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ABSTRACT 

The e f f i c i ency  of i n t e r a c t i v e  powder mixtures as 

a process used to increase  the  d i s so lu t ion  r a t e  o€ 

poorly so luble  drugs i s  dependent on the  degree and 

ex ten t  of dispers ion of drug agglomerates i n t o  individ-  

ua l  p a r t i c l e s .  Furthermore, t he  d ispers ion  mechanism 

i s  dependent on the  sur face  c h a r a c t e r i s t i c s  of exc ip ien t  

p a r t i c l e s .  

The smooth exc ip ien t  p a r t i c l e s  produce i n t e r a c t i v e  

powder mixture with high d i s so lu t ion  e f f i c i ency  for  

poorly so luble  drugs. I n  c o n t r a s t ,  when the exc ip ien t  

p a r t i c u l a t e  sur faces  have high rugosi ty ,  the correspon - 
ding i n t e r a c t i v e  powder mixtures produce lower d i s s o l  - 
u t ion  e f f i c i ency .  The main reason i s  the  entrapment Of 

drug p a r t i c l e s  and agglomerates i n t o  the  indenta t ions  

+ For correspondence : D r  E.Sallam, P.O.Box 960761, 
Amman, Jordan. 
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12 78 SALLAM ET AL. 

a l ready  present  on exc ip ien t  p a r t i c u l a t e  surfaces .  

When the  entrapment s i tes  a r e  blocked with f i n e  excip- 
i e n t  p a r t i c l e s  t he  d i s so lu t ion  e f f i c i ency  increases  
s i g n i f i c a n t l y .  Therefore, sur face  c h a r a c t e r i s t i c s  of 

exc ip i en t  p a r t i c l e s  should be examined c a r e f u l l y  before  
formulation of s o l i d  dosage forms using i n t e r a c t i v e  
powder mixtures as  a process f o r  increas ing  the  d i s so l -  

u t ion  r a t e  of poorly so luble  drugs. 

I NRODUCTI ON 
I n  e a r l i e r  s t u d i e s  d i s so lu t ion  r a t e  of poorly 

so luble  drugs was increased by forming i n t e r a c t i v e  powder 

mixtures (I - 3 ) .  The degree of s o l u b i l i t y  of exc ip ien ts  
were shown t o  a f f e c t  t h e  d i s so lu t ion  r a t e  of these drugs 
from t h e i r  corresponding i n t e r a c t i v e  mixtures ( 2  - 4 ) .  

The e f f i c i ency  of i n t e r a c t i v e  powder mixtures a s  

a Process used t o  increase  t h e  d i s so lu t ion  r a t e  i s  
dependent on the  degree and e x t e n t  of d i spers ion  of drug 
agglomerates i n t o  ind iv idua l  p a r t i c l e s .  T h i s  i s  
dependent on the  c h a r a c t e r i s t i c s  of exc ip i en t  sur faces .  
Many r epor t s  (5-9) ind ica ted  t h a t  porous exc ip ien t  
p a r t i c l e s  with high rugos i ty  c h a r a c t e r i s t i c s  increased 
t h e  uptake of drug p a r t i c l e s  and s t a b i l i t y  of these  
mixtures due t o  the  entrapment of drug p a r t i c l e s  mechan- 
i c a l l y  i n s i d e  the c a v i t i e s  o r  porous s t r u c t u r e s .  
Increas ing  the  s t a b i l i t y  of powder mixtures is  advantag- 
eous, nevertheless  it may have de le t e r ious  e f f e c t  O n  

d i s s o l u t i o n  r a t e  of poorly so lub le  drugs. Many repor t s  
(10-14) showed t h a t  when drug p a r t i c l e s  w e r e  entrapped 
i n t o  exc ip i en t  p a r t i c l e s  , the d i s so lu t ion  r a t e  was 
reduced. However, t hese  r epor t s  d id  not  study the  
phenomenon i n  d e t a i l s  with respec t  t o  t h e  i n t e r a c t i v e  
powder mixtures.  

mgosity of exc ip i en t  p a r t i c u l a t e  sur faces  on t he  d i s s -  

The present  s tudy inves t iga t e s  the  e f f e c t  of 
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INTERACTIVE POWDER MIXTURES. I1 1279 

o lu t ion  r a t e  of poorly so luble  drugs from t h e i r  i n t e r -  

ac t ive  powder mixtures.  

