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AB ST RAC T 

The pH d i s s o l u t i o n  p r o f i l e s  and b i o a v a i l a h i l i t y  da ta  o f  s i x  

q u i n i d i n e  g l  uconate c o n t r o l l e d  r e l e a s e  p roduc ts  were ob ta ined,  

t h a t  and a t tempts  were made t o  i d e n t i f y  a d i s s o l u t i o n  c o n d i t i o n  

i s  most i n d i c a t i v e  o f  i n  v i v o  b i o a v a i l a b i l i t y .  T h i s  was 

achieved by g r a p h i c a l l y  d i s p l a y i n g  t h e  pH d i s s o l u t i o n  p r o f  l e s  

o f  t h e  s i x  p roduc ts  i n  m u l t i - d i m e n s i o n a l  graphs u t i l i z i n g  a 

topograph ica l  p l o t t i n g  technique.  These graphs were found t o  b e  

q u i t e  e f f e c t i v e  i n  i l l u s t r a t i n g :  a )  t h e  e f f e c t s  o f  pH and 

b u f f e r  compos i t ion  on t h e  d i s s o l u t i o n  r a t e  o f  t h e  t e s t  p roduc ts ,  

and b)  t h e  i n  v i t r o  c o n d i t i o n  t h a t  b e s t  c o r r e l a t e s  w i t h  i n  v i v o  

data.  It was found t h a t  f o r  t h e  q u i n i d i n e  g lucona te  c o n t r o l l e d  

* D i v i s i o n  o f  B iopharmaceut ics ,  Food and Drug 

** To whom i n q u i r i e s  shou ld  be sent .  
+ V i r g i n i a  Commonwealth U n i v e r s i t y ,  Richmond, 

A d m i n i s t r a t i o n ,  R o c k v i l l e ,  Mary land 20857 

V i r g i n i a  23219 

C'opyright 0 1986 by Marcel Dekker, Inc 

1 1 7 7  

0363-9045/86/1208-1177$3.50/0 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SKELLY ET A L .  1178  

re lease  dosage forms studied, d i s s o l u t i o n  c a r r i e d  o u t  i n  pH 5.4 

phosphate b u f f e r  was most meaningful i n  showing t h e  d i f f e r e n c e s  

among dosage forms and f o r  p r e d i c t i n g  i n  v i v o  b i o a v a i l a b i l i t y .  

INTRODUCTION 

Q u i n i d i n e  i s  t h e  d e x t r o r o t a t o r y  isomer of qu in ine.  

Q u i n i d i n e  G1 uconate, t h e  gluconate s a l t  o f  q u i n i d i n e  i s  

i n d i c a t e d  i n  t h e  p reven t ion  and t reatment  o f  va r ious  k i n d s  o f  

( v e n t r i c u l a r ,  nodal , and a t r i a l )  arrhythmias. I n  1982, an 

unapproved c o n t r o l  l e d  re lease q u i n i d i n e  g l  uconate product  was 

found t o  have poor b i o a v a i l a b i l i t y  (11, and was subjected t o  a 

Class I r e c a l l .  Subsequent i n v e s t i g a t i o n  revealed t h a t  t h e  

unapproved product, which had been formulated t o  match t h e  

d i s s o l u t i o n  p r o f i l e  o f  t h e  i nnova to r  product  i n  s imulated 

g a s t r i c  f l u i d  (pH 11, e x h i b i t e d  a d i f f e r e n t  d i s s o l u t i o n  p r o f i l e  

i n  pH 5.4 buffer.  Th is  shows t h a t  d i s s o l u t i o n  t e s t i n g  conducted 

i n  o n l y  one medium may n o t  be a r e l i a b l e  i n  v i v o  b i o a v a i l a b i l i t y  

p r e d i c t o r  f o r  c o n t r o l l e d  re lease products ( 2 ) .  Un l i ke  immediate 

re lease  fo rmu la t i ons  which u s u a l l y  d i s s o l v e  and a re  absorbed 

r a p i d l y  i n  t h e  upper g a s t r o i n t e s t i n a l  t r a c t ,  t h e  d i s s o l u t i o n  

o f  c o n t r o l l e d  re lease  dosage forms i s  slower. 

i s  prolonged and o f t e n  occurs i n  t h e  e n t i r e  g a s t r o i n t e s t i n a l  

t r a c t  (pH ranges from about 1 i n  t h e  stomach t o  8 i n  t h e  d i s t a l  

s e c t i o n  of t he  i n t e s t i n e ) .  I t  i s  obvious t h a t  f o r  c o n t r o l l e d  

re lease  formulat ions,  t h e  i n  v i v o / i n  v i t r o  r e l a t i o n s h i p  i s  more 

complex and i s  more d i f f i c u l t  t o  d iscover  i f  t h e  pH/d i sso lu t i on  

