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ABSTRACT ----- 

In human volunteers, both the rate and extent of 

urinary excretion of riboflavine were significantly reduced 

(~(0.05) when attapulgite was co-administered with the drug. 

About 50% reduction occurred in the cumulative amount ex- 

creted following the concurrent administration of 1 0  m g  

riboflavine in solution form and 2 g of regular attapulgite. 

The co-administration of the drug with a 30 ml dose o f  a 

commercial antidiarrheal susp'ension containing 10% activated 

attapulgite and 9% colloidal attapulgite produced a rel- 

atively lesser effect; the reduction in extent of absorption 

being 4074. No statistically-significant effect was found 

when the adsorbent was ingested 2 h prior to the drug. 

The observed reduction in drug bioavailability in the pre- 
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370 K H A L I L  ET A L .  

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

o f  t h e  d r u g  by t h e  a d s o r b e n t .  

INTRODUCTION ------- 

A n t a c i d s  and some components i n  a n t i d i a r r h e a l  m i x t u r e s  

a r e  known t o  be a p o t e n t i a l  s o u r c e  o f  d r u g  i n t e r a c t i o n s  ( 1 ) .  

I n  view o f  t h e i r  a v a i l a b i l i t y  o v e r - t h e - c o u n t e r ,  t h e y  a r e  

w i d e l y  u s e d  by the  p u b l i c  and may be t a k e n  c o n c u r r e n t l y  w i t h  

many d r u g s .  K a o l i n  and a t t a p u l g i t e  a r e  two i n g r e d i e n t s  

commonly p r e s e n t  i n  a n t i d i a r r h e a l  p r e p a r a t i o n s .  A number 

o f  d r u g s  were found t o  i n t e r a c t  w i t h  k a o l i n  and c o n s e q u e n t  

r e d u c t i o n  i n  b i o a v a i l a b i l i t y  was r e p o r t e d  ( 2 - 5 ) .  

A t t a p u l g i t e  l3.P. i s  a p u r i f i e d  n a t i v e  aluminium mag- 

nesium s i l i c a t e  b e l o n g i n g  t o  t h ?  p a l y g o r s k i t e - s p i o l i t e  group 

o f  m i n e r a l  c l a y s .  I t  e x i s t s  i n  t h e  form o f  two g r a d e s :  

a )  r e g u l a r  a c t i v a t e d  a t t a p u l g i t e  and b )  c o l l o i d a l  a c t i v a t e d  

a t t a p u l g i t e .  Both g r a d e s  have  been  used  as g a s t r o i n t e s t i n a l  

a d s o r b e n t s  ( 6 ) .  A B . P .  monograph f o r  t h e  a c t i v a t e d  a t t a p u l -  

g i t e  f i r s t  a p p e a r e d  i n  t h e  1975 addendum. A t t a p u l g i t e  i s  a 

h i g h l y  e f ' f i c i e n t  a d s o r b e n t  a g a i n s t  t o x i n s  and  a l k a l o i d s ( 7 , 8 ) .  

_- I n - v i t r o  .- -- - - a d s o r p t i o n  s t u d i e s  o f  s t r y c h n i n e ,  a t r o p i n e  

and  q u i n i n e  o n t o  a t t a p u l g i t e  showed t h a t  t h e  a d s o r b e n t  w a s  

more e f f i c i e n t  t h a n  k a o l i n ( 9 ) .  The - i n - v i t r o  -_I- u p t a k e  o f  

neomycin s u l p h a t e  by a t t a p T l l g i t e  was s t u d i e d  by McGini ty  

and  H i l l  ( 1 0 ) .  The e x t e n t  o f  d e s o r p t i o n  was i n f l u e n c e d  by 

magnesium i o n s .  A d s o r p t i o n  and d e s o r p t i o n  t e s t i n g  o f  pro- 

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

r a t e s  were r a p i d  ( 1 1 , 1 2 ) .  
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EFFECT OF ATTAPULGITE 373 

Relativelv few studies have been carried out of the 

influence of attapulgite on drug availability. The effect 

of activated attapulgite on promazine absozption was studied 

by Sorby and Liu (11,121. Their findings suggested that the 

adsorbent reduced the rate of drug absorption when promazine 

was equilibrated with the adsorbent. In another study (13) 

an attapulgite-pectin mixture suppressed lincomycin absor- 

ption when both the drug and adsorbent were co-administered. 

