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ABSTRACT 

The re lease  o f  sodium su l f a th i azo le  from slow-release t a b l e t  

dosage forms containing 30% col lo ida l  aluminum s i l i c a t e  and 20% 

d r u g ,  appears t o  follow f i r s t - o r d e r  k ine t i c s .  

data however, suggests t h a t  several mechanisms including hydra- 

t ion  o f  the  c lay ,  d i f fus ion  of d r u g  through a hydrated gelatinous 

ba r r i e r  and a t t r i t i o n  of the  gel laye\* may cont r ibu te  t o  the  d is -  

solution of sodium su l f a th i azo le  from the t a b l e t  matrix. The in- 

fluence of t a b l e t  shape and s i z e  on the  dissolLition proper t ies  of 

d r u g  from the dosage forms was a l so  examined. 

Analysis of the  

INTRODUCTION ___-__- 

Previous reports by the  authors have addrtlssed the  various 

parameters t h a t  influence the  d isso lu t ion  of the  model d r u g ,  so- 

dium su l f a th i azo le  from cont ro l led- re lease  matrix t a b l e t s  contain- 

ing the  montmorillonite c l ay ,  magnesim alumirwm s i l i c a t e  ( 1 ,  2 ) .  

A number of var iab les  including pH of the d isso lu t ion  media; 
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79 6 HARRIS AND MC GINITY 

part ic le  s ize  of b o t h  d rug  and  clay; presence of e lectrolytes;  

and the degree of agitation during the dissolution t e s t s  have a l l  

been found t o  influence the dissolution rate  of the drug.  

release rate  however, was not  affected by tab le t  hardness or the 

surface tension of the dissolution media. 

The 

When exposed to  an  aqueous environment, the tab le t s  were 

found t o  swell and form a viscous gel layer a t  the tab le t  surface. 

This hydrated gelatinous layer served as a barr ier  between the 

dissolution media and the unwetted core of the tab le t .  Controlled- 

release tablets  u t i l i z ing  cellulose derivatives or various gum 

materials as the mat r ix  material have been described in the l i t e r -  

a ture  (3-7) .  

mechanism of d r u g  release from montmorillonite containing tab le t s .  

When d r u g  release from a dosage form follows a diffusion- 

This paper describes studies concerned with the 

controlled matrix model, the quantity of drug  released per unit  

exposed area i s  proportional t o  the square root  of time (8,  9 ) .  

Some of the constraints of th i s  model (known as  the Higuchi model) 

are n o t  obeyed with the present system containing the montmorillo- 

n i te  clay since the surface area of the tablets  does n o t  remain 

constant during the dissolution t e s t s  and  d r u g  release from the 

en t i re  tab le t  surface i s  occurring. Cobby, e t  a l . ,  (10, 11) have 

derived equations for  f i t t i n g  release data for  whole tablets .  How- 

ever, these expressions also require a constant surface area over 

the t e s t  period. 

EXPERIMENTAL 

Tablets of various shapes and total  weights were prepared 

using materials and techniques described previously ( 1 ,  2 ) .  
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MECHAN1:SM OF RELEASE 79 7 

Capsule, ovai a n d  cy l indr ica l  Slldped tdblets PIC'? e coi,ipressed' from 

the same batch of granulation. Cyl inlrlrical srciped t a b l e t s  01' 

th ree  d i f f e ren t  weights were a l so  preijared. These t db le t s  were 

subjected t o  d isso lu t ion* ,  hardness3, and friati71ity4 t e s t s .  

Cylindrical t a b l e t s  with a rilean w i g h t  o f  898 mq were used to 

evaluate the  penetration o f  disso lu t ion  media t h r o u q h  the  ge'l 

l ayer .  

s tud ies .  Tablets were exposed t o  d i sso lu t ion  iiedia under the 

usual t e s t  conditions f o r  ce r t a in  periods o f  time and then rcmoved. 

The method of Bamba e t  g_. , ( 7 )  was employed f o r  these  

The gelatinous layer  surrounding the  ltablet w(3: mechanically re- 

moved and the  unwetted portion o f  t he  t a b l e t  I S ~ S  assayed f o r  d r u g  

content.  The d isso lu t ion  media was smpled  for drug content a t  

the  same time in t e rva l s .  

v io l e t  spectroscopy a t  the  wavelength f o r  m a x i m u m  absorption in 

each d isso lu t ion  mediumr5. 

