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ABSTRACT - 

Ni fed ip ine-Po lye thy lene g l y c o l  so l  id d i s p e r s i o n s  were 

p r e p a r e d  by mel t ing  o r  fus ion method i n  o r d e r  t o  improve 

n i f e d i p i n e  s o l u b i l i t y  i n  t h e  aqueous b o d y  f l u i d s .  The d i s s o l u t i o n  

r a t e  o f  t h e  d r u g  was m a r k e d l y  increased i n  these s o l i d  

d i s p e r s i o n  systems. The increase i n  d isso lu t ion  was a funct ion 

o f  t h e  r a t i o  o f  d rug  t o  p o l y e t h y l e n e  g l y c o l  used and t h e  

molecular  we igh t  o f  p o l y e t h y l e n e  g l y c o l .  The d isso lu t ion  r a t e  

was compared w i t h  a 10% w / w  p h y s i c a l  m i x t u r e  o f  d r u g  w i t h  

p o l y e t h y l e n e  g l y c o l .  

The p h y s i c a l  s ta te  o f  n i f e d i p i n e  a f t e r  fus ion was 

determined by X-ray c r y s t a l l o g r a p h y  on t h e  p u r e  d r u g  and on 

t h e  s o l i d i f i e d  mel ts .  The X-ray d i f f r a c t i o n  s tud ies  ind ica ted  

t h a t  n i f e d i p i n e  i n  t h e  s o l i d  d i s p e r s i o n  w h i c h  was obta ined by 
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1664 SAVE AND VENKITACHALAM 

sudden cool ing o f  the  mel t ,  was i n  t h e  thermodynamica l l y  

unstable metastable form.  It was es tab l i shed t h a t  t h e  s low 

cool ing of t h e  m e l t  as w e l l  as powder ing  o f  s o l i d  d i s p e r s i o n  

r e s u l t e d  i n  t h e  emergence o f  c r y s t a l  I i n i t y  . 
The  e f f e c t  o f  aging on n i f e d i p i n e - p o l y e t h y l e n e  g l y c o l  6000 

s o l i d  d ispers ions  has been invest igated.  A f t e r  storage a t  room 

temperature f o r  s i x  months, s o l i d  d i s p e r s i o n s  showed no change 

i n  t h e  d i s s o l u t i o n  r a t e  and t h e  X-ray d i f f r a c t i o n  p a t t e r n  showed 

s l i g h t  enhancement i n  c r y s t a l l i n i t y .  

INTRODUCTION 

Sol id  d ispers ions  o f  p o o r l y  so lub le  d rugs  w i t h  w a t e r  

s o l u b l e  c a r r i e r s  increase d r u g  d i s s o l u t i o n  and b i o a v a i l a b i l i t y  . 
Po lye thy lene g l y c o l s  a c t  as i n e r t  c a r r i e r s  i n h i b i t i n g  c r y s t a l  

g r o w t h  and phase t ransformat ion along w i t h  improv ing  d i s s o l u t i o n  

r a t e  o f  d r u g  due t o  t h e i r  r a p i d l y  water  s o l u b l e  nature. 

1 

Ni fed ip ine ,  a ca lc ium channel b locker ,  used i n  c l i n i c a l  

p r a c t i c e  as an antianginal, a n t i h y p e r t e n s i v e  d r u g  shows a v e r y  

s l i g h t  water  s o l u b i l i t y  (11 mcg lml  a t  37OC i n  d i s t i l l e d  water  ) 

and e x h i b i t s  p o o r  d i s s o l u t i o n  c h a r a c t e r i s t i c s  due t o  i t s  poor  

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

2 

Because of l i m i t e d  aqueous s o : u b i l i t y  i n  t h e  b o d y  f l u i d s ,  

t h e  d isso lu t ion  r a t e  o f  t h e  d r u g  becomes t h e  absorp t ion  r a t e  

l i m i t i n g  s tep.  Therefore,  an a t tempt  has been made t o  m o d i f y  

t h e  d isso lu t ion  c h a r a c t e r i s t i c s  and t h e r e b y  improve absorp t ion  

ra te .  So l id  d i s p e r s i o n  technology methods, a l r e a d y  employed 

by a number o f  authors3 f o r  improv ing  t h e  d isso lu t ion  r a t e  

of many p o o r l y  water  s o l u b l e  d r u g s  was u t i l i z e d .  