In a recent report, Khalil C . a 2 . ( 1 4 )  fouid that a 

regular grade of attapulgite significantly adsorbed a model 

o f  low dose drug (riboflavine) in-vitro. In the present 

work, we have examined the effect of attapulgite on the bio- 

availability of riboflavine in human volunteers. In an 

attempt to overcom.3 the interaction, the effect of spacing 

the doses was also examined. 

M A T E R I A L S  A N D  M E T H O D S  -- 

Riboflavine and a regular grade of attapulgite ( B . P . )  

were used. A batcho€ antidiarrheal suspension known as 

QuintessR(batch no. 3RG78A, Eli Lilly, USA) was used. Each 

30 ml of the suspension contains 3 g activated attapulgite 

and 0.9 g activated colloidal attapulgite. 

Six healthy subjects, 3 males and 3 females (age 24-40 years; 

weight 62-82 Kg) volunteered for the study and gave written 

consent. A randomized crossover design was adopted. The 

volunteers were instructed not to take any drug a week before 

and during the trials. Food materials known of their high 

riboflavine contents (15) were not consumed at least one day 

before and during the trials. Each subject fasted for at 
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3 7 2  KHALIL ET A L .  

l e a s t  8 h p r i o r  t o  a n d  3 h a f t e r  d o s i n g .  A s t a n d a r d  b r e a k -  

f a s t  c o n s i s t e d  o f  t o a s t  (4 s l i c e s ) ,  b u t t e r  ( 2 0  g )  a n d  j a m  

( 4 0  g )  was g i v e n .  Each s u b j e c t  i n g e s t e d  a s o l u t i o n  o f  10 m g  

r i b o f l a v i n e  i n  200 m l  o f  w a t e r  w i t h  o r  w i t h o u t  a t t a p u l g i t e  

( o r  Q u i n t e s s R  s u s p e n s i o n )  a c c o r d i n g  t o  t h e  f o l l o w i n g  t r e a t . -  

ments :  

T r e a t m e n t  A :  The r i b o f l a v i n e  s o l u t i o n :  

10 mg d i s s o l v e d  i n  200 m l  o f  w a t e r  ( c o n t r o l ) .  

T r e a t m e n t  B :  A t t a p u l g i t e  ( 2  g )  s u s p e n d e d  i n  t h e  r i b o f l a v i n e  

s o l u t i o n .  

T r e a t m e n t  C :  A t t a p u l g i t e  ( 2  g )  s u s p e n d e d  i n  200  m l  and  2 11 

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

R T r e a t m e n t  D :  Q u i n t e s s  s u s p e n s i o n  ( 3 0  m l )  d i l u t e d  w i t h  t h e  

r i b o f l a v i n e  s o l u t i o n .  

Complete u r i n e  c o l l e c t i o n  w a s  c a r r i e d  o u t  h o u r l y  f o r  8 h ,  

and  a p o o l e d  sample was c o l l e c t e d  from 8 t o  11 h a f t e r  d r u g  

a d m i n i s t r a t i o n .  U r i n e  s a m p l e s  were c o l l e c t e d  i n  l i g h t  - 
r e s i s t a n t  b o t t l e s .  G l a c i a l  a c e t i c  a c i d  ( 3  m l  p e r  100 m l  

o f  u r i n e )  was added as a s t a b i l i z e r  ( 1 6 ) .  The b o t t l e s  were 

a n a l y z e d  w i t h i n  24 h from t h e  f i r s t  sample c o l l e c t i o n .  

