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Abstract

The objective of the study was to prepare and evaluate pulsincap drug delivery system containing   extended release microspheres
of rosuvastatin calcium which is an inhibitor of  HMG-CoA  reductase enzyme.  The basic design consists of an insoluble hard
gelatin capsule body, filled with microspheres and sealed with a hydrogel plug which was formulated using HPMC K4M (93.8mg)
and PVP K 30 (4mg) to maintain a suitable lag time. Nine formulations of microspheres were prepared by solvent evaporation
method using polymers such as HPMC K4M, HPMC K15M, HPMC K100M.  They were characterized for micrometric properties
like particle size, morphology by SEM, flow properties such as bulk density, tapped density, compressibility index and hausner’s
ratio and also for drug content, percentage yield, entrapment efficiency and in-vitro drug release studies. The particle size was
found to be in the range of 127.3±0.31 (F1) to 198.4µm±0.14 (F4). The microspheres were smooth and elegant in appearance,
showed no visible cracks as confirmed by SEM analysis. The percentage yield was found to be in the range of 72.2% (F1) to
86.94% (F9). Drug loading percentage was found to be in the range of 57.34% (F1) to 65.39%±0.5 (F9). Drug entrapment
efficiency was found to be in the range of 85.17±0.17 (F8) to 94.14±0.36 (F9).The formulation F9 was selected as an ideal
formulation based on all the parameters and  the in vitro release profile which shows an extended drug release of 99±0.01% at the
end of  24hours in phosphate buffer of pH7.2 with the lag time of about 6hrs in 0.1N HCl (2hrs) and in pH 6.8 Phosphate buffer
(4hrs). The release kinetic studies revealed that formulation F9 follows Korsemeyer peppas model.

Keywords: Rosuvastatin calcium microspheres, Pulsincap drug delivery system, Solvent evaporation method, Hydroxy Propyl
Methyl Cellulose( K4M, K15M, K100M)

Introduction1-4

Modified drug delivery systems are known to provide a
zero order or first order release in which the drug is
released at a substantially steady rate per unit of time.
There are certain cases for which constant release
pattern i.e. a zero-order release is not suitable and that
needs release of a drug after a lag time which are
called as delayed release preparations. The delayed
release is achieved by the incorporation of a special
coat, such as enteric coating, or other time barriers such
as the formaldehyde treatment of soft and hard gelatin
capsules. The goal of is to prevent side effects related to
the drug release in the stomach, protect the drug from
degradation in the highly acidic pH of the gastric fluid.

Pulsatile drug delivery system is time delayed or site-
specific drug delivery, which provides spatial and
temporal delivery to improve patient compliance. These
systems are designed according to the circadian rhythm
of the body. Circadian rhythm implies approximately a
day, major periodic components of biological rhythms
are found around 24 hours (circadian) and 30 days
(circamensual) and one year (circannual).
Chronotherapeutics refers to a treatment method in
which drug availability is timed to match rhythms of
disease in order to maximize therapeutic effects and
minimize side effects. It is based on the observation that
there is an interdependent relationship between the
peak-to rhythmic activity in disease symptoms. The
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best approach to increase the efficiency of
pharmacotherapy is to release drugs at times at which
the symptoms of the disease aer high and thus
achieving more effective treatment with less dose.

Rosuvastatin calcium is an antilipidaemic agent comes
under the class of medications called statins   which
reduces plasma cholesterol levels and prevent
cardiovascular disease. The mechanism of action of
rosuvastatin calcium is that it competitively inhibits
hydroxymethylglutaryl-coenzyme A (HMG-CoA)
reductase. HMG-CoA reducuase catalyzes the
conversion of HMG-CoA to mevalonic acid, the rate-
limiting step in cholesterol biosynthesis. Rosuvastatin
calcium acts primarily in the liver. Decreased hepatic
cholesterol concentrations stimulate the upregulation
of hepatic low density lipoprotein (LDL) receptors
which increases hepatic uptake of LDL. Rosuvastatin
calcium also inhibits hepatic synthesis of very low
density lipoprotein (VLDL). The overall effect is a
decrease in plasma LDL and VLDL. The biological half
life of Rosuvastatin calcium is 19hrs. It is a BCS class
II drug which has a problem of low bioavailability
(absolute bioavailability 20%) so it is required to
improve dissolution  of rosuvastatin calcium by
formulating it as  microspheres which increase the
specific surface area. The site specific delivery of the
drug to colon is achieved by encapsulating them in a
pulsincap drug delivery system.

