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PHYSICOCHEMICAL PROPERTIES OF I N D O M E T H A C I N  A N D  
R E L A T E D  COMPOUNDS CO-SPRAY D R I E D  WITH POLYVI14YL- 

PYRROLIDONE. 

0 . 1 .  C o r r i g a n ,  E . M .  H o l o h a n  a n d  M . R .  R e i l l y .  
D e p a r t m e n t  o f  P h a r r n a c e u t i c s ,  S c h o o l  o f  P h a r m a c y ,  
T r i n i t y  C o l l e g e ,  1 8  S h r e w s b u r y  R o a d ,  D u b l i n  4 ,  

I r e l a n d .  

A B  S T R A C T  

T h e  s p r a y  d r y i n g  o f  i n d o m e t h a c i n  p r o d u c e d  a 

v i . s c o u s  l i q u i d  p h a s e  w h i c h  t h e n  s o l i d i f i e d  t o  a n  

a m o r p h o u s  g l a s s y  s o l i d  m a s s ,  T h i s  a m o r p h o u s  

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

s t o r a g e  t o  c r y s t a l l i n e  i n d o m e t h a c i n  f o r m s  I1 a n d  

I .  Co - s p r a y  d r y i n g  i n d o m e t h a c i n  w i t h  u p  t o  2 0 %  

PVP a l s o  g a v e  a f u s e d  a m o r p h o u s  s o l i d .  A p p a r e n t  

s o l u b i l i t y  a n d  d i s s o l u t i o n  s t u d i e s  i l l u s t r a t e d  

t h e  h i g h e r  e n e r g y  o f  i n d o m e t h a c i n  i n  t h e s e  s y s t e m s ,  

T h e  p r e s e n c e  o f  PVP i n  t h e  s o l i d  r e t a r d e d  c o n v e r -  

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

t h e  e f f e c t  i n c r e a s i n g  w i t h  i n c r e a s i n g  PVP c o n t e n t .  

S c a n n i n g  e l e c t r o n  m i c r o s c o p y  r e v e a l e d  t h e  g r o w t h ,  

w i t h  t i m e ,  o f  n e e d l e - l i k e  w h i s k e r s  o n  t h e  s u r f a c e  

o f  t h e  a m o r p h o u s  p r o d u c t s ,  C o - s p r a y  d r y i n g  i n d o -  
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678 CORRIGAN, HOLOHAN, AND REILLY 

methacin with more than 2 0 %  PVP resulted firstly 

in products composed of a fused network o f  spheric- 

al particles, then partially coalesced spheres 

and ultimately, above 25% PVP, in individual 

agglomerated microspherical particles. The spray 

drying of either naproxen, ketoprofen or ibupro- 

fen did not result in the formation o f  an amorphous 

glassy solid, Co-spray drying with PVP led to re- 

duced crystallinity; the size o f  the melting 

endotherm decreased with increasing PVP content 

and became absent at 50% PVP. A s  the PVP percent- 

age increased a microspherical product also devel- 

oped, but at PVP levels greater than that observed 

for indomethacin. 

INTRODUCTION 

Spray drying is increasingly used in the pro- 

duction of pharmaceutical products and this pro- 

cess can alter biopharmaceutically relevant drug 
1 properties , Previously we investigated the phy- 

sicochemical properties of a number of spray 

dried thiazide These compounds had 

melting points in the range 200 - 34OoC and, on 
spray drying from ethanolic solution, gave m i c r o -  

spherical amorphous glassy particles of varying 

physical stability with higher activities than the 

normal crystalline drug forms . Both these pro- 3 
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SPRAY DRYING OF INDOMETHACIN 679 

perties, namely small particle size and higher 

activity, offer potential biopharmaceutical ad- 

vantage. We have exte nded these investigations 

t o  other drug groups including a number of non- 

steroidal ’anti-inflammatory agents of low melting 

point ( M . P . )  i.e. indomethacin (158-162 C) naproxen 

( 1 5 6 O C )  , ketoprofen (94.5OC) and ibuprofen (75- 

77.5OC). Indomethacin is known to exist in a 

number of polymorphic states and also in an amor- 

phous form4 which has a significantly higher s o l u -  

bility than the crystalline phases , The amorph- 

o u s  form is, however, unstable, being converted 

to crystalline form I and I1 . The dissolution 

kinetics of i n d o m e t h a c i n - p o l y v i n y l p y r r o l i d o n e  

coprecipitates have also been investigated . 
Recently the stabilization of amorphous indomethacin 