- A s s a j :  -- A f t e r  s u i t a b l e  d i l u t i o n ,  t h e  u r i n e  s a m p l e s  were 

a s s a y e d  u s i n g  t h e  f l u o r o m e t r i c  method d e s c r i b e d  by Levy 

a n d  J u s k o  ( 1 7 ) .  T h z  f l u o r e s c e n c e  was measured  u s i n g  a 

a s u i t a b ~ l e  s p e c t r o f l u o r e m e t e r  (model  2 0 4 ,  P e r k i n  Elmer ,  

H i t a c h i ,  Norwalk,  C o n n e c t i c u t . ) .  

-- A d s o r - t i o n  T e s t i n g :  The u p t a k e  o f  r i b o f l a v i n e  by a t t a p u l g i t e  

was examined f o l l o w i n g  t h e  p r o c e d u r e  p r e v i o u s l y  d e s c r i b e d ( l 4 ) .  

The r i b o f l a v i n e  c o n t e n t  i n  t h e  s u p e r n a t a n t  s o l u t i o n ,  o b t a i n e d  

a f t e r  c e n t r i f u g a t i o n ,  was d e t e r m i n e d  by t h e  f l u o r o r n e t r i c  

method. 
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EFFECT OF ATTAPULGITE 

RESULTS -- 

3 7 3  

The i n f l u e n c e  o f  a t t a p u l g i t e  on t h e  a b s o r p t i o n  o f  o r a l l y -  

a d m i n i s t e r e d  r i b o f l a v i n e  w a s  examined when b o t h  t h e  d rug  and 

a d s o r b e n t  were i n g e s t e d  c o n c o m i t a n t l y  and when t h e  a d s o r b e n t  

w a s  i n g e s t e d  2 h b e f o r e  t h e  drug.  

The cumula t ive  u r i n a r y  e x c r e t i o n  d a t a  a r e  shown i n  F i g . 1  

and u r i n a r y  e x c r e t i o n  r a t e s  a r e  shown i n  F ig .2  f o r  t h e  s i x  

s u b j e c t s .  I t  i s  c l e a r  t h a t  f o l l o w i n g  Trea tmen t  B ,  a l l  t h e  

sub  j e -  t s showed s t a t  i s t i c a l l y - s i g n i f  i c a n t  r e d u c t i o n  i n  t h e  

u r i n a r y  e x c r e t i o n  d a t a .  Fo r  'Treatment C no s t a t i s t i c a l l y -  

d i f f e r e n c e  was found.  T h i s  was conf i rmed f o l l o w i n g  a n a l y s i s  

o f  t h e  d a t a  by S t u d e n t ' s  t - t e s t  ( T a b l e  1 ) ;  when 

Trea tment  p a i r s  A - t l  and A-C were compared; t h e  p a r a m e t e r s  

be ing  t h e  peak e x c r e t i o n  r a t e  and t h e  11 h-cumula t ive  

amoiin t e x c r e t e d  . 
S t a t i s t i c a l  a n a l y s i s  by t h e  ANOVA method ( T a b l e  2 1 ,  

u s i n g  t h e  I 1  h-cumula t ive  amoilnts e x c r e t e d  a s  t h e  p a r a m e t e r ,  

r e v e a l e d  t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was found 

( ~ 4 0 . 0 5 )  between Trea tmen t s  A ,  B and C (due  t o  i n c l u s i o n  o f  

Trea tment  C i n  t h e  a n a l y s i s ) .  A s  would be e x p e c t e d ,  i n t e r -  

s u b j e c t  v a r i a b i l i t y  w a s  s i g n i f i c a n t  ( ~ 4 0 . 0 5 ) .  T h i s  can  be 

a t t . r i b u t e d  t o  t h e  f a c t  t h a t  r i b o f l a v i n e  i s  abso rbed  by a 

s p e c i a l i z e d  t r a n s p o r t  sys tem i n  t h e  proximal  p o r t i o n  o f  

t h e  s m a l l  i n t e s t i n e  ( 1 7 ) .  Hence, a l t e r a t i o n  i n  t h e  g a s t r i c  

emptying can  produce s i g n i f i c a n t  changes  i n  t h e  r a t e  and 

e x t e n t  of  r i b o f l a v i n e  a b s o r p t i o n  from t h e  g a s t r o i n t e s t i n a l  

t r a c t  (18,191. 

