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ABSTRACT
Development of nanostructured lipid carriers (NLCs) by green methodology (without organic
solvent) with two solid lipid (Glycerol Monostearate and Stearic acid (2:1)) combination was used
and with solid lipid, liquid lipid (Vitamin-E) was used (solid lipid: liquid lipid (7:3)) were prepared
through melt emulsification and sonication using a Design of Experiment (DOE) software for
optimization From the DOE overlay plot, the best lipid concentration sonication time and
surfactant concentration combination was selected for final formulation (NLC-final). The NLC-final
were characterized by entrapment efficiency percentages (EE) (79.18 %), mean particle size (PS)
(262.8nm), polydispersity index (PDI) (0.255), and zeta potential (ZP) (18mV). In vitro release
studies using dialysis bag method show that (pH-7.4, 1% SLS) 92.3 ±9.2% of drug was released in 24
h. Stability study at temperature 25±2ºC and 40±5ºC for 40 days found that formulation were
stable & no significant changes in particle size, drug content and physical appearance.
Keywords: Nanostructured Lipid Carriers, Beta-Sitosterol, Green Methodology, DOE.
INTRODUCTION
Lipid nanoparticles introduce the research
groups of Muller (Berlin, Germany), Gasco
(Turin, Italy) and Westesen (Braunschweig,
1
Germany) at 1990s.
In beginning of
21century evaluation in oral delivery of highly
lipophilic drug or natural bioactive compound
2
with help of nanotechnology Nanostructured
Lipid Carriers (NLC) are compatible, advance,
stable and biodegradable (excipient) career for
drug delivery of highly lipophilic natural drug
like β-sitosterol. NLC is an aqueous colloidal
dispersion formed by two state of natural lipid
3
one in solid state another in liquid state (oil)
Drug dissolve in the liquid lipid and liquid lipid
admixture by solid lipid with the help of
surfactant. Blend of liquid lipids with solid lipids
leads to a less ordered inner structure due to
which the drug molecules are accommodated
in between lipid layers and/or fatty acid chains
means formulation without organic solvent
green methodology, no chance for residual
solvent impurity present in formulation. Thus,
NLCs are appeared a smarter generation of
4
nanoparticles.
β-Sitosterol is one of the several phytosterols
(plant sterols) with chemical structures similar
5
to that of cholesterol. β-Sitosterol are
5
lipophilic or highly hydrophobic in nature. Due
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to highly lipophilic nature of β-Sitosterol it
have problem of oral absorption and
6
bioavailability (9%). Drug release from lipid
particles
occurs
by
diffusion
and
simultaneously by lipid particle degradation in
the body. In some cases it might be desirable
to have a controlled fast release going beyond
7
diffusion and degradation. NLC is particularly
appropriate for drugs which have higher
solubility in oils than in solid lipids. Due to the
oil in these mixtures a melting point
depression compared to the pure solid lipid is
observed, but the blends obtained are also
8
solid at body temperature.
As liquid lipid
solubilize lipophilic molecules to a much higher
extent than solid lipids and provide better
9,10
control of release.
MATERIAL AND METHODS
MATERIALS
Vitamin-E, Tween 60 and Sodium Lauryl
Sulfate (SLS) from Himedia Laboratories Ltd.,
Mumbai, Stearic acid, Methanol, Potassium
dihydrogen phosphate, Potassium chloride,
Chloroform, EDTA di-potassium salt and
Carboxy Methyl Cellulose from SDFCL,
Mumbai, Glycerl monostearate from Rolex
Chemical Industries, Mumbai, β-Sitosterol
from FLUKA, Ethanol from Chanyashu,
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Yanguan
Chem.China,
Acetonitrile,
Hydrochloric acid and Sodium hydroxide from
Merck Specialities Pvt. Ltd. Mumbai, Calcium
chloride from Rankem laboratory reagent,
Distilled water from Infusil India Pvt. Ltd,
Bangalore.
Method of Preparation
The procedure followed is that the lipidic
phase i.e. solid lipid (Glycerol monostearate
and Stearic acid) and liquid lipid (Vitamin-E)
were melted at temperature 75±5 ˚C and the
aqueous phase i.e water and surfactant
(Pluronic F-68 and Tween 60) solution was
heated upto 70 ˚C. Drug (β-sitosterol) is then
incorporated into the lipidic phase; both the
phases were then mixed by adding lipidic
phase to aqueous phase with continuous
stirring. Primary emulsion formed was stirred.
It was then subjected to sonication (Probe