MATERIALS 

Sugar beads, 710 - 850 p m  ( P C I  - La Plaine S t  - 
D e n n i s ,  France) ,  Emcompress with p a r t i c l e  s i z e  smaller  
than 250 p m  (Forum Chemical Ltd., England), commercial 

sucrose and sucrose powder of p a r t i c l e  s i z e  smaller  

than I 5 0  p m  w e r e  used. Micronized gr i seofu lv in  was 

provided by the  Arab Pharmaceutical Manufacturing C o .  

(Suit, Jordan) .  E thylce l lu lose  (Riedel - de Haen, West 

Germany), water and ethanol  96% (Riedel - de Haen,West 
Germany) were used i n  the  preparat ion of the granulat ing 
media. 

METHODS 

Coarse sugar p a r t i c l e s ,  s i z e  f r a c t i o n  710-850 um 
and 1000-2000 u m ,  were obtained by s ieve  f r ac t iona t ion  

of commercial sucrose.  Granules were made of sucrose 

p a r t i c l e s  using water and 10% e thy lce l lu lose  so lu t ion  

i n  e thanol ,  respec t ive ly .  Table (I) l i s t s  d i f f e r e n t  

types of exc ip ien ts  used i n  t he  study and t h e i r  corresp- 
onding designat ions.  The granula t ion  media were added 

gradual ly  t o  the  sucrose powder i n  a p lane tary  mixer 
(Erweka C o . ,  W e s t  Germany) u n t i l  g ranula t ion  was compl- 

e t e .  Mixing with the  granula t ing  agent was c a r r i e d  out 

f o r  I5 minutes; then w e t  mass was forced througha 2mm 
s i eve .  

moisture content  of 0.3% was a t t a ined .  Fract ions 

between 710-850 p m  and 1000-2000 p m  were separated by 

s iev ing .  1% w/w, 2% w/w, and 5% w/w of sucrose p a r t i c -  
les  smal le r  than I50 p m  w e r e  used t o  f i l l  s i t e s  ava i l -  

ab l e  f o r  entrapment of drug agglomerates o r  P a r t i c l e s  

on granules  of FFG 710-850 p m .  Mixing was done i n  

The granules w e r e  oven d r i ed  a t  6 3 O C  u n t i l  a 
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1280 SALLAM ET AL. 

TABLE I 
D i f f e r e n t  t y p e s  of e x c i p i e n t s  and co r re spond ing  des ign-  

a t i o n s  and par t ic le  s i z e  ranges. 

Des igna t ion  and p a r t i c l e  E x c i p i e n t .  

s i z e  range  

CP 710-850 um Commercial s u c r o s e  p a r t i c l e s ,  
f r a c t i o n  s i z e  : 710 - 850 pm 

CP 1000-2000 pm Sucrose  p a r t i c l e s , f r a c t i o n  
s i z e  : IOOO - 2000 pm. 

CK;  710-850 p m  Commercial s u c r o s e  p a r t i c l e s  
g r a n u l a t e d  w i t h  w a t e r ,  
f r a c t i o n  s i z e :  710 - 850 p m .  

C E  1000-2000 p m  Commercial s u c r o s e  p a r t i c l e s  
g r a n u l a t e d  w i t h  w a t e r ,  
f r a c t i o n  s i z e :  I O O O  - 2000 pm. 

Et-CPG 710-850 p m  Commercial s u c r o s e  p a r t i c l e s  
g r a n u l a t e d  w i t h  e t h y l c e e l u l o s e  
f r a c t i o n  s i z e :  710-850 pm. 

Et-CPG 1000-2000 p m  Commercial s u c r o s e  p a r t i l c e s  
g r a n u l a t e d  w i t h  e t h y l c e l l u l o s e  
f r a c t i o n  s i z e :  1000-2000 pm. 

F E  710-850 p m  Suc rose  powder of p a r t i c l e  
s i z e  s m a l l e r  t h a n  I50  p m  
g r a n u l a t e d  w i t h  w a t e r ,  
f r a c t i o n  s i z e :  710 - 850 pm. 

FFG 1000-2000 p m  Suc rose  powder of  p a r t i c l e  
s i z e  s m a l l e r  t h a n  I50  p m  
g r a n u l a t e d  w i t h  w a t e r ,  
f r a c t i o n  s i z e :  1000-2000 p m .  