I n  t h i s  paper ,  t h e  e f fec ts  o f  cool ing techniques and 

molecular  weight  o f  p o l y e t h y l e n e  g l y c o l  on d r u g  d i s s o l u t i o n  
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SOLID DISPERSIONS OF NIFEDIPINE 1665 

were invest igated.  The phys i ca l  nature o f  d rug  i n  the s o l i d  

d ispers ions  was s tud ied .  The s t a b i l i t y  o f  n i fed ip ine-po lye thy lene 

g l y c o l  6000 s o l i d  d ispers ion  systems was a lso s tud ied.  

EXPERIMENTAL 

Mater ia  Is 

N ifedi p ine (Un ichem Laboratories, Ind ia) ;  Polyethy lene 

g l y c o l  [PEG 4000, PEG 6000 (HICO Products, I n d i a ) ] .  

Methods 

PreDaration o f  Sol id  DisDersions 

So l id  d ispers ions  consist ing o f  n i f ed ip ine  i n  var ious  

concentrations o f  PEG were prepared using the  mel t ing o r  fusion 

method c l e a r l y  defined by Ch i0  and Ringelman . The samples 

corresponding t o  the weight  f rac t ions  o f  1, 5, 10, 15, 20 and 

2 5  p a r t s  o f  PEG f o r  one p a r t  of d rug  were prepared.  Both the  

components were mixed in  geometric p ropor t i on  and r o l l  m ixed 

f o r  ten minutes i n  a laboratory  s ize m ixe r .  The p h y s i c a l  

m ix tu res  were heated d i r e c t l y  on t h e  h o t  p la te  a t  70-80°C u n t i l  

complete ly  melted. The fused mix tu res  were s o l i d i f i e d  by 

cooling w i t h  continuous s t i r r i n g .  Two t ypes  o f  cool ing 

procedures were employed namely slow cool ing a t  room 

temperature and quenching by immersion i n  a freezing m i x t u r e  

consist ing o f  ice and sodium ch lo r i de .  The s o l i d  d ispers ions  

were then s tored f o r  2 4  hours  i n  a dess icator  containing fused 

calcium ch lo r i de .  A f te r  hardening, the s o l i d i f i e d  mel ts  were 

pu lve r i zed  and s ieved through a 100 mesh screen. Few s o l i d  

d ispers ions  were kep t  w i thout  powdering, i n  the  s lab  form, 

and h a d  dimensions o f  2cm x 2cm x 2mm. The powders and 

s labs were immediate ly  bo t t l ed  i n  amber coloured glass 

containers and s to red  a t  room temperature u n t i l  p h y s i c a l  

measurements could be  made. 

4 
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1666 SAVE AND VENKITACHALAM 

P h y s i c a l  m i x t u r e  samples containing 10% w l w  n i f e d i p i n e  

w i t h  PEG were prepared by s i m p l e  geometr ic  m i x i n g  o f  these 

t w o  p u r e  components possessing t h e  same p a r t i c l e  s ize  range 

( #  1001. 

Dissolut ion Rate Studies 

P h y s i c a l  m i x t u r e s  and s o l i d  d i s p e r s i o n s  o f  d r u g  equ iva len t  

t o  5mg n i f e d i p i n e  were fil led i n  h a r d  g e l a t i n  capsules No.4 .  

The d i s s o l u t i o n  r a t e  t e s t  on these capsules was c a r r i e d  i n  pH 

6.2 phosphate  b u f f e r  using USPXXl d i s s o l u t i o n  r a t e  t e s t  

equipment w i t h  t h e  r o t a t i n g  b a s k e t  assembly a t  100 r.p.m. 

