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Summary 

The release of weakly basic drug such as papaverine HCI from sustained-release formulations is dependent on the environmental 
pH in the gastrointestinal fluid. Precipitation of the poorly soluble free base occurs within the formulation in the intestinal fluid. 
Precipitated drug is no longer capable of release from the formulation, pH-independent release tablet was prepared by compressing 
the mixture of papaverine HCI, polyvinyl pyrrolidone (PVP) and citric acid followed by coating the lateral site of the tablet with 
ethylcelhilose. The tablet was shaped into a cylindrical type. When the composition ratio of citric acid to drug was more than about 
3.5, the tablet showed a pH-independent release. The percentage of drug release was not influenced by the drug content when the 
composition ratio of the matrix remained constant. Release rate was controlled by a surface area which could release the drug, and 
the amount of citric acid or PVP-K 30 incorporated into the matrix. Release rate can be altered freely while maintaining the 
pH-independent release characteristic by combining the different composition matrices. By simulating these results, drug released as 
a function of time has been calculated, giving results in good agreement with experiments. 

Introduction 

Dur ing  the last  decade,  many  cont ro l led- re lease  
d rug  del ivery systems for oral  admin i s t r a t ion  have 
been  deve loped  by  using var ious  techniques.  There  
have been some repor ts  that  release profi les  of  
drugs  from these systems are i ndependen t  of  en- 
v i ronmenta l  p H  values (Theeuwes,  1975; Bech- 
gaa rd  and Baggensen,  1980; Kohr i  et al., 1986, 
1989). These fo rmula t ions  can be  expected to pro-  
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v ide  a cons tan t  release of  a d rug  dur ing  the t rans i t  
through the gas t ro in tes t ina l  t rac t  in spi te  of  the  
var ia t ion  in p H  values. Moreover ,  there  a re  well- 
known  systems where  drug  release f rom the for- 
mu la t ion  can be  changed  by  using enter ic  coa t ing  
po lymers  when the fo rmula t ion  t ransfers  f rom 
s tomach  to small  intest ine.  However ,  no systems 
have been deve loped  that  pe rmi t  drug  release to 
be  changed  freely while ma in t a in ing  p H - i n d e p e n -  
den t  drug  release. Such a sys tem will reduce  the 
var ia t ion  of  abso rp t ion  which is asc r ibed  to the 
f luc tuat ion  of  gastr ic  p H  or  gastr ic  emp ty ing  t ime, 
This  is also useful  for increas ing  a bso rp t i on  of  a 
drug  which has low solubi l i ty  at  neu t ra l  p H  values  
such as bas ic  drugs.  Fu r the rmore ,  this sys tem will 
be useful for increas ing the b ioava i l ab i l i t y  of  drugs  
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which encounter the first-pass effect, since it will 
be possible that the metabolic activity of the en- 
zyme is saturated by considerable drug release 
during the initial stage and that this is followed by 
sustained release, or since it will also be possible 
that the sustained release rate can be increased 
with time. 

In this study papaverine HC1, of which it has 
been reported that the bioavailability of a sus- 
tained-release formulation was much less than that 
of a conventional one (Arnol d et al., 1977; Meyer 
et al., 1979), was used as a model drug. We tried 
to prepare a formulation which can change the 
release rate of the drug freely while maintaining 
pH-independent release. We also investigated the 
simulation of the release profile for this formula- 
tiork 

Materials and Methods 

Materials 

Papaverine HC1 (Sigma, St. Louis, MO), poly- 
vinyl pyrrolidone K 90 (Kollidon 90, PVP-K 90, 

BASF), polyvinyl pyrrolidone (Kollidon 30, PVP- 
K 30, BASF), ethylcellulose (100 cp, Wako Pure 
Chemical Industry, Osaka), and citric acid (Wako 
Pure Chemical Industry, Osaka) were used. All 
other chemicals were reagent grade. 