Et-FPG 710-850 p m  Suc rose  powder of par t i c l e  
s i z e  smaller  t h a n  I 5 0  pm 
g r a n u l a t e d  w i t h  e t h y l c e l l u l o s e  
f r a c t i o n  s i z e :  710-850 pm. 

Et-FPG 1000-2000 p m  Sucrose  powder of pa r t i c l e  
s i z e  smaller t h a n  I 5 0  p m  
g r a n u l a t e d  w i t h  e t h y l c e l l u l o s e  
f r a c t i o n  s i z e :  1000-2000 p m .  
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1281 INTERACTIVE POWDER MIXTURES. I1 

a cube mixer (Erweka Co., W e s t  Germany) f o r  I 5  minutes .  
Excess f i n e  sugar was removed from the  mix by gen t l e  
s iev ing  over 500 p m  s i eve  f o r  2 0  minutes. 

I n  o rde r  t o  avoid oversa tura t ion  of surfaces  of 

exc ip ien t  p a r t i c l e s  with drug agent,  t h e  r a t i o  of 
micronized gr i seofu lv in  t o  exc ip ien t  was maintained a t  

3.06 x 10'3 i n  a l l  experiments. 
powder mix used i n  a d i s so lu t ion  experiment was 
prepared by mixing g r i seo fu lv in  with the exc ip ien t  i n  
a cube mixer f o r  45 minutes. 

I n  a t y p i c a l  run the  

Dissolut ion s t u d i e s  were performed according t o  
U S P  XX paddle method a t  I00 rpm. 500 m l  of 0.9% 

so lu t ion  of sodium chlor ide  ,containing 0.01% polysorbate 
8 0  was used as  d i s s o l u t i o n  medium. The experiment were 
ca r r i ed  o u t  a t  37 + I°C. Each d i s so lu t ion  study was 

done i n  t r i p l i c a t e ;  using 0.75 g of t h e  powder mix. 
Griseofulvin concentrat ion i n  so lu t ion  was continuously 
monitored by c i r c u l a t i n g  the  so lu t ion  i n t o  Kontron 
spectrophotometer (Kontron, Sweden) and measuring the  
absorbance a t  295 nm. 

- 

Scanning e l e c t r o n  microscopy (ESM) photomicrographs 
of drug powder mixtures were done using Lie tz ,  1 0 0 0 A ,  

AMR Electron Scanning Microscope (L ie t z ,  W e s t  Gemany). 
Samples were prepared f o r  examination by s p u t t e r  

coat ing with gold. 

RESULTS AND DISCUSSION 

The d i s s o l u t i o n  e f f i c i e n c y  has been determined 
q u a n t i t a t i v e l y  a s  a l ready described i n  the  f i r s t  p a r t  
of t h i s  s tudy ( 4 ) .  

s tudy e x h i b i t  d i f f e r e n t  sur face  c h a r a c t e r i s t i c s  

i nd ica t ed  by ESM examination. 

can be c l a s s i f i e d  as follows: 

The exc ip ien ts  which have been used i n  the  present  
a s  

The d i f f e r e n t  excipients  
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1282 SALLAM ET A L .  

I - Sugar beads. The p a r t i c l e s  a r e  sphe r i ca l  wi th  

smooth and r egu la r  sur faces  (Fig. I). Consequently, 

the d i s so lu t ion  p r o f i l e  of t h e i r  i n t e r a c t i v e  powder 
mixture i s  going t o  be considered as a reference. 
2 - Coarse sugar  p a r t i c l e s  (CP) 710-850 pm and 1000 - 
2000 p m  s i z e  f r a c t i o n s .  The p a r t i c l e s  a r e  e i t h e r  s ing le  
c r y s t a l s  o r  aggregate of small  c r y s t a l s  w i t h  l a r g e  one. 
The sur faces  a r e  smooth with m i n i m u m  indenta t ions  and 
c a v i t i e s  (Fig.2).  
3 - Sugar granules (710-850 p m  and 1000-2000 p m )  prepared 
from coarse sugar p a r t i c l e s  granulated e i t h e r  w i t h  water 

(CPG) o r  e thy lce l lu lose  (E t -CFG)  - The p a r t i c l e s  a r e  
granular  i n  shape, aggregate of c r y s t a l s  with m i n i m u m  

indenta t ions  and c a v i t i e s  (Fig.  4 ,5 ) .  

