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ABSTRACT

Rosuvastatin is a lipid lowering agent, which has low solubility and low bioavailability of
20% with oral administration. Therefore the present study was undertaken to improve
solubility and bioavailability of Rosuvastatin by formulating it into Nano structured lipid
carriers (NLCs) by using stearic acid and Compritol ATO 888 as solid-lipid, Oleic acid as
liquid-lipid and Poloxamer 188 as a surfactant. Rosuvastatin loaded NLCs were prepared
by high shear homogenisation followed by Ultra sonication technique. In this study two
solid lipids (stearic acid and Compritol ATO 888) were compared with liquid lipid in
different concentration in order to select suitable solid liquid lipid for Rosuvastatin to
achieve particle size in nano range. The prepared NLCs were evaluated for particle size
and size distribution, Poly dispersity index, drug content, entrapment efficiency, zeta
potential, /n-vitro drug release, /n-vivo bioavailability study in rat. The drug content
for the formulation F1 to F8 was found to be in the range of 83.18 to 96.59%. The
formulation F3 was optimised based on the mean particle size, poly dispersity index,
entrapment efficiency and zeta potential which showed 213.26 nm, 0.22, 89.1% and
-560.6 respectively. Transmission electron microscopy (TEM) studies on formulation
F3 revealed that all the particles were within the nano size range. Formulation F3
showed /n-vitro drug release of 76.22% at the end of 12 hrs with a sustained release.
HPLC method was developed for determination of Rosuvastatin calcium in rat plasma
for bioavailability and pharmacokinetic evaluation. The relative bioavailability of NLC
formulation F3 showed an enhanced bioavailability with two folds as compared to the
marketed conventional tablet. The stability study was carried at 4°C with 65% RH for
30 days showed no change in the particle size, entrapment efficiency and /n-vitro drug
release.
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INTRODUCTION

Oral route is the most preferred route for
administration of drug as it offers greatest
degree of patient compliance. But most
of the drugs exhibit poor solubility, thus
their oral delivery often results in low bio-
availability. The newly emerging lipid based
nano particles have been developed with the
aim of enhancing bioavailability of drug
by improving its dissolution and solubility.
Nano structured lipid carrier (NLC) is
second generation smarter drug carrier system

having solid matrix at room temperature.'
NLCs are composed of biocompatible solid
lipid matrices and liquid lipid which have
different chemical structure from the solid
lipid> NLC exhibit supetior advantages
over other colloidal carriers and thus, have
been explored to more extent in pharma-
ceutical technology.

Rosuvastatin belongs to a class of medica-
tions called statins and is used as an adjunct to
dietary therapy to treat primary Hyper-
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Formulation of Rosuvastatin Nanostructured Lipid Carrier

lipidemia, mixed dyslipidemia and Hyper triglyc-
eridemia. It is slightly soluble in water. It has
low bioavailability of 20% and a half life of 19 hrs. It
undergoes hepatic first pass metabolism.’

As per the literature study, it shows that high shear
homogenisation is the rapid and easy method for
formulation of NLCs and Emami J, (2012) prepared
cholesterol Nano structured lipid carriers with various
oleic acid content loaded with drug Paclitaxel by solvent
Emulsification-diffusion method using a Taguchi Design.
Particle size, zeta potential, entrapment efficiency, drug
loading and release percent of NLCs were measured;
Cytotoxicity studies indicate that PTX associated with
the NLC is also effective in HT-29 cell lines and enters
the cancer cells selectively through the LDL receptor
endocytic pathway.* When compatred to other molecules
of the same class, it shows high efficacy in the improve-
ment of lipid profile, and, thanks to its non-cholesterol
lowering actions (anti-inflammatory, antioxidant and
antithrombotic), represents a crucial tool for cardiovas-
cular primary and secondary prevention.” Pharmacokinetic
study on female albino Wistar rats showed 5.4-fold
increase in relative bioavailability with NLC compared to
active pharmaceutical ingredient suspension. Optimized
NLC formulation also showed significant (p <0.01)
lipid lowering effect in hyper lipidemic rats. The present
study was undertaken to develop Nano structured lipid
carrier for Rosuvastatin with prospect of increasing its
solubility and also enhancing oral bioavailability.

