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INTRODUCTION

Nanoparticulate drug delivery systems are considered for 
drug delivery because due to their possibility of modulat-
ing drug release, increased penetration, and prolonging resi-
dence time at site of action. Amongst these systems solid 
lipid nanoparticles (SLN) appear very promising. SLN are 
alternative to traditional colloidal carrier systems such as 
emulsion, liposome, and polymeric micro-and nanoparticles. 
They are highly biocompatibility, have low cytotoxicity, tar-
get-specific, scalability, prolonged drug release, and ease of 
production in industrial scale. 1-5

A traditional formulation and optimization approach makes it 
extremely difficult (and inefficient) to achieve an optimized 

formulation that allows for rapid and complete dissolution. 
Hence attention is paid towards the formulation optimiza-
tion of SLN dispersion systems by using factorial design. 
The nature of lipids and emulsifiers effect the quality of SLN 
dispersions and the nature of SLN is controlled by the rela-
tive number of excipients used in the formulation. Various 
experimental designs6,7 are applied for optimizing the formu-
lation that involve less experiments and provide estimates of 
the relative significance of different variables. 8

The response surface methodology (RSM) is useful in simul-
taneously analyzing process variables when variable interac-
tions are very complicated. RSM has been demonstrated in 
multiple studies to be useful for determining the optimal for-
mulation in various drug delivery systems. This study used 
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ABSTRACT
Introduction: SLN is alternative to traditional colloidal carrier systems such as emulsion, liposome, and polymeric micro-and 
nanoparticles. They are highly biocompatibility, have low cytotoxicity, target specific, scalability, prolonged drug release, and 
ease of production in industrial scale.
Aims: The objective of the research is aimed at formulation of solid lipid nanoparticle (SLN) of dasatinib a tyrosine kinase inhibi-
tor used in the treatment of chronic myelogenous leukemia.
Methodology: By investigating the relationship between design factors and experimental data using response surface method-
ology. A 33 Box-Behnken design was chosen using amount of glycerol monosterate   (X1) the amount of poloxamer 407 (X2) and 
amount of tyloxopol (X3) level as independent factors. SLN prepared by hot emulsification / ultra-sonication method technique 
using glyceryl monostearate as the solid lipid, and poloxamer 407as the surfactant. The dependent variables include particle 
size (Y1), entrapment efficiency(Y2) and drug release after 12 h(Y3). Properties of SLN such as the morphology, FT-IR, particle 
size, zeta potential, entrapment efficiency and drug release behavior were investigated. 
Results: From the results DF10 was found to be optimized formulation, which shown that the nanoparticle designed are spheri-
cal in shape with a mean particle size of 112 nm with PI of 0.40 and zeta potential of −25.6 mV. The in vitro release studies 
showed that more than 98.78% of drug was released from optimized SLN after 12 h, which is higher when compared with 
marketed formulation. The release kinetics of the optimized formulation followed zero Intriorder drug release and best fitted the 
Korsemeyer-peppas model. 
Conclusion: These results indicated that the dasatinib-loaded SLN formulation could potentially be exploited for the treatment 
of chronic myelogenous leukemia with controlled release manner.
Key Words: Dasatinib, Solid lipid nanoparticle, Chronic myelogenous leukemia, Box-Behnken design, Particle size, SEM
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the Box-Behnken design, a RSM design, since it requires 
fewer runs in a 3-factor experimental design than all other 
RSM designs, and is especially useful when extreme com-
binations of treatments need to be avoided or minimized. 9   

As an oral tyrosine kinase inhibitor, dasatinib is approved for 
treating patients with chronic myelogenous leukemia (CML), 
whether they are BCR/ABL positive or negative. The major 
targets of Dasatinib are the BCRABL, SRC, Ephrins and 
GFR. Dasatinib is a Biopharmaceutics Classification System 
Class II drug having very low solubility and high permeabil-
ity. In addition, the low aqueous solubility and poor disso-
lution of dasatinib result in poor bioavailability, therefore, 
limiting its therapeutic effectiveness. There is evidence that 
the absolute bioavailability of dasatinib is approximately 14 
to 34% due to extensive first-pass effects in animals.