Again ,  no s t a t i s t i c a l l y - s i g n i f i c a n t  d i f f e r e n c e  was found i n  

t h e  u r i n a r y  e x c r e t i o n  r a t e s  f o l l o w i n g  Treat.monts A and C .  
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KHALIL ET AL. 3 7 4  

\\ 

O 4 8 1 2  

7 
'1 Subiect:G.M. 

1 21b!!??- 
0 4 8 1 2  

Subjec t . A .  5 . 6 
6 

4 8 12 

Subject ' R . M . G, 4 8 12 

T i m e  ( h r )  

F I G U R E  1 

I n d i v i d u a l  cumula t ive  amounts e x c r e t e d  f o l l o w i n g  s i n g l e  
dose  a d m i n i s t r a t i o n (  1 0  mg)of r i b o f l a v i n e  a f t e r  T rea tmen t  A 
0 , Trea tmen t  B and Trea tment  C A .  

HobJever, s i g n i f i c a n t  r e d u c t i o n  i n  t h e  r a t e  o f  r i s e  and peak 

e x c r e t i o n  r a t e  o c c u r r e d  f o l l o w i n g  Trea tment  B. I n t e r s u b j e c t  

v a r i a b i l i t y  f o l l o w i n g  Trea tmen t s  A and R was det ,ermined by 

c a l c u l a t i n g  t h e  s t a n d a r d  e r r o r  o f  t h e  mean ( S . E . M . )  f o r  t h e  

pha rmacok ine t i c  p a r a m e t e r s  ( T a b l e  3 ) .  I n  most c a s e s ,  r e l a -  

t i v e l y  low S.E.M. v a l u e s  were o b t a i n e d  f o l l o w i n g  Trea tmen t  B 

r e l a t i v e  t o  Trea tmen t  A .  F i g u r e  3 shows i n d i v i d u a l  p e r c e n t  

dose  e x c r e t e d  f o l l o w i n g  Trea tmen t s  A ,  B and C.  A l l  t h e  

s u b j e c t s  showed reduced  b i o a v a i l b i l i t y  f o l l o w i n g  Trea tman t  13. 

C a l c u l a t i o n s  o f  t h e  r e l a t i v e  b i o a v a i l a b i 1 i t . y  ( T a b l e  4) gave 

a r ange  o f  2 6 . 2 3 - 7 7 . 2 0  (mean'S.E.M. 5 0 . 4 2 7 . 2 )  f o r  Trea tment  B .  
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EFFECT OF ATTAPULGITE 
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Subject!H.R. 16  

375 

Subject : A .  5. 

Subject:G.M. 1.2- Subject :O. A .  1.2 

2 L 6 8  2 L 6 8  

FIGURE 2 

Individual urinary excretion rates following single oral 
dose administration(l0 mg)of riboflavine after Treatment A 
0 , Treatment B and Treatment C . 

TABLE 1 

Student t-test Applied to Excretion Data Following Oral 
Administration of 20 mg of Riboflavine after Treatments 
A, B and C (n=6). 

Data Analyzed Treatments t-values Significance 

Peak Excre ion A -B 3 - 9 1  S +  
A -C 1.69 N.S+ -1 ;  Rate (mg. h 

I 1  h-Cumulative 
Amount Excreted 
(mg) 

4 . 2 6  s+ + A-B 
A -C 1 . 1 5  N.S 

*Significant (pc0.025) 
'Not significant + +  Significant ( ~ 4 0 . 0 0 1 )  
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TABLE 2 

KHALIL ET AL. 