MATERIALS AND METHODS
Materials

Rosuvastatin a lipid lowering agent was received as a
gift sample from Cadila Health Care Ltd, Goa, India.
Compritol ATO 888 was procured from Gattefosse
SAS, France. Stearic acid was obtained from Qualigens
fine chemicals, Mumbai, India. Oleic acid was obtained
from SD fine-Chem Ltd., Mumbai, India and Poloxamer
188 was obtained from Ozone international, Mumbai,
India.

Method

Nano structured lipid carrier was prepared by high shear
homogenization followed by Ultra sonication method.’
In this method, lipids were melted at temperature ten
degrees above its melting point, then drug was added
to the melted lipids. The lipid phase and aqueous were
prepared separately. The dispersion was kept at the
same temperature until it appeared optically clear. Surfac-
tant solution was prepared by dissolving Poloxamer
188 in distilled water and heated to the same tempera-

ture of lipid mixture. Hot surfactant solution was then
added to lipid phase drop wise and stirred for 10 min
on magnetic stirrer. The dispersion was further mixed
using high shear homogenizer at 12000 rpm for 30 min
followed by Ultra sonication for 15 min. The prepared
formulations were stored at 4°C in a Refrigerator. The
composition of NLCs F1 to I8 is given in Table 1.

Particle size analysis and Poly dispersity index

The mean particle size and Poly dispersity index of the
formulations were measured by Dynamic Light Scattering
Particle Size Analyser 8 (Nano trac 150 USA). The cell
of the Nanotrac was cleaned and background was taken
with Millipore water. 3 ml of sample was placed in a cell
and was scanned for six times to get an average reading
of particle size and Polydispersity index.

Drug content determination

Drug loaded NLC equivalent to 1mg was first dissolved
in 1 ml methanol and was further diluted up to 10 ml
with phosphate buffer pH 6.8 and stirred continuously
for 2 hrs and then final colloidal suspension was ultra
centrifuged at 10,000 rpm for 30 min. Supernant was
taken, appropriate dilutions were made and measured
spectro photometrically at 239.2 nm to get drug content.”

Entrapment Efficiency determination

The entrapment efficiency was determined by measur-
ing the amount of drug entrapped in NLCs 10 A vol-
ume of 3 ml of each drug loaded sample was taken in
a micro centrifuge tube and centrifuged at 50,000 rpm
at 25°C for 2 hr using Sorval mX 150 Micro-centrifuge
(Thermo scientific, USA). The supernatant was collected;
appropriate dilutions were made with phosphate buffer
pH 6.8 and analyzed spectro photometrically at 239.2 nm.
The entrapment efficiency was calculated as follows:

Total amount of drug —
Total amount of unbold drug <100

% entrapment efficiency = Total tof d
otal amount of drug

Zeta potential determination

Zeta potential of suitably diluted NLCs was measured
using zeta meter 3.0 + (Uniton, Japan). Charge on NLCs
and their mean zeta potential value with standard devia-
tion of three measurements were obtained.!!

In vitro drug release

The in vitro release of Rosuvastatin from different
formulations was determined using the dialysis bag
diffusion technique.'” An accurately weighed amount of
NLC equivalent to 5 mg of drug was transferred to a
dialysis bag (Hi-media, Mumbai, India) with molecular
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High Speed Homogenisation Followed by
Ukrasonication
Surfactant solution
(FOB0° C)

Drug+ Lipid l
Ultrasonicated for
Stored at 4° C 15 min

Figure 1: Schematic representation of the High shear homog-
enisation followed by Ultrasonication technique.
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Figure 3: In vitro dissolution profile of the formulation F5 to

F8 and pure drug.
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Figure 2: In vitro dissolution profile of the formulation F1 to
F4 and pure drug.

