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Abstract

Background and Objective: Rosuvastatin calcium (ROS-Ca) is a synthetic,
highly potent third-generation HMG-CoA reductase inhibitor with significant
hypocholesterolemic effects. The objective of this study was to develop and
characterize nanostructured lipid carriers (NLCs) as a delivery system for the
poorly water-soluble drug rosuvastatin calcium (ROS-Ca), with the aim of
enhancing its dissolution rate and improving oral bioavailability.

Methods: ROS-NLCs is prepared by hot homogenization—-ultrasonication
technique then the prepared formulations were further characterized. Finally
compare their characteristics to the corresponding a positively charged chitosan
coated to develop new CH-ROS-NLCs. In this study, glyceryl monostearate (GMS)
was selected as solid lipids and Transcutol® HP as a liquid lipid, to develop ROS-
NLC (nanostructured lipid carrier).

Results: The physicochemical properties were achieved. The prepared ROS-NLC
formulation was showed in nanometric size (121.6+6.2 nm) with encapsulation
efficiency (63+0.2%). Furthermore, ROS-NLC and CH-ROS-NLC appeared
almost spherical nanoparticles in morphology under transmission electron
microscope (TEM). DSC, XRD and FT-IR analysis showed that ROS was
miscible, compatible, and incorporated into NLCs in amorphous form not in native
crystalline state.

Conclusion: The previously results showed that ROS-Ca was successfully
encapsulated into nanostructured lipid carriers (NLCs) which coated with chitosan
CH-ROS-NLC to overcome the above-mentioned defects and, it was ensured that
nanostructured lipid carriers have high beneficial effect for enhancing and
improving the oral bioavailability of poorly water-soluble drugs such as
Rosuvastatin.

Keywords: Glyceryl monostearate, hyperlipidemia, nanostructured lipid carriers,
Rosuvastatin calcium.

INTRODUCTION

Rosuvastatin (ROS-Ca) is a synthetic, high potent

influence on drug absorption and bioavailability.
Although (micelles), liposomes, and nano emulsions
have been promising, lipid-based systems are

third-generation statin  with excellent cholesterol-
lowering activity. ROS-Ca competitively inhibits
hydroxymethylglutaryl-coenzyme A (HMG-CoA)
reductase that catalyzes the conversion of HMG-CoA
to mevalonic acid, the rate-limiting step in cholesterol
biosynthesis, and thus, it is used for hyperlipidemia®.
ROS-Ca falls on bio pharmaceutical classification
system (BCS) Class Il (low solubility and high
permeability), it is lipophilic (log p ~ 1.9) in nature and
has an oral bioavailability of 20%?°. The low
bicavailability of ROS-Ca is related to its poor aqueous
solubility. In recent years, lipidic drug delivery systems
have generated high hopes due to their beneficial
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susceptible to degradation in storage and by acidic
environment in stomach and gastrointestinal tract
(GIT) as well as GIT enzymes and bile salts®. In order
to address these drawbacks, Muller et al., thoroughly
investigated biocompatible, biodegradable solid lipids
and as a result SLNs were conceived in the early 1990s
to overcome stability and toxicity limitations of classic
lipid formulations. But the SLNs have disadvantages as
low drug loading capacity and drug expulsion with
time because these systems transformed from a higher
energy state to more ordered one( B) upon storage®.

In the early 2000s, researchers developed modified,
second-generation nanostructured lipid carriers (NLCs)
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to overcome the limitations of traditional solid lipid
nanoparticles (SLNs), specifically aiming to improve
drug loading capacity and stabilize their physical state®.
NLCs are formulated by combining solid and liquid
lipids, resulting in a less ordered internal structure.
This unique arrangement allows for greater
incorporation of drug molecules within the matrix,
ultimately enhancing drug loading and stability
throughout the product’s shelf life®.