A l iquots  o f  lOml were w i t h d r a w n  a t  5, 10, 15, 20, 30 and 45 

m i n  and t h e  d r u g  content was analysed s p e c t r o p h o t o m e t r i c a l l y  

a t  239 nm (Beckman DB model  25 spect rophotometer) .  T5,% and 

va lues were ca lcu lated.  
T90% 

Ef fec t  of PEG Molecular  Weiaht on t h e  Drua Release 

Using PEG o f  t w o  d i f f e r e n t  molecular  we igh ts  namely PEG 

4000 and PEG 6000, s o l i d  d i s p e r s i o n s  and p h y s i c a l  m i x t u r e s  

o f  n i f e d i p i n e  and PEG were p r e p a r e d  as d e s c r i b e d  p r e v i o u s l y  

and evaluated by t h e  d i s s o l u t i o n  r a t e  t e s t  t o  s tudy  t h e  e f f e c t  

o f  molecular  we igh t  o f  PEG on t h e  d i s s o l u t i o n  r a t e  .of d rug .  

X-ray D i f f r a c t i o n  Studies 

An X-ray p o w d e r  d i f f r a c t o m e t e r  ( P h i  l i p s  X-ray generator 

PW1729 and automatic X-ray d i f f r a c t o m e t e r  model PW1710 u n i t )  

was used t o  determine t h e  p h y s i c a l  nature o f  n i f e d i p i n e  i n  

t h e  s o l i d  d ispers ions .  Copper  K l i n e  f rom a sealed copper  

tube s e r v e d  as a source o f  rad ia t ion .  

Powdered samples o f  n i f e d i p i n e ,  PEG 6000 and p h y s i c a l  

m i x t u r e  (10% w l w  n i f e d i p i n e  i n  PEG 6000) were examined f o r  

comparison. 
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SOLID DISPERSIONS OF NIFEDIPINE 1667 

T h i n  L a v e r  ChromatoaraDhic Studies 

TLC s tud ies  were u t i l i z e d  f o r  t h e  detect ion o f  p o s s i b l e  

decomposi t ion and chemical  o r  p h y s i c a l  changes t h a t  m i g h t  have 

occured d u r i n g  t h e  p r e p a r a t i o n  o f  s o l i d  d ispers ions .  The p l a t e s  

were  deve loped by a s o l v e n t  sys tem o f  methanol : benzene ( 1 : 4 )  

using i o d i n e  as de tec t ing  agent. 

I .R. Ana lys is  

Perk in-Elmer i n f r a r e d  spect rophotometer  was used t o  

o b t a i n  I .R.  s p e c t r a  o f  t h e  p u r e  d r u g  and s o l i d  d ispers ions .  

Stabi  I i tv  Studies 

Powdered samples were s to red  i n  glass b o t t l e s  a t  room 

temperature f o r  s i x  months and t h e  d i s s o l u t i o n  r a t e s  o f  t h e  

s o l i d  d i s p e r s i o n s  were  determined.  The X-ray d i f f r a c t i o n  

pa t te rns  were  a l s o  inves t iga ted  d u r i n g  t h e  tests .  

RESULTS AND DISCUSSION 

Dissolut ion parameters o f  p u r e  drug n i fed ip ine ,  PEG 6000 

s o l i d  d ispers ions ,  PEG 4000 s o l i d  d ispers ions  and p h y s i c a l  

m i x t u r e s  a r e  g iven i n  table-1 and f igures  1 and 2. 

The d i s s o l u t i o n  r a t e  o f  t h e  nonwetted, mic ron ized 

n i f e d i p i n e  was v e r y  poor  and d u r i n g  45 min a maximum o f  

about 50% d r u g  was re leased (Tso% value = 47 m i n ) .  The reason 

f o r  poor  d isso lu t ion  o f  p l a i n  d rug  could be agglomeration o f  

the  p a r t i c l e s  and the  poor  w e t t a b i l i t y  o f  d rug  leading t o  p o o r  

d i s p e r s i o n  i n  the d isso lu t ion  medium. Thus, unless steps are 

taken to  assure a p p r o p r i a t e  d i s p e r s i o n  and wett ing, t h e  admin i -  

s t r a t i o n  o f  t h e  mic ron ized or f ine  p a r t i c l e  of drugs may not 

produce the  expected ef fect .  
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1668 SAVE AND VENKITACHALAM 
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FIGURE 1 

