
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, l l ( 4 )  , 891-900 (1985) 

DISSOLUTION AND UNIFORMITY PROPERTIES OF ORDERED M I X E S  OF 

MICRONIZED GRISEOFULVIN AND A DIRECTLY COMPRESS1 BLE E X C I  P I E N T  

J.W. MCGINITY, Ch i -Tze KU, R.  BODMEIER, and M.R. H A R R I S  

Drug Dynamics I n s t i t u t e ,  C o l l e g e  o f  Pharmacy, 

U n i v e r s i t y  o f  Texas a t  A u s t i n ,  A u s t i n ,  TX 78712 

ABSTRACT 

Ordered mixes o f  m i c r o n i z e d  g r i s e o f u l v i n  were p repared  w i t h  a 

c o m m e r c i a l l y  a v a i l  a b l e  d i r e c t l y  c o m p r e s s i b l e  e x c i p i e n t .  The 

e x c i p i e n t  c o n s i s t e d  o f  a c o m b i n a t i o n  o f  m a l t o s e  and d e x t r o s e  and a 

p a r t i c l e  s i z e  f r a c t i o n  o f  a p p r o x i m a t e l y  2 5 0 - 8 5 0 ~  was employed i n  

t h e  m i x i n g  s t u d i e s .  Ordered mixes  c o n t a i n i n g  0.25%, 0.5%, and 1% 

a c t i v e  i n g r e d i e n t  were p repared  and a f t e r  t h i r t y  m inu tes  o f  

m i x i n g ,  e x c e l l e n t  c o n t e n t  u n i f o r m i t y  o f  t h e  mixes  was seen. Rap id  

d i s s o l u t i o n  o f  d r u g  f rom t h e  sugar  g r a n u l e s  was observed when t h e  

d r u g  coa ted  g r a n u l e s  were t e s t e d  u s i n g  t h e  U.S.P. Padd le  Method. 

The o rde red  m i x i n g  p rocess  p r o v i d e d  an even c o a t  o f  t h e  m i c r o n i z e d  

d r u g  on to  t h e  g ranu les .  As t h e  g r a n u l e s  d i s s o l v e d ,  p a r t i c l e -  

p a r t i c l e  i n t e r a c t i o n s  and a g g r e g a t i o n  prob lems w i t h  t h e  

hydrophob ic  d rug  were e l i m i n a t e d .  

t a b l e t s  p repared  f rom these  o rde red  mixes  were e v a l u a t e d  and t h e  

The p r o p e r t i e s  o f  g r i s e o f u l v i n  
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892 MC GINITY ET AL. 

t a b l e t s  showed e x c e l l e n t  c o n t e n t  u n i f o r m i t y  and r a p i d  d i s s o l u t i o n  

o f  g r i s e o f u l v i n  f rom t h e  dosage form. 

INTRODUCTION 

The s low r a t e s  o f  d i s s o l u t i o n  f o r  p o o r l y  s o l u b l e  and 

hyd rophob ic  d rugs  can be i nc reased  by p r e c i p i t a t i n g  t h e  d rugs  o n t o  

t h e  s u r f a c e s  o f  i n s o l u b l e  powders. Recent r e p o r t s  i n  t h e  

pharmaceu t i ca l  1 i t e r a t u r e  have d i scussed  t h e  a p p l i c a t i o n s  o f  

magnesium aluminum s i l i c a t e '  '2 and fumed s i l i c o n  

t h i s  purpose. M i c r o n i z a t i o n  has been employed t o  improve  t h e  

d i s s o l u t i o n  r a t e  o f  hyd rophob ic  d rugs .  However, t h e  r e s u l t a n t  

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

wet  and t h i s  may r e s u l t  i n  s low  d i s s o l u t i o n  r a t e s .  

d rugs  t h a t  occupy one p e r c e n t  o r  l e s s  o f  t h e  s o l i d  dosage form, 

t h e  added prob lem o f  c o n t e n t  u n i f o r m i t y  i n  t h e  dosage fo rm must be 

cons ide red .  