Numerous studies indicate that the heightened
entrapment efficiency observed in NLCs stems from
the structural differences between the two types of
lipids incorporated solid and liquid. This irregularity
generates imperfections within the lipid matrix,
creating additional space to accommodate drug
molecules. Upon solidification, this structural
arrangement  further  facilitates drug loading.
Additionally, the superior solubility of many drugs in
liquid lipids, as opposed to solid lipids, contributes
significantly to the overall entrapment capacity.
Alongside these advantages, NLCs are also recognized
for their enhanced shelf stability, distinguishing them
as a more advanced and effective drug delivery system
when compared to conventional lipid-based carriers’.
NLCs are notable for their ability to encapsulate both
hydrophilic and lipophilic drugs, offering considerable
versatility in drug delivery. They don’t just release
drugs immediately; instead, they can provide a
sustained release, which reduces dosing frequency and
potentially improves patient compliance. Targeted
delivery is another key advantage, as these systems can
direct drugs more precisely to the intended site of
action, minimizing off-target effects. Such attributes
make NLCs especially promising for chronic disease
management, where consistent therapeutic levels are
crucial.

This review examines the composition and fabrication
methods of NLCs, detailing their physicochemical
properties and their utility as oral drug delivery
vehicles. It also discusses recent advancements aimed
at further enhancing their performance, particularly in
improving the oral biocavailability of various
pharmaceutical agents®. This study focused on
developing nanostructured lipid carriers (NLCs) for the
poorly water-soluble drug Rosuvastatin Ca (ROS-Ca),
aiming to improve its oral bioavailability. After the
initial preparation of ROS-NLCs, the formulations
underwent surface modification using chitosan, a
mucoadhesive polymer. Both coated and uncoated
NLCs were then lyophilized to obtain dry powders.
These powders were subsequently characterized by a
range of analytical techniques, including DSC, XRD,
FTIR, and in vitro release studies, to comprehensively
evaluate their properties’. Finally, the shelf stability
testing at room temperature (20°C) and refrigerator (4
°C) was carried out for 6 months™.

MATERIALS AND METHODS
Rosuvastatin  calcium (ROS-Ca) was generously

supplied by EIPICO, Cairo, Egypt. Transcutol® HP
(highly purified diethylene glycol monoethyl ether)
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was kindly provided as a gift sample from Gattefosse,
France.

Glyceryl Mono Stearate (GMS), Poloxamer 188
(polyoxyethylene-polyoxypropylene  (150:29) block
copolymer), Tween®80 (polyoxyethylene (20) sorbi-
tanmonooleate), chitosan, and methanol were all
sourced from Sigma Aldrich, Inc., USA.

Fabrication of Nanostructured Lipid Carrier (NLC)
Building on the methodology described in previous
studies'**?, ROS-Ca nanostructured lipid carriers
(ROS-NLCs)  were formulated wusing a hot
homogenization combined with ultrasonication, though
several modifications were introduced. In summary, a
predetermined amount of the selected solid-liquid
binary lipid mixture (in a 70:30 ratio) was accurately
weighed and then melted at a temperature 5°C above
the melting point of the solid lipid***°.

A known concentration of ROS-Ca (5% w/w relative to
total lipids) was incorporated into the prepared oil
phase, which itself consisted of a 5% (w/w) mixture of
solid and liquid lipids. The aqueous phase, containing
the selected surfactant, was heated to match the
temperature of the oil phase. It was then gradually
added drop wise to the oil phase under magnetic
stirring at 1500 rpm for 10 minutes. Subsequently, the
resulting pre-emulsion underwent homogenization
using an Ultra-Turrax T25 homogenizer at 20,000 rpm
for 15 minutes, as previously described by Nasirizadeh
and Malaekeh-Nikouei®. The resultant o/w nano-
emulsion was subjected to probe sonication at 60 %
amplitude for 10 min. The obtained NLC dispersion
was cooled down to room temperature.
Chitosan-Coated ROS-NLCs

Chitosan at 0.2% wi/v was dissolved in 1% v/v agueous
acetic acid and allowed to stand overnight at pH 5.5.
Subsequently, the NLC dispersion was introduced
dropwise into the chitosan solution at a 1:1 ratio, while
maintaining continuous stirring at 200 rpm for one
hour to ensure thorough coating®2,

The prepared chitosan-coated ROS-NLCs (CH-ROS-
NLCs) were centrifuged using a cooling centrifuge
(18,000 rpm, 15 min) and lyophilized using a
cryoprotectant for further study®.

