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Abstract

Introduction: Nimodipine is a dihydropyridine calcium channel blocker developed for the treatment of high
blood pressure. Nimodipine has a half-life of 8-9 h, the bioavailability of 13% and it has narrow absorption
window in upper part of the gastrointestinal tract (GIT), hence floating drug delivery system (FDDS) is preferred.
During the study, nimodipine encapsulated floating microspheres were formulated and characterized for
enhancing residence time of drug in GIT. Materials and Methods: Floating microspheres of nimodipine with
ethyl cellulose and Eudragit S100 were prepared by solvent evaporation method. Microspheres were characterized
for their micromeritic properties, floating behavior, entrapment efficiency, scanning electron microscopy (SEM),
X-ray diffraction, differential scanning calorimetry, and in vitro drug release. Results and Discussion: Floating
microspheres were successfully prepared by solvent evaporation method. SEM images showed that microspheres
prepared with different concentrations of polymer and emulsifier were spherical shaped with a smooth surface.
The prepared microspheres also showed good flow properties. Size of microspheres was in the range of
(90 £ 1.02)-(145 £ 1.34) um. Microspheres were capable to float for 12 h. As the polymer concentration increases
in vitro drug release was decreased. However, the release was controlled by polymer concentration for a longer
period. Conclusion: The optimized formulation showed good results for all the evaluation parameters. Hence, it
can be concluded that the developed formulation is a potential dosage form for nimodipine.
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INTRODUCTION buoyant in the stomach fluid for a prolonged period. As the

system floats in the gastric fluid, the drug is released slowly

ral route of administration is most from the system at a desired rate.['" Floating microspheres are
O widely used due to its ease of  themultiparticulate delivery system and are prepared to target
administration. The main challenges  drug to specific sites and to attain prolonged or controlled

with oral drug delivery systems are to deliver  drug delivery to enhance bioavailability. Microspheres can
drugs at therapeutically effective rate to  also offer advantages such as reduced side effects, decreased

desirable site, modulate gastrointestinal transit dosing frequency, and improved patient compliance.
time and to reduce first pass elimination. Rapid

gastrointestinal transit can prevent the effective
absorption of drug in the absorption zone and
reduce the efficacy of administered dose.["*! To
overcome this, many kinds of oral controlled
drug delivery systems with prolonged gastric
residence times have been reported such as;
floating drug dosage systems (FDDS),"!!
swelling or expanding system,!?! mucoadhesive
systems,'¥) modified shaped system, and other
delayed gastric emptying devices.

Nimodipineis a calcium channel blocker used for the treatment
of high blood pressure and it can also prevent vasospasm.
It stabilizes voltage-gated L-type calcium channels in their
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Controlled release dosage form releases drugina
predetermined pattern for a fixed period. FDDS
has lower density than gastric fluids and remain
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oating microspheres

inactive conformation and thus acts on vascular smooth
muscle cells. By inhibiting the influx of calcium in smooth
muscle cells, the drug prevents calcium dependent smooth
muscle contraction and thus vasoconstriction.!'>!¢! It has
a half-life of 8-9 h with only 13% of bioavailability and is
well absorbed in the upper part of gastrointestinal tract.!'”-!!
Hence, floating drug delivery system is preferred such that
the dosage form can release drug in a controlled manner for
a longer duration. By increasing the gastric residence time
bioavailability of the drug can be enhanced.

This study aims at formulating and evaluating nimodipine
floating microspheres with different ratios of polymers to
control the release of the drug from microspheres and to
increase the gastric residence time.

MATERIALS AND METHODS
Materials

Nimodipine was obtained from K. P. Labs, Hyderabad.
Eudragit S100, ethyl cellulose, polyvinyl alcohol (PVA), and
dichloromethane were procured from SD Fine Chemicals,
Mumbai, India.

