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ABSTRACT 

This study was designed t o  evaluate aqueous p o l y a c r y l i c  a c i d  

gel (Carbopol g e l ) ,  r e l a t i v e  t o  i t s  s u i t a b i l i t y  f o r  use as a 
veh ic le  f o r  drug d e l i v e r y .  
as model a c i d i c  and bas i c  drugs, were completely d i sso l ved  i n t o  
the aqueous gel  base a t  5 rng/ml and 50 mg/ml, respec t i ve l y .  I n  
the re lease experiment us ing micropore membrane, h ighe r  
concentrat ion o f  p o l y a c r y l i c  a c i d  i n  t h e  gel  r e s u l t e d  i n  

h igher  v i s c o s i t y ,  and consequently lower re lease r a t e s  o f  bo th  
drugs. Higher pH o f  b a r b i t a l  gel p repara t i on  r e s u l t e d  i n  

h ighe r  f r a c t i o n  o f  i on i zed  molecules o f  b a r b i t a l  i n  t h e  ge l  
preparat ion causing a h ighe r  b a r b i t a l  re lease r a t e .  While 

Barb i ta l -Na and aminopyrine, used 

the re lease r a t e  o f  aminopyrine from 
lowest a t  t he  reg ion  o f  pH 6.8, t he  
aminopyrine i n  gel  base was 98.5%. 
b a r b i t a l  from t h e  gel  preparat ion a t  
r e l a t i o n  w i t h  t h e  r e s u l t s  o f  permeab 

ge l  p repara t i on  was t h e  
onized molecules o f  
The r e c t a l  absorpt ion o f  
t he  pH 5.8-8.3 range had 

l i t y  through a r t i f i c i a l  
i n t e s t i n a l  l i p i d  b a r r i e r  and accorded w i t h  pH p a r t i t i o n  
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1294 MORIMOTO AND MORISAKA 

hypothesis. 

a r t i f i c i a l  i n t e s t i n a l  1 i p i d  b a r r i e r  and t h e  r e c t a l  absorpt ion 
o f  aminopyrine from gel  preparat ions d i d  n o t  have a marked 
d i f f e r e n c e  a t  t he  pH 5.8-8.3 range. The re lease o f  bo th  drugs 

from gel  base was n o t  a r a t e - l i m i t i n g  f a c t o r  on the r e c t a l  
absorpt ion o f  bo th  drugs from t h e  gel  bases. 

The pe rmeab i l i t y  r a t e  o f  aminopyrine through t h e  

INTRODUCTION 

I n  pharmaceutical p rac t i ce ,  t he  aqueous gel  base uses 
p o l y a c r y l i c  a c i d  (Carbopol),  which i s  a group o f  carboxyv iny l  
polymers c ross - l i nked  w i t h  a l l y 1  sucrose. It has been focused 
as a dosage form f o r  t h e  drug d e l i v e r y  t o  body sur face and 
c a v i t i e s .  Sience the  gel  d i sso l ves  i n  body secret ions and 
i s  adsorbed i n  body surface, i t  i s  p a r t i c u l a r l y  s i t a b l e  f o r  

t he  admin i s t ra t i on  o f  some drugs. Today, however, aqueous 

p o l y a c r y l i c  a c i d  ge l  base i s  o n l y  app l i ed  as an ointment base. 

I n  our previous paper, t h e  r e c t a l  a d m i n i s t r a t i o n  o f  non- 

s t e r o i d a l  ant i - in f lammatory drugs, ibuprofen ( 1 ) ,  f l u r b i p r o f e n ,  
ketoprofen, indomethacin ( 2 )  and d i  c l  ofenac-Na ( 3 ) ,  have been 
repor ted t o  be an e f f e c t i v e  method o f  admin i s t ra t i on .  

Furthermore, t h i s  ge l  base i s  e f f e c t i v e  on r e c t a l  a d m i n i s t r a t i o n  
o f  polypept ides such as i n s u l i n  ( 4 )  and c a l c i t o n i n  ( 5 ) .  

physicochemical f a c t o r s  i nvo l ved  i n  the  re lease  o f  drugs from 
po lyac ry l  i c  a c i d  ge l  bases. 

used as model a c i d i c  and bas i c  drugs. Furthermore, t h e  
absorpt ion o f  b a r b i t a l  -Na and aminopyrine from po lyac ry l  i c  a c i d  

gel  i n  r a t  rectum was inves t i ga ted .  

