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ABSTRACT 
The hsdration capacity of each of four disintegrants including microcrystalline 

cellulose ( Avicel PH 102). corn starch. croscarmellose sodium (Ac-di-sol) and sodium 
starch gl!,colate (Primojel) was determined to express the hydrophilicity The complete 
pore structure. and the water uptake of unmilled dicalcium phosphate dihydrate (Di-Tab) 
tablets containing one of abwe  disintegrants at 154b w/w level were studied I t  was found 
tha t  the majorit! of the tablet porosity was made up by macropores which were accessed 
b> niercur) intrusion There u a s  no statistically significant difference among pore volume- 
size distributions of tablet samples The water uptake results were treated by the empirical 
form of \I'ashburn liquid penetration equation with appropriate experimental setup I t  was 
possible to determine the significance of the empirical parameters drawn from the 
equation I t  u'as found that the hydrophilic nature of excipients present in a tablet played a 
major role in uater uptake phenomenon I t  was suggested that the disintegrant swelling 
narroued the pore sizes in the beginning and then the pores were widened due to the 
repelling pressure exerted causing the tablet to collapse which made the amount of liquid 
uptahe actuall!. smaller in the beginning and then greater later Finally, the water 
penetration is impeded b), gelling formation of a disintegrant present in a tablet matrix 

1 NTROD Li CTI ON 
N'hen a tablet comes in contact with water. the following phenomena. respectivel).. 

occur. ~ e r t i n g .  \4ater penetration. and  tablet disintegration with or Nithout significant 
welling One of the driving force for liquid water penetration is that according to the hn- 
damental phenomenon of capillan. ( I ) \\'ashburn (2). in 192 1 ~ used the Poiseuille's lab, of 

@ Currcni nffiliatioii fa cult^ orPharmnccutic;il Scirnccs. Princc of Songkla Unn crsit! Hat Yal 
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1778 FAROONGSARNG A N D  PECK 

flon through tlie duct and developed the equations to describe the dynaniics of capillaq. 

tlo\r in  t \ rn  diirerent configurations, i e , horizontal and vertical The validity of tlie 
M'ashburn equation was confirmed by Fisher and Lark (3) ,  and they found that the equa- 
tion could he adequatel!, applied to the range of capillary sizes betiveen 3 and 400 pni 

Some tableting excipients (e 8 microc?stalline cellulose) are cylindrical in  shape 
Therefore. i t  IS useful to examine the capillary phenomena in assemblies of parallel 
c!dinders Princen ( 4 - 5 )  de\,eloped the equations of capillary rise in both vertical and 
horizontal contiyrations He applied the equilibrium conditions, and geometry to set up  
the equation3 The concept, hone\ei .  \vas niore theoretical 

\\liere 

slip. tlic length ofthe coluiiin of liquid i n  capillaq at time / \  and capillary radius. 
re.ipecti\ el\ 7 he dri\-ing pressures consist of the unbalanced atmospheric pressure, 1' /. the 
11) dioslatis pi-essui-e. /',). and the capillary pressure. I),, which obeys Laplace-Young 
equation ( I ) lbr a hemispherical interface Considering that the capillary is wettable. i e , c 
i s  equal to zero. and  / ' ,  is negligible compared to I),> there are t u o  cases of esperimental 
setup del>eiidiii; on the configuration of capillaries. i e , horizontal and vertical cases 
\\ hen the setup is horizontal, onl), capillary rise is counted Equation 1 has a simple form 
as follo\rs. 

F , 1 1 ,  L' /. and I are tlie sum ofdri\.ing pressures. \iscosit!,. the coefficient of 

7 r- - dl 
dt S 171 
- - - ( 2  , x c o s  8 )  

\\itti  its integral form of, I-' = (r/4/d);t cost) For a vertical configuration. the rate equation, 
on the other hand. can be written as. 

