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ABSTRACT 

N i f e d i p i n e  was i n c o r p o r a t e d  i n  polyacrylate-polymethacrylate 
microspheres u s i n g  t h e  s o l v e n t  e v a p o r a t i o n  process. Opt imal  
exper imen ta l  c o n d i t i o n s  were found f o r  t h e  p r o d u c t i o n  o f  l a r g e  
batches o f  n i f e d i p i r l e  microspheres based on E u d r a g i t  polymers t h e  
amount o f  which rar lged f rom 25 t o  409. It was noted t h a t  t h e  
microspheres were n c t  q u i t e  s p h e r i c a l  and some o f  them e s p e c i a l l y  
t h e  l a r g e  microspheres,  c o l l a p s e d  and l o s t  t h e i r  s p h e r i c a l  shape 
due t o  t h e  ex i s tenc t t  o f  i n t e r n a l  v o i d  volume as ev idenced by SEM 
examina t ion  o f  f r a c : t u r e d  n i f e d i p i n e  microspheres. I t  appeared 
t h a t  t h e  exper imen ta l  c o n d i t i o n s  used i n  t h e  p r e s e n t  s t u d y  
favoured  t h e  f o r m a t i o n  o f  microspheres o f  a new type. They c o u l d  
be d e f i n e d  as " f - i l m  t ype"  microspheres which c o n s i s t e d  o f  
s p h e r i c a l  m i c r o m a t r i c e s  compr i z ing  an i n t e r n a l  v o i d  space and a 
p o l y m e r i c  membrane o f  v a r i a b l e  t h i c k n e s s  where t h e  n i f e d i p i n e  was 
d i s p e r s e d  e i t h e r  i n  a m o l e c u l a r  o r  s o l i d  s t a t e  depending on t h e  
pay load ex ten t .  T i i s  was con f i rmed  by d i f f e r e n t i a l  scanning 
c a l o r i m e t r y  a n a l y s i s  and scanning e l e c t r o n  microscopy which 
d e t e c t e d  d r u g  c r y s t a l s  embedded on t h e  microsphere s u r f a c e s  a t  
h i g h  d rug  content .  

- * 
Author  f o r  correspondence: Dr .  Simon Beni t a  
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2058 BARKAI, PATHAK, AND BENITA 

INTRODUCTION 

Polyacrylate-polymethacrylate copolymers (Eudragits) are widely 
used as tablet adjuvants and coating polymers. ’ These 
polyacrylate polymers were also used for the microencapsulation of 
paracetamol, indomethacin and theophylline by means of a 
coacervation method involving phase separation from chloroform by 
a non-solvent addition technique. 2*3 Because of their various 
interesting properties, which can offer advantageous possibilities 
as oral controlled release formulations, these Eudragit polymers 
have recently received increased attention as microsphere wall 
materials. 4-8 

Nifedipine, a systemic calcium channel blocking agent, 
practically insoluble in water and light-sensitive was selected 
since the drug exhibits all the required pharmacokinetic and 
physicochemical properties which make it a good candidate to be 
incorporated in a control led release dosage form. Therefore, 
nifedipine has been incorporated in microspheres of Eudragit RS 
and RL. The polyacrylate microspheres were prepared using the 
solvent-evaporation technique previously reported . Production 
variables have been tested for the purpose of defining conditions 
for the design and production of large batches o f  these 
microspheres. 

4 

MATERIALS AND METHODS 

Nifedipine conformed to USP X X I ,  Eudragit RS and RL 
were kindly provided by Roehm Pharma GmbH (Darmstadt, Germany), 
polyvinyl alcohol (PVA), F?W of 14000 was supplied by BDH 
Laboratory (Poole, UK). 

Preparation of nifedipine microspheres on a small scale (2.5 gm 
per batch o f  microspheres) 
The exact preparation method previously reported was used . 
Various amounts o f  nifedipine (50-1200mg) were incorporated into 
a 29 mixture o f  Eudragit RS and R L  (1:l). 

4 
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ORAL CONTROLLED RELEASE OF N I F E D I P I N E .  I 2059 

Method o f  p r e p a r a t i o n  o f  l a r g e  batches o f  n i f e d i p i n e  microspheres. 

