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A b s t r a c t  

The d i s i a t e g r a n t  a c t i o n s  o f  c roscarmel las t -  type A [Ac-Di-Sol, 

FMC Corp.)  and croscarmel lose  type B (CLD-2, Buckeye Celllulose Corp.) 

have been compared t o  t h a t  o f  corn s t a r c h  i n  d i r e c t  compression tab- 

l e t s  i n  which microcrys  t a l l i n e  c e l l u l o s e  (Avice l  PH101, FMC Corp.) 

w a s  t h e  m a t r i x .  Two types  o f  formulat iore  were examined us ing  e i t h e r  

pyridoxine o r  h y d r o c h l o r o t h i a z i d e  a s  d r u g .  The dat:a c l e a r l y  shows 

th.at both f o r m  o f  c roscarmel lose  a r e  markedly s u p e r i o r  t o  corn 

s t a r c h  and art! a c t i v e  a t  q u i t e  l o w  c o n c e n t r a t i o n s .  "he CLD-2 may 

promote more r a p i d  d i s s o l u t i o n  i n  some s y s  terns than. Ac-Eli-Sol. 

- I n t r o d u c t i o n  

The i n c r e a s i n g  a t t e n t i o n  being giv1.n t o  b i o l o g i c a l  a v a i l a b i l i t y  

and g e n e r i c  equiva lence  has  f u r t h e r  empiliasized thle importance o f  d i s -  

i n t e g r a n t  s e l e c t i o n  and d i s s o l u t i o n  t e s r i n g .  Ttius, i t  now seems 

pr'obable t h a t  USP X X I  w i l l  mandate d i s s o l u t i o n  te : j t s  on the m a j o r i t y  of 

convent iona l  o r a l  t a b l e t s  and capsules .  

F o r t u n a t e l y ,  the  pharmaceut ical  fo:irmulator now has a v a i l a b l e  a 

number o f  d i s i n t e g r a n t s  o f  c o n s i d e r a b l e  e f f i c a c y  (1.-5). The p r e s e n t  

paper  r e p o r t s  s t u d i e s  o f  t h e  d i s i n t e g r a n t  e f f i c i e n c y  o f  croscarmel- 

l o s e  types A and B (Ac-Di-Sol and CLD-2:: i n  comparison w i t h  corn 

s t a r c h ,  which can,  perhaps ,  be regarded 2,s the  tracli t i o n a l  s t a n d a r d  
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398 GORMAN, RHODES, AND RUDNIC 

t a b l e t  d i s i n t e g r a n t .  Two d r u g s ,  pyr idoxine  and h y d r o c h l o r o t h i a z i d e  

were s e l e c t e d  f o r  t h i s  s t u d y  and 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  (Avice l  

PH 101) was used a s  t a b l e t  mat r ix .  The d i s i n t e g r a n t s  were examined 

i n  formula t ions  c o n t a i n i n g  0.25,  0.5,  1.0 and 2.0% o f  t h e  t h r e e  pro- 

d u c t s .  I t  h a s  p r e v i o u s l y  been sugges ted  ( 2 )  t h a t  some formula tors  

unaware of  t h e  f u l l  p o t e n t i a l  o f  modern d i s i n t e g r a n t s  use e x c e s s i v e  

q u a n t i t i e s  of  t h e s e  s u b s t a n c e s .  

The t a b l e t s  prepared  i n  t h i s  i n v e s t i g a t i o n  were e v a l u a t e d  by 

weight ,  hardness  f r i a b i l i t y ,  d i s i n t e g r a t i o n  and d i s s o l u t i o n .  Both 

the Ac-Di-Sol and CLD-2 a r e  c l e a r l y  markedly s u p e r i o r  t o  corn  s t a r c h .  

I n  some formula t ions  t h e  CLD-2 may be s i g n i f i c a n t l y  more e f f e c t i v e  

than t h e  Ac-Di-Sol. 

Experimental  

1 2 
The t h r e e  t a b l e t  d i s i n t e g r a n t s  chosen f o r  t h i s  s t u d y  were: 

croscarmellose type A ,  c roscarmel lose  type B and corn s t a r c h ,  

U.S .P .  . 3 

The d i s i n t e g r a n t s  were i n c o r p o r a t e d  i n t o  formula t ions  conta in-  

i n g  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 4  as m a t r i x ,  c o l l o i d a l  s i l i c o n  

d ioxide5  as a flow a i d ,  s t e a r i c  a c i d 6  a s  a l u b r i c a n t  and e i t h e r  

pyr idoxine  hydrochlor ide  o r  h y d r o c h l o r o t h i a z i d e .  The two formu- 

l a t i o n s  used were as fo l lows:  

Pyr idoxine  hydrochlor ide  10% 

S t e a r i c  a c i d  2% 

n i s  i n  te g r a n t  0 ,  4, f ,  1 o r  2% 

- 
1. 

