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ABSTRACT. 

The influence of e l e c t r o l y t e s ,  su r f ac t an t s  i n  the  d isso lu t ion  

medium, and p a r t i c l e  s i z e  of d r u g  and montmorillonite on the  fi 
_- v i t r o  r e l ease  of the  so luble  model drug sodium su l f a th i azo le  from 

d i r e c t l y  compressed slow-release t a b l e t s  cont.aining 20% d r u g  and 30% 

magnesium aluminum s i l i c a t e  was inves t iga ted .  The presence o f  

e lec t ro ly t e s  i n  the d isso lu t ion  media decreased the  re lease  from the  

t a b l e t s .  A decrease in  re lease  was ailso observed in  deionized water 

when sodium chlor ide  was included in  the t a b l e t  formulation. The 

surface tension of t he  media appeared t o  have l i t t l e  influenice on 

the  d isso lu t ion  r a t e  of t he  d r u g .  

d r u g  had a g rea t e r  e f f e c t  on r e l ease  r a t e s  t h a n  varying the  p a r t i c l e  

s i z e  of the  montmorillonite c lay .  

Varying the p a r t i c l e  s ize  of t he  
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7 a4 HARRIS AND MC G I N I T Y  

INTRODUCTION 

Magnesium aluminum s i l ica te ’  has been used successfully t o  slow 

the in v i t ro  release of sodium sulfathiazole from direct ly  compressed 

tablets .  

the twenty percent level.  

clay into the formulation a t  a t h i r ty  percent level permitted the 

tablets  t o  be wetted very slowly. 

preparation were described i n  an ea r l i e r  report  (1 ) . 

The soluble model d r u g  was included in the formulation a t  

The incorporation of the montmorillonite 

The tab le t  formula and method of 

I n  the f i r s t  paper of th i s  ser ies  ( l ) ,  the effects  of t ab le t  

hardness and ra te  of agi ta t ion d u r i n g  dissolution t e s t s  were report- 

ed. 

as release o f  drug increased as the s t i r r i n g  ra te  of the rotating 

basket was increased. I t  was also shown tha t  the pH of the dis- 

solution media influenced the release pattern for  these tablets .  

Tablet hardness had an insignif icant  e f fec t  on release,  where- 

I n  the present study the effects  of several other variables on 

the ra te  of release of sodium sulfathiazole will be discussed. 

These variables include electrolyte  changes i n  the dissolution med- 

i u m ,  the e f f ec t  of including electrolyte  i n  t h e  fornulation and 

changing the par t ic le  s ize  of both d r u g  and clay. 

EXPERIMENTAL 

The materials and techniques used in preparing tablets  and 

studying release rates  were described previously (1 ). 

sodium chloride 

Reagent grade 
2 was pulverized, and passed through a n  80 mesh screen 

1. 

2. Fisher Scient i f ic ,  Fair Lawn, NJ 074103. 

Veegum F@, R.  T .  Vanderbilt, Norwalk, CT 06855 
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FACTORS AFFECTING DRUG RELEASE 785 

p r io r  t o  use. 

level replacing dicalcium phosphate dihydrate.  To inves t iga t e  ion ic  

s t rength  e f f e c t s  of the d isso lu t ion  mledia, t h i s  e l e c t r o l y t e  was 

added t o  0.1N HC1 t o  make 0.5M and 4.0M solut-ions in  sodium chlor ide .  

The surface tension of 0.1N HC1 was reduced by the  inclusion of a 

I t  was incorporated in to  the  formulation a t  a 15% 

nonionic su r fac t an t ,  polysorbate 80'. 

was received a s  the micronized montmorillonite c l ay ,  Veegum F 

( 2  5 0 ~ ) .  

pare granules of d i f f e r e n t  p a r t i c l e  s i zes .  

p a r t i c l e  s i z e  was inves t iga ted  by comparing t a b l e t s  prepared with 

the 60-120 mesh (250-125 microns) f r ac t ion  w i t l h  those prepared with 

the  micronized c lay .  