Freeze-drying study (Lyophilization)

The NLC dispersion underwent lyophilization to
enhance long-term stability. Mannitol was incorporated
at a concentration of 5% w/v to serve as a cryo-
protectant. The prepared samples were initially frozen
at -20°C for 24 hours, after which they were subjected
to lyophilization for 36 hours®. Following the protocol,
the lyophilized sample was reconstituted using PBS
(pH 6.8) to prepare it for the upcoming experiments.
Characterization of ROS-NLCs

Particle size (PS), zeta potential (ZP)
measurementand polydispersity index (PDI)

The particle size (PS) and polydispersity index (PDI)
of the NLC were determined using dynamic light
scattering on a Zetasizer instrument, which analyzes
Brownian motion to assess particle size. The PDI
provides an indication of the sample’s homogeneity;
lower PDI values suggest a more uniform particle
distribution, while values above 0.5 reflect significant
heterogeneity within the system®.
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The average particle diameter and polydispersity index
were determined using a Zetasizer Nano-ZS. This
instrument utilizes a 10 mW He-Ne laser operating at a
wavelength of 633 nm, with measurements taken at a
back-scattering angle of 90° and a temperature of
25°C™. Zeta potential refers to the electrical potential
present at the interface where the mobile dispersion
medium meets the stationary layer of fluid adhering to
a dispersed particle. This boundary essentially marks
the transition between the bulk liquid and the
immobilized region surrounding the particle, and
measuring the zeta potential provides valuable insight
into the stability and behavior of colloidal systems?’.
Zeta potential essentially reflects the -electrostatic
“personality” of particles in suspension, and it’s pretty
central to understanding both their stability and surface
properties. If these particles have a strong enough
charge positive or negative they’ll generally repel each
other and resist clumping, which is crucial for
maintaining stable nanostructured lipid carriers (NLCs)
over time. That’s why measuring zeta potential isn’t
just some optional step; it’s genuinely useful for
predicting whether your NLCs will stay dispersed or
just form a sad, useless sludge.

To determine zeta potential in these NLC formulations,
researchers used a Zetasizer Nano-ZS, which gauges
how fast the particles move under an electric field
(that’s the electrophoretic mobility bit). The
Helmholtz—Smoluchowski equation was then used to
actually calculate the zeta potential, and each
measurement was repeated three times to ensure
accuracy. For particle size, PDI (polydispersity index),
and zeta potential measurements, the ROS-NLC
samples had to be diluted first a 1:200 ratio with
double-distilled water to get the right scattering
intensity for photon correlation spectroscopy (PCS).
All measurements were performed in triplicate, in line
with standard reproducibility practices®.

Entrapment efficiency (EE) and drug loading (DL)
To assess entrapment efficiency and drug loading in
the NLC formulations, 2 ml of the sample was
subjected to ultracentrifugation at 100,000 rpm for one
hour at 4°C. This process was conducted using a
cooling ultracentrifuge to quantify the amount of
unentrapped ROS-Ca remaining in the supernatant™.
Following centrifugation, the supernatant was carefully
collected and filtered through a 0.2 mm Millipore VR
membrane. The filtrate was then diluted appropriately
with methanol. Subsequent analysis was performed
using a UV-Vis spectrophotometer at 244 nm to
quantify the amount of unencapsulated drug. Based on
these data, entrapment efficiency (% EE) and drug
loading were calculated using standard equations-

L f
% EE = i % 100
Wt — Wf
wl

Where, W, was the total amount of ROS-Ca, Ws was
the amount of unencapsulated drug and W, was the
weight of the lipid (solid+liquid lipid)®?.
Particle morphology
The morphology of the ROS-NLC particles was
characterized by transmission electron microscopy

DL =

X 100
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(TEM) to assess the surface features of the
nanoparticles and to determine if any colloidal species,
aside from the anticipated NLCs, were present. For
sample preparation, the ROS-NLC dispersion was
diluted at a 1:200 ratio with double-distilled water. A
drop of this diluted sample was then placed onto film-
coated copper grids and allowed to air-dry overnight at
room temperature. The dried specimens were
subsequently examined under TEM to visualize and
analyze their microstructure®.