I n  this case. i t  is seen that not onl!, the capillary rise, but the rate of liquid flou is also 
dependent on the amount of liquid that is already in the capillaries due to the gra\.it! This 
\< 1 1 1  counter-balance tlie capillar!. force Until the equilibrium is reached. the rate of liquid 

penetration \ + i l l  be zero The general solution of equation 3 has been solved by M'ashburn 
( 2  j and 15 slioi4 n as follo~r. s. 
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ROLE OF LIQUID WATER UPTAKE 1779 

Thc cqiiation \ \ i l l  he \ alid a s  long as  a poi~ous matrix does not collapsr 
I l , in \  \ \orhcrs \ ~ l i n  set U ~ J  the \el-tical pencti-atioii apparatus ( e  g . 0. 9).  Iioue\,er-. 

nientioned i l i ~ >  'clashical '  hot-izontal M ashburn equation that \+as  not i alid as  an eqiiarion of 
plicnniiicnori But. the equation had not !'et applied to the results This iiiight mislead to 
the under stnnding ofthe capil lan rise plienonirnoii 

The Ii>~drophilicit!. of'e\cipients a l w  p1ah.s a n  impo"ant imle in uater-  uptake o f a  

tablei ( ' 1  I t  \ \ a >  noted that a tablct disintcyai i l  usuall) sho\+ed a hi$i Lalur of Iibdration 
capacit! ( S - 0 )  and  that  of'li!groscopicit! ( 10) The disintegrant. \\hen present i n  a  tablet^ 
could ({!-a\\ tlir l iquid \\ ater into tlic tablet Tlierefbr-r. i t  i s  of inipoilaiice to determine a 
r . e l a t i o n s h i l ~  bet\ieen tab le t  porosit\ and oi li\drophilicit\ and tablet Matel  uptahc I n  
addition. tlic empir ical  tbrni of\\'asIihu~-n equation for the vertical configuration setup is 

eiiiplo\rd iii t l ic stud! due to the fact tha t  not onby capillar-> rise but the h!.dropliilicit\ of' 
pole shsteni conti-ihuted in  uater- uptake ova tablet niatr i \  ( 7 )  

E S P  E R I h 1 E NT.4L 
Fotir disintegrants includin~ microcr\stallirie cellulose (c\\,icel PH 109. FhlC 

C r q J  ). corn starch (.4 E Stale!, hit> Co ). croscariiiellose sodium (Ac-di-sol. FhlC 
Crop ). and sodium star-ch glb.colate (Priniojel. GereiChein Crop ) wei-e employed Their 
hh'dration capacities \4 ere indi \~idual l !~ determined using the method pre\.iousl\ described 
( 8 )  Each of the disintegrants \4as mixed \sit11 unmilled dicalciuni phosphate dih\,drate (Di- 
Tat). Rlione-Poulenc Basic Chemical Co ) at I 5 9 o \v/\c level 

l t Ih lL , l  / ' 0 1 . 0 . \ 1 1 1 ~  i ~ L ~ l l ~ l ~ / l i l l i i l l l o l f :  h ' / l I . l ~ ~ L ' / l  . ~ ' / \ 0 l ~ / ~ / 1 0 1 1  

Since a pellet saniple cell \4 . i t l i  the stem's internal diameter of 4 millimeters was 

used in the nitrogen adsorption stud!. Di-Tab with or without 1500 disintegant powder 
niixture \ \as  compressed by the hydraulic press to form 20 mg flat-faced pellets with a 

inch tooling set The compression foi.ce \$as controlled at 500 Kg -level Six pellets fcJr 
each formulation were employed to determine the pore volume-size distribution using 
nitrogen adsorption method previously described ( I 1 )  Pore sizes bet\seen 10 Angstroms 
and 0 3 microns Mere obtained from the instrument software calculations based on the 
Keh i n  equation ( 12)  

- 

I1 1hI'~l i'o1.0 \ I 11, I ~ l ~ l l ~ l ~ l ~ i l l l ~ l ~ i o i f ,  n l l ~ i ~ l ~ l / l 7 ~  1 J O i ~ O  ~ i i l i l ~ l / ~ ~ ~  

leiel \ { a s  niade To maintain the uniformit!. of the results from different methods of 
porosit! determination. the compression force had to be compensated With controlled 

