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Influence of selected variables on fabrication of Triamcinolone acetonide 
loaded solid lipid nanoparticles for topical treatment of dermal disorders

Madhulika Pradhan, Deependra Singh & Manju Rawat Singh

Pharmaceutical Biotechnology Laboratory, University Institute of Pharmacy, Pt. Ravishankar Shukla University, Raipur, 
Chhattisgarh, India

Introduction

Corticosteroids are commonly used to treat dermal disorders 
like psoriasis, atopic dermatitis, vitilgo etc. (Pradhan et al. 
2013). But many available conventional therapies with cor-
ticosteroids are either cosmetically unacceptable, inconve-
nient for long-term use, or associated with dose dependant 
side effects. Moreover poor aqueous solubility of corticos-
teroids has limited their use in dermatological application. 
For all these reasons, compliance with treatment is reduced, 
and the lack of effective and safe treatment for these dermal 
disorders has created need to develop and implement novel 
approach to overcome these problems with a view to make 
the therapy more useful and acceptable.

Novel approach may include the use of some colloidal 
drug carriers (e.g. micelles, nanoemulsions, nanosuspen-
sions, liposomes, polymeric nanoparticles) but they possess 
several drawbacks like limited physical stability, aggrega-
tion, drug leakage on storage, presence of solvent residues 
left over from production and cytotoxicity related problems 
with the use of polymers (Singh et al. 2011, 2012, 2013, 2014). 

Hence, the research has been diverted towards the use of 
biocompatible lipids as carriers for the delivery of poorly 
soluble drugs to reduce the above stated problems (Pouton 
2006). Solid lipid nanoparticles (SLNs) have emerged as a 
potential delivery carrier to resolve this problem.

SLNs are colloidal carrier systems composed of  
high melting point solid lipid core, coated by surfactants 
(Ghadiri et al. 2012). SLNs offer distinct advantages like 
negligible skin irritation, controlled release and protec-
tion of substances as it uses physiologically tolerated, 
non-irritative and non-toxic lipids (Prow et al. 2011). They 
are also safe options for use on inflamed and damaged 
skin. Moreover, small size of the lipid particles ensures 
its close contact with stratum corneum thereby increas-
ing the amount of the drug penetrating into the mucosa  
or skin. These nanosized particles with their solid lipid 
matrix may also permit for sustained release of drugs 
(Schafer-Korting et al. 2007). Occlusive properties of 
SLNs have been reported after topical application, which 
decreases transepidermal water loss and favours the drug 
penetration through the stratum corneum (Prow et al. 
2011). They have also been shown to improve the dermal 
localization of several topical therapeutic agents (Chen 
et al. 2006, Lopes et al. 2006).

Triamcinolone acetonide (TA) is a glucocorticoid used in 
management of skin disorders like psoriasis. Their clinical 
effectiveness in the treatment of psoriasis is related to their 
vasoconstrictive, anti-inflammatory, immunosuppressive, 
and antiproliferative effects (Liu et al. 2008).

Currently, researchers have been focusing mainly on  
the development of strategies to improve the benefit-risk 
ratio of glucocorticosteroids. SLNs as a delivery carrier could 
be a better option with a view to improve aqueous solubility 
and therapeutic concentration of triamcinolone acetonide 
in the target tissue, allowing long-term release of the drug 
at the target site thereby reducing the dose dependant side 
effects. Therefore, exploring the potential of SLNs loaded 
with TA appears valuable.
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Abstract
Aim of the study was to develop solid lipid nanoparticles (SLN) 
of triamcinolone acetonide (TA) and to study the effect of 
various process variables in order to optimize the formulation 
for effective delivery. Drug loaded SLNs were successfully 
prepared and characterized by TEM, XRD and DSC study. Process 
variables like surfactant concentration, drug concentration, 
lipid concentration etc. showed significant effect on the particle 
size and entrapment efficiency. SLNs exhibited prolonged 
drug release following Higuchi release kinetics (R2  0.9909).  
In vitro skin distribution study demonstrated systemic escape 
of drug from TA loaded SLNs which might eliminate side effects 
associated with systemic exposure.