Degree of crystallinity and polymorphism
Differential scanning calorimetry (DSC) was utilized to
analyze the thermal characteristics of the bulk
excipients and to determine the crystallinity and
possible polymorphic forms present in the NLC
formulations. DSC thermograms were recorded for
selected samples, including GMS solid lipid, both
coated and uncoated ROS-NLC, blank NLCs (coated
and uncoated), and ROS powder. Each sample,
weighing a minimum of 3 mg, was sealed in aluminum
pans and subjected to heating from 25 °C to 250 °C at a
rate of 5°C per minute. Key thermal parameters such
as melting points, enthalpy changes, and onset
temperatures  of  observed  transitions  were
documented?*#,

Fourier transforms infrared spectroscopy (FT-IR)
To assess potential interactions between ROS and other
components within the NLC, FT-IR analysis was
conducted. Samples included residues from both coated
and uncoated ROS-NLC, blank (drug-free) NLCs with
and without coating, pure ROS powder, pure GMS
powder, and a physical mixture of ROS and GMS.
Each specimen underwent individual scanning within
the 4000 to 650 cm™ wave number range, at a
resolution of 4 cm™, using the transmission mode on an
FT-IR spectrometer®®2°,

X-ray diffraction analysis (XRD)

X-Ray diffraction analysis (XRD) was performed using
X-Ray diffractometer to characterize the crystalline
phases and detect the amorphous structure in the
samples. The crystalline state of ROS-Ca was
evaluated with X-ray powder diffraction. The X-ray
generator was operated at 40 KV tube voltages and 40
mA of tube current, using the Ka lines of copper as the
radiation source. The scanning angle ranged from 1 to
600 of 20 in step scan mode?’.

In-vitro drug release

In this study, we evaluated the in-vitro release profiles
for pure ROS, as well as for an equivalent dose (2.5
mg) from both the lyophilized, coated CH-ROS-NLC
and the uncoated ROS-NLC formulations. Each sample
was carefully weighed and sealed inside a dialysis bag
(molecular weight cut-off: 12-14 kDa). The sealed
bags were then placed in 250 mL of phosphate buffer
(pH 6.8) containing 0.5% (w/w) Tween 20 to ensure
adequate sink conditions. All flasks were incubated in a
shaking water bath (Model 1031, GFL Corporation,
Burgwedel, Germany) maintained at 37°C with a
shaking speed of 100 rpm?=°,

The parameters of the in vitro release study were
selected to achieve the sink condition. At each
designated time point (0.5, 1, 2, 4, 6, 8, 10, 12, 18, 24,
36, and 48 hours), a 5 mL aliquot was withdrawn and
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immediately replaced with an equal volume of fresh
dissolution medium to maintain sink conditions. All
collected samples were filtered using a 0.250 pm
syringe filter prior to analysis®, the amount of ROS
present in the collected samples was measured using a
spectrophotometer at 244 nm. Each formulation was
tested in triplicate, and the average values were
calculated.

Storage stability study

A stability assessment of the prepared ROS-NLCs
formulation was conducted over a six-month period.
The nanodispersions were placed in securely sealed
amber glass containers and kept at room temperature
(approximately 25+2°C, with 65% relative humidity)
as well as in a refrigerated environment (4+2°C). The
stored samples were visually inspected for any physical
alterations such as aggregation or phase separation.
Additionally, evaluations were carried out at intervals
of one month, three months, and six months to check
the average PS, PDI, and ZP*.

Statistical analysis

Data shown are the mean+SD and were analyzed by
one-way ANOVA using Graph-Pad Prisme software
version 6.07 (Graph Pad, San Diego, California); p
values less than 0.05 were considered statistically
significant.

RESULTS AND DISCUSSIONS

Fabrication of ROS nanostructured lipid carriers
(NLCs)

The lipid phase utilized glycerylmonostearate (GMS)
as the solid lipid and Transcutol® HP as the liquid
lipid, both selected due to their demonstrated capacity
to solubilize ROS-Ca effectively. For the aqueous
phase, a combination of Poloxamer 188 and Tween 80
in a 1:1 ratio was employed as surfactants, reflecting

Universal Journal of Pharmaceutical Research 2025; 10(3): 28-35

standard practice for enhancing stability and
dispersion. The concentration of ROS-Ca was
consistently maintained at 5% (w/w) relative to the
lipid phase, and the total lipid content was restricted to
no more than 5% (w/w) of the formulation. These
methodological choices are in agreement with findings
reported in previous studies®**, which was observed
that increasing the lipid concentration resulted in
noticeably larger particle sizes, which aligns with
previous findings. Given that these formulations were
designed for oral administration, the surfactant content
was limited to a maximum of 2.5% (w/w). Details
regarding the specific composition can be found in
Table 1. The ROS-NLCs were prepared using a two-
step process involving homogenization, followed by
probe sonication.