Preparation of the tablet 
Papaverine HC1, PVP-K 90, PVP-K 30 and 

citric acid were dried under reduced pressure at 
ambient temperature for 2 days. The dried materi- 
als were passed through a 100-mesh sieve and 
were then mixed and compressed to a cylindrical 
tablet by a single-punch machine (Model KT-2, 
Okada Seiko Co.). A tablet with a diameter of 5 
mm, length of 10 mm and weight of 240 mg was 
used for release studies except the explanation of 
the tablet size in this article. The tablet hardness 
was 2 0 +  1.5 (mean_+ S.D., n = 20) k g / c m  z 
(Monsanto Hardness tester). The tablet was coated 
with 5% ethylcellulose in ethyl acetate on the 
lateral surface by using a paintbrush and dried 
under reduced pressure at ambient temperature 
for 1 day. The shape of the tablet is illustrated in 
Fig. 1. Compositions of the tablets prepared in 
this study are listed in Table 1. A layered tablet 

T A B L E  1 

Composition ratio of components in the tablet and tablet properties 

T a b l e t  P a p a v e r i n e  PVP-  PVP-  Ci t r i c  W e i g h t  D i a m e t e r  k l  a Re lease  
H C l  K 90 K 30 ac id  (mg)  ( r am)  ( m g  h -1 /1 .21)  c h a r a c t e r i s t i c  

A 

B 
C 

D 

E 

F 

G 

H 

j -  

K 

L 

M 

N 

O 

P 

1 7.5 - 7.5 240  5 2.56 

1 10.5 - 5.0 240 5 2.10 

1 12.5 - 2.5 240 5 1.79 
1 15.0 - - 240 5 1.46 

1 - 7.5 7.5 240  5 8.98 

1 2.5 5.0 7.5 240  5 5.51 

1 5.0 2.5 7.5 240 5 3.68 

1 1.25 6.25 7.5 240 5 6.77 

1 3.75 3.75 7.5 240 5 4 .29 

2 7.0 - 7.0 240 5 5.37 

3 6.5 - 6.5 240  5 7.59 

2 9.33 - 4.67 240 5 4.17 

3 8.67 - 4.33 240 5 6.15 

1 7.5 - 7.5 800 9 9.53 

2 7.0 - 7.0 800 9 17.55 

1 7.5 - 7.5 200 5 2.85 

I b 

I 
D c 

D 

I 
I 
I 
I 
I 
I 
D 

D 

D 

I 
I 
I 

a T h e  va lue  o f  k I a t  p H  1.1 w a s  ca l cu l a t ed  f r o m  E q n  4. 
b p H - i n d e p e n d e n t  release.  

c p H - d e p e n d e n t  release.  
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Fig. 1. Cross-section of the tablet employed. 

which showed unique release characteristics was 
also prepared. Namely, the mixture which differed 
in composition of th~ central matrix was com- 
pressed on both sides of the central one. Several 
more kinds of mixture can be combined to this 
compressed part  by compression and the lateral 
site of the tablet then coated by ethylcellulose. 

Drug release study 
The JP-XI rotating basket method was em- 

ployed for in vitro release studies of papaverine 
HC1 from tablets. The releasing vessel was kept at 
a constant temperature in a water bath of 37 + 
0.5 °C. Mcllvaine buffer and 0.1 N HC1 were used 
as dissolution media. The ionic strength of each 
medium was adjusted to 0.42 M by adding NaC1. 
The shaft of the basket was rotated at 150 rpm. 5 
ml samples were removed at appropriate intervals 
and the same volume of fresh medium was im- 
mediately added to the dissolution vessel to main- 
tain the original volume. The sample solutions 
were analyzed spectrophotometrically at 252 nm. 
It was ascertained that the drug was released from 
the tablet completely. 