Methods

Preparation of floating microspheres

Nimodipine microspheres were prepared by solvent
evaporation technique.??!?? Drug and polymers were mixed
in 1:1 mixture of dichloromethane and ethanol at room
temperature. The slurry was slowly introduced into 200 ml of
0.25% w/v of polyvinyl alcohol as emulsifier. The system was
stirred using mechanical stirrer for 2 h at room temperature
to evaporate solvents and subsequently stored in desiccators.
The formulations were shown in Table 1.

Characterization of floating microspheres

Micromeritic properties

The prepared nimodipine microspheres were characterized
for their angle of repose, Hausner’s ratio and compressibility
index (Carr’s index). Angle of repose of the microspheres
measures the resistance to particle flow was measured by
fixed funnel method using the following equation.?*2!

O =tan! (W/r)

Where, h is the height of the pile, r is the radius of the base of
the pile on the graph paper.
Particle size

The size of microspheres was determined using optical
microscope fitted with an ocular micrometer and stage
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micrometer (Magnus MLX-DX, Olympus, India). The
mean particle size was calculated by measuring 200-300
particles.™

Drug entrapment efficiency

Microspheres equivalent to 60 mg of nimodipine were
weighed accurately and crushed. These powdered
microspheres were placed in 10 ml methanol and kept
overnight for complete dissolution. Whattman filter paper
No. 44 was used to filter the solution. Then, the solution was
diluted with fresh solvent, and absorbance was measured
at 255nm using double beam ultraviolet (UV)-visible
spectrophotometer (UV-3200, Labindia, Mumbai, India), and
the percent drug entrapped was calculated.>2!-!

% Drug entrapment = (Calculated drug content/Theoretical
drug content) x 100

Floating efficiency (% buoyancy)

Microspheres weighing 50 mg were placed in 100 ml
of simulated gastric fluid (pH 1.2) containing Tween
20 (0.02% w/v) and stirred at 100 rpm using orbital shaker.
After 12 h, the layer of floating microspheres was separated
from settled microspheres. Both microspheres were dried and
weighed. The % buoyancy of microspheres was calculated
using the formula given below.!>?!-3!

% Buoyancy = W /(W +W)x100

Where W, is the weight of the floating microspheres and W
is the weight of the settled microspheres.

In vitro drug release

Release studies were conducted using USP-II (paddle
apparatus). Floating microspheres equivalent to 60 mg of
nimodipine were weighed accurately and placed in 900 ml
of 0.1 N HCI having Tween 20 (0.02% w/v), maintained
at 37 + 0.5°C at a rotation speed of 100 rpm. Then at
specified time intervals, 5 ml of samples were withdrawn,
filtered, diluted with same medium and assayed at
255 nm for nimodipine using double beam UV-visible
spectrophotometer  (UV-3200, Labindia, = Mumbai,
India).l>?!

Fourier transform infrared (FTIR) spectroscopy

Incompatibilities between drug and excipients of the
formulation were evaluated using FTIR. The spectra
were obtained using FTIR spectrophotometer (Bruker
Alpha-T-1020, Ettlingen, Germany). The previously
grounded samples of nimodipine, ethyl cellulose, Eudragit
S100 and optimized formulation were mixed separately with
KBr powder and were compressed into discs. The spectra
were scanned over the range of 4000-400/cm. "




Table 1: Formulation of nimodipine floating microspheres

Formulation Drug Ethyl Eudragit Ethanol Dichloro PVA (% wl/v) rpm
(mg) cellulose (mg) S$100 (mg) (ml) methane (ml)
F, 60 60 60 12.5 12.5 0.25 500
F, 60 60 60 12.5 12.5 0.5 500
F, 60 60 60 12.5 12.5 0.25 1000
F, 60 60 60 12.5 12.5 0.5 1000
F, 60 60 120 12.5 12.5 0.25 500
F, 60 60 120 12.5 12.5 0.5 500
F, 60 60 120 12.5 12.5 0.25 1000
Fy 60 60 120 12.5 12.5 0.5 1000
F, 60 60 180 12.5 12.5 0.25 500
Fio 60 60 180 12.5 12.5 0.5 500
F., 60 60 180 12.5 12.5 0.25 1000
F 60 60 180 12.5 12.5 0.5 1000

