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ABSTRACT 

The e f f e c t  o f  t a b l e t  ag ing  on t h e  d i s s o l u t i o n  e f f i c i e n c y  o f  

t h r e e  "super d i s i n t e g r a n t s " ,  sodium s t a r c h  g l y c o l a t e ,  

crospovidone, and croscarmel lose sodium, was i n v e s t i g a t e d  

u t i l i z i n g  d i r e c t l y  compressed t a b l e t s .  Lactose, d i c a l c i u m  

phosphate d ihyd ra te ,  and s o r b i t o l ,  a lone o r  i n  combinat ion,  

p rov ided va ry ing  degrees o f  s o l u b i l i t y  and h y g r o s c o p i c i t y  t o  

t h e  d i r e c t  compression t a b l e t  f o rmu la t i ons .  The r e s u l t s  

i n d i c a t e  t h a t  aging d i d  n o t  decrease t h e  e f f e c t i v e n e s s  o f  t h e  

super d i s i n t e g r a n t s  i n  promot ing i n  v i t r o  d i s s o l u t i o n .  The 

composite s o l u b i l i t y  and h y g r o s c o p i c i t y  o f  t h e  t a b l e t s  d i d  n o t  

adverse ly  i n f l u e n c e  t h e  ag ing  c h a r a c t e r i s t i c s  o f  t h e  super 

d i s i n t e g r a n t s .  Super d i s i n t e g r a n t s  t h a t  compl ied w i t h  t h e  same 

compendia1 s p e c i f i c a t i o n s  b u t  were ob ta ined f rom d i f f e r e n t  

sources behaved s i m i l a r l y  i n  promot ing t a b l e t  d i s s o l u t i o n  a f t e r  

storage. 
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Copyrlght 0 1990 by Marcel Dekker, Inc. 
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INTRODUCTION 

GORDON AND CHOWHAN 

Two consecutive processes are required for the absorption 
of orally administered tablets: the dissolution of the drug 
substance, ensued by movement of the drug substance across 
biological membranes into systemic circulation. For many solid 
dosage forms tablet disintegration preceeds drug dissolution. 
Many investigators have described the behavior of the "super 
disintegrants," sodium starch glycolate, croscarmellose sodium, 
and crospovidone, in tablet formulations. However, most of the 
studies dealing with super disintegrants have examined 
disintegration or dissolution immediately after the manufacture 
of the tablets. '-11 
formulations, it is important to study and compare the effect 
of aging on tablet formulations containing different 
disintegrants. Two investigators have reported the effect of 
aging on the disintegration time of tablets containing super 
disintegrants. 1 2 * 1 3  While tablet disintegration is often a 
required precursor for drug dissolution, it in no manner 
guarantees that the drug substance will dissolve, and hence, be 
available for transport across gastrointestinal tissues. 
Therefore, it is therapeutically more appropriate to examine 
the stability properties of super disintegrants in the context 
of how the dissolution rate of a model drug from the tablet i s  
affected by storage. Horhota a. and Bolhuis a. 
- al .15 have investigated the dissolution behavior of tablets 
containing sodium starch glycolate upon aging, while the 
characteristics of croscarmel lose sodium and crospovidone upon 
aging have not been examined. 
and Bolhuis a. d. were carried out for one or two months. 
Although elevated humidity and temperature conditions were 
included, it has been noted that unlike chemical decomposition, 
it is not possible to quantitatively relate dissolution results 
from storage under stress conditions to shelf life. 

In terms of designing effective tablet 

The studies by Horhota a. d. 

14 
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TABLET AGING AND DISINTEGRANT EFFICIENCY 439 

Tablets can also be protected from high levels of humidity with 
the moisture impermeable container systems now available. 
Therefore, the rational design of tablets that maintain good 
dissolution rates upon storage would be aided if the stability 
characteristics of the super disintegrants were described after 
a prolonged period of storage. 

Several investigators have examined the behavior of super 
disintegrants complying with the same compendia1 specifica- 
tions, but produced by different manufacturers. 16-20 Since 
these products may be interchanged in a production setting, it 
is essential to study their behavior in the formulation after 
aging. 
of these compendially identical disintegrants after aging. 

None of the reported studies have examined the behavior 

This study examined the influence of storage at 30°C for 
fourteen months on the effectiveness of super disintegrants' 
ability to promote drug dissolution from directly compressed 
tablets, using tablets with varied composite solubility and 
hygroscopicity. Two types of super disintegrants were obtained 
from different sources to examine if their dissolution behavior 
was similar in the various formulations upon aging. It was 
found that the behavior of the disintegrants prior to and after 
aging was similar. 
super disintegrants had very little, if any, impact on 
dissolution characteristics after storage. Improved 
understanding of these factors should help in developing better 
tab 1 et f o rmu 1 at i ons . 