The present study was designed t o  i n v e s t i g a t e  the  

B a r b i t a l  -Na and aminopyri ne were 

MATERIALS AND METHODS 

Ma te r ia l s :  Polyacry l  i c  a c i d  (Carbopol 941 ) was obta ined 
from B.F.Goodrich, OH, USA. Barbi ta l -Na and aminopyrine were 
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ABSORPTION OF BARBITAL AND AMINOPYRINE 1295 

obtained from commercial ly a v a i l a b l e  sources. A l l  o t h e r  
chemicals used were o f  reagent grade. 

Polyacry l  i c  a c i d  ge l  base was prepared by  
presoaking p o l y a c r y l i c  a c i d  i n  d i s t i l l e d  water f o r  15 hours a t  
room temperature, and adding 10% NaOH s o l u t i o n  t o  a d j u s t  t he  
pH o f  ge l  bases. The f i n a l  concentrat ion o f  p o l y a c r y l i c  a c i d  

i n  ge l  base was adjusted by t h e  addt ion o f  water as descr ibed 
i n  our previous paper ( 4 ) .  The concentrat ion o f  p o l y a c r y l i c  
a c i d  i n  gel  bases were 0.1 and 1% w/v and the  pH values se lected 

fo r  study were 4.5, 6.5 and 8.0. 
were d i sso l ved  i n  each gel  base a t  concentrat ion o f  5 mg/ml 
and 50 mg/ml , r e s p s c t i v e l y .  

changed from pH 4.5 t o  5.2, from 6.5 t o  6.8 and from 8.0 t o  
8.3 a f t e r  b a r b i t a l  was d i sso l ved  i n  ge l  base. 
o f  t h a t  which aminopyrine was d isso lved,  changed from 4.5 t o  

5.8, from 6.5 t o  6.8 and 8.0 t o  8.3. 
prepara t i on  was measured w i t h  a cone and p l a t e  viscometer 
(E type, Tokyo K e i k i ,  Tokyo, Japan) a t  37°C. 
were s to red  i n  dark a t  6°C. 

gel preparat ion a t  37°C wasdetermined by us ing a d i s s o l u t i o n -  
t e s t  apparatus f o r  supposi tory  (Toyama Sangyo, Tokyo, Japan) , i n  
accordance w i t h  the  method o f  Muranishi e t  a l .  (6). Two 
hundred m l  o f  d i s t i l l e d  water ( t h e  d i s s o l u t i o n  medium) was 
p u t  i n t o  a re leas ing  glass vessel and maintained a t  37°C under 
s t i r r i n g  a t  100 rpm. A 2 m l  gel  p repara t i on  was placed on a 
micropore membrane (pore s i z e  2.5 um; FR 250, F u j i  Photo Fi lm, 
Tokyo, Japan), f i t t e d  a t  t h e  lower end o f  a p l a s t i c  c y l i n d r i c a l  
c e l l .  The preparat ion phase was n o t  s t i r r e d .  An a l i q u o t  o f  
1 m l  of d i s s o l u t i o n  medium was taken and the  medium was 
rep len ished w i t h  the  same volume o f  d i s t i l l e d  water. 

q u a n t i t y  o f  drug 
against  t he  square r o o t  o f  time, and t h e  re lease r a t e  (pg/ml) 
was ca l cu la ted  from the slope o f  the s t r a i g h t  l i n e  obtained. 