Figure 4: Transmission Electron microscopy of NLC Formula-
tion F3.
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Figure 5: Comparative in-vivo release profile of Optimized
formulation F3 and Marketed product by oral administration.

weight cut off 12,000 - 14,000 Dalton and sealed. The
sealed bag was then suspended initially for 2 hrs in USP
Type 11 Apparatus containing 900 ml 0.1 N HCI pH 1.2
followed by phosphate buffer pH 6.8 up to 12hrs at a
constant speed of 50 rpm at 37°C * 0.5°C. Aliquots of
5 ml of the sample were withdrawn at predetermined
intervals from the receptor compartment and the same
was replaced with fresh buffer. The drug release was
determined spectro photometrically after dilution by
measuring the absorbance at 239.2 nm using the respec-

tive receptor medium as a blank, to calculate the amount
of drug released from the nano particles.

Transmission Electron Microscopy determination

An external morphology of prepared NLC in liquid state
was determined using transmission electron micros-
copy. A sample of the NLC was placed in a copper grid.
Digital Micrograph and Soft Imaging Viewer software
were used to capture the image and analysis the particle

size.?
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Table 1: Formulation Design of NLCs

Formulation Drurg;ilci,pid Drug (mg) | Stearic acid (mg) Cor;g;i:z:gl)-\To OI?ir::‘:)cid P:':; (aor/no)er
F1 1:1 5.0 5 - 5 1.0
F2 1:3 5.0 15 -- 15 1.0
F3 1:6 5.0 30 -- 30 1.0
F4 1:9 5.0 45 -- 45 1.0
F5 1:1 5.0 - 5 5 1.0
F6 1:3 5.0 - 15 15 1.0
F7 1:6 5.0 - 30 30 1.0
F8 1:9 5.0 - 45 45 1.0

Drug: Rosuvastatin, Solid lipid: Stearic acid and Compritol ATO 888, liquid lipid: Oleic acid, surfactant: Poloxamer 188

Table 2: Particle Size, Polydispersity Index, % Drug Content, % Entrapment Efficiency and

Zeta Potential of NLC Formulation F1 To F8

Formulation Parti(c;l;)s =2 PDI* Drug (?,Z)n LEL Eer;:i::aiz'::yr:t Zeta (;'):\t;;ntial
(%)
F1 405.840.23 0.8310.23 86.81+0.73 68.7+0.62 -27.610.44
F2 289.3+0.30 0.25+0.32 94.77+0.72 89.1+0.20 -43.28+1.62
F3 273.3+0.35 0.22+0.18 96.59+0.49 86.7+0.55 -50.6+0.46
F4 314.9+0.11 0.3710.62 93.86+0.65 82.2+0.27 -34.5+0.9
F5 785.9+0.11 0.91+0.32 83.18+0.37 59.12+0.12 -20.5+1.5
F6 776.6+0.57 0.90+0.24 85.45+0.23 66.05+0.38 -32.4+0.4
F7 542.9+0.05 0.46+0.12 87.72+0.35 72.80+0.50 -31.65+0.55
F8 565.4+0.69 0.50+0.78 89.54+0.23 75.65+0.42 -25.1+1.7

Results are expressed as mean +standard deviation (mean+SD) n=3

Table 3: Pharmacokinetic Parameter of Marketed Product and Optimized

Formulation F3

Formulation max mag AUC,,
(ng/ml) (h) (ug/ml. h)
Marketed product 6.391 0.5 81.4
Optimized formulation (F3) 13.839 8 165.16

Stability study

The stability studies were conducted according to
ICH guidelines."* The stability of optimized formula-
tion F3 was determined by keeping the formulation at
25°C + 2°C/65% RH and 4°C + 2°C/65% RH. The
samples were tested after 15" and 30™ day for % entrap-

ment efficiency and iz vitro drug release.