®
sonicator, Labsonic , 80 amplitude, 9 cycles);
nanosuspension formed was cooled at room
temperature to form nanostructured lipid
carriers. 9 batches were made by varying the
lipid ratio (3 %, 5 %, 7 %), surfactant ratio (3
%, 6 %, 9 %), sonication time (20, 40, 60 min.)
and keeping the dose of drug constant.
OPTIMIZATION
Optimization of solid and liquid lipid ratio
On the basis of literature reported, ranges of
lipid ratios were selected for the formulation of
various batches of NLCs. The various solid
lipid (Stearic acid) and liquid ratios selected
were 60:40, 70:30 and 80:20. The NLCs were
prepared by melt-emulsification and ultrasonication technique. Batch that exhibit
maximum transparency was selected to make
further batches for pre-optimization.
Optimization of solid lipid ratio
Lipid ratios were selected (solid lipid and liquid
ratios selected in ratio 70:30) for the
formulation of various batches of NLCs. But
formulation was not stable and particle size
was not in optimum range then trying with two
solid lipid that was Stearic Acid and Glyceryl
Monosterate and Solid lipid. Batch that exhibit
maximum transparency and optimum particle
size was selected to make further batches for
pre-optimization.
Design of Experiment (DOE)
DOE fits the experimental data into statistical
equations, by using various models. It is a
methodology to achieve a predictive
knowledge of a complex, multi-variable
process with the fewest acceptable trials. DOE
makes controlled changes to input variables in
order to gain maximum amounts of information
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on cause and effect relationships with a
minimum sample size.
Factorial Design-Formula Optimization
Formulation design adopted in the study was
3
the 2 factorial designs. Different concentration
of polymer i.e. lipid, surfactant along with
varying the sonication time was used as
independent variables to develop different
formulations. Using these factors, nine preoptimization
formulations
of
different
compositions with triplicate of central points
were proposed by Design Expert® software
(Trial version 8.0). The factor levels were
coded into the amount of ingredients i.e., lipid
concentration, surfactant concentration and
sonication time for NLC is listed in table-1. The
amount of drug was kept constant for βsitosterol.
CHARACTERIZATION
OF
ΒetaSITOSTEROL LOADED NLCs
Particle Size (PS), Partial Distribution Index
(PDI), Zeta Potential (ZP)
The average particle size, PDI, ZP of
formulation was measured by Zetasizer
(NanoPlus-3) at 25°C temperature.
Entrapment Efficiency (EE)
Entrapment efficiency was determined indirect
method and percentage entrapment efficiency
was calculated by free drug.
In-Vitro Drug Release
In-vitro release studies were performed using
cellophane membrane (Hi-media, Mumbai,
India). Cellophane membrane was activated
with 7.4 pH (1% SLS) phosphate buffer for 12
h. The dissolution medium used was freshly
prepared 7.4 pH phosphate buffer. The
dissolution apparatus was used for in-vitro
release study. The cylinders were filled with
dissolution medium and maintained at 37 ±
0
5 C temperature 50 rpm for 24 h. 1mL of
formulation was subjected in the sac made of
cellophane membrane, the sac was tied to the
paddle of the shaft so that the membrane just
touched the dissolution medium surface.
Release Kinetics Study
Drug release data of the formulations was
plotted using various kinetic models i.e. zero
order, first order, Higuchi’s kinetics and
Korsmeyer’s equation to evaluate the drug
release mechanism and kinetics. The obtained
data from in-vitro drug release studies were
plotted as cumulative amount of drug released
vs. time (Zero order), log cumulative
percentage of drug remaining vs. time (First
order), and cumulative percentage of drug
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released vs. square root of time (Higuchi’s
model).
RESULT AND DISCUSSION
Optimization of solid and liquid lipid Ratio
Lipid ratios (table-2) were selected (solid lipid
and liquid ratio selected in ratio 70:30) for the
formulation of various batches of NLCs. Batch
that exhibit maximum transparency was
selected to make further batches for preoptimization.
Optimization of Solid Lipid Ratio
But formulation was not stable and particle
size not optimum in range then optimization of
solid with two solid lipid that was Steric Acid
and Glyceryl Monosterate. Other parameter