formed in i n d o m e t h a c i n - p o l y v i n y l p o l y p y r r o l i d o n e  (1:3) 

systems was reported . Solid dispersion systems of indo- 
methacin and polyethylene glycol (PEG) have also been 

examined and drug dissolution rate related to its 

degree of crystallinity in the sample”. Solid dispersions 

of ketoprofen have also been investigated and the freeze 

dried ketoprofen:PVP (1:2) system reported to contain 

amorphous drug”. In contrast, ketoprofen:urea solid 

dispersions had the characteristics of a simple eutectic 

mixturel2. In this communication, the physicochemical 
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680 CORRIGAN, HOLOHAN, AND REILLY 

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

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

p r e s e n c e  a n d  a b s e n c e  o f  PVP, a r e  r e p o r t e d ,  

MATERIALS A N D  M E T H O D S  

P r e p a r a t i o n  o f  S p r a y  D r i e d  S a m p l e s  

M a t e r i a l s  t o  be  s p r a y  d r i e d  w e r e  d i s s o l v e d  i n  a l c o h o l i c  

s o l v e n t .  T h e  s o l u t i o n  was d r i e d  u s i n g  a B u c h i  M i n i s p r a y  

1 9 0  s p r a y  d r i e r ,  a s  p r e v i o u s l y  d e s c r i b e d  . 
I n d o m e t h a c i n ,  n a p r o x e n ,  k e t o p r o f e n  a n d  i b u p r o f e n  

of  B . P .  g r a d e  w e r e  u s e d  w i t h o u t  f u r t h e r  p u r i f i c -  

a t i o n ,  PVP ( p l a s d o n e  c-15)  o f  a p p r o x i m a t e  m o l e -  

c u l a r  w e i g h t  10 ,000  was  u s e d ,  

X - r a y  D i f f r a c t i o n  a n d  I n f r a - r e d  A n a l y s i s  

2 

X-ray  d i f f r a c t i o n  p a t t e r n s  w e r e  o b t a i n e d  o n  

p o w d e r  s a m p l e s  u s i n g  n i c k e l  f i l t e r e d  c o p p e r  r a d i a -  

t i o n .  B o t h  t h e  K B r  d i s c  a n d  N u j o l  m u l l  m e t h o d s  

w e r e  u s e d  f o r  i n f r a - r e d  a n a l y s i s .  

D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t r y  (DSC) 

S a m p l e s ,  2 - 4 mg, w e r e  e x a m i n e d  u s i n g  a 

P e r k i n  E l m e r  M o d e l  D S C  1 B  i n s t r u m e n t  a t  a s c a n n i n g  

s p e e d  o f  16' ra in  . 
M i c r o s  c o p y  

-1 

P h o t o m i c r o g r a p h s  o f  s p r a y  d r i e d  p a r t i c l e s  

w e r e  o b t a i n e d  u s i n g  a J e o l  J S M - T 2 0 0  S c a n n i n g  

E l e c t r o n  M i c r o s c o p e  (SEM) a n d  a 3 i t a c h i  S - 5 3 0  SEM.  
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SPRAY DRYING OF INDOMETHACIN 68 1 

S o l u b i l i t y  a n d  D i s s o l u t i o n  R a t e  

S o l u b i l i t i e s  a n d  a p p a r e n t  s o l u b i l i t i e s  i n  

p h o s p h a t e  b u f f e r  pH 6 . 6  w e r e  d e t e r m i n e d  b y  t h e  

m o d i f i e d  m e t h o d  o f  S h e f t e r  a n d  H i g u c h i 1 3  a s  p r e v i -  

o u s l y  d e s c r i b e d  . A p p a r e n t  ' s o l u b i l i t i e s  o f  m e t a -  

s t a b l e  s y s t e m s  w e r e  a l s o  d e t e r m i n e d  i n  m e d i a  c o n -  

t a i n i n g  1% PVP i n  o r d e r  t o  i n h i b i t  t r a n s f o r m a t i o n  

o f  t h e  m e t a s t a b l e  p h a s e .  

2 

D i s s o l u t i o n  p r o f i l e s  w e r e  d e t e r m i n e d  f r o m  

c o m p r e s s e d  d i s c s  o f  d r u g  m o u n t e d  i n  p a r a f f i n  w a x  

1 4  a s  p r e v i o u s l y  d e s c r i b e d  , D r u g  i n  s o l u t i o n  was 

a s s a y e d  b y  U V  s p e c t r o s c o p y .  

