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ABSTRACT 

The solvent and melt methods were employed to prepare solid 

dispersions with various water soluble carriers and a slightly 

soluble drug, sulfahcnzamide. The carriers investigated included 

citric acid, succinic acid, dextrose, polyethylene glycol 6000, 

mannitol and urea. Dispersions with dextrose were superior to 

other carriers in releasing the drug into solution. Melts with 

both dextrose and urea produced faster rates of dissolution of 

sulfabenzamide than the coprecipitates from the solvent method. 

With mannitol and polyethylene glycol 6000, the coprecipitates 

produced a faster rate of dissolution of the drug than the melt 

dispersions. 
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3 70 MC GINITI, m s s ,  AND YAKATAN 
I NT RO DUCT I ON 

Formulation of a drug a s  a s o l i d  d i s p e r s i o n  e f f e c t i v e l y  

causes  a r educ t ion  i n  p a r t i c l e  s i z e .  Enhancement o f  t h e  r a t e  

of d i s s o l u t i o n  by this method, and thus  a p o s s i b l e  abso rp t ion  

r a t e  i n c r e a s e  f o r  a p o o r l y  s o l u b l e  drug, has genera ted  con- 

s i d e r a b l e  i n t e r e s t  r e c e n t l y  (1-11). The d e f i n i t i o n s ,  methods 

o f  p repa ra t ion  and pharmaceut ica l  a p p l i c a t i o n s  of t h e s e  

d i s p e r s i o n s  were thoroughly reviewed by Chiou and Riegelman ( 9 )  . 
Many water  s o l u b l e  c a r r i e r s  have been employed i n  these  systems 

and new agen t s  cont inue  t o  be t e s t e d .  

To opt imize  t h e  b i o a v a i l a b i l i t y  and a b s o r p t i o n  r a t e s  of  

poorly o r  slowly s o l u b l e  d rugs ,  bo th  t h e  c a r r i e r  and method 

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

s t l e c t e d .  The p r e s e n t  communication examines s i x  wa te r  s o l u b l e  

c a r r i e r s ;  c i t r i c  a c i d ,  s u c c i n i c  a c i d ,  d e x t r o s e ,  po lye thylene  

g lyco l  (PEG) 6000 ,  mannitol  and u r e a ,  and compares t h e  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  o f  s o l i d  d i s p e r s i o n s  prepared  by the  

s o l v e n t  and melt methods, employing t h e  s l i g h t l y  s o l u b l e  

sulfonamide, sulfabenzamide, a s  t h e  model compound. 

EXPERIMENTAL 

Mate r i a l s  - The fo l lowing  m a t e r i a l s  were used: c i t r i c  a c i d  

monohydrate', s u c c i n i c  ac id ' ,  dex t rose3 ,  PEG 60004, manni to l  , 

urea , sulfabenzamide . 

5 

6 7 

'F i sher  S c i e n t i f i c  Company, F a i r  Lawn, N e w  J e r s e y  

'Eastman Organic Chemicals, Roches te r ,  New York 

.'Matheson Coleman and Bell ,  Norwood, Ohio 

4Baker Chemical Company, P h i l l i p s b u r g ,  N e w  J e r s e y  

SAt las  Chemical D iv i s ion ,  Wilmington, Delaware 
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DISSOLUTION OF SULFABmJZAMIDE 371 

Prepa ra t ion  o f  Samples - Dispersions wi th  each c a r r i e r  and 

sulfabenzamide were made v i a  the  so lven t  and melt  methods. 

Coprec ip i t a t e s  from the  so lven t  method were prepared  by d i s s o l v i n g  

t h e  c a r r i e r  and sulfabenzamide i n  s u f f i c i e n t  methanol-acetone (1:l) 

t o  f u l l y  s o l u b i l i z e  the  m a t e r i a l s .  The so lven t  was allowed t o  

