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P, E S T K 4 C T 

Water pene t ra t ion  and d i s i n t e g r a t i n g  f o r c e  rreasurenients 

were combined w i t h  the aim of  assessicg the  r o l e  played by 

various nieclianisnis i n  t h e  d is in tegra t ion  process.  

Nine t a b l e t  series, made o f  d i f f e r i n g  base mater ia l s  

( d- 1 s c t o s e mono 1hy.J r s t e , d i c a 1 c i iiiii phosphate d i hydrate and 

a c e t y l s a l i c y l i c  a c i d )  such as  are l ike ly  t o  e l i c i t  d i f f e r i n g  

d i s i n t egr a t i on niec h an i sins and con t a i n i n g d i f f e r  i 1-1 g d -i s i n t egr a t i  t s 

i n  varying percentagss  w r e  prepared and checked f o r  vlztei- 

penetrat ion,  d i s i n t e g r a t  i ng force  deve 1 opn:eni and d i 5; in tegra t ion  

t i rce.  
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Copyright @ 1986 by Marcsel Dekker, Inc. 0363-9045/86/12 I1-1749$3.50/0 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1750 CARAMELLA ET AL. 

The results obtained show that, in tablets made o f  

dicalcium phosphate dihydrate or acetylsalicylic acid, a 

correlation exists between disintegration time and 

disintegrating force kinetics, which indicates that active 

mechanisms play the prevailing ro l e  in the disintegration 

process. 
On the contrary, the lack o f  such a correlation in<-lactose 

monohydrate tablets indicatesthat passive mechanisms are also 

involved in the disintegration process and prevail over active 

mechanisms. In this case,water penetration rate, rather than 

disintegrating force development rate,seems to be the governing 
factor in the disintegration process. 

INTRODUCTION 

Recent papers on tablet disintegration reveal an increasing 

interest in disintegrating force measurements ( 1-3). 

Disintegrating force rrieasures allowed us to provide experimental 

evidence of  the various mechanisms of disintegrant action (4 ,5 ) .  

The results obtained in various laboratories indicate that a 

correlation exists between disintegrating force development rate 
and disintegration properties (2-4). 

Houever i t  must be recognized that in certain formulations, 
besides active mechanisms (i.e, those czpable of developing a 
disintegrating force), passive mechanisms (that is those capable 
of weakening interparticle - bonds without developing any 
repulsion between particles) may also play an . important role 
(6,7). 
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WATER UPTAKE AND D I S I N T E G R A T I N G  FORCE MEASUREMENTS 1751  

Pi-eliminary studies ( 8 )  indicated that, in tablet forniilations 

which were based on very soluble materials such as, for example, 

glucose, disintegrating force developtnent was ti indered. 
These studies show that, when passive mechanisms are involved, a 

poor correlation between disintegrating force parameters and 
disintegration time is to be expected. 

Whatever the mechanisnis involved, water penetration is a 

prerequisite for their activation (6,7,9). 

I n  this present study intended t o  combine water 

penetration and disinieyrating force measurements with the aim 

O F  assessing the role played by active and passive mechanisnis in 
differing tablet base materials (:later-soluble, hydrophi 1 ic and 

hydrophobic 1, such as are likely to elicit different 

disintegration mechanisms. 

Such a study should a l s o  assist tablet forrriulators in the choice 

of an individualized disintegrant for every tablet base 

material. 

L!e chose 6-lacios13 rconohydraie as a soluble material :, dicalcium 
phosphate dihydrate as a practically insoluble, hydrophilic 

material and acl2tylsalicylic acid ( A S A )  as a practically 

insolub 1 e, hydrophobic material . Three di s-iniegr'ant s with 

differing w e 1  ling properties f ? )  (a sodium starch glycolate 
(Primojel 1 with a high welling voluii12, a cx-ospovidone 
(Polyplasdone XI-) with a high sv:elling force in spite o f  a 

moderate swell in!) volume and a niicrocrysta'll ine cel lulose 

(AvicelR PH 101) with l imited s:ielling). were employed in 

varying percentdgcs, to modify foi.n;.Jfa hyclrophyl icity 
opportunely. 

R 
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1 7 5 2  CARAMELLA ET A L .  

kine tablet series made of either <-lactose monohydrate or 
dicafciuni phosphate dihydrate or ASA, and containing different 
percentages ( 1-5- 10-20-40) of each disintegrant , were prepared 
by direct compression under controlled conditions, and checked 
for both water penetration and disintegrating force dc!velopment 
kinetics. 

The correlations between disintegrating force development 

kinetics, water petietrat ion kinetics and disintegration time 

were sought within every base material formulation tested. 