Keywords: corticosteroid, dermal disorders, process variables, 
psoriasis, solid lipid nanoparticles, triamcinolone acetonide
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The present work deals with the optimization of vari-
ous formulation parameters, such as homogenization 
time (HT), sonication time (ST), surfactant concentration 
(SC), lipid concentration (LC), drug concentration (DC) 
and homogenizer speed (HS) for the formulation of TA 
loaded SLNs by emulsification–ultrasonication method. 
Solubility of the drug in the solid lipids was determined to 
screen the suitability of lipid for formulation. The effects of 
the process variables on the particle size, poly dispersity  
index (PDI), zeta potential (ZP), drug entrapment efficiency 
(EE) and drug loading (L) of SLNs were investigated. The 
SLNs were subjected to physicochemical characterization  
by transmission electron microscopy, powder X-ray diffrac-
tion (PXRD) and Differential scanning calorimetry (DSC). 
Drug release study and drug distribution study through 
skin were also performed to observe the drug release profile  
from the developed SLNs and to evaluate the potential of 
drug loaded SLNs to deliver drug in epidermal and dermal 
region via an in vitro method. Finally, stability of the devel-
oped formulation was evaluated.

Materials and methods

Materials
TA was a generous gift from Ciron drugs Pvt Ltd (India). 
Compritol® 888 ATO, Precirol® ATO5 was a kind gift from 
Gattefossé (France). The dialysis membrane (Molecular 
weight cut off 10,000–12,000 Da) was purchased from HiMe-
dia Laboratories (India). Methanol, soya lecithin, poloxamer, 
glycerol monostearate and stearic acid were purchased from 
Sigma Aldrich (India). Purified water from ultra-pure water 
system (Synergy UV water purifier system, India) was used 
throughout the study.

Measurement of drug solubility in lipids
Due to solid nature of the lipids, equilibrium solubility  
study was not possible; therefore, an alternative method 
was used in order to measure solubility of drug in the solid  
lipids (Das et al. 2011). Solubility of TA was tested against 
four lipids Compritol® 888ATO, Precirol® ATO5, glycerol 
monostearate and stearic acid. In brief, 10 mg TA was accu-
rately weighed and placed in a screw capped glass bottle 
covered with aluminium foil. Approximately, 200 mg of  
lipid was added into the bottle and heated at 80°C with  
continuous stirring. Further, extra amount of lipid was  
added in portions with constant stirring and heating at  
80°C until a clear solution was obtained. Total amount of 
lipid added to obtain a clear solution was recorded.

Formulation procedure
SLNs were prepared by modified emulsification– 
ultrasonication method (Das et al. 2011). Briefly, the lipid 
phase containing lipid, drug and acetone was heated to  
70°C (temperature above melting point of the lipid), an 
aqueous solution of poloxamer 188 and soya lecithin at the 
same temperature was added and the pre-emulsion was 
stirred with UltraTurrax T10 (T-10 basic IKA) at 10,000 rpm 
for 5 min. The pre-emulsion was then ultrasonicated for  
10 min under heating (Frontline sonicator, India) followed 
by pouring into cold (1–4°C) water and stirred with a  
magnetic stirrer. The SLNs were allowed to recrystallize at 
room temperature. Formulations of SLNs were prepared by 
varying enlisted variables as per design given in Table I, in 
which components used are as follows:

Solid lipid  Compritol® ATO888, Surfactant  Poloxamer, 
Co-surfactant  Soya lecithin.

Mean particle size and polydispersity index
The mean particle size and PDI of TA loaded SLNs were  
determined by Malvern Zetasizer ZS 90 (Malvern Instruments 
Inc., UK). Samples were prepared by dispersing SLN in suffi-
cient amount of ultra-purified water prior to the experiment.

Zeta potential measurement
Zeta potential (ZP) reflects the electric charge on the par-
ticle surface. It is a useful parameter to predict the physical  
stability of colloidal systems (Patel et al. 2014). ZP was deter-
mined by Malvern Zetasizer Nano ZS (Malvern Instruments 
Inc., UK). Calculation of zeta potential is carried out using 
the Helmoltz–Smoluchowski equation:

x ph
e

= ×EM
4

 (1)

Where, z is zeta potential, EM is electrophoretic mobility,  
h is viscosity of the dispersion medium and e is the dielec-
tric constant. Prior to the measurement, all samples were 
diluted using ultra-purified water.

Percent entrapment efficiency and drug loading
The bound drug (entrapped) in the SLNs dispersion was 
sedimented by controlled centrifugation at 12,000 rpm, 
4°C for 15 min and the supernatant was decanted without 
disturbing the SLNs pellet. Fixed volumes of supernatant 
were diluted in methanol and analysed for unentrapped 
drug using UV spectrophotometer at 239 nm (PerkinElmer, 
Lambda 25, UK). % EE and % L was calculated using the  
following formula.

Table I. Formulation design for SLNs.