. evapora te  by s t i r r i n g  under ambient cond i t ions .  The l a s t  t r a c e s  

of s o l v e n t  were removed by hea t ing  t h e  sample t o  cons t an t  

weight a t  45'.  Since  thermal decomposition occurred with 

sulfabenzamide i n  the  presence  of  both c i t r i c  and s u c c i n i c  

a c i d s ,  t h e  c o p r e c i p i t a t e s  were d r i e d  a t  35 . 0 

The mel t s  were prepared  by h e a t i n g  a phys i ca l  mixture of 

sulfabenzamide and the  c a r r i e r  subs tance  i n  an aluminum pan 

over a ho t  o i l  ba th .  The melt was s t i r r e d  u n t i l  t h e  drug 

dissolved i n  t h e  c a r r i e r  and uni formi ty  of drug i n  t h e  melt 

was a t t a i n e d .  The mel t s  were s o l i d i f i e d  by i n s e r t i n g  t h e  

aluminum pan i n t o  a d ry  i c e  - ace tone  ba th .  The d i s p e r s i o n s  

from both  methods were pu lve r i zed  i n  a mortar and passed 

through an 80 mesh sc reen .  

prepared  by the  mel t  and so lven t  methods us ing  drug a lone ,  

i n  t h e  absence of t h e  c a r r i e r  subs t ance .  

D i s so lu t ion  S tud ie s  - The d i s s o l u t i o n  s t u d i e s  were performed 

Sulfabenzamide c o n t r o l s  were- 

on s o l i d  d i s p e r s i o n s  con ta in ing  25 mg sulfabenzamide and vary ing  

amounts of c a r r i e r .  The s o l i d  d i s p e r s i o n s  were p l aced  i n  a 

2000 m l .  three-necked, round bottom f l a s k  con ta in ing  1500 m l .  

of d i s t i l l e d  water  maintained a t  2S°C. A polye thylene  b l ade  

6Al l i ed  Chemical, Morristown, N e w  J e r s e y  

'Nu t r i t i ona l  Biochemicals Corpora t ion ,  Cleveland, Ohio 

'Beckman DB spec tropho tometer 
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372 MC CINITY,  MANESS , AND YAKATAN 

was lowered t o  a depth  of 5 cm. i n  t h e  d i s s o l u t i o n  media and 

t h e  s t i r r i n g  speed was main ta ined  a t  1 0 0  rpm. The d i s s o l u t i o n  

medium was c i r c u l a t e d  through a spectrophotometer '  a t  a r a t e  of  

1 0 0  m l .  min . - l  p rov id ing  cont inuous  moni tor ing  of drug concen- 

t r a t i o n  a s  a func t ion  o f  t ime a t  2 5 9  nm. The r epor t ed  d a t a  i s  

t h e  average  of a t  l e a s t  d u p l i c a t e  runs and r e s u l t s  were 

r ep roduc ib le  . 
-RESULTS AND DISCUSSION 

S o l i d  Di sue r s ion  of Dextrose and Mannitol  - Dextrose and 

manni to l  a r e  among many compounds ( 1 2 )  capable  o f  forming g l a s s  

s o l u t i o n s  upon s o l i d i f i c a t i o n  from t h e  l i q u i d  s t a t e .  Recent ly  

Al len  e t  a l . ,  (13) examined s o l i d  d i s p e r s i o n s  of va r ious  

c o r t i c o s t e r o i d s  and s e v e r a l  s u g a r s ,  p repared  v i a  t h e  melt  method 

and found a s u b s t a n t i a l  i n c r e a s e  i n  t h e  d i s s o l u t i o n  r a t e s  of 

t h e s e  s p a r i n g l y  s o l u b l e  compounds. C o p r e c i p i t a t e s  and me l t s  

of sulfabenzamide wi th  bo th  dex t rose  and manni to l  were prepared  

and 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  examined. As can be seen  i n  

Fig.  1, t h e  melt p r e p a r a t i o n  wi th  d e x t r o s e  r e s u l t e d  i n  complete 

s o l u t i o n  almost immediately,  C o p r e c i p i t a t e s  w i th  v a r i o u s  

q u a n t i t i e s  of d e x t r o s e  were a l s o  very  e f f i c i e n t  a t  i n c r e a s i n g  

t h e  drug d i s s o l u t i o n  r a t e .  The d i s s o l u t i o n  r a t e  of drug from 

t h e  mannitol  c o p r e c i p i t a t e  was f a s t e r  than  the  melt  d i s p e r s i o n  

(Fig.  2 ) .  Sulfabenzamide d i d  no t  d i s s o l v e  comple te ly  i n  t h e  

manni to l ;  t h e  cooled  melt c o n s i s t e d  o f  two immiscible phases  

i n s t e a d  of a c l e a r  g l a s s  s o l u t i o n  a s  was found wi th  dex t rose .  

