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Cholesterol (Blood lipid) lowering potential of Rosuvastatin
chitosan nanoparticles for atherosclerosis: Preclinical study in
rabbit model
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Atherosclerosis is the condition of narrowing of arteries
due to plaque buildup on the artery walls. Aortic valve
calcification (AVC) is one of the reasons of atherosclerosis which leads to narrowing at the opening of the
aortic valve which is commonly referred as Aortic valve
stenosis (AS). The Rosuvastatin-chitosan (ROS-chitosan)
nanoparticles were prepared using ionotropic gelation
method. Nanoparticulate formulation was optimized by
3 factor, 2 level full factorial design to find the effect of
independent variables on particle size and percentage
encapsulation efficiency. Particle size, encapsulation efficiency, scanning electron microscopy, in vitro drug release of nanoparticles was determined. The adult male
rabbit of 4–5 months old were chosen for the study.
Hypercholesterolemia was induced in experimental animals by administering diet with Cholesterol and Cholic
acid (1.25 % and 0.5%, respectively). Blood lipid profile,
interleukin 6 levels and histopathological study was performed. Rosuvastatin was found to be significantly effective in lowering the blood lipid levels. It helps to attenuate atherosclerosis as well as calcification of various
valve tissues in experimental animals.
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INTRODUCTION

Atherosclerosis is the condition of narrowing of arteries due to plaque buildup on the artery walls. Atherosclerosis starts when endothelium gets damaged which
allows the harmful type of cholesterol to build up in the
artery wall. Aortic valve calcification (AVC) is a disease
condition where calcium deposits are formed on the surface of valve of aorta in the heart which leads to narrowing at the opening of the aortic valve which is commonly referred as Aortic valve stenosis (AS) which leads
to the condition of atherosclerosis (Roberts et al., 2005).
The AVC can be the early sign of heart disease as well
as the indication of atherosclerosis. The condition gener-

ally affects older people having age more than 65. When
the condition is identified in younger people the reasons
underlying were identified as either pre-genital heart defect or other factors like kidney failure. The disease condition usually doesn’t cause any problem unless and otherwise thickening and stiffness of valve has occurred. In
such cases surgical valve replacement is the only option
available (Lindroos et al., 1993). In AVC there is aortic
valve thickening with calcification without significant
pressure gradient (jet velocity <2 m/sec). The risk factor include increased level of cholesterol, which increases
blood pressure. Some epidemiological as well as genetic
studies have identified the risk factor and depicted the
cellular mechanisms involved in disease progression.
One of the outcomes of the finding suggests that progression of disease might be prevented by lipid lowering
treatment (Stewart et al., 1997; Aronow et al., 2001). The
progression of the disease mostly is confirmed via doppler echocardiography which is considered to be a gold
standard in diagnosis of the disease. Patient diagnosed
with moderate type of aortic stenosis are advised to take
the test once in year while people with severe type of
disease should do it every six month (Palta et al., 2000).
The normal aortic valve opening area is greater than or
equal to 2.0 cm2.
In 1976, Japanese scientist identified metabolite which
blocks enzyme HMG-CoA reductase leading to decreasing intracellular cholesterol synthesis (Colli et al., 2007).
Statins were reported to interfere with secretion of very
low density lipoproteins (VLDL) leading to decreasing
level of low density lipoproteins (LDL) in blood. Statins
helps to slow hemodynamic progression and their use
might reduce cardiovascular end points (Colli et al., 2007;
Schoen, 1987).
Rosuvastatin (ROS) belongs to the class of “Statins”
and often marketed by name Crestor for the treatment
of high levels of cholesterol. The effect of the drug is
generally dose related on LDL cholesterol whereas high
doses may incorporated in therapy in patients with hypercholesterolemia in improving lipid profile (Rajamannan et al., 2005). The drug is found to be inhibitor of
HMG-CoA reductase. The effects on chronic heart diseases can be negated by increase in collagen turnover as
well as reduced plasma coenzyme Q10 (CoQ10) (Olsson
et al., 1999). Lipoprotein (a) is LDL associated with extra
protein called as apolipoprotein (a) which is covalently
bound to apolipoprotein B-100. Elevated plasma Lp (a)
level are major risk factors for CVD (Cardio vascular
diseases). Lp (a) mediates CVD through its effect on
fibrinolysis, wound healing and atherosclerotic stenosis
(Miller et al., 2009). Also plasma Lp (a) levels have been
associated with calcific aortic valve disease (Galante et al.,
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2001; Wen et al., 2009). The aim of this study was to
investigate blood lipid lowering potential of Rosuvastatin
chitosan nanoparticles to attenuate atherosclerosis as well
as calcification of various valve tissues in experimental
animals.
MATERIAL AND METHODS

