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TOPOGRAPHICAL D ISSOLUT I ON C HARACTE R I ZAT I0 N 
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FOR CONTROLLED RELEASE PRODUCTS -- 

J .  P. Skel ly , * jc  L. A.  Yamatnoto,* V. P. Shah,* 
M. K. Yau,* and W. H. Bart-+ 

ABSTRACT 

Wi th  most c o n t r o l l e d  r e l e a s e  o r a l  d r u g  dosage forms, 

d i s s o l u t i o n  i s  t h e  r a t e  l i m i t i n g  s t e p  i n  d r u g  re lease.  

i n  v i v o  d rug  a b s o r p t i o n  and e l i m i n a t i o n  i n v o l v e  a number o f  

complex f a c t o r s ,  c h a r a c t e r i z a t i o n  o f  i n  v i  t r o  d i s s o l u t i o n  r a t e  

under c o n t r o l l e d  c o n d i t i o n s  ( pH, so l ven t ,  speed, e t c .  ) should be  

a b l e  t o  p r o v i d e  v a l u a b l e  i n s i g h t s  i n t o  i n  v i v o  d rug  

b i o a v a i l  a b i  1 i ty  . 

Whi le  

F requen t l y ,  t h e  a n a l y s i s  o f  t hese  f a c t o r s  becomes obscured 

when a v a r i e t y  o f  da ta  a r e  p resented  i n  conven t iona l  two 

d imensional  p l o t s .  The c h o i c e  o f  approval  o r  d i sapprova l  o f  a 

new d r u g  p roduc t  based on such da ta  becomes d i f f i c u l t .  We have 
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1160 SKELLY ET A L .  

t h e r e f o r e  examined t h e  c h a r a c t e r i s t i c s  o f  drug product  

d i s s o l u t i o n  us ing a mu1 t i -d imensional  technique a v a i l a b l e  

i n  SAS as a means o f  more e f f e c t i v e l y  d e l i n e a t i n g  p r o p e r t i e s  o f  

d i s s o l u t i o n  ra te .  The r e s u l t s  o f  o i i r  s tud ies  show t h a t  more 

d e f i n i t i v e  i n f o r m a t i o n  can be discerned i n  a mu1 t i -d imensional  

topographic image which has been shown t o  be p r e d i c % i v e  o f  

i n  v i v o  d r u g  plasma concentrat ions.  

I NTRODUCTION 

The increased emphasis on t h e  development o f  a v a r i e t y  o f  

new types o f  c o n t r o l l e d  re lease dosage forms has c rea ted  some 

controversy about t h e  methods employed t o  e s t a b l i s h  t h e  

b i o a v a i l a b i l i t y  and b ioequiva lence of  these products.  

problem, from a regu la to ry  p o i n t  o f  view, has been t h e  c r e a t i o n  

and v a l i d a t i o n  o f  i n  v i t r o  methods f o r  q u a l i t y  c o n t r o l  o f  

1 ot - to-1 o t  v a r i a t i o n  and assurance o f  1 ot- to-1 o t  

b ioequivalence. Even more c r i t i c a l  i s  t h e  use o f  i n  v i t r o  

method i n  l i e u  o f  human i n  v i v o  s tud ies  f o r  t h e  purpose o f  

e v a l u a t i o n  o f  minor e x c i p i e n t  changes o r  changes i n  t h e  s i t e  o f  

manufacture. These d i f f i c u l t i e s  a r i se ,  i n  p a r t ,  due t o  t h e  

i n c r e a s i n g l y  complex i n t e r a c t i o n s  o f  dosage form f o r m u l a t i o n  

v a r i a b l e s  w i t h  t h e  increased phys io log i c  v a r i a b i l i t y  o f  t h e  

absorpt ion process due t o  t h e  pro1 onged release. 