The poor s o l u b i l i t y  of t h e  drug i n  t h e  manni to l  c a r r i e r  may 

e x p l a i n  t h e  slower d i s s o l u t i o n  r a t e  of sulfabenzamide from t h e  

melt samples. Although c o p r e c i p i t a t e s  o f  d e x t r o s e ,  and t o  a 
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DISSOLUTION OF SULFABENZAMIDE 3 7 3  

r 
1 

0 4 8 12 16 
MINUTES 

FIGURE 1. 

Dissolution profiles of sulfabenzamide and sulfabenzamide - dextrose 
solid dispersions at 25'. pure sulfabenzamide. +1: 0.5 co-ppt. 
0 1 : l  co-ppt. 01:3 co-ppt. 01:3 melt. 
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374 MC GINITP, MANES, AND YAKATAN 

I 

MINUTES 

FIGURE 2 .  

Dissolution profiles of sulfabenzamide and sulfabenzamide - mannitol 
solid dispersions at 25'. pure sulfabenzamide. *l:l melt. 
al:l co-ppt. .1:3 melt. 01:3 co-ppt. 
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DISSOLUTION OF SULFABENZAMIDE 375 

l e s s e r  e x t e n t  manni to l ,  i nc reased  t h e  r a t e  o f  d i s s o l u t i o n  o f  

sulfabenzamide wi th  only  smal l  q u a n t i t i e s  of c a r r i e r ,  both 

m a t e r i a l s  possessed poor s o l u b i l i t y  i n  most commonly used 

o rgan ic  so lven t s .  Thus, l a r g e  volumes of e q u i l i b r a t i n g  so lven t  

were necessary  i n  t h e  p repa ra t ion  of c o p r e c i p i t a t e s .  

. The melt  d i s p e r s i o n s  of t h e  sugars  a l s o  p re sen t  some 

d isadvantages  from a fo rmula t ion  s t a n d  p o i n t .  Charring of 

mannitol  and dex t rose  can occur a t  h igh  tempera tures  and t h e  

suga r  me l t s  r equ i r ed  cons ide rab le  t ime t o  r e s o l i d i f y .  As 

r e p o r t e d  p rev ious ly  f o r  c i t r i c  a c i d  mel t s  ( 7 ) ,  the  sugar  

melts were found t o  harden when allowed t o  s t a n d  f o r  a few 

days a t  4OoC. 

have i n d i c a t e d  t h a t  t h e  r a t e  of cool ing  in f luences  t h e  c r y s t a l  

s t r u c t u r e  of t h e  drug i n  t h e  melt sample. I n v e s t i g a t i o n s  a t e  

c u r r e n t l y  being pursued t o  determine the  in f luence  of coo l ing  

r a t e  on t h e  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  of  t h e  drug from 

mel t s  prepared  wi th  dex t rose  and o t h e r  c a r r i e r s .  

S o l i d  DisDersions o f  Urea - The in f luence  o f  u rea  on t h e  

d i s s o l u t i o n  r a t e  o f  poor ly  s o l u b l e  medic ina l  agen t s  has  been 

r epor t ed  ex tens ive ly  (3 ,4 ,6 ,14) .  As shown i n  F ig .  3 ,  melts 

and c o p r e c i p i t a t e s  of u r e a  markedly i n c r e a s e  t h e  rate of 

d i s s o l u t i o n  of sulfabenzamide. In  d i s p e r s i o n  wi th  u rea ,  

s o l u b i l i t y  d i f f i c u l t i e s  wi th  sulfabenzamide and urea were not  

encountered. 

s o l v e n t  and melt  methods showed t h a t  f o r  samples con ta in ing  

2 5 %  drug ,  t h e  r e l e a s e  of sulfabenzamide from t h e  m e l t  was 

f a s t e r .  All t he  drug from t h e  melt  passed i n t o  s o l u t i o n  i n  

less than  4 minutes.  Both melts and c o p r e c i p i t a t e s  of  u rea  - 

Pre l iminary  microscopic s t u d i e s  wi th  dex t rose  

A comparison o f  d i s p e r s i o n s  prepared  by t h e  
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376 MC G I N I T Y ,  PIANESS, AND YAKATAN 

2c 

1: 

1( 

~~ 

4 a 12 
MINUTES 

16 

FIGURE 3 .  