Rosuvastatin was purchased from Jiangsu Hengrui
Medicine Co. China. Pluronic F 68, Chitosan (CS) was
purchased from Sigma Aldrich, USA. Male Rabbits were
obtained from the Department of Cardiology, Affiliated
Wujiang Hospital of Nantong University, Suzhou, Jiangsu, China 215200
Animals. All animals were maintained as per norms/
guideline of Animal Ethical Committee and Medical
Ethical Committee of Department of Cardiology Affiliated Wujiang Hospital of Nantong University, Suzhou,
Jiangsu, China 215200. The adult male rabbits of 4–5
months old were chosen for the study. The animals were
kept in cages to have free food and water. Before and
during experiment, animals were kept on standard diet.
The standard temperature and humidity were maintained
at the comfort condition.
Statistical analysis. In this investigation 8 run, 3 factors and 2 level fractional factorial design was used for
statistical optimization of experimental results. Second
order polynomial models were generated using DesignTable 1. Variable and three levels
Independent Variables

Low level (-1)

High level (+1)

A= CS Conc. (mg)

50

100

B= TPP Conc. (%)

0.25

0.50

C=Tween 80 Conc. (%)

0.2

0.5

Dependent Variables
Y1= EE
CS, Chitosan; TPP, Tripoly phosphate; EE, Encapsulation efficiency

Expert® software (Version: 6.0.8). Preliminary experiments demonstrated that chitosan, surfactant and TPP
(Tripolyphosphate) concentration majorly influence the
drug loading, particle size, and encapsulation efficiency
and drug release form the nanoparticles. Independent
variables and different levels are represented in Table 1.
Preparation of ROS-CS nanoparticles. Ionotropic gelation method was used for preparation of ROS-CS nanoparticles. Chitosan was dissolved in acetic acid solution
with continuous stirring at room temperature in order to
obtain clear gel. CS was made to dissolve in surfactant
(Tween-80; 0.5% v/v) while drug in organic phase of
acetone solution is added to aqueous phase drop wise
using different concentrations making o/w emulsion
under stirring. TPP was added drop wise from syringe
with needle at various concentrations in to o/w emulsion under stirring. The system was kept under stirring
overnight to evaporate the organic solvent. Separation
of nanoparticles was done at 20 000 rpm for 15 minutes
at –80°C using cooling centrifuge. The supernatant obtained was used for determination of free ROS from nanoparticles by HPLC (Allemann et al., 1993).
Evaluation of Nanoparticles (Calvo et al., 1997;
Mehrotra et al., 2011; Farivar et al., 2003). Field
Emission Scanning Electron Microscopy (FESEM).
Determination of particle size, shape was done using
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Zetasizer (Malvern/DTS 4.1) while surface morphology
was done by FESEM. The sample was made suspended
in water, mixed rapidly. Readings should be noted in
triplicate.
In-vitro Dissolution Study using dialysis technique. The in-vitro dialysis technique involves using dialysis membrane of certain molecular weight cut off
(MWCO). The suspension of microsphere is kept in dialysis bag which is sealed at both ends and suspended
in buffer solution using paddle. The method offers advantages like sample withdrawal, physical separation of
microparticles from buffer. The only condition is drug
should not bind to dialysis membrane. The USP type
XXII (rotating paddle) apparatus was used to perform
study. About 100 mg of nanoparticles were kept in apparatus and release was observed. The parameters set
were 37±2°C using 1000 ml of phosphate buffer solution at 100 and 200 rpm. About 5 ml of aliquot was removed as sample for testing at intervals of 0, 5, 15, 30,
60, 120 minutes and again replaced with same amount of
buffer solution to maintain sink condition. The sample
withdrawn was analyzed by UV spectrophotometrically
at 244 nm.
Drug Entrapment Efficiency. Non entrapped drug
was estimated from supernatant solution after centrifugation. UV spectrophotometer was used for drug content
estimation at 244 nm. Encapsulation efficiency was calculated by following formula
% E.E = Total drug-free drug/Total drug amount ×100