Drug absorpt ion 
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TOPOGRAPHICAL CHARACTERIZATION AS A PREDICTOR 1179 

re la t ionship i s  n o t  fu l ly  delineated. Since i t  i s  hard  t o  

visual ize  the pH e f f ec t  i n  conventional ( two dimensional) 

dissolution g r a p h s ,  a three dimensional topographical plot t ing 

technique was used in  t h i s  paper t o  display the topographical 

l i s so l  ution charac te r i s t ics  of s ix  quinidine g l  uconate 

controlled release products. 

topographical graphs have been found t o  be qui te  useful in  

identifying the i n  v i t ro  dissolution condition t h a t  i s  best  

correlated with t h e  in v i v o  hioavai labi l i ty  of the  six t e s t  

These three dimensional 

products. 

E XP E R I MENTAL 

The pH dissolution prof i les  a n d  h ioava i lab i l i ty  d a t a  were 

obtained from the following controlled release t ab le t s :  

Quinagl Ute (Berlex/Schering, 324 mg) ,  2 )  Duraquin (Parke-Davis, 

330 m g ) ,  3) Quinidine Gluconate (Bolar Pharmaceutical, 324 mg 

unapproved marketed generic formulation) , 4 )  Quinidine G1 uconate 

(Bolar Pharmaceutical , 324 mg reformulated formulation) , 5 )  

Quinidine G1 uconate (Chelsea Laboratories, 324 mg) ,  6 )  Quinidine 

Gluconate (Danhury Pharmaceutical , 324 m g ) .  All of the above 

controlled release products except Product, 3 were approved by 

FDA. The dissolution d a t a  were generated from the controlled 

release taDlets t h a t  were collected by FDA inspectors. 

s ingle  dose and multiple dose bioavai labi l i ty  d a t a  of Products 

1 , 2 ,  4, 5 and  6 were available t h r o u g h  Freedom of Information 

requests. The design of these s tudies  are  described elsewhere 

1 )  

The 
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1180 SKELLY ET A L .  

( 3 ) .  

s i n g l e  dose study conducted by Meyer e t  a1 (1).  

The b i o a v a i l a b i l i t y  o f  Product 3 was determined i n  a 

Product 1, t h e  

i nnova to r  product,  was used as t h e  reference i n  a1 the  s tud  

D i s s o l u t i o n  Tests 

The d i s s o l u t i o n  t e s t s  were conducted us ing  a 6 gang u n i t  

a commerical ly a v a i l a b l e  d i s s o l u t i o n  equipment t h a t  meets U 1 

es. 

o f  

P 

s p e c i f i c a t i o n s .  The USP paddle (Apparatus 11) a t  100 rpm, and 

900 m l  o f  d i s s o l u t i o n  f l u i d  a t  37 - + 0.5 C were employed ( 4 ) .  

S i x  c o n t r o l l e d  re lease  t a b l e t s  from each firm were t e s t e d  i n  

d i s s o l u t i o n  media w i t h  pH 1 .O (s imulated g a s t r i c  f l u i d  w i t h o u t  

enzymes), pH 5.4 ( phosphate b u f f e r ) ,  pH 5.4 (ace ta te  b u f f e r )  

and pH 7.4 (phosphate b u f f e r ) .  

(unapproved c o n t r o l  1 ed re1  ease tab1 e t )  , an addi t i o n a l  

d i s s o l u t i o n  t e s t  was conducted i n  a pH 6.0 (phosphate b u f f e r )  

d i s s o l u t i o n  medium. The d i s s o l u t i o n  f l u i d s  used above were 

prepared as descr ibed i n  USP ( 4 )  o r  Docttmenta Geigy (5 ) .  The 

d i s s o l u t i o n  r a t e  o f  t h e  t a b l e t  i n  each o f  t h e  s i x  vessels was 

measured by passing f i l t e r e d  d i s s o l u t i o n  medium through t h e  

For Products 1 ( i n n o v a t o r )  arid 3 

c e l l  s o f  t h e  spectrophotometer' which recorded t h e  absorbance 

(235 nm) a t  sampling t imes o f  0, 1, 2, 3, 4, 5, 6, 7 and 8 

hours. The concen t ra t i on  o f  q u i n i d i n e  g luconate i n  t h e  

d i s s o l u t i o n  f l u i d  was determined by comparing t h e  absorbance o f  

t h e  sample t o  a standard curve generated us ing  q u i n i d i n e  

g l  uconate reference standards prepared i n  t h e  t e s t  d i s s o l u t i o n  

medium. 
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TOPOGRAPHICAL CHARACTERIZATION AS A PREDICTOR 1181 

Three Dimensional Topographica l  P l o t  

An I B M  3081 computer u s i n g  SAS GRAPH under t h e  f4VS o p e r a t i n g  

system was employed. The da ta  were i n p u t  by t e r m i n a l  u s i n g  Time 

Shar ing Opt ion  ( T S O )  and s t o r e d  on a SAS da ta  se t .  A T e k t r o n i x  

4014 g raph ics  t e r m i n a l  w i t h  a T e k t r o n i x  4631 hard copy o u t p u t  

u n i t  was used f o r  most o f  t h e  da ta  e n t r y  and g raph ic  ou tpu ts .  