The origin of the compendially identical 

EXPERIMENTAL 

Materials - The sodium starch glycolate (Primojel, lot no. 
1023, Generichem Corp.; Explotab, lot no. 2709X, Edward Mendell 
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4 40 GORDON AND CHOWHAN 

Co., Inc.), crospovidone (Polyplasdone XL, lot no. 1073-5, GAF 
Corp.; Kollidon CL, lot no. 70-0539, BASF Wyandotte Corp.), 
croscarmellose sodium (Ac-Di-Sol, lot no. T532, FMC Corp.), 
dicalcium phosphate dihydrate (Emcompress, lot no. 9156, Edward 
Mendell Co., Inc.; notated as dicalcium phosphate in all tables), 
spray dried lactose (lot no. 3RL304, Foremost), sorbitol 
(Sorbelite, lot no. 021362, Edward Mendell t o . ,  Inc.), and 
magnesium stearate (lot no. 2255V15, Mallinckrodt, Inc.) were all 
USP/NF grade. The para-am1 nobenzoi c acid ( lot no. 041 857, 
Aldrich Chemical Co.) was at least 99% pure. 

Powder Blend - The super disintegrant and the para- 
aminobenzoic acid were jointly passed through a 35-mesh screen. 
The powders, except for the magnesium stearate, were then blended 
i n  a small planetary type mixer (Kitchen Aid, Model K5-A, Hobart 
Manufacturing Co.) for 10 minutes. The powder blend was then 
mixed with the magnesium stearate for 3 minutes. 

Compression - The tablets were compressed with a single punch 
machine (Stokes F-4) to a targeted hardness o f  12 kiloponds and a 
targeted mass o f  500 mg. The actual tablet hardness mean was 
12.0 kiloponds with a standard deviation of 0.7 kiloponds. The 
actual tablet weight was 497 mg with a standard deviation of 

6 my. A 1 . l l  cm standard concave punch and die set was used, 
with a bisect on the upper punch. 

Storage - The tablets were packaged in high density 
polyethylene bottles with polypropylene screw caps. The packaged 
tablets were stored in a chamber with a controlled temperature of 
30°C 5 2OC for fourteen months. 

Hardness Determination - The tablet hardness was determined 
immediately after compression using an instrument (Model HT-300, 
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441 TABLET AGING AND DISINTEGRANT EFFICIENCY 

Key I n t e r n a t i o n a l ,  Inc. )  t h a t  u t i l i z e s  t h e  p r i n c i p a l  o f  s t r a i n  
gauge l i n e a r  fo rce  t o  asce r ta in  t h e  degree o f  t a b l e t  hardness. 

Ten t a b l e t s  were tes ted  f o r  each batch and t h e  mean and standard 

d e v i a t i o n  were ca lcu lated.  Hardness was measured i n  k i loponds 

(1 k i lopond = 1.4 Strong-Cobb u n i t s  = 9.8 newtons). 

-- I n  V i t r o  D isso lu t i on  - D i s s o l u t i o n  o f  t h e  t a b l e t s  was 

performed according t o  USP X X I  using Apparatus 1. S i x  t a b l e t s  
were tes ted  f o r  each batch and t h e  mean and standard d e v i a t i o n  

were ca lcu lated.  The medium was 900 m l  o f  deaerated phosphate 
b u f f e r  (pH = 7.4) w i t h  a temperature o f  37°C & 0.5"C. 

r o t a t e d  a t  100 rpm. 

samples through a f i l t e r  and analyzed them spect rophotometr ica l ly  

a t  254 nm. 

The basket 
Automated sampling equipment removed t h e  

Hygroscopic i ty  - The hygroscopic i ty  o f  t h e  f i n i s h e d  powder 

blends was determined f o r  t he  c o n t r o l  formulat ions by s t o r i n g  t h e  

blends f o r  26 hours i n  98% r e l a t i v e  humid i ty  a t  room 
temperature. The fo rmu la t i on  which contained s o r b i t o l  as t h e  

main t a b l e t  component exh ib i t ed  a 12% weight gain, t h e  s o r b i t o l  

p lus  d i ca l c ium phosphate d ihyd ra te  fo rmu la t i on  demonstrated a 7% 

weight gain, and the  t h r e e  o the r  formulat ions d i d  n o t  d i s p l a y  any 

appreciable weight gain.  