Physicochemical characterization

The value of particle size, PDI, and zeta potential of
prepared (CH-ROS-NLCs) was found to be 251.7+2.3
nm, 0.43+0.02 and 35.6+£2.3 mV respectively, while,
(ROS-NLC) was observed to be 121.6+6.2 nm,
0.36+0.03 and -9.5+£3.7 mV respectively, Table (1).
Incorporation of chitosan during the preparation of
NLCs led to the deposition of this cationic polymer
onto the particle surfaces, resulting in an increased zeta
potential and the formation of a thicker outer
membrane.  Consequently, the CH-ROS-NLCs
formulations demonstrated a larger particle size
compared to the corresponding ROS-NLCs. This
observation aligns well with the particle size analysis
data and is consistent with findings reported in
previous studies®®!’. It was observed from Table 1
that the entrapment efficiency (EE) and loading
capacity (LC) of CH-ROS-NLC and ROS-NLCs were
68+0.3, 3.40+0.23% and 63+0.2, 3.15+0.16%,
respectively.

Table 1: Composition and physicochemical characterization of ROS-NLCs.

Lipid phase

Solid lipid 70% of lipids
Liquid lipid 30% of lipids
Drug = 5% of total lipids (w/w)

GMS
Transcutol® HP
ROS-Ca

Aqueous phase

Surfactants 2.5% (w/w) by ratio (1:1) water

Poloxamer 188: Tween 80

Physicochemical characterization ROS-NLC CH-ROS-NLC
Particle size (P2) 121.6+6.2 nm 251.7+2.3 nm
Poly dispersity index (PDI) 0.36+0.03 0.4340.02
Zeta potential (ZP) -9.5+3.7 mV 35.6+2.3 mV
Encapsulation efficiency (EE) 63+0.2% 68+0.3%
Loading capacity (LC) 3.15+0.16% 3.40+0.23%

Transmission Electron Microscopy (TEM)

The surface morphology and mean particle diameter of
the prepared nanostructured lipid carrier (NLC)
formulations were characterized using transmission
electron microscopy (TEM). TEM analysis revealed
nearly spherical nanoparticles with a monodisperse
size distribution below 200 nm, indicating uniform
particle  dispersion and minimal aggregation.
Both uncoated NLCs and chitosan-coated NLCs (CH-
NLCs) exhibited spherical morphology, with CH-

ISSN: 2456-8058

NLCs displaying a distinct outer polymeric shell. The
incorporation of chitosan (CH) during NLC synthesis
facilitated the electrostatic deposition of this cationic
polysaccharide onto the particle surface, forming
a dense polymeric coating. Furthermore, CH-NLCs
demonstrated a larger hydrodynamic diameter
compared to their uncoated counterparts, consistent
with the presence of the CH outer layer as showed in

Figure 1. This findings with the same line of other
study?°.
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Fourier Transform Infrared spectroscopy analysis

FT-IR analysis was conducted to confirm the absence
of any physical or chemical interactions between pure
ROS-Ca and the other NLC excipients. Figure 2
demonstrate the IR spectrum of ROS-Ca showed
distinct peaks corresponding to the primary functional
groups: OH, in the carboxylic group around 1547 cm™,
Hydroxyl groups between 3400-3700 cm?, Olefinic C-
H of the heptanoic side chain near 2922 cm™ and
Sulphoxide group approximately at 1330 and 1381
cm. The IR spectrum of GMS displayed a band for
the C=0 of an ester around 1735 cm™ and bands for C-
H aliphatic stretching approximately between 2800-

2900 cm?. Fourier-transform infrared (FTIR)
spectroscopy analysis of the rosuvastatin  calcium-
loaded nano-structured lipid  carriers  (ROS-
NLCs) confirmed the absence of drug-excipients

interactions, as evidenced by the preservation of all
characteristic functional group absorption  bands
of ROS-Ca at their respective wave numbers, identical
to those observed in the spectrum of pure ROS-Ca. The
lack of peak shifts or band disappearance in the ROS-
NLCs spectrum suggests no significant physico-
chemical interactions between the drug and the lipid
matrix/excipients. Furthermore, the spectral similarity
between blank NLCs and ROS-NLCs reinforces the
conclusion  that ROS-Ca  remains  molecularly
intact without forming new bonds or undergoing
degradation within the formulation?*. These findings
align with previously reported studies on similar lipid-
based nanocarrier systems>*=°,