To c o r r e c t  f o r  sample t o  sample var iance,  t h e  d i s s o l u t i o n  da ta  

en te red  were t h e  mean o f  seve ra l  runs.  Data were en te red  u s i n g  

t h e  x - a x i s  f o r  t ime,  t h e  y - a x i s  f o r  pti, and t h e  z - a x i s  f o r  

pe rcen t  o f  d rug  d i sso l ved .  The t h r e e  d imensional  graphs were 

generated u s i n g  SAS procedures G3GRID t o  genera te  t h e  s p l i n e  

i n t e r p o l a t i o n  o f  t h e  da ta  and G3D t o  genera te  t h e  graphs. 

procedures used were those presented  i n  t h e  SAS Graph U s e r ' s  

Manual ( 6 )  and have been desc r ibed  i n  a p rev ious  paper  ( 7 ) .  

A l l  

RESULTS AND DISCUSSION 

I n  o r d e r  t o  p r o l o n g  a b s o r p t i o n  and t o  p r o v i d e  sus ta ined  

plasma drug  l e v e l s ,  c o n t r o l l e d  r e l e a s e  f o r m u l a t i o n s  a r e  des igned 

t o  have reduced d i s s o l u t i o n  ra tes .  U n l i k e  t h e  immediate r e l e a s e  

f o r m u l a t i o n s  which u s u a l l y  d i s s o l v e  r a p i d l y  (8G%) i n  a 

r e l a t i v e l y  s h o r t  t ime (e.g., 1 h r ) ,  t h e  r e l e a s e  o f  most  

c o n t r o l l e d  r e l e a s e  dosage forms con t inues  t o  occu r  i n  t h e  smal l  

and even i n  t h e  l a r g e  i n t e s t i n e .  I n  these cases, t h e  

d i s s o l u t i o n  r a t e  becomes t h e  most i m p o r t a n t  r a t e  l i m i t i n g  s t e p  

i n  t h e  drug  a b s o r p t i o n  process. F o r  example, i f  t h e  reduced 

d i s s o l u t i o n  r a t e  o f  a c o n t r o l  l e d  r e l e a s e  p roduc t  i s  i nc reased  
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1182 SKELLY ET AL. 

suddenly by a d r a s t i c  change i n  t h e  pH o f  t h e  g a s t r i c  o r  

i n t e s t i n a l  f l u i d  f o l l o w i n g  a f a t t y  meal, dose dumping can occur 

and can r e s u l t  i n  t o x i c i t y .  Th is  event, however, can o f t e n  be 

a n t i c i p a t e d  i f  t h e  pH d i s s o l u t i o n  p r o f i l e  o f  t h e  c o n t r o l l e d  

re lease product  i s  thoroughly  i nves t i ga ted .  

have s tud ied  t h e  pH d i s s o l u t i o n  p r o f i l e s  o f  s i x  q u i n i d i n e  

gluconate c o n t r o l l e d  re lease  products us ing  a mu1 t i - d imens iona l  

topographica l  p l o t t i n g  technique, and r e l a t e d  t h e  r e s u l t s  t o  the  

i n  v i v o  performance o f  t h e  products. 

B i o a v a i l a b i l i t y  

I n  t h i s  paper, we 

The r e s u l t s  o f  t h e  i n  v i v o  b i o a v a i l a b i l i t y  s tud ies  a re  

summarized i n  Table l A ,  1 B  ( s i n g l e  dose s t u d i e s )  and Table 2 A ,  

28 ( m u l t i p l e  dose s tud ies ) .  With t h e  except ion o f  Product 3 

which e x h i b i t e d  poor b i o a v a i l a b i l i t y ,  Products 2, 4, 5 and 6 

were determined t o  be b ioequ iva len t  t o  Product 1 ( 3 1 ,  t h e  

reference innova to r  product.  As can be e a s i l y  c a l c u l a t e d  from 

t h e  data shown i n  Table l A ,  t h e  maximum plasma concen t ra t i on  

(Cmax) and area under t h e  plasma concentrat ion- t ime curve (AUC) 

o f  Product 3 was o n l y  about 35% and 41% o f  t h e  i nnova to r  Product. 