A f t e r  p r e p a r i n g  a l a r g e  number o f  batches i n  p r e l i m i n a r y  

s tud ies,  t h e  f o l l o w i n g  o p t i m a l  exper imen ta l  c o n d i t i o n s  were 

f i n a l i z e d  f o r  t h e  proc luct ion o f  n i f e d i p i n e  microspheres.  One l i t e r  

o f  wa te r  c o n t a i n i n g  0.8% PVA was p l a c e d  i n  a t h r e e  l i t r e  g l a s s  

beaker. A s o l u t i o n  compr iz ing 25 gm o f  E u d r a g i t  RS:RL m i x t u r e  

(1 : l )  and n i f e d i p i n e  (1.25 t o  12.5 gm) i n  a known amount of 

methy lene c h l o r i d e  (60-100 m l ) ,  was added t o  t h e  aqueous phase 

th rough  a separa te  funne l  ( 4  cm diameter) .  The m i x t u r e  was 

s t i r r e d  a t  a constant .  r a t e  by an He ido lph  S t i r r e r  f i t t e d  w i t h  a 

d i g i t a l  c o u n t e r  and a f o u r  b lade  i m p e l l e r  hav ing  a d iamete r  o f  15 

cm.. The a g i t a t i o n  r a t e  was v a r i e d  f rom 200 t o  750 rpm. The 

r e s u l t i n g  emuls ion wiis a g i t a t e d  a t  room temperature f o r  16 h r s  

d u r i n g  which t i m e  t h e  methylene c h l o r i d e  was evaporated. The s o l i d  

microspheres were al'lowed t o  s e t t l e  and t h e  aqueous phase t h a t  

c o n t a i n e d  t h e  polymer.ic d i s p e r s i n g  agent  was r e p l a c e d  by d i s t i l l e d  

wa te r  u s i n g  a t  l e a s t .  f i v e  washings and d e c a n t a t i o n  steps. The 

microspheres were i s o l a t e d  by f i l t r a t i o n ,  washed, e v e n t u a l l y  

s ieved  (20 mesh) and d r i e d  o v e r n i g h t  a t  37OC. I t  shou ld  be 

emphasized t h a t  t h e  e n t i r e  manu fac tu r ing  process was p r o t e c t e d  as 

much as p o s s i b l e  f rom l i g h t .  D u p l i c a t e  batches were prepared f o r  

r e p r o d u c i b i l i t y  e v a l u t l t i o n .  The f o l l o w i n g  p r e p a r a t i o n  parameters 

were v a r i e d :  t h e  volume o f  t h e  o r g a n i c  s o l v e n t  phase, r a t e  o f  

a g i t a t i o n  and n i f e d i p i n e  concen t ra t i on .  The empty E u d r a g i t  

microspheres were prepared u s i n g  i d e n t i c a l  exper imen ta l  c o n d i t i o n s  

b u t  i n  t h e  absence o f  n i f e d i p i n e .  

Microsphere e v a l  uat ior !  

N i  f e d i p i  ne c o n t e n t  

Known amount o f  n i f ed . i p ine  microspheres (20-100 mg) were d i s s o l v e d  

i n  50-100 m l  o f  c h l o r o f o r m  ( a n a l y t i c a l  grade). N i f e d i p i n e  was 

then  assayed s p e c t r o p h o t o m e t r i c a l  l y  u s i n g  a c a l i b r a t i o n  cu rve  a t  

338 nm. The d i s s o l v e d  E u d r a g i t  polymers d i d  n o t  absorb a t  t h i s  

wavelength. A c t u a l  or' measured d rug  c o n t e n t s  were u s u a l l y  l ower  

t h a n  t h e  t h e o r e t i c a l  va lues  due t o  d r u g  loss o r  p a r t i t i o n  t o  t h e  

aqueous phase d u r i n g  r i e thy lene  c h l o r i d e  evaporat ion.  
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2060 BARKAI, PATHAK, AND BENITA 

Microscopy s t u d i e s  

O p t i c a l  and scanning e l e c t r o n  microscopy were used t o  e v a l u a t e  

t h e  drug i n c o r p o r a t i o n  and s u r f a c e  shape o f  t h e  microspheres 

prepared under t h e  v a r i o u s  c o n d i t i o n s .  P a r t i c l e  s i z e  was 

determined u s i n g  a T iyoda microscope. Samples o f  microspheres 

(180-200) were d i s p e r s e d  on a s l i d e  and t h e i r  d iameter  was then 

s i z e d  u s i n g  s u i t a b l e  o b j e c t i v e s .  

De te rm ina t ion  o f  methylene c h l o r i d e  t r a c e s  

The assay was c a r r i e d  o u t  u s i n g  a Var ian  Gas Chromatograph (Model 

5000 LC) under t h e  f o l l o w i n g  exper imen ta l  c o n d i t i o n s :  t h e  oven 

i n j e c t o r  and f l ame i o n i z a t i o n  d e t e c t o r  temperatures were 125 and 

225OC r e s p e c t i v e l y .  A porapak column was used, t h e  e l u e n t  was N2 

a t  a f l o w  r a t e  o f  30ml/min and t h e  i n j e c t e d  volume 2 ul. Var ious 

concen t ra t i ons  o f  p u r i f i e d  methylene c h l o r i d e  i n  p u r i f i e d  methanol 

were i n j e c t e d  ( b o t h  s o l v e n t s  were d i s t i l l e d  t o  d i s c a r d  any 

i m p u r i t y  which m igh t  i n t e r f e r e  w i t h  t h e  s e n s i t i v e  assay). 