2. 

3 .  

4 .  
5. 

6 .  

7. 

8. 

Ac-Di-Sol, FMC Corpora t ion ,  P h i l a . ,  PA (Lot  #6379) 

CLD-2, Buckeye C e l l u l o s e  Corp., Memphis, TN (Lot  89243BP) 

Ruger Chemical Co., I r v i n g t o n ,  N J  (Lot  #8618101460) 

Avicel  PH101, FMC Corpora t ion ,  P h i l a . ,  PA (Lot  #1530) 

Cab-O-Sil, Cabot Corp., Boston, MA 

Ruger Chemical Co., I r v i n g t o n ,  N J  (Lot  %F-1-0562) 

Amend Drug & Chemical C o . , '  I r v i n g t o n ,  N J  (Lot  #15949R24) 

Courtesy of  Premo Pharmaceut ica l  Co., (Lot  8C18283) 
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CROSCARMELLOSE AS A TABLET DISINTEGRANT 399 

Cab -0- S i 1 

A v i c e l  PH 101 ad  100% 

0 . 2 5 x  

H y d r o c h l o r o t h i a z i d e  25% 

S t e a r i c  a c i d  2x 

D i s  i n t e g r a n t  0 ,  5 . ,  %, 1 o r  2X 

Cab-0-Sil 0 .25% 

Avice l  P H l O l  ad 100% 

A l l  f o r m u l a t i o n s  wi2re  mixed i n  a r o t a t i n g  shaker/rnixer9 f o r  

t e n  minu tes .  T a b l e t  compaction was ach ieved  u s i n g  a r o t a r y  t a b l e t  

press’’, keep ing  t h e  p r ? s s  s e t t i n g s  c o n s t a n t  f o r  a l l  f o r m u l a t i o n s  

o f  t h e  same d rug .  The p r e s s  was r u n  a t  a speed o f  30 r .p.m. f o r  

a l l  fo rmula t ions .  The t a b l e t s  were t h e n  t e s t e d  f o r  we igh t  , 
harness’’, f r i a b i l i t y i 3 ,  t a b l e t  d i ~ i n t e g r a t i o n l ~  and drug d i s s o l u -  

t i o n ,  u s i n g  a n  automated sampling systemi5 coupled w i t h  an u l t r a -  

v i o l e t  spec t ropho tomete  1- . 

11 

16 

R e s u l t s  and Di scuss ion  _- 
Figures  1 and 2 show t h e  t a b l e t  p r o p e r t i e s  of bo th  sets  oT 

f o r m u l a t i o n s  F igu res  i t h r u  9 show the  d i s i n t e g r a t i o n  and d i s -  

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

For any g iven  f o r r u l a t i o n  t a b l e t  we Lght v a r i a t i o n  w a s  l e s s  

t han  2 2%.  

r emined  w i t h i n  two ki log,r  ams o f  t h e  mean v a l u e .  I n  g e n e r a l ,  h a r d n e s s  

appea r s  t o  be independent  of d i s i n t e g r a n t  c o n c e n t r a t i o n .  However, a s  

The t a b i e t  t iardness  v a l u e s  (Erweka, k g )  o f  all systems 

9 .  

10.  

11. 

12 .  

1 3 .  

14. 

15.  

16. 

WAB Mixer,  Turbula  Model, Wiley A. Bachovrn C o . ,  S w i t z e r l a n d  

S tokes  Model B2, 16 s t a t i o n  t a b l e t  p r e s s ,  Stokes-Penwalt  Co. 

M e t t l e r  Model H10 Balance ,  Mettler-Wi 11 S c i e n t i f i c ,  
Roches t e r ,  NY 

Erweka, Erweka Apperatabau,  West Germany 

Koche F r i a b i l a t o r ,  Erweka, West Germany 

U.S.1’. Apparatus  wi th  d i s c s  

Dissograph,  Hanson I n s t r u m e n t s  Co.,  CA 

Perkin-Elmer H i t a c h i  2000 Spec t ropho tomete r  
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400 GORMAN, NODES, AND RUDNIC 

110 c 

.d 
P 
.rl 
Fi 
h 

cd 0.5 - 0 

0 0 . 5  1 2 
Percent (w/w) Disintegrant 

Fig. 1-Tablet Weight, Hardness and Friability of t h e  
Pyridoxine Formulations. 