f o r  

Fo r  p o t e n t  

The purpose o f  t h e  p r e s e n t  s t u d y  was t o  p repare  and t o  

i n v e s t i g a t e  t h e  p r o p e r t i e s  o f  o rde red  mixes o f  a m i c r o n i z e d  

hyd rophob ic  d r u g  and a c o m m e r c i a l l y  a v a i l a b l e  d i r e c t l y  

compress ib le  e x c i p i e n t  (Emdex, Edward Mende l l  Co., Carmel, New 

York).  

t h e  d i s s o l u t i o n  p r o p e r t i e s  o f  d r u g - e x c i p i e n t  mixes i n  b o t h  

g r a n u l e s  and t a b l e t s .  Ordered mixes  a r e  expec ted  t o  r e s u l t  f rom 

an adherence o f  f i n e  p a r t i c l e s  o f  one c o n s t i t u e n t  t o  c o n s i d e r a b l y  

more coa rse  p a r t i c l e s  o f  a second c o n ~ t i t u e n t . ~  

r e s u l t s  e i t h e r  f rom i n h e r e n t  s u r f a c e  f o r c e s  o f  t h e  s m a l l e r  

The u n i f o r m i t y  o f  d r u g  c o n t e n t  was examined i n  a d d i t i o n  t o  

The adhes ion  
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ORDERED MIXES OF MICRONIZED GRISEOFULVIN 893 

p a r t i c l e s  o r  from s u r f a c e  t e n s i o n  e f f e c t s  o f  adsorbed m o i s t u r e .  

Hersey6 has r e p o r t e d  t h a t  t h e  cohes ive  p r o p e r t i e s  o f  powders and 

o t h e r  s u r f a c e  phenomena u s u a l l y  deve lop  w i t h  i n c r e a s i n g  f i n e n e s s  

r e s u l t i n g  i n  an o r d e r e d  r a t h e r  t h a n  a random m i x i n g  o p e r a t i o n .  An 

i n d e p t h  r e v i e w  o f  t h e  advances i n  powder m i x i n g  and s e g r e g a t i o n  i n  

r e l a t i o n  t o  pha rmaceu t i ca l  p r o c e s s i n g  was r e c e n t l y  pub1 i s h e d  by 

S t a n i  f o r t h .  7 

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

The degree o f  homogeneity o f  d r u g - e x c i p i e n t  mixes was 

de te rm ined  f rom t h e  c o e f f i c i e n t  o f  v a r i a t i o n  i n  d rug  c o n t e n t  o f  

samples assayed. The d i r e c t  compress ion  e x c i p i e n t  (Emdex) used i n  

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

f r e e - f l o w i n g  s p r a y - c r y s t a l 1  i z e d  porous spheres.  Ordered mixes o f  

g r i s e o f u l v i n  w i t h  d r i e d  and n o n - d r i e d  g ranu les  were p r e p a r e d  a t  

t h r e e  l e v e l s  o f  a c t i v e  i n g r e d i e n t .  

t h e  mixes was de te rm ined  f rom t h e  c o e f f i c i e n t  o f  v a r i a t i o n  and t h e  

r e s u l t s  o f  t h e s e  homogeneity s t u d i e s  appear i n  Tab le  1. 

C o e f f i c i e n t s  o f  v a r i a t i o n  l e s s  t h a n  4% were found w i t h  t h e  d r i e d  

g ranu les .  D r i e d  g r a n u l e s  gave s l i g h t l y  l o w e r  v a l u e s  t h a n  t h e  

n o n - d r i e d  g ranu les .  The e x c e l l e n t  homogeneity o f  t h e  d rug -sugar  

g r a n u l e s  as seen i n  Tab le  1 suggests  a s t r o n g  i n t e r a c t i o n  between 

t h e  two components. Such s t r o n g  p a r t i c l e  i n t e r a c t i o n s  may be t h e  

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

f o r c e s  o r  o t h e r  p o s s i b l e  f o r c e s  o f  adhes ion .  