Disso lu t ion  p r o f i l e s  o f  p u r e  drug,  p h y s i c a l  m i x t u r e s  & s o l i d  
d ispers ions .  

s o l i d  d i s p e r s i o n  of  n i f e d i p i n e  w i t h  PEG 6000 (1:lO) 
-+- s o l i d  d i s p e r s i o n  o f  n i f e d i p i n e  w i t h  PEG 4000 (1:lO) 
-1(-10% p h y s i c a l  m i x t u r e  o f  n i f e d i p i n e  w i t h  PEG 6000. 
-0-100% p h y s i c a l  m i x t u r e  o f  n i f e d i p i n e  w i t h  PEG 4000. 
-0- pure  n i f e d i p i n e .  

F igure  1 compares t h e  d i s s o l u t i o n  r a t e  o f  p u r e  drug ,  

p h y s i c a l  m i x t u r e  o f  d r u g  w i t h  t h e  r e a d i l y  s o l u b l e  c a r r i e r  PEG 

6000 and s o l i d  d i s p e r s i o n  w i t h  PEG 6000. P h y s i c a l  m i x t u r e  

format ion w i t h  t h e  r e a d i l y  s o l u b l e  c a r r i e r  i m p r o v e d  t h e  

d i s s o l u t i o n  r a t e  and e x t e n t  o f  s o l u b i l i z a t i o n  o f  n i f e d i p i n e .  T h i s  

c o u l d  be  a t t r i b u t e d  t o  a p o s s i b l e  s o l u b i l i z a t i o n  e f f e c t  by t h e  
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SOLID DISPERSIONS OF NIFEDIPINE 1669 

100 
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FIGURE 2 

Disso lu t i on  p r o f i l e s  o f  t he  s o l i d  d i s p e r s i o n s  o f  n i f e d i p i n e  w i t h  
PEG 6000 in  d i f f e r e n t  p r o p o r t i o n s .  

N i f e d i p i n e  : PEG G O O 0  

+ l : l O  
+1 : 2 0  
+ 1 : 2 5  
-%-1:15 
- 1 : s  
- 1 : 1  
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1670 SAVE AND VENKITACHALAM 

c a r r i e r  operat ing i n  t h e  microenvi ronment  ( d i f f u s i o n  l a y e r )  

immediate ly  surrounding t h e  drug  p a r t i c l e  i n  the e a r l y  stage 

o f  d isso lu t ion  , as the  c a r r i e r  comple te ly  d i s s o l v e s  i n  a s h o r t  

t ime, So l id  d i s p e r s i o n  format ion f u r t h e r  improved t h e  

d isso lu t ion  r a t e  o f  d rug  as can be observed f rom Table-1. 

Exce l len t  w e t t a b i l i t y a n d  d i s p e r s i b i l i t y  o f  d r u g  f rom s o l i d  

so lut ion i n  t h e  d i s s o l u t i o n  medium, micronizat ion,  absence o f  

agglomeration and aggregation, s o l u b i l i z a t i o n  e f f e c t  b y  t h e  

c a r r i e r ,  and t ransformat ion f rom c r y s t a l l i n e  to  o t h e r  less s t a b l e  

forms may have c o n t r i b u t e d  to  t h e  enhanced d isso lu t ion  r a t e  

o f  n i f e d i p i n e  f rom the  s o l i d  d i s p e r s i o n  w i t h  PEG. 

