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ABSTRACT 

The e f f e c t  of v a r i a t i o n  i n  t h e  degree of c ross - l inkage  and 

ex ten t  of s u b s t i t u t i o n  on t h e  d i s i n t e g r a n t  p r o p e r t i e s  of sodium 

s t a r c h  g l y c o l a t e  i n  w e t  g ranula ted  systems has  been examined. 

The rates of mixing shear  were eva lua ted  f o r  t h e i r  e f f e c t  on 

the  a b i l i t y  of t h e  d i s i n t e g r a n t s  t o  func t ion  a f t e r  g ranu la t ion .  

I n  add i t ion ,  t he  e f f e c t  of vary ing  t h e  i n t r a g r a n u l a r  and ex t r a -  

granular  concen t r a t ion  of t he  d i s i n t e g r a n t s  w a s  i n v e s t i g a t e d .  The 

r e s u l t s  i n d i c a t e  t h a t  increased  rates of mixing shea r  adverse ly  

e f f e c t  sodium s t a r c h  g l y c o l a t e s .  I n  a d d i t i o n ,  t h e  c u r r e n t  

commercial s p e c i f i c a t i o n s  f o r  a marketed sodium s t a r c h  g l y c o l a t e  

seem t o  be opt imal  i n  t h i s  segard.  It a l s o  seems ev iden t  t h a t  a 
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30 4 RUDNIC, W I G ,  AND RHODES 

mixture  of d i s i n t e g r a n t  w i th in  and around the  granule  is d e s i r a b l e  

i n  w e t  g ranula ted  systems. 

Previous papers  have d iscussed  t h e  importance of r a w  

materials s p e c i f i c a t i o n s  i n  de f in ing  t h e  f i t n e s s  €or  use of 

many pharmaceutical  exc ip i en t s  (1-6).  We have r e c e n t l y  i n i t i a t e d  

a s tudy  concerning t h e  e f f e c t  of v a r i a t i o n  of degree of c ross -  

l i nkage  and e x t e n t  of s u b s t i t u t i o n  on t h e  d i s i n t e g r a n t  a c t i o n  

of sodium s t a r c h  g l y c o l a t e  i n  d i r e c t  compression systems. Fu r the r  

d e t a i l s  of t h i s  s tudy w i l l  be  provided i n  a paper focussed on 

s tandard  raw materials tests f o r  d i s i n t e g r a n t s  and t h e i r  r e l a t i v e  

d i f f e r e n c e s  i n  d i r e c t  compression systems ( 7 ) .  

--- EXPERIMENTAL 

Table I l is ts  t h e  s p e c i f i c a t i o n s  f o r  each of t h e  modified 

F i f t e e n  modi f ica t ions  w e r e  s e l e c t e d  sodium s t a r c h  g l y c o l a t e s .  

f o r  t h i s  s tudy and t h e i r  composition is represented  i n  t h e  g r i d  

by "X's ' '  i n  Table I. 

confirmed by s tandard  o rgan ic  sodium de termina t ions  (8) .  For  t he  

purpose of t h i s  paper,  i n d i v i d u a l  modified sodium s t a r c h  g l y c o l a t e s  

w i l l  be  r e f e r r e d  t o  by t h e i r  coord ina tes  i n  Table I. The f i r s t  

number i n d i c a t e s  t h e  h o r i z o n t a l  p o s i t i o n  i n  the  g r i d  (degree of 

c ross - l inkage) ,  wh i l e  t h e  second number i n d i c a t e s  t h e  ver t ical  

p o s i t i o n  (degree of carboxymethylation).  Thus, t h e  mod i f i ca t ion  

1 
The modi f ica t ions  t h a t  were suppl ied  were 

1. Roquette F re re s ,  L i l l e ,  France 
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SODIUM STARCH GLYCOLATE 305 

coded 5-1 has the least amount of cross-linkages and the least 

amount of carboxymethylation of a11 the modfications. The sample 

coded 1-5 has the most amount of cross-linkages and the most 

amount of carboxymethylation of all the modifications. The sample 

coded 3-3 is the current commercial specifications for a marketed 

2 sodium starch glycolate. 

