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Abstract

The purpose of this study was to investigate the influence of hypolipidemic
atorvastatin calcium (ATC) floating microspheres on the LDL and HDL levels in
rabbit blood. ATC Floating microspheres were prepared via emulsion solvent
evaporation method using Eudragit S100 as a polymer. The effect of certain variables
including drug: polymer ratio, stirring rate, emulsifier concentration and internal:
external phase volume ratio on the floating microspheres formulations were
investigated. Evaluation of floating microspheres was done using particle size
analysis, percentage yield, in-vitro buoyancy, entrapment efficiency determination,
optical microscopy, in-vitro drug release studies, Thermal analysis (DSC) and Fourier
transform infrared spectroscopy (FTIR). The prepared microspheres showed a good
floating ability. The Floating microspheres formulation No (F5) revealed the highest
drug release % which was 66% after 8 h. Furthermore, F5 significantly decreased the
blood LDL and increased HDL levels in comparison to the market drug (ATOR ®)
and it succeeded in lowering the blood total cholesterol level of rabbits by 74.42%.

Key words: Atorvastatin calcium, Eudragit S100, floating microspheres, HDL, LDL
and total lipid.

Introduction
important to protect

people from most

many diseases which may end up with sudden
death syndrome (Onwe et al., 2015), it
involves abnormal elevation of lipids in the
blood stream (Nouh et al., 2019). World
widely, 4.4 million deaths occurring each year
as a result of hyperlipidemia(Chaudhari et
al., 2016). On increasing serum cholesterol
level they tend to aggregate on walls of blood
vessels resulting in atherosclerosis which lead
to many cardiac diseases ending up with death
(Shattat, 2014). In Egypt, 80% of patients
suffering from cardiovascular diseases are
originally hyperlipidemic (lbrahim et al.,
2013), so treatment of hyperlipidemia is very
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cardiovascular diseases. Many drug classes are
used for treatmen of hyperlipidemia as niacin,
statins, resins and their combinations (Zodda
et al., 2018). Atorvastatin calcium (ATC) is
the most common statin drug used for
treatment of hyperlipidemia (Khan and
Dehghan, 2011), it acts by inhibition of
HMG-CoA reductase; an enzyme which
prevents cholesterol formation by blocking the
conversion of HMG-CoA to cholesterol
precursor (mevalonic acid) (Ray and Rege,
2002). ATC possess low water solubility as a
result of its poor bioavailability (14% only)
(Khan and Dehghan, 2011) which be


mailto:zahraa_ashmawy@yahoo.com

Zagazig J. Pharm. Sci. Jun, 2022
Vol. 31, Issue 1, pp. 14- 24

increased by size reduction technique giving
rise to high surface area, resulting in
subsequent increase in ATC water solubility
and bioavailability (Ganesan et al., 2013).
Bioavailability of ATC can be also increased
by increasing its residence time in GIT via
preparation of floating microspheres. Floating
microspheres are free flowing biodegradable
powders, ideally have particle size less than
200 pum; they give sustained release effect of
the drug, decreasing dosing frequency which
leads to better patient compliance (Mishra et
al., 2018). From the above-mentioned data our
study is concerned with the formulation of
ATC in floating microspheres to increase its
residence time in Gl tract and study the effect
of this formula on total cholesterol, HDL and
LDL levels in experimental animal.

Materials and methods
Materials

Atorvastatin calcium was obtained as a
gift from Epico. Co., (Egypt). Eudragit S100
was purchased from R6hm pharma, Darmstadt
(Germany). Liquid paraffin and span 80 were
purchased from EI-Naser Pharmaceutical
Chemical Company (Egypt). Sodium Lauryl
sulphate was purchased from Al Gomhouria
Company, (Egypt). All solvents, methanol,
methylene chloride, HCL and Acetone were of
analytical grade.

Method of preparation

Floating microspheres were prepared by
emulsion solvent evaporation method using
liquid paraffin oil as a continuous phase. The
drug and polymer (in different proportions)
were weighed and dissolved into 20 ml
methylene chloride at room temperature. The
above organic phase was then added portion
wise to the liquid paraffin oil containing
different concentrations of span 80 with
vigorous agitation for 3 h. After 2h and 45
min, 30 mls of n-hexane were added to the
emulsion. Stirring was maintained until all the
organic phase was evaporated. Then
microspheres were separated by filtration,
washed with two portions of n-hexane (200
ml) each. The washed microspheres were then
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dried at room temperature overnight (Khan
and Dehghan, 2011). Eleven different
microspheres  formulas  (F1-F11)  were
prepared by changing several factors as shown
in (Table 1):