5 

The e f f e c t  o f  nifedipine-PEG r a t i o  on t h e  release r a t e  

o f  d rug  was nex t  s tud ied.  Dissolut ion c h a r a c t e r i s t i c s  o f  

n i fed i p i  ne-PEG so I id d i spers ion systems hav ing  d i f f e r e n t  weight  

f ract ions o f  PEG such as 1, 5, 10, 15, 20 and 25 f o r  1 p a r t  

o f  d r u g  a r e  shown i n  F igure 2 and Table-1. The bes t  r e s u l t  

was obta ined w i t h  the  ( 1 : l O )  r a t i o .  The T50% v a  I ues decreased 

as the  p r o p o r t i o n  o f  PEG increased i n  t h e  s o l i d  d i s p e r s i o n  f rom 

1 t o  10 and f u r t h e r  increase i n  the  we igh t  f r a c t i o n  o f  PEG 

d i d n o t  cons iderab ly  a f f e c t  t h e  release r a t e  a l though a s l i g h t  

d e l a y  i n  t h e  d i s s o l u t i o n  was observed. It i s  p r o b a b l e  t h a t  a 

c r i t i c a l  m i x t u r e  r a t i o  e x i s t s  f o r  fastest  d i s s o l u t i o n  o f  n i f e d i p i n e  

f rom nifedipine-PEG s o l i d  d i s p e r s i o n  systems and t h i s  we igh t  

f rac t ion  i s  a p p r o x i m a t e l y  10 p a r t s  o f  PEG. When the we igh t  

r a t i o  o f  PEG decreased below 10 i.e. 1 : 1 ,  the  concentrat ion 

o f  c a r r i e r  being too smal l  was p r o b a b l y  insu f f i c ien t  t o  enhance 

d i s s o l u t i o n  t o  the  maximum ex ten t  hence, as the  p r o p o r t i o n  

o f  PEG increased, the  d isso lu t ion  r a t e  a lso increased. At 10  

p a r t s  o f  PEG maximum increase i n  d i s s o l u t i o n  r a t e  was 

observed.  Increase i n  PEG weight  f r a c t i o n  beyond 10 resu l ted  

i n  decrease i n  d i s s o l u t i o n  rate. It i s  p r o b a b l e  t h a t  the  drug  

i n  c a r r i e r  system containing 10 p a r t s  o f  PEG e x i s t e d  i n  a 

metastable fo rm a t  the  saturat ion po in t ,  the  p o i n t  a t  w h i c h  

systems e x h i b i t  maximum enhancement i n  s o l u b i  l i t y 6  ( l a t e r  
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1671 SOLID DISPERSIONS OF NIFEDIPINE 

TABLE-1 

Comparative T50%# '90% # and ' r l  values of pure ni fedipine,  

physical  mixtures and sol id dispersions of drug with both 

PEG 6000 and PEG 4000. 

Composition T50% T90% l r '  
(rnin. 1 (min. 1 

Pure Nifedipine 

10% Physical  Mixtures 

Nifedipine + PEG 4000 

Nifedipine + PEG 6000 

Solid DisDersions 

Nifedipine : PEG 6000 

1 : l  

1 : 5  

1 : 10 
1 : 15 

1 : 20 

1 : 25 

Nifedipine : PEG 4000 

1 : l  

1 : 5  
1 : 10 

1 : 15 

1 : 20 

1 : 25 

47 .oo 

19.63 

6.99 

24.39 

6.27 

6.23 
6.34 

7.88 

6.25 

18.15 

14.33 
10.64 

9.71 

13.84 

9.84 

98.92 

58.07 

20.99 

92.92 

32.05 

12.08 

13.18 

18.50 

14.09 

47.27 

40.71 
23.14 

57.73 

63.07 

80.23 

0.9978 

0.9735 

0.9989 

0.9930 

0.9875 

0.9955 

0.9890 

0.9880 

0.9939 

0.9985 

0.9957 
0.9880 

0.9968 

0.9967 

0.9955 
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1672 SAVE AND VENKITACHALAM 

confirmed by X-ray d i f f r a c t i o n  s tud ies) .  Above t h i s  saturation 

point, as the  p ropor t i on  o f  c a r r i e r  increased, the longer t ime 

requ i red  f o r  d i f f us ion  of the  drug from the  m a t r i x  p robab ly  

resul ted i n  a s l i g h t l y  decreased d isso lu t ion  rate. 

Effect o f  PEG Molecular Weight on N i fed ip ine  Release 

Table-1 also indicates the release ra te  o f  drug f rom 

n i fed i  p i  ne-PEG sol id d ispers ions  prepared by PEG hav ing  

d i f f e ren t  molecular weights. PEG-6000 showed more r a p i d  

d isso lut ion rates of n i fed ip ine  than PEG 4000. S imi la r  resu l t s  

were obtained w i t h  phys i ca l  m ix tu res  o f  n i f ed ip ine  and PEG. 