Solubi#ty 
The solubility of papaverine HC1 in 0.1 N HC1 

and Mcllvaine buffer was determined by adding 
excess papaverine HC1 to the media at 37°C.  
After equilibration the aliquot was filtered im- 
mediately using a membrane filter with pore size 
of 0.45 ~tm (Toyo Roshi Co.) and diluted ap- 
propriately with the same medium. The samples 
were analyzed by spectrophotometry at 252 nm. 
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Results 

Solubility of papaverine HCl 
The solubility of papaverine HC1 at 37 ° C  as a 

function of pH in a saturated buffer solution is 
shown in Table 2. Maximum solubility was ob- 
served at a pH value of about  4. It was also 
observed that solubility at pH 4.0 was about 500- 
fold larger than that at pH 7.0. 

Effect of citric acid in the matrix on drug release 
We studied the effect of citric acid on decreas- 

ing the surface p H  of the tablet. As shown in Fig. 
2, the variation in release rates decreased with 
increasing extent of incorporation of citric acid 
into the tablet, since the surface p H  of the tablet 
decreased to about 1.5 even though the p H  value 
of the bulk was 7.0. The surface p H  was measured 
using a pH test paper  in contact with a tablet. 
These low p H  values were almost the same as that 
of the saturated solution of citric acid in pH 7.0 
buffer solution. It was also found that the release 
rate of the drug from the tablet increased with 
increasing amount  of citric acid. Furthermore,  it is 
probable that the drug was not released from the 
coating site of the tablet, since no drug was re- 
leased from the tablet of which all sites were 
coated by ethylcellulose. 

Effect of drug content in the tablet on drug release 
The effect of drug content in the tablet on drug 

release was examined by using the matrices which 
showed pH-independent  drug release in Fig. 2. In 

TABLE 2 

Solubility of papaverine HCl in the final pH of the medium at 
37°C 

pH Solubility ( / , g /ml )  

1.16 3 991 
2.79 5 396 
4.11 8585 
5.00 4100 
5.08 3 383 
5.40 1565 
6.00 47 
6.67 22 
7.00 16 
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Fig. 2. Effect of citric acid on the release of papaverine HC1 from tablets in various pH media. (o) pH 1.l; (zx) pH 2.8; (A) pH 3.8; 
([3) pH 4.8; ( I )  pH 5.9; (©) pH 7.0. 

80 

20 

60 

© 

© 

40 
~o 

, , -  i J 

2 4 6 8 

Time (h) 

a 

PVP-K 90:citric acid=l:l 
i00 

8O 

~ 4o 
~ o  

20 

i I h I i I i I 

0 2 4 6 8 

Time (h) 

'b 
PVP-K 90:citric acid=2:l 

Fig. 3. Release profiles of papaverine HC1 from tablets containing various amounts of drug at pH 1.1 (closed symbols) and pH 7.0 
(open symbols). (O, ©) 15 mg; (A, ,x) 30 rag; (11, n) 45 mg. (a) (O, ©) Tablet A; (A, zx) tablet J; ( t  D) tablet K. (b) (O, ©) Tablet B; (A, 

z,) tablet L; ( i ,  rn) tablet M. 



the case of the matrix containing a composition 
ratio of PVP-K 90 to citric acid of 1 : 1, pH-inde- 
pendent drug release was obtained when 15 or 30 
mg of the drug was contained in the matrix (tablets 
A and J) as shown in Fig. 3a. Tablet K, however, 
which contained 45 mg of the drug, showed pH- 
dependent drug release (Fig. 3a). In the case of the 
matrix containing a composition ratio of PVP-K 
90 to citric acid of 2 :1 ,  pH-independent drug 
release was achieved only when 15 mg of the drug 
was present in the matrix (tablet B) as shown in 
Fig. 3b. The maximum drug content for the pH- 
independent release tablet was varied according to 
the composition ratio of the matrix. Precipitation 
of the crystalline drug in the matrices (tablets 
K - M )  which exhibited pH-dependent drug release 
was found after a release study at pH 7.0. The 
percent release of the drug at pH 1.1 from the 
tablet which showed pH-dependent release was 
equal to that at pH 1.1 and 7.0 from the tablet 
which showed pH-independent release when the 
composition ratio of the matrix was constant (Fig. 
3a and b). 

