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ABSTRACT - 
A m o d i f i c a t i o n  o f  t h e  U.S.P. padd le  method f o r  d i s s o l u t i o n  was 

e v a l u a t e d .  A 10-mesh s i z e  c i r c u l a r  s t a i n l e s s  s t e e l  sc reen  was 

p l a c e d  a t  t h e  b o t t o m  o f  t h e  d i s s o l u t i o n  vesse l  e s t a b l i s h i n g  an e l e -  

v a t e d  p l a t f o r m  f o r  t h e  t a b l e t .  

w i t h  t h e  U.S.P. padd le  and baske t  methods u t i l i z i n g  t h r e e  d i f -  

f e r e n t  t a b l e t  f o r m u l a t i o n s  o f  t h e  n o n d i s i n t i g r a t i n y  t y p e .  Two 

t a b l e t  f o r m u l a t i o n s  c o n t a i n e d  a g e l  f o r m i n g  m a t e r i a l  hydroxypro-  

p y l m e t h y l c e l l u l o s e  K-4000 and t h e  t h i r d  t a b l e t  f o r m u l a t i o n  has 

t r i c a l c i u m  phosphate as t h e  m a j o r  f i l l e r .  The a c t i v e  i n g r e d i e n t s  

The m o d i f i e d  method was compared 

-------________-___I 

XTo whom cor respondence shou ld  be d i  r e c t e d  

( 'opyr ig l i t  @ 1986 by Marcel Drkker. Inc 
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1228 SHENOUDA ET AL. 

were e i t h e r  d y p h y l l i n e  or melperone HC1. 

by a one-way a n a l y s i s  o f  va r iance  combined w i t h  Ryan-Einot- 

Gabr ie l -Welsch m u l t i p l e  F - t e s t  f o r  comparison between methods. 

The r e s u l t s  suggest t h a t  t h e  proposed m o d i f i e d  paddle method f o r  

d i s s o l u t i o n  may p r o v i d e  t h e  f o r m u l a t o r  w i t h  an a l t e r n a t i v e  f o r  

e v a l u a t i n g  r e l e a s e  o f  drugs f rom s o l i d  dosage forms c o n t a i n i n g  

s w e l l a b l e  gums. T h i s  method o f f e r s  t h e  advantages o f  

con t i nuous  v i s u a l  m o n i t o r i n g  o f  t h e  dosage fo rm t o  a s c e r t a i n  i t s  

i n t e g r i t y  and f u l l  exposure o f  t h e  t o t a l  s u r f a c e  area o f  t h e  

t a b l e t  w i t h o u t  s t i c k i n g  t o  t h e  w a l l s  o f  t h e  d i s s o l u t i o n  vessel .  

The da ta  were eva lua ted  

INTRODUCTION 

The U.S.P. basket  and paddle methods f o r  d i s s o l u t i o n  t e s t i n g  

(1) a r e  r o u t i n e l y  u t i l i z e d  by s c i e n t i s t s  t o  e v a l u a t e  t h e  r e l e a s e  

performance o f  conven t iona l  and c o n t r o l  l e d  r e l e a s e  o r a l  dosage 

forms. The U.S.P. paddle method p r o v i d e s  con t inuous  v i s u a l  moni- 

t o r i n g  o f  t h e  dosage form d u r i n g  t h e  d i s s o l u t i o n  process i n  com- 

p a r i s o n  w i t h  t h e  basket .  However, n o n d i s i n t i g r a t i n g  s o l i d  dosage 

fo rms c o n t a i n i n g  h i g h  percentage o f  h y d r o p h i l i c  gums t e n d  t o  s t i c k  

t o  t h e  w a l l  o f  t h e  d i s s o l u t i o n  vessel  a l l o w i n g  p a r t i a l  exposure 

o f  t h e  t o t a l  s u r f a c e  area when t h e  paddle method i s  used. 

A m o d i f i c a t i o n  o f  t h e  paddle,  which overcomes t h e  disadvan- 

tages o f  bo th  U.S.P. methods, was developed and u t i l i z e d  by 

Shenouda and K r i l l  ( 2 )  i n  e v a l u a t i n g  a c o n t r o l l e d  r e l e a s e  s o l i d  

dosage form c o n t a i n i n g  a h y d r o p h i l i c  gum. It i s  t h e  purpose 

o f  t h i s  s tudy  t o  compare t h e  new m o d i f i e d  paddle method w i t h  t h e  
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MODIFIED PADDLE METHOD 1229 

o f f i c i a l  U.S.P. methods f o r  d i s s o l u t i o n  u s i n g  g e l  and nonge l  t y p e  

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

MATERIALS - AND METHODS 

Three t a b l e t  f o r m u l a t i o n s  were u t i l i z e d  i n  t h i s  s tudy .  