like sonication time, concentration of
surfactant was same. Batch ratio (1:2) that
exhibit maximum transparency, optimum
particle size, PDI was selected to make further
batches table-3 for pre-optimization.
Optimization of Formulation Variables via
Factorial Design
A three-factor, two-level factorial design (DOE)
was used to optimize the formulation, factor
and response of 9 run in figure-1.
Effect of factors on particle size
The particle size varied from 100 to 400 nm for
various level combinations. The fitted linear
models could be viewed as regression
equation, generated by the software. The
effect of factors which are lipid concentration,
surfactant concentration and sonication time
on the particle size of NLC can be explained
by the following.
As predicted in the Figure-2, lowest particle
size was observed at the higher level of
sonication time. However the highest values of
particle size were observed at lowest
concentration of lipid and lowest level (20 min)
of sonication. As the sonication time was
increased, the particle size tend to reduce in
diameter. Figure-3 & 4 represents that
surfactant concentration in the selected region
does not have significant effect on particle
size. However there is a slight decrease in
particle
size
with
increase
in
lipid
concentration.
Response Curves for PDI
As shown in Figure-5 as the lipid concentration
was increased, PDI tend to decrease. At
higher level of lipid, as the sonication time was
increased PDI tend to no more effect.
However, at lower level of lipid, as the
sonication time was increased PDI tend to
decrease.
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Response Curve for Drug Release
As presented in Figure-6, 7 and 8 as the
surfactant concentration was increased the
drug release no effect at lover concentration
lipid, the surfactant concentration does seem
to have a significant effect at a higher level of
lipid concentration. As the lipid concentration
was increased, drug release was found to be
increasing. The effect is more prominent on
higher level of surfactant.
Effect of Factors on Entrapment Efficiency
In Figur-9 entrapment efficiency increasing
with increasing lipid concentration and
sonication time, and no effect of sonication
time at the higher level of lipid concentration.
Effect of Factors on Drug Content
In the Figure-10 high drug content at lover
level of sonication time and lover level lipid
concentration, and no effect on drug content at
higher level of sonication time and lipid
concentration each other.
Overlay Plot of NLC
After analysis of each data the graphical
method of optimization was adopted to find out
the area of desired region (design space) &
optimum formulation. Certain constraints were
applied on each dependent variable for the
purpose of optimization. As presented in
overlay plot Figure-11 the yellow region is the
area of design space; the flag presents the
composition and predicted values of
dependent variables. The composition of
optimized formulation was 5% lipid, 8%
surfactant and 40 minutes sonication time.
Compression
between
selected
final
formulation on the basis of overlay plot of NLC
and practical data listed in table-4.
EVALUATION OF NLC
Particle size and size distribution
Particle size and zeta potential of all the
formulations were determined with the help of
NanoPlus-3. In this study, we selected the
formulation having narrow size, because
narrower the size greater will be the charge
density per unit volume of the developed
formulation to achieve the desired goal. Higher
negative or positive zeta potential is an
indication of the stability of the colloidal
suspension. The observations of particle size,
polydispersity index, and zeta potential of
NLCs are tabulated in table-5. The smaller
particle size was attributed to the low lipid ratio
or high liquid lipid content, optimum
concentration of surfactant and medium
sonication time. Zeta-potential is an indication
of the stability of the colloidal suspension.
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Particle size and size distribution of NLCfinal formulation
NLC-final has average particle size and
polydispersity index were 262.8 nm and 0.316
respectively (Figure-12).
Zeta
Potential
Study
of
NLC-final
formulation
The high negative value of the zeta potential
18mV (Figure-13) indicates good stability of
the NLC-final formulation.
Shape and Surface Morphology of NLCfinal formulation