Control of drug release 
The release rate from the tablet was controlled 

while maintaining pH-independent release by in- 

1 5 [  g m ~  
x=7.5 x=5 = . = 

21o / 

~ s  

0 2 4 6 8 

Time (h) 

Fig. 4.'Effect of PVP-K 30 on the release of papaverine HCI 
from tablets at pH 1.1 (closed symbols) and pH 7.0 (open 
symbols). The composition ratio of the tablet is expressed as 
follows: papaverine HCl : PVP-K 90 : PVP-K 30 : citric acid = 
1 : 7 .5-  x : x : 7.5. x, content ratio of PVP-K 30 to drug in the 

tablet. 
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15 

5 

2 4 6 8 

Time (h) 

Fig. 5. Effect of the tablet weight on the release of papaverine 
HC1 from tablets at pH 1.1 (closed symbols) and pH 7.0 (open 

symbols). (e, o) 240 mg, tablet A; (A, A) 200 mg, tablet P. 

corporating PVP-K 30, a low viscosity type of 
PVP, into the tablet. As shown in Fig. 4, the drug 
release rate increased with increasing content of 
PVP-K 30. 

Effect of tablet weight on drug release 
As shown in Fig. 5, drug release was investi- 

gated from tablets with the same diameters and 
composition ratios of the matrices but differing in 
tablet weights. Two tablets which weighed 200 and 
240 mg (tablets P and A) released drug completely 
in 6 and 8 h, respectively. It was also found that 
the amount of drug released from these tablets 
was identical in spite of the variation in tablet 
weight. 

Effect of tablet diameter on drug release 
The drug release profile from a tablet of diame- 

ter 9 mm was compared with that for a diameter 

ioo 

} 8o v 

m 60 
O 

,--4 
o 40 
!-4 

~ 2o 

0 2 4 6 8 
Time (h) 

Fig. 6. Release profiles of papaverine HCI from tablets of 
diameter 9 mm at pH 1.1 (closed symbols) and pH 7.0 (open 

symbols). (O, ©) Tablet N; (L D) tablet O. 
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of  5 mm. W e  p repa red  a tablet  of  9 m m  d iamete r  
and  weight of  800 rag. In  the release s tudy  at  p H  
7.0, the d isso lu t ion  m e d i u m  was rep laced  com- 
p le te ly  by  fresh m e d i u m  at 4 h after  sampl ing  to 
inhib i t  p rec ip i t a t ion  resul t ing f rom the low solu- 
b i l i ty  of  the drug  at  p H  7.0. As  shown in Fig. 6, 
however ,  the release rate  at  p H  1.1 was sl ightly 
h igher  than that  at  p H  7.0, since sink condi t ions  
were p r o b a b l y  not  comple te ly  ma in t a ined  at  p H  
7.0 under  the  condi t ions  of  this d issolut ion  s tudy.  
Tab le t  N which weighed 800 mg in Fig. 6 has the 
same table t  compos i t ion  as tablets  A and  P which 
weighed 200 and  240 mg in Fig. 5. The  a m o u n t  of  
d rug  re leased f rom table t  N (Fig.  6) was abou t  
3 -3 .5 - fo ld  greater  than  that  of  the la t te r  at  all 
t imes measured  ( table ts  A and  P in Fig.  5). This 
value  is equal  to the ra t io  of  the surface area  of  
table ts  with d iameters  of  9 - 5  mm. 