To overcome hepatic first-pass metabolism and to enhance 
oral bioavailability, lipid-based drug delivery systems such 
as solid lipid nanoparticles (SLNs) can be used. 10

The aim of this research was to evaluate the main and inter-
action effect of compositional variation and to optimize the 
dasatinib-loaded SLN formulation using the Box-Behnken 
design.

MATERIAL AND METHODS

Materials used
The drug dasatinib was obtained from Hetero drugs Ltd, 
Hyderabad. The excipients Glycerol Monosterate, Poloxam-
er407, Tyloxopol were obtained from Rubicon research Pvt 
Ltd, Thane, Maharashtra. Tween 80 was purchased from SD 
Fine Ltd, Mumbai and solvents chloroform, methanol were 
purchased from Merck Specialties Pvt Ltd, Mumbai, India.

Preparation of dasatinib loaded SLN 
The SLNs were prepared by a hot emulsification / ultrasonica-
tion method. Dasatinib (100 mg), glycerol monosterate (%), 
was dissolved in a mixture of chloroform and methanol (1:1) 
(20mL). The solvent was then completely removed using a 
rotary evaporator. The drug-embedded lipid layer was melt-
ed by heatingat75°C. An aqueous phase was then formulated 
by dissolving the surfactant and co-surfactant (%), such as 
poloxamer 407 and tyloxopol in double-distilled water and 
adding it to the molten lipid phase followed by homogeniza-
tion for 3minutes. Coarse hot oil in a water emulsion was 
obtained, which was then ultrasonicate using a probe soni-
cator. Finally, the obtained hot nanoemulsion was allowed 
to cool to room temperature to prepare SLNs. 11, 12 (table 1)

Experimental Design
A 33 BBD employed for optimizing the main, interaction, and 
quadratic effects of formulation components on characteristics 

of SNEDDS. Seventeen experiments run randomly for chosen 
independent variables, that include 5 repetitions at center (as-
terisk-marked) obtained from 3 factor, 3-level BBD and their 
subsequent responses noted 13 are specified in table 1 and 2.

The BBD matrix obtained using Design Expert® software 
(Version7.0, Stat-Ease Inc., Silicon Valley, CA, USA), the 
second-order quadratic equations are as:

2 2 2
1 1 1 2 2 3 3 4 1 2 5 2 3 6 1 3 7 1 8 2 9 3Y X X X X X X X X X X X Xβ β β β β β β β β β= + + + + + + + + +

Y - Level of the measured response 

β0 – intercept

β1 to β9 - regression coefficient

X1, X2, and X3 - main effects

X1X2, X2X3, and X1X3 - interaction between the main effects

X1
2, X2

2 and X3
2 - quadratic terms of independent variables.14-16.

EVALUATION OF SLNs
Determination of drug content and entrapment efficiency 
(EE)

Determination of drug content and EE was done according to 
reported procedures in reference. 17, 18

In-vitro release study
In-vitro release studies were performed in 0.1N HCl (pH 
1.2) using modified franz diffusion cell and dialysis mem-
brane. During the experiments, the solution in receptor 
side was maintained at 37°C ± 0.5°Cand stirred at 50 rpm 
with magnetic stirring bars for 2 hours. Then, the pH was 
increased to pH 6.8 for the remaining 10 hours. An aliquot of 
the sample (5 mL) was and analyzed by UV-visible spectro-
photometer at 323 nm.19

Kinetic Model Fitting
The drug release data was fitted into various linear models 
include Zero order, Higuchi, Hixon – Crowell, Quadratic and 
Polynomials, whereas the nonlinear models include First or-
der, Weibull, KorsMeyer – Peppas, Logistic etc. 20, 21