The morphological characteristics of final
formulation were visualized under transitional
electron microscopy (TEM) as shown in
Figure-14 &15 TEM images revealed that the
particles are mono-dispersed and spherical in
shape with partial size of 270±20 nm similar to
the particle size determined by zeta sizer
(262.8 nm).
Drug Entrapment Efficiency
Lipid concentrations and sonication increases
entrapment efficiency increasing from (58.97
to 86 %±2). % EE decreased with increasing
drug concentration. Maximum % EE is
observed in 40 minute sonication time (88%).
Entrapment efficiency is listed in table 4.5.
In-Vitro Drug Release
Drug release of all the 9 batches of NLC was
compiled in figure-16 and the variation in
release was analyzed. In-vitro drug release of
final formulation and pure API was compiled in
figure-17.
The in vitro release of NLC-final in phosphate
buffer (pH 7.4, pH 6.8 and pH 1.2) was studied
for 24 hour. The cumulative drug release at
predetermined time intervals was calculated
and plotted against time as shown in Figure17. It was observed that the drug release from
the NLC-final was characterized by initial burst
followed by sustained release. In the simulated
gastric fluid (pH 1.2), only 7% of drug was
released after probably due to adsorption of
the drug onto the surface of the NLCs and
poor solubility of the drug in acidic medium.
Higher release was observed in simulated
intestinal fluid (pH 6.8 and pH 7.4) within 24
hour. Poor release [24%] are observed at pH
7.4 of pure API.
Release Kinetics Study
It has been shown that in the case of lipophilic
materials, swelling and erosion occurs
simultaneously, and both of them contribute to
the overall drug release rate. It is well
documented that drug release from lipophilic
matrices shows a typical time-dependent
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profile (i.e. decreased drug release with time
because of increased diffusion path length).
The release mechanism of β-sitosterol from
optimized
formulation
(NLC-final)
was
determined by comparing their correlation
coefficient.
In order to completely understand the kinetics
of drug release, it is essential to apply the
different kinetic models like zero order, first
order, Korsmeyer Peppas model and Higuchi
2
curves. The value of regression coefficient (R )
from these curves given in table-6 which
represents the extent up-to which the drug
release kinetics fits to a particular model.
Figure-18 shows kinetic analysis of drug
release from NLC-final in PBS pH 6.8 which
indicates that drug release shows Korsmeyer
Peppas model kinetics. The regression values
of % cumulative drug release obtained for the
optimized NLC-final have been reported in
table-6. Korsmeyer Peppas model indicated
release of drug through lipidic system. It was
concluded that from lipidic prticles the burst
release of drug was concentration dependent,
i.e. release of drug adsorbed onto lipid
surfaces and drug may be released from lipidic
matrix through diffusion. The percentage
cumulative drug released from NLCs was
found to be 92± 5.8% after 24 h.
STABILITY STUDIES
The optimized batch was stored in storage
0
vials at temperature (25 ± 2 C, 60±5 % RH)
0
and (40±5 C, 75±5% RH). The stability study
was performed for the period of 40 days. The
optimized formulation of NLC-final was
analyzed for physical appearance and partial
size; there was no significant change in
physical appearance and partial size of
optimized formulation. Drug content of NLCfinal was slightly decreased with time at
0
temperature 25 ± 2 C, 60±5 % RH but
0
decreased with high rate at 40±5 C, 75±5%
RH. The result of stability study suggests that
β-sitosterol loaded in Vitamin-E oil NLC can be
used for long time and can be kept at room
temperature and ambient condition. Shelf life
and half-life listed in table-7 for both condition.
CONCLUSION
NLC are a promising delivery system for the
poor water-soluble bioactive
components,
potentially increase their stability. NLCs of βsitosterol were successfully fabricated by
employing
“Green
Methodology”
melt
emulsification followed by sonication technique
by using Stearic acid and Glyceryl
Monosterate and Vitamin-E as the lipid phases
and Tween-60 and Pluronic F-68 as
surfactants. The components used for the
fabrication of the NLCs are biocompatible and
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released β-sitosterol in a controlled manner for
a prolonged period of time.