Internal:
external
phase ratio

Formul- | Drug | Eudragit | Internal External
ation (mg) | S100 phase phase volume
code (mg) volume (ml) | (ml)

Stirring | Surfafta
rate

(rpm) 80 %
100 1:5 1000 1
100 1:5 1000
100 1000
100 1300
100 1600
F6 300 | 300 100 1000

F7 300 | 300 100 1000
F8 300 | 300 50 | 1225 1000
F9 300 | 300 150 )
F10 300 | 300 15 100 14

Fl11 300 | 300 25 100 1:6.6

F1 300 | 300
F2 300 | 600 2
F3 300 | 900

F4 300 | 300
F5 300 | 300

o] ] ] | b [}
o|o|o| o O o oo o
| | b ] b

1000
1000

1000

L e TS = IS S AT T
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Table 1: Composition of different microspheres formulations
from F1-F11

Characterization of floating microsphere
Fourier transform infrared spectroscopy

FTIR  (Perkin-Elmer 1600  FTIR
spectrophotometer) was  performed to
determine any possible interaction between
ATC and Eudragit S100. About 2 mg of each
of ATC, Eudragit S 100 and F5 were mixed
separately with 200 mg KBr then compressed
into discs which were scanned at 4 mm/sec
with a resolution of 1 cm™at a range of 4000-
400 cm™,

Thermal analysis

Thermal analysis experiments  were
performed  using differential  scanning
calorimeter (DSC) (Shimadzu-DSC 50).

Samples (2 mg) were heated in hermetically
sealed aluminum pans over a temperature
range of 0-3000 °C at a constant rate of 100 °C
/ min under a nitrogen purge (30 ml/min).

Evaluation of Atrovastatin Calcium loaded
floating microspheres

Optical microscopy and Particle size analysis:

The characteristics of surface and particle
size of floating microspheres formulae were
examined with an optical microscope (Seizz
MC 63 C-Germany) (Avachat et al., 2011).

Yield of Floating microsphere

nt (span
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The percentage yield of floating
microspheres  formulae  were calculated
according to the following equation

(Samirkumar et al., 2013):

Y
Yield% = -2 x 100
Yt

Where Yp is the practical microspheres yield,
Yt is the theoretical microspheres yield.

In-vitro buoyancy

Floating microspheres (equivalent to 100
mg) were dispersed in 200 ml of 0.1 N
hydrochloric acid solution (pH 1.2) containing
sodium lauryl sulphate (1% w/v) at 37 °C. The
mixture was stirred with a paddle at 100 rpm
and after 12 h; the layer of buoyant
microspheres was pipetted and separated by
filtration. The buoyant microspheres were then
dried overnight at room temperature. Their
weight was measured and their buoyancy was
calculated by the ratio between weight of the
dispersed floating microspheres and their total
weight at the beginning of the experiment
(Mukesh et al., 2012).

Determination of Entrapment efficiency

Twenty milligrams of microspheres were
dissolved completely in 10 ml methanol by
means of a magnetic stirrer (Type MMD5,
Poland). Then 20 ml of 0.1 N HCL buffer
were added while completing stirring and
heating till solvents evaporation, filter then
complete the volume to 100 ml in a volumetric
flask with 0.1 N HCL buffer. The UV
absorbance of the sample was determined at a
wavelength of 246 nm against buffer as a
blank (Perumandla and Priya, 2014)

Percentage Drug entrapment
Actual drug content

= 100
Theoretical drug content
In-vitro drug release
Dissolution was carried out using

dissolution test apparatus USP type Il (Pharma
test, Germany) at 100 rpm at 3742 °C for 8 h.
Certain amount of microspheres equivalent to
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20 mg of the drug were placed in 900 ml 0.1 N
HCL buffer containing 1% SLS. An aliquot of
5 ml was withdrawn at different time intervals
and it was replaced by an equal amount of
freshly prepared buffer. Then it was measured
spectrophotometrically at 246 nm against
buffer as a blank (Samirkumar et al., 2013).