D-Corn  Starch 0-Ac-Di-Sol a - C L D - 2  
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CROSCAFNELLOSE AS A TABLET D I S I N T E G U N T  401 

Percent (w/w) Dis in te : : ra i - i t  

F i g .  2 - -Tab le t  Wt,:.ght, H a r d n e s s  and F r i a b i 1 . i t y  of t h e  
H y tiroc h 1 or0 t h i az I. de Fo r m u  I a I i o n s  . 

a-C;orri S t a r c h  0 - A c - - D i - S o l  A ---CI,1)-2 
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402 GORMAN, M O D E S ,  AND RUDNIC 

i 4 

-1 

0 . 5  1 2 

PERCENT ( w / w )  DISINTEGRANT 

Fig. 3-Disintegration times of 3 disintegrants in a Pyridoxine 
f o rmul at ion 
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CROSCARMELLOSE AS A TAIBLET DISINTEGRANT 403 

Ac-Di-Sol 
-- 

CLD-2 

. -/A- --A- . 
0 . 5  1 2 

'PERCENT (w/w> I l IS INTEGRANr  

F ig .  4 - D i s i n t e g r a l  i o n  times of 3 dislntpgrnnts i n  a 
ll ydroc i l l  o r o t  h i az i d e  f orniu 1 at i o n  . 
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404 G O W ,  RHODES, AND RUDNIC 

0 20  40 

TIME(min. ) 
60 

Fig. 5-Dissolution C u r v e s  f o r  Pyridoxine/Corn Starch Formulation 
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CKOSCARMELLOSE AS A TABLET DISINTEGRAN'J 405 

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.



406 GORMAN, RHODES, AND RUDNIC 

0 20 40 

TIME(min. ) 
60 

Fig. 7-Dissolution Curves f o r  Pyridoxine/CLD-2 Formulation 
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CROSCARMELLOSE AS A TABLET DLSINTEGRA".C 407 

1 0 

a w 
0 
ul 
rn 

5 

2 5  
E z w 
V cz w 
Pi 

3 

L I L - 
20  4 0 60 

TIME (min. ) 

Fig. 8-Hydrochlorthiazide Formulations w i t h  2% Disintegrant 
Dissolution Curves. 

0-Corn Starch 0-Ac-Di-Sol a-CLD-2 
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408 GORMAN, RHODES, AND RUDNIC 

0 20 40 60 

F i g .  9- H y d r o c h l o r t h i a z i d e  F o r m u l a t i o n s  w i t h  3% D i s i n t e g r a n t  

t f -Corn S t a r c h  0-Ac-Di-Sol  A-CLD-2 

D i s s o l u t i o n  C u r v e s .  D
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CROSCAKMELL0S.E AS A TABLET DISINTEGRANT 4 0 9  

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

t h e  r e s u l t s  v , s r i e d .  T a b l e t s  made w i t h  co rn  s t a r c h  as  d i s i n t e g r a n t  

showed an  i n c r e a s e  i n  h a r d n e s s  f o r  t h e  lower  c o n c e n t r a t i o n s .  Hardness  

g r a d u a l l y  d e c r e a s e d  a s  t h e  c o n c e n t r a t i o n  approached two p e r c e n t .  Th i s  

may p o s s i b l y  be due t o  a case -ha rden ing  e f f e c t ,  alt.hough t h i s  seems 

u n l i k e l y  a s  t h e  t a b l e t s  were t e s t e d  w i t h i n  a r e a s o n a b l e  t ime a f t e r  

be ing  t a b l e t e d .  The Ac-Di-Sol t a b l e t s  showed e s s e n t i a l l y  no change 

i n  t a b l e t  h a r d n e s s  f o r  t h e  p y r i d o x i n e  f a r m u l a t i o n  a!s c o n c e n t r a t i o n  o f  

d i s i n t e g r a n t  i n c r e a s e d .  T a b l e t s  made w i t h  CLD-2 show a s l i g h t  reduc- 

t i o n  i n  h a r d n e s s  a s  d i s i n t e g r a n t  i n c r e a s e d ,  b u t  t h i s  e f f e c t  was t o o  

small t o  be of p r a c t i c a l  impor t ance .  F a r  t h e  h y d r o c h l o r o t h i a z i d e  

f o r m u l a t i o n s ,  t h e r e  a p p e a r s  t o  be a g e n e r a l  t r e n d  f o r  t a b I . e t  h a r d n e s s  

t o  i n c r e a s e  as d i s i n t e g r a n t  c o n c e n t r a t i o n  i n c r e a s e d  f o r  a l l  t h r e e  

t a b l e t  d i s i n t e g r a n t s .  

The f r i a b i l i t i e s  o f  t h e  t a b l e t s  f o r  a l l  f o r m u l a t i o n s  were w e l l  

below two perc .ent ,  a l t hough  t h e  h i g h e s t  f r i a b i l i t y  was obse rved  w i t h  

t h e  Ac-Di-Sol t a b l e t s .  (Although t h e r e  i s  no u n i v e r s a l  agreement on 

an  uppe r  a c c e p t a b l e  l i m i t  f o r  f r i a b i l i t . v ,  t h e  a u t h o r s  f e e l  t h a t  v a l u e s  

o f  less t h a n  1% a r e  d e s i r a b l e . )  

I n  g e n e r a l ,  t h e  d i s i n t e g r a t i o n  tiines o f  each  sys t em appea red  t o  

p a r a l l e l  t h e  h a r d n e s s  v a l u e s .  Both  CLD-2 and Ac-l)i.-Sol d i s i n t e g r a n t s  

a r e  markedly s u p e r i o r  t o  c o r n  s t a r c h .  