One major  

I n  convent ional  ( i  .e., imnediate re lease)  drug o r a l  dosage 

forms, drug abso rp t i on  i s  u s u a l l y  q u i t e  r a p i d  and most o f t e n  

dependent upon t h e  concen t ra t i on  o f  t h e  drug d i sso l ved  i n  t h e  
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TOPOGRAPHICAL DISSOLUTION CHARACTERIZATION 1 1 6 1  

g a s t r o i n t e s t i n a l  f l u i d s  o f  t h e  upper G I  t r a c t  (stomach, 

duodenum). E l i m i n a t i o n  i s  u s u a l l y  slower, such t h a t  t h e  

e l i m i n a t i o n  r a t e  cons tan t  K e  i s  cons ide rab ly  s m a l l e r  t han  t h o  

abso rp t i on  r a t e  cons tan t  Ka. 

r e l e a s e  p r e p a r a t i o n  on t h e  o t h e r  hand, i s  t o  d e l i v e r  d rug  ove r  a 

l o n g e r  t ime  i n t e r v a l  u s u a l l y  over  t h e  e n t i r e  i n t e s t i n e  ( je junum, 

i l e u m  and prox ima l  co lon )  t o  p r o l o n g  t h e  drug  a b s o r p t i o n  

process. I n  c o n t r a s t  t o  immediate re lease  produc ts ,  t h e  r a t e  o f  

abso rp t i on  i s  o f t e n  s lower  than  t h e  r a t e  o f  e l i m i n a t i o n  

( r e s u l t i n g  i n  plasma l e v e l s  t h a t  a r e  c h a r a c t e r i z e d  by what have 

been c a l l e d  " f l i p - f l o p "  models by  p h a r m a c o k i n e t i c i s t s ) .  

f o r  most c o n t r o l l e d  re lease  dosage forms, t h e  i n  v i v o  

d i s s o l u t i o n  and r e l e a s e  from t a b l e t s ,  coa ted  beads, 

n o n d i s s o l v i n g  mat r ices ,  e tc . ,  becomes t h e  most impor tan t ,  r a t e  

l i m i t i n g  step. 

i n  v i t r o .  

Since t h e  c o n t r o l l e d  r e l e a s e  drug  dosage fo rm passes th rough 

The purpose o f  a c o n t r o l l e d  

Thus, 

It a l s o  becomes more d i f f i c u l t  t o  s imu la te  

a m i l i e u  o f  v a r y i n g  pH (pH approaching 1 i n  t h e  a c i d - s e c r e t i n g  

stomach t o  a pH above 7 i n  t h e  d i s t a l  s e c t i o n  of  t h e  i n t e s t i n a l  

t r a c t ) ,  pH becomes a major  v a r i a b l e  t h a t  must be cons idered i n  

b o t h  t h e  des ign  atid e v a l u a t i o n  process. in a d d i t i o n ,  s ince  

c o n t r o l l e d  re lease  dosage forms w i l l  u s u a l l y  be dosed i n  t h e  

presence o f  food  as w e l l  as under f a s t i n g  c o n d i t i o n s ,  d ramat ic  

pH changes as w e l l  as t h e  s o l u b i l i z i n g  i n f l u e n c e s  o f  b o t h  b i l e  

and t h e  h i g h l y  b u f f e r e d  p a n c r e a t i c  sec re t i ons ,  shou ld  be 
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1 1 6 2  SKELLY E T  AL. 

considered. 

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, and 

present  a much more complex s i t u a t i o n  than t h a t  observed w i t h  

convent ional  preparat ions.  It i s  t h e  complex i ty  o f  t h e  many 

f a c t o r s  i nvo l ved  i n  i n  v i t r o  d i s s o l u t i o n  r a t e  ana lys i s  t h a t  l e d  

t o  t h e  development o f  a mu1 t i -d imensional  topographical  

procedure as a t o o l  f o r  dec i s ion  making. 

Obviously, these v a r i a b l e s  can g r e a t l y  i n f l u e n c e  

Whi le a number o f  drug c o n t r o l l e d  re lease  products f o r  over 

t h e  counter  cough and c o l d  i n d i c a t i o n s  have been approved by t h e  

Agency, t h e  f i r s t  p r e s c r i p t i o n  product  t o  have an approved 

d i s s o l u t i o n  s p e c i f i c a t i o n  f o r  batch-to-batch approval , was Parke 

R Davis '  extended re lease  phenytoin,  D i l a n t i n  . Because o f  

n o n l i n e a r  f i r s t  pass metabolism, i t  i s  p o s s i b l e  f o r  a f a s t  

d i s s o l v i n g  300 mg phenyto in  dose t o  generate b lood l e v e l s  h i g h e r  

than woul d have been expected from th ree  (T. I .D. 1 100 mg 

a d m i n i s t r a t i o n s  o f  t h e  same drug, o r  a s i n g l e  a d m i n i s t r a t i o n  o f  

300 mg o f  Phenytoin Extended ( t h e  slow re lease  phenyto in)  ( 1 ) .  