RESULTS AND DISCUSSION 

Table 1 gives the  general ized t a b l e t  f o rmu la t i on  used i n  
t h i s  study. It consis ted o f  1% para-aminobenzoic a c i d  as a 
t r a c e r ,  2% super d i s i n t e g r a n t ,  0.5% magnesium s tea ra te  as a 

l u b r i c a n t ,  and 96.5% f i l l e r ( s ) .  T h i r t y  t a b l e t  formulat ions 

were prepared. 

p r i n c i p a l  e x c i p i e n t  combinations, thereby vary ing t h e  composite 

Each fo rmu la t i on  contained one o f  t h e  f i v e  
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442 GORDON AND CHOWHAN 

TABLE 1: Generalized Tablet Formulatfon For All Batches 

Exc i pi ent x w/w 

Para-ami nobenzoi c acid 1 .oo 
Super d i s i nteg ran t 2. ooa 
Main tablet component (sorbitol, lactose, or 96.50 

dicalcium phosphate, or equal parts of 
sorbitol and dicalcium phosphate, or 
equal parts of lactose and dicalcium phos- 
phate 

Magnesium stearate 0.50 

'Control formulations substituted 2% additional "main tablet 
component'' for the super disintegrant. 

solubility or hygroscopicity o f  the formulation. 
formulation contained either one of five super disintegrants, 
or no disintegrant in the control batch. 

Each 

Dissolution results at the 5 minute timepoint for the 
thirty formulations are presented in Table 2. Except for the 
formulations containing sorbitol as the main tablet component, 
as a general rule all o f  the super disintegrants behaved in a 
statistically similar manner at the p = 0.01 level before and 
subsequent to storage. While the tablets that contained 
disintegrant with sorbitol as the main tablet component did 
exhibit upon aging an average o f  an eight percent increase in 
the amount dissolved, the control formulation exhibited a 
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TABLET AGING AND DISINTEGRANT EFFICIENCY 443 

lAELL 2: lablet Dissolution Results at 5 Minutes For lablets Before and After Storage for 14 Months 
at W'C, Sorted by Ihe Main lablet Canponent(s), and Then by Increasing Dissolution For the 
A g e d  lablets 

~~ __ - _ _  - 
Signtfican e Of E $ Dissolved I Dissolved Significance 

+ S.D. Before f S.D. After O f  Differencea Difference Pttvoan 
Main Tablet Storage, at Storage, at Between Initial Tablet Disinlegrants 
Cmpnent(s) Disintegrant 5 Minutes 5 Minutes And Aged lablets For the Aged lablets 

_c .. . 

Sorbi to1 
I, 

Lactose 

It 

, 

Sorbi tol/Oica Ici um 
Phospha? 