I t  should be po in ted  o u t  t h a t  t h e  p o o r l y  b i o a v a i l a b l e  

product,  Product 3 ( l a t e r  subjected t o  a c l a s s  I r e c a l l  , was 

f i r s t  in t roduced i n t o  t h e  market w i t h o u t  FDA approval and was 

formulated t o  match t h e  d i s s o l u t i o n  p r o f i l e  o f  t h e  innovator  

product  i n  0.1 N HC7 (pH 1 ) .  It was found l a t e r  t h a t  t h i s  

product  e x h i b i t e d  poor d i s s o l u t i o n  i n  pH 5.4 bu f fe rs .  When t h e  
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TOPOGRAPHICAL CHARACTERIZATION AS A PREDICTOR 1185 

TABLE 2A 

Mean Plasma Data f o r  Qu in id ine  Gluconate Control led 
Release Tablets** (Mu1 t i p l e  Dose Studies)  

Product Study M2 Study M4 
Pa r a m  t e  r Product Product Product Product 

2 1 4 1 

# of  Subjec t  
Dose (mg) 
Dosing 

In te rva l  
Cssmin(ug/ml) 
Cssmax(ug/ml) 
Tmax (hr) 
AUC (72-84 h r )  

(ug  h r / m l )  
AUC (72-96 h r )  

(ug  hr/ml) 
T 1/2 (hr) 

9 
660 

q 12 hr 
0.55(18)* 
1.17(30)  
3.0 

9.70 

9 20 
648 32 4 

q 12 hr q 12 hr 
0.54118) 0.41 ( 5 7 )  
1.22(24) 0.91 (47)  
3.0 4.9(40) 

10.40 7.96(52) 

20 
32 4 

q 12 hr 
0.44 (6 7 ) 
1.01 ( 6 4 )  
4.1(33) 

8.87 ( 6 6 )  

-- 
5.67(24) 

Co e f  f i c i  en t o f  vari  a t i  on * 
** Product 1 - Berlex Lot #42611, Lot #B1254, were 

used a s  the re ference  product i n  S t u d i e s  M2, ?I4 
respecti vel y 
Product 2 - Parke Davis, Lot# 42505 
Product 4 - Bolar  (approved),  Lot #11885 

h i o a v a i l a b i l i t y  problem of Product 3 was discovered (11, t h e  

f i r m  reformulated and manufactured Product 4. I n  c o n t r a s t  t o  

the o ld  formulat ion,  Product 4 has good d i s s o l u t i o n  i n  pH 5.4 

buffer  and was found t o  have good b i o a v a i l a b i l i t y .  

performances of Products 1 ,  3 and 4 

T h e  i n  vivo 

i n  the  s i n g l e  dose studies 

a r e  i l l u s t r a t e d  i n  Figure 1 w h i c h  c l e a r l y  shows t h a t  t h e  mean 

plasma concentrat ions- t ime p r o f i l e  of Products 1 and 3 (Study 
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1186 SKELLY ET AL. 

TABLE 20 

Mean Plasma Data f o r  Q u i n i d i n e  Gluconate Controlled 
Re1 ease Tab1 e ts** (M ul t i p l e  Dose Studies) 

Product Study 115 Study M6 
Parameter Product Product Product Product 

5 1 6 1 

# of Subject 19  
Dose (mg)  32 4 
Dosing 

Interval q 1 2  hr 
Cssmin(ug/ml) 0.46(41)* 
Cssmax(ug/ml) 1.01 (33 )  
Tmax ( h r )  4.2 (26 )  
AUC (72-84 hr) 

( u g  lir/m1) 8.49 (32) 
AUC (72-96 hr) 

( u g  hr/ml) 12.05133) 
T 1/2 (hr) 6.97 (31) 

19  
32 4 

q 1 2  hr 
0.47 ( 44 1 
1.07(39) 
3.9 (44) 

8.73 (35 )  

12.32137) 
6.80 (20) 

24 24 
32 4 32 4 

q 12 hr q 1 2  hr 
0.79(49) 0.73(42) 
1.59(47) 1.53(37) 
3.5 (47 )  3.1(42) 

19.74(44) 17.86142 
7.76 (32)  7.59(31) 

Coeff i ci ent of vari a t i o n  * 
**  Product 1 - Berlex L o t  #R90172. Lot #W10578 were 

used as the reference product i n  Studies Mg, 
Mg, respectively 
Product 5 - Chelsea, Lot  #PD509 
Product 6 - Danbury, Lot #22769 

S3)  are significantly different  b u t  Products 1 a n d  4 (S tudy  S 4 )  

are quite similar. 