Because o f  i t s  slow re lease c h a r a c t e r i s t i c s ,  t h e  Parke Davis 

extended re1 ease formul a t i o n  generates t h e  same b lood 1 eve1 

p r o f i l e  when dosed 300 mg a t  one time, as i t  does when 

admin is tered i n  t h r e e  separate doses o f  100 mg each. On t h e  

o t h e r  hand, more r a p i d l y  d i s s o l v i n g  immediate re lease  100 mg 

phenyto in  fo rmu la t i ons  which a re  b i o e q u i v a l e n t  t o  t h e  

Parke Davis p repara t i on  when dosed a t  100 mg T.I.D., generate 
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TOPOGRAPHICAL DISSOLUTION CHARACTERIZATION 1163 

considerably higher d r u g  blood levels  when dosed 300 mg a t  one 

time. 

In  order t o  dist inguish these two types of formulations, 

FDA proposed a dissolution window over time ( 2 ) .  

there  was only one manufacturer of the control 1 ed release 

preparation. Additionally, the t e s t  methodology employed a n d  

the  specif icat ion fo r  l o t  t o  l o t  bioequivalence assurance was 

established based on the r e su l t s  of s tudies  conducted i n  o u r  

Laboratories as  well as  those of Parke Davis a n d  the USP. This 

dissolution t e s t  and  specif icat ion has been adequate t o  assure 

the  lo t - to - lo t  bioequivalence of t h i s  product. A 1  t h o u g h  for  

these reasons i t  can be regarded as  a special case, i t  was 

re f lec t ive  of the Agency's attempt t o  extrapolate the approach 

i t  had taken w i t h  conventional release formulations, t o  

controlled release formulations. When t h i s  procedure, however, 

was employed for  the purpose of marketing a generic version of 

Berlex' QuinagluteR b r a n d  of quinidine gluconate, a serious 

bioavailabil i t y  problem was discovered ( 3 ) .  The problem which 

was resolved by F.D.A. with a Class 1 r eca l l ,  was interest ing 

since b o t h  quinidine products exhibited v i r tua l ly  identical  

r a t e s  a n d  extents of dissolution using the  innovator 's  

dissolution t e s t  (0.1N H C 1 )  , and additionally showed s imilar  

r a t e s  and extents o f  dissolution when tes ted  i n  0.1N HCl f o r  

1 hour  and pH 7.4 phosphate buffer fo r  an additional 

seven hours ( 4 ) .  

I n  t h i s  case,  
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1164 SKELLY ET A L .  

A t  t h a t  t ime (1983) t h e  Agency concluded (5) t h a t  because 

c o n t r o l  l e d  re lease products which had v i r t u a l l y  t h e  same r a t e  o f  

d i s s o l u t i o n  over  t ime, i n  t h e  same media, were n o t  e q u i v a l e n t  

when t e s t e d  i n  v i vo ,  convent ional  d i s s o l u t i o n  t e s t i n g  might  n o t  

be  a r e l i a b l e  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. 

Recently, faced w i t h  numerous requests f o r  t r a n s f e r r i n g  t h e  s i t e  

o f  manufacture o f  c o n t r o l l e d  re lease dosage forms from s i t e s  i n  

New York and New Jersey t o  t h e  more tax  advantageous Puerto 

Rico, w i t h o u t  having t o  repeat  c o s t l y  human i n  v i v o  

b i o a v a i l a b i l  i t y  s tud ies,  t h e  p o s s i b l e  p r e d i c t i v e  r e l a t i o n s h i p  o f  

i n  v i t r o  t o  i n  v i v o  data was reanalyzed. An i n  depth ana lys i s  

i n d i c a t e d  t h a t  i f  t h e  r a t e  o f  d i s s o l u t i o n  had been p l o t t e d  as a 

f u n c t i o n  o f  pH, t h e  p o s s i b l e  l a c k  o f  b ioequivalence o f  t h e  

p o o r l y  b i o a v a i l a b l e  ( i n e q u i v a l e n t )  q u i n i d i n e  gluconate dosage 

form cou ld  have been recognized. While t h e  new va r iab le ,  pH, 

( i n  a d d i t i o n  t o  t h e  t ime and percent  d i sso l ved  v a r i a b l e s  

employed f o r  convent ional  preparat ions)  c o u l d  have been graphed 

i n  a m u l t i p l i c i t y  o f  two dimensional p l o t s ,  a unique 

mu1 t i -d imensional  topographical  c h a r a c t e r i z a t i o n  was employed. 

