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Abstract:

The purpose of this study was to development, optimization and characterization of rosuvastatin solid lipid
nanoparticles employing 32 factorial design. rosuvastatin loaded solid lipid nanoparticles, was prepared by hot
homogenization technique followed by ultra sonication method. Factorial design was introduced to optimize the
formulation of solid lipid nanoparticles Results: Differential scanning calorimetry & Powder X-Ray
Diffractometry studies indicate that the excipients added were compatible with the drug. The value
of zeta potential Zeta potential value > + 30 mV is essential for effective stability and to inhibit aggregation of
particles. The low polydispersity index in all the formulations indicated the homogeneity of the particle size.
Highest entrapment efficiency of 97.4% was observed for tristearin based SLN. The scanning electron
nanometer-size and spherical in shape and mono-dispersed SLN with spherical shape.
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INTRODUCTION:

Nanoparticles offer several advantages in drug
delivery owing to their small particle size, large
surface area and the capability of changing their
surface properties. In general, nanoparticles can be
used to target the delivery of drugs, to sustain its
effect, to improve bioavailability, to solubilize it
for intravascular delivery and to improve its
stability against enzymatic degradation®.

Based on the type of the inactive ingredient used,
there are four classes of nanoparticles: Lipid based
nanoparticles, polymeric nanoparticles, metal based
nanoparticles and biological nanoparticles. The
shortage of safe polymers and their high cost have
limited the wide spread application of nanoparticles
to clinical medicine. To overcome these restrictions
of polymeric nanoparticles, lipids have been put
forward as an alternative carrier, particularly for
lipophilic pharmaceuticals. These lipid
nanoparticles are known as solid lipid nanoparticles
(SLN), which are attracting wide attention of
formulators world-wide. SLN are colloidal carriers
developed in the last decade as an alternative
system to the existing traditional carriers
(emulsions, liposomes and polymeric
nanoparticles)*®.

MATERIALS AND METHODS:

Materials

Rosuvastatin gift sample was obtained from Dr.
Reddy’s Laboratories Ltd., Hyderabad, India.
Trimyristin, tripalmitin, tristearin, soya lecithin
and poloxamer 188 gift samples were obtained
from Sigma-Aldrich, Mumbai, India. Sodium
dihydrogen orthophosphate, Acetonitrile,
Methanol and Ortho phosphoric acid from M/s.
Qualigens Fine Chemicals. All other reagents
are of either laboratory/analytical grade as per
the requirement.
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Rosuvastatin loaded SLN were prepared with three
different  triglycerides  namely  trimyristin,
tripalmitin and tristearin by hot homogenization
technique followed by ultrasonication method.
These three triglycerides were procured from
Sigma Aldrich with brand names Dynasan 114
(trimyristin), Dynasan 116 (tripalmitin) and
Dynasan 118 (tristearin) and hereafter in the thesis
Dynasan 114, Dynasan 116 and Dynasan 118 will
be referred as trimyristin, tripalmitin and tristearin
respectively. Rosuvastatin, triglyceride and soya
lecithin were heated above the melting temperature
of lipid around 56-68°C and mixed rapidly with
glass rod in hot molten condition. Poloxamer 188
dissolved in water heated to equal temperature and
was added to the molten lipid phase and
homogenization was carried out (Gambhire et al.,
2011 & Arjun & Kishan, 2013). Hot
homogenization was carried out for three minutes
at 5000 rpm in order to get coarse emulsion. Finally
the obtained pre- emulsion was subjected to
ultrasonication.”2

A 3? randomized full factorial design was used in
this study and 2 factors were evaluated, each at 3
levels, experimental trials were performed at all 9
possible combinations. Amount of poloxamer188
(X1) and soya lecithin (X2) were selected as two
independent variables which were varied at three
levels, low level (-1), medium level (0), high level
(+1). Amount of drug Rosuvastatin (40 mg),
triglyceride (400mg) concentrations and dispersion
medium water 20 mL were kept constant. Particle
size (Y1), zeta potential (Y2) and entrapment
efficiency (Y3) were selected as dependent
variables. Values of variables and formulation
codes are shown in the Table 3.1 & 3.2. Design-
Expert® DX 8.0.7.1 software trial version was used
for the generation and evaluation of statistical
experimental design®3*®,

Table 1: 32 Full factorial design: factors, factor levels and responses

Factors (Independent variables) Factor levels used

Low (-1) Medium (0) High (+1)
Amount of poloxamer 188 (X1) 100 150 200
Amount of soya lecithin(X2) 100 150 200

Responses (Dependent variables)
Y1= Particle size (nm).