When the quinidine gluconate plasma levels of  the reference 

product were compared among the studies,  we noted t h a t  i t s  d r u g  

levels in studies (following b o t h  single and multiple doses) 

i n v o l v i n g  Products 3, 4, and  5 a f t e r  adjusting f o r  the dose were 

quite similar b u t  those i n  the study of Product 2 were lower and 
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TOPOGRAPMICAL CHARACTERIZATION AS A PREDICTOR 1 1 8 7  

i n  the  study of Product 6 higher. 

plasma level of the reference product i s  probably  n o t  due t o  i t s  

inconsistent performance in  the  s tudies  of Products 2 and 6 ,  b u t  

a re  l i ke ly  due t o  subject differences a n d / o r  spec i f i c i ty  of the 

analytical  assay employed. I t  i s  noted t h a t  the  same var ia t ion 

was exhibited by the reference product in b o t h  the  s ingle  a n d  

multiple dose s tudies  o f  Products 2 a n d  6. 

ni ssol ution 

This inconsistency in the 

The mean dissolution prof i les  of the  s ix  quinidine gluconate 

controlled release t ab le t s  i n  d i f fe ren t  dissolution media w i t h  

pH o f  1.0 (simulated gas t r i c  f l u i d ) ,  pH 5.4 (ace ta te  buf fer ) ,  DH 

5.4 (phosphate b u f f e r ) ,  pH 6.0 (phosphate buffer ,  only f o r  

Products 1 a n d  31,  a n d  pH 7.4 (phospha te  buffer) a re  shown i n  

Tables 3 a n d  4. These dissolution f lu ids  were chosen t o  cover 

the general pH range of  the  gastrointest inal  t r a c t .  

Additionally, b o t h  ace ta te  and phosphate buffer of pH 5.4 were 

used t o  examine any e f f ec t  of buffer composition. As shown in 

Tables 3 and 4 ,  the dissolution of Product 3 a t  pH 1 was not 

s ign i f icant ly  d i f fe ren t  from the other products,  a n d  had  79% of 

i t s  labeled amount dissolved i n  8 hours. However, a t  pH 5.4 i t s  

dissolution was poor with only 24% dissolved in the phosphate 

buffer and  51% dissolved in ace ta te  buffer a f t e r  8 hours whereas 

the other products dissolved a t  l e a s t  712 in  phosphate buffer 

and 82% in acetate  buffer a t  the  same sampling time. These d a t a  

show t h a t ,  while the lack o f  dissolution of Product 3 i n  acetate  
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1188 SKELLY ET A L .  

TABLE 3 

D i s s o l u t i o n  P r o f i l e s  o f  Products 1, 3 and 4 
i n  D i s s o l u t i o n  Media o f  D i f f e r e n t  PHs 

% D isso lved  

Time pH 1.0 pH 5.4 pH 5.4 pH 6.0 pH 7.4 
( h r )  (S imulated (Acetate (Phosphate (Phosphate (Phosphate 

G a s t r i c  B u f f e r )  B u f f e r )  B u f f e r )  B u f f e r )  
F l u i d )  

Product 1 

1 39.4* 
2 53.1 
3 62.3 
4 68.0 
5 74.2 
6 79.3 
7 80.9 
8 85.8 

Product 3 

1 28.9 
2 47.1 
3 54.7 
4 61.2 
5 66.6 
6 71.3 
7 76.2 
8 78.9  

Product 4 

1 52.0 
2 76.0 
3 91 .o 
4 94.0 
5 97.0 
6 100.0 
7 100.0 
8 100.0 

44.6 
66.3 
86.4 

100.0 
100.0 
100.0 
100.0 
100.0 

19.3 
26.5 
31.9 
36.4 
40.3 
45.7 
48.6 
51.4 

50.0 
70.0 
85.0 
97.0 

100.0 
100.0 
100.0 
100.0 

43.9 
59.3 
67.5 
72.5 
76.6 
79.6 
82.9 
84.6 

12.5 
14.6 
16.5 
18.7 
19.5 
21.6 
22.9 
24.3 

32.0 
41 .O 
48.0 
54.0 
59.0 
63.0 
68.0 
71 .O 

51.6 
78.8 
89.3 
97.9 

100.0 
100.0 
100.0 
100.0 

20.7 
30.9 
37.9 
43.6 
49.0 
54.1 
58.1 
61.9  

14.4 
20.9 
31.2 
35.5 
39.5 
43.1 
46.4 
50.0 

8.9 
13.1 
17.6 
19.8 
22.0 
25.4 
26.6 
2 8 . 0  

51 .O 
56.0 
61 .O 
64.0 
66.0 
69.0 
71 .O 
73.0 

* Mean o f  s i x  da ta  p o i n t s  
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TOPOGRAPHICAL CHARACTERIZATION AS A PREDICTOR 1189 