E XP E R I MENTAL 

Rater ial s 

The base materialsused were: 

- <-lactose monohydrate 100 mesh ( O W ,  Veghel; The Netherlands) 
- dicalcium phopshate dihydrate NF XVI (granulometric fraction 
35-400 mesh) 

- acetylsalicylic acid FU grade (granulornetric fraction 35-400 
mesh) 

The disintegrants were: 
- Priniojel (sodium starch glycolate, Avebe, Foxhol; The R 

Nether 1 ands ) 
- Polyplasdone R XL (cross-linked polyvinylpyrrol idone, GAF C o . ,  

New York; U.S.A.) 
R 

Milano; Italy) 
- Avicel PH 101 (microcrystalline cellulose, Prodotti Gianni, 
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WATER UPTAKE AND D I S I N T E G R A T I N G  F O R C E  MEASUREMENTS 1753 

Preparation and checking 07 tablets. 

Varying series o f  tablets, containing 500 mig of base 

material, 2% of talc and differing percentages o f  every 

disintegrant (ranging from 1 to 40) were prepared by direct 

compression at 2'0°C and 50% R.H. (compression force level 
appr ox i ma t e 1 y 2 5. Ot 0.5 k N 1 . 
Tablets were checked for weight, porosity, crushing strength and 

disintegration time (Erweka apparatus VZ4).  

Disintegrating force measures were performed as previously 

described (1,Z). 
Water penetration measures were effected using the apparatus 

described in ( 7 ) .  The kinetic analysis of water penetration 

cur-vs was performsd as described in (10).  

- 

RESULTS AND DISCUSSION 

Porosity and crushing strength values of all thg tablets 

prepared are gi1ic.n in Table I. Fot- glirco!;? tablets see 

reference ( 8 ) .  

A s  far as the relationships bettieen disinteyat ion time, 

disintegrating force development rate and w t e r  penetration rate 

arz concerned, the prc?viously obtained ( 8 )  and present results 

have been grouped i i s  follows: 

a) Glucose (very solcble material)(8). 

Glucose tablets prepared without any disintegrant tend to 

dissolve in water instead o f  disintegrating. In the 

formulations cogtaining a disintegrant, no correlation was 

found between cli s integrat ion time and disintegrating force 

developrnmt rate, even when a disinteyant capable of a rapid 
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Table I - Poros i t y  and crushing s t rength values o f  t he  t a b l e t s  

I 5% 

I 20% 
40% 

: Primoje P 10% 

----- 
1% 
5% 

10% 
20% 
40% 

1% 
5% 

! AvicePPH101 10% 

.-., 
U I  
2 1  
4 1  U I  

I 20% 
40% 

I 1% 

Primoje P 

Po l y p l  asdon@XL 

13.7 
14.1 
13.0 
14.3 
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WATER UPTAKE AND D I S I N T E G R A T I N G  FORCE MEASUREMENTS 1755 

swelling force development, like Polyplasdone" XL, w s  

present. 
b )  &-lactose nionohydrate (soluble niaterial) 

&lactose monohydrate tablets prepared without any 
disintegrant are self-disintegrating (7). Clater Penetration 
and disintegrating force wasures performed on this base 

material tablet revealed that water penetrates at about 10 

mg/sec, whereas no disintegrating force is detectable. 
For the tablet series which contains differing X of the 
various di s integrants no carre lat ion exi sits between 
disintegration time and disintegrating force rate (Fig. c 1 ) .  

On the other hand, poor correlation (r = 0.47, significant at 

0.10 p level) was found, on log-log scale, between 

disintegration time and water penetration rate (F-ig. 2). In 
this case, water penetration rather than force development 

kinetics seeims to be the governing factor in the 
disintegration process. 
When the three d-lxtose nonohydrate formulations are 

considered together, an overall 1 inear correlation (on normal 
scale) is found between disintegrating force development and 

water penetrsticn rate (r=0.72, significant zt p=O.Ol level). 
However, within each disintegrant serief, a significant 
correlation (at 0.05 p level) exists only for the formulation 
which contains a disintegrant with a high swlling force, 
such as Polyplasdone XL (r=0.88).  This indicates that in 
&lactose monohydrate formulations,water penetration does not 
always elicit a proportional force dsvelopnent (and provides 
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1756 CARAMELLA ET AL.  

w 

t- 
E 

10-1 loo  lo1 

DISINTEGRATING FORCE DEVELOPMENT RATE (INPUT) 
(N/s 1 

Fig. 1 - Log-log plot of disintegration time versus disintegrating 
force development rate (input) for Lactose tablets 
containing differing percentages (a ) PrimojelR, (0). 
Polyplasdone XL o r  (A) AvicelR PH 101. Figures with- 
in the symbols indicate the increasing order of disintegrant 
concentration (from 1 to 40%, see experimental part). 
(r-0.18, not significant). 