This  mu1 t i -d imensional  topographical  c h a r a c t e r i z a t i o n  

e f f e c t i v e l y  de l i nea ted  t h e  inadequacy o f  t h e  d e f i c i e n t  product 

(See accompanying paper) (6). 

METHOD 

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  i s  descr ibed i n  

t h i s  paper. The computer a n a l y s i s  was performed on an IBM 3081 
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TOPOGRAPHICAL DISSOLUTION CHARACTERIZATION 1165 

computer using SAS Graph. 

resolution, ease of use and excel lent  interpolat ion routines. 

The d a t a  were i n p u t  by terminal using Time Sharing Option (TSO) 

and  stored on a SAS d a t a  s e t .  A Tektronix 4014 graphics 

terminal w i t h  a Tektronix 4631 h a r d  copy o u t p u t  uni t  was used 

f o r  most of the d a t a  entry. Data was u s u a l l y  entered using the  

x-axis f o r  time, the y-axis f o r  another independent variable 

such as  rpm or pH, with percent dissolution a l o n g  the z-axis. 

There i s  no l imitat ion t o  the  number of d a t a  points although 

spl ine interpolation becomes unwieldy with more t h a n  100 d a t a  

elements a n d  thus expensive in terms o f  computer cost .  Most of 

the d a t a  analysis was run using dissolution r e su l t s  a t  e ight  t o  

ten time points spanning eight  t o  twelve hours. 

require a t  l e a s t  four d i f f e ren t  pH se t t i ngs  f o r  the dissolut ion 

analysis.  Obviously, the choice of values shou d be s e t  t o  

r e f l ec t  the range of pH values observed i n  vivo 

This system has the  advantage of high 

Best resu l t s  

( i . e .  , physiologically s ign i f icant  - acid pH, neutral ,  

and a lkal ine pH values) .  

The three dimensional graphs were generated u s i n g  SAS 

procedures G 3 G R I D  t o  generate the spl ine interpolation o f  the  

d a t a  and  G 3 D  t o  generate the graphs. Several options a re  

available using SAS Graph t o  present the  d a t a  t o  provide the  

most useful view of the patterns.  For  instance the curves can 

be rotated o r  t i l t e d  around the  central  ax is  s o  t h a t  curvatures 

a n d  surfaces can be seen in the  best  manner. Similarly,  a 
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1166 SKELLY ET A L .  

s e r i e s  o f  g r i d  l i n e s  can be d i sp layed  t o  b e t t e r  demonstrate t h e  

topology o f  t h e  graph as w e l l  as t h e  numerical values o f  

in termediate p o i n t s .  

p o i n t s  was determined us ing t h e  methods o f  Harder and 

Desmarais ( 7 ) ,  and Meinguet (8). A l l  procedures used were those 

presented i n  t h e  SAS Graph U s e r ' s  Manual ( 9 ) .  

has t h e  advantage o f  be ing easy t o  use and w ide ly  a v a i l a b l e  t o  

t h e  s c i e n t i f i c  and i n d u s t r i a l  conmunity. 

The s p l i n e  i n t e r p o l a t i o n  o f  i n te rmed ia te  

SAS GRAPH a l s o  

RESULTS 

An example o f  a mu1 t i -d imensional  image generated showing 

i n  v i t r o  d i s s o l u t i o n  r a t e  vs pH i s  shown i n  F i g u r e  1. 

mentioned, t h i s  p r o f i l e  was c rea ted  us ing  standard SAS GRAPH 

commands and shows a p r o f i l e  o f  Squibb's Pronestyl-SR 

procainamide c o n t r o l l e d  re lease  500 mg Tablets.  T h i s  

d i s s o l u t i o n  a n a l y s i s  was r u n  a t  f o u r  d i f f e r e n t  pH values over  a 

twe lve  hour d i s s o l u t i o n  t ime  span. 

a t i lt angle o f  60 degrees and a r o t a t i o n  angle o f  45 degrees. 