Preparat ions:  

Barb i ta l -Na and aminopyrine 

The pH values o f  ge l  p repara t i on  

The pH values 

The v i s c o s i t y  o f  gel  

The preparat ions 

I n  V i t r o  Release Experiments: The re lease o f  drug from the  

The 

released from the ge l  p repara t i on  was p l o t t e d  
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1296 MORIMOTO AND NORISAKA 

I n  v i  t r o  Premeabil i ty Experiments: I n  v i  t r o  permeabi 1 i t y  

experiments were c a r r i e d  o u t  by t h e  same manner as descr ibed 
f o r  the re lease experiments. 
(SM 16754: Sartorus, Gott ingen, W-Germany) con ta in ing  a r t i f i c i a l  
i n t e s t i n a l  l i p i d  b a r r i e r  (SM 16750: Sartorus, Gott ingen, 
W-Germany). The medium o f  rece ive  phase used phosphate b u f f e r  
(pH 6.8). 

weighing 270-300 g were fas ted  f o r  17 hours p r i o r  t o  the 
experiments. 
body weight i p ,  25% w/v ethylcarbamate i n  d i s t i l l e d  water)  and 
pentobarbital-Na (50 mg/kg body weight i p )  on r e c t a l  absorpt ion 
experiments of  b a r b i t a l  and aminopyrine, r e s p e c t i v e l y .  
loop method; B a r b i t a l  and aminopyrine gel  preparat ions were 
administered i n t o  r e c t a l  loop (5  cm sec t i on  above anus), which 
was i s o l a t e d  by l i g a t i o n .  The doses o f  b a r b i t a l  and aminopyrine 
were 10 mg/kg body weight and 100 mg/kg body weight, 
respec t i ve l y ,  and the dosage volume o f  the p repara t i on  was 
2 ml/kg body weight. Blood samples (0.6 m l )  were c o l l e c t e d  
from the i ngu ina l  ve in  a t  app rop r ia te  t imes a f t e r  admin i s t ra t i on .  
I n  s i t u  r e c i r c u l a t i o n  method; 
and aminopyrine from i s o t o n i c  phosphate b u f f e r  (pH 4.5, 6.5 
and 8.0) was examined by i n  s i t u  r e c i r c u l a t i o n  method i n  r a t s .  
The concentrat ion of b a r b i t a l  and aminopyrine i n  the  per fusate 
was 0.1 mM. 
r a t e  o f  2 ml/min. 
per fusate was ca l cu la ted  a t  t h e  d i f f e r e n c e  between t h e  
concentrat ion o f  drug i n  the  i n i t i a l  and t h e  f i n a l  so lu t i ons .  

t he  UV spectrophotometric method (240 nrn) o f  Goldbaum e t  a l .  ( 7 ) .  
The q u a n t i t y  o f  aminopyrine was determined by UV spectrophoto- 
me t r i c  method (260 nm) o f  Brodie e t  a l .  ( 8 ) .  

A membrane used membrane f i l t e r  

Rectal Absorption Experiments: Wistar s t r a i n  male r a t s  

Rats were anesthet ized w i t h  urethane (4.5 ml/kg 

I n  s i  t u  

The r e c t a l  absorpt ion o f  b a r b i t a l  

The per fusate (50 m l )  was r e c i r c u l a t e d  a t  t h e  
The amount o f  drug disappered from t h e  

Assay Procedure: The q u a n t i t y  o f  b a r b i t a l  was determined by D
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ABSORPTION OF BARBITAL AND AMINOPYRINE 1297 
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F i g .  1 E f fec t  of Concent ra t ion  ( V i s c o s i t y )  o f  P o l y a c r y l i c  
A c i d  i n  Aqueous Gel Base on t h e  Release Rate o f  B a r b i t a l  

and Aminopyrine f rom Gel Prepara t ions  (pH 6.8) th rough 
M ic ro  Pore Membrane a t  37OC 
The concen t ra t i on  of p o l y a c r y l i c  a c i d  were 0.1% w/v (A), 
1% w/v ( 0 )  and 2% w/v (I). 

RESULTS 

Release Experiments: Release o f  drugs comple te ly  d i s s o l v e d  
i n  aqueous p o l y a c r y l i c  a c i d  ge l  was s t u d i e d  by  u s i n g  mic ropore  
membrane and r e c e p t o r  s o l u t i o n .  

ge l  p repara t ion ,  expressed as percents  re lease  as a f u n c t i o n  o f  
t he  square r o o t  of t ime, were p l o t t e d .  
o f  p o l y a c r y l i c  a c i d  i n  t h e  ge l  base, i e ,  v i s c o s i t y  e f f e c t ,  on 

re lease  o f  b a r b i t a l  and aminopyr ine f rom ge l  p r e p a r a t i o n  was 
examined ( F i g .  1 ) .  L i n e a r  r e l a t i o n s h i p s  between t h e  pe rcen t  

re lease  and t h e  square r o o t  o f  t h e  t i m e  were ob ta ined  on t h e  