evidence of the existence of other disintegration 
besides those capable of developing force). 

uiechanisms 

c )  Dicalciun phosphate dihydrate (practically insoluble, hydro- 
philic material) 
Plain dicalciurn phosphate dihydrate tablets prepared without 
any disintegrant do not  disintegrate ( 7 ) .  Uater penetration 
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WATER UPTAKE AND DISINTEGRATING FORCE MEASUREMENTS 1 7 5 7  

HATER PENETRATION RATE (mg/s) 

Fig. 2 - Log-log plot of disintegration time versus water penetra- 
tion rate for Lactose tablets containing differing 
percentages of [ 0) PrimojelR, (0) PolyplasdoneR XL 
or ( A )  AvicelR PH 101. 
indicate the increasing order o f  disintegrant. concentration 
(from 1 to 40%, see experimental part). (r=0.47, signif- 
icant at 0.1 p level). 

Figures within the symbols 

and disintegrating force nieasures revealed that al-though 

water penetration i s  fairly rapid (“5 rng/sec), no 
disintegrating force is developed. 

For the tablet series which contains differing % of the 
various disintegrants a log-log correlation exists between 

disintegration time and both disintegrating force development 
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1758 CARAMELLA ET A L .  

rate (Fig. 3 )  and water penetration rate (Fig. 4 ) .  This 

indicates that both water penetration and force development 

rates may be regarded as the governing factors in the 

disintegration process. 
An overall linear correlation (on normal scale) (r=0.73, 
signficant at 0.01 p level) bztween water penetration rate 

and disintegrating force development rate is found. A 

significant correlation is a lso  found within each 

disintegrant series. This nteans that water penetration is 

accompanied by a proportional force development, indicating 
the relevance of disintegration mxhanisms which are capable 
of force devel opinen t . 

d) Acetylsalicylic acid (practically insoluble, hydrophobic 

material 
Plain acetylsalicylic acid tablets prepared without any 

disintegrant do not disintegrate nor show water penetration 
nor develop any disintecjrating force. 
For the tablet series which contains different X of the 
various disintegrants a log-log correlation is found between 

disintegration time and both disintegrating force rate (Fig. 
5) and water penetration rate (Fig.6):This indicates that 
both water penetration and force developriient rates determine 
the disintegration process. 
A linear correlation (on nornial scale) exists (r-0.36, 
significant at 0.01 p level) between disintegrating force 
rate and water penetration rate, which again indicates that 
water penetration elicits a proportional disintegrating force 
development. 
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WATER UPTAKE AND DISINTEGRATING FORCE MEASUREME,NTS 1759 

1 

a 

!q- 2 3  

10 I 

DISINTEGRATING FORCE DEVELOPMENT RATE (INPUT) 
(N/s 1 

F i g .  3 - Log-log plot  o f  disintegration time versus disintegrating 
force devtelopment ra te  (input) values for Dicalcium 
phosphate d i  hydrate tablets  containing differing pecenta- 
ges of ([I) PrimojelR, (0) PolyplasdoneR XL o r  ( A )  
Avicel PH101. Figures within the symbols indicate the 
increasing order of disintegrant concentration (from 1 t o  
40%, see experimental p a r t  1. 
Linear regression equation i s :  l o g  y = -1.54 log x + 14 
(r=0.88) 
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1760 CARAMELLA ET A L .  

l o 3  

h 

v) 

w 

l- 
z 
0 

I- 
Q: 
CL 
W 

- 102 
E 

I 

E c lo1 
v) 

a 
I 

lo* 

A 

WATER PENETRATION RATE (rng/s 1 

F i g .  4 - Log-log p l o t  o f  d i s i n t e g r a t i o n  time versus water p e n e t r a -  
t i o n  r a t e  f o r  D i c a l c i u m  p h o s p h a t e  d i h y d r a t e  t a b l e t s  c o n t -  

P o l y p l a s d o n e R  XL o r  (A) H v i c e l R  PH 101. 
i n  the symbols  i n d i c a t e  t h e  i n c r e a s i n g  o r d e r  o f  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  ( f rom 1 t o  40%, see e x p e r i m e n t a l  p a r t ) .  
L i n e a r  r e g r e s s i o n  e q u a t i o n  i s :  
(r=O. 8 2  1 

a i n i n g  d i f f e r i n g  p e r c e n t a g e s  o f  (0) P r i m o j e l  R , (0) 
F i g u r e s  w i t h -  

l o g  y = -1 .14 l o g  x + 2.87  
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WATER UPTAKE AND D I S I N T E G R A T I N G  F O R C E  MEASUREMENTS 1 7 6 1  