The degree o f  homogeneity o f  

6 

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

t h e  p r e p a r a t i o n  o f  o r d e r e d  mixes ,  v a r y  c o n s i d e r a b l y .  Thanomkiat  
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894 MC G I N I T Y  ET AL. 

TABLE 1. 
g r i s e o f u l v i n  w i t h  Emdex g r a n u l e s  a f t e r  m i x i n g  f o r  30 m inu tes  
i n  a t w i n - s h e l l  b l e n d e r .  

C o e f f i c i e n t  o f  v a r i a t i o n  (C.V.) o f  o r d e r e d  mixes  o f  

Co ncen t r a  t i o n  D r i e d  Granu les  Non-Dr ied  Granu lesa  
o f  Drug ( % )  C.V. ( % )  C.V. (%)  

0.25 

0.50 

1 .oo 

2.10 

1.17 

1.43 

2.82 

4.35 

4.40 

aAs r e c e i v e d  f rom t h e  manu fac tu re r .  

8 and co-workers 

p redn isone  (1%) w i t h  s t a r c h - l a c t o s e  g ranu les .  

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

g r a n u l e s  i nc reased ,  t h e  tendency  f o r  g r a n u l e s  t o  seg rega te  

i n c r e a s e d  wh ich  r e s u l t e d  i n  uneven d r u g  d i s t r i b u t i o n  and poor  

homogeneity.  Bryan and coworkers9  found t h a t  a f t e r  15  m inu tes  o f  

m i x i n g  f o r  m i c r o n i z e d  sodium s a l  i c y l a t e  (1%) and a s t a r c h - l a c t o s e  

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

t h a n  5% were o b t a i n e d .  T h i s  v a l u e  i n c r e a s e d  as  t h e  c o n c e n t r a t i o n  

of  d r u g  i n  he mix  was i n c r e a s e d  t o  5% and 10%. A 30 m i n u t e  

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

homogeniety was ach ieved  a t  much e a r l i e r  m i x i n g  t imes ,  as shown i n  

F i g u r e  1 f o r  y r i s e o f u l v i n .  The r a p i d  o n s e t  o f  f o r m a t i o n  o f  a 

homogeneous o rde red  m ix  may have been a s s i s t e d  by t h e  e x c e l l e n t  

f l o w  p r o p e r t i e s  o f  t h e  e x c i p i e n t  g r a n u l e s  due t o  t h e i r  d e n s i t y  and 

s p h e r i c a l  shape. M i x i n g  s t u d i e s  w i t h  d r u g  and m i c r o n i z e d  

employed 100 m i n u t e s  f o r  t h e  m i x i n g  o f  m i c r o n i z e d  

These i n v e s t i g a t o r s  
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ORDERED M I X E S  OF MICRONIZED GRISEOFLJLVIN 
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F i g .  1. Ra te  o f  m i x i n g  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  m i c r o n i z e d  
Key: g r i s e o f u l v i n  w i t h  g r a n u l e s  o f  Emdex (250-850 p) . w, 0.25% g r i s e o f u l v i n ; O - - o  0.5% g r i s e o f u l v i n ;  

L3..-0, 1% g r i s e o f u l v i n .  

e x c i p i e n t  r e s u l t e d  i n  a c o e f f i c i e n t  o f  v a r i a t i o n  i n  excess o f  30% 

a f t e r  30 m i n u t e s  o f  m i x i n g .  

Scann ing  e l e c t r o n  m ic rog raphs  o f  t h e  s u r f a c e  o f  a sugar  

g r a n u l e  w i t h  and w i t h o u t  d r u g  p a r t i c l e s ,  appear i n  F i g u r e  2 .  

s u r f a c e  morphology o f  t h e  g r a n u l e  i s  c l e a r l y  d e f i n e d  i n  pho tog raph  

A .  The c o a t i n g  o f  m i c r o n i z e d  g r i s e o f u l v i n  o n t o  t h e  s u r f a c e  o f  t h e  

g r a n u l e  i s  e v i d e n t  i n  pho tog raph  B .  