Drug re lease  p r o f i l e s  f o r  

E f f e c t  o f  c o n c e n t r a t i o n  D
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Fig.  2 E f f e c t  o f  pH o f  Gel Preparat ion on the Release o f  
B a r b i t a l  and Aminopyrine from Polyacry l  i c  Ac id Gel through 
Micro Pore Membrane a t  37°C 
The pH o f  b a r b i t a l  ge l  prepapations were 5.2 (A), 6.8 ( 0 )  
and 8.3(U).The pH o f  Aminopyrine gel  preparat ions were 

5.8 (A), 6.8 ( 0 )  and 8.3 (I). 
p o l y a c r y l i c  a c i d  i n  ge l  base was 1% w/v. 

The concentrat ion o f  

re lease o f  both drugs. 
w i t h  the  Higuchi equat ion ( 9 ) .  
a c i d  concentrat ion,  i e ,  t he  h igher  t h e  v i s c o s i t y  and the  slower 
release o f  both drugs from the  gel bases. 
r a t e s  o f  aminopyrine between 1% w/v and 2 % w/v p o l y a c r y l i c  

a c i d  gels had n o t  a s i g n i f i c a n t  d i f f r e n c e .  

and aminopyrine from the  gel  preparat ion was examined (F ig .  2 ) .  
Higher re lease o f  b a r b i t a l  was seen w i t h  h igher  pH o f  ge l  
preparat ion.  Aminopyrine releases were i n  the  f o l l o w i n g  

The re lease o f  both drugs accorded 
The h igher  the p o l y a c r y l i c  

However, t h e  re lease 

E f f e c t  o f  pH o f  p o l y a c r y l i c  a c i d  ge l  on re lease o f  b a r b i t a l  
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Fig.  3 The Release Rate o f  B a r b i t a l  and Aminopyrine from Gel 

Preparat ion as Ion i zed  Form ( % )  o f  B a r b i t a l  and Aminopyrine 

The concentrat ion o f  p o l y a c r y l i c  a c i d  i n  ge l  base was 1% w/v. 

order;  pH 8.3>pH 5.8,pH 6.8. Furthermore, the aminopyrine 
release was examined i n  a more wide range o f  pH o f  t he  gel  

preparat ions.  F ig .  3 shows p l o t s  o f  the data, expressed as 
the re lease r a t e  constant against  t he  percentage o f  i o n i z e d  

froms f o r  drugs. The pKas o f  b a r b i t a l  and aminopyrine a re  
7.8 and 5.0, r e s p e c t i v e l y .  
b a r b i t a l  i n  t h e  gel  base was am impor tant  f a c t o r  f o r  t h e  b a r b i t a l  
re lease r a t e .  
the gel  base, 
Furthermore, t h e  re lease r a t e  o f  aminopyrine a l s o  increased on 
the nonionized molecules more than 98.5% when t h e  gel  p repara t i on  

was a t  pH 6.8. 

The amount o f  the i on i zed  form o f  

As aminopyrine was more i o n i z e d  molecules i n  
the re lease r a t e  o f  aminopyrine increased. 
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1300 MORIMOTO AND MORISAKA 
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Fig. 4 Effect of pH of Gel Preparation on the Permeability o f  
Barbital and Aminopyrine from Polycarylic Acid Gel through 
Artificial Intestinal Lipid Barrier 
The pH of barbital gel preparation were 5.2 (A), 6.8 ( 0 )  
and 8.3 ( W ) . 
5.8 (A), 6.8 ( 0 )  and 8.3 (I). 
polyacrylic acid in gel base was 1% w/v. 