N

PVA: Polyvinyl alcohol

Surface morphology

The shape and surface characteristics of microparticles were
determined using scanning electron microscope (SEM) (JSM
5610 LV SEM, JEOL, Datum Ltd., Japan). Samples of pellets
were dusted onto a double-sided tape on an aluminum stub,
and the stub was coated with gold to a thickness of 400 A°
using cool sputter coater (Polaran E 5100). SEM images
were taken at the accelerated voltage of 15 KV and chamber
pressure of 0.6 mm Hg.[2!28

X-ray diffraction (XRD) studies

X-ray diffractograms of nimodipine and optimized formulation
were recorded with D8 advance X-ray diffractometer (Bruker
AXS D8 Advance®, Germany). The sample was irradiated with
Nickel filtered 2.2 KW Cu Anode, Dermic X-ray tube with a
sample holder, with zero background and PMMA & Lynux eye
detector. The samples were scanned at 0-70° at 20 scale.*®]

Differential scanning calorimetry (DSC)

The DSC analysis of pure drug and optimized microspheres
was carried out using Perkin Elmer, USA (Diamond DSC)
to evaluate any possible drug-polymer interaction. The
optimized formulation (5 mg) was triturated to get finely
divided powder. The powder was passed through sieve
No. 100. Each sample was placed in an aluminum pan
separately with heating and cooling rates of 10°C/min and
250°C/min, respectively. Measurements were performed
over 50-300°C under nitrogen purge at 50 ml/min.B!

Stability studies

Stability studies were conducted according to ICH guidelines
by storing the formulation at 40°C/75%+5% RH for
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3 months. After 3 months, microspheres were evaluated for
drug entrapment efficiency, floating efficiency, and in vitro
drug release.”

RESULTS AND DISCUSSION
FTIR

FTIR spectra and characteristic peaks of nimodipine,
ethyl cellulose, Eudragit S100 and optimized microsphere
formulation were obtained and were shown in Figure 1
and Table 2, respectively. FTIR spectrum of Nimodipine
showed characteristic peaks at 3126.76/cm, 2963.47/cm,
2934.11/cm, 1698.44/cm. All the characteristic peaks
of nimodipine were found in the FTIR spectrum of
the optimized microsphere formulation. With this, it
is revealed that there was no considerable interaction
between the drug and the excipients in floating
microsphere formulation.

Micromeritic properties

The angle of repose was found to be in the range of
(20.45 £ 0.89)-(26.21 + 0.82). All the formulations showed
good flow properties. Carr’s index, Hausner’s ratio were
found to be in the range of (16.54 + 0.08)-(23.76 + 0.36)
and (1.05 + 0.06)-(1.31 = 0.07), respectively. Micromeritic
properties were summarized in Table 3.

Particle size

Size of the particles was determined by using optical
microscopy. Size of the microspheres was found to be in
the range of (90 + 1.02 pm) to (145 £ 1.34 um). Size was
increased with increased polymer concentration [Table 4].
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Figure 1: Fourier transform infrared spectra of, (a) Optimized formulation, (b) nimodipine, (c) Eudragit S 100, (d) ethyl cellulose

Table 2: Characteristic peaks of nimodipine, ethyl cellulose, Eudragit S100 and nimodipine loaded floating

microspheres in FTIR spectrum

Sample Characteristic Type of vibration Wave number Characteristic wave
functional groups range (cm™) number (cm-)
Nimodipine NH N-H stretching 3297 3126.76
c=0 C=0 stretching 1699 1698.44
Ethyl cellulose OH O-H stretching 3480 3473.81
CH, C-H stretching 2974 2976.15
Eudragit S100 OH O-H stretching 3438 3257.41
c=0 C=0 stretching 1730 1730.90
Nimodipine NH N-H stretching 3297 2925.54
microspheres
c=0 C=0 stretching 1699 1698.53
OH O-H stretching 3480 3417.04
CH, C-H stretching 2974 2924.54
Cc=0 C=0 stretching 1730 1736.75