Parameters

S.N. HT (min) SC (%w/v) LC (%w/v) ST (min) DC (%w/v) HS (rpm)

1 1, 2.5, 5 and 10 1 2 10 0.05 15 000
2 5 0.5, 1, 2 and 4 2 10 0.05 15 000
3 5 1 1, 2, 5 and 10 10 0.05 15 000
4 5 1 2 5, 10, 15 and 20 0.05 15 000
5 5 1 2 10 0, 0.025, 0.05, 0.075, 

0.1 and 0.2
15 000

6 5 1 2 10 0.05 5000, 10 000, 15 000 
and 20 000

*Where, HT  Homogenization time, SC  Surfactant concentration, LC  Lipid concentration, ST  Sonication time, 
DC  Drug concentration and HS  Homogenizer speed.

393 Triamcinolone acetonide loaded solid lipid nanoparticles for topical treatment of dermal disorders



%
( )

( )
EE  

Totaldrug Freedrug
Totaldrug

= − ×100  (2)

%
( )

( )
L  

Totaldrug Freedrug
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= − ×100  (3)

Transmission electron microscopy
The morphological examination of TA loaded SLNs was 
performed with Transmission Electron Microscopy (model 
TECNAI 200 KV TEM-Fei, Electron Optics, Japan). A drop 
of diluted sample was placed on the surface of the carbon 
coated copper grid and stained with negative stain using a 
drop of 2% (w/w) aqueous solution of phosphotungstic acid 
for 30 s. Excess staining solution was washed out by filter 
paper, leaving a thin aqueous film on the surface. After stain-
ing, samples were dried at room temperature for 10 min to 
carry out investigation (Rawat et al. 2007).

X-ray diffraction study
XRD study was performed to analyse crystalline or amor-
phous nature of the TA loaded SLNs. X-ray powder diffraction 
studies of pure TA, Compritol® 888ATO, physical mixture 
of TA and Compritol® 888ATO (at a ratio equivalent to that 
in the formulation) and lyophilized TA loaded SLNs were  
carried out using powder X-ray diffractometer (PANalytical  
3 kW X’pert Powder, UK). Samples were placed on the  
sample stage and scanned from 2° to 60° with an operating 
voltage of 40 kV and current 30 mA.

Differential scanning calorimetry study
DSC studies of pure TA, Compritol 888ATO, physical  
mixture of TA and Compritol 888ATO (at a ratio equiva-
lent to that in the formulation) and the lyophilized SLNs  
powder were carried out. Accurately weighed samples  
were carefully placed in DSC boats and heating curves were 
recorded in the temperature range of 25–350°C at a heating 
rate of 10°C/min under a constant flow of dry nitrogen. The  
study was carried out using Differential Scanning Calorim-
eter (Shimadzu DSC-60 Systems, Japan) equipped with a 
computerized data station TA-50WS/PC.

In vitro release study
In vitro release studies of TA loaded SLNs and plain TA  
suspension was carried out using a modified Franz diffusion 
cell as reported by Khurana et al. (2013a). A dialysis mem-
brane with molecular weight cut-off of 10,000–12,000 Da  
was used for the study. Prior to mounting in the Franz dif-
fusion cell, the membrane was soaked in double-distilled 
water for about 12 h. Phosphate buffer with pH 7.4 was  
used as the diffusion medium. Whole assembly was put 
on a magnetic stirrer at 300 rpm and the temperature was 
maintained at 37.0  0.5°C. The samples (plain TA suspen-
sion and TA loaded SLNs dispersion) equivalent to 2 mg 
drug were kept over the membrane in the donor compart-
ment and stirred. Samples were withdrawn from the recep-
tor compartment at predetermined time intervals (0, 1, 2, 3, 
4, 5, 6, 8, 10, 12 and 24 h) and the volume was refilled with 
the diffusion medium of the same volume. The samples were 
analysed spectrophotometrically at 239 nm after appropri-
ate dilutions. The % drug release was calculated and graph  

of % drug release against time was plotted, release studies 
were performed in triplicate for each formulation.

In vitro skin distribution study
In vitro skin distribution studies of TA loaded SLNs  
and plain TA suspension was carried out using goat  
skin. Samples of goat skin were obtained from the local 
slaughter house (Raipur, Chhattisgarh) to evaluate the  
in vitro skin distribution of TA delivered via TA loaded  
SLNs suspension and plain TA suspension. The perme-
ation studies were performed using the Franz diffusion 
cells described above according to previously described 
methods with slight modification (Gupta and Trivedi  
2014, Khurana et al. 2013a). Treated skin samples with 
formulation containing drug equivalent to 400 mg (6 h  
with each test formulation) were processed at the con-
clusion of the experiment. The skins were washed and 
removed from the Franz cells. Epidermal and dermal layers 
were manually separated using tweezers. TA was extracted 
in 5 ml methanol with homogenization of each skin layer, 
and extracted samples were assayed for TA concentration 
by UV spectroscopy at 239 nm.