Hence so l i d  d ispers ions o f  n i f ed ip ine  w i t h  PEG 6000 were used 

i n  f u r t h e r  studies and were reta ined f o r  evaluation by X-ray 

d i f f rac t i on  to  ascertain the  nature of the  drug  in  the s o l i d  

di spers ions . 

X-rav D i f f rac t i on  Studies 

The X-ray d i f f rac t i on  pat terns of n i fed ip ine,  PEG 6000, 

phys i ca l  m ix tu re  and s o l i d  d ispers ions  are  i l l u s t r a t e d  i n  

F igure 3. 

The d i f f r a c t i o n  spect ra o f  pure n i fed ip ine  showed tha t  

the  drug was h i g h l y  c rys ta l l i ne  i n  nature as ind icated by 

numerous d i s t i n c t i v e  peaks i n  the  X-ray d i f f rac togram.  PEG 

6000 e x h i b i t e d  some c r y s t a l l i n i t y  as ind icated by the two peaks 

of h i g h  in tens i ty  and some other  peaks of lower in tens i ty .  I n  

F igure 3(c )  representing the  phys i ca l  mix ture,  the  spect ra 

possessed a l l  t he  cha rac te r i s t i c  d i f f r a c t i o n  l ines o f  PEG 6000 

and in  add i t ion  e x h i b i t e d  numerous d i s t i n c t  peaks cha rac te r i s t i c  

o f  c r y s t a l l i n e  n i fed ip ine .  Th is  revea ls  that, in  s p i t e  o f  i t s  

small  p ropor t i on  i n  the  mixture, c r y s t a l l i n e  n i fed ip ine  i s  

detectable and n i fed ip ine  appears i n  c r y s t a l l i n e  s tate i n  the  

phys i ca l  m ix tu re .  
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SOLID DISPERSIONS OF NIFEDIPINE 1673 

. 1 1 I 1 A 

40 35 30 2s 20 fS  10 
28 

FIGURE 3 
X-ray d i f f rac tograms of  

a )  p u r e  n i f e d i p i n e .  
b )  p u r e  PEG 6 0 0 0 .  
c )  10% p h y s i c a l  m i x t u r e  of n i f e d i p i n e  w i t h  PEG 6000.  
d )  1 : 1 0  s o l i d  d i s p e r s i o n  o f  n i f e d i p i n e  w i t h  PEG 6000 ( s l a b  f o r m )  
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1674 SAVE AND VENKITACHALAM 

The X-ray d i f f r a c t i o n  spec t ra  o f  f r e s h l y  p r e p a r e d  

s o l i d i f i e d  mel t  i n  the  s l a b  fo rm showed t h e  presence o f  peaks 

corresponding to  PEG 6000. The lack  o f  peaks c h a r a c t e r i s t i c  

o f  n i f e d i p i n e  in  t h i s  d i f f r a c t o g r a m  ind ica ted  t h a t  n i f e d i p i n e  

h a d  not c r y s t a l l i z e d  out i n  these s o l i d  d ispers ions  and thus 

ind ica ted  convers ion t o  a metastable form o r  ex is tance i n  u l t r a  

c r y s t a l l i n e  form. I n  t h i s  p a r t i c u l a r  case, t h e  lack  o f  

d isp lacement  o f  the  PEG 6000 peaks leads t o  the conclusion 

t h a t  an i n t e r s t i t i a l  s o l i d  so lut ion has been formed d u r i n g  

manufacturing . The X-ray d i f f r a c t i o n  pa t te rns  run  on t h e  

powdered s o l i d  d ispers ions  (F igure  4(c )  ) showed t h e  presence 

o f  peaks c h a r a c t e r i s t i c  of n i f e d i p i n e  b u t  o f  lower  i n t e n s i t y  

ind ica t ing  some amount o f  d rug  h a d  c r y s t a l l i z e d  out d u r i n g  

