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EFFECTS OF FORMULATION VARIABLES ON NIFEDIPINE
MICROSPHERES PREPARED BY SOLVENT EVAPORATION
TECHNIQUE
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Department of Pharmacentics, Faculty of Pharmacy, Tehran University of Midical Science, Tehran, Iran

ABSTRACT o
Preparation and characterization of nifedipine microspheres using ethylcellulose as matrix poly-
mer 15 described. Nifedipine microspheres were prepared by solvent evaporation technique. The
influence of different parameters such as the effect of the concentration of internal and external
phases, the amount of drug and the rate of stirring of the medium on the size distribution of
microspheres were studied. The effect of drug/polymer ratio and mean particle size on the drug
release patlern were also evaluated. Drug release from mfedipine microspheres was studied in a
medium, which simulated the change in pH of the pathway of the microspheres from stomach to
intestine. It was found that with increase in the concentration of the internal phase, the size of
microspheres became larger. Increasing the amount of polyvinyl alcohol in the external phase
reduced the size of microspheres. Dissolution was found to be inversely related to the pH, in a
way that drug release decreased at higher pH. Drug release from microspheres with small mean
particle size was faster than those with large mesh particle size and followed Higuchi model of
kinetics,
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INTRODUCTION
The concept of using microencapsulation has received
aftention in pharmaceutical and biomedical applica-
tions, Microencapsulation technology has enormous
potential in elimination of formulation and delivery
prohlems associated with many dosage forms such as
capsules, {ablets, powders, topicals and injectables.
Microencapsulation has been cmployed lor many
reasons such as prolection of the core material (13,
reduction of gastric and other gastroinlestingl tract
irritation (23, and decrease in volalility and conversion
of a liqud 1w a pseodo-solid (3, 4), cell migro-
encapsulation (5,6}, peplide and protein delivery (7,81,
design of pulsatile drug delivery systems (9% and
controlled as well as sustained release dosage forms
{10y Mifedipine has been widely nsed as a calcium
channel blocker for treatment of hyperfension, various
angina, Ravnanld’s syndrome and other non-vascular
disgases. Since most indications of nifedipin are for
chronic disease and need long term  treatment,
development of a sustained release formulation s
desirable. Many drug carrier systems have already
been proposed for effective use in therapy and most of
them are polymeric compounds of natural or synthetic
origins. MNitedipine has been microencapsulated by using

poly acrvlate (113, gelatin {123, poly vinv] pyrolidone-
carboxy methyl celluloge and hydroxy propy] cellu-
lose-carboxy methy] cellulose (13) poly (DL-lactide-
co-glvcolide) (143, and interpenciraling network poly-
vinyl alcohel-guar gum byvdrogel (133 Ethyleellulose
has been used extensively in the formulation of oral
controlled release delivery svslems by coating small
beads (16) and in the preparation of microspheres (17}
In this investigation the use of ethylcellulose lor 1he
preparation of nifedipine was studied.  MNilediping
microspheres were prepared using emulsification/sel-
vent evaporation technique, Characterization of the
microspheres, drug loading and drug relesse, the effect
of different parameters on particle siee of micro-
spheres and the influence of the pH on drug releasc
were investigated. These evaluations charzcterized the
pattern of dmg release from the prepared micros-
spheres.

MATERIALS AND METHODS
Materials
Mifedipine was obtained from Tolidaru, Iran. Poly-
vinyl aleohol (MW 720000 Ethyleellulose (10 cps),
HCL 37%),  Methwlene  chloride.  Chloroform,
Potassium phesphate monobasic were purchased from
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berck, Germany. All materials were of general
standard grade

Methods

All experiments were carried out under subdued light
such as sodium light, 1o prevent photodegradation of
nifedipine.

Afigrospliers preparalion

Microspheres were prepared by solvent evaporalion
method, Known amounts of nifedipine and cthyl-
cellulose (ECY were dissolved in 6 mL of methylene
chloride as the internal phase. The solution was then
added dropwise to a solulion of polyvinyl alcohol
(PWAY in water, which acts as the external phase. The
mixlure was stirred by a Heidolph stireer (Germany)
constantly at a predetermined specd. The stirring was
comtinued for up o 5 hours until all methylens
chloride was evaporated and microspheres werg pro-
duced. The resulting microspheres were collected and
rinsed three nmes with excess ol water and then dried
al room temperature. Various ameunt of ethyleellulose
and different stitring rates were employved for the
preparation of micraspheres in this study,