Stability studies
The stability of the developed SLN formulation was evaluated 
for 3 months according to Das et al. (2011). Briefly, samples 
were stored in the sealed amber coloured glass vials at 4°C. 
After 3 months, the samples were characterized with respect 
to the particle size, ZP, PI, EE and L.

Results and discussion

TA loaded SLN were prepared by the modified emulsifica-
tion–ultrasonication method varying various parameters as 
given in Table I. These parameters were evaluated in terms 
of the particle size, ZP, PI, EE and L. Based on the evaluation 
parameters, the final batch with desirable properties was 
prepared (selected batch).

Solubility of TA in lipids
Solubility of a drug in lipid is one of the most important 
factors for determining drug loading capacity of the SLNs 
(Charoenputtakhun et al. 2014). Results from the solubility 
studies are shown in Figure 1. Solubility of TA was tested 
in four lipids: Compritol® 888ATO, Precirol®ATO5, glycerol 

Figure 1. Solubility study of drug (Triamcinolone acetonide) in 
various lipids.
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formulation with 5 min homogenization time. EE was  
slightly lower in case of 1 min HT, and maximum EE  
was observed with 10 min HT, which might be due to poor 
dispersion of nanoparticles in 1 min as compared to better 
dispersion of nanoparticles at 10 min HT. However, with  
10 min HT the highest PDI and particle size was achieved 
which may be due to development of charge on the surface 
of nanoparticles leading to aggregation of smaller nano-
particles into larger sized particles. Based on the results of  
the particle size, PDI, zeta potential and % L, 5 min homog-
enization time was selected as optimum HT for TA loaded 
SLN formulation.

Surfactant concentration
Concentration of the surfactant demonstrated its huge  
influence on the particle size and PDI. The particle size 
decreased with increasing surfactant concentration (SC) 
from 0.5% to 4% w/v. This might be due to better stabiliza-
tion of internal structure of dispersion at higher surfactant 
concentration preventing coalescence. PDI decreased with 
increasing SC up to 1%w/v. These observations might be 
due to production and stabilization of smaller lipid drop-
lets (nanoemulsion) at higher SC as enough surfactant was 
present to stabilize the nanodroplets. However, in this case  
PDI was higher surprisingly at 2% w/v SC and 4% w/v SC. 
According to the literature published, the nanoparticles 
having PDI lower than 0.25 are considered relatively homo-
geneous, with minimum tendency for aggregation (Mitri 
et al. 2011). SC at 2% w/v and 4%w/v showed ZP value of 
 29.9  0.91 mV and  29.2  0.8 mV, respectively, which 

monostearate and stearic acid. Among them, Compritol® 
888ATO showed highest solubilization capacity followed by 
Precirol® ATO5 with least solubility in stearic acid. Amount 
of glycerol monostearate (1.24  0.14 g) and stearic acid 
(1.62  0.36 g) required to solubilize 10 mg TA was signifi-
cantly higher than Precirol® ATO5 (0.55  0.21 g) and Com-
pritol® 888ATO (0.46  0.03 g). This study indicated that TA 
loading capacity of Precirol® ATO5 and Compritol® 888ATO 
might be more than glycerol monostearate and stearic acid.

Effects of process variables
The modified emulsification–ultrasonication method was 
found to be efficient and quick to produce SLNs. Effect  
of different process variables on size, PDI, ZP, EE and L  
are discussed in the following sections and presented in 
Table II.

Homogenization time
HT did not show any remarkable effect on the particle size 
and can be correlated to the fact that the homogenization 
step is only for emulsification of lipid in the aqueous phase. 
Further it does not produce final particles; rather, it is an 
intermediate step. Generally, ZP value indicates the degree 
of repulsion between close and similarly charged particles 
in the nanodispersion and predicts physical stability of  
the nanodispersion (Lason et al. 2013). High ZP (negative 
or positive) indicates stable nanoparticle dispersion as 
highly charged particles are responsible for prevention of 
aggregation of the particles due to electric repulsion. In this  
case, highest ZP (34.2  0.11 mV) was observed in the  

Table II. Size, PDI, ZP, EE, and L of the drug loaded solid lipid nanoparticles (data represent mean  SD).