Induction of Hypercholesterolemia. The hypercholesterolemia (HC) was induced in experimental animals
by administering diet with Cholesterol and Cholic acid
(1.25% and 0.5%, respectively.) up to 12 weeks by keeping all experimental conditions same. Blood lipid profile
(non fasted condition) and LDL (Low density lipoprotein) cholesterol were estimated before start of the experiment. The total cholesterol level of above 200 mg/
dL is considered as high level (Pandey et al., 2006).
Grouping of Animals. After induction of hypercholesterolemia all blood lipid profile of all animals was
checked for cholesterol level and animals only with high
lipid level were selected for study. Total 50 animals were
selected for the study from which 7 animals failed to
show hypercholesterolemia while 3 animals gone wild
during entire process so dropped out of study. Total 40
numbers of animals were selected for the study. Such selected animals were grouped as following:
• Group I: No hypercholesterolemia; Normal diet with
No Rosuvastatin intake (n=10)
• Group II: No hypercholesterolemia; Normal diet with
Rosuvastatin intake (n=10)
• Group III: hypercholesterolemia; Normal diet with
No Rosuvastatin intake (n=10)
• Group IV: hypercholesterolemia; Normal with Rosuvastatin intake (n=10)
Blood Lipid Profile. Blood lipid profile of experimental animals was measured by anesthetizing animal
with Xylamine and Zoletil solution (Obtained from
sigma Aldrich USA) (09 mg/kg and 28 mg/kg respectively). 2.0 mL of sample of blood was removed from
jugular vein at initial time point and at 2 hrs time point.
The sample thus obtained was placed in heparin tube as
well as serum separating tube to centrifuge the sample at
5000 rpm for about 5–6 minutes. Enzymatic colorimetric assay was performed (Illum, 1998).
Interleukin 6 levels. The serum II-6 levels in the
blood were determined using ELISA kit (Quantikine kit,
MN, USA) at interval of 5 and 12 weeks.
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Table 2. Formulation of ROS-CS nanoparticles using 23Factorial
Design
Formulations

Factor

Response

A

B

C

Y1

F1

+1

+1

+1

90.13

F2

–1

+1

+1

87.34

F3

–1

–1

–1

87.11

F4

+1

–1

–1

94.11

F5

+1

–1

+1

97.98

F6

+1

+1

+1

82.13

F7

–1

–1

-1

69.90

F8

–1

–1

-1

91.11

Figure 1. Scanning Electron Microscopy of ROS-CS nanoparticles
showing smooth and spherical surface.

Histopathological Study of aortic valve tissue.
Animals were made euthanized by intramuscular (IM) injection of Ketamine + Xylazine at a dose of 35 mg/kg
+ 5 mg/kg IM and samples of aortic valve tissues were
collected and fixed in 100% neutralized buffered formalin and embedded in paraffin. The 3–5 µm thick sections
were cutted off and staining was done with hematoxylin and eosin dye. The cell count was done using 400×
magnification microscope.
RESULT AND DISCUSSIONS

Figure 2. In-vitro drug release profile of ROS-CS-NP (Rosuvastatin-Chitosan Naoparticles) compared to plain-ROS showing extended release period up to 48 hrs.

ity, non-toxicity, bioadhesive and absorption enhancing
properties. Apart from this antioxidant and antitumor
activities of CS has made excellent biomaterial in cancerous treatment (Rosenhek et al., 2004). Table 2 shows
batches of ROS nanoparticles using CS in varying concentration and their effect on dependent variables i.e.
Encapsulation efficiency (Y1).
The surface analysis of nanoparticles was studied with
the help of FESEM. The nanoparticles showed wellformed spherical shape with smooth surface. Nanoparticles were found free flowing particulate forms which
were separated from each other with maintained their
size and shape. The surface morphology is shown in
Fig. 1.
In- vitro drug release study was conducted in pH 7.4
phosphate buffer saline. Initial burst release of 11.89%
followed by gradual sustained release of drug (~88.11%)
towards the end of 48 h of study period as shown in
Fig. 2 was observed from optimized formulation. This
sustained drug release pattern quite essential for such
type of cancer treatment.
Higuchi model (r=0.992) was found to be the best
fitted diffusion based drug release pattern. KoremeyerPeppas formula was used to describe the drug release
mechanism more precisely.
‘n’ value of 0.87 in this study suggests a non-fickian
mode of drug release and diffusion and erosion being
the main mechanism of action. The statistical data of
ANOVA for both Encapsulation efficiency and particle
size was shown in Table 3.
In vivo study in animal model

In vitro characterization of nanoparticles

In recent year CS nanoparticles has proved excellent drug carrier due to biocompatibility, biodegradabil-