The d r u g  content was analyzed by u l t r a -  

- RESULTS A N D  DISCUSSION 

The influence of t a b l e t  weight on the  u z r o  re lease  pro- 

f i l e s  i s  shown in Fig. 1 .  As the  weiqht of t h i -  t a b l e t s  increased 

the r a t e  of d r u g  re lease  decreased. It has prrviously been shown 

( 1 )  t h a t  the degree of ag i t a t ion  during the  d isso lu t ion  t e s t  will  

1 .  Stokes Model F ,  Single punch tabli?t  machlirici 

2 .  Hanson s i x  spindle apparatus 

3. Heberlein hardness t e s t e r  

4. Roche F r i ab i l a to r  

5. Beckman model 25 spectrophotometer 
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798 HARRIS AND MC G I N I T Y  

0 1 2 3 4 5 6 

Time ( h r )  

Figure 1 Influence o f  t a b l e t  weight on the  d isso lu t ion  r a t e  of 
sodium su l f a th i azo le  from slow-release t a b l e t s  i n  O.1N 
HCL a t  50 RPM and 37: 

in f luence  the r e l ease  r a t e  of d r u g  from the  dosage forms. 

f a s t e r  s t i r r i n g  speeds, f r i c t i o n  between the  d i s so lu t ion  basket 

and the  t a b l e t  rap id ly  removed t h e  hydrated boundary layer .  

sion of this  gelatinous layer  was a s i g n i f i c a n t  f a c t o r  i n  cont ro l -  

l i n g  o r  a l t e r i n g  the observed r a t e  o f  drug re lease .  

release,shown in Fig. 1 f o r  the  l a rge r  t a b l e t s  i s  possibly due 

t o  t h e i r  l a r g e r  surface a reas  which r e s u l t  i n  longer periods of 

time f o r  the  l a r g e r  t a b l e t s  t o  hydrate and f o r  the  gelatinous 

layer  around the  t a b l e t  t o  erode from the  dosage form. 

A t  

Ero- 

The  slower 

The proper t ies  of t a b l e t s  of various weights and shapes a r e  

The f r i a b i l i t y  o f  t he  cy l indr ica l  t a b l e t s  i n -  shown i n  Table 1 .  

creased a s  the weight of the t a b l e t s  increased. Several of the 
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MECHANISM OF RELEASE 799 
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HARRIS AND MC G I N I T Y  800 

100 

D 3 

0 

y 40 
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L W a 

20 

Time ( h r )  

Figure 2 Influence of tablet  shape on the dissolution ra te  of 
sodium sulfathiazole from slow-release tablets  in deion- 
ized water a t  50 RPM and 379 

Key: C y l i n d r i c a l  Shape 
0 Capsule  Shape 
0 Oval Shape 

0 1 2 3 4 5 6 

Time ( h r )  

Figure 3 Influence of tablet  shape on the dissolution rate  of 
sodium sulfathiazole from slow-release tablets  in 0.1N 
HCL a t  50 RPM and 379 
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MECHANISM OF RELEASE 80 1 

capsule shaped t a b l e t s  were broken d u r i n q  t h e  f r i a b i l i t y  t e s t ,  thus 

n e g a t i n q  t h e  r e s u l t s  of t h i s  t e s t  f o r  t hese  t a b l e t s .  An examina- 

t i o n  o f  t h e  da ta  i n  Table 1 suggests t h a t  t h e  I y l i n d r i c a l  t a b l e t s  

w i t h  a mean we igh t  o f  470 mg d i s p l a y e d  t h e  most u n i f o r m  p r o p e r t i e s  

as w e l l  as t h e  l owes t  f r i a b i l i t y  va lues.  S ince a l l  t a b l e t s  were 

prepared f rom t h e  same g r a n u l a t i o n ,  i t  would a t y e a r  t h a t  f o rmu la  

m o d i f i c a t i o n s  o f  t h e  rema in ing  dosage forms may be necessary t o  

o p t i m i z e  t a b l e t  p r o p e r t i e s  such as we igh t  u n i f o r m i t y ,  hardness, 

drug c o n t e n t  u n i f o r m i t y  and f r i a b i l i t y .  