The 

Rap id  d i s s o l u t i o n  o f  g r i s e o f u l v i n  f rom t h e  sugar  g r a n u l e s  was 

observed when o r d e r e d  mixes  c o n t a i n i n g  5 mg o f  d r u g  were t e s t e d  

w i t h  t h e  U.S.P. padd le  method ( s e e  F i g u r e  3 ) .  

d i sso l  ved  , p a r t  i c l  e - p a r t  i c 1 e i n t e r a c  t i o n s  and aggrega t  i o n  p r o b l  ems 

As t h e  g r a n u l e s  
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F i g .  2. Scanning e l e c t r o n  micrographs o f  Emdex ( A )  and 
Emdex coated w i t h  0.5% g r i s e o f u l v i n  (B). 
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ORDERED MIXES OF MICRONIZED GRISEOFULVIN 8 97 

" 
3 6 9 1 2  15  

T i m e  (Min)  

Fig. 3 Dissolution prof i les  of griseofulvin: Emdex ordered mixes 
containing 5 mg d r u g ,  in  aqueous polysorbate 80 solutions 
0.02%, a t  37" C .  Key: M3 0.25% g r i s e o f u l v i n ; w ,  
0.5% griseofulvin;-, 1 %  griseofulvin; M , pure 
micronized d r u g .  

with the hydrophobic drug were eliminated. 

occur w i t h  micronized drug alone a n d  resu l t  in a s ignif icant  

These problems w i l l  

reduction i n  the dissolution rate  as shown in Figure 3 .  Rapid 

dissolution o f  griseofulvin from the ordered mix occurred during 

the f i r s t  f ive minutes of the study. During the same period, less  

t h a n  ten percent o f  the griseofulvin passed i n t o  solution from 

samples of pure drug alone. 

containing 0.25% act ive ingredient was fas te r  t h a n  those 

containing 0.5% a n d  1% respectively. This could have been due t o  

Dissolution of drug from samples 

the possible formation of an uneven coating of drug o n t o  the 

granule surface as the level of drug i n  the mix was increased 
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898 MC G I N I T Y  ET AL. 

f r om 0.25% t o  t h e  1% l e v e l .  

g r a n u l e  w i l l  a l s o  a i d  i n  t h e  d i s s o l u t i o n  process  f o r  t h e  drug .  

The r a p i d  d i s s o l u t i o n  o f  t h e  sugar 

Tab1 e t s  c o n t a i n i n g  o r d e r e d  mixes o f  g r i s e o f u l v i n  a t  t h e  t h r e e  

c o n c e n t r a t i o n  l e v e l s  w i t h  d r i e d  g r a n u l e s  and n o n - d r i e d  g ranu les  as 

r e c e i v e d  f rom t h e  manu fac tu re r ,  were p repared  on a Stokes  Model F 

s i n g l e  punch t a b l e t  p ress .  The t a b l e t  f o r m u l a  i s  d e s c r i b e d  i n  t h e  

exper imen ta l  s e c t i o n .  T a b l e t s  were compressed t o  a hardness o f  8 

t o  10 kg and were found t o  d i s i n t e g r a t e  i n  w a t e r  and d i l u t e  

h y d r o c h l o r i c  a c i d  i n  t h e  U.S.P. d i s i n t e g r a t i o n  appara tus  a t  37OC, 

i n  l e s s  t h a n  two minutes .  T a b l e t  f r i a b i l i t i e s  o f  l e s s  t h a n  0.1% 

were o b t a i n e d  f o r  a l l  t a b l e t  f o r m u l a t i o n s .  Low v a l u e s  f o r  t h e  

c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  t h e  t a b l e t  we igh t  and c o n t e n t  