C a l i b r a t i o n  curves were l i n e a r  i n  t h e  range o f  50 t o  500 ppm ( t h e  

l i m i t  o f  d e t e c t i o n  was 10 ppm). The methylene c h l o r i d e  d e t e c t i o n  

i n  t h e  microspheres was performed by d i s s o l v i n g  v a r i o u s  amounts 

(20-200 mg) o f  microspheres i n  20 m l  o f  p u r i f i e d  methanol p r i o r  t o  

t h e  i n j e c t i o n .  

D i f f e r e n t i a l  scanning c a l o r i m e t r y  

D i f f e r e n t i a l  t he rma l  a n a l y s i s  ( h e a t i n g  c y c l e s  o f  90-200OC) o f  t h e  

pu re  n i f e d i p i n e ,  empty E u d r a g i t  microspheres and microspheres 

c o n t a i n i n g  v a r i o u s  amounts o f  n i f e d i p i n e  was c a r r i e d  o u t  t o  

eva lua te  t h e  i n t e r n a l  s t r u c t u r e  a f t e r  d rug  i n c o r p o r a t i o n .  T h i s  

was achieved by means o f  a M e t t l e r  TA 3000 system. 

The microspheres were a l s o  eva lua ted  f o r  t h e i r  r e l e a s e  k i n e t i c  

p r o f i l e s  and s t a b i l i t y  s t u d i e s  a t  t h r e e  temperatures.  These 

aspects w i l l  be d i scussed  i n  d e t a i l  i n  another, separate r e p o r t .  

RESULTS AND D I S C U S S I O N  

I n  t h e  process o f  b a t c h  up-grading two main t e c h n i c a l  problems 

were i d e n t i f i e d  based on research  exper ience gained d u r i n g  

p rev ious  work: 
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ORAL CONTROLLED RELEASE OF NIFEDIPINE.  I 2061 

a. 

b. The p e r i o d  o f  t i m e  a t  which methylene c h l o r i d e  shou ld  

The a g i t a t i o n  system and equipment s e l e c t i o n .  

evaporate. 

The approach u:.ed t o  r e s o l v e  t h e  v a r i o u s  t e c h n i c a l  problems 

was based on t h e  d e c i s i o n  t h a t  t h e  min imal  amount o f  microspheres 

prepared p e r  b a t c h  w i l l  be 25 gm. 

a. The a g i t a t i 3 n  system and equipment s e l e c t i o n  

It was p r e v i o u s l y  sliown t h a t  t h e  f o r m a t i o n  o f  a s t a b l e  emuls ion 

o f  methy lene c h l o r - d e  i n  wa te r  was v i t a l  f o r  t h e  success fu l  

f o r m a t i  on o f  i n d i v i  c u a l  m i  crospheres.  4 v 9  Two main f a c t o r s  p layed  

an i m p o r t a n t  r o l e  i i i  t h e  e m u l s i f i c a t i o n  o f  methylene c h l o r i d e  i n  

wa te r  and i n f l u e n c e d  t h e  microsphere s ize,  t h e  i n t e r f a c i a l  t e n s i o n  

o f  t h e  methylene c h l o r i d e  d r o p l e t s  i n  t h e  su r round ing  aqueous 

phase and t h e  force:; o f  shear w i t h i n  t h e  f l u i d  mass. The former 

tends  t o  r e s i s t  t h e  d i s t o r t i o n  of d r o p l e t  shape necessary f o r  

f r a g m e n t a t i o n  i n t o  s m a l l e r  d r o p l e t s  whereas t h e  l a t t e r  f o r c e s  a c t  

t o  d i s t o r t  and u l t i m a t e l y  d i s r u p t  t h e  d rop le ts .  The r e l a t i o n s h i p  

between these  f o r c e s  l a r g e l y  determines t h e  f i n a l  s i z e  

d i s t r i b u t i o n  o f  t h e  methylene c h l o r i d e  i n  water  emuls ion which i n  
t u r n  c o n t r o l s  t h e  f i n a l  s i z e  d i s t r i b u t i o n  o f  t h e  s o l i d  

microspheres formed. 

F i n a l l y ,  t h e  s t i r r i n g  system p r e v i o u s l y  desc r ibed  was 

s e l e c t e d  and was a b l e  t o  a g i t a t e  e f f i c i e n t l y  1L o f  P V A  aqueous 

s o l u t i o n  p roduc ing  an a x i a l  f l o w  accompanied by marked t u r b u l e n c e  

i n  t h e  immediate v i c i n i t y  o f  t h e  i m p e l l e r .  

b. The methylene c h l o r i d e  evapora t i on  process. 

