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Research I n s t i t u t e  

ABSTRACT 
The t h e o r y  o f  f l u i d  p e n e t r a t i o n  i n  s o l i d  beds  is 

p r e s e n t e d ;  t h e  r e l e v a n c e  of  l i q u i d  p e n e t r a t i o n  measure- 
ments  i n  dosage form des ign  i s  s t r e s s e d  and a d e s c r i p -  
t i o n t i o n  is o f f e r e d  of t h e  i n f l u e n c e  o f  some common 
a d d i t i v e s  on t h e  p e n e t r a b i l i t y  o f  tablets  and capsu le s .  

INTRODUCTION 

The main aim of  modern pha rmaceu t i ca l  t echnology 
is  o p t i m i s a t i o n  o f  t h e  dosage form from t h e  t h e r a p e u t i -  
cal  s t a n d p o i n t .  To a c h i e v e  t h i s  o b j e c t i v e  b i o a v a i l a b i -  
l i t y  must be  c a r e f u l l y  s t u d i e d  as shown by many a u t h o r s  
i n  t h e  p a s t  few y e a r s .  I n  t h i s  r e g a r d  much more empha- 
sis h a s  been l a i d  on t h e  s t u d y  of d i s s o l u t i o n  rates of 
s o l i d  dosage forms t h a n  on o t h e r  p h y s i c a l  f a c t o r s  which 
can i n f l u e n c e  them. D i s i n t e g r a t i o n  and deaggrega t ion  
can be  t h e  s t e p s  l i m i t i n g  d i s s o l u t i o n  rates of t a b l e t s .  
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CARL1 AND SLMIONI 2 

These f a c t o r s  may be  o f  l i t t l e  i n t e r e s t  t o  t h e  q u a l i t y  
c o n t r o l l e r ,  s i n c e  d i s s o l u t i o n  ra tes  are t h e  r e s u l t  o f  
many o t h e r  f a c t o r s  and are t h e  l a s t  s t e p  b e f o r e  absor -  
p t i o n ,  b u t  t h e y  must be t aken  i n t o  account  by t h e  dos- 
age  form d e s i g n e r  who must know a t  what s t e p  t o  oper -  
a te  i n  o r d e r  t o  remove p o s s i b l e  f o r m u l a t i o n  d e f e c t s .  
D i s i n t e g r a t i o n  and deaggrega t ion  are i n  t u r n  governed 
most ly  by t h e  p e n e t r a t i o n  of body f l u i d s  ( e . g .  g a s t r i c  
o r  i n t e s t i n a l  j u i c e )  i n t o  t h e  s o l i d  dosage  form. The 
f o r m u l a t o r  t h u s  h a s  t o  be  f a m i l i a r  w i t h  t h e  p h y s i c a l  
f a c t o r s  t h a t  can  i n f l u e n c e  p e n e t r z t i o n .  

T h i s  pape r  r ev iews  t h e  l i t e r a t u r e  on t h i s  ques-  
t i o n ,  i n  o r d e r  t o  show how t h e  dosage  form d e s i g n e r  
can  work on t h e  p h y s i c a l  f a c t o r s  i nvo lved  i n  p e n e t r a -  
t i o n ,  and t o  o u t l i n e  an  expe r imen ta l  approach  t h a t  is 
e f f i c a c i o u s  b o t h  from a t h e o r e t i c a l  and p r a c t i c a l  
p o i n t  o f  view. 

THEORETICAL CONSIDERATE 
The model which best d e s c r i b e s  f l u i d  p e n e t r a t i o n  

i n t o  a powder p l u g  is based  on t h e  assumpt ion  t h a t  t h e  
s o l i d  bed c o n s i s t s  o f  a sys tem o f  small p a r t i c l e s  
( d r u g  and a d d i t i v e s )  i n t e r c o n n e c t e d  by a network o f  
f i n e ,  t o r t u o u s  c h a n n e l s .  Thus t h e  motion o f  a f l u i d  
th rough  a s o l i d  dosage  form,  such  as  a t a b l e t ,  can be 
d e s c r i b e d  as t h e  f low o f  a f l u i d  th rough  a series of 

c a p i l l a r i e s .  

t i o n a r y  f low c o n d i t i o n s ,  th rough a c a p i l l a r y  o f  c i r c u -  
l a r  c r o s s - s e c t i o n  is  g i v e n ,  a c c o r d i n g  t o  P o i s e u i l l e ' s  
l a w ,  by t h e  f o l l o w i n g  equat ion1j2 :  

The rate of f l o w  o f  a f l u i d ,  under  l amina r  s t a -  

4 
Q = B (A& r 

8n 
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 3 

where 
Q = volume of water f lowing  per u n i t  t i m e  
11 = f l u i d  v i s c o s i t y  
L = c a p i l l a r y  l e n g t h  

r = c a p i l l a r y  r a d i u s  
Ap = p r e s s u r e  d i f f e r e n c e  a c r o s s  l e n g t h  L 

t h u s  t he  v e l o c i t y  of t h e  s t r e a m ,  u ,  is: 

I f  t h e  c a p i l l a r y  h a s  a n o n - c i r c u l a r  c r o s s - s e c t i o n ,  t h e  

e q u a t i o n  ( 2 )  becomes3 1 : 

u =  

where : 
m =  

(3) 

h y d r a u l i c  mean r a d i u s  ( r a t i o  of  t h e  
c r o s s - s e c t i o n a l  area of t h e  c a p i l l a r y  t o  
its p e r i m e t e r )  

ko = a c o n s t a n t  depending  on t h e  shape of t h e  
c r o s s - s e c t i o n  o f  t h e  capi l lar ies .  