Continuous administration of high amount of fat directly
leads to hyperlipidemia in humans. The same technique has

Table 3. ANOVA of models for Y1 and Y2
Source

DF

Sum of squares

Mean square

F value

P value

Model for Y1

3

4015.12

2014.89

412.21

<0.005

A

2

1315.23

1537.90

509.11

0.0003

B

1

189.11

139.11

98.10

<0.005

C

1

915.34

400.21

189.23

0.002

Model for Y2

3

750.32

432.76

190.65

<0.001

A

2

890.65

540.09

487.03

<0.002

B

1

89.43

77.54

30.65

0.0003

C

1

72.47

40.32

87.30

0.0011
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Table 4. Tabular representation of changes in clinical pathology
and organ weight in animals after induction of hypercholesterolemia.
Initial

Control

Week 4

Week 8

Week 12

Initial weight
(g)

1100

1110

1225

1400

1575

Liver Weight
(g)

84.20

84.20

90.35

102.15

110.5

Cholesterol
(mg/dL)

117

117.1

121.24

124.12

125.23

been tested in laboratory animals which help to understand
relationship between cholesterol metabolism and various
diseases. Diet rich in triglycerides (containing cholesterol)
has been fed in order to increase the level of cholesterol.
Certain changes in clinical pathological data and organ
weight were noted after hypercholesterolemia induction
and are represented in Table 4. The body weight of the experimental animals was noted as unchanged in initial weeks
which found to be lowering after succession of weeks.
The liver weight of was found to be increasing with
increasing time period as the size of liver increases due
to fatty deposits. We can observe significant amount of
increase in weight at week 12 than initial week. The cholesterol level in body was increased with each passing
week (117 mg/dL to 125.23 mg/dL). After considering
all above results the animals with hypercholesterolemia
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were selected and used in further study. The animals that
are grouped according to the diet fed were observed for
numerous observations as shown in Table 5.
The blood lipid profile of experimental animals was
shown in Fig. 3. The level of calcium, IL II-6, Total
cholesterol, Low density lipoprotein (LDL) were estimated using blood collection techniques. From Fig. 3A it
can be seen that calcium level (Resting value: 1.86 mg/g)
in experimental animals of group I was found to be near
to resting value while animals with no HC when treated
with ROS, a slight increase in level of calcium was seen.
In animals with HC when no ROS is administered maximum increase in level of calcium was seen. The reading
values for group IV shows that ROS–NP were found
to be effective in maintaining the blood calcium level to
near to resting 1.9 mg/g. Figure 3B shows the variations
in level of Interleukin II-6 (IL-II 6) levels (resting value:
8.12 mg/dL) in experimental animals group. Animals in
group I showed nmajor change in basic value.
While for animals in Group II, ROS had lowered the
level of IL-II 6 level to lowest possible which was increased to highest level in Group III where no treatment
of ROS for HC animals was given. The animals in Group
IV showed IL-II 6 to nearby resting level when treated
with ROS-NP. Figure 3C shows level of Total cholesterol
(T chol) i.e. cholesterol fractions in plasma, not in whole
rabbit body (resting value: 71.56 mg/dL). As expected animals in group I showed no change in T chol level while
animals with no HC when treated with ROS-NP showed
slight decrease in level of total cholesterol as compared to

Figure 3. Graphical representation of blood Lipid Profile showing significant increase in level of lipids in experimental group (Group
III and IV) with HC without RSV.
IL II-6, Interleukin II -6; T Chol, Total Cholesterol; LDL, Low Density Lipoprotein; HC, Hypercholesterolemia; RSV, Rosuvastatin
Table 5. Summary of data for each animal experimental group.
Group I

Group II

Group III

Group IV

Tchol (mg/dL)

70.12 ± 1.16

68.92 ±1.43

91.37 ± 2.12

21.78 ±1.24

LDL (mg/dL)

12.23 ± 2.12

12.14 ± 1.09

37.39±1.21

21.78 ±0.99

IL II-6 (mg/dL)

8.12 ±0.98

6.21 ±1.09

32.12 ±0.87

6.98 ± 1.34

Calcium Level (mg/g)

1.69 ± 2.14

1.89 ± 2.17

2.47 ± 2.13

1.90 ±0.76

Tchol, Total Cholesterol; LDL, Low Density Lipoprotein Cholesterol; IL II-6, Interleukin 6
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Figure 4. Histopathological Analysis of aortic valve for cellular
infiltration study showing Microscopic Images of Group 1 (A),
Group II (B), Group III (C), Group IV (D).
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