Dissolution profiles of sulfabenzamide and sulfabenzamide - urea 
solid dispersions at 2 5 0 .  *pure sulfabenzamide. *l:O.S co-ppt. 
0 1 : l  co-ppt. 01:3 co-ppt. 01:3 melt. 
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DISSOLUTION OF SULFABENZ&lI.DE 377 

sulfabenzamide could be prepared ,  crushed and s ieved  wi th  

r e l a t i v e  ease .  I f  t h e  melted samples were allowed t o  a i r  

c o o l ,  t h e  s o l i d i f i c a t i o n  process  was slower than  when the  

samples were f l a s h  cooled. 

S o l i d  Dispers ions  of PEG 6000 - S o l i d  d i spe r s ions  of PEG 6000  

have been prepared  wi th  bo th  l i q u i d  (15) and s o l i d  drugs ( 7 ,  

9-11) and have been shown t o  inc rease  the  d i s s o l u t i o n  r a t e  

of poor ly  s o l u b l e  pharmaceut ica ls .  A comparison of t h e  

r e l e a s e  r a t e s  of sulfabenzamide from c o p r e c i p i t a t e  and melt  

d i s p e r s i o n s  of PEG 6000 i s  shown i n  F ig .  4 .  A t  the  t h r e e  

concen t r a t ion  l e v e l s  s t u d i e d ,  t h e  d i s s o l u t i o n  r a t e  of t h e  

drug from t h e  c o p r e c i p i t a t e s  was s l i g h t l y  f a s t e r  than  t h e  

melts. Chiou and Riegelman ( 7 )  found t h a t  f o r  t he  g r i s e o -  

f u l v i n  - PEG 6000 system, drug r e l e a s e  was f a s t e s t  from 

d i s p e r s i o n s  prepared  by t h e  m e l t  method. The g r i s e o f u l v i n  

d i s p e r s i o n  prepared  v i a  t h e  so lven t  method d i d  no t  have t h e  

drug t o t a l l y  d i s so lved  i n  the  e q u i l i b r a t i n g  medium i n  the  

Chiou and Riegelman s tudy ,  and th i s  could account f o r  t h e  

d i sc repanc ie s  between the r e s u l t s  f o r  g r i s e o f u l v i n  and 

sulfalbenzamide. The choice  of e q u i l i b r a t i n g  so lven t  wi th  

r e s p e c t  t o  the s o l u b i l i t y  of t h e  drug and carrier appea r s to  

have a marked in f luence  on t h e  f i n a l  phys i ca l  p r o p e r t i e s  of 

t h e  c o p r e c i p i t a t e .  For the sulfabenzamide - PEG 6000 d i s p e r s i o n s ,  

bo th  drug  and carr ier  were d i s s o l v e d  i n  t h e  e q u i l i b r a t i n g  

medium p r i o r  t o  evapora t ion  of s o l v e n t .  S ince  t h e  drug 

r e a d i l y  d i s so lved  i n  t h e  melted g l y c o l ,  one might a n t i c i p a t e  

t h a t  drug should approach a molecular l e v e l  of d i s p e r s i o n .  

Such a d i s p e r s i o n  would b e  more d i f f i c u l t  t o  achieve  w i t h  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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



MINUTES 

FIGURE 4. 

MC GINITY, MANESS, AND YAKATAN 

Dissolution profiles of sulfabenzamide and sulfabenzamide - P E G  6000 
solid dispersions at 25'. 
+1:1 co-ppt. 0 1 : s  melt. 01:3 co-ppt. 0 1:6 melt. 01:6 co-ppt. 

pure sulfabenzamide. *1:l melt. 
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DISSOLUTION OF SULFABENZAMIDE 379 

s o l v e n t  d i s p e r s i o n  method, r e s u l t i n g  i n  a s lower  d i s s o l u t i o n  

r a t e .  To e x p l a i n  t h e  reason  f o r  t h e  r eve r se  s i t u a t i o n  

occur r ing  wi th  t h e  sulfabenzamide - PEG 6000 system, a l a r g e  

amount of t h e  drug may have p r e c i p i t a t e d  on t h e  s u r f a c e  of 

t h e  g lyco l .  The s u r f a c e  depos i t ed  drug may pass  more f r e e l y  

i n t o  t h e  d i s s o l u t i o n  medium than  drug embedded i n  the  ma t r ix  