The term p is related t o  t h e  forces which  c a u s e  motion 
o f  t h e  f l u i d ;  t h e y  are e s s e n t i a l l y  t h e  s o l i d - l i q u i d  
i n t e r a c t i o n  f o r c e s  ( c a p i l l a r y  forces) and the " e x t e r -  
n a l "  f o r c e s ,  such  as g r a v i m e t r i c  l i q u i d  p r e s s u r e .  5 

Thus e q u a t i o n  ( 2 )  becomes: 
r2 Ap t o t a l  = r2 Ap c a p i l l a r y  +Ap e x t e r -  
817 L 8r, n a l  L 

u = -  

(4) 
The term p c a p i l l a r y ,  fo r  capi l lar ies  of c i r c u l a r  
c r o s s - s e c t i o n ,  is g iven  by t h e  f o l l o w i n g  e q u a t i o n  

2ycosQ 
r Ap c a p i l l a r y  = (5) 

where : 
y = s u r f a c e  t e n s i o n  of l i q u i d  
@ = s o l i d - l i q u i d  c o n t a c t  a n g l e  
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4 CARL1 AND SIMIONI 

r = capillary radius 
The term Ap external, considering only the gravimetric 
pressure, is given by6: 

Ap external = g d L sin (6) 

where : 
g = acceleration of gravity 
d = density of liquid 
L = length of capillary 
a = inclination of capillary to liquid 

surf ace 

Since tablet size is usually very small, it is reason- 
able to neglect the term p external due to gravime- 
tric pressure. Thus, by consideriqg negligible all 
possible external forces, the motion of fluid into pow- 
dered systems can be described by the following equa- 
t ion : 

dL = r Y cosd- U=aF 4 n  L 

which is derived by substituting equation ( 5 )  into 
equation ( 2 ) .  Integration of equation (7) with the 
boundary conditions L = 0 if t = 0, gives: 

L2 = r.ycos 49- 
211 

(7) 

This is known as Washburn's equation (7) and it holds 
for capillaries of circular cross-section. 
I f  capillaries are not circular p capillary becomes 

where : 

8 

m ( 9 )  
cos '4 Ap capillary = 

m = hydraulic mean radius 
Substitution of equation (9)  into equation (3), which 
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 5 

is also related to non-circular capillaries, gives: 

Integration of equation (10) leads to: 

where : 

From equation (11) it follows that the relation be- 
tween the square of penetration length (L2) and the 
time is linear. As the volume of penetrated liquid is 
directly proportional to penetration length, the rela- 
tion between the square of volume (V2) and the time is 
also linear, as shown by Washburn7: 

49 
where : 

k y cos 
ll 

k2 = kl 

Thus, if penetrability data are plotted, according to 
Washburn's equation, as the square of length of pene- 
tration (or volume) vs. time, the resulting graph 
should be a straight line (see Fig. 1). But equation 
(11) does not always hold, for certain solid/liquid 
systems some authors5 find a linear relationship be- 
tween L and time (see Fig. 2). An explanation of this 
apparent failure of equation (11) has been provided 
recently by Schicketanzg, who claims that fluid pene- 
tration into powder can be described better, at least 
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6 CARL1 AND SIMIONI 

?I, 
E 
0 
Y 

(v 
4 

8 -  

6-  

4 -  

2- 

0 

40 80 I20 

FIGURE 1. 

Water p e n e t r a t i o n  i n  p a c k e d  powder beds. * = no 
l u b r i c a n t ,  x = 1% magnesium s tearate ,  o = 2% mag- 
nes ium stearate,  A = 5% magnesium s tearate .  

10 ( A c c o r d i n g  t o  Samyng and  Yung) 

i n  t h e  i n i t i a l  s t a g e ,  by t h e  f o l l o w i n g  e q u a t i o n :  

L = K V = 2  t 

3 T h i s  w a s  f i r s t  p r o p o s e d  b y  Kozeny , r e f e r r i n g  t o  a la-  
m i n a r  n o n - s t a t i o n a r y  f l o w ,  where :  

L = p e n e t r a t i o n  l e n g t h  
V = p e n e t r a t i o n  volume 
y = s u r f a c e  t e n s i o n  of l i q u i d  
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 7 

5 1iJ 
t ( m i n )  

FIGURE 2 .  