no organic solvent used in whole method of
preparation means formulation completely free
form residual solvent impurity.
Melt
emulsification followed by sonication technique
successfully yielded nanostructured lipid
carriers with particle size of 262 nm. NLCs
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Table 1: Factorial Design-Formula Ratio
Coded/
Factor

Level

-1
0
+1

Low
Intermediate
High

Factor-1
Lipid
(% w/v)

Factor-2
Surfactant
(% w/v)

3
5
7

3
6
9

Factor-3
Sonication
time
(minutes)
20
40
60

Table 2: Optimization of (solid: liquid) lipid ratio
S.N.
1.
2.
3.
4.

Parameter
(Solid: liquid) lipid ratio {5%(w/w)}
Speed (rpm)
Time (h)
Surfactant % (w/w)

Formulation F1
70:30
2000
1
6

Formulation F2
60:40
2000
1
6

Formulation F3
80:20
2000
1
6

Table 3: Optimization of solid lipid ratio
S.N.
1
2
3

Ratio of Solid Lipid
(Steric Acid : Glyceryl Monosterate )
1:1
1:2
2:1

Particle Size
(nm)
290
173.90
589.9

Polydispersity
Index (PDI)
0.290
0.203
0.400

Table 4: Compression between Overlay Plot data and Practical data
S.N.
1
2
3
4
5

Parameter
Particle size
PDI
Entrapment efficiency
Drug content
Maxim % drug release (pH-7.4)

Observed by Software
294.95 nm
00.255
79.18%
45.04%
83.5%

Practical data
262.8 nm
00.32
83.3±5.4%
52.0±6.8%
92.3±9.2%

Table 5: Particle size, PDI and Entrapment
Efficiency of NLC’s of DOE formulations
Formulation
NLC-1
NLC-2
NLC-3
NLC-4
NLC-5
NLC-6
NLC-7
NLC-8
NLC-9
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Particle
size
(nm)
703.0
505.5
292.3
197.9
396.4
249.3
238.0
176.9
276.5

Poly
Dispersity
Index
0.33
0.33
0.26
0.22
0.30
0.23
0.25
0.21
0.30

Entrapment Efficiency
(%±SD)
58.97±1.37
68.26±1.37
77.65±1.10
84.22±1.10
77.65±1.10
78.70±1.10
77.56±1.10
85.75±1.10
86.32±1.50
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Table 6: Release kinetic table
of NLC-final formulation
S.N.
1
2
3
4

Release kinetic model
Zero order
First order
Korsmeyer and Peppas model
Higuchi

R2 value
0.6979
0.5633
0.9456
0.866

Table 7: Shelf life, half-life of the
optimized NLC-final formulation
S. N.
1.
2.
3.

Parameters
K(day-1)
t1/2 (days)
T 10% (days)

At 250C, 60% RH
4.7x10-4
1472.34
1048.48

At 400C, 75% RH
6.6x10-4
221.13
157.57

Fig. 1: Optimization of solid lipid ratio
Design-Expert® Software
Factor Coding: Actual
Original Scale
(median estimates)
Particle Size
Design points below predicted value
703

Actual Factor
C: SONICATION = 40.00

P a r t ic le S iz e

176.9
X1 = A: LIPID
X2 = B: SURFACTANT

100
200
300
400
500
600
700
7.00
9.00
6.00

8.00
7.00

5.00

A: LIPID

6.00
5.00

4.00
4.00
3.00

3.00

B: SURFACTANT

Fig. 2: Response surface plot of particle size showing
effect of surfactant and lipid concentration
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ze
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ONICATION

700
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ctor
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600
500
400
300
200
20.00

100
28.00
7.00

36.00
6.00

44.00
5.00

C: SONICATION

52.00

4.00
3.00

A: LIPID

60.00

Fig. 3: Response surface plot of particle size showing effect of
lipid concentration and sonication time
Design-Expert® Software
Factor Coding: Actual
Original Scale
(median estimates)
Particle Size
Design points below predicted value
703

P a rtic le S iz e

176.9
X1 = A: LIPID
X2 = B: SURFACTANT
Actual Factor
C: SONICATION = 40.00

100
200
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400
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7.00
9.00
6.00