.A 0 5-inch-flat-faced formulated tablet with or without a disintegrant at the 1 5 9 0  
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1780 FAROONGSARNG AND PECK 

Table I hlercun contact angles on tablet surfaces 

Tablet 

Di-TabR. onl\ 
\\It11 1.500 A\ lce lR PHI02 

u i t l i  15'0 corn starch 
hit11 I 5 O o  PriniojeIR 

\\ l t l i  1.5'0 Ac-dl-solR 

e 
degees(s d 1 
I67 5(0 71) 
166 5(3 13) 
I67 0(2  83) 
I61 0(4 34) 
16; 5 ( 2  12) 

coinpression force of. I100 250 kg the tablets were made using the hydraulic press They 
\\ere dried at SO degrees C for 34 hours follo\+ing their compaction 

In order 10 obtain the accurate pore volume-size distribution. the contact angle of 
niercuo on the tablet surface was required A drop of niercup was directly placed on the 
tablet surface The eqtiilibr-iuni mer-curj contact angle u as measured using a goniometer 
(Rame-Har t  Inc ) T\\o duplicates \\ere done for each tablet sample The data are shown 
i n  Table 1 

The measurement of tablet pore volume and pore distribution having pore sizes 
between 0 0035 and 533 micrometers was conducted using an automated mercury in- 
truder (.4utopore I I  Model 9310, h4icronieritics Instrument Corp ) The tablets were dried 
to remove sorbed moisture and other contaminants at 100 degrees C for 12 hours The!, 
\+ere then placed in a penetrometer cell I t  uas first evacuated and  then filled with 
mei-curj' The I O N  pi-essure measurenients (pi-essure range of 0 5-30 psia) were conducted 
M'hen the nia\iniuni negatibe intrusion was reached. the high pressure measurement which 
attained a nia\;iniuiii pressure of 60,000 psia began Accompanied u.ith the volume 
nieasurement. the pore diameter corresponding to the pressure was calculated The 
complete pore mlunie-size distribution for each sample was constructed by totaling up the 
distributions obtained from nitrogen adsorption and mercury intrusion methods 

1 ) 1 . 1 1 1 1 / 1 1 / c .  l . l ~ / l l l l i  I I  i / / C I ,  1 I / ) / L d ' *  s l l / c ! l  

The apparatus for liquid w t e r  uptake stud!, was set up vertically as similar to tha t  
described else\$liere (9) I t  consisted of a 1.5 1111 buchner funnel fitted with a sintered glass, 
connected to a 1 nil pipette ( 0  01 nil diiisions) via Tygon tubing I t  was set verticall!, in 
place \\it11 stands and clamps Distilled water \ \as  filled into the apparatus and adjusted to 
zr io reading on the pipette prioi~ to measureiiient To a\,oid the driving force due to 
unbalanced atniosplieric pressure. the nienisci of both ends \+'ere le\eled to each other 
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ROLE OF LIQUID WATER UPTAKE 1781 

Table 2 H! di ation capacit) of indiiidual disiiitegrants 

E\  c i pi en t Hi,dration Cauaciti MC* ( O / b ~ h )  

Di-Tab 0 691 
A\icel PH 102 3 I 3 8 
Ac-di-sol 7 859 
corn starch 1286 
Priniojel 21 630 

00 90 
1 1  16 
31 3 1  
18 92 
37 08 

*hloisture content (hlC) is the equilibrium nioisture content of materials, in granis of 
nioisture per 100 granis ofdry material. exposed to 9090 relative humidity, at 2 degrees 
C for7days(l . ;)  

0 . 0 3 5  

0 .028  - 
cr 
\ 
u 0.021 

I 
2 0.014 
0 > 

v 
w 

0.007 

0.000 

1 0 - 3  1 0 - 2  l o - ’  l o o  10’ l o 2  

PORE SIZE(micron) 