4 - Sugar granules (710-850 pm and 1000-2000 pmlprepared 
from f i n e  sugar p a r t i c l e s  granulated e i t h e r  w i t h  water 
(FFG) o r  e thy lce l lu lose  (E t -FPG)  . The p a r t i c l e s  a r e  
granular  i n  shape with porous surface and high rugosi ty .  
Cavi t ies  a r e  present  i n  a prominent r a t i o  r e l a t i v e  t o  
the  o t h e r  granules (Fig.6) .  
5 - Emcompress powder. The p a r t i c l e s  a r e  highly indent- 
a ted  with the h ighes t  rugos i ty  among t h e  exc ip ien ts  
used i n  t h i s  s tudy (Fig.7).  

Emcompress powder and sugar  granules  prepared w i t h  

e thy lce l lu lose  a r e  examples of inso luble  exc ip ien ts .  
Di f fe ren t  s i z e  f r a c t i o n s  have been used with so lub le  
and in so lub le  exc ip ien ts  i n  o rder  t o  check the  v a l i d i t y  
of t he  e f f e c t  of indenta t ions  of exc ip i en t  p a r t i c l e s  on 
the  d i s so lu t ion  r a t e  of poorly soluble drugs. Griseoful-  
v i n  the  model drug i s  micronized p o w d e r  w i t h  cohesive 

nature  as  shown i n . F i g .  (8). 
Fig. (9)  shows the  d i s so lu t ion  e f f i c i e n c y  of i n t e r -  

a c t i v e  powder mixtures prepared from so luble  exc ip ien ts  
having d i f f e r e n t  su r f ace  c h a r a c t e r i s t i c s .  The maximum 
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INTERACTIVE POWDER MIXTURES. I1 1283 

F I G U R E  I 
ESM Photomicrographs of Sugar Beads I n t e r a c t i v e  Powder 
Mixture with Micronized Griseofulvin.  
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T1284 

FIGURES 2 & 3 

Fig.2 : ESM Photomicrograph of Coarse Sugar Particles 
(710-850 urn), Upper Photomicrograph. 
Fig.3 : ESM Photomicrograph of Fine Sugar Particles, 
Lower Photomicrograph. 
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INTERACTIVE POWDER MIXTURES. I1 1285 

FIGURE 4 

ESM Photomicrographs of CPG (710-850 y m )  I n t e r a c t i v e  

Powder Mixture with Micronized Griseofulvin.  
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1286 SALLAM ET AL. 

F I G U R E  5 

ESM P h o t o m i c r o g r a p h s  of Et -CFG (710-850 pm) I n t e r a c t i v e  
P o w d e r  Mixture w i t h  Micronized G r i s e o f u l v i n .  
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INTERACTIVE POWDER MIXTURES. I1 1287 

FIGURE 6 

ESM Photomicrographs of FPG P a r t i c l e s  showing the  

porous s r t u c t u r e  of p a r t i c u l a t e  sur faces .  
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1288 SALLAM ET A L .  

F I G U R E  7 

ESM Photomicrographs of Emcornpress and Micronized 

Griseofulvin I n t e r a c t i v e  Powder Mixture showing highly 
Indentated sur face  where D r u g  P a r t i c l e s  would 

entrapped. 

be 
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INTERACTIVE POWDER MIXTURES. I1 1289 

FIGURE 8 
ESM Photomicrographs of Micronized Griseofulvin Powder 
showing the cohesive nature of this powder. 
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dissolution efficiency is obtained from 
prepared with sugar beads where the particles have 
smooth regular surfaces (Fig.1). Drug particles will 
be dispersed evenly on the surfaces and easily exposed 
to the dissolution medium. The result is a high dissol- 
ution efficiency. 

mixture 

Dissolution efficiency of mixtures prepared from 
either CP or CPG particles is less than that correspond- 
ing to sugar beads. This is because, CP and CPG 
particles have surfaces with some degree of indentation 
and presence of cavities as shown in Fig.(4). 
Indentated areas on particulate surfaces exhibit stronger 
adsorption sites, forces and hence , more drug particles 
are localised in these areas as shown in Fig. (10). 