Hypolipidemic studies

Hypolipidemic studies focused on the
measurement of serum lipids (total cholesterol,
triglycerides, HDL and LDL) as it is the major
pharmacological effects of ATC. In-vivo
pharmacological studies were done for 3
groups (n=3 per group) of male rabbits
weighing (2 0.25 kg) each. Experimental
design and animal handling were performed
according to the guidelines of the Ethical
Committee of the Faculty of Pharmacy,
Zagazig  University  for animal use
“ECAHZU”.  Hypercholesterolemia  was
induced by oral feeding of high fat diet with
composition of (60% normal food, 20%
margarine and 20% sugar) per day for one
week in addition to oral feeding of cholesterol
suspended in sesame oil in a dose of 60 mg of
cholesterol suspended in 2ml of sesame oil for
each rabbit daily for one week. The normal
diet composition is (18% pure protein, 2.88%
pure fats, and 10.5% pure fibers). Group A
received ATC floating microspheres (F5) in
capsules in a dose of 20 mg/kg/day
(Elseweidy et al., 2014) for one week
(Ratnakar and Murthy, 1998), group B
received 20 mg/kg/day of market tablets
ATOR® and group C (controlled group)
received no treatment. After this week, blood
samples were collected from each rabbit in
each group and Serum cholesterol (TC) was
determined according to (Meiattini et al.,
1978), using diagnostic kits provided from
Spinreact Kkits, Spain. Serum TGS was
determined according to (Fossati and
Prencipe, 1982), wusing diagnostic Kits
provided from Spin react, Spain. HDL-C
(high density lipoprotein) was measured
according to (Grove, 1979), procedures using
commercial kit provided by Spin react, Co.,
Spain and LDL (low density lipoprotein)
Serum LDL-C was determined according to
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the following formula (Friedewald et al.,
1972).

LDL-C (mg/dl) = TC — [HDL-C + TAG/5]

Where, TAG did not exceed 400 mg/dl.
Values of TC, TGS, HDL and LDL pre-
cholesterol administration, after cholesterol
administration and after treatment of rabbits in
each group were compared.

Statistical analysis

All the means were presented with their
standard deviation (mean+ standard deviation,
SD). Two-way ANOVA test was used to
analyze the results statistically. p value <0.05
was considered significant.

Results and discussion

Characterization of ATC-loaded floating
microspheres:

Particle size analysis

Table 2 shows that, increasing drug to
polymer ratio from 1:1 to 1:3 led to an
increase in the microspheres particle size from
330 to 606 um respectively. The increasing in
particle size is due to increasing the viscosity
of the solution leading to formation of larger
droplets giving rise to larger microspheres
particles (Patel and Patel, 2014). On
increasing the stirring rate from 1000 to 1600
rpm the particle size of microspheres was
decreased from 330 to 150 pum respectively, SO
the particle size was decreased with increasing
stirring rate. This result is agreement with
Demir et al., 2014. On increasing the
surfactant (span 80) concentration from 0.5 to
1.5% the particle size was decreased from 500
to 310 um respectively (Wadher et al., 2013).
On the other hand, increasing the internal:
external phase volume ratio from 1: 2.5 to 1:4
to 1:5 to 1: 6.6 to 1:7.5 resulted in a decrease
in floating microspheres particle size from
425, 400, 330, and 320 to 300 um respectively.
These findings may be explained on the basis
of change in the viscosity of the emulsion
formed during processing. Increased viscosity
of the emulsion by alternation of
aqueous/organic phase ratio resulted in high
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viscous resistance against the shear force
during the forming of nanodroplets
(Quintanar et al., 1996). These results could
be explained by the fact that when the internal
phase ratio increase, the shearing action of the
mixer probably decreases resulting in
formation of larger emulsion droplets and
thereby creating relatively larger microspheres
(Abd El-Bary et al., 2012). Additionally, the
mean distances between the droplets could be
decreased with increasing the internal phase

ratio.
coalescence

Consequently,
between

the
the

chances
droplets

of
are

increased, leading to aggregation of the

prepared microspheres (Dinarvand et al.,

2004).

" [ Formulat | Particle size | Yield % Duration of | Floating % | EE %
-ion code | (um) Buoyancy
F1 330+3.12um 75.00x£22 14 h 10 min 75+0.94 71.15=0.77
F2 565+2. 11um | 88.60+1.88 | 8 h 27 min 40+£5.67 55.80=0.54
F3 606=1.87um 99.40=0.77 | 8 h 26 min 40+2.99 55.60+0.12
F4 225+£2.95um 80.40=289 | 15h 15 min 89+3.0 73.27+1.23
F5 150+1.45um 60.80=587 | 15h 15 min 89+2.5 75.00=1.87
F6 500+3.76um 85.00=3.24 | 15h 10 min 88=x1.5 75.00=1.45
F7 310+2.98um 65.00=2.63 | 12h 20 min 6427 63.63=0.33
FS8 425+3.66um 89.80=102 | 12h 25 min 65+1.22 65.00=0.12
F9 300+2.58um 65.00=248 | 18 h 13 min 95+2.5 89.00=1.98
F10 400+1.87um 8535362 | 13h 18 min 69=19 69.90=1.23
F11 320+ 2.22um | 69.00=1.68 | 15h 8 min 87=1.0 85.00£2.22