In vivo study

Ethical clearance was obtained from the Institutional
Animal Ethics Committee (Resolution No: KLECOP/
TAEC/Res.22-10/10/2015) prior to the beginning of

animal study.
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Six healthy male wistar rats weighing 180-200 g were
obtained and divided into 2 groups each group containing
three rats."™'® Groupl received marketed product in
normal saline through oral route while Group 2 received
NLC formulation F3 in normal saline. After 0.5, 2.0,
4.0, 6.0, 8.0, 10.0, 12.0 and 24.0 h, 0.5 ml blood was
collected from eye by retro-orbital puncture into eppen-
dorf tube containing 10 ul of EDTA and centrifuged at
5000 rpm for 20 mins, Supernant plasma was collected,
and acetonitrile was added for precipitating the plasma
proteins and vortexed for 1 min and centrifuged at 5000
rpm for 15 min. Supernant solution was collected and

filtered through 0.45 pm membrane into clean vials and
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analyzed through HPLC. The pharmacokinetic param-
eters were calculated by applying trapezoidal method.

The HPLC method was validated before carrying the
analysis of the drug. The HPLC system composed of
Thermo hypersil C , column 250%4.6 mm, 5um diameter
was used for separation. The mobile phase containing
0.1% Disodium hydrogen phosphate and Acetonitrile
in the ratio of 50:50(v/v) was delivered at a flow rate of
0.7 ml/min and the elution was monitored at 240 nm.
Injection volume was 20 pl and pressure of 52 kg/cm®

RESULTS AND DISCUSSION

The present study was focused to develop Nano struc-
tured Lipid carrier formulations. Preliminary studies
were performed to optimize the concentrations of lipid
carriers stearic, Compritol ATO 888, Oleic acid and
surfactant Poloxamer 188. The NLCs formulations F1
to F8 were successfully prepared using the lipid carriers,
surfactant and drug proportions by high shear homo-
genisation and ultra sonication method as shown in
Table 1 and Figure 1 respectively. All the formulations
were subjected for evaluation.

Particle size and Poly dispersity index

Particle size data for the Nano structured lipid carrier
of Rosuvastatin using stearic acid and Compritol ATO
888 in combination with Oleic acid are shown in Table
2. The particle size of formulation F1 to F4 is in the
range of 273.26 nm to 405.8 nm containing drug: lipid
ratio from 1:1 to 1:4 of stearic acid as a solid lipid.
Formulation F5 to F8 was having particle size in the
range of 542.9 nm to 785.9 nm containing drug: lipid
ratio from 1:1 to 1:4 of Compritol ATO 888 as a solid
lipid. The optimum concentration of drug: lipid ratio
was found to be 1:3; further increase in concentration
of lipid ratio there is increase in particle size. Stearic acid
was found to be optimum lipid for NLC preparation
compared with Compritol due to maximum solubility
of Rosuvastatin in stearic acid. The mean particle size
of NLC F3 was observed to be 273.3 nm with least
particle size compared with other formulations. The
mean Poly dispersity index value of drug loaded NLC
formulations F1 to F8 varied in the range of 0.22 to
0.91 as shown in Table 2.

Drug content

Drug content for formulation F1 to 4 with stearic acid
& Oleic acid were found to be in the range of 86.81%
to 96.59%, while formulations F5 to F8 with Compritol
ATO 888 & Oleic acid were found to be in the range of

83.18% to 89.54% as shown in Table 2. Formulation F3
with stearic acid as solid lipid showed maximum drug
content 96.59%.

Percentage entrapment efficiency

NLC formulation F1 to F4 showed percent encapsu-
lation efficiency of 68.7% to 89.2%. Encapsulation
efficiency increased with increase in the concentration
of solid lipid up to 30 mg further there was decrease
in the entrapment efficiency with increase in solid lipid
concentration at 45 mg. NLC formulation F5 to F8
showed percent encapsulation efficiency of 59.12% to
75.6% for concentration of lipids 5 to 45 mg respec-
tively, corresponding with increase in the concentration
of lipid the % entrapment efficiency also increased.

Zeta potential

Zeta potential for formulations F1 to I'8 was between
-20.5 to -50.6 mv. Formulation '3 showed zeta potential
of -50.6 mv which indicate optimum for better stability.
Further formulation F3 was selected as optimized
formulation based on the mean particle size of 213.26 nm,
poly dispersity index of 0.22, and entrapment efficiency
of 89.1% and zeta potential of 50.6. Further formula-
tion F3 was subjected for TEM studies, stability study
and In-vivo studies.