FTIR: Fourier transform infrared spectroscopy

This may be due to increase in viscosity in a fixed volume
of solvent, thus causing increase in emulsion drop size and
finally increase in size of particle. By increasing PVA
concentration, particle size was decreased because more
PVA molecules overlay the surface of droplets which will

Asian Journal of Pharmaceutics * Oct-Dec 2016 (Suppl) * 10 (4) | S631

reduce the protection of droplets against coalescence leading
to formation of smaller particles.?!] It was found that particle
size was decreased with increasing stirring speed. This is
because of the shearing forces developed at a higher speed
which leads to the breaking of particles.




Table 3: Flow properties of nimodipine floating
microspheres

Formulation Carr’s Hausner’s Angle of
index ratio repose(°)
F1 23.76+1.23 1.27+0.067 21.94+2.23
F2 18.96+4.65  1.05+0.087  20.45+2.76
F3 19.64+4.01 1.16+0.035 26.21+0.67
F4 17.85+2.25 1.22+0.454 25.75+0.85
F5 21.42+0.36  1.25+0.060 24.04+1.67
F6 19.35+1.45 1.14+0.090 23.51+0.42
F7 20.63+2.64 1.24+0.136 22.68+0.94
F8 17.62+3.12  1.24+0.360  21.82+0.71
F9 18.18+0.08 1.23+0.278 25.75+1.48
F10 22.32+1.34  1.15+0.056  26.06+0.58
F11 16.54+2.56  1.31+0.695  24.74+0.89
F12 18.43+3.65 1.23+0.453 23.52+2.34

Table 4: Particle size, entrapment efficiency

and floating efficiency of nimodipine floating
microspheres

Formulation Particle Percentage  Percentage
size (um)  entrapment floating
efficiency efficiency
F1 115+1.12 65.57+1.72 62.23+0.71
F2 98+1.02 60.69+0.91 55.45+0.88
F3 102+1.17 57.16+1.65 49.72+1.55
F4 90+0.77 53.29+1.25 43.34+1.24
F5 128+1.85 78.69+0.95 70.36+0.16
F6 115+1.99 70.82+1.58 64.65+0.85
F7 113+0.85 65.38+0.85 61.12+1.22
F8 105+1.52 60.85+1.10 54.25+1.00
F9 145+1.34 86.18+1.25 78.34+0.95
F10 130+1.43 77.39+1.00 71.38+1.27
F11 132+1.64 72.35+1.05 66.47+0.54
F12 125+1.52 67.9+1.60 61.62+1.22

Drug entrapment efficiency

Effect of polymer concentration, stirring speed and emulsifier
concentration on entrapment efficiency was studied. It was
observed that entrapment efficiency was increased with
increase in the polymer concentration. This may be due
to increase in viscosity of internal phase which reduces
migration of drug molecules without getting entrapped in oil
globules.”' However, drug loading was found to be decreased
with increase in stirring speed and emulsifier concentration.

This may be due to the formation of microspheres of smaller
size at higher speed of rotation and higher concentration of
PVA. Loss of drug from surface of smaller particles is more
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when compared to the larger particles during washing of
microspheres.?!

Floating efficiency

Microspheres showed lower densities which influence
buoyancy and they were to be retained for a longer period
in the stomach. By increasing the polymer concentration,
floating efficiency was also increased because of the
increased particle size at higher concentration of polymer.!
It was observed that the floating efficiency was decreased
by increasing PVA concentration and stirring speed as
the particle size was decreased at higher speed and higher
concentration of PVA. Results of entrapment efficiency and
floating efficiency were summarized in Table 4.