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

90 
i n  F i g . ' s  4 t h r u  6 .  Even a t  t h e  2X l e v c l ,  c o r n  s t a r c h  gave a T 

( t i m e  f o r  n i n e t y  p e r  c e n t  o f  d rug  t o  d i s s o l v e )  o f  abou t  t h i r t y  

minu tes .  By c o n t r a s t ,  b o t h  CLD-2 and  A c - D i - S o l  w e r e  v e r y  much more 

e f f e c t i v e  i n  c a u s i n g  d i s s o l u t i o n  (T90 at.. 2Z abou t  16 minu tes  f o r  

Ac-Di-Sol and abou t  10 minu tes  f o r  CLD-2:). For b o t h  Ac-1)i-Sol and 

CLE-2 i t  i s  a p p a r e n t  t h a t  f o r m u l a t i o n s  w i t h  v e r y  r a p i d  d: issolut ion 

can  b e  o b t a i n e d  w i t h  q u i t e  low c o n c e n t r a t i o n s  of d i s i n t e g r a n t s .  

A s  might be e x p e c t e d ,  t h e  d iTfe re r i ces  i n  d i s i n t e g r a n t  e f f i c i -  

ency a r e  more s u b s t a n t i a l  i n  t h e  h y d r o c h l o r o t h i a z i d e  f o r m u l a t i o n s .  

The aqueous s o l u b i l i t y  o f  h y d r o c h l o r o t h i a z i d e  i s  much lower t h a n  

t h a t  o f  pyrido.xine.  I n d e e d ,  t h e r e  i s  i n d i c a t i o n  t h a t  some workers  

c o n s i d e r  h y d r o c h l o r o t h i a z i d e  t o  be a model d rug  o f  p a r t i c u l a r  v a l u e  
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f o r  t h e  e v a l u a t i o n  o f  d i s i n t e g r a n t  e f f i c i e n c y .  The p r e s e n t  a u t h o r s  

are by no means c e r t a i n  t h a t  any one drug can f i l l  t h e  model r o l e .  

However, we do f e e l  t h a t  t h i s  drug i s  indeed  a u s e f u l  subs tance  f o r  

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

The d a t a  shown i n  F i g . ' s  8 and 9 demonstrates  t h a t  even a t  t h e  

2% l e v e l  corn  s t a r c h  i s  of  q u e s t i o n a b l e  v a l u e  as a d i s i n t e g r a n t  i n  

t h e  h y d r o c h l o r o t h i a z i d e  formula t ions .  

d i s i n t e g r a n t s  a t  t h e  2% l e v e l  a t e  about  5 minutes f o r  CLD-2, 10 

minutes  f o r  Ac-Di-Sol and over  50 minutes  f o r  corn  s t a r c h .  A t  t h e  

0.5% l e v e l  Tgo v a l u e s  a r e  about  8 minutes  f o r  CLD-2, 18 minutes  f o r  

Ac-Di-Sol and more than  60 minutes  f o r  corn s t a r c h .  

The Tgo v a l u e s  f o r  t h e  t h r e e  

The d i s s o l u t i o n  d a t a  r e p o r t e d  i n  t h i s  s tudy  s u p p o r t s  t h e  con- 

t e n t i o n  t h a t  w i t h  t h e  modern so-ca l led  "super  d i s i n t e g r a n t s "  

formula tors  may w e l l  f i n d  l e v e l s  of  1% o r  less may be  s u f f i c i e n t l y  

e f f e c t i v e  i n  some systems ( 2 ) .  

The d a t a  p r e s e n t e d  i n  t h i s  paper  abundant ly  demonstrates  t h a t  

CLE-2 i s  a powerful d i s i n t e g r a n t  which g i v e s  h a r d  t a b l e t s  o f  low 

f r i a b i l i t y ,  good weight  un i formi ty  and very r a p i d  d i s i n t e g r a t i o n  

and d i s s o l u t i o n  p r o f i l e s .  I ts  performance i s  a t  l e a s t  a s  good as ,  and 

p o s s i b l y  b e t t e r  than ,  t h a t  of  Ac-Di-Sol. Obviously,  both CLD-2 and 

and Ac-Di-Sol a r e  very s i g n i f i c a n t l y  s u p e r i o r  t o  corn  s t a r c h .  
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