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ABSTRACT 

I h e  s u r f a c e  a d s o r p t i o n  of g r i r e o f u l v i n ,  inrbl la t l racin and 

p d n i s o n e  t o  c o l l o i d a l  magnesium a l r u i n u  s i l icate  wus sl~wii t o  

m r k d l y  i q m v e  the d i s s o l u t i o n  rates of t h e r e  hydrophobic  and 

p o r l y  soluble drugs. 

o f  t h e  c l a y  was due t o  t h e  waak p h y s i c a l  bonding between the two 

TIhe r a p i d  release of  drug  from the s u r f a c e  

r t s r i a l s  and t o  t h e  s w e l l i n g  o f  t h e  c l o y  i n  aqueous d i o .  

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

i n  4 u s o u s  m d i o  also helped  to  f a c i l i t a t e  t h e  w e t t i n g  o f  hydro- 

phobic  drug subs tances .  

t h e  p r e p a r a t i o n  o f  t h e  g r i s a a f u l v i n - c l a y  odsorbotas  cnuserl a s i g -  

n i f i c a n t  v a r i a n c e  i n  t h e  J i s s o l u t l o n  p r o f i l e s  of g r i s e o f u l v i n .  

7his d id  not o c c u r  w i t h  i n d o w t h a c i n .  Dramatic increases i n  

Ihe 

The e q u i l i b r a t i n g  s o l v e n t s  employed i n  

d i s s o l u t i o n  n t e s  were seen w i t h  t h e  prednisone  a d s o r b a t e s  and 

100 percent o f  the drug  w a s  p r e s e n t  i n  s o l u t i o n  frrm t h e  1:4  ad- 

sorbate a f t e r  f o u r  u n u t e s .  
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Over the past decade a plethora of articles have addressed 

the bioavailability problems associated with poorly soluble drugs 

and several methods have been suggested to overcow these prob- 

lems. 

ing was discussed by Kaplan (1)  who suggested that an lrqueous 

solubility of one percent or less be considered a guideline rela- 

tive to potential solubility-limited absorption problems. A l -  

though several corpunds with aqueous solubilities of less than 

one percent are well absorbed, this critorion should alert the in- 

vestigator to a possible dissolution rate limited absorption. 

The biological i-liations of fi vitro dissolution test- 

In 1977, Hankhouse and Lach (2) reviewed several approaches 

that had been applied to iapmve the dissolution rotas of 

poorly soliible or hydrophobic drugs. Thwe methods include: colb 

plsxation, salt fomtion, polymorph fomstion. micronization, 

solid dispersions and surface adsorption. Since 1972, further 

efforts to use these method to inprove solubility and dissolu- 

tions rates have been published (3-6). Essentially, the methods 

of surface adsorption and solid dispersion reduce a drug's par- 

ticle size by increasing the surface area available to the disso- 

lutiori medium. Since solid dispersions are dynamic systems, phy- 

sical as wll as chemical stability problems have been reported 

for several drug-carrier combinations (7-11). The technique of 

surface adsorption was first reported by Honkhouse and h c h  (2) 

who adsorbed poorly soluble drugs on various for- of silica. 
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The present c o v v m i w t i o n  reports t h o  a d s o r p t i u i  of g r i s e o -  

f u l v i n ,  i n d o r s t h a c i n  and prednisone  t o  micronized c o l l o i d a l  mng- 

ncsirn aluminum silicate (a r#ltmorilLotrite c l a y )  a d  t h e  r e s u l -  

t i n g  d i s s o l u t i o n  p m p e r t i o s .  

s u r f a c e  charge .  P r e v i w s  studies have shown t h a t  i t  i n t e r a c t s  

s t r o n g l y  wi th  c a t i o n i c  drugs b u t  y a a e r u l l y  not w i t h  nanio i i ic  or  

a n i o n i c  compounds (12-14). C o l l o i d u l  u r y n e s i u r  a lur inum si l icate 

possesses a n  a x p n d i n y  l a t t i c c  structure whidi  permits t h e  c l a y  

to  r a p i d l y  h y d r a t e  i n  water. 

that are weakly adsorbed t o  t h e  c l a y  could  be r a p i d l y  d isp l rcuc l  

as t lm c l a y  hydra ted  i n  ~cpeous nediu .  