u n i f o r m i t y  were o b t a i n e d  f o r  g r i s e o f u l v i n  t a b l e t s  p repared  f rom 

o rde red  mixes c o n t a i n i n g  e i t h e r  d r i e d  o r  n o n - d r i e d  sugar  g ranu les ,  

as shown i n  Tab le  2. The r a p i d  d i s s o l u t i o n  o f  g r i s e o f u l v i n  f rom 

these  t a b l e t s  i s  shown i n  F i g u r e  4 and i s  compared w i t h  t h e  

d i s s o l u t i o n  p r o f i l e  o f  t h e  p u r e  m i c r o n  zed drug .  

Lerk" r e p o r t e d  however t h a t  o rde red  m X ing  o f  l u b r i c a n t s  w i t h  

t a b l e t  i n g r e d i e n t s  shou ld  be l i m i t e d .  

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

a t t e n t i o n  shou ld  be p a i d  t o  p o s s i b l e  i n t e r a c t i o n s  o f  g l i d a n t s  

and /o r  l u b r i c a n t s  w i t h  t h e  o r d e r e d  mix.  

B o l h i u s  and 

When an a c t i v e  i n g r e d i e n t  

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

have shown t h a t  t h e  p r e p a r a t i o n  o f  o r d e r e d  mixes  c o n t a i n i n g  a 

d i r e c t l y  compress ib le  v e h i c l e  and sma l l  amounts o f  a hyd rophob ic  

and p o o r l y  s o l u b l e  model d rug ,  may be a v i a b l e  method t o  overcome 
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ORDERED MIXES OF MICRONIZED GRISEOFULVIN 899 

TABLE 2. 
mixes o f  g r i s e o f u l v i n  w i t h  d r i e d  Emdex and non-d r ied  Emdex. 

P r o p e r t i e s  o f  g r i s e o f u l v i n  t a b l e t s  c o n t a i n i n g  o rds red  

D r i e d  Emdex Non-Dri ed Emdex 

Concen t ra t i on  Content T a b l e t  Content Tab1 e t  
o f  g r i s e o -  U n i f o r m i t y  Weight U n i f o r m i t y  Weight 
f u l v i n  ( % )  C.V.(%) C . V .  ( % )  C.V.(%) C.V.(%) 

0.25 5 .9  1.86 3.11 2.15 

0.50 4.28 1.48 1.12 o .a7 

1 .oo 3.13 1.36 2.53 1.38 

aAs r e c e i v e d  from t h e  manufacturer .  

6 1 2  18 24 30 
T i m e  ( M i n )  

F i g .  4. D i s s o l u t i o n  p r o f i l e s  o f  t a b l e t s  c o n t a i n i n g  g r i s e o f u l v i n :  
Emdex o rde red  mixes i n  aqueous p o l y s o r b a t e  80 s o l u t i o n s  
0.02% a t  37°C. O.-o, 0.5% g r i s e o f u l v i n  ( 2  tablets);=, 1.0% g r i s e o -  
f u l v i n  ( 1  t a b l e t ) ;  M, pure m ic ron ized  drug.  

Key:-, 0.25% g r i s e o f u l v i n  ( 3  t a b l e t s ) ;  
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c o n t e n t  u n i f o r m i t y  and d i s s o l u t i o n  problems exper ienced  w i t h  such 

pharmaceu t i ca l s .  The d i r e c t l y  compress ib le  tab1  e t  e x c i p i e n t  

employed i n  these  s t u d i e s  was a hyg roscop ic  m a t e r i a l  and some o f  

t h e  smal l  v a r i a b i l i t y  exper ienced  may be due t o  t h e  a d d i t i o n a l  

a d s o r p t i o n  o f  m o i s t u r e .  

a r e  p r e s e n t l y  b e i n g  eva lua ted .  

O the r  d i r e c t l y  c o m p r e s s i b l e  e x c i p i e n t s  

1. 

2.  

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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