CH-ROS-NLC
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Figure 2: FT-IR spectra of ROS, GMS, physical
mixture, Blank-NLC, Blank-CH-NLC, ROS-NLC
and CH-RO-NLC.
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Differential scanning Calorimetry (DSC)

Assessing the crystallinity of NLCs is crucial as it
affects both encapsulation efficiency and drug release.
To obtain data on the crystallinity of the NLCs and the
interactions between the drug and lipids within the
formulation, DSC analyses were conducted.

DSC thermograph of pure ROS-Ca showed a sharp
endothermic peak at 144°C which corresponds to its
melting point Figure 3. DSC thermograph of GMS
showed a sharp endothermic peak at 65°C which
corresponded to its melting point. DSC thermograph of
the lyophilized powder of Blank, CH-ROS-NLCs and
ROS-NLCs showed a sharp endothermic peak at
165.8°C owing to the presence of mannitol as
cryoprotectant?®,

The Blank, CH-ROS-NLC, and ROS-NLC
formulations exhibited a minor temperature shift for
GMS. This phenomenon could be due to their
nanoparticle size, lipid phase dispersion, and the
presence of certain excipients like surfactants,

The ROS-NLC formulations lacked the typical
endothermic peak associated with the drug, indicating
that the drug is fully incorporated or molecularly
dispersed in an amorphous form within the solid
matrix, as illustrated in Figure 3.

240 - CH-ROS-NLC

220

200 < ROS-NLC

0 /\h/—__
B-CH-ROS-NLC

160

140 4
B-ROS-NLC
120

100
] GMS

T T T T T 1
0 50 100 150 200 250 300

Heat flow (mW)
2 0
o o o
Lot

N
3
1

9
S o
P

Temperature (°C)

Figure 3: DSC thermograms of ROS, GMS, B-ROS-
NLC, B-CH-ROS-NLC, ROS-NLC and CH-ROS-
NLC.

X-Ray Diffraction analysis (XRD)

The XRD study was performed with support of DSC to
distinguish the reduction in crystalline nature of ROS-
Ca in prepared NLCs. The XRD spectra of ROS-Ca,
GMS and the physical mixture in Figure 4 display
prominent and sharp peaks at the 20 scale, signifying
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the crystalline structure of the drug. Conversely, the
XRD pattern of ROS-NLCs in the same figure exhibits
a marked reduction in the intensity of all peaks. This
indicates that the ROS-Ca drug exists in a completely
amorphous state within the NLC formulations®*=".
X-ray Diffractogram of ROS-Ca, GMS, physical
mixture, CH-ROS-NLC, ROS-NLC, were illustrated in
Figure 4 and showed that no interference between drug
and other excipients.

CH-ROSNLC

Mt N e ROS-NLC

Intensity (a.u)

20 (Degree)
Figure 4: XRD spectra of ROS, GMS, PH. MIX,
ROS-NLC, and CH-ROS-NLC.

In-vitro drug release

The ROS-loaded nanostructured lipid carriers (ROS-
NLC) and chitosan-coated ROS-NLCs (CH-ROS-
NLCs) exhibited an initial burst release of 14.7+
3.9% and 10.3+2.7%, respectively, in PBS (pH 6.8)
(Figure 4). Subsequently, asustained and gradual
release was observed, reaching 69.9+6.6% for ROS-
NLCs and 58.4+3.7% for CH-ROS-NLCs after 24
hours. In contrast, free ROS displayed a much faster
release; with 84.1+2.7% of the drug being released
within the first hour (Figure 5). Indicating that ROS-
NLCs release the drug at a faster rate than CH-ROS-
NLCs over the same period>. The slower and more
controlled release from CH-ROS-NLCs can be
attributed to the chitosan (CH) coating, which acts as
a diffusion barrier, delaying the release of the
entrapped ROS®. On the other hand, the relatively
faster release from ROS-NLCsmay be due

Universal Journal of Pharmaceutical Research 2025; 10(3): 28-35

to incomplete drug retention within the lipid matrix,
leading to quicker diffusion.