The least dissolution efficiencies among soluble 
excipients have been produced by interactive powder 
mixtures containing FPG excipients. FPG particles show 
surfaces with high rugosity and presence of cavities. 
Fig. (11) shows drug particles accumulated and highly 
localised in small area on FFG particle. Presence of 
drug agglomerates and undispersed large number of 

particles localised in small areas on particulate 
surfaces will decrease the surface area of drug particles 
available for dissolution and hence, reduces the dissol- 
ution efficiency. Stereomicroscopical examination of 
FPG interactive powder mixture after dissolving 

dissolution medium shows some of drug agglomerates still 
existing undispersed (Fig. 1 2 )  . The number of undispersed 
drug agglomerates is much higher in case of FFG powder 
mixtures than with CP or CPG powder mixtures. 
The presence of indentations or cavities on particulate 
surfaces will entrap drug particles and agglomerates 
which will be protected mechanically from dispersion 
in the due course of mixing. 
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FIGURE I0 

ESM Photomicrographs of CP(7IO-850 p m )  

Powder Mixture with Micronized Griseofulvin.  

Indentated Area shows more loca l i zed  drug p a r t i c l e s  

than p l a i n  sur faces .  
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F I G U R E  I1 

ESM Photomicrographs of F P G  (710-850 pm) I n t e r a c t i v e  

Powder Mixture with Micronized Griseofulvin showing 

areas  with accumulated drug p a r t i c l e s .  
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FIGURE I2 
Stereomicroscopical Examination of FPG (710-850 p m )  
I n t e r a c t i v e  Powder Mixture a f t e r  d i sso lv ing  i n  
d i s so lu t ion  medium showing presence of drug agglomer- 
a t e s  
Mixture (Lower Photomicrograph) shows drug p a r t i c l e s  
dispersed i n  d i s so lu t ion  medium. 

(Upper Photomicrograph). C P  I n t e r a c t i v e  Powder 

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



INTERACTIVE POWDER MIXTURES. I1 1295 

When sugar  granules  have been prepared using 

a l coho l i c  e thy lce l lu lose  as  a binding agent,  the  

sur faces  a r e  rendered hydrophobic without los ing  t h e  

p a r t i c u l a t e  shape and rugosi ty .  The same phenomenon i s  

observed as  shown i n  F i g .  (13). However, t he  r e l a t i v e  

reduct ion i n  d i s so lu t ion  e f f i c i ency  i s  higher  because 

t h e  granules  a r e  less so luble  (4). 

When the  rugos i ty  i s  high, d i s so lu t ion  e f f i c i ency  

decreases .  Emcompress powder e x h i b i t s  t he  h ighes t  

rugos i ty  produces the  l e a s t  d i s so lu t ion  e f f i c i ency ,  

although it has the  smal les t  p a r t i c l e  s i z e ,  i . e .  t h e  

h ighes t  sur f  ace area.  

Fig. (14) shows t h e  d i s so lu t ion  p r o f i l e s  of Et-FEG 

(710-850 p m )  and Emcompress i n t e r a c t i v e  powder mixtures  
during 30 minutes of d i s so lu t ion  process.  There a r e  

two phases of d i s so lu t ion  which a r e  explained as  

follows : 

I - The f i r s t  6 minutes, both mixtures e x h i b i t  s i m i l a r  

d i s s o l u t i o n  performance. This phase i s  probably due t o  

t h e  d i s s o l u t i o n  of drug p a r t i c l e s  which a r e  not 

entrapped i n t o  indenta t ions  of excip ien t  p a r t i c l e s .  

2 - The d i s s o l u t i o n  p r o f i l e s  a f t e r  6 minutes show 

s i g n i f i c a n t  decrease i n  t he  d i s so lu t ion  performance of 
Emcompress i n t e r a c t i v e  powder mixture, although it has 

t h e  higher  sur face  a rea .  I n  t h i s  phase the  higher 

rugos i ty  of Emcompress powder i n  addi t ion t o  being 

in so lub le  exc ip i en t ,  h inder  t o  a higher  e x t e n t  t he  
w e t t a b i l i t y  of entrapped drug p a r t i c l e s .  Consequently, 

t h e  d i s s o l u t i o n  e f f i c i e n c y  of Emcompress powder mixture 

i s  less than i t s  corresponding produced by Et -FPG 

i n t e r a c t i v e  powder mixture. 