The modified disintegrants were incorporated into an aspirin 

formulation as listed below: 

50% 
5% 
2% 
2% (intragranular) 

Aspirin (crystalline 
National 155 Starch 
Stearic Acid 
Sodium starch glycolate 

Dibasic Calcium phosphate 19.5% 
19.5% Hydrous Lactose 

1 
4 

I I  l l  I f  2% (extragranular) 

7 

TOTAL---- 100.0% 

The aspirin, binder (National 1551) , one-half the disintegrant 

( 2 % ) ,  the calcium phosphate and the lactose were added together in a 

mixer. The granulating fluid was distlled water (90ml/kg). There 

were three mixing conditions used: for "low-shear" mixing, a 

planetary mixer8 was used at a low setting ( # 2 )  and mixing times 

were no less than eight but no more than eleven minutes. For 

2 .  Explotab, Edward Mendell Go., Inc., Camel, NY 
3. Ruger Chemical Co., Irvington, NJ 
4 .  National Starch Co., Plainfield, NJ 
5. Ruger Chemical Co., Irvington, NJ 

6. Stauffer Chemical Go.,  Westport, CT 

7. Foremost Foods Co.,San Francisco, CA 
8. Kitchen-Aid, K-5A mixer, 
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30 6 RUDNIC, KANIG,  AND RHODES 

Table I 

CHEMICAL MIDIFICATICWS OF SODIUM R m  GLYOLATE RUDIED* 

cross- linkage 

-12% -30% 0 +wo +18% 

Coordinates 1 2 3 4 5 

I= 
0 

9 
P 

X X X .I4 c, -31% 1 

';t -14% 2 X X 
- 

$ 0  3 X X X X X - 

X X 

X X 

*note- Modifications synthesized stre represented by an "X". 

"medium-shear" c o n d i t i o n s ,  t h e  same p l a n e t a r y  mixer was used a t  a 

high s e t t i n g  ( # l o ) .  The mixing t i m e s  f o r  t h i s  c o n d i t i o n  were 

no less than  seven minutes and no more than  t e n  minutes .  For "high- 

shear ' '  c o n d i t i o n s ,  a r a p i d  mixer' was used a t  i t ' s  maximum 

s e t t i n g .  This  mixer h a s  both  plows and b lades  and is s imilar  t o  

o t h e r  r a p i d  mixers i n  t h i s  r e g a r d .  The mixing times €or  t h i s  system 

was no less than seven minutes  b u t  no more than e i g h t  minutes .  

The g r a n u l a t e  w a s  then  s i e v e d  through a 6-mesh s c r e e n ,  and placed 

0 i n  a c i r u l a t i n g - c u r r e n t  oven" a t  40 C.  u n t i l  t h e  mois ture  c o n t e n t  

9 .  Erweka Rapid Lab Mixer, Erweka Apparatabau, West Germany 

10. Blue M Oven, Blue M Co.,Blue I s l a n d ,  I l l i n o i s  
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SODIUM STARCH GLYCOLATE 307 

was 5% (about 1% hours). The dry granulate was then milled" and 

sieved to remove fines. 

The remaining disintegrant and the lubricant were added in 

proportion and the formulation mixed . The formulations were then 

tableted on a rotary tablet press13. 

weight14, hardness15, disintegration16 and di~solution'~ (according 

12 

The tablets were then tested for 

to U.S.P. Specifications). 

The modified sodium starch glycolates were also incorporated 

into an acetaminophen formulation as listed below: 

50% 
5% 
2% 

18 

3 
4 Acetaminophen 

National 1551 Starch 
Stearic Acid 
Sodium Starch Glycolate 1,2 or 3%(intragranular) 

Calcium Phosphate Dihydrate qs 

II II 11 3,2,or l%(extragranular) 

100% 

AS shown in the formulation above, the modified disintegrants 

were incorporated into the systems at &XI intra/cxtragranular 

ratio of 25/75, 50150 and 75/25, €or each of the modifications. 