Figure I The coinplete pore bolume-size distribution of Di-Tab tablets 
k e \  (eiiipt) circles), the data from mercury intrusion, (filled circles). the data 
froiii nitrogen adsorption 

Ininiediatel\ after a tablet \4as place in the hniiel, water was dra\\n into the tablet and 
natei uptake \ \as  recorded as a change i n  the le\el o fha ter  in the pipette Three replicate 
\oluiiie iiieasuieiiients Mere carried out for each time intenal The aberage \olume for 
each time inten a l  n a s  calculated. and t tie \ olunie-time profile for each tablet formulation 
\4as e\ aluated using the appropriate M ashburn equation 
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1782 FAROONGSARNG A N D  PECK 

0 035  

G 0 2 8  

A 

[SI > 0 0 2 1  
v 
W 
I 
2 0.014 
0 > 

0.007 

0 GOO 

10-3 10-2  l o - ’  10’ 10’ 10’  

PORE SIZE(micron) 

Figur-t. 1 The complete pore volume-size distribution of Di-Tab tablets containing 1 5 0 0  
A \  ice1 PH 101 
Ke! (empty circles), the data from mercury intrusion. (filled circles), the data 
from nitrogen adsorption 

0 035  

0 . 0 2 8  

0, 
\ 
u 0 0 2 1  
v 
W 
I 
3 0 0 1 4  
0 > 

0 007  

l o - ’  l o o  1 0 ’  l o 2  

PORE SIZE( m ic ron )  

Figure 3 Tlir complete poi-e volume-size distribution of Di-Tab tablets containing 1590 
A c -d i - so I 
Key (empt). circles). the data fi-om mercury intrusion. (filled circles). the data 
from nirrogen adsorption 
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ROLE OF LIQUID WATER UPTAKE 1783 

0 .035  

0 028 - 
01 

2 0 0 2 1  
v 

u 
I 
3 0.014 
0 > 

o 007 

0 000 

1 0 - 3  1 0 - 2  l o - '  l o o  10' l o 2  

PORE SIZE(micron) 

F i y i - e  1 The coniplete pore volume-size dihtribution of Di-Tab tablets containing 1590 
corii starch 
Ke! (enipt! circles). the d a t a  from mercury intrusion, (filled circles), the data 
ro 111 11 i t  1 - o ~  e 11 ad  50 r pt i on 

RESL'LTS A N D  DlSCLlSSlOU 
HI ' / l ~ / l / O / /  ~ ( l f k / < ~ / l l  

pi-e\iousl\ tit.tir1c.d i n  the literature ( 8 )  The results are summarized in Table 3 
711s I)\ di ophilicit> of indi\ idual disintegrants Mas expressed as a hydration capacit!, 

The h>,dration capacities of superdisintegrants (Ac-di-sol, and Priniojel) were high 
compared to those of the conventional disintegrants (Avicel PH 102, and corn starch). as 
\+ell as their equilibrium moisture contents (Table I ) This consistency shows the evidence 
ofthe superiorit! in the l~ydrophilicit\~ of superdisintegrants over the conventional 
disinteyants The same trend w a s  found i n  the moisture uptake stud) ( 13) 

/ 1 I / ) / ' ' /  / ' O / ' ( J  \ /  / I ' 

According to the Kelvin equation, the nitrogen adsorption uas able to analyze the 

pores u p  to 0 0.3 micrometers On the other hand.  mercury intrusion allows one to deter- 
niine the pores in the range categorized a5 niacropores. i e , range of porosity between 
0 (~(~1.5 and 550  micrometers that cwered the normal tablet pores 

.An attenipt to determine the complete pore volume-size distribution of the formu- 
lared rable1s \ +as  made I t  is probable that this could be deter-mined b\ combining the dis- 
tributions obtained from nirrogen adsorption and  mercuq' intrusion Figures 1-5 illustrate 
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1784 FAROONGSARNG AND PECK 