Materials and Methods

Rosuvastatin Calcium was obtained as gift sample
from Hetero Drugs Pvt. Ltd, Hyderabad and HPMC K
4M, HPMC K 15M, HPMC K 100M were obtained from
SD Fine chemicals limited, Mumbai

Prepration of Microspheres:17

Rosuvastatin calcium microspheres were prepared by
solvent evaporation method. Firstly, polymer was
dissolved in methanol. Drug was dissolved in
methanol separately and then was added to the above
solution. The polymer drug solution so obtained was
injected into heavy and light liquid paraffin (1:1)
containing 0.5ml of span 80 at a stirring speed (1000–
1500 rpm) of mechanical stirrer for about 30 minutes.
Glutaraldehyde was added to the system for
hardening the microspheres and to accelerate settling.
Microspheres were separated by decantation following
filtration through a whatmann filter paper (No. 41).
Microspheres were then washed with n-hexane  and
then with water and the washed microspheres were
dried in an oven maintained at 37°C for 24 h. Dried
microspheres were stored at room temperature.

Table 1: Composition of Rosuvastatin calcium microspheres(F1-F9)

Preparation of Hydrogel plug17

Direct compression method was used to prepare the
tablets of hydrogel plugs. The plug ingredients HPMC
K4M (93.8mg) and PVP K 30 (5mg) were mixed for 10
minutes. Magnesium stearate (1%) and Talc was
added to the previous mixture and further blended for
5 minutes and compressed using single punch tablet
machine (CADMACH). The diameter of the tablet plug
was 7mm and the weight was varied between 100-
110mg.

Preparation of impermeable/insoluble capsule
body

The body and the cap of the hard gelatin capsules
(size 0) were separated. Capsule bodies was exposed
to formaldehyde vapors for six hours at room
temperature and dried at 500C for 12 hours in hot air
oven. Afterwards the capsule body and the untreated
soluble cap were stored in desiccators for further use
and volume was measured which is called initial bulk
volume. Bulk density is expressed in gm/cc and is
given by,

S.NO. INGREDIENTS
BATCHES OF MICROSPHERES

F1 F2 F3 F4 F5 F6 F7 F8 F9
1 Rosuvastatin Calcium

(ratio)
1 1 1 1 1 1 1 1 1

2 HPMC K4M (ratio) 1 1.5 2 - - - - - -
3 HPMC K15M (ratio) - - - 1 1.5 2 - - -
4 HPMC K100M (ratio) - - - - - - 1 1.5 2
5 Light Liquid Paraffin (ml) 100 100 100 100 100 100 100 100 100
6 Span 80 (ml) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
7 Heavy Liquid Paraffin (ml) 100 100 100 100 100 100 100 100 100
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Db = M / Vo

Where, Db = Bulk density (gm/cc)
M is the mass of microspheres (g)
Vo is the bulk volume of microspheres (cc)

Tapped density (Dt)

10g of powder was introduced into a clean, dry 100ml
measuring cylinder. The cylinder was then tapped 100
times from a constant height and tapped volume was
read. It is expressed in gm/cc and is given by,

Dt = M / Vt

Where, Dt is the tapped density (gm/cc)
M is the mass of microspheres(g)
Vt is the tapped volume of microspheres (cc)

Compressibility index

The compressibility of the microspheres was
determined by the Carr's compressibility index.

Carr’s index (%) = [(Db – Dt) x 100]/Dt

Angle of repose (θ)

It is defined as the maximum angle possible between
the surface of pile of the microspheres and the
horizontal plane.

The angle of repose was then calculated using the
formula,

θ = tan-1(h/r)
where, θ= angle of repose of microspheres

h = height of pile, r = radius of the base of the
pile.

Evaluation of Microspheres

Particle Size

Particle size of rosuvastatin calcium microspheres was
determined by  optical microscopy. The stage
micrometer is replaced with slide containing
microspheres and the size of each particle was
measured in terms of eye piece divisions. Mean
particle size was calculated by measuring 200
particles with the help of a calibrated ocular
micrometer.7

Percentage Yield

The total amount of microspheres obtained were
weighed and evaluated for percentage yield7.

actual yield
Percentage yield = --------------------------- x 100

theoretical yield

Drug loading

The dried microspheres were crushed in mortar with
pestle and the homogenous solution with  10ml of pH
7.2 phosphate buffer and was sonicated for 2min at
60MHz of frequency. About 20ml of methanol was
added to precipitate the polymers and the drug
concentrations were analyzed by UV– Visible
spectrophometer at λmax value of 242nm.