Simulation of drug release rate 
Accord ing  to Langer  and  Peppas  (1981), the 

d i f fus ional  release of a drug  f rom a po lymer ic  
ma t r ix  can be descr ibed  by:  

M,/M  = k o t " "  (1) 

or 

M t = koM~t"* 

where  M , / M ~  is the f rac t ional  release of  drug, t 
is the release t ime, k 0 is a cons tan t  i nco rpora t ing  

s t ructura l  and  geomet r ic  charac ter i s t ics  of  the 
cont ro l led- re lease  device, and  n* is the release 
exponent ,  indica t ive  of  the mechan i sm of  drug  
release. Exper imenta l  da t a  showed tha t  the a m o u n t  
of  drug  release was not  d e p e n d e n t  on M ~  or  
table t  weight,  bu t  was p r o p o r t i o n a l  to the d rug  
conten t  ra t io  in the tab le t  when the d i ame te r  and  
compos i t ion  ratiO of  the mat r ix  are  equal ,  so that  
Eqn 1 was modi f i ed  to the  fol lowing:  

M,=kl fi (2) 

where n equals  1 /n*  and  k I is the ra te  cons tan t  
concerned  with the d rug  con ten t  in the  tablet .  

I t  was also clear  tha t  the a m o u n t  of  d rug  re- 
lease was p r o p o r t i o n a l  to the surface  a rea  of  the 
tablet .  Thus,  if the surface area  of  the  tab le t  wi th  a 
d iamete r  of  5 m m  is r ega rded  as uni t  surface area,  
then k 1 for  the tab le t  which has  a d i ame te r  o ther  
than  5 m m  is expressed as follows: 

k 1 = k d : / 2 5  (3) 

where d is the d i ame te r  of  the surface  for  release 
f rom a tab le t  and  k is the ra te  cons tan t  for  a 
table t  which has a d i ame te r  of 5 mm.  

The  release da t a  f rom exper iments  were t rea ted  
accord ing  to Eqn 2 and  n was ca lcu la ted  b y  the 
me thod  of  least  squares.  W e  ob ta ined  1.21 + 0.09 
(mean  _+ S.D., 70 exper iments )  as the value  of  n. 
Thus,  we can s imula te  the drug  release prof i les  of  
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Fig. 7. Correlation between 1/k 1 and composition ratio of PVP-K 30 (a) or citric acid (b) in the matrix. The composition ratio of the 
tablet is expressed as follows: (a) papaverine HC1 : PVP-K 90 : PVP-K 30 : citric acid = 1 : 7.5 - x : x : 7.5. x, content ratio of PVP-K 
30 to drug in the table. (b) papaverine HCl : PVP-K 90 : citric acid = 1 : 15 - y  : y. y, content ratio of citric acid to drug in the tablet. 
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Fig. 8. Release profiles of papaverine HC1 from tablet H ( t ,  o )  
and tablet I (11, n) at pH 1.1 (closed symbols) and pH 7.0 
(open symbols). Each point represents an experimental value, 

Each line shows a calculated release curve. 

tablets prepared in this study by the following 
equation: 

Mt = k,]'2]V't (4) 

The values of k] at pH 1.1 calculated by using 
Eqn 4 are listed in Table 1. These values fitted the 
experimental results well. For instance, tablets A, 
J and K have the same composition ratio of 
matrices (PVP-K 90 : citric acid = 1 : 1), therefore 
the amount of drug released from them at pH 1.1 
was proportional to the drug content ratio (Fig. 
3a). These results reflect their k] values shown in 
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Table 1. Moreover, the value of k 1 for tablet N is 
about 3.7-fold larger than that of tablet A (Table 
1). This value corresponds to the ratio of the 
surface areas or of the amounts of drug released 
from the two tablets. 

The relationship between the k] value and the 
amount of excipient in the tablet is shown in Fig. 
7. A linear relationship was found between the 
reciprocal k~ value and the content of PVP-K 30 
(Fig. 7a) or citric acid (Fig. 7b) in the tablet. 