The drug, binder, disintegrant and calcium phosphate were added 

11. 
12. 
13. 
14. 
15. 
16. 

17. 
18. 

~ 

Fitzpatrick Co.,Chicago, Illinois 
WAB Turbula Mixer, WABachoven Co.,Basel, Switzerland 
Stokes €3-2 Tablet Press, Stokes-Penwalt Co.,Warminster, PA 
Mettler H-8 Balance, Mettler Co.,Switzerland 
Erweka Hardness Tester, Erweka Apparatabau, West Germany 
U.S.P. Apparatus, with discs. 
Dissograph, Hanson Research Co.,Northridge, CA 
Ruger Chemical Co., Irvington, NJ 
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30 8 RUDNIC, W I G ,  AND RHODES 

together  i n  a pa lne ta ry  mixer as before ,  and mixed a t  a s e t t i n g  

#5 on the  mixer f o r  no less than e igh t  minutes, and no more than 

12 minutes. The r e s u l t a n t  granula te  w a s  d r i ed ,  mi l led  and s ieved  

as before ,  and t ab le t ed  on t h e  same t a b l e t  p r e s s .  

tests done on t h e  t a b l e t s  were i d e n t i c a l  t o  those  descr ibed above. 

The phys ica l  

RESULTS AND DISCUSSION 

The t a b l e t  weights f o r  t he  systems made a t  a l l  t h r e e  mixing 

condi t ions  were e s s e n t i a l l y  the  same and were 2 2% of t he  mean 

(approx. 885mg). 

The t a b l e t  hardnesses f o r  the  t h r e e  systems a l s o  were equiva len t  

+ f o r  a l l  p r a c t i c a l  purposes and were - 1.5kg. from t h e  mean (approx. 

7kg. ) 

The t a b l e t  d i s i n t e g r a t i o n  da ta  f o r  a l l  t h r e e  systems and a l l  

f i f t e e n  modified sodium s t a r c h  g lyco la t e s  are l i s t e d  on Tables 1 1 - I V .  

From these  da ta ,  i t  i s  c l e a r  t h a t  the  upper r i g h t  quadrant of t h e  

g r i d  (lower cross- l inkage and carboxymethylation) is favored over 

t he  rest and t h a t  a p l a t eau  of s o r t s  e x i s t s  around the  cen te r  of the  

g r i d  ( the  commercial s p e c i f i c a t i o n s ) .  The d i s i n t e g r a t i o n  t i m e s ,  i n  

genera l ,  tend t o  inc rease  as the  r a t e  of shear  or mixing speed 

increases .  

F igs .  1-3 show the  d i s so lu t ion  p r o f i l e s  f o r  t h e  a s p i r i n  

formulat ions made a t  the  t h r e e  mixing condi t ions .  From these  it 

is  apparent  t h a t  t he  rates of mixing have a marked e f f e c t  on t h e  

rate of release of drug from the  t a b l e t s .  I n  add i t ion ,  i t  seems 
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SODIUM STARCH GLYCOLATE 309 
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Table I11 

Disintegration Times of Planetary Mixer (fast) Granulated Aspirin Formulations 

Levels 

-31% 

-14% 

0 

+21% 

+38% 

Levels +30% +18% 0 -12% -30% 

' Coordinates 1 2 3 4 5 

mean 4.7 min. 
range4.5-5.1 

3.4 
2.9-3.6 

14.5 3.9 
14.1-15.5 3.4-4.6 

4.3 
3.9-4.5 

12.2 
9.8-14.3 

2.3 
1.9-2.4 

1.8 
1.5-2.1 

11.2 
10.4-12.0 

4.6 
4.0-12.0 

6.8 
6.4-7.1 

1.9 3.8 
1.1-2.3 3.4-4.3 

5.1 
4.6-6.9 

5.8 
5.3-6.6 " 
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SODIUM STARCH GLYCOLATE 311 
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312 RUDNIC, KANIG, AND RHODES 

I 
0 20 40 60 

Time (min.)  