I n  t h e  p r e p a r a t i o n  o f  smal l  b a t c h  p roduc t i on ,  methylene c h l o r i d e  

was a l l o w e d  t o  evapcrrate a t  room temperature.  The e n t i r e  process 

l a s t e d  f o r  75-90 I n  t h e  p r e s e n t  study, t h e  minimum volume 

of  methylene c h l o r i d e  r e q u i r e d  t o  d i s s o l v e  25 g o f  E u d r a g i t  

m i x t u r e  (RS:RL; 7 : l )  was 60 m7. T h i s  volume was d i s p e r s e d  i n  1 L 
o f  aqueous phase, however, because o f  t h e  h i g h  v i s c o s i t y  o f  t h e  

o r g a n i c  s o l u t i o n s ,  i t  was v e r y  d i f f i c u l t  t o  evaporate t h e  

methylene c h l o r i d e  w i t h i n  a few hours o f  mix ing.  Therefore,  t h e  

e m u l s i f i c a t i o n  temperature was r a i s e d  t o  40% t o  e f f e c t  t h e  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2062 B A R K A I ,  PATHAK, AND BENITA 

methylene chloride evaporation in 3 hrs. The increase in 
temperature affected the microspheres which were accompanied by a 
significant amount of Eudragit debris instead of spherical 
microspheres. This should be attributed to the alteration of the 
protective effect of PVA which was probably sensitive to 
temperature variations. It was clear that microsphere formation 
should occur at room temperature. The use of optimal and efficient 
stirring conditions a1 lowed for the evaporation of methylene 
chloride at room temperature, but more than 16 hrs were required 
to remove the organic solvent. 

PVA acted as a protective polymer by being adsorbed at the 
oil/water interface of the droplets to produce a steric barrier 
which prevented the coalescence of the droplets. Therefore PVA 

formed a stable methylene chloride in water emulsion, even when 
nifedipine was dissolved in the methylene chloride phase. However, 
nifedipine tended to moderately crystal 1 ize spontaneously in the 
aqueous phase of the emulsion or on the surface of the micro- 
spheres when solvent evaporation approached completion. This 
nifedipine crystal formation was detected even at low drug payload 
of 5% (Fig 1). Most of the free drug crystals that formed either 
floated in the water phase or were so loosely attached to the 
microspheres that they washed off during the isolation step. The 
loss of free drug crystals reduced the amount of nifedipine 
incorporated in the microspheres. Measured drug contents were 
always relatively high. Large amounts of nifedipine were not 
partitioned from the methylene chloride phase into the aqueous 
phase during the multihour fabrication process. This would 
account for the reduction in loss rate with increasing initial 
concentration of nifedipine as observed. 
Methylene chloride residual in the microspheres 
Nifedipine microspheres having a payload of either 4.6 or 31% 
(w/w) were stored at 4.20 and 37OC and were examined for methylene 
chloride residue. No methylene chloride peak could be detected (10 

ppm limit of detection) following dissolution in purified methanol 
and injection of 2 u 1 in the gas chromatograph. Identical results 
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ORAL CONTROLLED RELEASE OF NIFEDIPINE. I 2063 

FIGURE 1 
Scanning e l e c t r o n  micrograph o f  n i f e d i p i n e - l o a d e d  microspheres 
(4.7% w/w)  prepared u s i n g  1L  o f  0.8% p o l y v i n y l  a l c o h o l  s o l u t i o n ,  
25 g E u d r a g i t  m i x t u r e  RS:RL (1 : l )  i n  80 mL methy lene c h l o r i d e  
s t i r r e d  a t  400 rpm. 

were o b t a i n e d  f o r  t h e  microspheres s t o r e d  a t  v a r i o u s  temperatures 

i n d i c a t i n g  t h a t  e f f e c t i v e  removal o f  v o l a t i l e  s o l v e n t  occu r red  

f o l l o w i n g  t h e  s e p a r a t i o n  and i s o l a t i o n  process and b e f o r e  

microsphere storage. From these r e s u l t s  i t  can be concluded t h a t  

l e s s  t h a n  0.1% (v/w) methylene c h l o r i d e  i s  p r e s e n t  i n  t h e  s o l i d  

microspheres c a l c u l a t e d  on t h e  d r i e d  bas is .  

D i f f e r e n t i a l  scanning c a l o r i m e t r y  a n a l y s i s  

T h i s  a n a l y t i c a l  method c h a r a c t e r i z e s  t h e  n a t u r e  o f  t h e  d r u g  

encapsulated i n  t h e  microspheres. The p resen t  s tudy  o f  n i f e d i p i n e  

microspheres r e v e a l e d  no the rma l  event  d u r i n g  t h e  examinat ion o f  

empty rnicrospheres. However, i n  t h e  case o f  t h e  m e l t i n g  phase 

t r a n s i t i o n  o f  pu re  n i f e d i p i n e ,  a sharp endotherm was observed a t  

172-30C. co r respond ing  e x a c t l y  t o  t h e  m e l t i n g  p o i n t  o f  n i f e d i p i n e  