T h i n  L a y e r  C h r o m a t o g r a p h y  

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

s y s t e m s  w e r e  e a c h  s p o t t e d  o n  0 . 3  mm s i l i c a  g e l  

6 0  GF 2 5 4  p l a t e s ,  P l a t e s  w e r e  d e v e l o p e d  w i t h  

m e t h a n o l - s t r o n g  a m m o n i a  s o l u t i o n  1 0 0 : 1 . 5 ,  a i r  d r i e d  

a n d  v i s u a l i z e d  u n d e r  U V  l i g h t .  

RESULTS A N D  DISCUSSION 

I n d o m e t h a c i n  

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

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

t h e  c y c l o n e  s e p a r a t o r  a b o v e  t h e  c o l l e c t i n g  v e s s e l ,  

w h i c h  t h e n  s o l i d i f i e d  t o  g i v e  a g l a s s y  a m o r p h o u s  

f o r m  o f  d r u g .  S p r a y  d r i e d  s y s t e m s  c o n t a i n i n g  
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682 CORRIGAN, HOLOHAN, AND REILLY 

i n d o m e t h a c i n  w e r e  s l i g h t l y  y e l l o w  i n  c o l o u r .  

H o w e v e r ,  o n l y  o n e  s p o t  w a s  d e t e c t e d  b y  T L C ,  t h e  

s p r a y  d r i e d  m a t e r i a l  h a v i n g  t h e  s a m e  R v a l u e  a s  

p u r e  i n d o m e t h a c i n .  B o t h  s a m p l e s  w e r e  e q u i v a l e n t  

o n  U.V. a s s a y  i n d i c a t i n g  i n s i g n i f i c a n t  d e c o m p o s i t i o n  

o n  s p r a y  d r y i n g .  X-ray  d i f f r a c t i o n  ( F i g .  1)  a n d  

D S C  ( F i g .  2 )  s c a n s  o f  i n d o m e t h a c i n  c o n f i r m e d  t h e  

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

i t  a p p e a r s  t h a t  t h e  l i q u i d  d r o p l e t s  o f  d r u g  f o r m e d  

f 

d u r i n g  t h e  s p r a y  d r y i n g  p r o c e s s  h a v e  i n s u f f i c i e n t  

t i m e  t o  s o l i d i f y  a n d  c o a l e s c e d o n  c o n t a c t  i n  t h e  

c y c l o n e  s e p a r a t o r ,  T h e  p r o d u c t ,  a l t h o u g h  a m o r p h o u s ,  

was i n  s h a r p  c o n t r a s t  t o  t h e  m i c r o s p h e r i c a l  a m o r -  

p h o u s  p a r t i c l e s  w h i c h  w e r e  r e c o v e r e d  f r o m  t h e  

c o l l e c t i n g  v e s s e l  o n  s p r a y  d r y i n g  t h e  h i g h  m e l t i n g  

p o i n t  t ' h i a z i d e  d i u r e t i c s  . 3 

A m o r p h o u s  i n d o m e t h a c i n  d e v e l o p e d  c r y s t a l l i n i t y  

w i t h i n  a w e e k ,  D S C  p r o f i l e s  o f  f r e s h l y  s p r a y  d r i e d  

i n d o m e t h a c i n  ( F i g .  2 )  h a d  t h r e e  p e a k s ,  a n  e x o t h e r m ,  

c o r r e s p o n d i n g  t o  r e v e r s i o n  o f  t h e  a m o r p h o u s  p h a s e  

t o  f o r m  11, a f i r s t  e n d o t h e r m  s u g g e s t i n g  c o n v e r s i o n  

o f  f o r m  I1 t o  f o r m  I a n d  a s e c o n d  e n d o t h e r m  

i n d i c a t i n g  m e l t i n g  o f  f o r m  I .  On s t o r a g e  t h e  s i z e  

o f  t h e  e x o t h e r m  a n d  of  t h e  f o r m  I1 e n d o t h e r m  

d e c r e a s e d ,  X - r a y  d i f f r a c t i o n  s c a n s  o f  a s a m p l e  

i n  t r a n s i t i o n  s h o w e d  t r a c e s  o f  p e a k s  o f  b o t h  f o r m  
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SPRAY DRYING OF INDOMETHACIN 683 

LO 15 20 25 

20 degrees 

F I G U R E  1 
X-ray  d i f f r a c t o g r a m s  o f  i n d o m e t h a c i n  s y s t e m s ,  I, 
c r y s t a l l i n e  d r u g  ( f o r m  I); 11, s p r a y  d r i e d  d r u g ;  
111, d r u g  s p r a y  d r i e d  w i t h  10% PVP a n d  IV, d r u g  s p r a y  
d r i e d  w i t h  5 %  PVP a n d  s t o r e d  f o r  two m o n t h s .  