This c l u y  hat a s t r o n g  negati 've 

There proporties s u g g e s t  t h a t  drugs 

LXPERI W " A L  

Materials - Thu fo l lowing  m a t u r i a l s  wem wed: 

aim aluminum sil icate ' ,  g r i s c t o h l v i n ' ,  i r r lowt l rac in ' ,  p r c d n i -  

rone', p o l y s o r b u t e  80'. A l l  other diamicals and s o l v e n t s  were 

r imgent  grade  and were used as r e c e i v e d .  

P r e p a r a t i o n  of b y - C l a y  k l s o r b u t e s  - Qie gram of prre drug was 

d i s s o l v e d  i n  100 to  200 a1 of v a r i o u s  o r g o n i c  s o l v u n t s .  

a c c u r a t e l y  wtiphod aaount of t h e  a i c r o i t i z a d  Yontnurillonite cluy 

c o l l u i r t a l  m g n e -  

An 

was suspended i n  the drug  s o l u t i o n .  The s o l v e n t  was renwrved by 

' v s e g u  F 
'Ayrest L a b o r a t o r i e s  Inc. ,  Rouses P o i n t ,  NY 12979 
'brck sharp and Dohue, West Point,  PA 194% 
'The Upjohn Co.; Kaloaaroo, MI 49001 
% m a n  80 

, R.T. Vantiehilt, ~ o r w o i ~ ; ,  CI' Mass D
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38 W: G I N I n  AND 1URRZS 

t h e  use of J rotovap a t  35'. d e r  a s l i g h t  vacuum. 

s o l u b i l i t y  of tlic drug i n  t h e  organic  so lven t  was exceeded, drug 

When t h e  

particles were p r e c i p i t a t e d  from s o l u t i o n  a d  d a p o s i t d  onta the 

su r face  of t h e  micronized c l ay .  The 8dsorba te  was removed, d r i e d  

t o  cons tan t  weight, and passed through 8 100 mesh screen. 

varying t h e  quan t i ty  of c lay ,  1:l.  1:4 and 1:9. drug-clay adsor- 

ba t e s  were p r e p a n d .  In a l l  cases, samples were t e s t e d  f o r  homo- 

genei ty  and drug conten t  p r i o r  t o  t h e  d i s s o l u t i o n  studies. 

i n v e s t i g a t e  the  inf luence  of e q u i l i b r a t i n g  so lven t s  on the disso- 

l u t i o n  p rope r t i e s  of t h e  g r i seo fu lv in ,  drug:clay adsorba tes  were 

equ i l ib ra t ed  i n  c l r lorofom,  ace tone ,  methanol and m t h y i e n e  

ch lor ide .  

Disso lu t ion  S tud ie s  - The d i s s o l u t i o n  studies wen conducted with 

t h e  USP Apparatus 2 and perforred on drug:clay adsa rba ta s  con- 

t a i n i n g  5 ~g gr i seo fu lv in ,  15 - indonethacin and 10 r g  predni- 

sone. The powdered adsorba tes  were addad to  a one l i ter  beaker 

conta in ing  900 ~1 o f  0 . O n  aqueous polysorbote  80 s o l u t i o n  which 

was maintainad a t  37' and s t i r r e d  a t  100 r p .  

(IS) have shown t h a t  t h i s  medium more c l o s e l y  resed,les t h e  su r -  

face tens ion  of GI f iu idr  than d i s t i l l e d  water. The presence of 

t he  s u r f 8 c t m t  prevented aggregates o f  pure drug from f l o a t i n g  on 

the su r face  o f  the d i s s o l u t i o n  medium. Drug-clay adsorba tes  were 

found t o  r ead i ly  w e t  i n  t h e  absence o f  t h e  s u r f a c t a n t .  

m i l l i l i t e r  s a q t l e s  were wi thdram a t  var ious  time i n t e r v a l s  and 

assayed for drug conten t  w i n g  u l t r a v i o l e t  spbc tmrcopy a t  the  

maxima wavelength o f  t h e  drug being s tudied .  