8.00
7.00

5.00

6.00

A: LIPID

5.00

4.00
4.00
3.00

B: SURFACTANT

3.00

Fig. 4: Response surface plot of particle size showing
effect of lipid concentration and surfactant

n-Expert® Software
r Coding: Actual

sign points above predicted value
6

05

A: LIPID
C: SONICATION

Factor
RFACTANT = 6.00

0.4

PDI

0.35

0.3

0.25
60.00
0.2

52.00
44.00

3.00

36.00
4.00
5.00

C: SONICATION

28.00
6.00
7.00

20.00

A: LIPID

Fig. 5: Response surface plot of -PDI showing effect
of lipid concentration and sonication time
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Design-Expert® Software
actor Coding: Actual
Release
Design points above predicted value
90.71
73.98

100

1 = A: LIPID
2 = B: SURFACTANT

95
90

R e le a s e
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C: SONICATION = 40.00
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80
75
70
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6.00

7.00
6.00

B: SURFACTANT

5.00
5.00

4.00

4.00
3.00

A: LIPID

3.00

Fig. 6: Response surface plot of drug release showing
effect of lipid concentration and surfactant

oftware
ual

bove predicted value

ON

100
95

= 6.00

R e le a s e

90
85
80
75
60.00

70

52.00
44.00
36.00 C:
3.00

4.00

SONICATION

28.00

5.00

6.00

7.00

20.00

A: LIPID

Fig. 7: Response surface plot of drug release showing
effect of lipid concentration and sonication time
Design-Expert® Software
Factor Coding: Actual
Release
Design points above predicted value
90.71
73.98

100

X1 = A: LIPID
X2 = B: SURFACTANT

95

R e le a s e

Actual Factor
C: SONICATION = 40.00

90
85
80
75
70

9.00
8.00
7.00

7.00
6.00

6.00

B: SURFACTANT

5.00

5.00
4.00

4.00
3.00
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Fig. 8: Response surface plot of drug release
showing effect of lipid concentration and surfactant
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E n tra p m e n t E ffic ie n c y

Design-Expert® Software
Factor Coding: Actual
Original Scale
(median estimates)
Entrapment Efficiency
Design points above predicted value
86.32
58.97

X1 = A: LIPID
X2 = C: SONICATION

Actual Factor
B: SURFACTANT = 6.00

100
90
80
70
60
7.00

50
6.00
5.00
60.00

52.00

A: LIPID
44.00

36.00

4.00
28.00

20.00

3.00

C: SONICATION

Fig. 9: Response surface plot of entrapment efficiency
showing effect of lipid concentration and sonication time
Design-Expert® Software
Factor Coding: Actual
Drug content:
Design points above predicted value
56.33
26.4
X1 = A: LIPID
X2 = C: SONICATION

D ru g c o n te n t:

55

Actual Factor
B: SURFACTANT = 6.00

50
45
40
35
30

3.00
4.00

20.00
28.00

5.00

36.00
44.00

C: SONICATION

A: LIPID

6.00

52.00
60.00

7.00

Fig. 10: Response surface plot of drug content
showing effect of lipid concentration and sonication time

Design-Expert® Software
Factor Coding: Actual
Original Scale
(median estimates)
Overlay Plot

X1 = A: LIPID
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Particle Size:
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X1
Release: 80.000
X2

7.00

6.00

294.956
0.255547
79.177
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Drug content:: 40.000
83.539Size: 350.000
Particle
5.01
8.01

5.00

4.00

3.00
3.00

4.00

5.00

6.00

7.00

A: LIPID

Fig. 11: Overlay plot of design of experiment
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Fig. 12: Particle size and size distribution of final formulation

Fig. 13: Zeta Potential

Fig. 14: Transitional electron microscopy image of NLC-final
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Fig. 15: Transitional electron microscopy image of NLC-final

Fig. 16: In- Vitro Release of β-sitosterol Loaded Nanostructured Lipid Carriers

Fig. 17: In- Vitro release of β-sitosterol loaded
Nanostructured Lipid Carriers-final formulation
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Fig. 18: Korsmeyer and Peppas plot for the optimized batch
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