Water p e n e t r a t i o n  i n  q u a r t z  powder bed. 
5 (According t o  Heer tyes  and Kossen) 

& = s o l i d / l i q u i d  c o n t a c t  a n g l e  
d = c a p i l l a r y  d i ame te r  
s = l i q u i d  d e n s i t y  

I t  is t h e r e f o r e  b e t t e r  t o  u s e  a more g e n e r a l  expres s ion  
u n d e r l i n i n g  t h e  v a r i a b i l i t y  of t h e  p e n e t r a t i o n  l e n g t h  
( o r  volume) - t i m e  r e l a t i o n s h i p :  

where m can  assume t h e  v a l u e  o f  1 ( s h o r t  t i m e s ,  when 
e q u a t i o n  (13) p r e v a i l s ) ,  and f i n a l l y  d e c r e a s e s  to' 0,  
as s a t u r a t i o n  is reached .  The l o g a r i t h m i c  form of  
e q u a t i o n  (14) is: 

l o g  V = l o g  K2 + m l o g  (t) 
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8 CARL1 AND SIMIONI 

Thus, if penetrability data are plotted, according to 
equation (15), on a double-logarithmic graph, m can be 
calculated from the slope of the curve ( s e e  Fig. 3 )  
for a given time interval, so that one can determine 
which equation best fits the penetration data, giving 
the operator the most correct as well as the most in- 
formative means of interpreting penetrability data. 

MEASUREMENT TECHNIQUES 

There are two basic types of experimental appara- 
tus for evaluation of fluid motion through a bunch of 
capillaries: the permeameters and the penetrometers. 

Penetration of water in powder beds. u = calcium 
carbonate] + = zinc oxide. The m values range from 
0.75 (CaC03) and 0.6 (AnO) to zero, as penetration 
is reached. 

9 (According to Schicketanz) 
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 9 

The former 11,12 measure the flow rate of a fluid under 
a pressure head through a tube with a cell in which 
the powder bed has been placed; thus one measures the 
permeability, i.e. the resistance of the porous system 
to the flow of fluid; the fluid, when measurement 
starts, must already have filled all the open channels 
of the powder plug. The penetr~metersl~,~~ 9 measure 
the rate at which the fluid, under no external pres- 
sure, penetrates the solid bed; in this case measure- 
ment starts when the fluid makes contact with the ex- 
ternal surface of the porous system but has not yet 
wetted the inner open capillaries. The motion of flu- 
id in both instruments can be described by equation 
( 3 ) ,  where the term p is related tc the forces which 
cause motion of the fluid. In gas permeameters (Fig. 
4) this p is essentially due to the pressure gradient 
across the cell in which the powder bed has been 
placed. 

C 0 

FIGURE 4 .  
C,  manometer for evaluation of Ap across Cell A; D, flowmeter with 
capillary tube bore E. 

Gas permeator. A, sample c e l l ;  B,  support gauze and f i l t e r ;  

(According to Gregg)16 

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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



10 CARL1 AND S I M I O N I  

In liquid permeameters (Fig. 5)  Ap is given by 
hydrostatic pressure due to the height of the liquid 
column. Finally, in penetrometers (Fig. 6 and 7) Ap 
is only due to capillary forces, i.e. solid/liquid in- 
teractions equations (5) and (9). In both types of 
penetrometer the flow of liquid is due to capillary 
forces which draw the liquid into the powder plug ca- 
pillaries, gravimetric pressure being negligible. 
Thus in measurements based on capillary penetration, 
the fluid enters the solid bed only by means of forces 
due to specific solidfliquid intera~tionsl~. On the 

other hand in permeability measurements the fluid is 
also subject to other external forces (hydrostatic 
pressure, gas pressure heads) which can mask possible 
behavioural differences between different solid/liquid 
systems. Great care must be taken in drawing conclu- 
sions about disintegration and deaggregation from gas 
permeability data, since the solid/gas interaction 

FIGURE 5. Liquid permeator. A, sample support gauze and filter; 
B, stopcock controlling the flow rate; C, graduated resevoir; h, con- 
stant level of liquid. (According to Allen)'* 
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 11 

FIGURE 6. 
A, support gauze with filter; B, perforated platinum disc; C ,  one- 
hole rubber stopper; D, plexigas tube; s, sample. 
of liquid, added through C, in the sample is measured with a cath- 
etometer. 

Liquid penetrometer €or penetration length measurements. 