A n a l y s i s  o f  Var i ance  f o r  t h e  11 h - C u m u  
F o l l o w i n g  O r a l  A d m i n i s t r a t i o n  o f  10 m g  
T r e a t m e n t s  A ,  B and C. 

a t  
o f  

v e  E x c r e t i o n  Data 
R i b o f l a v i n e  a f t e r  

S o u r c e  ss dF M S  F S i g n i f i c a n c e  

B e t w e e n  T r e a t m z n t s  13.740 2 6.870 14.84 S *  

B e t w e e n  S u b j e c t s  7 .770 5 1.554 3.36 S 

E r r o r  4.629 10 0 .463  -- 
* 

S i g n i f i c a n t  a t  p=O.O5 
T a b u l a r  F 2 ,  10: 4 . 1  
T a b u l a r  F 5 ,  10: 3 .33  

TABLE 3 

E f f e c t  of  T r e a t m e n t s  ( A )  a n d  ( B )  on  I n t e r s u b j e c t  V a r i a b i l i t y  
F o l l o w i n g  O r a l  A d m i n i s t r a t i o n  o f  10 m g  R i b o f l a v i n e ;  ( n = 6 ) .  

I n t e r s u b j e c t  T r e a t m e n t  V a r i a b i l i t y  

A B 

H i g h  Low S . E .  H i g h  Low S . E .  

C . A . E .  ( m g )  4 .93 2 .29  0 . 4 2  2.19 1 .29  0 . 1 4  

% Dose E x c r e t e d  49.30 22.90 4 .20  21.90 12.90 1.40 

P.E.T.  ( h ) *  1.00 1.00 - -  1.00 1.00 -- 

P . E . R .  ( m g . h - l )  1.82 0 . 6 8  0.17 0 .59  0.29 0.05 

t e l ( h )  4.95 1.74 0.51 6 . 3 0  2.17 0 .62  

t (h)** 1.88 1.01 0.14 2 . 3 1  1 . 6 1  0.10 

?h' 

P 

* 
A p p r o x i m a t e  v a l u e s ,  s i n c e  u r i n e  s a m p l e s  w e r e  c o l l e c t e d  
h o u r l y .  

* *  
T i m e  t o  r each  peak i n  b l o o d ,  c a l c u l a t e d  u s i n g  t h e  f o r m u l a :  

2.303 l o g  K a / K e l  t =  K a  - K e l  P 
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I Subject.H.S. I Subject H.R 

4 0 1  Subjecf:G.M. LO4 Subject:R.M. 

30 -I 30 I 

F I G U R E  3 

I r i d i v i d u a l  p e r c e n t  dose  e x c r e t e d  f o l l o w i n g  s i n g l e  o r a l  
dose  a d m i n i s t r a t i o n  o f  r i b o f l a v i n e  a f t e r  T rea tmen t  A ,  
Trea tmen t  B ,  T rea tmen t  C and Trea tment  D.  
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TABLE 4 
Individual Estimates of Relative Bioavailability of Ribo- 
flavine(l0 mg) Orally Administered Following Treatments 
A ,  B, C and D. 

~~ ~ 

Relative Bioavailability %* 
Subject 

B/A C / A  D/A 

A.S. 

G.M. 

H.R. 

H.S. 

O.A. 

R.M. 

~~ 

4 9 . 4 6  9 6 . 1 2  N.C.** 

7 7 - 2 0  8 2 . 3 9  N.C. 

4 9 . 4 1  9 3 . 7 2  6 7 . 5 4  
2 6 . 2 3  1 0 1 . 8 9  5 2 . 9 4  
3 8 . 8 1  1 0 5 . 6 9  N.C. 