Hydroxyp ropy lme thy l  c e l l  u l  ose K-4000 (HPMC) was used as a g e l  

f o r m i n g  subs tance i n  two f o r m u l a t i o n s :  a dyphyl l ine-HPMC m a t r i x  

t a b l e t  ( f o r m u l a t i o n  I )  and a melperone HC1-HPMC p ress  coa ted  

t a b l e t  ( f o r m u l a t i o n  11). The 400 mg t a b l e t  of  f o r m u l a t i o n  I con- 

t a i n e d  20% HPMC and 10.0% d y p h y l l i n e .  F o r m u l a t i o n  I 1  (280.0 

m g / t a b l e t )  c o n t a i n e d  a t o t a l  o f  50.4 mg and 39.3 mg o f  HPMC and 

melperone HC1, r e s p e c t i v e l y .  M a n n i t o l  and z i n c  s t e a r a t e  were 

i n c l u d e d  i n  b o t h  HPMC f o r m u l a t i o n s  t o  make up t h e  ba lance  o f  t h e  

t o t a l  w e i g h t  o f  each t a b l e t .  

( f o r m u l a t i o n  111, 400.0 m g / t a b l e t )  were 10% d y p h y l l i n e ,  89% t r i -  

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

z i n c  s t e a r a t e .  

padd le  and b a s k e t  methods 

t h e  r e l e a s e  charac-  

ons. The m o d i f i e d  padd le  

method u t i l i z e d  a 10-mesh s i z e  c i r c u l a r  s t a i n l e s s  s t e e l  sc reen  

a p p r o x i m a t e l y  seven c e n t i m e t e r s  i n  d i a m e t e r  wh ich  i s  p l a c e d  on 

t h e  bo t tom o f  t h e  d i s s o l u t i o n  vesse l  e s t a b l i s h i n g  an e l e v a t e d  

p l a t f o r m  f o r  t h e  dosage form. 

was used as t h e  d i s s o l u t i o n  medium and a l l  expe r imen ts  were con- 

Water, e q u i l i b r a t e d  a t  37 * 0.5 "C, 

c a l c i u m  phosphate,  and 1% o f  

A m o d i f i e d  padd le  method 

were c o m p a r a t i v e l y  e v a l u a t e d  

t e r i s t i c s  f rom t h e  t h r e e  t a b  

t h e  U.S.P. 

by s t u d y i n g  

e t  f o rmu l  a t  

lDow Chemical Company, M id land ,  M i c h i g a n  
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1230 SHENOUDA ET A L .  

duc ted  a t  50 r.p.m. 

f o r m u l a t i o n  were generated by each method. 10.0 m l  a l i q u o t s  were 

wi thdrawn a t  t h e  a p p r o p r i a t e  t i m e  i n t e r v a l s  f o r  a n a l y s i s  which 

was immediate ly  rep laced  by 10.0 m l  o f  f r e s h  s o l v e n t .  A t  t h e  end 

o f  each r e l e a s e  s tudy,  t h e  r a t e  o f  s t i r r i n g  was inc reased  t o  200 

r.p.m. f o r  t h i r t y  minutes a f t e r  which a sample was wi thdrawn f o r  

a n a l y s i s  t o  a l l o w  f o r  t h e  c a l c u l a t i o n  o f  t h e  a c t i v e ' s  c o n t e n t  o f  

each i n d i v i d u a l  t a b l e t  (100%). D y p h y l l i n e  and melperone HC1 were 

s p e c t r o p h o t o m e t r i c a l  l y  analyzed a t  a wavelength o f  273.2 nm and 

247.5 nm, r e s p e c t i v e l y .  

The r e l e a s e  p r o f i l e s  o f  s i x  t a b l e t s  f rom each 

RESULTS - AND DISCUSSION 

A l l  r e l e a s e  d a t a  a t  v a r i o u s  sampl ing t imes  a r e  expressed as 

t h e  pe rcen t  o f  t h e  a c t i v e ' s  c o n t e n t  o f  each i n d i v i d u a l  t a b l e t .  