In vitro drug release

A dissolution study was done in 900 ml of 0.1 N HCI for
12 h. Release of the drug shows no burst effect in any of
the formulation indicating homogeneous drug distribution.
The microspheres retained their integrity during in vitro
dissolution studies as the acrylic polymers are insoluble in
acidic medium. It was observed that increase in polymer
concentration leads to the formation of high density polymer
matrix into the microspheres, which result in an increased
diffusion path length and consequent retardation in drug
release. However, the release was best controlled by polymer
concentration for a prolonged period. The rate of drug release
was highly influenced by the initial drug loading. It was
observed that by increasing the drug loading the rate of drug
release from microspheres was increased. This is in good
agreement with the results reported by Filipovie-Greic et al.*”!
in their work on the nifedipine loaded Chitosan microspheres
and Tefft and Friend from herbicide-loaded microspheres.=*"!
The release rate of nimodipine from smaller microspheres is
higher than from larger microspheres which may be due to the
greater surface area of smaller microspheres. In vitro release
profiles of all the formulations were shown in Figure 2.

Formulation F9 was optimized as it showed good entrapment
efficiency and good floating on simulated gastric fluid for a
longer period. It also showed good controlled release for a
prolonged period.

SEM

SEM photographs confirmed the spherical shape of the
prepared microspheres with smooth perforated surface
[Figure 3]. The formation of pores was attributed to
evaporation of alcohol from microspheres.”! It was also
observed that formation of irregular particles occurred with
increased stirring rate. High drug loaded microspheres were
not as smooth as low drug loaded microspheres as their
surface was covered with drug crystals.['®!
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Figure 3: Scanning electron microscopy images of optimized
formulation at two different magnifications

XRD studies

XRD analysis was used to assess the degree of crystallinity of
the microsphere constituents. Nimodipine showed major peaks
at 2 values of 15, 18, 22, 25, 26 which were found to be absent
in the optimized formulation [Figures 4 and 5]. Analysis of
powder XRD patterns of the optimized formulation indicated
that the degree of crystallinity of microspheres was decreased
by the addition of excipients to the formulation. A fall in degree
of crystallinity means an improvement in amorphous nature
of the formulation. Hence, from the above discussion it was
concluded that the microspheres resulted in an amorphous form
of Nimodipine, which led to improve in vitro release profile.

DSC

DSC curves of pure drug and optimized formulation were
shown in Figure 5. Pure drug exhibited a sharp endothermic
peak at around 170°C corresponding to its melting point and
infers the presence of crystalline form of the drug. However,
endothermic peaks were absent in the optimized formulation
which indicates the transformation of crystalline structure of
nimodipine into amorphous form in microspheres.
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Table 5: Stability studies for optimized formulation

Time (h) Percentage cummulative drug
release
Initial After storage at
40°C/75+5% RH
for 3 months
1 16.23+2.33 15.35+3.44
2 24.34+3.51 24.12+3.12
3 33.23+2.44 32.46+4.38
4 41.32+4.21 40.23+3.26
5 48.23+3.32 47.34+5.11
6 57.86+1.82 56.43+4.25
7 64.12+2.25 64.11+£5.12
8 71.56+3.34 70.54+2.27
9 78.34+2.11 77.58+2.78
10 83.24+2.55 83.21+1.32
11 89.45+4.26 88.45+2.32
12 96.23+4.44 95.93+4.61
Percentage floating 78.34+0.95 78.21+£1.23
ability
Percentage 86.18+1.25 85.26+1.64
encapsulation
efficiency

F2>50, *P>0.05
Stability studies

Stability studies at accelerated conditions of 40°C/75% RH
for 3 months were carried out for optimized formulation.
No significant change was observed in drug release, floating
ability and encapsulation efficiency before and after storage.
The results were depicted in Table 5.
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Figure 5: Differential scanning calorimetry thermogram of, (a) nimodipine (b) optimized formulation

CONCLUSION

Nimodipine loaded floating microspheres were successfully
formulated with various concentrations of polymers and
emulsifier. Various parameters like particle size, micromeritic
properties, floating ability, drug entrapment ability, and
in vitro drug release were carried out and performance of
the formulation was evaluated. The optimized formulation
shows good controlled release for 12 h. It also showed good
entrapment efficiency and in vitro floating efficiency. Hence,
it can be concluded that the developed formulation is a
potential dosage form for nimodipine.
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