Percentage drug entrapment efficiency

It was calculated by taking 50mg of microspheres.
The drug was extracted from microspheres by
digesting for 24hrs with 10ml of pH 7.2 phosphate
buffer by shaking on mechanical shakers for 24 hours.
After that the solution was filtered and the filtrate was
analyzed for drug content as mentioned  above. The
drug entrapment efficiency was calculated by using
the following formula

Entrapment
efficiency =

Actual drug content in microspheres
×100Theoretical drug content in

microspheres

Scanning electron microscopy (SEM)

The surface morphology and structure of
microspheres were visualized by scanning electron
microscopy (SEM). The samples were prepared by
lightly sprinkling the microspheres powder on a double
side adhesive tape which already stucked to aluminum
stubs. The stubs were then placed into fine coat ion
sputter for gold coating. After gold coating the samples
were randomly scanned for particle size and surface
morphology.

In- vitro drug release studies

In- vitro drug release studies was carried out in USP
basket type dissolution test apparatus. Volume of
dissolution medium was 900ml and bath temperature
was maintained at (37±1)0C throughout the study. The
speed was maintained to 50rpm. First 900ml of buffer
pH 1.2 was used as dissolution medium up to 2 hours.
There after the dissolution medium was replaced by
phosphate buffer (pH 6.8) for 4hrs and the dissolution
test was continued in pH 7.2 Phosphate buffer
medium. At an interval of 1hr, 5 ml of sample was
withdrawn with replacement of 5ml fresh medium and
analyzed for drug content by UV-Visible
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spectrophotometer at 242nm. All the studies were
conducted in triplicate.

Kinetics of In-vitro drug release
In-vitro drug released data was subjected to in- vitro
kinetic models such as zero order, first order, Higuchi
and Korsemeyer- Peppas. The regression value
nearer to 1 indicates the best fit model. The regression
values are mentioned in table 5

Results and Discussion

Preformulation studies

Drug excipent compatability studies were performed
by force degradation and fourier transform infrared
spectroscopy. Results obtained showed that drug and
excipients were compatible with each other. FTIR
spectra was represented in figure 1-4
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Fig.1: FT-IR Spectra of Rosuvastatin calcium
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Fig.2: FT-IR Spectra of Rosuvastatin calcium + HPMC K 4M
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Fig. 3: FT-IR Spectra of Rosuvastatin calcium + HPMC K 15M
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Fig. 4: FT-IR Spectra of Rosuvastatin calcium + HPMC K 100M

Evaluation of flow properties:

The microspheres of nine formulations were evaluated
for Bulk density, tapped density, compressibility index,

angle of repose. The results are mentioned in (Table
2).
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Table 2:  Characteristics of Rosuvastatin calcium microspheres

Formulation
code

Bulk Density Tapped
Density

%
Compressibi

lity Index

Hausner’s
Ratio

Angle of
Repose

F1 0.46±0.004 0.54±0.001 14.46±0.12 1.16±0.002 27°01’±0.34

F2 0.46±0.003 0.56±0.001 16.39±0.21 1.19±0.001 36°62’±0.12

F3 0.47±0.001 0.58±0002 18.43±0.13 1.22±0.002 31°33’±0.16

F4 0.48±0.002 0.63±0.002 24.61±0.22 1.32±0.001 35°61’±0.21

F5 0.48±0.002 0.63±0.002 23.72±0.15 1.25±0.003 28°64’±0.12

F6 0.48±0.003 0.56±0.003 24.61±0.22 1.16±0.004 27°17’±0.16

F7 0.68±0.001 0.86±0.003 20.81±0.25 1.26±0.007 26°34’±0.34

F8 0.70±0.003 0.84±0.004 17.55±0.29 1.21±0.005 39°42’±0.42

F9 0.67±0.002 0.84±0.001 20.52±0.17 1.25±0.001 28°91’±0.31

n=3

Bulk density and tapped density of the microspheres
were found to be 0.46±0.004 gm/cm3-0.70±0.003
gm/cm3 and 0.54±0.001 gm/cm3 to 0.86±0.003 gm/cm3

respectively. The results obtained for percentage
compressibility for all the formulations lies within the
range of index 14.46±0.12 to 24.61±0.22.

The results obtained for hausner’s ratio for all the
formulations lies within the range of index 1.16±0.002
to1.32±0.001. The angle of repose values obtained for
the formulations ranged from 26°34’±0.34 to
39°42’±0.42. The values obtained lies within the
acceptable range. This indicates good flow property of
the microspheres.

