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ABSTRACT - 
Hardness,  d i s i n t e g r a t i o n  and d i s s o l u -  

t i on  of compressed t a b l e t s  were a s s e s s e d b y  
compressing t a b l e t s  from g r a n u l a t i o n s  pre- 
pared by d r y  and wet granulation process  
of  two s e c t i o n s  and by composite wet gra- 
n u l a t i o n  process .  Modified U S P  X V I I I  
apparatus f o r  d i s i n t e g r a t i o n ,  r o t a t i n g  
b a s k e t  apparatus US?? X V I I I  and. c o n s t a n t  
c i r c u l a t i o n  apparatus were employed f o r  
measuring d i s s o l u t i o n .  The c o n s t a n t  c i r -  
c u l a t i a n  apparatus was used i n  t h e  s t u d i e s  
as only  i t  proved t o  be s e n s i t i v e  t o  r e f l e c t  
t h e  d i f f e r e n c e s  i n  t h e  d i s s o l u t i o n  r a t e s  
and was a c l o s e  ana log  o f  p h y s i o l o g i c a l  
s i tuat ion.  Four types  o f  t a b l e t s  contain-  
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1062 JAVAID 

ing a c e t y l s a l i c y l i c  a c i d ,  codeine phosphate 
and propoxyphene hydrochlor ide  were wepared ,  
T a b l e t s  prepared by partial  d r y  and wet 
g r a n u l a t i o n  p rocess  d i d  not show s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  r a t e s  of  d i s s o l u t i o n  as 
compared t o  t h o s e  prepared by complete wet 
g r a n u l a t i o n  p rocesso  

INTRODUCTION - 
D i s s o l u t i o n  t e s t i n g  has become impor t an t  

i n  product  r e s e a r c h  and development i n  r e c e n t  
years,, The cho ice  of  a s e n s i t i v e  d i s s o l u t i o n  
system f o r  the  r e f l e c t i o n  o f  t h e  d i s s o l u t i o n  
c h a r a c t e r i s t i c s  due t o  v a r i o u s  fo rmula t ion  
factors  i s  a l s o  v e r y  import.mt, Various 
d i s s o l u t i o n  a p p a r a t i  have been reviewed by 
B a u n  and Walker(1) and a c o n s t a n t  c i r c u l a t i o n  
d i s s o l u t i o n  apparatus w a s  shown t o  be s e n s i -  
t i v e  t o  demonstrate  t h e  e f f e c t  upon d i s so lu -  
t i o n  r a t e  of  v a r i o u s  f a c t o r s ,  This a p p a r a t u s  
w a s  s l i g h t l y  modif ied and used f o r  s tudy ing  
the d i s s o l u t i o n  pattern of the compressed 
t a b l e t s ,  

The modif ied USP XVIII d i s i n t e g r a t i o n  
appa ra tus  was planned t o  b e  used f o r  measur- 
ing t h e  d i s s o l u t i o n  o f  t h e  drugs from the  
t a b l e t s ,  The d i s s o l u t i o n  w a s  incomple te  a t  
t h e  end o f  20 minutes, Therefore ,  a s t i r r e r  
w a s  used on one s i d e  under the basket-rack 
assembly, The system r e q u i r e s  a high degree  

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DISINTEGRATION AND DISSOLUTION PARAMETERS 1063 

of a g i t a t i o n  t o  keep t h e  g r a n u l e s  c i r c u l a t -  
ing  i n  the f l u i d  after having passed through 
# 10 mesh screen .  R o t a t i n g  b a s k e t  apparatus 
USP XVIII w a s  t r i e d  for d i s s o l u t i o n  s tudy  
wi th  t h e  baske t  r o t a t i n g  a t  50, 100, 150 and 
200 rpm. Even t h i s  apparatus w a s  n o t  deemed 
t o  be s a t i s f a c t o r y  as i t  a l s o  employs a high 
degree  o f  a g i t a t i o n ,  The c o n s t a n t  c i r c u l a -  
t i o n  apparatus i s  be ing  used f o r  t h e  r e s t  
of t h e  i n v e s t i g a t i o n ,  The system used 
combines t h e  c h a r a c t e r i s t i c s  o f  (a)  employ- 
ing small amount of  ag i ta t ion  i n  t h e  form 
of e l u t i n g  e f f e c t ,  ( b )  using r e l a t i v e l y  
homogenous low volume d i s s o l u t i o n  mediwn,(c) 
using one t a b l e t  a t  a time and ( d )  p reven t ing  
excess ive  accumulat ion of t h e  drug  i n  t h e  
v i c i n i t y  of  d i s s o l u t i o n ,  