0 .035  5 

1 0 - 3  10-2 l o - '  l o o  10' l o 2  

P O R E  SIZE(micron)  

Fiy r -e  5 The coniplete pore \dunie-size distribution of Di-Tab tablets containing 15'0 
P r i 111 oj e I 
Ke\ (eiiipt! circles). the data from mercury intrusion. (filled circles). the data 
from nitrogen adsorption 

the coniplete pore \,olume-size distributions of such formulated tablets disregarding the 
fitted distribution model The tuo results are f ad )  agreeable in the range of overlapping 
pore sizes I t  is noted from the figures t h a t  macropores made u p  the majorit). ofthe pores 
of t h e  tablet and  the niacropore iolunie distributions are comple\ The complication ilia)' 

be the result ofthe pore structural change under high pressure ( 1.1) 
C sing the log-normal distribution iiiodel, disregarding the meso- and micro-pores 

t i ~ n i  nitrogen adsorption \rhich are not significant in the volume-size distribution. and 
using an  appropriate contact angle previouslb measured (Table 1 ). the pore volume-size 
distribution ot'eacli of the formulated tablet samples was determined Each of pore 
distributions i t a s  shonn i n  Figures 6-10 I t  i s  noted that the complications found in 
Figures 1-5 are no longer significant when using the fitted log-normal distribution model 
The geometric means and medians of pore sizes for each of the formulated tablet samples 
are calculated and  sunimarized in Table 3 

M'itli the presence of different disiiitegrant. the pore sizes of such systems are not 
statistically significant different from each other (Table 3) It m a y  be because the majority 
of the tablet niass is made by Di-Tab The deformation of Di-Tab powder to form a tablet 
niatri\ made up  the pore structure in a similar fashion for all systems 
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3 z 
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PORE DIAMETER( m i c r o n s )  

Figure 6 hlercur) intrusion pore \~olunie-size distribution of a Di-tab tablet 

0 150 

0 125 - 
C 

? 
.: 0 100 
E 

> 0 075 
U 
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D 0 050 
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v - 
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0 0 2 5  

0 000 
10-2 10-1 100 10' l o 2  

PORE DIAMETER(rnicrons) 

0.150 

0.125 
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0.100 x 
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0 . 0 7 5  9 
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0.050 5 
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0.025 2 

_I 

W 

0.000 

1785 

Figuit. 7 hleicur\ i n t i  usion pore \o Iunwsize  distribution of a Di-tab tablet containing 
I 5' o A\ ice1 PH 101 
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0 150 

0 125 - 
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.u 0 100 
E 
(ji > 0 0 7 5  
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0 050 

z 
Y 

0 025 

0 000 

0.150 

0.125 2 
-2 

0.100 E z 
3 

0.075 p 
1 

0.050 3 
3 
I 

0.025 2 

_t 

W 

0.000 

10-2 l o - '  l o o  10 '  l o 2  

PORE DIAMETER(rn icr0ns)  

F i y r e  S hlercun intrusion pore \olume-slze distribution of a DI-tab tablet containing 
15' o Ac-dl-sol 

0 150 

0 125 - 
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0 
L .u 0 100 
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m > 0 075 
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Figure 9 hlercun intrusion pore \olume-size distributron of a Di-tab tablet contamlng 
1.5'0 corn stalch 
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0.150 

1787 

0.150 

0 1 2 5  - 
C 
0 
L .u 0 100 
E 
07 > 0.075 
u 
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\ 
D 0 050 
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u 

0.025 

0 000 

L -I 0.125 
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0.100 E 
I 
3 
J 

0.075 9 
w 
2 

0.050 3 
5 
I 

0.025 2 

0.000 

10-2 l o - '  l o o  10 '  l o 2  

PORE DiAMETER(microns) 

Figure I0 hlersur\ '  intrusion pore volume-size distribution of a Di-tab tablet containing 
15' o Priniojel 