Characterization of optimized SLN formulation
Fourier transform infrared spectroscopy (FT-IR), SEM, par-
ticle size, zeta potential and stability studies were performed 
and reported according to reference procedures.22,23

RESULTS & DISCUSSION

Drug content 
The drug content uniformity of all formulations (DF1-DF17) 
ranges between 96 to 99% with DF10 displaying maximum 
of 99.42% drug uniformity. 
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In-vitro dissolution study of dasatinib SLNs
To understand the release mechanisms of dasatinib SLNs 
formulations, the drug release from the formulation DF10 
was shown to be 98.78%, whereas marketed product was 
shown to be 89.61% after 12 h (figures 1-3). The enhanced 
dissolution may be due to the decrease in crystallinity and 
the increase in solubility of the drug. The increase in cumula-
tive drug released is mainly attributed to rapid self-emulsifi-
cation of the formulations due to instantaneous dispersion in 
the medium after dissolution of the capsule shell. 

Kinetic analysis 
From the above results it is apparent that the regression co-
efficient value of DF10 closer to unity in case of zero or-
der plot i.e., 0.975 indicates that the drug release follows a 
zero-order mechanism. Further the n value obtained from the 
Korsmeyer-Peppas plots i.e., 0.953 indicating non Fickian 
(anomalous) transport thus it projected that delivered its ac-
tive ingredient by coupled diffusion and erosion (table 3).

Design of experiments
All responses were fitted to a second quadratic model and 
the adequacy of this model was verified by ANOVA; tests 
provided by Design- Expert software (table 4). 

Particle size
The particle size of the nanoparticles was found to be in the 
range of 112-247 nm. The quadratic model generated re-
vealed that the amount of glycerol monostearate, amount of 
poloxamer 407 and amount of tyloxopol have a significant 
influence on the Particle size. The theoretical (predicted) val-
ues and the observed values were in reasonably good agree-
ment. The mathematical model generated for Particle size 
(Y1) was found to be significant with F-value of 0.0175 im-
plies the model is significant (figure 4A and 4B). 

Entrapment efficiency (%)
The Entrapment Efficiency (%) of the SLNs was found to be 
in the range of 79.54% to 96.41%. The quadratic model gen-
erated revealed that the amount of Glycerol Monostearate 
and amount of Poloxamer 407 have a significant influence 
on the Entrapment Efficiency (%). The theoretical (predict-
ed) values and the observed values were in reasonably good 
agreement as seen. The factorial equation for Entrapment Ef-
ficiency (%) showed a good correlation coefficient (0.9997) 
(figure 5A and 5B).

Cumulative percent drug released
The cumulative percent drug release in 12 hrs from the SLNs 
was found to be in the range of 78.66 – 98.78%. The quad-
ratic model generated revealed that the amount of Glycerol 
Monostearate, amount of Poloxamer 407 and amount of Ty-
loxopol have a significant influence on the particle size. The 

theoretical (predicted) values and the observed values were 
in reasonably good agreement as seen. The factorial equation 
for percent drug release showed a good correlation coeffi-
cient (0.9994) (figure 6A and 6B). 

Optimization by desirability function
An optimization process was undertaken with desirability 
function to optimize the three responses simultaneously. The 
results are shown in Table 5. 

CHARACTERIZATION OF SLN 

Fourier-transform infrared spectroscopy (FTIR)
The characteristic peaks of the drug in  IR spectrum of Da-
satinib and optimized formulation were identified by absorp-
tion peaks at 3068 cm-1 (secondary amine N-H stretch), 3086 
cm-1(=C-H aromatic ring),985 cm-1(C-H bending), 1192 cm-

1(C-N stretch), 1444 cm-1(C=O stretch) and 1290 cm-1 (C=C) 
stretch, aromatic ring. There were no particular interactions 
between drug and excipients and drug remain intact in the 
formulation. (figure 7, 8)

Droplet size and zeta potential
The mean globule size of selected SLN formulation DF10 
was 112 nm with low polydispersity index 0.40 and zeta po-
tential of −25.6 mV which is indicated the ability of the pre-
sent technology to produce nanoemulsion that offers larger 
interfacial surface area required for drug absorption. (figure 
9). 