This  s tudy  concerns i t s e l f  t o  t h e  
fo rmula t ion  of  t a b l e t s  compressed from 
g r a n u l a t i o n  prepared by par t ia l  d i r e c t  
and wet g r a n u l a t i o n  o f  two s e c t i o n s  o f  
one type  of  t a b l e t  and by wet g r a n u l a t i o n  
process  o f  bo th  s e c t i o n s  o f  o t h e r  t h r e e  
types  o f  t a b l e t s .  The second p a r t  o f  the  
i n v e s t i g a t i o n  w a s  t o  employ a s u i t a b l e  
d e v i c e  f o r  s tudying  t h e  d i s s o l u t i o n  o f  
v a r i o u s  i n g r e d i e n t s  f r o m  t h e  compressed 
t a b l e t s ,  T h i s  apparatus would have charac- 
t e r i s t i c s  approaching t o  t h o s e  found i n  
G I  t r a c t .  
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EXPERIMENTAL 

JAVAID 

Materials-  Ace ty l sa l i cy l i c  ac id  BP, 
codeine phosphate US? and propoxyphene 
hydrochloride USP were used. Excip ien ts  
used i n  preparing the  t a b l e t s  were corn 
s t a r c h  USP, e thoce l  NF, a v i c e l  (F.M.C.) 
BPC, guar g u m  NF and magnesium s t e a r a t e  
USP. Ethanol and methylchloroform were 
both  USP grade. 

Prepara t ion  o f  Granules and Tab le t s  - 
The l u b r i c a n t  s e c t i o n  used i n  a l l  t h e  formu- 
l a t i o n s  w a s  prepared by granula t ing  a v i c e l  
i n  a p lane tary  mixer (Erweka , Type LK5) 
w i t h  methylchloroform and dry ing  a t  45O-5Oo 
f o r  fou r  hours. The d r i e d  mass w a s  then 
mixed with s i f t e d  guar  gum and magnesium 
s t e a r a t e  for 5 minutes and passed through 
a screen No.20. The ing red ien t s  and t h e i r  
amounts used i n  va r ious  formulat ions a r e  
given i n  Table I, q a b l e t s  A were prepared 
by d i r e c t  compression of a c e t y l s a l i c y l i c  
ac id  (ASA) c r y s t a l s  a n d  guar gwn with  
codeine s e c t i o n  granulated sepa ra t e ly  with 
(TI). For formulation A ,  codeine and s t a r c h  
were mixed f o r  5 minutes and passed through 
No.20 screen i n  a granulator. The powder 
mix w a s  granulated i n  t h e  Erweka mixer w i t h  
(11) t o  produce s a t i s f a c t o r y  g ranu la t ion  i n  
about 15 minuteso The mass w a s  passed rthrough 
an o s c i l l a t i n g  granula tor  (Erweka’ , Type FGS) 
equipped w i t h  a No.10 screen  and d r i e d  over- 
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DISINTEGRATION AND DISSOLUTION PARAMETERS 1065 

TABLE I 

F o r m u l a t i o n s x r e p a r e d  i n  -- this  Study 

I n g r e d i e n t s  
L--- --I.II _-./.---- 

A c e t y l s a l i c y l i c  Acid, BP 
Codeine Phosphate,  USP 
Propoxyphene Hydrochloride,USX 
Corn S t a r c h ,  USP 
Guar G u m  S i f t e d ,  NF 
Ethoce l  i n  15$ So lu t iona ,  (I) 
Ethoce l  i n  15% S o l v e n t b , ( I I )  

Lubr icant  S e c t i o n  

Avice l  ,BPCC 
Magnesium S t e a r a t e ,  USP 
Guar G u m  S i f t e d ,  NF 
Methylchloroform, USPd 
T o t a l ,  & t a b l e t  

---- - 
Table t  Formulat ions,  
nR/T 

A 

375 
8 

18 
8 
0. 
1. 

- -  -- 

18 
12 
38 

479. - 

let-.. 
B 

375 
15 

18 
8 
o o e  

l a 5  

-- 

18 
12 
38 

486a3 

c 
375 
30 

18 
8 
Om8 
1.5 

1-, 

18 
12 
38 

501.3 

a F i f t e e n  pe rcen t  e t h o c e l  i n  90% alcohol-water  mix tu re  

b F i f t e e n  pe rcen t  e t h o c e l  i n  methylchloroform using 

C M i c r o c r y s t a l l i n e  c e l l u l o s e ,  (FeMmCm) a 

dSix  mg/tablet. 

using 17 m g  o f  mix tu re / t ab le t .  