Table 3 Geometric means and medians of Di-Tab tablets porosity containing different 
disint egrant s 

Tablet Mean* (s d ) Median* * 

DilTab. onlj. 
u i t h  1.540 A\,icel P H l O l  
with I540  Ac-di-sol 
w i t h  I500 corn starch 
u i th  1 ~ O O  Primojel 

0 '39( 2537) 0 163 
0 l91( 1 7 3 1 )  0 107 
0 218( 3419) 0 117 
0 25;( 3197)  0 15'4 
0 2 0 3  3344) 0 10.5 

"Geometric mean of sizes in micrometers obtained from log-normal distribution fitting 
**The size i n  micrometers at 50h percentile of population 

11 I ,I I 1  111 I I c 1. / ( / I /  /ti I !I ,I( IXL' .Y/I lJ\ , 

,411 attempt in applying the Washburn equation describing the liquid flow in vertical 
direction, which the experiment was set up ,  to the liquid uptake b!. a formulated tablet was 
made Since the capillary I n  a tablet is far too complex to used the phenomenological 
equation. the empirical one will be used in stead 
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1789 

0 10 20 30  40 50 60 70 

TIME (second) 

Figure 1 1 \\ atei penetration-time profile of Di-Tab tablets The solid line is based on 
model 5 a discussed in  the te\t 

model 56 b is too high to accept (standard error of 1-31 3 compared to the estimated value 
of 7 5 )  Thus. it is still probable that the empirical equation (equation 5 )  is applicable to 
the liquid uptake data Unfortunately, the complete verification of the phenonienological 
equation could not be done because of the complexity of the tablet pore structure as well 
as liquid peiietration mechanism Model 5 a is preferred due to the fact that the standard 
errors ot'the estimated parameters are acceptable and  significantly less than the other 
model 

The t).pical pattern of liquid penetration profiles flatten off after rising because the 
gra\-itat ional and  other forces balance capillaq. rise. and  the tablet becomes saturated with 
\rater I t  %as postulated that the curie would be reflected by two different mechanisms of 
liquid uptake, i e , a capillary penetration accompanied by a process of pore widening 
which triggers a inore rapid penetration ( 1  5 )  In  practice, i t  is dificult to study these 
mechanisms separately I t  i s  assunied that the pore widening would come after an accept- 
ably long period of time (which is not a l w y s  valid such as in cases of tablets containing a 
superdisintegrant) The liquid water penetration-time profiles shown by the fitted curves 
using model equation 5 a for such forniulated tablets are shown in Figures 1 1 - 1  5 The 
estimated parameters were extracted and presented as empirical constants appearing in 

equation 5 They are summarized in Table 5 
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v 

IY 
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LL 
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0 > 0 0 3  
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0 G O  

FAROONGSARNG AND PECK 
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1 1 1 1 1 1 

0 10 20 30 40  50 60 70 
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Figure I ?  \I ater penetration-time profile of Di-Tab tablets containing 15?,O Atice1 
PH 102 The solid liiie is based on niodel 5 a discussed in the text 

G O O  1 
0 10 20 30 40  50 60 70 

TIME (second) 

Figuie I3 Water- penetration-time profile of Di-Tab tablets containing 1590 Ac-di-sol The 
solid line is based on model 5 a discussed in the test. and the dotted line sholss 
tlie actual profile 
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Figure 13 \\ ater penetration-time profile of Di-Tab tablets containing 15O/ ,  corn starch 
The solid line is based on model 56 a discussed in the text 
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Figure 1 S U'ater penetration-time profile of Di-Tab tablets containing 1590 Primojel The 
solid line is based on model 5 a discussed in the text. and the dotted line s h o w  
the actual profile 
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Table 5 The liquid uptake empirical parameters evtracted from model 5 a 