The d i s s o l u t i o n  p r o f i l e s  i n  F igs .  2 and 3 (compare t h e  r e l e a s e  

o f  d rug  f rom capsule, ova l  and c y l i n d r i c a l  t a b l ( ? t s  i n  de ion i zed  

water  arid d i l u t e  h y d r o c h l o r i c  a c i d  r e s p e c t i v e l y  

o f  t h e  c y l i n d r i c a l  t a b l e t s  was 630 mg. The r e l e a s e  p r o f i l e s  f o r  

t h e  capsule shaped t a b l e t s  were s l i g h t l y  f a s t e r  t han  t h e  ova l  and 

c y l i n d r i c a l  t a b l e t s  i n  d e i o n i z e d  wa te r .  I n s i q n r f i c a n t  d i f f e r e n c e s  

were seen i n  d i l u t e  h y d r o c h l o r i c  a c i d .  These w s u l t s  i n d i c a t e  

t h a t  t h e  shape o f  t h e  t a b l e t  does n o t  have a s i q n i f i c a n t  i n f l u e n c e  

on t h e  d i s s o l u t i o n  r a t e  o f  t h e  d rug  from t h e  dosage form. 

The mean we igh t  

A semi log p l o t  ( F i g .  4 )  o f  p e r c e n t  d rug  r m i a i n i n q  i n  t h e  

t a b l e t  as a f u n c t i o n  o f  t i m e  f o r  t h e  630 mg and 470 mg c y l i n d r i c a l  

t a b l e t s  showed reasonable 1 i n e a r i t y .  Regression a n a l y s i s  r e w l t e d  

i n  c o r r e l a t i o n  c o e f f i c i e n t s  o f  -0.996 and -O.95lj7 r e s p e c t i v e l y .  Data 

f o r  t h e  898 mg t a b l e t  gave s i m i l a r  r e s u l t s  b u t  were l e f t  o u t  f o r  

c l a r i t y .  When t h i s  same da ta  was p l o t t e d  as pe rcen t  drug i n  ' j o l u -  

t i o n  as a f u n c t i o n  o f  t h e  square r o o t  o f  t ime ,  p r o f i l e s  w i t h  two 

l i n e a r  phases r e s u l t e d  as seen i n  F i g .  5.  T h e w  was an i n i t i d 1  
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80 2 HARRIS AND MC G I N I T Y  

Key: 0 630 mg Tablet 

Slope = -0.17 

Intercept  = 99.91 

Correlation Coeff ic ient  = -0.996 

0 470 mg Tablet 

Slope = -0.25 

Intercept  = 100.00 

Correlation Coeff ic ient  = -0.997 

0 1 

Figure 4 Semi-log p 
t ab le t s  as 
and 379 

2 3 4 5 
TIME (Hr) 

ots  of percent d r u g  remaining in s 
a function of time, i n  0.1N HCL a t  

6 

ow-release 
50 RPM 

l inear  phase for  early time points. 

a t  30 minutes where a second l inear  phase w i t h  a more posit ive 

slope describes the data fo r  the remainder of the study. 

A break in the curve occurred 

The i n i t i a l  l inear  portion of the biphasic response was p ro -  

bably due t o  dissolution of d r u g  from the surface of the t ab le t ,  

in addition t o  the d rug  released during the formation o f  the 

hydrated gelatinous layer surrounding the tab le t .  As the tab le t  

swelled, the m a t r i x  decreased in s ize  and the diffused d rug  from 

t h e  tablet  matrix and the gelatinous layer resulted in the second 
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804 HARRIS AND MC G I N I T Y  

l inear  phase as seen in Fig. 5.  

since the ra te  of d r u g  release was determined from tab le t s  where 

the surface areas was constantly changinq, the profiles in Fig. 5 

do not  represent a r igid application of the Higuchi model (8,  9 ) .  

I t  should be pointed o u t  t h a t  

Schwartz and co-workers ( 1 2 )  reported t h a t  the t rue mechanism 

of release of drua from controlled-release preparations could be 

determined by plott ing release rates  a t  various times, versus the 

reciprocal of the amount released, or  the amount of d rug  released. 

The rates  were obtained from a Cartesian plot of amount released 

versus time. These authors suggested that  i f  the mechanism was 

f i r s t  order, then the plot of release ra te  versus amount released 

should be l inear .  However, i f  the mechanism was diffusion control- 

led,  then the plot of ra te  as a function of the reciprocal of the 

amount of d r u g  released would be I t  was assumed t h a t  the 

surface area of the tablets  would remain constant for  the en t i re  

study. Treatment of the d a t a  for  the montmorillonite tablets  

according t o  the methods of Schwartz and co-workers (12) yielded 

the profiles shown in Figs. 6 and 7 .  The non-linear prof i le  in 

Fig. 6 and the l inear  profile in Fig. 7 suggested that  the mech- 

anism of d r u g  release was t ru ly  f i r s t  order. However, due to  the 

observed swelling of the tab le t s  a n d  formation of a oelatinous 

layer,  diffusion of d r u g  t h r o u g h  t h i s  barr ier  i s  an important 

parameter t o  be considered. 

inear.  