Variables Size (nm) PDI ZP (-mV) EE (%) L (%)

Homogenization time (min)
1 120.9  0.023 0.215 32.1  0.51 77.34  1.31 1.925  0.021
2.5 114.51  0.162 0.212 33.6  0.46 78.13  0.06 1.90  0.042
5 116.32  0.231 0.215 34.2  0.11 80.26  0.11 2.0  0.023
10 129.51  0.143 0.561 33.8  0.62 81.19  1.21 2.02  0.046

Surfactant concentration (% w/v)
0.5 201.21  1.42 0.359 33.4  0.16 78.36  0.21 1.92  0.062
1 116.32  0.231 0.215 34.2  0.11 80.26  0.11% 2.0  0.023
2 103.22  0.09 0.452 29.9  0.91 83.12  1.23 2.075  0.76
4 94.16  0.16 0.564 29.2  0.8 83.85  2.11 2.081  0.62

Lipid concentration (% w/v)
1 96.32  0.13 0.515 28.2  0.91 62.02  0.41 3.1  0.043
2 116.32  0.231 0.215 34.2  0.11 80.26  0.11 2.0  0.023
5 221.38  2.10 0.218 36.1  0.51 85.15  1.47 0.70  0.012

10 388.41  1.13 0.316 39.8  0.41 89.12  2.22 0.63  0.062
Sonication time (min)

5 228.31  2.14 0. 621 39.1  0.16 69.23  1.13 1.72  0.031
10 116.32  0.231 0.215 34.2  0.11 80.26  0.11 2.0  0.023
15 99.54  0.29 0.211 28.1  0.81 81.06  2. 72 2.02  0.024
20 96.61  2.82 0.203 27.4  0.8 82.52  0.39 2.05  0.036

Drug concentration (% w/v)
0.00 94.01  1.92 0.045 33.1  0.1 ----- ------
0.025 101.36  1.76 0.096 33.3  21 82.31  1.19 1.02  0.042
0.05 116.32  0.231 0.215 34.2  0.11 80.26  0.11 2.0  0.023
0.075 145.25  1.73 0.321 35.8  0.13 68.18  3.54 2.55  0.056
0.100 182.32  0.58 0.489 39.2  0.26 61.41  2.12 3.05  0.019
0.200 234.21  0.80 0.723 42.2  0.13 30.19  1.18 3.00  0.043

Homogenizer speed (rpm)
5000 134.12  0.65 0.313 33. 1  39 82.42  1.56 2.02  0.035
10 000 117.13  1.23 0.218 34.9  61 81.35  2.13 2.02  0.021
15 000 116.32  0.231 0.215 34.2  0.11 80.26  0.11 2.0  0.023
20 000 115.41  2.25 0.207 35.8  0.26 80.12  2.24 2.0  0.012
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predicted poor physical stability of the SLN dispersions. 
In our observation, EE and L increased with increase in 
concentration of SC. This could be due to the presence of 
sufficient SC which helped the drug to remain within the 
lipid particles and/or on the surface of the particles. Low 
concentration of TA in SLN and high compatibility between 
the drug and the lipid further contribute to high EE. Liu et al. 
(2007) also reported similar results for isotretinoin-loaded 
solid lipid nanoparticles. They demonstrated decrease in the 
particle size with significant increase in % EE with increase 
in the concentration of surfactant. Based on the results of 
investigation 1% w/v SC, which produced particles with 
optimum particle size, PDI, zeta potential, EE and % L was 
chosen as the optimum SC required for preparation of TA 
loaded nanoparticles.

Lipid concentration
The particle size significantly increased with increasing lipid 
concentration (LC). This may be correlated to better distribu-
tion of sonication energy in the dilute (low LC) dispersion as 
compared to the concentrated dispersion, which was respon-
sible for more efficient particle size reduction at lower LC. 
Numerous studies have reported that increasing lipid content 
results in larger particles and broader particle size distribu-
tion (Trotta et al. 2001, Subedi et al. 2009). In this case, the 
particle size was lowest in case of 1% w/v LC with very high 
PDI (0.515) and highest at 10% w/v LC with 0.316 PDI. In all 
LCs, ZP was more than  28 mV. As expected, EE increased 
with increasing LC. This might be due to availability of higher 
amount of lipid for drug encapsulation at high LC which led 
to higher EE. Opposite tendency was noticed for low LC. In 
contrary, % L significantly decreased with increasing LC. DC 
remained same in spite of increased LC, which led to reduc-
tion of drug to lipid ratio (i.e., loading) with increasing LC. 
This observation was in accordance with Hao et al. (2012). 
They developed baicalin loaded solid lipid nanoparticles and 
reported positive influence of high lipid concentrations on 
EE. By this observation, 2% w/v LC was selected to achieve 
best results because with 1%w/v LC a poorly stable system 
with high PDI was observed whereas at higher LC of 5%w/v 
and 10%w/v very large sized particles with lower % L were 
observed. However, with 2%w/v optimum particle size, PDI, 
zeta potential, higher EE and % L were observed.