( F i g  2 A )  whereas no thermal  event  a t  a l l  was de tec ted  i n  t h e  

microspheres c o n t a i n i n g  4.7% ( w / w )  n i f e d i p i n e  ( F i g  2B). The 
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I I I- U I  

i L I., 
90 120 150 18090 120 150 180 110 140 170 190 

A B C 

TEMPER ATU RE 

FIGURE 2 
D i f f e r e n t i a l  thermal  c a l o r i m e t r y  a n a l y s i s  o f  pu re  n i f e d i p i n e  ( A ) ,  
E u d r a g i t  microspheres c o n t a i n i n g  4.7% n i f e d i p i n e  (B) o r  31% 
n i f e d i p i n e  (C). 

thermal  behaviour  o f  these n i f e d i p i n e  microspheres was s i m i l a r  t o  

t h a t  observed w i t h  empty E u d r a g i t  microspheres.  

It can t h e r e f o r e  be deduced f rom these r e s u l t s  t h a t  

n i f e d i p i n e  a t  t h i s  c o n c e n t r a t i o n  i n  t h e  E u d r a g i t  microspheres was 

p resen t  e i t h e r  i n  a m o l e c u l a r  d i s p e r s i o n  o r  a s o l i d  s o l u t i o n  

s tate.  

Th is  was a l s o  con f i rmed  by t h e  SEM ana lys i s .  It can be seen from 

F igs  1 and 3, t h a t  microspheres c o n t a i n i n g  up t o  5% n i f e d i p i n e  had 

very smooth surfaces. There was no evidence o f  macroscopic pores. 

Format ion o f  n i f e d i p i n e  f i n e  c r y s t a l s  seemed t o  have no e f f e c t  on 

t h e  sur face s t r u c t u r e  of t h e  n i f e d i p i n e  microspheres when t h e  drug 

payload was 4.8% (w/w). However, these microspheres d i d  n o t  

appear t o t a l l y  spher i ca l .  

The n i f e d i p i n e - l o a d e d  microspheres w i t h  a drug pay load o f  31% 

had a c l e a r  i n f l e c t i o n  a t  139.6OC which should be a t t r i b u t e d  t o  

t h e  presence o f  c r y s t a l l i n e  domains i n  t h e  microspheres ( F i g  2C). 
T h i s  peak was n o t  c l o s e  t o  t h e  m e l t i n g  p o i n t  o f  pu re  n i f e d i p i n e ,  

i n d i c a t i n g  t h a t  d u r i n g  t h e  methylene c h l o r i d e  evapora t i on  phase, 

no r e c r y s t a l l i z a t i o n  o f  pu re  n i f e d i p i n e  occu r red  w i t h i n  t h e  

microspheres, p robab ly  as a r e s u l t  o f  mo lecu la r  i n t e r a c t i o n s  

between n i f e d i p i n e  and t h e  E u d r a g i t  polymers. Nevertheless,  t h i s  
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FIGURE 3 

Scanning e l e c t r o n  micrograph of well-washed n i f e d i p i n e -  loaded 

microspheres (4.7% w / w )  a t  v a r i o u s  m a g n i f i c a t i o n s .  For  

exper imenta l  c o n d i t i o n s  see F i g  1. 

i n f l e c t i o n  p r o v i d e d  ev idence t h a t  a t  l e a s t  some o f  t h e  n i  f e d i p i n e  

e x i s t e d  i n  t h e  microsphere i n  a s o l i d  s ta te .  T h i s  ev idence i s  

c o n s i s t e n t  w i t h  t h e  SEM examinat ions,  which i n d i c a t e d  t h a t  d rug  

c r y s t a l s  were embedded on t h e  microsphere s u r f a c e s  ( F i g  4). It 

c o u l d  be noted f rom F i g  4, t h a t  t h e  microspheres were n o t  q u i t e  

s p h e r i c a l  and some o f  them, e s p e c i a l l y  t h e  l a r g e  microspheres,  

c o l l a p s e d  and l o s t  t h e i r  s p h e r i c a l  shape due t o  t h e  e x i s t e n c e  o f  

i n t e r n a l  v o i d  volume as evidenced by F i g  5, e x h i b i t i n g  t h e  

i n t e r n a l  s t r u c t u r e  o f  a f r a c t u r e d  n i f e d i p i n e  microsphere hav ing  a 

pay load o f  31%. T h i s  morpho log ica l  depress ion s t a t e s  should be 

a t t r i b u t e d  t o  t h e  method used t o  p repare  t h e  microspheres f o r  SEM 

eva lua t i on .  To v i s u a l i z e  t h e  microsphere,  i n  SEM, a g o l d  c o a t i n g  

i s  imparted. Dur ing  t h e  g o l d  c o a t i n g  process, t h e  n i f e d i p i n e  

microspheres which may comprize i n t e r n a l  v o i d  volumes may p robab ly  

become d e f l a t e d  by t h e  vacuums r e q u i r e d  t o  c a r r y  o u t  t h e  c o a t i n g  
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FIGURE 4 
Scanning e l e c t r o n  micrograph o f  n i f e d i p i n e - l o a d e d  microspheres 
(31% w/w)  a t  v a r i o u s  m a g n i f i c a t i o n s .  For  exper imenta l  c o n d i t i o n s  
see F i g  1. 