The plots of percent d r u g  released in 0.1N HC1 and deionized 

water, as a function of the percent d r u a  i n  the unwetted core are  

shown in Figs. 8 and 9 ,  respectively. If the gelatinous hydrated 

layer surrounding the tab le t  matrix was completely void of d r u q ,  
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MECHANISM OF RELEASE 805 

30.0-  
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Figure 6 P ro f i l e  o f  disso lu t ion  r a t e  G. the reciprocal of the  
amount o f  d r u g  i n  so lu t ion  f o r  slow-release tabllets 
(630 mg) i n  0.1M H C L .  

Amount i n  5 o l u t i o n  ( i n q )  

Figure 7 P ro f i l e  o f  disso lu t ion  r a t e  E. t he  amount of d r u g  i n  
so lu t ion  f o r  slow-release t a b l e t s  1(630 mg) in 0.1N HCL. 
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Figure  8 Profi le  of the percent drug unreleased from slow-released 
tab le t s  (630 mg) vs. the percent d rug  i n  the unwetted 
core in 0.1N HCL 37". Key: .experimental data;  --- 
theoretical  l ine.  

then a l inear  prof i le  with a slope of unity and zero intercept 

should be obtained. These prof i les  i n  Figs. 8 and 9 are  represen- 

ted by the broken l ines .  The data for  both 0.1N HC1 and deionized 

water do not coincide with the broken l ines  indicating that  d r u g  

was present in the hydrated layer surrounding the tab le t  mat r ix .  

From the distance between the l ines  fo r  both media, i t  i s  possible 

to  calculate the concentration of d r u g  in the hydrated layer a t  

the various times. 

1.0, 2.0,  and 3.0 h r . )  

(Data points were calculated a t  0.25, 0.5,  

The prof i le  in acid appears t o  be l inear  
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I-' 
S 

u 
aJ a 
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Percent I n  llnwetted Core 

Figure 9 P ro f i l e  o f  t he  percent drug unreleased from slow-released 
t a b l e t s  (630 mg) G. the  percent d r u g  i n  t he  unwetted 
core i n  deionized water a t  37". Key: @experimental data; 
---theoretical  l i n e .  

w i t h  a pos i t ive  slope o f  1.33 and a POSitiVe in te rcept  of 12,.6. 

The in t e rcep t  ind ica tes  t h a t  approximdtely 12.6 percent of the d r u g  

remains in the  t a b l e t  when the  matrix has been completed hydrated. 

The l i n e a r i t y  i n  t h i s  case was i n  agreement with the  d isso lu t ion  

r e s u l t s  i n  d i l u t e  ac id ,  where the  re lease  of d r u g  during the  time 

period of 0.25 t o  3 hr. approached l i n e a r i t y  ( 1 ) .  The r e s u l t s  in 

deionized water as shown i n  Fig. 9 produced a non-linear r e l a t ion -  

sh ip  which a l so  agreed w i t h  the r e l ease  profi  l e s  previously obser- 

ved i n  this medium ( 1 ) .  I t  can be seen from the  p r o f i l e  i n  F i g .  9 
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808 HARRIS AND MC G I N I T Y  

t h a t  a f t e r  0.5 h r . ,  approximately 10% of the drug  had been released 

into the dissolution medium. 

mained in the unwetted core or matrix of the tab le t ,  which indica- 

ted tha t  35% of the d r u g  in the dosage form was trapped in the 

hydrated layer surrounding the matrix. 

was trapped i n  the hydrated layer decreased to  approximately 12.6%. 

The prof i les  in Figs. 8 and 9 help support previously reported 

data which showed t h a t  as the s t i r r ing  ra te  increased, the dissolu- 

tion ra te  of the d rug  also increased ( 1 ) .  

the elevated s t i r r ing  conditions resulted i n  a fas te r  hydration 

ra te  of the tab le t  matrix and rapid removal o f  the hydrated layer 

surrounding the matr ix .  

more rapidly into solution a s  the gelatinous layer was removed 

from the tab le t  matrix. 

However, only 55% o f  the d rug  re- 

After 3 hr . ,  the drug  tha t  

Friction generated from 

Drug trapped in the hydrated layer passed 

I n  summary, i t  has been shown t h a t  many variables a f fec t  the 

observed release ra tes  of a soluble drug  from tab le t  formulations 

containing montmorillonite. 

number of factors  influence d r u g  release including hydration of the 

clay,  diffusion o f  d r u g  through the gel barr ier  and a t t r i t i o n  of 

the gel layer. 

The release data indicate tha t  a 
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