By 

To 

Previous s t u d i e s  

T h e e  

To maintain a con- 
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s tant  volws of disso lut ion medium. 3 rl voluros of fresh a d i -  

u ybre rmp1.c.J after the r u o v a l  of oach sample. The roportd 

data are the average of at l eas t  t r i p l i w t o  dirsa lut ion MI. 

RESULTS ANI) D t ! X U S l O N  

The disso lut ion p r o f i l e s  in  Fip. 1 urn for  tha yrisenfulvin- 

clay adsorbates that had been equilibrated in  acotone. As the  

percent of clay i n  the  adsorbate YOS iircrouaod the d i s so lu t ion  

0.a- 

FIGURE I 

Dissolution p r o f i l e s  o f  griseofulvin:mntroriilonite adsorbuces 
(equilibrated i n  acetone) in aqueous p l y s o r b a t e  80 so lut ion 0.02%. 
at 37'. KUY: 0 ,  pure drug; Q ,  1 : 1  misorlmr; 0. I : J  ativortmts; .. 1:9 adsorbate. 
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40 nC CXNXTY AND HARRXS 

rate was a l s o  increosed. 

o f  c l a y  avni l i lb le  for adsorp t ion .  

a d  t h e  1:l adsorba te  sliows I d n v t i c  increase  i n  the  d i s s o l u -  

t i on  r a t e  f o r  g r j s e o f u l v i n  froa t h e  adsorba te .  Nearly a11 t h e  

grirreofulvin lied passed i n t o  s o l u t i o n  f r o m  t h e  1:4 and 1:9 

adsorbates a f t o r  epproxiua te ly  10 a i n u t e s .  

neu t r a l  c o r p u n d ,  does not c h e r i s o r b  to  t h e  r o n t r o r i l l o n i t e  c l ay  

and is held t o  t h e  s u r f a c e  of t h e  c l a y  by weak van d e r  Weal's 

b o d s  w h i c h  can be e a s i l y  broken. Co l lo ida l  maegnesjrm a l w i n u a  

s i l i c a t e  being a l iydroiihil ic aaterial ,  ruod i ly  d i s p e r s e s ,  hy- 

d r a t e s  and swells i n  aqueous media and as a r e s u l t ,  aggrega tes  

of t h e  hydrophobic drug  d id  not slipear on the s u r f a c e  of t h e  d i s -  

so lu t ion  d i m .  

exponded i n  t h e  aqueous d i m ,  t h e  g t i s o o f u l v i n  was dis lodged  

f r o m  t he  su r face  o f  t h e  c l a y  and r a p i d l y  passed i n t o  t h e  so lu t ion .  

llris is due t o  t h e  g r e a t e r  s u r f a c e  a rea  

A comparison of t h e  ptlre d h g  

C,riseofrrlvin, a 

As t h e  micronized c l ay  p a r t i c l e  swelled and 

The p r o f i l e s  i n  Fig. 2 r ep resen t  t he  d i s s o l u t i o n  d a t a  from 

adsorbates t h a t  h d  been e q u i l i b r a t e d  in  ch lornfora .  Slower 

d i s so lu t ion  r a t e s  nere seen wlren compared with t h e  p r o f i l e s  i n  

Fig. 1. llre g r e a t e r  s epa ra t ion  hetween t h e  d i s o l u t i o n  p r o f i l e s  

i l l  Fig. 2 suggested t h a t  tho s u r f a c e  of t h e  c l ay  was i n c q l e t e l y  

covered with drug p a r t i c l e s  o r  t h n t  the e q u i l i b r a t i n g  so lven t  had 

poss ib ly  influenced t h e  phys ica l  c h a r a c t e r  o f  t h e  drug and t h e  

r e s u l t i n g  d i s s o l u t i o n  behavior  o f  drug f r o a  t h e  adso rba te s .  Ad- 

d i t i o n a l  1:l g r i s eo fu lv in -c l ay  adso rba te s  w e n  prepared by cllui- 

l i b r a t i o n  i n  methanol and methylene c h l o r i d e  and the r e s u l t i n g  
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ADSOPPTION M ncwnmax~ITE 4 1  