15 m g  o f  s o l v e n t / t a b l e t .  

n ight  a t  400-45O. 
through a No.16 sc reen  and mixed with lubr i -  
c a n t  s e c t i o n  b e f o r e  compression, Tablets  B 
and C were manufactured by compression o f  
g r a n u l a t i o n  of (ASA)-guar gum and codeine- 
s t a r c h  s e c t i o r s p r e p a r e d  s e p a r a t e l y  w i t h  ( I)  

The g r a n u l a t i o n  was s i f t e d  D
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1066 JAVAID 

and (11) respec t ive ly .  Table t s  D were made 
by compression o f  g ranula t ion  o f  (ASA)-guar 
gwn and propoxyphene-starch s e c t i o n s  pre- 
pared sepa ra t e ly  w i t h  ( I )  and (11) respect-  
ive ly .  The same equipment and du ra t ions  as 
employed i n  t h e  processing o f  Table t s  A were 
used f o r  Table t s  B,  C and D. The granules  
o f  t h e  drug s e c t i o n s  were f i n a l l y  blended w i  
w i t h  l u b r i c a n t  s e c t i o n  f o r  7 minutes and 
compressed according t o  t he  s p e c i f i c a t i o n s  
given be1 ow , 

comnressed with an Rrwekal t a b l e t  p ress  
model EKO us ing  0,620 in. diameter ova l  
punches and d i e  s e t .  The hardness o f  
t a b l e t s  as determined by Stokes2 hardness 
t e s t e r  var ied  between 6.8 t o  7.1 Kg and t h e  
compression weight o f  t a b l e t s  w a s  maintained 
between the  l i m i t s  o f  v a r i a t i o n  f o r  compressed 
t a b l e t s  , 

Table ts  of  0.270 i n ,  th ickness  were 

Dis in tegra t ion-The  USP method f o r  
uncoated t a b l e t s  w a s  used ( 2 ) .  Mean d i s -  

i n t e g r a t i o n  time f o r  s i x  t a b l e t s  o f  .each 
formulation run i n  d i s t i l l e d  water w a s  found 
t o  be between 4 and 7 minutes, 

Disso lu t ion-A constant  c i r c u l a t i o n  
apparatus  as descr ibed by B a u n  and Walker(1) 
w a s  used dur ing  t h i s  study. The appara tus  
c o n s i s t s  o f  a stoppered c y l i n d r i c a l  tube 
wi th  sc reens  about 7 cm, apart and a s ide-  
arm o u t l e t  f o r  t he  r e t u r n  of  t h e  f lu id  t o  

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DISINTEGRATION AND DISSOLUTION PARAMETERS 1067 

r e s e r v o i r ,  The t a b l e t  i s  p laced  on a lower  
s c r e e n  o f  200 mesh and the s i z e  o f  t h e  upper  
s c r e e n  w a s  60 mesh. A pump c i r c u l a t e s  t h e  
f l u id  through t h e  column and back t o  t h e  
r e s e r v o i r  a t  a f low r a t e  of  50 m l  p e r  
minute. Samples were withdrawn a t  2,  5, 
10, 20, 40 and 60 minutes  i n t e r v a l s  from 
t h e  r e s e r v o i r  and r ep laced  w i t h  similar 
volume o f  d i s t i l l e d  wa te r  a t  370. 

A n a l y s i s -  For (ASA)  de te rmina t ion ,  
a 2 ml sample w a s  t r a n s f e r r e d  t o  a 100-ml 
f l a s k  c o n t a i n i n g  approximately 50 mL o f  
85% methanol ('15% wa te r ) ,  
W/V s o l u t i o n  o f  sodium hydroxide w a s  added 
t o  t h e  f lask  and mixed thoroughly.  A f t e r  
15 minutes, 3 ml o f  concent ra ted  hydrochlo- 
r i c  a c i d  w a s  added and volume brought  t o  
t h e  mark wi th  85% methanol (3) .  The s o l u t i o n  
w a s  read  on a s p e c t r ~ p h o t o m e t e r ~  f o r  sali- 
c y l i c  a c i d  a t  304 nm against 85% methanol 
s o l u t i o n  t r e a t e d  i n  t h e  same manner as the 
sample, The amount of  the drug d i s s o l v e d  
a t  any t ime i n t e r v a l  w a s  c a l c u l a t e d  from 
t h e  standard r e f e r e n c e  curve. 