The rate of movement 

(According to Studebaker and Snow) lL 

forces can be very different from the solid/liquind 
ones. An example was given by Ganderton, who found 
that the addition of a hydrophobic lubricant such as 
magnesium stearate18 or of a disintegranting agent 
such as ~tarch'~,~~, to magnesium carbonate tablets 
did not affect permeability, whilst it practically in- 
hibited water penetration. The addition of binders to 
granule massing also had no apparent effect on perme- 
ability of the tablets2', whilst the penetrability was 
notably altered. At any rate gas permeability data 
(especially air permeability) still retains some use- 

FIGURE ?. Liquid penetrometer for penetrated volume measurements. 
A, sample support gauze with filter; B, graduated tube,,frorn which 
the withdrawal of liquid is measured. (According to Nogami) l 3  
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12 CARL1 AM) SIMIONI 

f u l n e s s ,  s i n c e  t h e  mean r a d i u s  o f  s o l i d  bed c a p i l l a -  
ries (which i n f l u e n c e s  p e n e t r a t i o n  i t s e l f )  can be  de- 
r i v e d  from t h e s e  d a t a  by a p p r o p r i a t e l y  r e a r r a n g i n g  
e q u a t i o n  (3). 

Thus it  is  a d v i s a b l e  f o r  t h e  f o r m u l a t o r  t o  mea- 
s u r e  t h e  p e r m e a b i l i t y  of s o l i d  dosage  forms i n  con- 
j u n c t i o n  w i t h  t h e  p e n e t r a b i l i t y ,  i n  o r d e r  t o  draw t h e  
most correct and i n f o r m a t i v e  c o n c l u s i o n s .  

FACTORS INFLUENCING PENETRABlLITz 

From t h e  t h e o r e t i c a l  c o n s i d e r a t i o n s  i t  f o l l o w s  
t h a t  l i q u i d  p e n e t r a t i o n  i n t o  a p h a r m a c e u t i c a l  s o l i d  
dosage  form such  as a t a b l e t  o r  a c a p s u l e  is a func-  
t i o n  o f  t h e  po rous  s t r u c t u r e  and w e t t a b i l i t y  o f  t h e  
s o l i d  as w e l l  as  of t h e  s u r f a c e  t e n s i o n  and v i s c o s i t y  

of t h e  l i q u i d .  The f i r s t  t w o  p r o p e r t i e s  may, i n  t u r n ,  
be i n f l u e n c e d  by t h e  f o r m u l a t i o n  c h a r a c t e r i s t i c s  (p re -  
s e n c e  of l u b r i c a n t s  o f  d i s i n t e g r a t i n g  a g e n t s ,  g ranu la -  
t i o n  e t c . ) .  Thus it is  o f  p r a c t i c a l  s i g n i f i c a n c e  t o  
go i n t o  d e t a i l s  o f  how t h e s e  f a c t o r s  can  a f f e c t  s o l i d  
dosage form p e n e t r a b i l i t y .  

CHARACTERISTICS OF THE LIQUID 
V i s c o s i t y :  t h e  g r e a t e r  t h e  v i s c o s i t y  of t h e  p e n e t r a t i n g  
l i q u i d ,  t h e  slower t h e  ra te  of  p e n e t r a t i o n .  T h i s  h a s  
been obse rved  by Nogami , s t u d y i n g  t h e  p e n e t r a t i o n  of 
0.8% and 1% m e t h y l c e l l u l o s e  s o l u t i o n s  i n  magnesium 
o x i d e  tablets.  The v i s c o s i t y  of  a l i q u i d  may change 
d u r i n g  p e n e t r a t i o n  because  t h e  w e t t e d  p o r t i o n  o f  t h e  
t a b l e t  can  i n c r e a s e  v i s c o s i t y  and s l o w  down t h e  pene- 
t r a t i o n  rate.  T h i s  happens if t h e  l i q u i d  is  n o t  capa-  
b l e  of open ing  t h e  t ab l e t  s t r u c t u r e .  I f ,  on t h e  o t h e r  
hand,  t h e  l i q u i d  opens  t h e  s t r u c t u r e ,  it r e d u c e s  t h e  

6 
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 13 

v i s c o u s  resistance o f  t h e  we t t ed  p o r t i o n  o f  t h e  t a b l e t  
and t h e  p e n e t r a t i o n  r a t e  is not  slowed down . 

6 S u r f a c e  t e n s i o n :  Nogami , s t u d y i n g  water  p e n e t r a t i o n  
i n t o  a magnesium ox ide  powder bed,  r e p o r t e d  t h a t  t h e  
a d d i t i o n  o f  0.02% and 0.2% of sodium d i o c t y l s u l f o s u c -  
c i n a t e  t o  water slowed t h e  p e n e t r a t i o n  r a t e ,  w h i l e  t h e  
a d d i t i o n  o f  s u r f a c t a n t  i n c r e a s e d  t h e  p e n e t r a t i o n  rate 
i n t o  an  a s p i r i n  powder bed. These c o n t r a d i c t o r y  re- 
s u l t s  might be e x p l a i n e d ,  i n  Nogami's o p i n i o n ,  by t h e  
a d d i t i o n  o f  s u r f a c t a n t s  t o  t h e  p e n e t r a t i n g  l i q u i d  hav- 
i n g  o p p o s i t e  e f f e c t s  on t h e  c o s i n e  o f  t h e  s o l i d / l i q u i d  
c o n t a c t  a n g l e  and on t h e  l i q u i d  s u r f a c e  t e n s i o n :  t h e  
former is i n c r e a s e d ,  t h e  l a t t e r  dec reased .  Thus, i f  
w e t t a b i l i t y  ( i . e . ,  t h e  c o s i n e  of c o n t a c t  a n g l e )  is 
a l r e a d y  good, as i n  t h e  case o f  magnesium o x i d e ,  ad- 
d i t i o n  o f  a s u r f a c t a n t  p r i m a r i l y  a f f e c t s  s u r f a c e  t en -  
s i o n .  I f ,  on t h e  o t h e r  hand, w e t t a b i l i t y  is poor ,  as 