Sonication time
Sonication time (ST) showed marked influence on the par-
ticle size and PDI. The particle size and PDI significantly 
decreased with increasing ST. These observations are rea-
sonable as sonication was responsible for the final particle  
size of SLNs, which breaks the coarse emulsion drops to  
nanoemulsion droplets. Longer sonication time puts more 
sonication energy to the SLN dispersions, which reduced  
size of the nanoemulsion droplets and decreased size 
distribution. This observation was in accordance with  
Vitorino et al. They prepared SLN of simvastatin and 
reported that sonication reduced both the particle size and 
PDI (Vitorino et al. 2011). In the present study, we observed 
ZPs to be  28.1  0.81 mV and  27.4  0.8 mV for 10 min 
and 20 min ST, respectively, but for 10 min sonication time 

ZP was  34.2  0.19 mV indicating a stable system at 10 min 
sonication time. ST of 5 min produced particles with com-
paratively lowest EE. Otherwise, EE and % L were not sig-
nificantly different among the groups. Samein also reported 
less impact of sonication time on EE of nystatin loaded SLN 
prepared using glyceryl monostearate as the lipid constitu-
ent (Samein et al. 2014). Based on the observation of the par-
ticle size and stability aspect, 10 min ST was chosen as the 
optimum value for preparation of TA loaded nanoparticles 
as with ST less than 10 min (5 min ST) very large particle  
size was observed and with ST more than 10 min (15 min 
and 20 min ST) poor stability of formulation was observed.

Drug concentration
There were remarkable differences in particle size among 
different batches prepared with drug concentrations 
(DC) from 0.025%w/v to 0.2%w/v. PDI also increased 
with higher DC. This observation can be correlated to 
the presence of high amount of drug. ZPs were observed 
to be more than  33.1  0.1 mV in all cases, which sug-
gests good stability of the SLN dispersions. EE decreased 
with increasing DC whereas % L increased with increase 
in DC upto 0.1%w/v. EE directly depends on the amount 
of drug added pertaining to the encapsulation capacity 
of the lipid used (Patil et al. 2014). As the lipid has a cer-
tain drug loading capacity, addition of excess drug led to 
increase of the unencapsulated drug (i.e. decrease of EE). 
Similarly, % L cannot increase beyond maximum drug 
loading capacity signifying that loading has reached its  
maximum concentration of 0.1% w/v DC. But at 0.1% w/v 
DC the highest particle size with high PDI was observed 
indicating a poor stability of formulation.

Therefore, on the basis of the particle size, PDI, EE and 
% L, DC with 0.05% w/v was selected for the preparation of  
the final drug loaded SLN formulation. Similar observation 
was observed by Das et al. (2012).

Homogenizer speed
The final size of the nanoparticles in the process depends on 
the globule size throughout the emulsification process. In 
this study, increase in the homogenizer speed led to decrease 
in the particle size but above 10,000 rpm there was no sig-
nificant reduction in the mean particle size. Moreover, effect 
of the homogenizer speed was found insignificant in case of  
EE and L. Similar result was reported by Mulla and Khaji 
who developed GMS nanoparticles using soy lecithin as  
stabilizer at a constant concentration of 5.0% (w/w) and fixed 
homogenization time of 10 min. They reported a decrease of 
the nanoparticle mean size with an increase of the homog-
enizer speed. But above 13,500 rpm, there was no significant 
reduction of the particle size (Mulla and Kazi 2012). In our 
study, 10,000 rpm was selected for further preparation of 
drug loaded SLN. Therefore, the final formulation was pre-
pared using 0.05% w/v DC, 2% w/v LC, 1% w/v SC, 5 min HT, 
10 min ST and 10,000 rpm HS as final values of variables.

Mean particle size and polydispersity index
The mean particle size of TA loaded SLNs were found to be 
in the range of 94.01  1.92 nm to 388.41  1.13 nm with 
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pattern supports conversion of the crystalline drug to an 
amorphous form and contributing in the enhancement of 
solubility of the drug (Figure 4d).