Lactose/Di ca I c i w 
Phosphate 

D i ca I c i um Phosphate 

11 

Sodium Starch 
GI yco I ateC 

No Disintegranl 
Sodium Star h 

G I  ycol a teS 
Crospov i donef 
CrospovidornP 
Croscarmel lose 
Sodium 

No Disintegrant 
Sodium Star h 

G I yco I a t J  
Sodium Starch 

G I  ycol ateC 
~rospov i donef 
Croscamllose 

Crospov i donee 

No Disintegrant 

Sodium Starch 
GI ycol a tec 

sodium Star h 
GI ycol a teS 

Crospov i donee 
Crospov i ~ n e f  
Croscarmellose 

Sodium 

Sodiun 

No Disinlogrant 

Sodium Starch 
GI ycol a tec 

Crospov i done' 
Sodium Star h 

G I yco I a tei 
Croscarmel lose 
Sodium 

Crospov i donee 

No Disintegrant 
Sodium Star h 

GI ycol atei 
Sodium Starch 
GI ycol atec 

Croscarmllore 
Sodium 

Crospov i done' 
Crospovidonee 

53.8 f 1.8 

59.4 f 2.1 
56.0 1.0 

63.4 f 1.5 
61.8 f 1.4 
65.5 1.2 

22.3 f 0.8 
90.1 0.8 

92.9 t 2.0 

94.5 .c 0.6 

97.6 t 0.6 

26.9 f 0.9 

68.2 1.3 

77.1 t 2.5 

77.5 + 3.3 
79.4 5.5 
80.4 f 1.6 

I I .6 _* 0.4 

91.1 f 0.5 

92.9 _t 1.8 

94.9 f 0.1 

93.9 t 2.0 

%.I t 1.8 

97.3 f 1.0 

93.4 f 1.2 
9.0 t 0.5 

94.5 f 1.6 

%.I 1 . 1  

95.9 + 0.9 
96.5 0.9 

61.8 f 1.5 

63.4 2 1.4 
65.6 t 3.3 

75.0 + 1.4 
75.8 1.9 

10.3 f 1.5 

17.8 _* 1.0 
91.6 1.6 

93.5 f 1.6 

94.4 t 1.0 
95.9 t 1.3 

97.1 t 1 . 3  

3 4 . 3 ?  1.7 

74.1 _+ 3.3 

80.3 f 3.3 

81.1 + 2.2 
81.7 5.5 
86.7 2.8 

10.9 f 0.4 

93.4 t 1.0 

94.2 + 1.0 
95.1 i 2.0 

%.7 f 0.8 

98.0 _+ 1.3 

8.7 _t 0.6 
94.1 t 1.2 

95.5 1 . 1  

95.6 t 0.5 

%.4 + 0.6 
97.7 i 1.2  

p < .01 
Not significant 

Not significant 

Not significant 
Not significant 

Not significant 

p < -01 

p < .01 

Not significant 

Not significant 
Not significant 
p < .01 

p < -05 

p < .01 

Not significant 
Not significant 

Not significant 

Not significant 

Not significant 
Not significant 

Wot signi f icaot 

Not significant 

Not significant 
Not significant 

1 3 

1 1  
1 

Ilj 
"The statistical significance was tested using a Student's t test at the p - 0.05 and p : 0.01 levels. 
blhe statistical significance was calculated by Ihe least significant difference method at the 
p = 0.01 Ievnl. 

'Edward Rendel I Co., Inc. 
dGener ichm Corp. 
%ASF Wyandut te Corp. 
~ G A F  Corp. 

A I ine connecting data indicates that the results uere not significantly different. 
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TABLE 3: Tablet Dissolution Results a t  5 Minutes For Tablets Stored 
For 14 Months a t  3OoC, Sorted by Disintegrant Used and Then 
by Increasing Dissolution 

X Dissolved - + S.D. A f t e r  
Main Tablet Storage, a t  S ta t i s t i ca l  

D i  s i ntegrant Component (2) 5 Minutes Significancea 

None 
I t  

11 

II 

tt 

Sodium Stargh 
G I  ycol ate 

I t  

Sodium Starch 
GlycolateC 

t l  

11 

I1 

I1 

Crospov i d o n 4  
11 

I1 

tt 

II 

Crospov i donee 
I t  

I t  

II 

II 

Croscamllose 
Sod i urn 

0 

Dicalcium Phosphate 
Lactose/Dlcalcium 

Lactose 
Sorb i to1 /Dicalci urn 

Sorbitol 

Sorb i t o  I 

Sorbitol/Dicalcium 

Lactose 
D i ca I c i um Phosphate 
Lactose/Dicaicium 

Sorbitol 

Sorbitol/Dicalcium 

Lactose/D i ca I c i um 

Lactose 
Dicalcium Phosphate 

Sorbitol 
Sorbi to1 /Dica lcium 

Lactose/Dicalcium 

Lactose 
D i ca I c i um Phosphate 

Sorbitol 
Sorbi to1 /Dica I c i um 

Lactose 
Dicalcium Phosphate 
LactosdD i ca I c i urn 

Sorbi to1 

Sorbi to1 /Dicalci um 

Dicalcium Phosphate 
Lactose 
Lactose/Dicalcium 

Phosphate 

Phosphate 

Phosphate 

Phosphate 

Phosphate 

Phosphate 

Phosphate 

Phosphate 

Phosphate 

Phosphafe 

Phosphate 

Phosphate 

8.7 f: 0.6 
10.9 f: 0.4 

17.8 5 1.0 

63.4 f: 1.4 

65.6 2 3.3 

34.3 5 1.7 

80.3 2 3.3 

91.6 f: 1.6 
94.1 + 1.2 
95.1 z 1.2 

61.8 1.5 

74.1 2 3.3 

93.4 f: 1.0 

95.5 5 I. I 
93.5 t 1.6 

70.3 5 1.5 
81.7 f: 5.5 

94.2 f: 1.0 

%.4 t 0.6 

73.0 5 1.4 
81.1 2 2.2 

97.1 1.3 

98.0 2 1.3 

75.8 2 1.9 

86.7 2 2.8 

95.6 2 0.5 
95.9 f: 1.3 
96.7 2 0.8 

94.4 f: 1.0 

97.7 f: 1.2 

1 

1 
I 
1 
I 

I 

aThe s ta t i s t i ca l  significance was calculated by the least s i g n i f i -  

bGener i cham Corp. 
CEdward Mendel I Co., Inc. 
~ G A F  Corp. 
%SF Wyandotte Corp. 

cant difference method a t  the p = 0.01 level. 
indica-tes that the resul ts were not s ign i f icant ly  di f ferent.  