6 1 . 2 6  9 5 . 7 9  N.C. 
~ ~~ 

Mean 5 0 . 4 0  9 5 . 9 3  6 0 . 2 4  
S . E . +  7 . 2 0  3 . 2 6  4 . 2 1  

* 
Relative to treatment A and based on 11 h-cumulative amount 
excreted. 

* *  
Not calculated 

+S.E.:+standard error of the mean 

The effect on riboflavine absorption of concomitant 

ingestion of a single dose(30 mllof a commercial product 

containing attapulgite (Quintess suspension ) was carried 

out using two subjects (Treatment D ) .  The results obtained 

showed that the two subjects had reduced bioavailability. 

Relative to the control Treatment A ,  percent dose excreted 

were 5 2 . 9 4  and 6 7 . 5 4  in the two subjects. 

R 

Calculation of the pharmacokinetic parameters(Tab1e 5 )  

indicated that Treatments A-D had no effect on the parameters, 

and the calculated values are in good agreement with those  

reported by Levy e. (17  1 .  

DISCUSS I O N  

The observed reduction in the absorption o f  riboflavine 

in the presence of attapulgite can be discussed in the light 
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TABLE V 

Elimination Rate Constant(Kel), Elimination Half-life(t, 
el), Absorption Rate Constant(Ka)and Absorption Half-libe 
(tM, ab)for Riboflavine Following Treatments A ,  B ,  C and D .  

Treatment Parameter A.S. G.M. H.R. H.S. O.S. R.M. 

Kel (h-') 0 .31  0 . 3 1  0 . 1 4  0 . 3 6  0 .19  0 . 4 0  
r* 0.95 0 .98  0 .99  0 .99  0 . 9 7  1.00 

A el(h) 2.24 2.24 4.95 1 . 9 3  3 .65  1.74 
Ka (h-*) 1 .50  0 .92  1 .34  2 .12  1 . 4 1  1.57 
t ab(h) 0 .46  0 .75  0 . 5 2  0 . 3 3  0 .49  0 .44  

Kel (h-') 0 . 2 3  0.24 0.11 0 . 3 2  0.21 0 . 3 1  

M' 

r 0 . 9 3  1.00 0 .94  0 . 9 8  0 .97  1.00 

B ty2, el(h) 3 . 0 1  2 .89  6 . 3 0  2.17 3 - 9 0  2.24 
Ka ( h - l )  0.88 0.88 1.11 0 . 8 3  1 .38  0 .65  
t$$, ab(h) 0 .79  0 .79  0 . 6 3  0.84 0 . 5 0  1.07 

Kel (h- 0 .29  0 .25  0 . 2 0  0 .34  0 . 4 6  0 . 3 4  1 

r 0 . 9 9  0 . 9 9  0 . 9 8  1.00 0 . 9 9  1.00 

C t!h, ab(h) 2 .39  2.78 3.47 2.04 1 . 5 1  2.04 
Ka (h-') 1.01 1 .34  0.88 1.06 0 . 7 4  1.66 
t%, ab(h) 0.69 0 . 5 2  0 . 7 9  0 .65  0 . 9 4  0 . 4 2  

Kel (h-l) - -  -- 0 . 2 2  0 . 2 2  -- -- 

D t,,, el(h) -- -- 3.15 3 .15  -- -- 
K a  (h-') -- -- 1 - 4 7  1.20 -- -- 
tM, ab(h) -- -- 0.47 0.58 -- -- 

r -- - -  0 . 9 0  0 . 9 0  -- -- 

*r= correlation coefficient for the relationship between 
log excretion rates versus time(Feathering technique). 
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TABLE 6 
The & - v i t r o  Uptake of  R i b o f l a v i n e  by A t t a p u l g i t e  a t  pH 2 
( 0 . 0 ¶  N H C 1 ) ,  37+_0.2°C. 