I f  t h e  hypothesis  i s  true, i .e .  the drug p a r t i c l e s  

entrapped i n t o  indenta t ions  show slower d i s so lu t ion  

e f f i c i e n c y ,  then by f i l l i n g  the  s i tes  of entrapment 
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FIGURE I 3  

A Comparison of Rel-ative Dissolut ion Ef f i c i enc ie s  of 
Griseofulvin I n t e r a c t i v e  Powder Mixtures showing the  
Ef fec t  of Indentat ions of Inso luble  Excipients .  
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M Et-fPG 710 -850 urn 

EMCOMPRESS 

2 4 6 8 10 12 14 16 18 20 2 2  24  26 2 8  30 min. 

F I G U R E  I 4  
Dissolut ion P ro f i l e s  of Griseofulvin from I n t e r a c t i v e  

Powder Mixtures of E t -FPG (710 - 850 p m )  and 
Emcompress. 

with f i n e  p a r t i c l e s  t h e  d i s so lu t ion  e f f i c i ency  w i l l  be 

expected t o  increase.  When FPG p a r t i c l e s  a r e  mixed with 

e i t h e r  I%, 2% o r  5% f i n e  sugar p a r t i c l e s ,  the  d i s so lu t -  

ion e f f i c i e n c y  increases  s i g n i f i c a n t l y  as  shown i n  
Fig.  (15). The maximum d i s so lu t ion  e f f i c i ency  i s  

produced by powder mixture where FPG p a r t i c l e s  a r e  

mixed with 5% f i n e  sugar.  The main mechanism i s  t h a t  

f i n e  sugar  p a r t i c l e s  ( f ig .3)  a r e  blocking the c a v i t i e s  

and pores,  i . e .  the  entrapment s i t e s  on F P G  p a r t i c u l a t e  

surfaces  a s  shown i n  Figs.  I 6  and 1 7 .  Thus, the drug 

p a r t i c l e s  and/or drug agglomerates w i l l  be exposed t o  

a l e s s  number of entrapment s i t e s  and hence, b e t t e r  
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2 3 4 5 1 

% O F  FINE SUGAR ADDED 

FIGURE I 5  
The r e l a t i v e  D i s s o l u t i o n  Ef f i c i enc ie s  of FFG In t e rac t ive  
Powder Mixtures a f t e r  Primary Mixing with Fine Sugar 
P a r t i c l e s .  
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FIGURE I6 
ESM Photomicrographs showing Fine Sugar Particles 
are blocking the cavities on FPG (710-850 pm) 
Particulate Surfaces after mixing with 2% w/w Fine 
Sugar Particles and then with Micronized Griseofulvin. 
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FIGURE I7 
ESM Photomicrographs showing Fine Sugar Particles are 

blocking the cavities on FFG (710-850 pm) Particulate 
Surfaces after mixing with 5% w/w Fine Sugar Particles 
and then with Micronized Griseofulvin. 
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dispers ion  i s  obtained during mixing process.  The end 

r e s u l t  i s  a higher  sur face  area ava i l ab le  f o r  d i s so lu t -  

ion and consequently, d i s so lu t ion  e f f i c i ency  increases .  

CONCLUSION 

Excipient p a r t i c l e s  having h ighly  porous or  
indentated sur faces  en t r ap  drug p a r t i c l e s  and agglomer- 

a t e s  hindering t h e i r  d i spers ion  i n t o  the  powder mixture 

and hence, reducing the  surface a rea  ava i l ab le  f o r  

d i s so lu t ion .  The r e s u l t  i s  a reduct ion i n  the  d i s so lu t -  

ion e f f i c i e n c y  of poorly soluble  drugs from i n t e r a c t i v e  

powder mixtures. F i l l i n g  entrapment s i t e s  with f i n e  

exc ip i en t  p a r t i c l e s  r e s u l t s  i n  increas ing  the  d i s so lu t -  

ion e f f i c i ency .  I n  c o n t r a s t ,  the  smoother exc ip ien t  
p a r t i c l e s  produce higher  d i s so lu t ion  e f f i c i ency  f o r  
t he  same i n t e r a c t i v e  powder mixtures.  

I n  conclusion, sur face  c h a r a c t e r i s t i c s  of 
exc ip i en t  p a r t i c l e s  should be examined c a r e f u l l y  before  

formulation of s o l i d  dosage forms using i n t e r a c t i v e  

powder mixtures as  a process t o  improve the  d i s so lu t ion  

r a t e  of poorly so luble  drugs. 
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