The r e l e a s e  p r o f i l e s  o f  d y p h y l l i n e  f rom f o r m u l a t i o n  I generated by 

t h e  t h r e e  methods a r e  shown i n  F i g u r e  1. The p l o t  i l l u s t r a t e s  

comparable r e l e a s e  p r o f i l e s  f o r  t h e  m o d i f i e d  paddle and t h e  basket  

methods. Bo th  methods show h i g h e r  pe rcen t  r e l e a s e  t h a n  t h e  

paddle.  Comparison o f  t h e  pe rcen t  re lease ,  o b t a i n e d  by t h e  t h r e e  

methods, was performed u s i n g  s i x  da ta  va lues a t  v a r i o u s  sampl ing 

t imes .  Us ing  SAS s t a t i s t i c a l  programsz, a one-way a n a l y s i s  o f  

v a r i a n c e  (ANOVA) was done. D i s s o l u t i o n  methods were t h e n  compared 

by t h e  Ryan-Einot-Gabriel -Welsch (REGW) m u l t i p l e  F - t e s t .  A l l  s t a -  

t i s t i c a l  a n a l y s i s  were made a t  an a lpha  s e t  t o  0.05. The r e s u l t s  

o f  s t a t i s t i c a l  comparisons a re  l i s t e d  i n  Table 1. The pe rcen t  

2SAS I n s t i t u t e  Inc., Cary, Nor th  C a r o l i n a  
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M O D I F I E D  PADDLE METHOD 1231 

Q . O L - 1 - - I ~ L - L L & - L - - J  
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

Time,  hours 

FIGURE 1 

Release p r o f i l e s  o f  f o r m u l a t i o n  I o b t a i n e d  
by  t h e  t h r e e  methods: -0 m o d i f i e d  padd le ,  
A----- A baske t ,  o----o padd le .  Each p o i n t  
r e p r e s e n t s  t h e  average p e r c e n t  r e l e a s e  o f  s i x  
t a b l e t s .  

r e l e a s e  o f  d y p h y l l i n e  from t h i s  f o r m u l a t i o n  f o r  t h e  m o d i f i e d  

p a d d l e  and baske t  methods a r e  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h o s e  

o b t a i n e d  by t h e  padd le .  The r e l e a s e  d a t a  o b t a i n e d  by t h e  l a t t e r  

method a r e  c o n s i s t e n t l y  s m a l l e r  a t  a l l  samp l ing  t i m e s .  The 

modi f i ed padd le  shows s i  g n i  f i c a n t l y  d i  f f e r e n t  percent: re1  ease a t  

1.0 and 4.0 hour  sampl ing  t i m e s  i n  compar ison w i t h  t h e  baske t .  

T h i s  d i f f e r e n c e  may be e x p l a i n e d  by a change i n  t h e  geomet r i c  con- 

f i g u r a t i o n  o f  s w o l l e n  g e l  and /o r  loss o f  some g e l  r e s u l t i n g  f rom 

t h e  s p i n n i n g  a c t i o n  o f  t h e  basket .  
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1232  SHENOUDA ET AL.  

TABLE 1 

R e s u l t s  of S t a t i s t i c a l  Comparisons o f  Percent  Release Obtained by 

t h e  Three D i s s o l u t i o n  Methods f o r  Fo rmu la t i on  I 

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

Time, h rs .  M o d i f i e d  Paddle Basket Paddle 

0.5 

1 .o 
a 

a 

a b 

b C 

2 .o a a b 

3 .o a a b 

4 .o 
5 .o 

b 

a 

a 

a 

C 

b 

6 .O a a b 

7 .o a a b 

8 .O a a b 

R e s u l t s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  

d i f f e r e n t .  The pe rcen t  r e l e a s e  i s  l i s t e d  i n  t h e  

-____- -I .___ 

o r d e r  a > b > c .  

The pe rcen t  re lease  f o r  f o r m u l a t i o n  I i s  l i n e a r  when p l o t t e d  

as  a f u n c t i o n  o f  square r o o t  o f  t i m e  ( 3 )  w i t h  ve ry  h i g h  c o r r e l a -  

t i o n  c o e f f i c i e n t s  ( r  = 0.997 - 0.999) f o r  a l l  methods. ANOVA-REGW 

s t a t i s t i c d l  comparison o f  t h e  r a t e s  o f  r e l e a s e  revea led  no s i g n i -  

f i c a n t  d i f f e r e n c e  between t h e  m o d i f i e d  paddle (38.28 % h r -1 /2 )  and 

t h e  basket  (38.56 4 h r - l l z ) ,  b u t  bo th  r a t e s  a re  s i g n i f i c a n t l y  d i f -  
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MODIFIED PADDLE METHOD 1233 