F ig .  5 - Log-log p l o t  o f  d i s i n t e g r a t i o n  time versus d i s i n t e g r a t i n g  
f o r c e  development  r a t e  ( i n p u t )  f o r  ASA t ab l e t : ;  c o n t a i n i n g  
d i f f e r i n g  p e r c e n t a g e s  of  (0) P r i m o j e l R ,  (c)) Polyp la sdo-  
ne F i g u r e s  w i t h i n  the symbols 
i n d i c a t e  the i n c r e a s i n g  o r d e r  o f  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  
(from 1 t o  40%, see expe r imen ta l  p a r t ) .  
L i n e a r  r e g r e s s i o n  e q u a t i o n  i s :  l o g  y = .-1.1 l o g  x + 1 .56  
( r = 0 . 8 9 )  

R XL o r  ( (A)  Avice lR  PH 1U1. 
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1762  CARAMELLA ET AL. 

Fig.  

WATER PENETRATION RATE (rng/s) 

6 - Log-log p l o t  o f  d i s i n t e g r a t i o n  time versus water  p e n e t r a t i o n  
rate f o r  ASA t a b l e t s  c o n t a i n i n g  d i f f e r i n g  percentages  o f  

(0) PrirnojelR, (0) Polyplasdone o r  ( A )  AvicelR PH 101. 
Figures wi th in  the symbols i n d i c a t e  the i n c r e a s i n g  o r d e r  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  (from 1 t o  40%, see experimental  
p a r t ) .  
L inear  r e g r e s s i o n  equa t ion  i s :  
(r=O. 98) 

log y = -0.99 l og  x + 2.75 
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WATER UPTAKE AND D I S I N T E G R A T I N G  FORCE MEASUREMENTS 1763 

CONCLUSIOWS 

The observation that, in tablets made of water insoluble 

and/or hydrophobic materials (such as dicalcium phosphate 

dihydrate and acetylsalicylic acid) a correlation exists 

force 

development kinetics indicates that the prevailing role in th? 

disintegration process is played by active rzchanisms. 

between d i s i n t egra t i on t i iiie and d i s i n t e gr a t i rig 

On thz other- hand, the lack of such a correlation in 

tablets made o f  hydrophylic, water-soluble materials indicates 

that passive mechanisnis (such as dissolution or hydrogen bond 

annihilation) are also involved in the disintegration process 

and m;y prevail over activ? rneclianiszs. In these cascs, water 

penetration msasiires a1 low a better understanding of the 

disintegration properties of a formula. \!hen disintegrants with 

a high skielling force development rate are presznt, active 

mechanisms seem to prevai 1 even in water-soluble formoilas. 
The 1 inear correlation found between water penetratiori and force 

developicent kinetics, seems to bcconi increasingly significant 

a s  the base material passes froni lactose t o  dicalciilirl phosphate 

dihydrate to acetylsalicylic acid, i.e. a s  one increases 

formula hydrophobicity. This indicates thzt, in formulas 

exhibiting optimuni hydt ophobicity, water i s  uptaiten only by the 

disintegrant; this, by swelling, conrpfetely trznsfot-ins the water 
penetrated into a force. From a practical point o f  vie;/, this 

implies that, inside a given base f6rmulation, an optinium 

hydrophylic /hydrophobic balance should be bui 11; up by 
appropriate formula modifications (addition o f  lexcipients, 

granulation.. . ) .  This may improve the force development caused 
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by water penetration and consequently, improve disintegration 
(obviously when disintegration represents a problem). 

In hydrophobic and/or water insoluble base formulations, 

the disintegrant (which i s  always needed to promote 

disintegration), is capable of developing its maximum swelling 

force, besides drawing water inside th2 compact. Therefore, 

highly hydrophylic and strongly swelling disintegrants are t o  be 

preferred as confirmed by certain examples from the literature 
(11,lZ). On the other hand, in hydrophylic and water soluble 

foriwlations, the disintegrant, when needed, assists in the dra~ng cf 

water inside the coli!pact, but is Rot always able to develop its 

niaximum swellin2 force. This scggests that limited swelling 

disintegrants should work a s  well as, and even better than, 
strongly swlling materials. This is confirmed by certain 
examples from the litet-atui-e (11,lZ). 
O f  course, since such conclusions have bcen d r a m  from, and on, 
very simple mode? forinulations, it i s  conceivable that the 
addition as 

are capable of modifying foi.ina1i: hydrophylicity, would change 
the relationships betwcen water pmetration, force development 
and disintegration time, thus necessitating further 
considerations. 

of an active principle or of such other excipients 
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