Fig. 1 
Dissolution Curves for ASA Formulation (W.G.) for 

Sodium Starch Glycolate 1-5 
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SODIUM STARCH GLYCOLATE 313 

Fig. 2 

Dissolution Curves for ASA Fomla t ion  (W.G.) for 

Sodium Starch Glycolate 3-3. 
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314 RUDNIC, W I G ,  AND RHODES 

L 

0 20 40 60 
T- ( m i n . )  

Fig. 3 
Dissolution Curves €or ASA Fornailation (W.G.) for 

Sodium Starch Glycola te  5-1. 
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318 RUDNIC,  W I G ,  AND RHODES 

c l e a r  from these  d a t a  t h a t  t h e  cu r ren t  commercial s p e c i f i c a t i o n s  

f o r  t h i s  d i s i n t e g r a n t  are opt imal .  

The t a b l e t  weights  f o r  t he  acetaminophen systems were a l s o  

e s s e n t i a l l y  the  same, wi th  a l l  weights  be ing  24% of t h e  mean (approx. 

570mg.). The t a b l e t  hardnesses  were a l s o  equ iva len t  and were -2kg. 

of t h e  mean f o r  each system (25175, 50/50 and 75/25 i n t r a / e x t r a g r a n u l a r  

r a t i o s ) .  

4- 

Tables V-VII show t h e  d i s i n t e g r a t i o n  d a t a  f o r  t h e  t h r e e  systems. 

I n  genera l ,  t he  d i s i n t e g r a t i o n  t i m e s  i n c r e a s e  as t h e  percentage  of 

i n t r a g r a n u l a r  d i s i n t e g r a n t  i nc reases .  This may b e  due t o  some of 

t he  d i s i n t e g r a n t  a c t i n g  as a binder  w i t h i n  t h e  granule .  It i s  a l s o  

ev ident  t h a t  t h e  c e n t e r  of t h e  g r i d  ( t h e  commercial s p e c i f i c a t i o n s )  

seem t o  be  opt imal  f o r  t he  75/25 system al though no real conclus ions  

can b e  made wi th  t h e  o t h e r  systems. However, i t  seems t h a t  lower 

l e v e l s  of c ross - l inkage  and s u b s t i t u t i o n  are favored when compared t o  

h ighe r  l e v e l s  of c ross - l inkage  and s u b s t i t u t i o n ,  f o r  t h e  remaining 

two systems. 

CONCLUSIONS 

With the  c u r r e n t  p r o l i f e r a t i o n  of c ross - l inked ,  s u b s t i t u t e d  

polymers intended f o r  pharmaceut ical  systems, i t  has  become inc reas ing ly  

important  t o  monitor t h e  r a w  material s p e c i f i c a t i o n s  and t h e  

molecular  s p e c i f i c a t i o n s  of these  subs tances .  

i d e n t i f i e s  t he  e f f e c t  which even minor changes i n  molecular  s t r u c t u r e  

can have on the  performance of so c a l l e d  "inert" e x c i p i e n t s .  

This  paper c l e a r l y  

Although 
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most prudent manufacturers have r igo rous  raw ma te r i a l s  c o n t r o l  

s tandards ,  the  v e r i f i c a t i o n  of molecular s p e c i f i c a t i o n s  is r a r e l y ,  i f  

ever  accomplished. 

This s tudy  c l e a r l y  shows t h a t  f o r  a t  least one exc ip i en t ,  

i t  i s  necessary t o  maintain s t r ic t  c o n t r o l  over t h e  molecular 

s t r u c t u r e  of t h e  commercial product t o  maintain c o n s i s t e n t  q u a l i t y .  

There is  an  obvious need f o r  f u r t h e r  s t u d i e s  of t h i s  type  on t h e  

e f f e c t  of v a r i a t i o n  of molecular s t r u c t u r e  on t h e  performance of 

many pharmaceutical  exc ip i en t s .  
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