Table 3. Characterization of prepared  rosuvastatin calcium microspheres

Formulation
code/ingredients

Particle Size(
µm)

Percentage
Yield

Percentage Drug
Content(mg)

Percentage Drug
Entrapment

F1 127.3±0.31 72.20±0.15 57.34±0.2 85.68±0.41

F2 154.4±0.24 86.57±0.23 59.72±0.23 87.54±0.41

F3 172.8±0.41 78.68±0.56 62.89±0.19 88.63±0.41

F4 198.4±0.14 78.24±0.47 63.77±0.26 91.42±0.32

F5 192.5±0.46 72.47±0.31 58.24±0.22 89.41±0.21

F6 178.4±0.22 86.19±0.25 64.57±0.1 87.34±0.14

F7 182.6±0.38 84.36±0.23 63.51±0.4 83.78±0.26

F8 187.3±0.18 79.64±0.16 58.34±0.48 85.17±0.17

F9 184.3±0.29 86.94±0.12 65.39±0.5 94.14±0.36
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Discussion on Results:

The particle size was found to be in the range of
127.3±0.31 (F1) to 198.4µm±0.14 (F4).The
percentage yield of microspheres were found to be in
the range of 72.2 (F1) to 86.94 (F9)

Drug loading percentage was found to be in the range
of 57.34 (F1) to 65.39±0.5 (F9). Maximum drug

loading was shown by F9 where as miminum by F1.
Drug entrapment efficiency was found to be in the
range of 85.17±0.17 (F8) to 94.14±0.36 (F9).
Maximum drug entrapment efficiency was shown by
F9 whereas minimum percentage drug entrapment
efficiency by F8 as shown in Table 3.

In-vitro dissolution studies

Table 4. In- vitro % drug release profile of Rosuvastatin calcium microspheres (F1-F9)

Formulation
code/Paramete
r (hr)

Cumulative % Drug Release

F1(%) F2(%) F3(%) F4(%) F5(%) F6(%) F7(%) F8(%) F9(%)

In 0.1N HCl
1 hr 0 0 0 0 0 0 0 0 0
2 hr 0 0 0 0 0 0 0 0 0

In pH 6.8 Phosphate Buffer

4hr 0 0 0 0 0 0 0 0 0
6hr 0 0 0 0 0 0 0 0 0

In pH 7.2 Phosphate Buffer
8 hr 44±0.03 39±0.01 36±0.02 34±0.05 32±0.05 33±0.02 28±0.03 26±0.03 24±0.02
10 hr 56±0.05 45±0.06 43±0.01 52±0.01 44±0.04 39±0.05 44±0.01 36±0.03 33±0.04
12 hr 68±0.02 58±0.04 59±0.04 66±0.03 57±0.03 45±0.02 52±0.02 45±0.02 41±0.05
14 hr 82±0.02 63±0,02 62±0.04 77±0.01 62±0.01 63±0.04 68±0.03 53±0.04 58±0.07

16 hr 92±0.01 72±0.01 79±0.07 82±0.02 81±0.02 73±0.06 79±0.04 68±0.02 63±0.07
18hr 98±0.03 87±0.04 86±0.07 98±0.05 97±0.01 84±0.01 89±0.05 72±0.01 74±0.05
20 hr - 96±0.05 97±0.02 - - 98±0.03 97±0.01 84±0.02 83±0.04
22 hr - - - - - - 98±0.04 93±0.03
24hr - - - - - - - - 99±0.01

Fig.5 In-vitro dissolution profile of F1 to F9 formulations.
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Table 5. In vitro drug release kinetics of F1 to F9 formulations

Formulation
code

Release kinetics regression values
Zero

Order
First

Order
Korsemeyer

peppas
model

Higuchi
model

F1 0.973 0.935 0.995 0.995
F2 0.989 0.978 0.950 0.985
F3 0.983 0.974 0.946 0.949
F4 0.930 0.848 0.986 0.981
F5 0.969 0.908 0.987 0.983
F6 0.993 0.969 0.949 0.969
F7 0.917 0.797 0.984 0.982
F8 0.997 0.959 0.965 0.971
F9 0.992 0.946 0.999 0.992

Fig.6 Scanning electron microscopy of optimized formulation(F9)

Conclusion

The  microspheres of rosuvastatin calcium were
prepared by solvent evaporation method using various
grades of HPMC( K4M, K15M&K100M). From the
dissolution data it is evident that F9 formulation with
Drug and HPMC K 100M in the concentration of 1:2
gave the better sustained release for 24hrs than other
Microspheres.The kinetic data revealed that
korsemeyer peppas is the best fit model which
indicates that the mechanism of drug release of
microspheres is diffusion.
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