0.0 
0.0 1.0 2.0 3.0 4.0 5 . 0  6.0 

Tlme,  h o u r s  

FIGURE 2 

Re lease p r o f i l e  o f  f o r m u l a t i o n  I 1  o b t a i n e d  
by t h e  m o d i f i e d  p a d d l e  method. Each p o i n t  
r e p r e s e n t s  t h e  average p e r c e n t  r e l e a s e  o f  
s i x  t a b 1  e t s  . 

f e r e n t  f ro in t h a t  o f  t h e  padd le  (35.65 % h r - l / 2 ) .  

r a t e  o f  t h e  padd le  i s  due t o  s t i c k i n g  o f  t a b l e t  t o  t h e  w a l l  o f  t h e  

d i s s o l u t i o n  v e s s e l .  

The l o w e r  r e l e a s e  

The z e r o  o r d e r  r e l e a s e  p r o f i l e s  o f  F o r m u l a t i o n  I 1  o b t a i n e d  by 

t h e  m o d i f i e d  padd le ,  baske t ,  and p a d d l e  a r e  i l l u s t r a t e d  i n  F i g u r e s  

2, 3, and 4 .  These p l o t s  r e v e a l  t h a t  t h e  b a s k e t  r e l e a s e  d a t a  show 

r e l a t i v e l y  h i g h e r  v a r i a b i l i t y  i n  compar ison w i t h  t h e  o t h e r  two 

methods. T a b l e  2 l i s t s  t h e  r e s u l t s  o f  ANOVA-REGW s t a t i s t i c a l  com- 
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12 34 SHENOUDA ET A L .  

T h e ,  hours 

FIGURE 3 

Release p r o f i l e  of  f o r m u l a t i o n  I 1  ob ta ined  
by t h e  U.S.P. basket  method. 
repvesents t h e  average p e r c e n t  r e l e a s e  o f  
s i x  t a b l e t s .  

Each p o i n t  

pa r i sons  o f  r e l e a s e  da ta  generated by t h r e e  methods f o r  t h i s  f o r -  

m u l a t i o n .  The pe rcen t  r e l e a s e  f o r  t h e  m o d i f i e d  paddle i s  s i g n i f i -  

c a n t l y  d i f f e r e n t  f rom those  o f  t h e  paddle a t  a l l  t imes  except  t h e  

6.0 hour sampl ing t ime.  I n  comparison w i t h  t h e  basket  method, t h e  

pe rcen t  r e l e a s e  ob ta ined  by t h e  m o d i f i e d  paddle i s  s i g n i f i c a n t l y  

d i f f e r e n t  a t  2.0, 4.0, 5.0 and 6.0 hour sampl ing t imes .  

observed p r e v i o u s l y  w i t h  Fo rmu la t i on  I ,  t h e  pe rcen t  r e l e a s e  

As was 
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MODIFIED PADDLE METHOD 12 35 

T i m e ,  h o u r s  

FIGURE 4 

R e l e a s e  p r o f i l e  o f  f o r i w 1 a t i o n  1 t l o k t a i n e d  by 
t h e  U.S.P. padd le  ,ne thod .  Each  po in t ,  r e p r e s e n t s  
t h e  c lverdge p e r c e n t  r e l e a s e  o f  s i x  t d k l e t s .  

S b t d i n e d  by t h e  baske t  d t  1.3 h o u r  i s  l a r g e r  t h a n  t h a t  o f  t h e  

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

o b s e r v e d  w i t h  t h e  b a s k e t  and p a d d l e  w t h o d s  sugcjest t h a t  the  

i l .5 .P.  me thods  may n o t  he a p p r o p r i a t e  far s t u d y i n g  r e l e a s e  frori i  

gel s y s t e m s .  

The a v e r a y e  z e r o  o r d e r  r e l e a s e  r a t e s  a r e  17.112 -b 11.35 Y: h r - 1  

( r  = 0.9985), 16.68 k 0.40 X h r - l  ( r  = 0.9986), 16.55 t 0.71 X h r - l  

( r  = 0.3892) f o r  t h e  m o d i f i e d  p a d d l e ,  t h e  paddl,e, ar-id t h e  b a s k e t  
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TABLE 2 

Kesul t s  o f  S t a t i s t i c a l  Comparisons o f  P e r c e n t  Re lease Ob ta ined  by 

t h e  Three Methods f o r  F o r m u l a t i o n  I1  

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

Time, h r s .  M o d i f i e d  Padd le  Basket  Padd le  

0.5 a a b 

1 .D 

2 .n 

3 .o 
4 .o b a C 

5 .o a b h 

6 .D a b a 
l__--l_- ___ __ __ _____ 

R e s u l t s  w i t h  the same l e t t e r  a r e  n o t  s i y n i f i c a n t l y  

d i f f e r e n t .  The p e r c e n t  r e l e a s e  i r  l i s t e d  

i n  t h e  o r d e r  a > b > c .  