I t  i s  r e a d i l y  apparent t h a t  t h e  p r o f i l e  over t h e  e n t i r e  pll range 

i s  smooth and unremarkable. 

a n a l y s i s  i n  t h i s  p a r t i c u l a r  instance i s  l e s s  dramat ic,  than 

shown w i t h  B o l a r '  s q u i n i d i n e  gluconate i n  t h e  accompanying 

a r t i c l e .  Nevertheless, i t  c l e a r l y  demonstrates t h e  pH 

independent d i s s o l u t i o n  cha rac te r  o f  t h i s  c o n t r o l  l e d  re lease  

fo rmu la t i on  which has been shown by s tud ies  submit ted t o  t h e  FDA 

t o  be f u l l y  b i o a v a i l a b l e .  

As 

R 

The p r o f i l e  was performed a t  

The advantage o f  mu1 t i -d imensional  

I n  s i t u a t i o n s  where a complex 
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TOPOGRAPHICAL DISSOLUTION CHARACTERIZATION 1167 

1.2 

TIME 
I N  HOURS 

Figure 1 

Topographical  d i  ssol u t  ion c h a r a c t e r i z a t i o n  o f  Squi b b '  s Pronestyl- 

SR c o n t r o l l e d  r e l e a s e  proca inamide  500 mg t a b l e t s  a s  a f u n c t i o n  

o f  t ime and pH. 

R 

r e l a t i o n s h i p  exis ts  between i n  v i t r o  d i s s o l u t i o n  and i n  v i v o  

b i o a v a i l a b i l i t y ,  and where d i s s o l u t i o n  v a r i e s  a s  a f u n c t i o n  o f  

pH, the advan tage  o f  t o p o g r a p h i c a l  a n a l y s i s  i s  even more obvious .  

Tha t  the use o f  t o p o g r a p h i c a l  ana lys i s  a s  a more d e f i n i t i v e  

and  p r e d i c t i v e  method t h a n  two dimensional  a n a l y s i s ,  i s  

demonst ra ted  by the e f f e c t s  o f  pH on d i s s o l u t i o n  f o r  p r o d u c t  
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1168 SKELLY ET AL. 

f o r m u l a t i o n s  o f  t h e  same drug. A d d i t i o n a l  examples w i l l  be  

p r o v i d e d  and d iscussed i n  g r e a t e r  d e t a i l  i n  subsequent papers. 

D I SCUSS I ON 

A mu1 ti f a c t o r i a l  g raph ica l  c h a r a c t e r i z a t i o n  o f  r e l e v a n t  

d i s s o l u t i o n  v a r i a b l e s  i s  p resented  as be ing  a b e t t e r  p r e d i c t o r  

o f  i n  v i v o  performance o f  d rug  p roduc t  c o n t r o l l e d  re lease,  t h a n  

a s i n g l e  d i s s o l u t i o n  t e s t  conducted i n  a s i n g l e  medium. 

n o t  p r o v i d i n g  t h e  assurance o f  a s i n g l e  dose o r  s teady -s ta te  

b i o a v a i l a b i l i t y  study, t h i s  t ype  o f  c h a r a c t e r i z a t i o n  can p rov ide  

reasonable and adequate assurance o f  l o t - t o - l o t  u n i f o r m i t y  and 

b i o e q u i  Val ence c h a r a c t e r i z a t i o n  o f  a formul a t i o n  whose 

b i o a v a i l a b i l  i t y  and c o n t r o l l e d  re lease  c h a r a c t e r i s t i c s  have been 

f u l l y  de f i ned .  On t h e  o t h e r  hand, r e l y i n g  on a d i s s o l u t i o n  t e s t  

ob ta ined  f rom a s i n g l e  medium, as seen i n  t h e  q u i n i d i n e  

g luconate  case, can be very mis lead ing .  

While 

The increased complex i ty  o f  t h e  i n  v i v o / i n  v i t r o  a s s o c i a t i o n  

f o r  c o n t r o l  1 ed re1  ease d rug  p roduc ts  compared t o  convent iona l  

re lease  i s  obvious. Whi le t h e  convent iona l  re lease  s o l i d  o r a l  

dosage form 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  two dimensional 

( i .e. ,  t h e  pe rcen t  d i s s o l v e d  a t  a t ime  i n t e r v a l  versus t h e  

amount absorbed) , t h e  r e l a t i o n s h i p  f o r  c o n t r o l l e d  re lease  shoul d 

be viewed as be ing  mu l t i - d imens iona l  w i t h  pH be ing  one i m p o r t a n t  

f a c t o r  ( i n  t h e  case o f  o r a l l y  admin i s te red  drug) .  