Thus, we simulated drug release rate by using 
these relationships. For  instance, in the case of the 
content ratio of PVP-K 30 in the formulation 
being 6.25 and 3.75, we determined k 1 values of 
6.77 and 4.29, respectively (Fig. 7a). The simula- 
tion curves of drug release were obtained after 
substituting these kl values into Eqn 4. Fig. 8 
demonstrates good agreement between the theo- 
retical and experimental amounts of drug release 
at different times even though tablets (tablets H 
and I) which have different compositions are used. 

Release from the layered tablet 
Two kinds of layered tablets were prepared as 

shown in Fig. 9. Tablet Q consists of formulation 
I containing a drug and formulation II lacking 
drug. Tablet R consists of formulations I and III, 
which contains a larger amount of the drug than 
formulation I. 

Tablet Q released _drug from formulation I 
which was placed externally. After the complete 
erosion of formulation I, drug release ceased until 

Insoluble layer 

 iii::iii:iiii ::i  
(ethylcellulose) 

• i. i. i. 2. i. i ~iiii?i!i!i!i!i!iiiiiiiii!iii!i!i?i!i! • i. i. i-i. i-i 

f 
Insoluble layer (ethylcellulose) 

Tablet Q Tablet R 

Fig. 9. Cross-sections of layered tablets of diameter 5 mm and weight 240 mg. Tablet Q consists of I (papaverine HCI:PVP-K 
90 : citric acid = 1 : 7.5 : 7.5) and II (papaverine HC1 : PVP-K 90 : citric acid = 0 :8  : 8). Tablet R consists of I and III  (papaverine 

HCI : PVP-K 90 : citric acid = 2 : 7 : 7). Each formulation weight is shown in parentheses. 
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Fig. 10. Release profiles of papaverine HC1 from tablet Q (a) and tablet R (b) at pH 1.1 (closed symbols) and pH 7.0 (open symbols). 
Each point represents an experimental value. Each line shows a calculated release curve. 

formulation II had dissolved. Consecutively, drug 
was released from the central part (formulation I), 
at the same rate as in the initial stage. Accord- 
ingly, it was shown that tablet Q released drug 
intermittently. Tablet R initially released drug at 
the same rate as that of tablet Q at the outset. 
After erosion of formulation I, drug was released 
at a higher rate from formulation III due to the 
larger amount of drug in this matrix than in 
formulation I. Tablet R showed a different release 
profile in which the release rate increased with 
time. It was apparent that drug release from tablets 
Q and R was pH-independent (Fig. 10). Good 
agreement is also indicated between the theoreti- 
cal and experimental amounts of drug released at 
different times for tablets Q and R as shown in 
Fig. 10. 

Discussion 

During the course of gastrointestinal transit, 
drug may be exposed to various pH conditions 
ranging from 1 in the stomach to 7 in the in- 
testine. It is also well known that gastric pH varies 
from 1 to 7 (Finholt and Solvang, 1968; Mala- 
gelada et al., 1976) and that drug remains in the 
stomach for varying lengths of time (Nimmo et al., 
1973; Bates et al., 1974). Since most drugs are 
either weak acids or weak bases, their release from 
sustained-release formulations is pH-dependent. 
In particular, basic drugs encounter obstacles on 
release from such formulations under the neutral 

pH conditions due to low solubility at these pH 
values when gastric pH is increased or the gastric 
emptying rate is increased. The pH dependency of 
drug release from sustained-release formulations 
containing basic drugs has been demonstrated 
(Timko and Lordi, 1978; Donbrow and Friedman, 
1979). This may result in variation in absorption 
or reduction of bioavailability for basic drugs. 

The pH-solubility profile of papaverine HC1 
showing a maximum at about pH 4 is shown in 
Table 2. The solid phases in equilibrium with the 
solution at pH values lower and higher than about 
pH 4 are the salt and base of papaverine, respec- 
tively (Serajuddin and Rosoff, 1984). The decrease 
in solubility at lower pH values was attributed to 
the common ion effect of chloride owing to the 
addition of the hydrochloride salts and sodium 
chloride. The amount of sodium chloride increases 
when the pH of the medium is decreased in order 
to maintain a constant ionic strength. Thus, a 
reduction in the extent of dissociation of the hy- 
drochloride salt decreases its solubility. 