The optimized SLN showed high absolute zeta potential val-
ue of -17.7 mv. The emulsion stability is directly related to 
the magnitude of the surface charge. (figure 10)

SEM studies
The SEM data indicates spherical and uniform particles of 
optimized formulation DF10, that are slightly porous with 
rougher surfaces. The roughness of surface is due to quick 
moisture loss from wet mass possessing higher liquid con-
tent due to porous surface. (figures 11A and 11B) 

Stability studies
The formulation DF10 is found stable for 6 months with no 
significant variations in the values of particle size, entrap-
ment efficiency, drug release profile and drug content values 
(table 6).

CONCLUSION

Optimization of an SLN formulation is a complex process, 
which requires one to consider a large number of variables 
and their interactions with each other. The present study 
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conclusively demonstrates that the optimal formulations of 
dasatinib SLN contain 10% (w/v) of glycerol monostearate, 
6% (w/v) poloxamer 407, and 2% tyloxopol using the Box-
Behnken design. The derived polynomial equations and re-
sponse surface plots aid in predicting the values of selected 
independent variables for preparation of optimum formula-
tions with desired properties. From the results DF10 was 
found to be optimized formulation, which shown that the 
nanoparticle designed are spherical in shape with a mean 
particle size of 112 nm with PI of 0.40 and zeta potential of 
−25.6 mV. The in vitro release studies showed that more than 
98.78% of drug was released from optimized SLN after 12 h, 
which is higher when compared with marketed formulation. 
The release kinetics of the optimized formulation followed 
zero order drug release and best fitted the Korsemeyer-pep-
pas model. These results indicated that the dasatinib-loaded 
SLN formulation could potentially be exploited with con-
trolled drug release.
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Table 1: Composition of dasatinib SLNs formulation
F. No Dasatinib 

(mg)
Glycerol 

Monosterate 
(%)

Poloxamer407 
(%)

Tyloxopol
(%)

Tween 80
(ml)

Chloroform: 
Methanol

(1:1)

Distilled 
Water (mL)

DF1 100 6 2 2 0.5 20 Q. S

DF2 100 10 2 2 0.5 20 Q. S

DF3 100 6 6 2 0.5 20 Q. S

DF4 100 8 6 1 0.5 20 Q. S

DF5 100 6 4 1 0.5 20 Q. S

DF6 100 10 4 1 0.5 20 Q. S

DF7 100 6 4 3 0.5 20 Q. S

DF8 100 10 4 3 0.5 20 Q. S

DF9 100 8 2 1 0.5 20 Q. S

DF10 100 10 6 2 0.5 20 Q. S

DF11 100 8 2 3 0.5 20 Q. S

DF12 100 8 6 3 0.5 20 Q. S

DF13 100 10 4 2 0.5 20 Q. S

DF14 100 8 4 1 0.5 20 Q. S

DF15 100 8 4 6 0.5 20 Q. S

DF16 100 6 4 2 0.5 20 Q. S

DF17 100 8 4 2 0.5 20 Q. S

Table 2: List of dependent and independent variables in in Box-Behnken design
Independent variables Levels

Variable Name Units Low
(-1)

Middle (0) High
(+1)

A Amount of Glycerol Monosterate % 6 8 10

B Amount of Poloxamer407 % 2 4 6

C Amount of Tyloxopol % 1 2 3

Dependent variable Goal

Y1 Particle size nm Minimize

Y2 Entrapment Efficiency % Minimize

Y3 Drug release after 12 h % Maximize

Table 3: Release kinetics of optimized formulation of Dasatinib SLNs (DF10) and marketed formulation 