Differential scanning calorimetry
DSC is a tool to investigate the melting and recrystalliza-
tion behaviour of crystalline material like SLNs (Agrawal 
et al. 2010). Figure 5 shows the DSC thermograms of pure 
TA, Compritol 888 ATO, the physical mixture of TA and 
Compritol 888 ATO, and TA loaded SLNs. Pure TA showed 
a sharp endothermic peak at 285.54°C corresponding to its 
melting point, indicating its characteristic crystalline nature. 
Compritol 888 ATO exhibits a sharp endothermic event, 
ascribing to the melting, around 74.52°C. These sharp melt-
ing endothermic peaks of bulk lipid indicate that the starting 
materials were crystalline. The peak for TA was completely 
absent in lyophilized TA loaded SLNs (Figure 5d), while it 
was clearly evident in the physical mixture of TA (285.54°C) 
and Compritol 888 ATO (74.52°C) as shown in Figure 5c. 
It has been reported that when the drug does not show its 
endothermic peak in the nanoparticulate formulations, it  
is said to be in the amorphous state (Liu et al. 2005). Hence, 
it could be concluded that the drug was present in the  

PDI of 0.045 to 0.316. However, the mean particle size for 
the selected batch was obtained to be 114.5  1.32 nm with  
PDI of 0.035 (Figure 2a).

Zeta potential
The zeta potential of drug loaded SLNs were found to be  
in the range of 27.4  0.8 mV to 42.2  0.13 mV. The zeta  
potential of the selected batch was obtained to be 
 35.8  0.61 mV (Figure2b). The zeta potential value of  
the selected batch indicated the stable formulation.

Percent entrapment efficiency and loading
% EE of the prepared drug loaded SLN was found to be in  
the range of 30.19  1.18 to 89.12  2.22. For the selected  
batch % EE and % L was obtained to be 82.0  1.32 and 
1.71  0.032. High entrapment can be attributed to the  
lipophilic nature of the drug having higher affinity for the 
selected lipid matrix.

Transmission electron microscopy
Shape and size of the selected batch of nanoparticles were 
evaluated by TEM. TEM images of the SLNs confirmed that 
the particles were nearly spherical or oval in shape with nar-
row size distribution and were non-aggregated (Figure 3). 
The diameters of the particles observed in the micrographs 
are in good agreement with the data obtained from the 
Malvern particle size analyzer.

X-ray diffraction study
A sharp diffraction peak appeared in spectra of pure TA at 
9.89, 12.0, 14.01, 15.7, 17.1, 19.6, 23.3 and 25.1 (Figure 4a). 
Compritol ATO 888 showed a characteristic peak at 2° value 
of 4.3, 21.3 and 23.5 (Figure 4b). In the physical mixture, 
the crystalline peak for TA was clearly evident (Figure 4c), 
whereas the SLN formulation showed a deformed peak for 
TA, indicating the relative reduction in the diffraction inten-
sities in the TA loaded SLN. This could be further predicted 
due to the change in orientation of crystals or reduction in 
the quality of crystals of TA, and this change in diffraction 

Figure 2. (a) Mean particle size and polydispersity index of selected batch formulation; (b) Zeta potential of the formulation of the selected batch.

Figure 3. TEM image of the selected batch of TA loaded solid lipid 
nanoparticle.
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67.19  3.23% of TA released at 24 h. Burst release can be 
useful to improve the penetration of the drug, while sus-
tained release supplies the drug for a prolonged period of 
time (Gupta et al. 2013). On the other hand, the drug release 
from plain TA suspension was faster with 96.72  5.46% 
release of TA within 7 h. Regarding the drug release profiles, 
TA loaded SLNs suspension followed Higuchi release kinet-
ics (r2  0.9909) and zero order release kinetics (r2  0.994), 
respectively. Similar results for novel and conventional  
formulation were obtained by Khurana et al. (2013b).

In vitro skin distribution study
In vitro skin distribution study of TA loaded SLNs suspen-
sion and pure TA suspension were evaluated using goat 
skin. UV spectroscopy was used to quantify TA content in 
the epidermis, dermis and receptor. As shown in Figure 7, 
plain TA suspension delivered maximum amount of TA in 
the receptor compartment (137.22 mg/ml) with minimum 

amorphous phase and may have been homogeneously  
dispersed in the SLNs.