Papaverine HCI was preferentially released 
from tablets under acidic conditions as compared 
to neutral conditions (Fig. 2d). There are few 
available reports that the dissolution rate at the 
pH of low solubility is increased by incorporating 
an appropriate acidic compound (Thoma and 
Zimma, 1990) or buffering agent (Doherty and 
York, 1989) due to the change in surface pH of 
the matrix. We could reduce the surface pH of the 
tablet by incorporating citric acid and obtain a 
pH-independent release formulation of papaverine 
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HC1. The pH-independency of drug release was 
influenced by the ratio of citric acid to the drug. 
When this ratio was less than about 3.5, the drug 
was precipitated in the matrix during the release 
study at pH 7.0, so that the release patterns were 
no longer pH-independent.  The release rate was 
controlled by the content of citric acid (Fig. 2a 
and b) or PVP-K 30 (Fig. 4). Water-soluble 
material such as citric acid or PVP-K 30 would be 
dissolved rapidly. Therefore, the effective surface 
area of PVP-K 90 would increase. Thus, the re- 
lease rate was increased by increasing the propor- 
tion of these water-soluble components in the 
matrix. The rate-limiting step in this release would 
be the dissolution of PVP-K 90. The amount of 
drug release per unit time was also controlled by 
the surface area which could release drug. In gen- 
eral, if the surface of the tablet is saturated by a 
drug and the surface area for release is maintained 
constant, then the amount  of drug released per 
unit time is considered to remain constant irre- 
spective of the different drug content in the tablet. 
However, it was shown that the amount of drug 
released from this tablet per unit time was propor- 
tional to the amount of drug in the matrix (Fig. 6). 
Moreover, it was found that the erosion of the 
matrix was enhanced with time. Thus, it is un- 
likely that the release will be followed by a con- 
centration gradient being established from the 
solubility of the drug at the surface pH to the drug 
concentration at the bulk pH. Ultimately, the drug 
would be considered to be released from the tablet 
with the erosion of the matrix before the surface 
of the tablet has attained saturation of the drug. It 
is possible that pH-independent drug release could 
be ascribed to this phenomenon as well as the 
reduction in the surface pH by incorporating citric 
acid into the matrix. 

Release profiles of the drug from the tablet 
prepared in the present study could be expressed 
by Eqn 4. Eqn 4 was applicable in the cases of all 
the tablets prepared in this study at any pH values 
provided the drug did not precipitate in the for- 
mulation. The dependence of n* on the diffu- 
sional mechanism has been summarized previ- 
ously (Langer and Peppas, 1981). In this study, we 
determined n* to be equal to 0.826, since n 
equalled 1.21. Thus, these release characteristics 

appear to be of a type corresponding to anoma- 
lous diffusion (Langer and Peppas, 1981). 

When different compositions of formulat ions  
were combined, this layered tablet (Fig. 9) showed 
a unique release profile (Fig. 10). For instance, the 
drug was released at appropriate intervals, or drug 
release increased with time, while maintaining 
pH-independent  release. Using the calculated val- 
ues of k t and n, good agreement between the 
experimental and theoretical data was obtained 
for the release' rates (Figs. 8 and 10). Hence, it is 
possible that the release rate of drug can be pre- 
dicted in various cases with a different content of 
drug, differing composition ratio of the matrix, 
different tablet weight and differing surface area. 
The tablet prepared in this study is a new type of 
controlled-release formulation which shows pre- 
dictively various release profiles with maintaining 
pH-independent  release. This tablet can be availa- 
ble to use for many purposes such as reduction in 
the variation of absorption or increase in bioavail- 
ability for basic drugs or drugs which are hindered 
by the first-pass effect. 
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