propoxyphene hydrochlor ide  from t h e  same 
samples t aken  a t  a f o r e s a i d  i n t e r v a l s  w a s  
c a r r i e d  o u t  by ion-pa i r  procedure ( 4 ) *  

One m l  o f  508 

Determina t ion  o f  codeine  phosphate and 

RESULTS AND DISCUSSION 

The average  d i s s o l u t i o n  r a t e s  of s i x  
t a b l e t s  o f  v a r i o u s  fo rmula t ions  a r e  p l o t t e d  
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1068 JAVAID 

in Figures 1-4. These plots also indicate 
T 80% values f o r  a group of tablets in each 
formulation. 
not a quantitative parameter indicating the 
differential rate of dissolution o f  a drug 
along the integral curve. Nonetheless it 
is a simple indicator for comparing the 
over-all dissolution of two formulations, 

Even though T 80% value is 

During dissolution, the tablet dis- 
integrated into granules very fast. The 
granules were further reduced to fine 
particles which were eventually dissolved 
by the circulating fluid. Dissolution 
occured from all portions-intact tablets, 
granules and from fine particles of the drug. 
The dissolution process was in the form of 
elution in the constant circulation system 
used . 

It can be observed from Figures 1-4 
that T 80% f o r  (ASA) in all the formulations 
ranged from 14 to 18.5 minutes. Comparing 
the dissolution pattern of the drug in 
Formulation A with that of other three formu- 
lations, no significant difference was 
observed among T 80% values. 
of  (ASA)  powder with ethocel in formulations 
B, C and D did not retard the rate of disso- 
lution of (ASA) f rom the tablets. Essentially 
100% drug was dissolved in 60 minutes 

The granulation 

The dissolution o f  codeine from all 
the formulations was quite rapid. The 
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DISINTEGRATION AND DISSOLUTION PARAMETERS 1069 

5,5.5 14 
2 

0 10 20 40 60 
Minutes 

FIGURE 1 
Percent diersolved f r o m  Tablet Formulation A, 
Keys 0 acetylsalicylio acid; 0 a 
oodsiae phoerphate, 

100 

80 

2 
0 10 20' 40 60 

Minutes 

PIGURE 2 
Feraent dissolved from Tablet Formulation B, 
Key: 0 aoetylaalioylic acid; 0 
codeine phosphate. 
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5,5.5 18.5 
2 

0 10 20 40 60 
Minutes 

FIGUBE 3 
Percent diesolved from Tablet Formulation C. 
Key: 0 aoetylaalicylio acid; 0 a 
codeine phosphate. 

100 

80 

c 

,4O 

- 20 
al n 

5 14.5,15 
2 

0 10 20 40 60, 

Minutes 

FIGURE 4 
Peroent daseolved from Tablet Formlation D. 
Key: 0 aoetylsalicylis aoid; A 
propoxyphene hydrochloride. 
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DISINTEGRATION AND DISSOLUTION PARAMETERS 107 1 

average T 80% va lues  f o r  Formulations A ,  B 
and C were 5.5, 6 and 5.5 minutes and t h e  
drug w a s  completely d isso lved  i n  about 60 
minutes. A s  observed f rom Figures  1-3, t h e  
d i s s o l u t i o n  of the drug w a s  f a s t e r  i n  first 
10 minutes and t h e  remainder of t h e  d isso lu-  
t ion  (20%) i s  d i s t r i b u t e d  over  t h e  l as t  40 
minutes. 
comparatively f a s t e r  than that of (ASA) 
This may be due t o  t h e  h ighe r  s o l u b i l i t y  
of codeine phosphate than tha t  of ASA (5) .  
From Fornula t ion  D,  complete d i s s o l u t i o n  of 
propoxyphene occured i n  60 minutes and t h e  
average T 80% va lue  was found t o  b e  15 
minutes. It can be  v i s u a l i z e d  from t h e  
curve i n  Figure 4 that  t h e  drug d isso lved  
o f f  quickly i n  f irst  10 minutes and t h e  
remainder 25% drug dissolved dur ing  t h e  
l as t  50 minutes. 

The d i s s o l u t i o n  of t h e  drug w a s  

The r e s u l t s  of d i s s o l u t i o n  obtained 
w i t h  i n d i v i d u a l  t a b l e t s  were not signifi- 
c a n t l y  d i f f e r e n t  from one t a b l e t  t o  another  
t a b l e t  i n  t h e  same formulation. As a coro- 
l l a r y ,  t h e  d i s s o l u t i o n  and a n a l y t i c a l  
methods employed i n  t h i s  s tudy were a b l e  
t o  y i e l d  reproducible  r e s u l t s .  
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