Once 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  f u l l y  

cha rac te r i zed ,  one shou ld  be a b l e  t o  employ d i s s o l u t i o n  t e s t i n g  
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TOPOGRAPHICAL DISSOLUTION CHARACTERIZATION 1 1 6 9  

in l ieu of in v i v o  d a t a  f o r  certain regulatory processes, 

e.g., minor equipment changes, process o r  manufacturing changes, 

s i t e  of manufacturing change, e tc .  If i t  can be ascertained 

t h a t ,  as in the case o f  procainamide dissolution, the rate o f  

dissolution f o r  a particular d r u g  formulation i s  independent o f  

pH a n d  speed o f  rotation, gastrointestinal pH changes should n o t  

a f fec t  i n  vivo absorption. 

i s  characterized by the simulation i n  Figure 2. 

operating on such a plateau, assurance i s  provided t h a t  minor 

changes i n  one parameter w i l  

other parameters. I f  on the other h a n d ,  the in v i t ro  

dissolution rate over time increases as the pH of'  the media 

increases, the extent of  absorption will also increase 

( re f lec t ive  o f  the greater amount in solution a t  higher p H ) .  

Such a case may be described by the simulation in Figure 3.  

Where the slope i s  steep, a s l ight  change in dissolution could 

yield quite unexpected in v i v o  results.  

such a slope then duplicative testing o f  material manufactured 

a t  the two different  s i t e s  (e .g . ,  New York a n d  Puerto Rico) a t  

several dissolution media p H ' s  should be suf f ic ien t ,  i f  the d a t a  

obtained are the same. 

dissolution system so as t o  ascertain whether the topographic 

surface i s  f l a t  o r  sloping, several t e s t s  may be necessary so as  

t o  determine the appropriate, sensit ive variables. 

This i n  vivo/in vi t ro  relationship 

I f  one i s  

have only a negligible e f fec t  on 

If one i s  operating on 

I f  one has n o t  pertubated t h e i r  
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1170  SKELLY ET A L .  

RATE OF ABSORPTION 

i 
d- 

PERCENT OF EISSOLUTION 
A S  A FUNCTION OF 
M E D I A  pH AT COIISTANT 
A G  I TAT I0 N 

PERCENT OF DISSOLUTION 
AS A FUNCTION OF ?ATE 
O F  AGITATION AT CONSTANT 
MEDIA pH 

F igu re  2 

An example o f  a t h r e e  dimensional  i n  v i v o / i n  v i t r o  a s s o c i a t i o n  

f o r  an o r a l  c o n t r o l l e d  r e l e a s e  dosage f o r m  where t h e  d i s s o l u t i o n  

r a t e  i s  independent o f  bo th  the  r a t e  o f  a g i t a t i o n  and t h e  pH o f  

d i s s o l u t i o n  media. 

An examinat ion  o f  t h e  s i m u l a t i o n  i n  f i g u r e  4 i l l u s t r a t e s  a 

more complex re1  a t i o n s h i p  where in  t h e  f l u c t u a t i o n  w i t h i n  t h e  

t h e r a p e u t i c  window i s  r e l a t e d  t o  t h e  apparen t  h a l f - l i f e  o f  

a b s o r p t i o n  and pH o f  t h e  d i s s o l u t i o n  media. 

i l l u s t r a t e d ,  t h e  r a t e  o f  d i s s o l u t i o n  does n o t  change as  a 

I n  t h e  example 
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TOPOGRAPHICAL DISSOLUTION CHARACTERIZATION 1 1 7 1  

PEA': S L D O D  L E V E L  

D I S S O L U T I O N  RATES 
AS A FUNCTION OF 
A G I T A T I O N  A T  CONSTANT 
M E D I A  oH 

D I S S O L U T I O N  DATA GS 
A FUPJCTION OF M E D I A  pH 
A T  CONSTANT A G I T A T I O h  

F i g u r e  3 

An example o f  a t h r e e  d i m e n s i o n a l  i n  v i v o / i n  v i t r o  a s s o c i a t i o n  

f o r  an o r a l  c o n t r o l l e d  r e l e a s e  dosage f o r m  where t h e  d i s s o l u t i o n  

r a t e  a t  a p a r t i c u l a r  t i m e  i n t e r v a l  v a r i e s  as a f u n c t i o n  o f  t h e  

pH o f  t h e  d i s s o l u t i o n  media.  Note t h a t  t h e  d i s s o l u t i o n  r a t e  a t  

t h a t  t i m e  i n t e r v a l  does n o t  v a r y  as a f u n c t i o n  o f  t h e  r a t e  of  

a g i t a t i o n .  
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1172 SKELLY E T  AL. 