i n  t h e  case o f  a s p i r i n  powder, t h e  a d d i t i o n  o f  s u r f a c -  
t a n t  p r i m a r i l y  i n f l u e n c e s  t h e  c o n t a c t  a n g l e ,  r educ ing  
it and r a i s i n g  t h e  p e n e t r a t i o n  ra te .  

18 

WETTABILITY 

The p e n e t r a t i o n  o f  l i q u i d s  i n t o  a s o l i d  dosage 
form is d r a m a t i c a l l y  i n f l u e n c e d  by t h e  w e t t a b i l i t y  o f  
t h e  components; g e n e r a l l y ,  t h e  b e t t e r  t h e  w e t t a b i l i t y ,  
t h e  h i g h e r  t h e  p e n e t r a t i o n  ra te .  S ince  s u r f a c t a n t s  
are commonly used  i n  fo rmula t ion  bo th  as w e t t i n g  a g e n t s  
and as s o r p t i o n  promoters ,  t h e i r  i n f l u e n c e  on s o l i d  
dosage form p e n e t r a b i l i t y  shou ld  be e v a l u a t e d  ve ry  
c a r e f u l l y .  
t r a t i o n  i n  t a b l e t s  of  p o o r l y  s o l u b l e  d rugs  a f t e r  w e t -  
t i n g  w i t h  a non i o n i c  s u r f a c t a n t ;  Nogami' a l s o  claims 
g r e a t e r  p e n e t r a t i o n  f o r  a s p i r i n  t a b l e t s  we t t ed  w i t h  
sodium d i o c t y l s u l f o s u c c i n a t e .  However, adding  a s u r -  
f a c t a n t  t o  t a b l e t s  w i th  good o v e r a l l  w e t t a b i l i t y ,  may 

Aoki22 showed an  i n c r e a s e  of  water pene- 
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1 4  CARL1 AND SIMIONI 

be i n e f f e c t i v e  o r  n e g a t i v e  by s lowing  t h e  p e n e t r a t i o n  
ra te .  I n  f a c t ,  when w e t t a b i l i t y  i s  good,  t h e  d i s -  

s o l u t i o n  c h a r a c t e r i s t i c s  o f  t h e  s u r f a c t a n t  can p l a y  a 
d e c i s i v e  r o l e ,  p r i m a r i l y  a f f e c t i n g  t h e  l i q u i d  surface 
t e n s i o n  and its r h e o l o g i c a l  p r o p e r t i e s .  The d i f f e r e n t  
p e n e t r a t i o n  rates found by Coopera3 who added v a r i o u s  

s u c c i n i c  esters o f  a w e t t i n g  a g e n t  t o  tablets ,  were a t -  
t r i b u t e d  by Nogami t o  t h e i r  d i f f e r e n t  d i s s o l u t i o n .  

Another  s u r f a c t a n t  p r o p e r t y  which can  a f f e c t  pene- 
24 t r a t i o n  is HLB. T h i s  h a s  been d e t a i l e d  Hu t t en rauch  , 

u s i n g  Tween 80 (HLB=15), Span 20 (HLB=8.6) and f a t t y  
a c i d s  (HLB=l). These s u b s t a n c e s  were added e i t h e r  t o  
s t a r c h  powder,  t h e  p e n e t r a t i o n  l i q u i d  b e i n g  a ca rbon  
t e t r a c h l o r i d e - p a r a f f i n  m i x t u r e ,  o r  t o  s u l p h u r  powder,  
t h e  p e n e t r a t i o n  l i q u i d  b e i n g  water. 
f i n d i n g s  show t h a t  t h e  a d d i t i o n  o f  Span 20 t o  s u l p h u r  

powder caused  t h e  g r e a t e s t  increase i n  water p e n e t r a -  
t i o n ,  whereas  t h e  a d d i t i o n  of Tween 80 w a s  less  e f f e c -  

t i v e .  

H u t t e n r a u c h ' s  

I n  o t h e r  words t h e  g raph  o f  p e n e t r a t i o n  volume 
v s .  HLB, in t h e  case o f  t h e  s u l p h u r / w a t e r  sys t em,  
showed a maximum i n  r e l a t i o n  t o  an HLB i n  t h e  r ange  7 

t o  9.  For  t h e  s t a r c h l c a r b o n  t e t r a c h l o r i d e - p a r a f f i n  
sys t em,  t h e  p e n e t r a t i o n  volume i n c r e a s e d  l i n e a r l y  as 
HLB i n c r e a s e d  ( g r e a t e s t  penetrat ion fo r  Tween SO) w i t h  

no maximum. 