FIGURE 5 
Scanning e l e c t r o n  micrograph o f  a f r a c t u r e d  n i f e d i p i n e - l o a d e d  
microsphere (31% w/w) .  
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B 
FIGURE 6 

Scanning electron micrograph of nifedipine-loaded microspheres 
(52 w/w) ( A )  and cross-sectional view of nifedipine loaded 
microspheres (17% w/w) (B) prepared on a small laboratory scale 
not exceeding 2.5 g total microsphere amount per batch. 

process. This should account for the various wall collapses 
detected by SEM. Nevertheless, rehydration o f  the microspheres 
regenerated their spherical shape, as observed by means o f  an 
optical microscope. It is interesting to note that a microsphere 
preparation method based on solvent evaporation process did not 
produce dense micromatrices as previously reported . It should 
be emphasized that when the nifedipine microspheres were prepared 
using identical experimental conditions but on a small laboratory 
scale not exceeding 2.5 g total microsphere amount per batch, 
dense, homogeneous, spherical micromatrices with the nifedipine 
either molecularly dispersed or dissolved in the polymer were 
obtained (Figs 6 A  R R).  The batch upgrading process has 

4 
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TABLE 1 
EFFECT OF INITIAL METHYLENE CHLORIDE V I S C O S I T Y  ON THE M I F E D I P I P I E  
MICROSPHERE CONTENT 

Methyl ene ch 1 o r i  de 
phase volume ( m l )  c o n t e n t  ( X )  

Measured drug Drug l o s s  (%)a 

Batch 1 Batch 2 Batch 1 Batch 2 

60 
70 
80 

100 

8.7 7.1 4.4 22 
8.4 7.0 7.7 23 
8.5 7.9 6.6 13.2 
7.7 7.2 13.4 19 

~~ 

A l l  t h e  E u d r a g i t  microspheres (RS:RL; 1 : l )  had a t h e o r e t i c a l  
con ten t  o f  9.1% w/w n i f e d i p i n e  and were made by  t h e  evapora t ion  
process w i t h  0.8% p o l y v i n y l  a l c o h o l  as t h e  e m u l s i f i e r  a t  600 rpm. 

a J T h e o r e t i c a l  d rug  conten t  - measured drug c o n t e n t 1  x 100 
T h e o r e t i c a l  d rug  conten t  

t h e r e f o r e  l e d  t o  t h e  f o r m a t i o n  o f  n i f e d i p i n e  loaded microspheres 

w i t h  d i f f e r e n t  morphologica l  p r o p e r t i e s .  However, i n  no case cou ld  

these microspheres be d e f i n e d  as microcapsules,  s i n c e  t h e r e  i s  no 

d i s t i n c t  core  m a t e r i a l  ( n i f e d i p i n e )  which i s  enclosed i n  t h e  

membranic envelope. 

E f f e c t  o f  methylene c h l o r i d e  phase v i s c o s i t y  

The v i s c o s i t y  o f  t h e  e m u l s i f i e d  organ ic  s o l v e n t  phase was 

increased by reduc ing  t h e  volume o f  methylene c h l o r i d e  needed t o  

d i s s o l v e  25 g o f  E u d r a g i t  m i x t u r e  and 2.5 g o f  n i f e d i p i n e .  I t  

cou ld  be seen f rom t h e  r e s u l t s  r e p o r t e d  i n  Table 1, t h a t  t h e  

i n t e r b a t c h  r e p r o d u c i b i l i t y  was a f f e c t e d  by t h e  v a r i a t i o n  o f  t h e  

i n i t i a l  o rgan ic  phase v i s c o s i t y  a l though no marked d i f f e r e n c e  i n  

measured drug  payloads was observed w i t h  lower  o r g a n i c  phase 

v i s c o s i t i e s .  P a r t i c l e  s i z e  f requency p l o t  a n a l y s i s  o f  microsphere 
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w 
c! 
v) roor 

U 

P A R T I C L E  S I Z E  ~ urn x 12 

F I G U R E  7 
Cumulat ive f requency p l o t  o f  n i f e d i p i n e / E u d r a g i t  microspheres 
a f u n c t i o n  o f  methylene c h l o r i d e  s o l u t i o n  v i s c o s i t y .  