The pH aminopyrine gel preparations were 
The concentration of 

Permeability Experiments: Effct of pH permeability o f  
barbital and aminopyrine form the polyacrylic acid gel bases 
thriugh artificial intestinal 1 ipid barrier (Sartorus, 1 ipid 
barrier D) was examined (Fig. 4). 
relationship between the permeability of barbital and 
aminopyrine, and the square root of time was obtained on each 
pH of gel preparation. The permeability of barbital was in 
following order; pH 5.2 pH 6.8 pH 8.3. This was not 
relatived to the results of the release experiment (Fig. 2 ) .  
Since ionized molecules of barbital in the gel base was higher 

An excellent linear 
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ABSORPTION OF BARBITAL AND AMINOPYRINE 1301 

T 

U 1 2 3 
Time (h) 

Fig.  5 Plasma Concentrat ion o f  B a r b i t a l  f o l l o w i n g  Rectal  
Admin i s t ra t i on  o f  B a r b i t a l  Gel Preparat ions a t  Various pH 

i n  Rats and Absorpt ion Rates (%/h)  o f  B a r b i t a l  i n  I s o t o n i c  
B u f f e r  a t  var ious pH from Rat rectum by I n  S i t u  R e c i r c u l a t i o n  
Method 
The pH o f  b a r b i t a l  gel  preparat ions were 5.2 (A), 6.8 ( 0 )  
and 8.3 ( m ) .  
gel base was 1% w/v. 
o f  a t  l e a s t  4 r a t s .  

The concentrat ion o f  p o l y a c r y l i c  a c i d  i n  
Each value represents the  mean 2 S.E. 

a t  h igher  pH, the  pe rmeab i l i t y  o f  b a r b i t a l  through the  l i p i d  
b a r r i e r  was lower a t  h igher  pH. 
aminopyrine was i n  the  f o l l o w i n g  order ;  pH 8 . 3 1  pH 5.8,pH 6.8, 
the pe rmeab i l i t y  o f  aminopyrine was r e l a t i v e d  t o  t h e  p a r t i t i o n  

c o e f f i c i e n t  o f  ami nopyrine. 

aminopyrine from i s o t o n i c  buf fer  was accorded w i t h  pH p a r t i t i o n  

While the  pe rmeab i l i t y  o f  

Rectal Absorption: The r e c t a l  absorpt ion o f  b a r b i t a l  and 
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I I 

0 1 2 3 

I( 1 1  a n  

Fig.  6 Plasma Concentrat ion o f  Aminopyrine f o l l o w i n g  Rectal  
Admin is t ra t ion o f  Aminopyrine gel  preparat ions a t  var ious 
pH i n  Rats and Absorpt ion Rates (%/h) o f  Aminopyrine i n  
I s o t o n i c  B u f f e r  a t  var ious pH from Rat Rectum by I n  S i t u  

Rec i r cu ra t i on  Method 

The pH aminopyrine gel  preparat ion were 5.8 (A), 6.8 ( 0 )  

and 8.3 (I). 
base was 1% w/v. 

o f  a t  l e a s t  4 r a t s .  

The concentrat ion o f  p o l y a c r y l i c  a c i d  i n  ge l  
Each value represents the  mean f S.E. 

hypothesis (F ig .  5 and F ig.  6 ) .  

preparat ion on the r e c t a l  absorpt ion o f  b a r b i t a l  (F ig .  5) and 
aminopyrine (F ig .  6 )  from the gel  base was estimated. The 
b a r b i t a l  concentrat ion i n  plasma a f t e r  admin i s t ra t i on  o f  the 

gel  preparat ion was i n  t he  f o l l o w i n g  order; pH 5.2 pH 6.8 
pH 8.3. The r e c t a l  absorpt ion o f  b a r b i t a l  from the  gel  
preparat ion a t  var ious pH accorded w i t h  pH p a r t i t i o n  hypothesis 

E f f e c t  o f  pH o f  t he  gel  
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and r e l a t e d  t o  the  r e s u l t  o f  pe rmeab i l i t y  study through l i p i d  

b a r r i e r  (F ig .  4 ) .  However, t h i s  r e s u l t  d i d  n o t  r e l a t e  t o  the  
release r a t e  from the  gel preperat ion.  While aminopyrine 

concentrat ion i n  plasma a f t e r  r e c t a l  a d m i n i s t r a t i o n  o f  t h e  gel  
preparat ion was i n  the f o l l o w i n g  order;  pH 5.8 
however, no s i g n i f i c a n t  d i f f e rences  were detected between these 
concentrat ion area under the curves (AUC). 