of  t h e  g lyco l  as might r e s u l t  from t h e  melt method. Two 

p o s s i b l e  mechanisms c o n t r o l l i n g  drug r e l e a s e  from t h e  melt 

i nc lude  t h e  d i f f u s i o n  of drug from undisso lved  g lyco l  and 

the  d i s s o l u t i o n  r a t e  o f  PEG 6000 i t s e l f .  The l a t t e r  was 

much slower than u rea  and dex t rose  under t h e  exper imenta l  

cond i t ions .  This  phenomenon of c o p r e c i p i t a t e s  producing 

a f a s t e r  d i s s o l u t i o n  r a t e  of  d i spe r sed  drug than  melt  

p repa ra t ions  h?s  a l s o  been shown t r u e  i n  these  l a b o r a t o r i e s  

f o r  indomethacin a t  37' (16) .  

d i s p e r s i o n s  wi th  s e v e r a l  poor ly  so lub le  d rugs ,  p repared  by 

t h e  two techniques  i s  c u r r e n t l y  being s tud ied .  

A comparison of PEG 6000 

So l id  Dispers ions  of C i t r i c  Acid and Succ in i c  Acid I Sulfabenzamide 

was s t a b l e  a t  t h e  mel t ing  tempera tures  of t h e s e  a c i d s ;  however 

drug degrada t ion  o c c u r r s  

and c a r r i e r  were hea ted  t o  form t h e  melt  samples. A l s o  t h e  

s u c c i n i c  a c i d  a lone ,  exh ib i t ed  s t a b i l i t y  p r o b l e m n e a r  i t s  

me l t ing  p o i n t .  Chiou and Riegelman (7) showed c i t r i c  a c i d  

t o  be  an e x c e l l e n t  c a r r i e r  f o r  g r i s e o f u l v i n .  The in f luence  

of c i t r i c  a c i d  and s u c c i n i c  a c i d  c o p r e c i p i t a t e s  on t h e  d i s s o l u t i o n  

r a t e  of sulfabenzamide i s  shown i n  F ig .  5 and F i g .  6 r e s p e c t i v e l y .  

A comparison of  t h e  d a t a  f o r  c i t r i c  a c i d  c o p r e c i p i t a t e s  i n  

wi th  both  t h e s e  carriers when drug 
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MINUTES 

FIGURE 5 .  

nc GINITY, MANESS, AND YAKATAN 

Dissolution profiles of sulfabenzamide and sulfabenzamide - citric 
acid solid dispersions at 2 5 O .  .pure sulfabenzamide. *l:l co-ppt 

0 1 : 3  co-ppt. 01:6 co-ppt. 
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MINUTES 

FIGURE 6 .  

Dissolution profiles of sulfabenzamide and sulfabenzamide - succinic 
acid solid dispersions at 2 5 O .  .pure sulfabenzamide. +1:1 co-ppt. 
0 1 : 3  co-ppt. 0 1 : l O  co-ppt. 
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382 MC G I N I n ,  HANESS, AM) YAKATAN 

F i g .  5 and PEG 6000 i n  F i g .  4 showed t h e  c i t r i c  a c i d  t o  b e  

s u p e r i o r  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  s t u d i e d .  The f a m i l y  

of  c u r v e s  i n  F i g .  7 compares t h e  r e l e a s e  r a t e s  f rom c o p r e c i -  

p i t a t e s  of t h e  s i x  carr iers  s t u d i e d .  The d i s s o l u t i o n  d a t a  

from melts o f  d e x t r o s e ,  u r e a ,  PEG 6000 and q a n n i t o l  a r e  d i s -  

p l a y e d  i n  F ig .  8 .  From F i g .  7 and F i g .  8 ,  s o l i d  d i s p e r s i o n s  

p r e p a r e d  by the s o l v e n t  and melt methods c o n t a i n i n g  d e x t r o s e  

prcduced  the f a s t e s t  d i s s o l u t i o n  r a t e  of  s u l f a b e n z a m i d e  and 

drug  r e l e a s e  from th i s  a g e n t  would be  e x p e c t e d  t o  r e n d e r  

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

S u c c i n i c  a c i d  produced  t h e  l e a s t  i n f l u e n c e  on i n c r e a s i n g  

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

f o r  2 5 ,  50  and 7 5 %  o f  s u l f a b e n z a m i d e  t o  p a s s  i n t o  s o l u t i o n  

from t h e  s o l i d  d i s p e r s i o n s  s t u d i e d  i s  l i s t e d  i n  T a b l e  I .  