POROUS STRUCTURE 
Nogami', s t u d y i n g  t h e  p e n e t r a t i o n  of  water i n t o  

magnesium o x i d e  and a s p i r i n  t a b l e t s ,  r e p o r t e d  t h a t  t h e  
p e n e t r a t i o n  rate i n c r e a s e d  w i t h  mean pore diameter. 

I n  an i n t e r e s t i n g  s t u d y  on sucrose and lactose 
t a b l e t s ,  G a n d e r t ~ n ~ ~  found a l i nea r  u p t a k e  of  cyc lo -  

hexane  a t  lower  p o r o s i t y  (20%), w h i l e  a t  h i g h e r  poro-  
sities (30%) p e n e t r a t i o n  s lowed.  The p e r c e n t  cyc lo -  
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 15 

hexane s a t u r a t i o n  o f  t a b l e t s  ( c a l c u l a t e d  from t h e  
p e n e t r a t e d  volume and t h e  vo id  s p a c e )  when p e n e t r a t i o n  
s topped  i n c r e a s e d  a t  lower p o r o s i t i e s .  

seems t o  p l a y  a d e c i s i v e  r o l e ;  tablets  hav ing  a 
coarse p o r e  s t r u c t u r e  permi t  f a s t e r  p e n e t r a t i o n  t h a n  
tablets  w i t h  t h e  same p o r o s i t y  b u t  a more even p o r e  
s t r u c t u r e .  In  t h e  fo rmer ,  r a p i d  p e n e t r a t i o n  cou ld  
i so la te  p o r e s  by t r a p p i n g  a i r ,  so  t h a t  p e r c e n t  s a t u r a -  
t i o n  cou ld  d e c r e a s e .  

Other  a u t h o r s  who r e p o r t e d  t h e  p o s s i b l e  o c c l u s i o n  
of  p o r e s  by a i r  bubb les  were Wurstera' , Wood27, and 
Huttenrauch28.  
demonst ra t ion  o f  t h e  r e l e v a n c e  of  porous  s t r u c t u r e  i n  
p e n e t r a b i l i t y ;  i n v e s t i g a t i n g  water p e n e t r a t i o n  i n  b in -  

a r y  m i x t u r e s  (aluminum o x i d e ,  z i n c  o x i d e ,  t a l c ,  k a o l i n )  
he  found t h e  r e l a t i o n  between t h e  p e n e t r a t i o n  ra te  and 
t h e  mixing r a t i o s  s t r i c t l y  p a r a l l e l  t o  t h e  r e l a t i o n  be- 
tween p o r o s i t y  and t h e  mixing r a t i o s  . 

A t  a g iven  p o r o s i t y  t h e  p o r e  size d i s t r i b u t i o n  

The l a t t e r  h a s  also g iven  a f u r t h e r  

29 

PARTICLE S I Z E  
The powder p a r t i c l e  s i z e ,  t h e  g r a n u l a t i o n  tech- 

n i q u e ,  t h e  g r a n u l e  s ize  and t h e  compression force are 
undoubtedly f a c t o r s  t h a t  can  markedly affect pene t r a -  
b i l i t y ,  s i n c e  porous  s t r u c t u r e  depends on them. I n  

25, 30, 31 on t h i s  r e g a r d  t h e  work of Ganderton e t  a1 
l a c t o s e  and s u c r o s e  t a b l e t s  i s  fundamental .  The re- 
v e a l e d  t h a t  g r a n u l e  p o r o s i t y  w a s  g r e a t l y  i n f l u e n c e d  by 
water massing c o n c e n t r a t i o n :  as water c o n c e n t r a t i o n s  
i n c r e a s e d ,  p o r o s i t y  changed up t o  6% i n  the s u c r o s e  
g r a n u l a t e s  and up t o  10% i n  t h e  l a c t o s e  g r a n u l a t e s .  
The p o r o s i t y  o f  s u c r o s e  t a b l e t s  produced a t  any p res -  
s u r e  l e v e l  i n c r e a s e d  as t h e  g r a n u l e  size and wa te r  
massing c o n c e n t r a t i o n  dec reased .  With l a c t o s e ,  on t h e  
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16 CARL1 AND SIMIONI 

o t h e r  hand,  n e i t h e r  g r a n u l e  s ize  n o r  water mass ing  
c o n c e n t r a t i o n  a f f e c t e d  t h e  r e l a t i o n  between p o r o s i t y  
and compact ion force. 