TABLE 4 

Dissolut ion P r o f i l e s  of Products 2 ,  5 and 6 
i n  Dissolut ion Media o f  Differen t  PHs 

% Dissolved 

(hr) (S i mu1 a ted ( Acetate ( Phosphate ( Phosplia t e  
T i  me PH 1.0 PH 5.4 PH 5.4 PH 1.4 

G a s t r i c  Buffer)  Buffer ) Buffer ) 
Fluid)  

Product 2 

Product  5 

43.0* 
57.0 
66.8 
74.2 
80.1 
85.1 
89.3 
92.9 

1 41 .O 
2 
3 

60.0 
72.0 

4 80.0 
5 88.0 
6 99.0 
7 100.0 
8 100.0 

Product 6 

45.0 
61 .O 
71 .O 
70.0 
87.0 
95.0 

100.0 
100.0 

33.9 
46.8 
56.0 
63.2 
69.0 
74.0 
78.3 
82.0 

38.0 
59.0 
74.0 
83.0 
94.0 
97.0 
98.0 
98.0 

39.0 
55.0 
66.0 
74.0 
81 .O 
90.0 
97.0 

100.0 

33.1 
45.3 
53.5 
59.2 
63.9 
67.5 
70.5 
73.2 

33.0 
47.0 
55.0 
62.0 
67.0 
71 .O 
74.0 
76.0 

39.0 
54.0 
63.0 
68.0 
72.0 
76.0 
81 .O 
87.0 

42.3 
48.9 
54.2 
56.9 
58.5 
59.8 
61 .O 
62.0 

40.0 
45.0 
47.0 
49.0 
52.0 
53.0 
55.0 
57.0 

44.0 
52.0 
56.0 
58.0 
60.0 
62.0 
64.0 
65.0 

* Mean of six da ta  poin ts  
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1190 SKELLY ET AL. 

bu f fe r  was n o t  q u i t e  as severe as i n  phosphate b u f f e r ,  i t  s t i l l  

d i sso l ved  considerably  s lower than any o t h e r  product  i n  t h e  same 

d i s s o l u t i o n  medium. A t  pH 7.4 phosphate b u f f e r ,  t h e  d i s s o l u t i o n  

o f  Product 3 remained poor w i t h  o n l y  28% d i sso l ved  i n  8 h rs  

w h i l e  the  d i s s o l u t i o n  r a t e  o f  t h e  o t h e r  products g e n e r a l l y  

decreased and had 50% (Product 11, 62% (Product 21, 7% (Product 

41, 57% (Product 5 )  and 65% (Product 6) o f  t h e  l a b e l e d  amount 

d i sso l ved  a t  t h a t  time. 

These r e s u l t s  i n d i c a t e  t h a t  t h e  d i s s o l u t i o n  t e s t s  conducted 

i n  pH 5.4 phosphate and ace ta te  b u f f e r  a re  most use fu l  t o  

d i s c e r n  t h e  q u i n i d i n e  gluconate c o n t r o l l e d  re lease  prodticts. The 

t e s t i n g  i n  pH 7.4 phosphate b u f f e r  i s  n o t  q u i t e  as good f o r  t h i s  

purpose because most o f  t h e  products d i sso l ved  r a t h e r  p o o r l y  a t  

t h i s  pH. Since a l l  t h e  products e x h i b i t e d  adequate d i s s o l u t i o n  

i n  s imulated g a s t r i c  f l u i d ,  d i s s o l u t i o n  t e s t i n g s  c a r r i e d  o u t  i n  

t h i s  medium a re  n o t  d i s c r i m i n a t i v e .  

I n  agreement w i t h  ou r  e a r l i e r  paper ( 2 )  , t h e  r e s u l t s  

obta ined i n  t h i s  paper again show t h a t  b u f f e r  composi t ion can 

i n f l  uence d i s s o l u t i o n  ra te .  A1 1 s i x  c o n t r o l  1 ed r e 1  ease tab1 e t s  

d i sso l ved  t o  a g r e a t e r  e x t e n t  a t  pH 5.4 ace ta te  b u f f e r  than i n  

phosphate b u f f e r .  The cause o f  t h i s  d i f f e r e n c e  i s  unknown b u t  

may be a t t r i b u t e d  t o  t h e  s o l u b i l i t y  d i f f e r e n c e  o f  q u i n i d i n e  

gluconate i n  t h e  two b u f f e r  so lu t ions.  As repo r ted  p r e v i o u s l y  

(21,  i t  i s  a l s o  p o s s i b l e  t h a t  a d i f f e r e n t  k i n d  o f  i n t e r a c t i o n  

between t h e  acetate o r  phosphate i o n s  w i t h  t h e  c o n s t i t u e n t s  of 
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TOPOGRAPHICAL CHARACTERIZATION AS A PREDICTOR 1 1 9 1  
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Figure 1 