11 a n d  f o r m  I. T h e r e f o r e  i t  i s  n o t  c l e a r  w h e t h e r  

c o n v e r s i o n  o f  t h e  a m o r p h o u s  p h a s e  t o  f o r m  I o c c u r s  

d i r e c t l y  o r  v i a  f o r m  11. D S C  t h e r m o g r a m s  o b t a i n e d  

on  s p r a y  d r i e d  s a m p l e s  a f t e r  o n e  y e a r ' s  s t o r a g e  a t  

room t e m p e r a t u r e  s t i l l  r e v e a l e d  t r a c e s  o f  f o r m  11. 

1 n d o m e t h a c i n : P V P  S p r a y  D r i e d  S y s t e m s  

S a m p l e s  p r e p a r e d  b y  c o - s p r a y  d r y i n g  i n d o m e t h -  

a c i n  a n d  PVP f r o m  e t h a n o l i c  s o l u t i o n s  w e r e  a l s o  

a m o r p h o u s ,  The  h i g h  a c t i v i t y  o f  t h e s e  a m o r p h o u s  

s y s t e m s  was  c o n f i r m e d  b y  d y n a m i c  s o l u b i l i t y  a n d  

i n t r i n s i c  d i s s o l u t i o n  r a t e  e x p e r i m e n t s .  T h e  s o l -  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



684 CORRIGAN, HOLOHAN, AND REILLY 

t 

U 
0 
‘cl 
c 
a, 

I 

40 80 1 2 0  160 

Temperature (Co) 

FIGURE 2 

D S C  scans of I, indomethacin (form I); 11, spray 
dried indomethacin and 111, indomethacin spray dried 
with 5% PVP (freshly prepared). 

ubility profile for the amorphous system containing 

1% PVP is compared to that of crystalline (form I) 

in F i g .  3 .  The amorphous system containing 1% 

PVP had a peak indomethacin solubility approximately 

five times that of form I. The inclusion of P V P  

in the solubility medium to retard crystallization, 

increased the solubility of both crystalline and 

amorphous drug indicating soluble complex formation 

between indomethacin and P V P  in solution. Co-spray 
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SPRAY DRYING OF INDOMETHACIN 685 

30 60 90 
b 

30 60 90 
T h  (mins.) 

F I G U R E  3 

Solubility profiles for indomethacin systems. Key:. 
indomethacin (non spray dried), o spray dried sample 
(indomethacin:PVP 99:1), 0 indomethacin (non spray 
dried) in dissolution medium containing 1% PVP and@ 
spray dried sample (1ndomethacin:PVP 99:l) in 
dissolution medium containing 1% PVP. 

drying indomethacin with higher percentages of PVP 

gave products with even higher apparent peak sol- 

ubility. However these systems were physically 

less stable, rapidly crystallizing from solution 

even in media containing 1% PVP. 

Fig. 4 shows the dissolution profiles of an 

indomethacin:PVP (10% PVP) co-spray dried system, the 

corresponding crystalline drug:PVP physical mixture 

and pure indomethacin (form I) obtained using 

constant surface area discs. The release rate from 
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68 6 CORRIGAN, HOLOHAN, AND R E I L L Y  

F I G U R E  4 

D i s s o l u t i o n  p r o f i l e s  o f  c o n s t a n t  s u r f a c e  a r e a  d i s c s .  
Key 0 i n d o m e t h a c i n  s p r a y  d r i e d  w i t h  10% PVP,A p h y s i c a l  
m i x t u r e  c o n t a i n i n g  10% PVP a n d  c r y s t a l l i n e  
i n d o m e  t h a c  i n .  

t h e  a m o r p h o u s  p h a s e  w a s  o v e r  t w e n t y  t i m e s  t h a t  

o b s e r v e d  f o r  c r y s t a l l i n e  f o r m  I .  