% Adsorp t ion  
b c: x / m  

0.75  0 .603  80.4 
1 .50  1.176 78.4 
2.25 1.809 80.4 
5.25 3.226 7 4 . 8  
6.50 4.941 76 .0  

7 - 5 0  5.735 76 .5  

a - 1  I n i t i a l  r i b o f l a v i n e  c o n c e n t r a t i o n s  mg.50  n i l  
bArnount of  r i b o f l a v i n e  a d s o r b e d ( m g ) p e r  gram o f  a t t a p u l g i t e  

o f  t h e  f o l l o w i n g  p o s s i b l e  mechanisms: 

(a) a l t e r a t i o n  i n  g a s t r i c  pH v a l u e ,  ( b )  a1  e r a t i o n  i n  g a s t r i c  

emptying t ime ,  

r e l e a s e d  from a t t a p u l g i t e ,  and ( d )  a d s o r p t i o n  o f  t h e  d r u g  by 

a t t a p u l g i t e .  

c 2 .  ( c )  c h e l a t i o n  of  t h e  d r u g  w t h  A1+3and Mg i o n s  

A l t e r a t i o n  i i i  ga :3br i c  p11 f o l l o w i n g  i n g e s t i o n  o f  2 g 

of a t t a p u l g i t e  has n o t  been r e p o r t e d .  Although a t t a p u l g i t e  

s h o ~ i e d  weak n e u t r a l i z i n g  c a p a c i t y  i n - v i t r o ,  i t  i s  h i g h l y  

u n l i k e l y  t h a t  g a s t r i c  pH would be s i g n i f i c a n t l y  a l t e r e d  

a f t e r  i n g e s t i o n  o f  2 g o f  a t t a p u l g i t e .  A t  37°C no appre -  

c i a b l e  decomposi t ion  o c c u r r e d  a f t e r  d i g e s t i o n  i n  0 . i  N H C l  

f o r  2 h ,  t h u s  r u l i n g  o u t  p o s s i b l e  e f f e c t  o f  any  l e a c h a b l e  

A l f 3 i o n s  on g a s t r i c  emptying t i m e .  The p o s s i b i l i t y  or d rug  

a d s o r p t i o n  by a t t a p u l g i t e  i n - v i v o  was examined. A s i g n i f i -  

c a n t  up take  o f  t h e  d r u g  o c c u r r e d ;  t h e  d e t a i l s  o f  t h e  a d s o r -  

p t i o n  d a t a  a r e  p u b l i s h e d  e l sewhere  ( 1 4 )  and r e p r e s e n t a t i v e s  

o f  t h e  d a t a  a r e  shown i n  Tab le  6.  
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EFFECT OF ATTAPULGITE 381 

Since the pharmacokinetic parameters were not signifi- 

cantly affected by the presence of' attapulgite, it appears 

therefore that this type of interaction influenced only the 

absorption and not the disposition. 

The ingestion of a dose of an attapulgite-containing 

R suspension (Quintess suspension )produced similar reduction 

in the rate and extent of drug excretion. Since the data 

or the suspension were obtained from two subjects only, it 

would be difficult to draw a comparison with 'pure' atta- 

pulgite. However, it was found that the suspension prod- 

uced a relatively lesser effect in the same two subjects 

(H.S. and H . R . ) .  Percent relative bioavailability (relative 

to control) were 52.9 and 67.5 (for the suspension) compared 

to 2 6 . 2  and 49.4 (for pure attapulgite) in the same two 

subjects. It is probable that the excipients added in the 

suspension (flavors, sweeteners and colorants) had reduced 

the adsorptive capacity of attapulgite present. 

The data presented in this work point out to the strong 

adsorptive property o f  attapulgite toward low dose drugs 

such as rihoflavine. This results in reduced bioavailability 

of the drug. Spacing the doses by 2 hours eliminated the 

interaction. A good correlation existed between in-vitro 

adsorption data and in-vivo testing of the system studied. 
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