.03 -22.2±1.18 80.2±6.09 96.8±7.32 74.2±4.13 
3 209.6±8.46 0.21±0.02 -35.4±1.21 75.3±5.10 94.1±8.43 71.4±5.02 
4 143.4±7.07 0.31±0.03 -25±1.32 82.5±7.01 98.8±8.18 82.3±6.18 
5 125.5±6.30 0.48±0.08 -15.2±0.81 71.5±5.17 95.1±8.30 68.3±7.62 
6 98.3±5.12 0.51±0.05 -21.2±1.05 81.5±6.27 97.1±7.92 77.5±8.09 
7 206.9±8.92 0.38±0.06 -12.6±0.81 76.1±5.14 94.8±8.68 70.5±6.38 
8 148.5±7.36 0.27±0.07 -20.2±1.67 83.1±6.18 99.2±9.28 83.0±8.43 

PS = particle size (nm); PDI = polydispersity index; ZP = zeta potential (mV); EE = entrapment efficiency (%). Data are expressed as mean±standard 
deviation (SD), representing instrumental repeatability (n=3). 

 

 

Fig. 3: Cumulative % of TB released from pure TB and TB-loaded SLNs (F1-F8) 

 

Chen and co-researchers were reported that Terbinafine SLNs were 
developed as a method of delivering the drug topically, aiming to 
address the issues of lengthy treatment durations and frequent 
administration associated with the antifungal agent. The 
nanoparticles were prepared using a microemulsion technique with 
glyceryl behenate, glyceryl monostearate, and glyceryl 
palmitostearate serving as the solid lipid phases. The surfactant used 
was Tween 80 and the Cremophor series, while propylene glycol 
was used as the cosurfactant [25]. Topical administration of TB 
offers advantages such as precise delivery and targeting to the 
specific area of the skin that is afflicted, a low dosage required, and 
reduced risks of drug-related toxicities [26]. 

The ZP values of the TB-loaded SLNs ranged from-12.6±0.81 to-
35.4±1. 21mV. Although absolute ZP values greater than ±30 mV are 
generally associated with electrostatically stabilized dispersions, the 
presence of the non-ionic surfactant Tween 80 contributes 
significantly to steric stabilization of the nanoparticles. The 
hydrophilic polyoxyethylene chains of Tween 80 form a stabilizing 
layer around the SLNs, reducing particle–particle interactions and 
aggregation even at relatively lower ZP values [27]. Therefore, the 
observed ZP values, in combination with steric effects, indicate 
acceptable colloidal stability of the formulated SLNs. Short-term 
observation of the SLN dispersions did not show any visible 
aggregation or phase separation during the study period, indicating 
acceptable initial physical stability of the formulations [28]. 

The FT-IR results of pure TB showed that the sample was free from 
impurities, and the characteristic peaks lie within the range of 
standard values. Analysis of the spectra of a TB mixture alongside the 
pure compound revealed that the excipient does not interact with the 
peaks of TB. The results of FTIR obtained from this study was like the 
results of Chauhan and his co-researcher [29]. The in vitro drug release 
profiles of formulations F1 to F8 demonstrated a sustained release 
pattern over a period of 10 h. However, detailed kinetic modelling was 
not performed in the present study, and therefore, the exact release 
mechanism could not be conclusively established [30]. 

LIMITATION 

The present study focused primarily on formulation development 
and in vitro characterization of TB-loaded SLNs. Long-term physical 
and chemical stability studies under accelerated and real-time 
storage conditions were not performed, which represents a 
limitation of the work. Comprehensive stability evaluation will be 
undertaken in future studies to assess the changes in PS, ZP, PDI, EE 
(%), and drug release behaviour over time. 

CONCLUSION 

Terbinafine-loaded SLNs were successfully formulated and 
characterized, and they possessed good particle size, zeta potential, 
polydispersity index, entrapment efficiency, and sustained drug 
release, and there were no interactions between drug and excipient 
evidenced by FT-IR spectra. Factorial designs showed that increasing 
lipid concentration increased particle size and zeta potential, whereas 
Tween 80 concentration decreased particle size and surface charge. 
Precirol ATO5 showed a smaller particle size, better particle size 
distribution, higher entrapment efficiency, and drug release compared 
to GMS, and they followed zero-order and non-Fickian release kinetics. 
Numerical optimization showed that optimal formulation could be 
5.5% Precirol ATO5 and 2% Tween 80, which is consistent with 
theoretical predictions. Although optimized SLNs possess good 
physicochemical properties and in vitro drug release profile, more 
studies are needed to assess their stability and efficacy in addition to 
their applications as therapeutic drug carriers in upcoming years. 
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