100
%
30 {2
70
60
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40
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—&¢—Free ROS-Ca
=fl—ROS-NLC
== CH-ROS-NLC

Cumulative drug release %

0 5 1.0 1.5 2.0 2.5
Time (hr)

Figure 5: Cumulative release % profile of

Rosuvastatin (ROS).

Effect of storage condition on Optimized ROS-
NLCs

Effect of storage was conducted for the prepared
formulations CH-ROS-NLC (F1) and ROS-NLC (F2)
at room temperature (approximately 2542 °C) and in a
refrigerator (approximately 4+2 °C) for six months.
Measurements of particle size, polydispersity index,
and zeta potential are detailed in Table 2. Upon initial
visual inspection, no signs of agglomeration or phase
separation were observed throughout the study period.
After three months of storage at room temperature, the
results showed an increase in both particle size and
polydispersity index, while zeta potential values
decreased compared to the freshly prepared samples.
These findings indicate a reduction in colloidal stability
over time. Conversely, only insignificant changes in
mean particle size, polydispersity index, and zeta
potential were observed when the formulas were stored
in the refrigerator. These findings suggest that 4°C is
the optimal storage temperature for NLCs. The
negligible changes in the parameters can be attributed
to minor polymorphic transitions of the lipid from the
less stable o polymorph to the more stable B
polymorph®.

Table 2: Effect of storage conditions on coated and uncoated ROS-NLC formulations (F1 and F2).

F.N. Storage condition PS (nm) PDI ZP (mV) Visual observation
Refrigerator (4°C)
Fresh 251.7+2.3 0.43+0.02 35.6+2.3 Clear emulsion
F1 1 month 253.6+2.5 0.44+0.02 34.4+2.2 Clear emulsion
3 months 259.5+2.,6  0.44+0.03 33.5+2.5 Clear emulsion
6 months 285.7+3.,5 0.46+0.03 32.6+2.6 Turbid emulsion
Fresh 126.4+2.6  0.36+0.03 -9.5+3.7 Clear emulsion
1 month 130.6+2.5 0.37£0.02 -10.6+2.3 Clear emulsion
3 months 152.5+2.3 0.37#0.02 -10.5+2.4 Clear emulsion
F2 6 months 185.5+2.7 0.38+0.03 -9.6+2.2 Turbid emulsion
Room temperature (25°C)
Fresh 251.7+2.3 0.43+0.02 35.6+2.3 Clear emulsion
F1 1 month 257.612.5 0.44+0.02 34.4+2.2 Clear emulsion
3 months 298.5+43.6  0.46+0.02 31.5+2.5 Gelation, particulate
6 months 418.7+45 0.47+0.03 30.6+2.6 Gelation, particulate
Fresh 126.4+2.6  0.36£0.03 -9.5+3.7 Clear emulsion
1 month 135.842.5 0.37+0.02 -8.7+2.4 Clear emulsion
3 months 187.5+2.7 0.39+0.02 -8.2+2.1 Gelation, particulate
F2 6 months 265.5+3.8 0.41+0.03 -9.3+2.4 Gelation, particulate
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Limitations of the study

There is need of future studies to investigate the in-vivo
pharmacokinetic profile of release of ROS and
characterize both qualitative and quantitative aspects of
particular cellular uptake and their subsequent impact
on disease through pharmacodynamic examination in
the presence and absence of chitosan coating.

CONCLUSIONS

This study establishes nanostructured lipid carriers
(NLCs) as a promising oral drug delivery platform for
rosuvatatin (ROS) in the treatment of hyperlipidemia.
Through formulation, characterization both ROS-
loaded NLC (ROS-NLC) and chitosan coated ROS-
NLC (CH-ROS-NLC) exhibited superior physic-
chemical stability, sustained drug release. The chitosan
functionalized NLCs demonstrated augmented muco-
adhesive properties, overcoming a major bio-
pharmaceutical ~ limitation in  ROS  delivery.
Collectively, these findings position ROS-NLC and
CH-ROS-NLC as nanotherapeutic strategies for
treatment of hyperlipidemia through improving drug
solubility and stability.
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