powdering. The ex is tence o f  s l i g h t  c r y s t a l l i n i t y  upon powder ing  

ind icates t h a t  t h e  d r u g  may be a t  the saturation p o i n t  i n  the  

metastable f o r m  a t  t h i s  concentrat ion, such t h a t  upon powder ing,  

some drug  c r y s t a l l i z e s  out. The fas te r  d i s s o l u t i o n  ra tes  f rom 

s o l i d  d ispers ions  may be a t t r i b u t e d  t o  the  fo rmat ion  o f  t h i s  

h i g h  energy metastable s ta te  o f  t h e  drug  formed due t o  the 

i n h i b i t i n g  e f f e c t  o f  PEG on d r u g  c r y s t a l l i z a t i o n  . 

7 

8 

R a p i d l y  quenched s o l i d  d i s p e r s i o n s  e x h i b i t e d  b e t t e r  

d isso lu t ion  p r o p e r t i e s  than a s l o w l y  cooled mel t .  Besides super-  

saturated systems and a much f i n e r  d i s p e r s i o n  o f  c r y s t a l l i t e  

can be obta ined by quenching. As shown i n  F igure 4(a), 

quenching o f  m e l t  h e l p e d  t o  t rans form t h e  drug  f rom s t a b l e  

c r y s t a l l i n e  to  metastable noncrys ta l l ine  form as ind ica ted  by 

t h e  absence o f  s h a r p  d i f f r a c t i o n  peaks o f  c r y s t a l l i n e  n i f e d i p i n e .  

The reappearance o f  these peaks i n  t h e  non quenched mel t  (s low 

cool ing a t  room temperature)  ind ica ted  t h a t  an i n t e r s t i t i a l  s o l i d  

so lut ion was not  formed by t h i s  procedure.  Dur ing quenching 

t h e  a b r u p t  changes i n  temperature migh t  have enabled t h e  

t ransformat ion o f  d rug  from s t a b l e  c r y s t a l l i n e  to  metastable 

form.  I n  add i t ion ,  t h e  r a p i d  changes i n  the  v i s c o s i t y  o f  PEG 

and the  i n s u f f i c i e n t  t ime f o r  c r y s t a l l i z a t i o n  due t o  t h e  r a p i d i t y  
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SOLID DISPERSIONS OF NIFEDIPINE 1675 

r .  
40 35 SO 2% ¶O 15 10 

ze 

FIGURE 4 

X-ray  d i f f rac tograms of  so l id  d ispers ions  of  n i f e d i p i n e  w i t h  
PEG 6000  (1:lO) 

a )  quenched s o l i d  d i s p e r s i o n  ( s l a b  form)  
h l  slow cooled s o l i d  d i s p e r s i o n  (s lab  form)  
c )  quenched & powdered  so l id  d i s p e r s i o n  
d )  s o l i d  d i s p e r s i o n  a f t e r  6 months a t  room tempera ture  ( s l a b  form)  
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1676 SAVE AND VENKITACHALAM 

of  the cooling process could have prevented the drug from 

c r y s t a l l i z i n g  out. 

Figure 5 shows the  d i f f r a c t i o n  pat terns o f  nifedipine-PEG 

6000 s o l i d  d ispers ions composed o f  d i f f e ren t  drug t o  PEG r a t i o s  

such as 1:1, 1 : 5 ,  l : l O ,  1:15 & 1:20. A l l  the d ispers ions  

showed the presence o f  cha rac te r i s t i c  peaks o f  PEG 6000. The 

lack  o f  peaks cha rac te r i s t i c  o f  c r y s t a l l i n e  n i fed ip ine  i n  

d ispers ions  containing 10 & more pa r t s  o f  PEG 6000 ind icated 

the  presence o f  metastable form o f  drug i n  these s o l i d  

d ispers ions.  A l l  d ispers ions containing less than 10 p a r t s  o f  

PEG 6000 f o r  1 p a r t  of n i f ed ip ine  revealed the presence o f  

n i f ed ip ine  i n  the c r y s t a l l i n e  form. The peak sharpening denoted 

an increase i n  the c r y s t a l l i n i t y  w i t h  an increase i n  n i f ed ip ine  

concentration i n  the s o l i d  d ispers ions.  