0 0 

FIGURE 2 

Dissolution profiles of griseofulvin:.ontrorillonite udaorbates 
(oqui1ibratsd in chloroform) in aqueous polyaorbrrte 80 solution 
0.02%, at 57.. Key: , pure drug; 0, 1:l adaorbuta; 0 ,  1:4 
adsorbate; , 1:9 sdsorbutc. 

profiles in Fig. 3 compare the dissolution behavior of adsorbates 

that had been equilibrated in four organic solvents. The results 

suggested that two different forms of grioeofulvin were present 

in the adsorbates. No significant differences were seen iii the 

dissolution profiles f m a  the pun! drug that huve been equili- 

brated in the different solvents. 

solvent in the presence of the clay purticle m y  have resulted 

It would thus appear that the 
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"[ 
Hc CIHITY AND HARRIS 

influence of the equilibrating solvent on the dissolution profiles 
of 1:l griseofulvin:aont~orillonite adsorbates in aqueous p l y s o r -  
bate 80 solution 0.02% at 37'. Key: m ,  rethonol; 0 I chloroform; 

, acetone; 0 , rthylene chloride. 

in il change i n  crystalline farm of  the griseofulvin. hlterna- 

tively the solvents may influence tltc strength of the bonding 

of the d ~ g  t o  the surface of the clay or MY influence the'ori- 

mtation of drug particles on the clay surface. 

ties are being further investigated. 

m e s a  possibili- 

I t  was evident from the profiles in Fig. 4 that colloidal 

magnesium altminua silicate was extremely effective in increasing 

the rate of dissolution of indoacthacin, 7he hydrophobic drug 
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ADSORPTION TO WTWIBILLONLTE 4 3  

0 

a 

a 

: a  

a 
0 
0 " Q  
a 

I 

0 

0. 

0 

Dissolution profiles of inJollethYciii:rontwrilloirite adsorbates 
(uquilibnted in acetone) in aquows Iwlysorbutr 80 solution 0.02%, 
art 37.. Key: , pure dnry; 0 , 1 : l  udsorhatu; 0 , l:J adsorbate; 
9 , 1:9 adsorbate. 

substance in tho absence of tho clay possud into solution very 

slowly. As with the griseofulvin, i t  would appear that the  hydro- 

pliilic clay material exertod tuo fuiictions in producing foster 

drug dissolution rates; by providing e large surface uron for 

adsorption and secondly by facilitating the wetting process of 

hydrophobic druk substances. Aguior ;Ir (16) lird previously 

rcported that the  aicronization of drugs will tlieoreticolly pro- 

duce a larger surface a r w  avililable to the dissolution medium. 
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&4 HC G I N I T Y  AND HARRIS 

tbwever, c1iuq)ing or this forration of aggregates can sipnificant- 

ly mdtice the effectiveness of this micronization. 

nre dissoltttion curves in Fig. 5 indicate that the prtpara- 

tion of Indoaetliacin-clay adsorbates in chloroform. acetone, 

ethanol and mtliylene chloride did not significantly influence 

the dissoltition Imhovior of indomethacin f r o m  1 : l  adsorbates. 

The influente of teqmraturc on the rate of dissolution of indo- 

methocin fron 1: 1  adsorbates equilibrated in ethanol is shown in 

Fig. 6. As the temperature of the dissolution mediua increased, 

0.  

0. 

m 
Y 
z 
4 0.  
I 
I 

s 
I 
4 0. 