T h e  p h y s i c a l  s t a b i l i t y  o f  i n d o m e t h a c i n  a s  a n  

a m o r p h o u s  p h a s e  i m p r o v e d  w h e n  t h e  d r u g  w a s  c o - s p r a y  

d r i e d  w i t h  PVP, t h e  e f f e c t  i n c r e a s i n g  a s  t h e  p r o p o r -  

t i o n  o f  PVP i n  t h e  s o l i d  i n c r e a s e d .  A s  l i t t l e  a s  

1% P V P  r e t a r d e d  t h e  c o n v e r s i o n  t o  c r y s t a l l i n e  i n d o -  

m e t h a c i n .  Some c o n v e r s i o n  t o  t h e  c r y s t a l l i n e  p h a s e  

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

t h e  s y s t e m  c o n t a i n i n g  1% PVP. F u r t h e r m o r e ,  w h e n  

c r y s t a l l i z a t i o n  o c c u r r e d  i n  PVP c o n t a i n i n g  s y s t e m s ,  

f o r m  I was  n o t  t h e  d o m i n a n t  p h a s e  a s  c a n  b e  s e e n  f r o m  

t h e  X - r a y  d i f f r a c t i o n  p a t t e r n  f o r  a 2 m o n t h - o l d  

s y s t e m  s p r a y  d r i e d  t o  c o n t a i n  i n d o m e t h a c i n  w i t h  5% 
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SPRAY DRYING OF INDOMETHACIN 687 

PVP ( F i g .  1). S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  o f  t h e s e  

s y s t e m s  r e v e a l e d  t h e  g r o w t h  o f  w h i s k e r - l i k e ,  n e e d l e -  

s h a p e d  p r o j e c t i o n s  on  t h e  s o l i d  a m o r p h o u s  g l a s s y  

p h a s e  s u r f a c e  ( F i g .  5 ) .  T h e s e  w h i s k e r s ,  w h i c h  

a p p e a r e d  t o  d e v e l o p  l e s s  r a p i d l y  a s  t h e  p r o p o r t i o n  

o f  PVP c o - s p r a y  d r i e d  w i t h  t h e  d r u g  i n c r e a s e d ,  b e c a m e  

m o r e  n u m e r o u s  w i t h  t i m e .  T h e  g r o w t h  o f  n e e d l e -  

s h a p e d  c r y s t a l s  i n  i n d o m e t h a c i n  s y s t e m s  h a s  b e e n  

r e p o r t e d  t o  b e  c o m m e n s u r a t e  w i t h  f o r m  I1 i n d o m e t h a c i n  4 , 9  , 

S u r p r i s i n g l y ,  e v e n  when s u b s t a n t i a l  s u r f a c e  w h i s k e r  

g r o w t h  was e v i d e n t  f r o m  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  

i n  t h e  1 0 %  PVP s y s t e m ,  t h e  s a m p l e  a p p e a r e d  a m o r p h o u s  

by t h e  X - r a y  d i f f r a c t i o n  m e t h o d .  W h i l e  t h e  d e v e l o p -  

m e n t  o f  h a ’ i r l i k e  or w h i s k e r - l i k e  g r o w t h s  h a s  l o n g  b e e n  

knofgn i n  i n o r g a n i c  s y s t e m i j  i t  a p p e a r s  t o  b e  l e s s  

common i n  o r g a n i c  s y s t e m s  s y s t e m s .  I n  t h e  p h a r m a -  

c e u t i c a l  a r e a ,  w h i s k e r  g r o w t h  o n  t h e  s u r f a c e  o f  

e t h e n z a m i d e  a n d  c a f f e i n e  a n h y d r i d e  t a b l e t s  h a s  b e e n  

r e p o r t e d  . T e c h n o l o g i c a l  i n t e r e s t  i n  w h i s k e r s  h a s  

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

p o t e n t i a l  u s e  in h i g h  s t r e n g t h ,  l i g h t  w e i g h t  w h i s k e r  

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

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

e x p l o r e d  . 

1 6  

I n  a d d i t i o n  t o  i m p r o v i n g  t h e  s t a b i l i t y  o f  t h e  

a m o r p h o u s  p r o d u c t ,  c o - s p r a y  d r y i n g  w i t h  PVP a l s o  
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688 CORRIGAN, HOLOHAN, AND REILLY 

F I G U R E  5 

S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  o f  i n d o m e t h a c i n  s p r a y  
d r i e d  w i t h  5% P V P .  A : b a r s  r e p r e s e n t s  1 0 0 0  pm, 
B : b a r s  r e p r e s e n t s  1 . 0  pm. 
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SPRAY DRYING OF INDOMETHACIN 

FIGURE 6 

689 

S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  o f  i n d o m e t h a c i n  s a m p l e s  
s p r a y  d r i e d  w i t h  PVP. 