Thiaq Layer  Chromatographic Studies 

No new spots were detected in  the TLC study o f  s o l i d  

d ispers ion  o f  n i f ed ip ine  w i t h  PEG 6000. Th is  e l iminated t h e  

p o s s i b i l i t y  of chemical  complexation o f  the  drug  molecules w i t h  

the  c a r r i e r  molecules and also poss ib le  decomposition dur ing  

the  preparat ion o f  t he  s o l i d  d ispers ions by fusion. 

I .R. Analys is  

The I.R. spectrum o f  n i fed ip ine  showed sharp  peaks a t  

1690, 1527, 1496 & 1310 cm-l wh ich  were also present  i n  the  

I .R. spectrum o f  nifedipine-PEG s o l i d  d i spe rs ion  ind ica t ing  

absence o f  complex formation between n i fed ip ine  & PEG . 9 

S t a b i l i t y  Studies 

F igure  4 (d )  shows the X-ray d i f f r a c t i o n  pat terns o f  aged 

nifedipine-PEG 6000 s o l i d  d ispers ions.  A s l i g h t  increase i n  the  

n i fed ip ine  peak he igh ts  was observed wh ich  may be a t t r i b u t e d  
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I I 1 L I L 
40 35 30 25 20 1s 90 

26 

FIGURE 5 

X-ray d i f f rac tograms of s o l i d  d ispers ions  o f  n i f e d i p i n e  w i t h  
PEG 6000 i n  d i f f e r e n t  propor t ions .  

a )  1:l 
b )  1 : 5  
c )  1:lO 
d )  1 : 1 5  
e )  1 : 2 0  
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1678 SAVE AND VENKITACHALAM 

t o  an increase e i t h e r  i n  the  degree o f  c r y s t a l l i n i t y  o r  i n  the  

s ize o f  n i fed ip ine  par t ic les" .  No o ther  changes o r  displacement 

o f  peaks i n  the d i f f rac togram ind ica te  the  s t a b i l i t y  o f  s o l i d  

d ispers ion  a t  room temperature a f te r  s i x  months. No s ign i f i can t  

changes i n  d issso lu t ion  r a t e  were however  observed.  

CONCLUSION 

The mod i f i ca t ion  o f  the d isso lu t ion  behaviour  o f  n i f ed ip ine  

PEG s o l i d  d ispers ion  resul ted i n  increased drug  d isso lu t ion  

rate.  PEG 6000 showed greater  enhancement i n  the d isso lu t ion  

ra te  when compared w i t h  PEG 4000. Among the  d i f f e r e n t  

compositions s tud ied maximum enhancement in  d i sso I ution ra te  

was observed a t  1:lO (n i f ed ip ine  : PEG 6000)  when prepared 

by quenching. It i s  p robab le  t h a t  i n  t h i s  composit ion a 

metastable s o l i d  solut ion o f  t he  drug  ex i s ted  a t  saturation po in t  

wh ich  c r y s t a l l i z e d  out upon powdering. Quenching o f  the s o l i d  

d ispers ion  a lso gave be t te r  resu l ts .  

The resu l ts  of the  s t a b i l i t y  s tudy revealed t h a t  the 

enhanced d isso lu t ion  ra te  was p r i m a r i l y  due to  the  presence 

o f  the drug  i n  the h i g h  energy metastable fo rm i n  the s o l i d  

d ispers ions.  The increased w e t t a b i l i t y ,  d i s p e r s i b i l i t y ,  and 

so lub i l i za t ion  of drug by the c a r r i e r  could have also been 

con t r i bu to ry  factors .  

It was a lso observed tha t  a f te r  a storage pe r iod  o f  s i x  

months a t  room temperature, no s ign i f icant  changes appeared 

i n  d isso lu t ion  ra te  w h i l e  the  X-ray d i f f r a c t i o n  pat terns revealed 

a s l i g h t  r i s e  i n  c r y s t a l l i n i t y .  
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