Mean quinidine plasma concentrations o f  Products 1 ,  3 ( S t u d y  S3, 

P l o t  A )  and Products 1 ,  4 ( S t u d y  S4 ,  P l o t  B ) .  Data in S t u d y  S3 

(648 mg dose) were normalized t o  the dose used in Study S4 (324 

mg dose).  

the dosage forms may lead t o  a la rger  amount of d r u g  t o  dissolve 

i n  the  acetate  buffer. 

these s tudies  have demonstrated b o t h  pH and buffer composition 

can play an important role  i n  discerning differences among 

dosage forms, and should be considered d u r i n g  the developing of 

controlled release products. 

Three Dimensional Topographical Plots and In-Vivo 

In-Vi t r o  Re1 ationshi Ds 

Regardless of the  cause, the  resu l t s  o f  

I n  order t o  i l l u s t r a t e  graphically how the  dissolution ra tes  of 

the  s ix  quinidine gluconate controlled release products are  
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1192  SKELLY ET A L .  

PEPCENT 
100.00 

85.71 

7 1 . 4 3  

57.14 

4 5 . 2 6  

2 8 . 5 7  

14 .2g  

0.00 
7. 8.00 

PERCENT 

100.00 

85.71 

71.43 

57.14 

42.86 

28.57 

1 4 . 2 9  

0.00 
7 .  

6 .  PFSDUCT 1 

a.OO 

E. PPODUCT 2 

Figure 2 

Topographical d i s s o l u t i o n  c h a r a c t e r i z a t i o n  of Products 1 and 2 

as  a funct ion of time and pH. Data from pH 5.4 a c e t a t e  buffer  

were used i n  P l o t s  A, B ;  data from pH 5.4 phosphate buf fer  were 

used i n  P l o t s  C and D. 
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E . 0 B  

PERCENT 

i00.oa 

65.71 

71.43 
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8 . 0 0  

PERCENT 

100.00  

25 .71  

7 1 . 4 3  

5 7 . 1 4  

42.86 

28. 57 

1 4 . 2 3  

0.00 
7 .  8 . 0 0  

6 .  PRODUCT 4 

Figure 3 

Topographical d i s s o l u t i o n  c h a r a c t e r i z a t i o n  of  Products 3 and 4 

a s  a func t ion  o f  time and pH. Data from pH 5.4 a c e t a t e  buf fer  

were used i n  P l o t s  A, B ;  data  from pH 5 . 4  phosphate buffer were 

used i n  P l o t s  C and D. 
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8.80 

PERCENT 

100.00 

85.71 

7 1 . 4 3  

5 7 . 1 4  

4 2 . 8 6  

2 z .  57 

14.23 

0.00 
7 8.00 

E. FRCDUCT 6 

Figure 4 

Topographica l  d i s s o l u t i o n  c h a r a c t e r i z a t i o n  o f  P roduc t s  5 and 6 

a s  a f u n c t i o n  o f  time and pH. Data from pH 5 . 4  a c e t a t e  buffer 

were used i n  P l o t s  A, B; d a t a  from pH 5.4 phosphate  buffer were 

used i n  P l o t s  C and D. 
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1198 SKELLY ET A L .  

i n f l u e n c e d  by pH o f  t h e  d i s s o l u t i o n  medium, t h r e e  dimensional 

graphs were generated us ing  t h e  topographical  technique 

descr ibed above. The r e s u l t s  f o r  Products 1 and 2 are shown i n  

F igures 2 A ,  2B (us ing  pH 5.4 acetate b u f f e r  d i s s o l u t i o n  data)  

and F igures 2C, 2D (us ing  pH 5.4 phosphate b u f f e r  d i s s o l u t i o n  

data).  Those f o r  Products 3, 4, 5 and 6 a re  shown i n  F igures 

3A, 3B, 4A, 4B ( u s i n g  pH 5.4 acetate b u f f e r  data) and F igures 

3C, 3, 4C, 4D ( u s i n g  pH 5.4 phosphate b u f f e r  data).  A s  shown 

i n  these graphs, t h e  e n t i r e  p i c t u r e  of  pH e f f e c t  on t h e  

d i s s o l u t i o n  p r o f i l e  o f  a product  can be c l e a r l y  i l l u s t r a t e d  i n  

one p l o t  thereby e l i m i n a t i n g  t h e  confus ion o f  r e l a t i n g  a s e r i e s  

o f  two dimensional graphs together.  One can see from these 

f i g u r e s  t h a t  t h e  topographical  surfaces o f  Products 1 , 2, 4, 5 

and 6 are r e l a t i v e l y  f l a t  when compared t o  t h a t  o f  Product 3 