0 

FIQIRE S 

Influence of the qiil lib rat in^ solvent on the dissolution profi les of 
1:1 indoaetliucin:montmoriIlonite adsorbates in aqueous polysorbate 8C 
solution f l .OZ% a t  37'. Key: 0 , methylene chloride; , chlorofora; 
0 , acetone; 0 .  athnnol. 
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a 

Influence of t h e  temperature o f  t h e  d i s s o l u t i o n  d i u m  on t h e  d i s so -  
l u t i o n  p r o f i l e s  o f  1:l indowthacin:mntmrilloaite adsorba tes  (equi- 
l i b r a t e d  i n  e thanol )  i n  oqwous p o l y s o r b ~ t e  80 s o l u t i o n  0.02% a t  37. 
Key: 0 , 3.5. * 1.5; 0 .  24. f 0.5; , 57. f 0 . 5 .  

so d id  tho  d i s s o l u t i o n  r a t e .  

t h e  fact t h a t  t h e  s o l u b i l i t y  of tlie drug w i l l  increase  as the 

temperature i s  increased and t h e  m n t v o r i  1 l o n i t e  c l ay  ui  11 liydrnte 

and swell f o s t e r  i n  aqueous rcdir  a t  a hipliar temparaturo. 

lliis phhonwwnoii YUS probably due t o  

The d i s s o l u t i o n  p r o f i l o s  i n  Fig. 7 i l l u s t r a t e  t he  d i s s o l u t i o n  

behavior o f  p r e h i s o n e  from 1 : l  and 1:4 adsorba tes  and pure m i -  

cronized drug. As with t h e  two previous drugs discussed ,  tlic 

ron tmor i l i on i t e  c l a y  YUS very e f f e c t i v e  i n  producing rupid disso-  

l u t i o n  r 8 t a s  f o r  prednisoiic. Af tor  four  miiiiites, 100 pcrcunt of 

the  drug was i n  so lu t ion  w i t h  t he  1:1 udsor t~ote .  
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a.4 

Ic CXNITY AND HARRKS 

- 

FIGURE 7 

D i s s o l u t i o n  profiles of prcdnisone:rontmrillonite a d s o r b a t e s  
( e q u i l i b r a t e d  i n  e t h a n o l )  i n  aqueous p o l y s o r b a t e  80 s o l u t i o n  
O.(iZ?, a t  37.. Key: , p u r e  drug; 0 , 1:1 a d s o r b a t e ;  0 , 
1:4 udsorba te .  

In conclusion, it  h a s  ticen slioun t h a t  t h e  s u r f a c e  s d s o r p t i o n  

of g r i s e o f u l v i n .  i n d o w t l r a c i n  and p r e d n i s o n e  to c o l l o i d a l  mngne- 

s i u  a l i m i n u  s i l icate  cnn markedly i . p m v c  t h e  dissolution rates 

of t h e s e  hydrophobic and poorly s o l u b l e  d n i g s .  l lre micronizcd 

c l a y  p r e s e n t s  an e x t r c w l y  l a r g e  surface nrea 

adsorb the drug, and t h e  hydroplillic and swal 

t h e  c l a y  in aquooiis mdta help f a c i l i t a t e  t h e  

phobic  dnrg substances. I t  should  be pointed 

(750 FI’ per g) t o  

ing p r o p e r t i a s  o f  

w e t t i n g  of hydro- 

o u t  t h a t  a l t h o u g h  
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imnionic  drugs  i n  generu l  do wt i n t e r a c t  ui t l r  u t r t l a r i l l o n i t e  

c l a y s  t h e r o  am s a w  ercaptionr t o  t h i s  r u l e  ( a . y .  r e s e r p i n e )  

A u r a  drugs  c h o r i c a l l y  i n t e r a c t  u i t h  tlrr c l a y  a d  are very d i f f i -  

cult t o  d i s p l a c e  (17) .  llorever, preliminary data prosanted  i n  

t h i s  report suggos t  that t h e  surfacc a d s o r p t i o u  o f  p o o r l y  rold~lrt  

drugs to  mntororilhmitc could  bo a v i a b l e  wcluniw t o  improve 

the d i s s o l u t i o n  rates and t he  u l t i w r c  b i w v v i l o b i l i t y  of t h e  

. a c t i v e  moiety. 
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