Microsphere charaoternzalion

The marpholagy of microspheres was studied using
aptical and scanning electron microscopy (Cambridge
Fial UK) The sive distribution of microspheres was
studied by applying standard sieves with mesh sizes of
250, 300, 710 and 1000 wm,

Dwug loading wmeasurement

Kaown amount of microspheres was dissolved m 10
mL chloroform and Glicred through 045 membrane
fmillipare, USAY Nifedipine concentration of the
solution was determined spectropholometnically at 321
mmn psing calibration curve, Etlivleellulose does not
lave U absorbance at this wavelengih,

Diwig release stucdy

Drug release from microspheres was determined by
USSP KNIV method applving baskel using a six station
dissolution apparatus (Kavosh, Iran), and 40 mg of
microspheres was put in each basket. Dig release
from microspheres was determined tn 900 mL of HC
(pH 1.23 and phosphate buffer (pH 7.2 media. Drug
relense was also studied in HOD medium for 2 hours
followed by phosphate buffer for 22 hours. The
dissolution medinm was stirred at 100 rpm and
maintained @ 37+0.3°C. Samples of 3 mL were taken
at Vo 1020 2 30460 8 10 and 24 hours and
filtered through 0043 pm membranes (millipore, USA)

Mifedipine concentration of samples were determined
spectrophotometrically at 23% nm and 240.2 nm lor
acid and buffer media respectively,

RESULTS AND DISCUSSION

Different  formulations of nifedipine microspheres
were prepared in this study (table 1), The effect of
polymer (EC), drug/polymer ratio, and emulsifier
(EYA) concentrations on particle siee distribution of
microspheres  are shown in ligures 1. 2 and 3
respectively, By increasing the amount of EC in
inlernal phase, from 1530 mg to 600 mg, the mede
fraction size of microspheres increased from <230 pun
{o 300-710 pm. This could be attributed fo the increase
in the viscosity of internal phase, which consequently
reduces the diameter of microemulsion droplets. The
higher the wviscosity of the internal phases (micro-
crmulsion droplets), the prester amount o energy was
required o break the droplets into smaller particles.
Figure 2 shows that as the ratio of miedipine to
polymer (EC) changed from 1216 10 1:2 while keeping
the amount of EC constand, the maode (raction size of
microspheres increased from <250 pm to 300-T L win.
This effect seems to be as the resull of the same
argument mentioned for the effect of EC on particle
stz of microspheres. Since the amount of EC is the
same (HI0 mg). increasing the amount of dreg content,
increases the tolal (drug and polvingr) content of
internal phase and as a result bigger droplets and
bigger microspheres are formed. Figure 3 shows that
as the amount of PVA {emulsifiery increased from 400
mg to B0 mg. the mode fraction size of the
microspheres decreases from S00-710 o o =250 pm.
This effect demonstrates 1bhat the edect of PVA
concentration on particle siee is related to droplel
stabilization, Al low PVA concentration, the droplets
are poorly stabilized and tend to coalesce and (herefore
become  larger  partcles. This  effect of PVA
concentration  on particle  sive  distribwtion of
microspheres are in agreement wilh previous finding
by Arshady (19907 (18) Figure 4 shows that
comsistent with other reports by increasing the stirring
rate from 150 rpm 1o 300 rpon, the mode fraction size
ol microspheres is reduced from = 1000 wm to 500-710
LT i 14,

Figures 3 shows the SEM photograph of microspheres,
As can be seen. nifedipine microspheres prepared in
this study had smooth surface and sphesical shape.
Table 1 shows that the vield of drug leading of
microspheres was nol alfected by EC. PVA, drug
concentration and slirring rate.

Figure 6 shows the drog release from microspheres
with the same ratio of drug to polvmer content (1:3)
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Figure 1. Effect of ethylcellulose content of internal phase (mg) on particle size distribution of
microspheres prepared at stirring rate of 200 rpm and drug/polymer ratio of 1:3.
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Figure 2, Effect of drug/pelymer ratio on particle size distribution of microspheres prepared at stirring rate of
200 rpm, internal phase confaining 400 mg EC and external phase containing 400 mg PVA,
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Figure 3. Effect of PV A content of external phase (mg) on particle size distribution of microspheres prepared at
stirring rate of 200 rpm and dmg/polymer ratio of 1.4
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Figure 4. Effect of stirring rate on particle size distribution of microspheres prepared with drug/polymer ratio of
1:4, internal phase containing 500 mg EC and external phase containing 400 mg PV A,
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Figure 5. Scanning clectron microscopy phatograph of nifediping microspheres.
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Fii,rl_l re ﬁ_, Effect of par_liclc size on drug release from nifedipine microspheres with drog/polvmer ratio of
123 in acid-buffer media (2-22 by,
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Figure 7. Effect of particle size on drug release from niledipine microspheres with
drug/polvmer ratio of 1:3 and mode fration size of <2530 wm in acid, phosphate bufTer
and acid-phosphate buffer media
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Figure 8, Effect of drug/polymer ratio on drug release from nifediping microspheres with
mode (raction size of <230 pm in buffer media (2-22 h).
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Table 1. Nifedipine microspheres formulations and their mode fraction size and drug loading vield.