A compar ison  o f  the  t i m e s  

SUMMARY AND CONCLUSION 

A compar ison  o f  s e v e r a l  methods u s e d  t o  p r e p a r e  s o l i d  

d i s p e r s i o n s  on  t h e  d i s s o l u t i o n  r a t e  o f  s u l f a b e n z a m i d e  showed 

t h a t  m e l t s  o f  d e x t r o s e  and u r e a  were s u p e r i o r  t o  c o p r e c i p i t a t e s  

p r e p a r e d  by t h e  s o l v e n t  method. The r e v e r s e  was t r u e  f o r  

PEG 6000 and m a n n i t o l  where c o p r e c i p i t a t e s  o f  t h e  s u l f o n a m i d e  

produced  f a s t e r  r e l e a s e  r a t e s  t h a n  melt d i s p e r s i o n s .  

Of t h e  ca r r i e r s  s t u d i e d ,  d e x t r o s e  e x h i b i t e d  t h e  maximal 

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

c o p r e c i p i t a t e  and melt d i s p e r s i o n .  However, d i f f i c u l t i e s  

e n c o u n t e r e d  i n  t h e  p r e p a r a t i o n s  o f  t h e s e  d i s p e r s i o n s  due t o  
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DISSOLUTION OF SULFABENZAMIDE 
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MINUTES 

FIGURE 7 .  

Dissolut ion p r o f i l e s  of  sulfabenzamide and sulfabenzamide - c a r r i e r  
coprec ip i t a t e s  (1: 3) a t  2 5 O .  pure sulfabenzamide. o succ in i c  acid.  
0 PEG 6000.  O c i t r i c  acid.  Omannitol .  *urea. +dextrose.  
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384 HC GZNITY, MANES, AND YAMATAN 

25 ' t -  I 

2c 

1: 

1C 

, 

MINUTES 

FIGURE 8 

Dissolution profiles of sulfabenzamide and sulfabenzamide ~ carrier 
melts (1:3) at 25'. 0 pure sulfabenzamide. +rnannitol. *PEG 6000 

urea. Udextrose. 
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DISSOLUTION OF SULPABENZANIDE 

Table I - Time (min) for 25, 50 and 75 Percent of 
Drug from Solid Dispersions to Pass into Solution 

385 

Ratio of 
Drug:Carrier 

Carrier Coprecipitate Melt t25 t50 t75 

Dextrose 

Mannitol 

Urea 

PEG 6000 

Citric Acid 

Succinic Acid 

Control a 

1:o.s 
1:l 
1:3 

1:l 
1:3 

1:05 
1:l 
1:3 

1:l 
1:3 
1.6 

1:l 
1:3 
1:6 

1:1 
1:3 
1:lO 

1:3 

1:l 
1:3 

1:3 

1:l 
1:3 
1:6 

2.05 
1.00 
0.60 
0.06 

2.25 

4.35 
1.10 

0. a3 

3.20 
1.38 
0.70 
0.18 

3.60 
1.32 
0.98 
4.35 
2.05 
1.20 

2.70 
1.20 
0.62 

6.00 
2.70 
1.35 

14.15 

9.50 
2.24 
1.30 
0.10 

11.00 

>16.00 
4.30 

2 - 8 1  

9.65 
2.70 
1.25 
0.28 

15.40 
4.40 
2.45 

>16.00 
7.50 
3.00 

9.90 
1.58 
1.30 

a16.00 
10.40 
3.90 

~16.00 

>16.00 
5.95 
2.95 
0.14 

>16.00 
10.30 
>16.00 
>16.00 

>16 .OO 
9.25 
3.10 
0.45 

'16.00 
14.40 
5.55 

>16 .OO 
>16 .OO 

6.40 

~16.00 
7.40 
3.55 

p16.00 
,16.00 
14.50 

>16.00 

aPure drug, in absence of carrier 
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386 MC GINITY, MANESS, AND YAKATAN 

t h e  poor  s o l u b i l i t y  o f  d e x t r o s e  i n  common o r g a n i c  s o l v e n t s  

and t h e  problems e x p e r i e n c e d  i n  p r e p a r i n g  a f r e e  a w i n g  powder 

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

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