In vitro release study
The cumulative percentage release of TA from TA suspen-
sion and TA loaded SLNs were investigated in vitro over 
a period of 24 h. Each sample was analysed in triplicate  
and release curves are shown in Figure 6. It was indicated 
that plain TA suspension released almost 96.72  5.46% 
of the drug at the end of 7 h, while in TA loaded SLNs 
67.19  3.23% drug release was observed after 24 h. TA 
loaded SLNs showed a biphasic drug release pattern with 
an initial burst release phase followed by a sustained drug 
release phase. TA loaded SLNs suspension depicted a bipha-
sic release pattern characterized by relatively faster initial 
burst release followed by comparatively slower release with 

Figure 4. XRD analysis. (a) Pure TA (b) Compritol® 888ATO (c) Physical mixture of TA and Compritol® 888ATO (d) TA loaded SLNs.

Figure 5. DSC thermograms. (a) Pure Compritol 888 (b) Pure TA  
(c) Physical mixture of TA and Compritol 888 ATO (d) TA loaded SLNs.

Figure 6. Drug release profile from pure TA suspension and drug 
loaded SLNs suspension in phosphate buffer (7.4pH).
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amount of TA in the epidermis (20.81/ml) and dermis (31.29 
mg/ml) through 1 cm2 diffusion area indicating maximal 
distribution of drug in systemic circulation after 6 hrs. While 
TA loaded SLNs suspension delivered maximum amounts  
of TA (48.80 mg/ml) into the epidermal layer of skin with 
minimal amount of TA in the dermis (15.95 mg/ml) and in 
the receptor compartment (9.04 mg/ml) of the Franz cell, 
demonstrating that treatment with TA loaded SLNs would 
consequence into limited systemic escape of the steroi-
dal drug. This systemic escape of the drug might eliminate 
adverse side effects associated with systemic exposure. In 
addition, the results of skin distribution study demonstrate 
that TA loaded SLNs suspension address the requirements 
of an efficient topical drug delivery system with minimal 
systemic escape and can be considered as an appropriate 
carrier for the delivery of TA in topical therapy of drugs  
having poor aqueous solubility, increased dosing frequency 
and dose dependant side effects. Based on the skin distribu-
tion data reported here, we hypothesize that TA delivery to 
the skin could be related to the increased solubility of drug 
in the lipid matrix (in case of SLNs) which in turn leads to 
an elevated concentration gradient at the skin surface rather 
than systemic circulation (Uner et al. 2014), thus, avoiding 
adverse side effects associated with the systemic circulation 
of drugs.

Stability study
Stability studies were carried out according to Das et al. 
(2011), to assess the stability and integrity of TA loaded SLNs. 
The TA loaded SLNs showed minor enhancement of the par-
ticle size and PI with slight reduction of ZP, EE, and L after 3 
months storage at 4°C (Table III). Percent change in PS and 
EE were 3.4% and 2.5%, respectively, on 3 months storage of 
SLNs formulations. The changes were insignificant which 
indicate good physical stability of the SLNs during their stor-
age at 4°C for 3 months.

Conclusion

In this study, SLNs were successfully prepared by the emulsi-
fication–ultrasonication method. Compritol® 888 ATO dem-
onstrated maximum TA solubilization capacity as compared 
with other lipids like Precirol® ATO5, glyceryl monostearate 
and stearic acid. Poorly water soluble drug TA was efficiently 
encapsulated into the solid lipid nanoparticles which were 
further confirmed by XRD and DSC study. Most of the pro-
cess variables such as lipid concentration, surfactant con-
centration, drug concentration and sonication time showed 
significant effect on the formulation properties. The particle 
size remarkably increased with increasing lipid concentra-
tion and drug concentration while opposite tendency for 
the particle size was observed with increase in sonication 
time. The particle size of the selected batch was found to be 
114.5  1.32 nm. The drug release study exhibited prolonged 
release from the SLNs following Higuchi release kinetics 
(R2  0.9909) as compared with pure drug suspension (Zero 
order kinetics, R2  0.994). Stability study confirmed that 
SLNs were stable for 3 months at 4°C. Furthermore, in vitro 
skin distribution showed presence of significant amounts 
of TA into the epidermal layer of skin when treated with TA 
loaded SLNs suspension demonstrating the systemic escape 
of drug from TA loaded SLNs. Moreover, selective accumu-
lation of TA in the epidermis might eliminate adverse side 
effects associated with systemic exposure. The encourag-
ing results obtained in this study could propose this system  
for future in vivo studies, especially for delivery of other  
corticosteroids, useful in treatment of various dermal 
disorders.         
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