as 

batches prepared w i t h  d i f f e r e n t  volumes o f  methylene c h l o r i d e  

r e v e a l e d  a moderate i n c r e a s e  i n  p a r t i c l e  s ize,  w i t h  decreas ing 

methylene c h l o r i d e  phase volumes f rom 100 t o  70 m l  ( F i g  7). 
However, no marked d i f f e r e n c e  c o u l d  be observed between t h e  

p o p u l a t i o n s  o f  microspheres prepared u s i n g  e i t h e r  70 o r  60 m l  

methylene c h l o r i d e .  Nevertheless,  t h e r e  was a c l e a r  tendency i n  

mean measured d iameter  i nc rease  o f  t h e  microspheres w i t h  

dec reas ing  methy lene c h l o r i d e  phase volume. 289k119, 3832183, 

4 3 2 4 3 4  and 450+175 m f o r  methylene c h l o r i d e  phase volumes o f  

100, 80, 70 and 60 m l  r e s p e c t i v e l y .  The inc rease  i n  p a r t i c l e  s i z e  

should be a t t r i b u t e d  t o  t h e  i n c r e a s e  i n  t h e  methylene c h l o r i d e  

phase v i s c o s i t y  caused by t h e  d i m i n u t i o n  o f  t h e  s o l v e n t  volume 

which y i e l d e d  l a r g e r  e m u l s i f i e d  d r o p l e t s  and consequent ly  l a r g e r  

s o l i d  microspheres.  

Effect of stirrinq rate 
As expected, i n c r e a s i n g  t h e  s t i r r i n g  r a t e  decreased t h e  mean 

d iameter  o f  t h e  microspheres (Tab le  2). I t  was a l s o  observed t h a t  
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TABLE 2 
EFFECT OF S T I R R I N G  RATE ON NIFEDIP I I !E  RICROSPHERE CONTENT AND S I Z E  