Code J"(g] 1:::; ])l-'ugr:g:li.ll"}mt'r Slirlrrri;i}m!w Mode s[i;:]’mctiun Drug loading yichd (%)
M1 (BTN k3 i <250} ou.1
N2 a0 400 i3 200 230-5000 DE.4
N3 430 400 1:3 200 SO0-710 98.1 |
M4 GO0 00 1.3 200 00-710 a8.2
N3 ol 30 14 200 F00-710 983
N GOg 600 14 200 S00-710 ¥7.0
W7 Gl T 14 200 2A0-300 078
ME GO0 RAD L4 200 <250 076 |
MY 400 4tn 1:16 20K <250 au.l
M0 400 400 14 200 230-300 Q9.0
NIl 400 400 1:4 200 230-5(H) 984
M12 4000 400 1.2 200 00-710 976
N3 B0 400 14 130 1000 G473
e BOG 400 14 200 7101000 LYa
Ml OO 400 14 250 S00-T10 0E.2
Ml RO 400 |4 300 A0-T10 Qo0
NIT AR 0] I 200 <250 99.1
kS 250 400 L:5 200 <250 983 |

Table 2. Correlation coefficient () and release constant (K) for Higuchi model, Zero and first order release from

microspheres -
Higuchi Zero order First arder
r K i | k P k
Releass <250 | 280- |=710|<280| 280- [=710|<250| 280 |=7i0|<zso] 2se- |am0 <280 250- |>710|<280| 280. |=7i0
mediz ; 710 Mo 710 | 70 710 | 70 |
HClpH1.2) | oBa 08y 089|127 -&78 -397|085 084 082|047 012 0OS| 081 085 081|0002 0002 00N
Phosphate 082 059 088 |-115 880 70|06 081 082 (004 003 003|075 071 073|000 0001 0000
buffer {pH
7.2
HCl- 088 08T 089|127 &F8 -307(085 084 082 (017 012 005|081 086 081|000 000 0001
Phiosphate
buffar . T

bt with differcor particle size in HCl-phosphate
buffer (2-22 ) media. This figure indicates that the
release rate ol oifedipine from smaller microspheres
with mode fraction size of <230 um is higher than
that from larger microspheres with mode fraction size
of 300-710 pm. This is due to the greater surface area
of the smaller microspheres, Figure 7 shows the drug
release from microspheres with the same ratio of drug
o polvmer content {1:3) with particle size of <230
pwim o HCL phosphate boffer and HCl-phosphate

buffer media respectively. It can be seen that drug
release from microspheres in acid  medinm 18
markedly higher than that in buffer media, This may
be atiributed to the higher solubility of nifediping at
lower pH. Figure 8 shows the relense rate of
nifedipine from microspheres of the same puarticle
size (<230 pm) but with higher drug content, in
buffer medinm is higher than those with lower dmg
conlent, Drug release from all microsphere formula-
tions, cxcept those with drog content of higher than
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30% and particle size of less than 250 pm, did ool
exceed than 80%. This observation shows that
cthyleellulose, when nsed as matrix polymer for the
preparation of microspheres, slows the drug release
dramatically, Drug release from all microsphere
preparafions confirms the Higuehi model (square rool
of 1ime) release characterislics (1able 2) which is duc
1o the fact that microspheres are matrix vpe and no
swelling or erosion of microspheres lakes place
during drug release experiments.

CONCLUSION
It can be concluded that, emulsification/solvent
evaporation technique is a reproducible and simple
method  for  the  preparation of  nifedipine
microspheres. However, the use of ethyleellulose for
the microsphere preparation has limitations, since i
delays drug release at a longer period which s
sutlable [or oral drug delivery systems. Only micro-
spheres smaller than 250 pum in size with drog content
higher than 30% (wiw) released more than 80 % of

their drug content in 24 hours.
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