The e f f e c t  of s u c r o s e  g r a n u l e  p r o p e r t i e s  on t h e  
mean p o r e  r a d i u s  can  be summarized by s a y i n g  t h a t  t h i s  
r a d i u s  i n c r e a s e d  as t h e  mass ing  water c o n c e n t r a t i o n  i n -  
creased and t h e  g r a h u l e  size d e c r e a s e d .  The e f f e c t  of 
t h e s e  t w o  f a c t o r s  however o n  t h e  i n t e r g r a n u l a r  mean 
p o r e  r a d i u s  is n e g l i g i b l e  a t  h i g h  compress iona l  f o r c e ;  
c o a r s e  g r a n u l e s ,  i f  compressed,  a l s o  gave  a p o o r l y  
open s t r u c t u r e .  

The e f f e c t  o f  compression on g r a n u l e  c h a r a c t e r -  
istics depended p r i m a r i l y  on t h e  g r a n u l a t i o n  t e c h n i q u e ;  
h i g h l y  po rous  and b r i t t l e  lactose g r a n u l e s ,  made by d r y  

g r a n u l a t i o n ,  f ragmented  g r e a t l y ,  g i v i n g  tab le t s  w i t h  a 
narrow p o r e  s ize  d i s t r i b u t i o n  r a n g e ,  w h i l e  s t r o n g  
g r a n u l e s  made by w e t  mass ing ,  l e d  t o  a much wider  p o r e  
s ize  d i s t r i b u t i o n .  

I n t r a g r a n u l a r  p o r o s i t y  is also i n f l u e n c e d  by t h e  
size o f  t h e  powders used  i n  massing.  Ganderton e t  a1 
32J 33 r e p o r t e d  h i g h e r  p o r o s i t y  fo r  g r a n u l e s  made by 
n e t  mass ing  o f  lactose powder w i t h  f i n e r  p a r t i c l e  s i z e ;  
however, t h e  i n f l u e n c e  o f  p a r t i c l e  size d e c r e a s e d  as 
mass ing  water c o n t e n t  i n c r e a s e d .  

ADD IT I VES 
The i n f l u e n c e  o f  d i s i n t e g r a t i n g  a g e n t s  and l u b r i -  

c a n t s  on so l id  dosage  form p e n e t r a b i l i t y  h a s  been  
tho rough ly  s t u d i e d  by many a u t h o r s ,  whereas  o t h e r  ad- 
j u v a n t s  such  as b i n d e r s ,  d i l u e n t s ,  s t a b i l i z i n g  a g e n t s  
e t c . ,  which c o u l d  markedly a f f e c t  p o r o u s  s t r u c t u r e  and 
p e n e t r a b i l i t y ,  have been almost n e g l e c t e d .  
D i s i n t e g r a n t s .  S t a r c h  is t h e  one  t h a t  h a s  been s t u d i e d  
most. Ganderton and F r a ~ e r ~ ~  r e p o r t e d  t h a t  a d d i t i o n  o f  
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PERMEABILITY AND PENETRABILITY OF SOLID BEDS 17 

starch t o  tablets  of  a s p i r i n ,  ca lc ium phospha te ,  lac- 
t o s e  and magnesium c a r b o n a t e ,  manufactured under  h igh  
p r e s s u r e ,  l ed  t o  a h i g h e r  p e n e t r a t i o n  rate.  They 
claimed t h a t  t h e  tab le t  s t r u c t u r e  is more e a s i l y  de- 

formed, t h u s  overcoming v i s c o u s  r e s i s t a n c e .  On t h e  
o t h e r  hand, w i t h  tablets  made a t  lower p r e s s u r e ,  starch 
had no s i g n i f i c a n t  effect on water p e n e t r a t i o n  rate. 
T h i s  might be due t o  v i s c o u s  r e s i s t a n c e  overcoming 
l i q u i d  uptake  by t h e  starch. 

s t u d y i n g  t h e  p e n e t r a b i l i t y  o f  c a p s u l e  powder blends 
w i t h  lactose and calcium phosphate a s  f i l l e r s ;  t h e  ad- 

d i t i o n  o f  s tarch l ed  t o  a decrease i n  water p e n e t r a t i o n  
rate.  

1 0  The same conc lus ion  w a s  drawn by Samyn and Yung , 

I n  a s p i r i n  and magnesium o x i d e  t a b l e t s ,  N ~ g a r n i ~ ~  
r e p o r t e d ,  under  p a r t i c u l a r  c o n d i t i o n s ,  a p r o p o r t i o n a l  
i n c r e a s e  i n  mean p o r e  r a d i u s  and p o r o s i t y  as t h e  
starch con ten t  i n c r e a s e d .  Although o t h e r  au tho r s36 ,37  
r e p o r t  s imilar  r e s u l t s ,  t h e r e  is l i t t l e  agreement i n  
i n t e r p r e t i n g  t h e  starch effect  on po re  diameter. The 
h y p o t h e s i s  t h a t  p e n e t r a t i o n  rate i n c r e a s e s  s i n c e  f u r -  
t h e r  l i q u i d  uptake  is promoted by starch g r a i n s  is 
more wide ly  accep ted ,  and is suppor t ed  by t h e  work of 
F r a s e r  and Ganderton38 on v a r i o u s  t y p e s  of  s t a r c h .  
The h i g h e s t  p e n e t r a t i o n  ra te  w a s  reported for magne- 
s ium c a r b o n a t e  t a b l e t s  w i t h  p o t a t o  s t a r c h ;  corn  starch 
l e d  t o  an  i n t e r m e d i a t e  rate, w h i l e  r ice starch gave 
t h e  lowest rate.  