In vitro release study

The In-vitro release of formulation F1 to F4 at the end
of 12 hrs was found to be in range 67.65% to 76.22% as
shown Figure 2 and for formulation F5-F8 was found
to be in range 61.16% to 67.36% as shown Figure 3.
It was observed that I3 having smallest mean particle size
273.3 nm showed maximum release at the end of 12 hrs.
It was observed that as the particle size increased, the
release rate decreased. In vitro release profile of pure
drug showed the drug release within 4hrs, whereas
the optimized formulation F3 showed drug release of
76.22%  upto 12™ h which indicates prolonging the
drug release of nano formulation as shown in Figure 2.
TEM images of the optimized formulation I3 showed
that the formulations were in nano size range as shown
in Figure 4. Stability study showed no significant change
observed in the % entrapment efficiency and #n-vitro
drug release as conducted at an interval of 10 days for 1
month at 4 + 2°/ 65% RH.

In vivo study

The study was carried out on male Wistar rats to compare
plasma concentration of optimized formulation I3
with that of Marketed product given orally with normal
saline. Marketed product showed AUC  of 81.4 ug/ml.
hr whereas optimized formulation F3 showed 165.16
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ug/mlLhr as shown in Table 3. Rosuvastatin loaded
Nano structured lipid carrier were able to improve
bioavailability with 2 folds as compared to marketed
product and able to provide sustained release of drug
for prolong period of time as shown in Figure 5.

CONCLUSION

In the present study, Rosuvastatin loaded Nano struc-
tured lipid carrier were successfully prepared by High
shear homogenisation followed by Ultra sonication
method. The mean particle size of prepared NLC
decreased with increase in lipid concentration up to
certain concentration range and further increase in
concentration resulted in increase in mean particle size.
In vitro drug release of optimized formulation showed
sustained release profile with 76.22% release up to 12 h.
In this study two solid lipids (stearic acid and Compritol
ATO 888) were compared with liquid lipid in differ-
ent concentration in order to select suitable solid lipid
for Rosuvastatin to achieve particle size in nano range.
Based on the results of all the parameters, Stearic acid
was found to be best suitable Solid lipid for Rosuvas-
tatin to achieve particle size in nano range. I vivo study
was performed in male Wistar rats and subjected to the
pharmacokinetic study and it was found that Nano-
structure lipid carrier were able to improve bioavailability
with two folds compared to marketed conventional
tablet and able to provide sustained release of drug for
prolong period of time.
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SUMMARY

e The NLCs formulations F1 to F8 were successfully prepared, the mean particle size of NLC F3 was observed
to be 273.3 nm with least particle size compared with other formulations. The mean Polydispersity index
value of drug loaded NLC formulations F1 to F8 varied in the range of 0.22 to 0.91. Drug content for Formu-
lation F3 with stearic acid as solid lipid showed maximum drug content 96.59%.

e NLC formulation F1 to F4 showed percent encapsulation efficiency of 68.7% to 89.2%. Encapsulation effi-
ciency increased with increase in the concentration of solid lipid up to 30mg further there was decrease in the
entrapment efficiency with increase in solid lipid concentration at 45 mg. NLC formulation F5 to F8 showed
percent encapsulation efficiency of 59.12% to 75.6% for concentration of lipids 5 to 45mg respectively,
corresponding with increase in the concentration of lipid the % entrapment efficiency also increased. Zeta
potential for Formulation F3 showed zeta potential of -50.6mv which indicate optimum for better stability.

® /n vitro release profile of pure drug showed the drug release within 4hrs, whereas the optimized formulation
F3 showed drug release of 76.22% upto 12" h which indicates prolonging the drug release of nano formu-
lation. TEM images of the optimized formulation F3 showed that the formulations were in nano size range.

® /n vivo study showed AUCO-t of 81.4 ug/ml.hr for marketed formulation whereas optimized formulation F3
showed 165.16 ug/ml.hr, improving bioavailability with two folds as compared to marketed product and able
to provide sustained release of drug for prolong period of time.
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