pH 6.8 pH 8.3, 

DISCUSSIONS 

The v i s c o s i t y  o f  p o l y a c r y l i c  a c i d  gel  us ing Carbopol 941 i s  
r e l a t i v e l y  constant a t  the wide range o f  pH 4 . 5  and pH 12 ( 4 ) .  
As barb i ta l -Na and aminopyrine were completely d i sso l ved  i n t o  
the aqueous gel  base a t  5 mg/ml and 50 mg/ml, respec t i ve l y ,  
t h e  v i s c o s i t y  o f  the gel  preparat ion d i d  n o t  change. I n  the  
release experiment using the micropore membrane, h ighe r  

concentrat ion o f  po l yac ry l  i c  a c i d  i n  the gel  p repara t i on  
r e s u l t e d  i n  h ighe r  v i s c o s i t y  and lower re lease r a t e  o f  bo th  
drugs. This r e s u l t  i s  a l s o  cons is ten t  w i t h  the  re lease o f  
antCinf lammatory drugs suspended i n  aqueous po lyac ry l  i c  a c i d  
gel i n  our previous r e p o r t s  (1-3).  On the o the r  hand, the  
pH o f  gel  preparat ion a f f e c t e d  the re lease r a t e s  o f  b a r b i t a l  

and aminopyrine. Higher pH o f  b a r b i t a l  gel  p repara t i on  r e s u l t e d  
i n  h igher  i on i zed  molecules o f  b a r b i t a l  i n  the  gel  p repara t i on  
and h igher  b a r b i t a l  re lease r a t e .  However, the re lease r a t e  o f  
aminopyrine from the  gel preparat ion was lowest a t  t he  reg ion  o f  
pH 6.8, which the  aminopyrine i o n i z e d  molecules i n  the gel  base 
was 98.5%. Bind ing o f  c a t i o n i c  drugs, chlorphcniramine and 
ephedrin w i t h  Carbopol was repor ted by Elgndy (10) .  These 

suggested t h a t  some s p e c i f i c  i n t e r a c t i o n  between aminopyrine 
w i t h  po l yac ry l  i c  a c i d  (Carbopol),  nega t i ve l y  charged polymer, 
may be involved. 
i n t e r a c t i o n .  

However, there was no evidence o f  such 
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1304 MORIMOTO AND MORISAKA 

The r e c t a l  abso rp t i on  o f  b a r b i t a l  and aminopyr ine f rom 
i s o t o n i c  phosphate b u f f e r  accorded w i t h  t h e  pH p a r t i t i o n  
hypothesis.  I n  t h e  case o f  b a r b i t a l ,  t h e  r e c t a l  abso rp t i on  
f rom p o l y a c r y l i c  a c i d  r e l a t e d  w i t h  t h e  r e s u l t s  o f  p e r m e a b i l i t y  
r a t e  through l i p o i d  b a r r i e r  and accorded w i t h  t h e  pH p a r t i t i o n  

hypothes is .  
through t h e  l i p o i d  b a r r i e r  and t h e  r e c t a l  abso rp t i on  o f  

aminopyrine f rom t h e  ge l  p r e p a r a t i o n  was n o t  markedly d i f f e r e n t  

from each pH and d i d  n o t  accord w i t h  t h e  pH p a r t i t i o n  hypothes is .  
I n  our  p rev ious  r e p o r t s  (1 -3) ,  t h e  r e l e a s e  r a t e  o f  some a n t i -  

inf lammatory drugs from t h e  ge l  p repara t i ons ,  which drugs were 
suspended i n ,  was a r a t e  l i m i t i n g  f a c t o r  i n  t h e  r e c t a l  

abso rp t i on  o f  these drugs i n  r a t s .  However, t h e  r e l e a s e  r a t e s  
o f  b a r b i t a l  and aminopyr ine f rom t h e  ge l  p repara t i ons ,  which 

drugs comple te ly  d i s s o l v e d  i n ,  i s  n o t  r a t e - l i m i t i n g  on t h e  

r e c t a l  abso rp t i on  o f  b a r b i t a l  and aminopyr ine f rom t h e  ge l  
p repara t i on  i n  r a t s .  

However , t h e  permeabi 1 i ty  r a t e  o f  ami n o p y r i  ne 
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