D i f f e r e n c e s  were also reported between s ta rch  and 
other  d i s i n t e g r a t i n g  a g e n t s  such  as 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  and ion-exchange r e s i n s l 3 ,  37. Both t h e  d i f -  
f e r e n t  i n t r a g r a n u l a r  p o r o s i t y  of t h e  d i s i n t e g r a n t s 3 8  
and the  d i f f e r e n t  cohes iveness  of d i s i n t e g r a n t  p a r t i -  
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18 CARL1 AND SIMIONI 

cles were c o n s i d e r e d  r e s p o n s i b l e  f o r  d i f f e r e n t  e f f e c t s  
on water p e n e t r a t i o n  rates.  
L u b r i c a n t s .  The marked e f f e c t  o f  l u b r i c a n t s  on pene- 
t r a b i l i t y  is s u b s t a n t i a t e d  by much expe r imen ta l  d a t a ;  
e . g . ,  a d e c r e a s e  i n  water p e n e t r a t i o n  ra te  as magnes- 
ium stearate c o n t e n t  i n c r e a s e d  w a s  r e p o r t e d  i n  magne- 
s ium c a r b o n a t e  t a b l e t s z 5 .  
much i n c r e a s e d  as  t h e  l u b r i c a n t  d i s t r i b u t i o n  i n  t h e  
t a b l e t  i n c r e a s e d ,  t h e  h i g h e s t  i n h i b i t i o n  b e i n g  found 
when magnesium s t e a r a t e  w a s  added d u r i n g  w e t  mass ing .  

T h i s  i n h i b i t o r y  e f f e c t  h a s  also been  s u p p o r t e d  by  

s t u d i e s  on t ab le t s  w i t h  v a r i o u s   drug^^^?^' and on cap- 
s u l e  powder b l e n d s l O ;  t h e  m i x t u r e s  c o n t a i n i n g  magnes- 
ium stearate were p o o r l y  p e n e t r a t e d  and t ended  t o  be- 
come a h i g h l y  v i s c o u s  s l u g ;  t a l c ,  t o o ,  had a n e g a t i v e  

e f f e c t  on p e n e t r a b i l i t y ,  though less. 

T h i s  i n h i b i t o r y  e f f e c t  ve ry  

CONCLUSION 
T h i s  r ev iew demons t r a t e s  t h a t  l i q u i d  p e n e t r a -  

b i l i t y  i s  more i n f o r m a t i v e  t h a n  g a s  p e r m e a b i l i t y  i n  
p r e f o r m u l a t i o n  s t u d i e s  and development o f  o r a l  s o l i d  
dosage  forms.  

ced  by t h e  n a t u r e  o f  f o r m u l a t i o n  components, by t h e i r  
r a t io  and by t h e  manufac tu r ing  p r o c e s s e s .  I t  h a s  a l s o  
been shown t h a t  t h e  same manufac tu r ing  t e c h n i q u e s  can  
have d i f f e r e n t  e f f e c t s  on p e n e t r a b i l i t y ,  depending  on 
t h e  t y p e  and r a t i o  o f  c o n s t i t u e n t s ,  and t h a t  a t  a 
g iven  p o r o s i t y ,  t h e  p e n e t r a t i o n  rate may d i f f e r .  

cess t h e  f i r s t  s t a g e  is c o n t a c t  o f  t h e  d rug  w i t h  G.I. 
f l u i d s ,  i t  is impor t an t  t o  s t u d y  t h e  mechanism by which 
body f l u i d s  p e n e t r a t e  t h e  s o l i d  dosage  forms.  L a s t l y ,  
t h e  p e n e t r a t i o n  rate also depends  on some p h y s i c a l  

I t  h a s  been shown t h a t  p e n e t r a b i l i t y  is  i n f l u e n -  

I f  one  c o n s i d e r s  t h a t  d u r i n g  t h e  a b s o r p t i o n  pro-  
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Pt iEABILITI AND PENETRABILITI OF SOLID BEDS 19 

c h a r a c t e r i s t i c s  of  t h e  p e n e t r a t i o n  l i q u i d .  T h i s  c o u l d  
be  of interest  i n  de t e rmin ing  dosage  regimens s i n c e  it 
g i v e s  an i n d i c a t o r  of how w e l l  d e f i n e d  p h y s i o l o g i c a l  
c o n d i t i o n s  ( e . g . ,  stomach c o n t e n t s )  can a f f e c t  pene t r a -  
t i o n  of G . I .  f l u i d s  i n t o  t h e  dosage form, t h u s  modify- 
i n g  its d i s i n t e g r a t i o n  and drug  d i s s o l u t i o n  and hence 
b i o a v a j  l a b i l i t y .  
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