1 
FLUCTUATION 
- 

FLUCTUATION = $IAX ‘YIN 

.UTION 
OF pH 

APPARENT 1 

F igu re  4 

An example o f  a t h r e e  dimensional  i n  v i v o / i n  v i t r o  a s s o c i a t i o n  

f o r  an o r a l  c o n t r o l l e d  re lease  dosage fo rm where t h e  r a t e  o f  

d i s s o l u t i o n  i s  independent of t h e  pH o f  t he  d i s s o l u t i o n  media. 

Note t h a t  t h e  apparent h a l f - l i f e  o f  abso rp t i on  i s  r e l a t e d  t o  

the  i n v e r s e  of t he  f l u c t u a t i o n  o f  t h e  drug  c o n c e n t r a t i o n  w i t h -  

i n  the  t h e r a p e u t i c  window. 
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TOPOGRAPHICAL DISSOLUTION CHARACTERIZATION 11738 

funct ion of pH and t h e r e f o r e  the media pH does not  c o r r e l a t e  the 

changes i n  the h a l f - l i f e  of absorpt ion o r  the  f l u c t u a t i o n  w i t h i n  

the  t h e r a p e u t i c  window. 

absorpt ion increases  from zero  t o  24 hours ,  a b i o a v a i l a b i l i t y  

a s s o c i a t e d  w i t h  m i n i m u m  f l u c t u a t i o n  i s  reached such t h a t  a 

population w i t h  s p e c i f i e d  c learance  could be e a s i l y  maintained 

w i t h i n  the  t h e r a p e u t i c  window. A s  the  half-1 i f e  o f  absorpt ion 

i s  gradual ly  increased above t h a t  optimum, the degree of 

f l u c t u a t i o n  w i t h i n  t h e  t h e r a p e u t i c  window increases .  

On the o t h e r  hand, a s  the  h a l f - l i f e  of  

While i n  v i t r o  topographical c h a r a c t e r i z a t i o n  w i l l  vary f o r  

d i f f e r e n t  dosage forms ( a  waxy matr ix  be ing  d i f f e r e n t  than 

coated beads d i f f e r e n t  than t a b l e t s ,  e t c . ) ,  i t  w i l l  provide much 

g r e a t e r  assurance than a s i n g l e  d i s s o l u t i o n  t e s t  conducted i n  a 

s i n g l e  media. Relying on a d i s s o l u t i o n  p r o f i l e  obtained from a 

s i n g l e  media i s  l i k e l y  bet ter  than no t e s t ,  h u t ,  a s  was seen i n  

the q u i n i d i n e  gluconate  case ,  can be very misleading. 

o t h e r  hand f u l l  i n  v i  t r o  topographical c h a r a c t e r i z a t i o n ,  while 

no t  providing the assurance of a s i n g l e  dose o r  s t e a d y - s t a t e  

b i o a v a i l a b i l i t y  s tudy ,  can provide b e t t e r  assurance o f  

1 ot-to-1 o t  unifonni ty and bioequivalence c h a r a c t e r i z a t i o n  on 

formulat ions whose b i o a v a i l a h i l i t y  and c o n t r o l l e d  r e l e a s e  

c h a r a c t e r i s t i c s  have been f u l l y  def ined.  

On  the 

Further  a n a l y s i s  using the topographic methodology showing 

i t s  u t i l i t y  is  demonstrated w i t h  qu in id ine  gluconate  and 

theopl iyl l ine products and i s  discussed i n  subsequent 
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1 1 7 4  SKELLY ET A L .  

p u b l i c a t i o n s  ( 6 )  (10).  I n  summary, we f e e l  t h e  techn ique o f  

mu1 t i - d imens iona l  topograph ic  a n a l y s i s  which i s  w i d e l y  a v a i l  ab l  e 

t o  t h e  s c i e n t i f i c  c o m u n i  t y  1 ends i t s e l  f t o  more a c c u r a t e l y  

p r e d i c t i n g  t h e  r o l e  o f  i n  v i t r o  d i s s o l u t i o n  t o  i n  v i v o  response 

and should be examined more tho rough ly  t o  develop i t s  p o t e n t i a l .  
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