(F igures 3A, 3C) which i s  curved i n  a U shape, showing t h e  

d i s s o l u t i o n  r a t e  of Product 3 i s  more i n f l uenced  by  pH o f  t h e  

d i s s o l u t i o n  f l u i d s .  A d d i t i o n a l l y ,  t h e  three-dimensional 

topographical  p l o t s  a re  found t o  be q u i t e  e f f i c i e n t  i n  

d i s p l a y i n g  t h e  e f f e c t  o f  b u f f e r  composit ion, and a l s o  q u i t e  

use fu l  i n  h e l p i n g  one t o  s e l e c t  t h e  most app rop r ia te  d i s s o l u t i o n  

medium. As c l e a r l y  demonstrated by t h e  topographical  surfaces 

o f  Product 3 i n  F igure 3A (pH 5.4 acetate b u f f e r )  and F igure 3C 

(pl i  5.4 phosphate b u f f e r ) ,  one can conclude t h e  pH 5.4 phosphate 

b u f f e r  i s  t h e  most d i s c r i m i n a t i n g  d i s s o l u t i o n  medium. 
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I n  r e l a t i n g  t h e  i n  v i v o  and i n  v i t r o  performances o f  t h e  s i x  

t e s t  p roduc ts ,  we found t h e  poor  b i o a v a i l a b i l i t y  o f  P roduc t  3 i s  

c o n s i s t e n t  w i t h  i t s  poor  d i s s o l u t i o n  i n  b o t h  pH 5.4 a c e t a t e  and 

phosphate b u f f e r .  Based on t h e  i n  v i v o  da ta  and t h e  t h r e e  

d imensional  t opograph ica l  p l o t s  o f  t h e  s i x  qu in i c l i ne  g lucona te  

c o n t r o l l e d  r e l e a s e  produc ts ,  t h e  d i s s o l u t i o n  r e s u l t s  ob ta ined  i n  

pH 5.4 phosphate b u f f e r  a re  most mean ing fu l  f o r  d i s c e r n i n g  

dosage forms and f o r  p r e d i c t i n g  i n  v i v o  b i o a v a i l a b i l i t y .  

f o u r  q u i n i d i n e  g luconate  c o n t r o l l e d  r e l e a s e  p roduc ts  (P roduc ts  

2, 4, 5 and 6 )  t h a t  e x h i b i t e d  adequate d i s s o l u t i o n  i n  pH 5.4 

phosphate b u f f e r  had adequate b i o a v a i l a b i l  i t y  andi were e v a l u a t e d  

t o  be b i o e q u i v a l e n t  t o  t h e  i n n o v a t o r  p roduc t  (P roduc t  1 ) ;  

w h i l e  t h e  o n l y  dosage form (P roduc t  3 )  t h a t  showed poor  

d i s s o l u t i o n  a l s o  had poor i n  v i v o  performance. 

d i s s o l u t i o n  r e s u l t s  ob ta ined  i n  s imu la ted  g a s t r i c  j u i c e  ( p H  1 )  

a r e  n o t  d i s c r i m i n a t i n g  arld i n  f a c t  a r e  m i s l e a d i n g  i f  used a s  a 

p r e d i c t o r  f o r  i n  v i v o  b i o a v a i l a b i l i t y .  These f i n d i n g s  c l e a r l y  

stlow t h a t  t h e  convent iona l  d i s s o l u t i o n  t e s t i n g  u s i n g  o n l y  one 

A l l  

On t h e  c o n t r a r y ,  

d i s s o l u t i o n  medium i s  n o t  adequate i n  

o f  c o n t r o l l e d  r e l e a s e  dosage forms. 

CONCLUSION 

The i n  v i v o / i n  v i t r o  r e l a t i o n s h i p  

t h e  des ign  and f o r m u l a t i o n  

o f  c : o n t r o l l e d  r e l e a s e  

f ormul a t i o n s  i s  much more cornpl ex than imnedi a t e  r e l e a s e  dosage 

forms. I n  o r d e r  t o  develop a mean ing fu l  d i s s o l u t i o n  procedure 

t h a t  i s  i n d i c a t i v e  o f  i n  v i v o  b i o a v a i l a b i l i t y ,  t h e  i n f l u e n c e  o f  
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pH and b u f f e r  composi t ion o f  t h e  d i s s o l u t i o n  medium on t h e  

d i s s o l u t i o n  r a t e  o f  t h e  c o n t r o l l e d  re lease dosage form must be 

c a r e f u l l y  studied. 

dimensional topographica l  p l o t s .  

T h e i r  e f f e c t s  can be i l l u s t r a t e d  us ing m u l t i .  
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