Ineth3rl5, r e s p e c t i v e l y .  A l t h o u g h  t h e s e  va lues  rhow a t r e n d  o f  

dec rease  i n  t h e  r e l e a s e  r a t e s ,  ANOVA-REGW compar ison r e v e a l  no 

s i g o i f i c a n t  d i f f e r e n c e s  among t h e  r a t e s  o b t a i n e d  by t h e  t h r e e  

lnethotls. 

The r e l e a s e  p r o f i l e s  of  d y p h y l l i n e  f rom F o r m u l a t i o n  I 1 1  a r e  

shown i n  F i g u r e  5 f o r  t h e  t h r e e  methods. The r e s i i l t s  o f  

ANOVA-REGW s t a t i s t i c a l  cornpar ison a r e  l i s t e d  i n  T a b l e  3. I n  t h i s  

t r i c a l c i u r n  phosphate  f o r m u l a t i o n ,  t h e  r e l e a s e  d a t a  o b t a i n e d  by t h e  
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1 100.0 

t30.0; 

.(o/ 

o . o U . - - - L - u 2  
0.0 1.0 2 . 0  3.0 4 . 0  5 . 0  6 . 0  1.0 

T l m e .  hours  

F I G U R E  5 

9eloas2 p r o f i l e s  of fortnul<ltion 111 obtained by 
t h e  three  methods: IF---+ paddle,  o-----e baske t ,  
&-.----A modi f ied p d d d l e .  Each p o i n t  represents  
the  dverage percent r e l easc  of s i x  t ab l e t , s .  

rnodified paddle method d r 2  s i g n i f i c a n t l y  lower t h d r i  t h e  paddle a t  

d l l  sampling t i i i i es  except 3.0 hour .  The p e r c e n t  rt l lease d a t a  for 

the  rmdified paddle a r e  coiiiparabte t o  those  obtained by the b d s k e t  

excol)t d t  t h e  i n i t i a l  sampling t imes.  

The r e l ease  f ro in  t h i s  systein fal lows a f i r s t  order .  ANOVA-REGW 

comparison of  the  f i r s t  [ i r d e r  rd t e  cons tan ts  shows the  r e l ease  
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1238 SHENOUDA ET A L .  

TABLE 3 

R e s u l t s  o f  S t a t i s t i c a l  Comparisons o f  Percent  Release Obtained by 

t h e  Three Methods f o r  D y p h y l l i n e - T r i c a l c i u m  Phosphate Tab le ts .  

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

Time, h r s .  Modi f i ed Paddl e Basket Paddle 

1 b a a 

2 C b a 

3 a a a 

4 b b a 

5 h ba a 

6 b h a 
-___- ~ _----- - ~ - - - 

R e s u l t s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  

d i f f e r e n t .  The pe rcen t  r e l e a s e  i s  l i s t e d  i n  t h e  

o r d e r  a > b > c .  

r a t e  f o r  t h e  paddle (0.565 h r - 1 )  t o  be s i g n i f i c a n t l y  d i f f e r e n t  f rom 

t h a t  o f  t h e  basket  (0.495 h r -1 )  and t h e  m o d i f i e d  paddle (0.457 h r - 1 ) .  

There i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  

l a t t e r  two r a t e s .  The above a n a l y s i s  suggest t h a t  t h e  paddle 

method inay he t h e  a p p r o p r i a t e  method f o r  t h i s  n o n d i s i n t i g r a t i n g  

nongel t y p e  for inul  a t i o n .  

I t  i s  b e l i e v e d  t h a t  t h e  new m o d i f i e d  paddle method i s  advan- 

tageous i n  s t u d y i n g  r e l e a s e  f rom g e l - t y p e  dosage forms and may 

prove t o  be u s e f u l  f o r  - i n  -~ v i t r o  e v a l u a t i o n  o f  o t h e r  t ypes  o f  

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.



MODIFIED PADDLE METHOD 1 2 3 9  

c o n t r o l l e d  r e l e a s e  s o l  i d  dosage fo rms .  However, a d d i t i o n a l  s t u -  

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