S t i r r i n g  Measured d rug  Druga 
r a t e  c o n t e n t  (%) l o s s  (%) 
( rpm) 
- ~~~ ~ ~ 

Batch 1 Eatch 2 Batch 1 Batch 2 

200 6.8 6.5 25.3 28.6 
400 6.8 7.9 25.3 13.2 
600 8.5 7.9 6.6 13.2 
750 8.6 8.2 5.5 9.9 

Mean p a r t i c l e  s i z e  
m SD 

~ 

Batch 1 Batch 2 

567+302 780+304b 
4 3 6 ~ 2 0 3  463+145 
383+183 386+104 
307+107 305+151 

A 1  1 E u d r a g i t  microspheres (RS: RL; 1 : 1 ) had a t h e o r e t i c a l  c o n t e n t  
o f  9.1% w/w n i f e d i p i n e  and were prepared u s i n g  25 g o f  E u d r a g i t  
m i x t u r e  and 2.5 g o f  n i f e d i p i n e  d i s s o l v e d  i n  80 mL i n i t i a l  
methylene c h l o r i d e  volume phase. 

a as i n  Table 1 
A l a r g e  p r o p o r t i o n  o f  t h e  microspheres were elongated. 

t h e  range of p a r t i c l e  s i z e  ob ta ined  i s  c l o s e  t o  t h e  range r e q u i r e d  

f o r  a m u l t i p a r t i c u l a t e  dosage form. I t  should be noted t h a t  t h e  

w i d t h  of t h e  s i z e  d i s t r i b u t i o n  as r e f l e c t e d  b y  t h e  va lue  o f  SD d i d  

n o t  show any tendency w i t h  i n c r e a s i n g  s t i r r i n g  ra te .  Nevertheless,  

s i e v i n g  c o u l d  be performed i n  cases where a narrow range o f  

microspheres i s  needed. 

I t a l s o  appears t h a t  s t i r r i n g  r a t e  m igh t  a f f e c t  t h e  d rug  

i n c o r p o r a t i o n  e f f i c i e n c y  i n  t h e  microspheres s i n c e  l e s s  d rug  

losses were observed w i t h  i n c r e a s i n g  a g i t a t i o n  r a t e  (Table 2). 

Wi th  rega rd  t o  b a t c h  r e p r o d u c i b i l i t y ,  e i t h e r  i n  d rug  c o n t e n t  o r  

mean p a r t i c l e  s ize,  no marked d i f f e r e n c e  was observed between t h e  

two batches prepared under i d e n t i c a l  exper imenta l  c o n d i t i o n s ,  

a l t hough  some d i sc repancy  was noted i n  t h e  drug pay load o f  t h e  

microspheres prepared u s i n g  a s t i r r i n g  r a t e  o f  400 rpm. 
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TABLE 3: 
EFFECT OF INITIAL NIFEDIPINE CONCENTRATION ON MICROSPHERE DRUG 
CONTENT-' 

Ini ti a1 ni fedipine 
concentration 2 w/w 

Measured drug b 
con tent (% ) 

Drug loss (%la 

4.8 
9.1 

16.6 
23.0 
33.3 

4 .6  
7 . 4  

14.3 
18.8 
31.1 

3.5 
19.2 
14.0 
18.4 
6.6 

* Microspheres were prepared using 1 L of 0.8.2 polyvinyl alcohol 
solution, 25 g of Eudragit mixture RS:RL ( I : ? )  in 80 mL of 
methylene chloride stirred at 400 rpm. 

a - as in Table 1: mean values of duplicates. 

Effect o f  initial druq concentration 
In an attempt to increase the nifedipine content of the 
microspheres, a number of experiments with increasing amounts of 
nifedipine were performed. The data reported in Table 3 showed 
that high payloads were achieved indicating that no rejection of 
nifedipine due t a  molecular interactions with the Eudragit 
polymers occurred. With regard to drug losses, no clear tendency 
was noted since drug loss values fluctuated with initial 
nifedipine concentration variation (Table 3). 

It was also observed that increasing the nifedipine content 
in the microsphere altered the morphology of the microspheres 
(Figs 3.4).  Clear findings were noted in the extreme cases, i.e., 
drug payloads of 4-8% or 312 w/w, but no clear conclusion could be 
drawn from the SEN ohservations o f  nifedipine microspheres having 
payloads from 10% to 25% w/w (Fig 8 A and 6 ) .  In contrast to the 
low nifedipine loaded microspheres (4.8% w/w), which exhibited 
smooth surfaces, in these intermediate payloads formation o f  free 
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FIGURE 8 
Scanning electron micrograph of Eudragit microspheres containing 
14.3% nifedipine ( A )  and 18.€!% nifedipine ( B )  at various 
magnifications. For experimental conditions see Fig 1. 
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P A R T I C L E  S I Z E  , urn x 12 PARTICLE S I Z E  , urn x 12 

F I G U R E  9 
Cumulat ive f requency p l o t  o f  n i f e d i p i n e / E u d r a g i t  microspheres as a 
f u n c t i o n  o f  t h e  i n i t i a l  n i f e d i p i n e  concen t ra t i on .  Microspheres 
were prepared u s i n g  1L  o f  0.8% PVA, 259 o f  E u d r a g i t  m i x t u r e  RS:RL 
( 1 : l )  i n  80 m l  o f  methy7ene c h l o r i d e  s t i r r e d  a t  40C rpm. 

n i f e d i p i n e  c r y s t a l s  p robab ly  a f f e c t e d  t h e  s u r f a c e  s t r u c t u r e  o f  t h e  

n i f e d i p i n e  microsphere which showed r i p p l e d  and rough s u r f a c e  

( F i g  8A & B).  Nor were n i f e d i p i n e  c r y s t a l s  observed a t tached  

f i r m l y  t o  t h e  s u r f a c e  s t r u c t u r e  o f  t h e  n i f e d i p i n e  microspheres.  

Thus, t h i s  phenomenon should r a t h e r  be a t t r i b u t e d  t o  p o s s i b l e  

mo lecu la r  i n t e r a c t i o n s  between t h e  c o a t i n g  polymer and t h e  

n i f e d i p i n e  t h a t  t o  an excess of i n c o r p o r a t e d  d rug  which m i g h t  

r e s u l t  i n  r e c r y s t a l l i z a t i o n  o f  n i f e d i p i n e  w i t h i n  t h e  microspheres.  

T h i s  was f u r t h e r  suppor ted b y  t h e  l a c k  o f  any thermal  even t  

d u r i n g  t h e  d i f f e r e n t i a l  scanning c a l o r i m e t r y  a n a l y s i s  o f  t hese  

microspheres (d iscussed p r e v i o u s l y ) .  

W i th  r e s p e c t  t o  mean and p a r t i c l e  s i z e  d i s t r i b u t i o n ,  

i n c o r p o r a t i o n  o f  i n c r e a s i n g  amounts o f  n i f e d i p i n e  w i t h i n  t h e  

microspheres g r a d u a l l y  augmented t h e i r  mean d iameter  and p a r t i c l e  

s i z e  d i s t r i b u t i o n  as shown i n  F i g  9. It c o u l d  be observed t h a t  i n  
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spite of a large degree of overlap in the particle size of the 
microspheres prepared using either the low or the high initial 
drug concentration, there was a clear tendency towards 
particle size increase with increasing nifedipine concentration. A 

similar behaviour was noted in the respective calculated mean 
diameters: 397 2 92, 386 t 104 v m  for microspheres with drug 
content of 4.8 and 9.1 Z respectively, 546 & 201 and 599 5 183 p m  

for nifedipine loaded micropheres having payloads of 16.6 and 31% 

(w/w) respectivey. 

CONCLUSION 
It appeared that the experimental conditions used in the 

present study favoured the formation of microspheres of a new type 
which could be defined as "film-type" micropspheres. They 
consisted of spherical micromatrices comprising an internal void 
space and a polymeric membrane of variable thickness where the 
drug i s  dispersed either in a molecular or solid state depending 
on the payload extent. 
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