Formulation Correlation Coefficient (r2)
Diffusional
Exponent

(n)
Inference

Marketed
Zero

Order
First

Order
Higuchi
Equation

Korsmeyer
-Peppas

Korsmeyer
-Peppas

Zero-order & Super case II 
transport

0.938 0.854 0.883 0.929 1.064

DF 10 0.975 0.881 0.914 0.953 1.241 Zero-order & Super case II 
transport
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Table 4: Regression Equations of the fitted models
Response Equation

Particle Size (Y1) 96+84X1-19X2-13X3-28X2
1 + 65X1X3+45 X2

2 -21 X2X3 +53 X2
3

Entrapment Efficiency (Y2) 72.53+13.37X1+6.15X2+1.89X3+0.54X2
1 -2.74X1X3-09.55 X2

2 -2.50 X2X3 -3.44 X2
3

% Cumulative drug released(Y3) 79.75-4.52X1 +16.77X2-14.39X3+1.82X2
1 -13.91X1X3+4.14 X2

2 -24.15 X2X3 +3.53 X2
3

Table 5: Optimized values obtained by the constraints applies on Y1, Y2 and Y3
Independent variable Nominal 

values
%

Predicted values

Particle 
size (Y1) 

(nm)

Entrapment 
Efficiency

(%)
(Y2)

%CDR 
(Y3)

Batch Particle 
size (Y1) 

(nm)

Entrapment 
Efficiency

(%)
(Y2)

Percent 
drug 

release in 
12hrs (Y3)

Amount of Glycerol 
Monostearate (A)

10 112 96.41 98.78 1 113 96.28 98.47

Amount of Poloxam-
er407 (B)

06 2 112 96.09 98.24

Amount of Tyloxopol 
(C)

02 3 114 96.54 98.18

Table 6: Stability studies of optimized formulation
Retest Time for Optimized 
formulation
(DF10)

Particle Size
(nm)

Entrapment Efficiency
 (%)

In-vitro drug release 
profile

 (%)

Drug content (%)

0 days 112 96.41±1.17 98.78±1.06 99.42±2.3

30 days 112 96.41±1.09 98.78±1.23 99.42±2.9

60 days 112 96.39±1.15 98.72±1.15 99.36±2.7

120 days 112 96.36±1.11 97.92±1.20 99.24±1.4

180 days 112 96.27±1.05 97.68±1.13 99.13±1.6

Values are expressed in mean± SD :( n=3)

Figure 1: In-vitro drug released profile of prepared dasatinib 
loaded solid lipid nanoparticles DF1-DF6. Figure 2: In-vitro drug released profile of prepared dasatinib 

loaded solid lipid nanoparticlesDF7-DF12.
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Figure 3: In-vitro drug released profile of prepared dasatinib 
loaded solid lipid nanoparticles DF13-DF17.

Figure 4A: Response 3D surface plot showing the influence 
of amount of Glycerol Monostearate and amount of Poloxamer 
407 on particle size fixed level of C.

Figure 4B: Contour plot showing the influence of amount of 
glycerol monostearate and amount of Poloxamer 407 on parti-
cle size fixed level of C.

Figure 5A: Response 3D surface plot showing the influence 
of amount of Glycerol Monostearate and amount of Poloxamer 
407 on EntrapmentEfficiency (%) fixed level of C

Figure 5B: Contour plot showing the influence of amount of 
amount of Glycerol Monostearate and amount of Poloxamer 
407 on Entrapment Efficiency (%) fixed level of C.

Figure 6A: Response 3D surface plot showing the influence 
of amount of Glycerol Monostearate and amount of Poloxamer 
407 on Cumulative % Drug Released fixed level of C.
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Figure 6B: Contour plot showing the influence of amount of 
Glycerol Monostearate and amount of Poloxamer 407 on Cu-
mulative % Drug Released fixed level of C.

Figure 7: FTIR of pure drug.

Figure 8: FTIR of optimized formulation.

Figure 9: Particle size of optimized SLN.

Figure 10: Zeta potential of optimized formulation.

Figure 11A & 11 B: SEM images of optimized formulation.