Tablet k , .  cni'isec k2,  cnii 

Di-Tab onh 0 00; 0 036 0 035 
M it11 I 5 O  o 4\ ice1 PH 103 0 006 0 122 0 119 
13 i t  h I 5' o Ac-di-sol 0 013 0 5 1 3  0 468 
h i t 1 1  I T O O  corn starch 0 013 0 138 0 I34 
Mith 15'0 Pitiiiolel 0 0002 12 077 I 3 5 7  

*The estiiiiated nia\inium liquid uptake \ nluiiie in cni' using statistical model of 
I = I 
respect I \  el\ 

I-e\p(-X/)] uhere, I . and X are Lolunie uptake at time I ,  and a constant, 

B! comparison between equations 3 and 5 ,  i t  could be noted that the empirical 
constants ate related to the phenomenological constants as follo\r>s 

and  

3 yA cos 6 
pgr  

k? = 

nhere. .A is the cross sectional surface area of a cylindrical pore having a radius. I '  p,  p, 
11,  and 8 are those factors pre\.iousl\ denoted As seen in equation 6, X . 1  implies the 

relatiie contributions between gravit), and ciscositj, of liquid. bhereas, k2 implies the 
contribution beticeen capillary rise and  yra\,ity Since the pore structure of the tablet does 
not f o l l o ~  exactl!, the cylindrical shape as stated by U'ashburn (3) and there is the 
hydrophilicit)' contribution. the significance of each constant could be drawn empirically 
Assuming that the pore volume-size distributions of Di-Tab tablets containing a 
disintegrant are not significantly different from each other, which was actually true in this 
experiiiient (see the previous section), the kI-value for liquid uptake into tablets containing 
15°~0 Ac-di-sol is higher than  that for those containing 1 SYO Avicel PH 102 due to the fact 
that Ac-di-sol may be able to drab the liquid to a greater extent than Avicel PH107 The 
kl-value for liquid uptake into tablets containing 15% Primojel is significantly low 

compared to the other disintegrant I t  may be because Primojel undergoes a gel formation 
which builds up the viscosity of the penetrating liquid The gelatin of Ac-di-sol, on the 
other hand. may not be sufficient to see the significance 
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ROLE OF LIQUID WATER UPTAKE 1793 

The k2-values for Di-Tab tablets containing a disintegrant are significantly higher 
than that for Di-Tab tablet without any disintegrant, even though it  seems that there is no 
significant difference in the pore sizes (Table 3 )  It may be because the hydrophilicity of 
the disintegrant eases the wetting of the tablet pores which makes the capillary rise 
overnheliii the porosity contribution The magnitude of the  k2-vaIue as well as the 
niaxiiiiuni uptake volume (Table S) tends to coincide with the corresponding hydration 
capacit!, (Table 2 )  This finding was pre\.iously discussed by Choong and Wan (7) They 
suggested t h a t  i+ater penetration into tablets could be due mainly to absorption of water 
b!, hj dropliilic disintegrants (e g starch) whereas the porous capillary network only plays 
a minor role And. these driving forces were opposed by the viscous force developed by 
the soluble excipient and swelling ( 16) 

As seen i n  Figures 13 and 15, the model could only be partiall!, applicable to the 
penetration results for tablets containing Ac-di-sol or Primojel A superdisintegrant causes 
a change in tablet porosity The disintegrant s\selling narrows the pore sizes in the 
beginning and then the pores are bidened due to the repelling pressure exerted causing the 
tablet to collapse \vhich makes the amount of liquid uptake actually smaller in the 
beginning and then greater later Finall!. the water penetration is impeded by gelling 
formation of a superdisintegrant present in a tablet matrix 

CONCLUSION 
I t  w a s  demonstrated that the hydrophilic nature of the excipients. e g a 

disintegrant. present in a tablet played a major role in water uptahe of the tablet The 
empirical treatment ofthe U'ashburn liquid water penetration equation with the 
appropriate setup could be applied to determine the significance of the factors affecting 
water uptahe b!, a formulated tablet Hobever, the model showed some limitation due to 
the complexity of the tablet pore system and the water penetration mechanism 
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