A a n d  B : 2 0 %  PVP, b a r s  r e p r e s e n t  10 urn 
C : 3 3 1 1 3  % P V P ,  b a r s  r e p r e s e n t  10 pm 
D : 3 3 l / 3  % P V P ,  b a r s  r e p r e s e n t  1.0 pm 

d r a m a t i c a l l y  a l t e r e d  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  

s p r a y  d r i e d  m a t e r i a l .  1 n d o m e t h a c i n : P V P  s p r a y -  

d r i e d  s y s t e m s  c o n t a i n i n g  u p  t o  2 0 %  PVP w e r e  

p h y s i c a l l y  s i m i l a r  t o  p u r e  s p r a y - d r i e d  a m o r p h o u s  

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

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

o f ' p r o d u c t  i n  t h e  c y c l o n e  s e p a r a t o r .  When t h e  
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690 CORRIGAN, HOLOHAN, AND REILLY 

Figure  6 (Continued) 

p r o p o r t i o n  o f  PVP c o - s p r a y  d r i e d  w i t h  i n d o m e t h a c i n  

was  f u r t h e r  i n c r e a s e d ,  i . e .  i n  t h e  r a n g e  2 0 - 3 5 % ,  

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

o c c u r r e d .  A t  t h e s e  h i g h e r  P V P  p e r c e n t a g e s ,  a p o w d e r  

f o r m e d  i n  t h e  c o l l e c t i n g  v e s s e l  w h i c h  p r o v e d  u n d e r  

S EM t o  b e  a g g l o m e r a t e d  m i c r o s p h e r i c a l  a m o r p h o u s  

p a r t i c l e s  ( F i g .  6 ) .  A t  i n t e r m e d i a t e  PVP p e r c e n t a g e s ,  

t h e  t r a n s i t i o n  f r o m  a n  a m o r p h o u s  s l a b  t o  a m o r e  

o p e n  n e t w o r k  o f  p a r t i a l l y  c o a l e s c e d  s p h e r e s  w a s  
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Figure 6 (Continued) 
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692 CORRIGAN, HOLOHAN, AND REILLY 

evident. The growth o f  needle-like whiskers was 

not evident in systems containing 2 5 %  or more of PVP. 

Naproxen 

A crystalline product wag formed on spray- 

drying naproxen in ethanolic solution. Crystallinity 

was confirmed by both X-ray diffraction and D.S.C. 

methods. Co-spray drying this drug with increasing 

amounts of PVP resulted in a decrease in crystallinity. 

No endothermic peak was evident in the thermogram at 

4 0 %  PVP. X-ray diffraction peak intensities also de- 

creased with increasing PVP content, only a trace of 

the major peak being detectable at 40% PVP. However 

scanning electron microscopy of naproxen:PVP spray 

dried samples revealed the presence of surface crystals 

of drug even in systems containing up to 60% PVP, the 

formation o f  true amorphous microspherical particles 

only occurring in systems containing as much as 7 0 %  

PVP (Fig. 7). 

Although naproxen has a similar melting point to 

indomethacin, it has a much smaller molecular weight. 

We have previously observed that lower molecular weight 

compounds less readily form an amorphous phase. 

Ketoprofen and Ibuprofen 

3 

The products produced o n  spray drying either 

ketoprofen or ibuprofen were highly viscous trans- 

parent liquids. In contrast to indomethacin and 
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F I G U R E  7 
S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  of n a p r o x e n  spray dried 
with PYP. 

A : 4 0 %  PVP m a g n i f i c a t i o n s  x 130 and x 650 
B : 75% P V P  m a g n i f i c a t i o n s  x 1,040 an d  x 5,200 
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694 CORRIGAN, HOLOHAN, AND REILLY 

n a p r o x e n  b o t h  k e t o p r o f e n  a n d  i b u p r o f e n  h a v e  m e l t i n g  

p o i n t s  b e l o w  100°C. C o - s p r a y  d r y i n g  k e t o p r o f e n  o r  

i b u p r o f e n  w i t h  s u f f i c i e n t  PVP g a v e  a m o r p h o u s  s o l i d  

p r o d u c t s .  An a g l o m e r a t e d  p o w d e r  was f o r m e d  a t  50% PVP 

w i t h  k e t o p r o f e n ,  w h i l e  i b u p r o f e n  s y s t e m s  o f  s i m i l a r  

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

7 5 %  PVP b o t h  d r u g s  g a v e  p r o d u c t s  w h i c h  were 

m i c r o s p h e r i c a l  on  SEM e x a m i n a t i o n .  
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