Table 2: Particle size,

yield %, duration of buoyancy, floating
% and entrapment efficiency of floating microspheres of ATC

Optical microscopy

The surface of the microspheres was
microscope;
microspheres were spherical in shape with

smooth surface, Fig. 1.

evaluated by

optical

e sl et

the

Fig 1: Photomicrograph of floating microspheres using
magnification power 400. a) F6, b) F5, c) F11, d) F10, e) F3,

f) F1 & g) F6.
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Fourier transform infrared spectroscopy

FTIR were performed to investigate the
possible type of interaction between ATC and
ES100 as shown in the Fig. 2. The results
showed that the characteristic shoulders of
ATC were traced as follows: 3360 and 3365
cm™ (N-H stretching), 3406 cm™ (O-H), 3057
cm™ (c=c),1315 and 1216 cm™ (C-OH), 1433
cm?® (C-C), 1216 cm? (C-0), 1650 cm-1
(C=0), 3057 cm*(C-H Aromatic), 2923 and
2967 cm™ (C-H Aliphatic) and 694 cm™ (para-
flourophenyl). The acidic
O-H group of ES100 appearing at 3451 cm™
was shifted in microspheres to 3421 cm™ due
to formation of hydrogen bonds with O-H
group of atorvastatin calcium which appeared
at 3406 cm™. An intermolecular hydrogen
bond was formed between NH of ATC which
appeared at 3260 cm® and 3365 cm?, and
C=0 group of acid in ES100 and both groups
disappeared. Aliphatic hydrogen in ATC
appeared at 2923 cm? and 2967 cm?, and
aliphatic hydrogen of ES100 appeared at 2952
cm™ and 2997 cm™ while aliphatic hydrogen
in microspheres appeared at 2949 cm™. C-OH
group of ES100, which appeared at 1264 cm™,
appeared in microsphere at 1246 cm™. C-C
which appeared in ATC at 1433 cm? and
appeared in ES100 at 1447 cm™ and 1481 cm
appeared in microsphere at 1439 cm™. C-O,
which appeared in ATC at 1216 cm™ and
appeared in ES100 at 1191 cm disappeared in
microspheres. C=C of ATC appeared in
microsphere at 1560 cm-1 and 1597 cm™®. C=0
of ester group of ES100 appeared in
microspheres at 1729 cm™. C=0 of amide
group of ATC appeared in microspheres at
1646 cm™. So intermolecular hydrogen bonds
were formed between the drug and ES100
indicating formation of microspheres.
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Fig 2: FTIR spectrum of (A) ATC,
Microspheres.

Differential scanning calorimetry

(B) ES100, (C)

By heating the microspheres over a
temperature range of 0-400°C it didn't melt,
indicating that its melting point was higher
than 400°C, this is due to the formation of a
sphere from polymer (ES100) around the drug
(ATO), The endothermic peak of
ATC appearing at 154.37°C corresponding to

its  melting  point  was disappeared in
microspheres  which indicate  complete
entrapment of ATC inside the

microspheres, Fig. 3.

154.37C

Heat flow
)
O

100 200

Temp °C
Fig 3: DSC Spectrum of (A) ATC,
Microspheres.

50

(B) ES100, (C)
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Percent Yield of Floating microsphere

Increasing the drug: polymer ratio from 1:1
to 1:3 resulted in an increase in the
microspheres yield % from 75 to 99.4,
respectively, this may be due to the increase in
throughput of the polymer slurry and rapid
evaporation of the solvent (Shah et al., 2011).
Increasing the stirring speed from 1000 to
1600 rpm led to a marked decrease from 80.4
to 60.8, this is attributed to the adherence of
the polymer to the paddle by the turbulence
created within the external phase leading to a
reduction in the yield% (Abdallah et al.,
2012). As the span 80 concentration increased
from 0.5 to 1.5% the yield% was decreased
from 85 to 65 respectively (Wadher et al.,
2014). Increasing the internal: external phase
volume ratio from 1: 2.5, 1:4, 1.5, 1:6.6 to
1:7.5, the yield % was decreased from 89,
85.35, 75, 69 to 65 respectively (Tyagi and
Kori, 2014), this can be attributed to the fact
that larger volumes of continuous phase
resulted in less collisions between emulsion
droplets and fine droplets of emulsion, giving
rise to small and uniform microspheres
(Saravanan et al., 2003).

In-vitro buoyancy

As shown in table 2, It was found that the
buoyancy and floating % of microspheres was
affected by the preparation variables, both
were increased by increasing stirring rate,
internal: external phase volume ratio and
decreased by increasing drug to polymer ratio
and surfactant concentration (EI Nahas and
Hosny., 2011).