A line connecting data 
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TABLET AGING AND DISINTEGRANT EFFICIENCY 44 5 

s i m i l a r  increase i n  d i s s o l u t i o n  ra te ,  demonstrat ing t h a t  t he  

increased d i s s o l u t i o n  was independent o f  t h e  super 

d i s in teg ran ts .  Therefore, t he  data i nd i ca tes  t h a t  t a b l e t  

s o l u b i l i t y  and hygroscopic i ty  do n o t  i n f l uence  t h e  

ef fect iveness o f  super d i s i n t e g r a n t s  i n  a t ime dependent 

fashion. 

i ng red ien ts  decrease t h e  ef fect iveness o f  super d i s i n t e g r a n t s  

i n  promoting d i s s o l u t i o n  i n  f r e s h l y  prepared t a b l e t s .  Table 3 
demonstrates t h a t  when the  data i s  organized i n  a manner t o  

permi t  analys is  f o r  t he  impact o f  t a b l e t  composite 

hygroscopic i ty ,  t h a t  a f t e r  storage the more hygroscopic 

formulat ions d i sso l ve  s i g n i f i c a n t l y  slower than do t h e  

nonhygroscopi c formulat ions . 

However, i t  has been noted18 t h a t  hygroscopic 

Table 2 a l so  shows the  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  

d i f f e rences  between t h e  super d i s i n t e g r a n t s  i n  a given 

formulat ion,  a l l ow ing  an analys is  o f  whether t h e  source o f  t he  

sodium s ta rch  g l y c o l a t e  o r  crospovidone in f l uences  t h e  

performance o f  these d i  s i  ntegrants a f t e r  storage o f  t h e  

t a b l e t s .  The two sodium starch g l y c o l a t e  products behave 

s i g n i f i c a n t l y  d i f f e r e n t  (p=O.Ol) i n  two out  o f  t h e  f i v e  

formulat ions upon aging, as do t h e  the  two crospovidone 

mate r ia l s .  Therefore t h i s  data i s  s t a t i s t i c a l l y  i nconc lus i ve  as 

t o  whether t h e  compendially i d e n t i c a l  d i s i n t e g r a n t s  behave 

d i f f e r e n t l y .  The sodium starch g l y c o l a t e  products e x h i b i t e d  a 

v a r i a t i o n  o f  n o t  more than 6.2% i n  a given formulat ion,  w h i l e  

t h e  crospovidone mate r ia l s  demonstrated a maximum i n e q u a l i t y  o f  

3.8%. This i nd i ca tes  t h a t  whereas some s t a t i s t i c a l  d i f f e rences  

were  found when the  behavior o f  t h e  compendial ly i d e n t i c a l  

super d i s i n t e g r a n t s  were compared, from a p r a c t i c a l  v iewpoint  

t h e  pharmacopoeially i d e n t i c a l  ma te r ia l s  behaved s i m i l a r l y .  
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t a b  

t h e  

The 

t a b  

The r e s u l t s  o f  t h i s  study suggest t h a t  prolonged s to rage o f  

e t s  a t  30°C does n o t  a f f e c t  t h e  d i s s o l u t i o n  e f f i c i e n c y  o f  

super d i s i n t e g r a n t s  i n  d i r e c t  compression fo rmu la t i ons .  

a b i l i t y  o f  t he  super d i s i n t e g r a n t s  t o  r e s i s t  change d u r i n g  

e t  storage was independent o f  t h e  composite s o l u b i l i t y  o r  

hyg roscop ic i t y  o f  t he  fo rmu la t i on .  However, t h e  decrease i n  

super d i s i n t e g r a n t  e f fec t i veness  i n  promoting t a b l e t  

d i s s o l u t i o n  t h a t  has been observed, p r i o r  t o  storage, t o  be 

r e l a t e d  t o  composite h y g r o s c o p i c i t y  p e r s i s t e d  a f t e r  storage. 

The data a l s o  imp ly  t h a t  super d i s i n t e g r a n t s  t h a t  meet t h e  same 

compendia1 s p e c i f i c a t i o n s ,  b u t  t h a t  a re  manufactured by 

d i f f e r e n t  companies, w i l l  ma in ta in  s i m i l a r  p r o p e r t i e s  upon 

tab1 e t  ag i  ng . 
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