Y2= Zetapotential (mV)

Y 3= Entrapment efficiency (%)
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Table 4.2: Compositions of Rosuvastatin loaded SLN

Formulation Poloxamer 188 (mg) Soya lecithin (mg)
F1(-1,-1) 100 100
F2(-1,0) 100 150
F3(-1,+1) 100 200
F4(0,-1) 150 100
F5(0,0) 150 150
F6(0,+1) 150 200
F7(+1,-1) 200 100
F8(+1,0) 200 150
FO(+1,+1) 200 200

Determination of particle size

distribution, polydispersity index

(PDI) and zeta potential of SLN

The particle size distribution, polydispersity
index, and zeta potential of Rosuvastatin
loaded SLN were measured using a Malvern
Zetasizer (Nano ZS90, UK). About 100uL
of the prepared SLN dispersion was diluted
to 5 mL with double distilled water and
analyzed with Zetasizer (Silpa et al., 2012).
Photon correlation spectroscopy is the most
widely used technique for measurement of
particle size and zeta potential. The
principle of dynamic light scattering at a
scattering angle of 90 degrees is used to
measure particle size6-18,

Determination of % drug content:

ImL of SLN was dissolved in the chloroform:
methanol (1:1) mixture. Final dilution was made
with acetonitrile and Rosuvastatin content was
determined by UV.

Determination of percentage

entrapment efficiency (%EE):

The percentage of drug entrapped in the lipid
is determined by measuring the concentration
of the drug in the aqueous phase by
ultrafiltration method using centrisart devices
(Arjun & Kishan, 2013). Centrisart consist of
filter membrane (Molecular weight cut off
20,000 daltons) at the base of sample recovery
chamber. About 1 mL of undiluted sample
is placed in the outer chamber on the
top of the sample holder. The unit is
centrifuged at 3,500 rpm for 15 — 20 min.
The solid lipid nanoparticles along with the
encapsulated drug remain in the outer

chamber and the aqueous phase is moved
into the sample recovery chamber through
membrane. The amount of drug in the
agueous phase is estimated by UV?°,

In vitro dissolution:

The in vitro release studies of Rosuvastatin loaded
solid lipid nanoparticles were carried out by using
modified Franz diffusion cell. Dialysis membrane
having pore size 2.4 nm with molecular weight cut
off 10,000 daltons was used. Membrane was
soaked in double distilled water for 12 hours before
mounting in Franz diffusion cell. Rosuvastatin
loaded 2 mL of SLN dispersion equivalent to 4 mg
was applied to the donor compartment. And the
receptor compartment was filled with 12 mL of
dialysis medium of 6.8 phosphate buffer (Mayank,
2010). Samples (100 pL) were withdrawn from
receiver compartment through side tube at regular
time intervals and the same was replaced with fresh
dialysis medium maintained at same temperature.
In the similar way pure drug equivalent to 4 mg
was also added to the 2 mL of distilled water and
release studies were performed for comparison?.

Differential scanning calorimetry:

DSC analysis was carried out on Pyrus DSC
Perklin Elmer. Heating rate of 10°C/min was
employed in the range of 20-240°C. Analysis was
performed under a nitrogen purge at a flow rate of
50mL/min (Suresh et al., 2007). The sample size
was 5 mg for each measurement.

Powder X-Ray Diffractometry (PXRD):

Powder X-ray diffractometer (Siemens) was used
for diffraction studies. PXRD studies were
performed on the sample by exposing them to
CuKa radiation (50kv, 34 mA) and scanned from 3
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to 45°, 20 at a scan step of 0.02° and step time of
3°/min (Vinay Kumar et al., 2012)°

Transmission electron microscopic studies of
SLN:

A drop of SLN dispersion was applied on a carbon
film-covered copper grid. Excess dispersion was
blotted from the grid with filter paper to form a
thin-film specimen. The sample was then stained
with 2% uranyl acetate, air dried and examined
under transmission electron microscope (Hitachi H-
7500) at a magnification of 50000X (John et al.,
1998)%0-2L,

RESULTS & DISCUSSION:

Particle size distribution (nm), zeta potential
(mV) and polydispersity index:

The mean particle size was in the range of
98.9+0.6 to 210.6+1.7 nm, 93.1+0.2 to
213.5+£0.1nm and 96.4+0.2 to 214.5+0.1 nm for
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formulations respectively after 20 min time of
ultrasonication time. The polydispersity index
(PDI) was in the range of 0.1750.2 to 0.445+0.5.
Zeta potential values of SLN ranged from -
22.940.6 to -45.1+4.1 mV, -18.3+1.1 to -48.7+0.4
mV, -20.4+0.5 to -44.9+3.2 mV for trimyristin,
tripalmitin  and tristearin based formulations
respectively. The zeta potential value was found to
be > £ 30 mV for almost all the formulations
prepared. For any liquid dosage form surface
charge is essential for its stability. Zeta potential
value > + 30 mV is essential for effective stability
and to inhibit aggregation of particles. As the
poloxamer 188 concentration increased particle
size was decreased. In three formulations optimum
size was obtained at 200 mg of poloxamer 188
concentrations. The low polydispersity index in all
the formulations indicated the homogeneity of the
particle size. The formulations showed negative
zetapotential since solid lipid nanoparticles have

trimyristin,  tripalmitin  and  tristearin  based negative charge on their surface (Schwarz 1999).
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Fig. 1: Comparative particle size distribution of SLN
Determination of percent entrapment formulations prepared with three different

efficiency (%EE):

The percent entrapment efficiency of SLN was
determined after separating entrapped and
unentrapped drug by ultra-filtration. The percent
entrapment efficiency varied from 48.6% to 97.4%
for all the formulations. Highest entrapment
efficiency of 97.4% was observed for ftristearin
based SLN. The lowest entrapment effeciency was
observed when the independent variables
poloxamer 188 (X1) and soya lecithin (X2) were at
100 mg and 150 mg concentartions for all the SLN
formulations prepared with three different
triglycerrides.

The highest entrapment effeciency was observed
when the independent variables poloxamer 188
(X1) and soya lecithin (X2) were at higher level
(200 mg) concentartions for all the SLN

triglycerrides. There is no difference in entrapment
efficiency, among three triglycerides. This could be
due to maximum carbon chain length in the three
triglycerides (Vinay Kumar V, 2012).

In vitro release studies

SLN formulations TMF9, TPF9 and TSF9 released
31.78%, 32.55% and 37.17% of Rosuvastatin
respectively for 36hrs. 98% of drug release was
observed in 36 hrs for pure Rosuvastatin dispersed
in distilled water. The results indicated slower
release of Rosuvastatin from the prepared SLN
compared to pure drug which may be due to the
lipid nature of the prepared SLN and homogeneous
dispersion of the drug in the lipid matrix. Zhang et
al., and Gambhire et al., 2011a reported similar
results in which less than 10% of Rosuvastatin was
released in 12 hrs and 37.08% in 48 hrs. Hence




IAJPS 2026, 13 (04), 203-210

further drug release studies were not carried out
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Fig.2: Dissolution profiles of Rosuvastatin released from SLN formulations

Differential scanning calorimetry:
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Fig. 3: DSC thermograms A) Trimyristin; B) Tripalmitin and C) Tristearin based optimized
formulations

Melting points of trimyristin, tripalmitin and tristearin in SLN form were depressed when compared to melting
points of corresponding bulk triglycerides. This melting point depression might be due to small particle size
(nanometer range), their high specific surface area and the presence of surfactant (Golmohammadzadeh et al.,
2012). This was confirmed by physical mixture where such type of depression was not found.
Powder X-Ray Diffractometry (PXRD):
In the physical mixtures the intensity of the sharp peaks was reduced as compared to the pure drug and
triglycerride. The intensities of the peaks were further reduced and broad for Rosuvastatin loaded SLN of
trimyristin, tripalmitin and tristearin. This suggests that Rosuvastatin was not in crystalline form in the
formulation. However, the characteristic peaks of tristearin were most decreased in SLN, Similarly crystallinity
of trimyristin and tripalmitin was also decreased in SLN
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= e =Sceale

Fig. 4: PXRD of A) Trimyristin; B) Tripalmitin and C) Tristearin based optimized formulations
Transmission electron microscopic studies of SLN




IAJPS 2026, 13 (04), 203-210

P. Prakash et al

ISSN 2349-7750

The SLN obtained were in nanometer-size and spherical in shape with well-defined periphery at 50000X
magnification. The size of the solid lipid nanoparticles was found to be in agreement with the Malvern Zetasizer

particles size distribution for the selected sample.

I100 nm,

Fig 5: Surface morphology of TSF9 by TEM studies

CONCLUSION:

In the present study SLN improved oral relative
bioavailability of the Rosuvastatin by virtue of their
unique capability to bypass presystemic hepatic
metabolism  resulting in  enhanced plasma
concentration. The particle size of Rosuvastatin
was found to be around 100 nm, which might be
the reason to enhance the rapid absorption of SLN
as compared to pure Rosuvastatin dispersion. These
results suggested that solid lipid nanoparticles
could be promising delivery systems to enhance the
oral bioavailability of Rosuvastatin. The zeta
potential around 30 mV, maximum % entrapment
(above 95%) and minimum particle size i.e. around
100 nm.
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