Determination of Entrapment efficiency

Table 2 shows the effects of different
factors on the entrapment efficiency of ATC
microspheres. The entrapment efficiency was
increased from 71.15, 73.27 to 75 with
increasing the stirring rate from 1000, 1300 to
1600 rpm respectively, increased from 65,
71.15 to 89 with increasing the external phase
volume from 50, 100 to 150 ml respectively
and increased from 62.9, 71.15 to 85 with
increasing the internal phase volume from 15,
20 to 25 ml respectively, while on increasing

19

ISSN 1110-5089
ISSN (on-line) 2356_9786

the drug to polymer ratio from 1:1,1:2 to 1:3
the entrapment efficiency was decreased from
71.15, 55.6 to 55.8%.

In-vitro drug release

Fig. 4 shows the cumulative % drug
released from different formulations after 8 h.
It was found that, F5 (prepared at stirring rate
of 1600 rpm) had the highest % drug released
(66 %) after 8 hours, because higher stirring
rate produce smaller microspheres of faster
drug release %. Increasing drug to polymer
ratio from 1:1 to 1:3 (F1-F3), the % drug
released decreased from 50.18 to 25.00 %,
respectively, this was attributed to that, the
increasing in the drug to polymer ratio led to
increase in particle size. This could be ascribed
to the increase in viscosity of the medium with
increasing polymer concentration resulting in
enhanced interfacial tension and diminishing
shearing efficiency which resulted in
formation of larger particles of slower drug
release (Najmuddin et al., 2010; Punitha et
al., 2010). Increasing the stirring rate from
1000 to 1600 rpm resulted in a marked
increase in the % drug released from 50.18 to
66, respectively, because increasing the
mixing speed generally resulted in decreased
microsphere mean size (Tiwari and Verma,
2011). Increasing span 80 concentration from
0.5 to 1.5 % led to an increase in the % drug
released from microsphere from 40.5 to 58,
respectively due to stabilization of small
droplets ~ which  resulted in  smaller
microspheres with faster drug release (Dhakar
et al., 2010). On increasing the internal:
external phase volume ratio from 1: 2.5, 1:4,
1.5, 1: 6.6 to 1:7.5, the % drug released was
increased from 48.29, 49, 50.18, 59 to 60.6
respectively, as a result of the porosity
decrease occurred with increasing
aqueous/organic  phase ratio, so lower
aqueous/organic phase ratio is needed to
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obtain more porous nanoparticles with faster
release rates (Choi et al., 2002).

Fig. 4: In vitro release studies of different floating
microsphere formulas from F1-F11.

Hypolipidemic effect

microspheres

of ATC floating

The ability of ATC floating microspheres
to decrease the blood total cholesterol level
(TC), the blood triglycerides level (TGS) and
the blood LDL level of rabbits was (74.42 %,
66% and 92.51%), its effect was significantly
higher than market drug ATOR ® (56%, 19.11
% and 74.32%) at (P<0.01) (Fig. 5). The
ability of floating microspheres to increase the
blood HDL level of rabbits was (11.94%), it
was significantly higher than market drug
ATOR ® (4.8) at (P<0.001). In case of control
group there was no significant difference after
placebo treatment for all data. Similar findings
were reported by Husseiny et al., 2018 who
investigated that floating microsphere loaded
Meclizine HCL as anti-vomiting drug might
represent an alternative oral dosage forms via
decreasing the frequency of dosing, enhancing
the compliance of patient and, more
importantly, increasing the therapeutic
efficacy of the drug during pregnancy.

The oral route of drug administration
represents one of the most convenient and
attractive routes for the drug administration
because of the ease of administration.
Therefore, the formulation of oral drug
delivery systems that maintain higher drug
absorption is of great importance to enhance
drug pharmacological efficiency. In this study,
floating microsphere was used as a carrier for
the controlled and/or sustained release of
ATC. Therefore, these results indicate that
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ATC floating microspheres may be a
promising technique for effective treatment of
hyperlipidemia.
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Fig 5: Statistical analysis of blood levels of a) Total
cholesterol, b) Triglycerides, c) LDL & d) HDL.

Conclusion

The present study investigated the possibility
of enhancement of oral hypolipidemic effect of
atorvastatin  calcium via formulation of
floating microspheres. F5 gave the highest %
drug released (66%) after 8 h. The floating
microspheres were able to decrease the rabbit's
blood TC, TGS and LDL levels by 74.42%,
66% and 92.51% respectively and to increase
the HDL level by 11.94% which is more
effective than the market drug ATOR®.
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