Magnes'ium aluminum s i l i c a t e  

0' 
This microfine c lay  was wet granulated with water t o  pre- 

The e f f e c t  of the  c lay  

4 Sodium su l f a th i azo le  was received as ver.{ coarse granules.  

This eliminated the  necessity of a granulating s t e p  t o  obtain the  

desired p a r t i c l e  s i zes .  

t l e  and separated in to  two p a r t i c l e  s i z e  range;: 40-60 mesh (420- 

250 v ) ,  and the  f r ac t ion  passing through a number 200 mesh ( l e s s  

than 74 p) screen. 

The d r u g  was ground w i t h  a mortar a n d  pes- 

The  prototype formulation ( 1 )  was used t o  prepare t a b l e t s  i n  

The l eve l s  of a l l  which s i z e s  of both clay and d r u g  were var ied .  

o ther  ingredients and t h e i r  p a r t i c l e  s i z e s  were held constant.  

Table 1 l i s t s  the p a r t i c l e  s i zes  of drug and c lay  in the  four t a b l e t  

formulations. 

3. Tween 80, ICI, Wilmington, DE 19899 

4. City Chemical Corp., New York, N Y  10001 
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786 HARRIS AND MC GINITY 

TABLE 1. Size Fractions of Drug and Clay f o r  Table t  
Formulas 1 to  4. 

Formula Formula Formula Formula 
#l #2 #3 #4 

Montmorillonite Claya 60-120 60-120 c325 <325 
mesh mesh mesh mesh 

Sodium Sul fathiazole 470  40- 60 <170 40-60 
mesh mesh mesh mesh 

a Veegum F @ 

Dissolution conditions, with the exception of differ ing media, 

were the same as previously described ( 1 ) .  

data represent the mean of three or more runs. 

ed spectrophotometrically a t  the Xmax of sodium sulfathiazole in 

each dissolution medium. 

The reported dissolution 

Samples were assay- 

RESULTS AND DISCUSSION 

Tablets prepared with 30% magnesium aluminum s i l i c a t e  did not 

disintegrate  when they were exposed t o  an aqueous medium. Instead, 

they slowly swelled to  a larger volume and a thick gelatinous layer 

formed around the tab le t  matrix. 

tween the dissolution medium and the unwetted core. The release of 

sodium sulfathiazole from these tablets  was very slow. 

bable tha t  hydration of the clay played a s ignif icant  role in the 

release character is t ics  o f  the d r u g .  As the dissolution medium pene- 

t ra ted t h r o u g h  the gel layer,  the drug dissolved and diffused through 

the barr ier  into the bulk medium. Sodium sulfathiazole was very 

This layer served as a barr ier  be- 

I t  i s  pro- 
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FACTORS AFFECTING DRUG RELEASE 787 

Key: 0 No NaCl 
0 0.5M NaCl 
rn 4M NaCl 

0 1 2 

T i m e  ( h r )  

Figure 1 Influence of ion ic  s t rength  of tkie medium on the 
d isso lu t ion  r a t e  o f  sodium su l f a th i azo le  in 0.11N HCI 
a t  37" and s t i r r e d  a t  50 rpm. 

soluble i n  the d isso lu t ion  medium and sink corid 

during the  d isso lu t ion  s tudies .  

E lec t ro ly tes  a r e  known t o  a f f e c t  the  swell 

t ions  prevailed 

ng  p roper t ies  of 

montmorillonite c lays  ( 2 , 3 ) .  The presence o f  e lec t ro ly t e s  was found 

t o  decrease the  degree of swelling 01- the clay in proportion t o  the 

amount of e l e c t r o l y t e  i n  so lu t ion .  This i s  exemplified in Fig. 1 

where the re lease  r a t e  decreased with increasing ion ic  s t rength  o f  

the d isso lu t ion  media. These r e s u l t s  ind ica te  t h a t  the swelling of 

the  t a b l e t  (hydration o f  the  c l ay )  was an important f ac to r  i n  

cont ro l l ing  d r u g  re lease  from the  dosage form. 
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788 HARRIS AND MC GINITY 

100 

80 

c 0 - 
c) = 
G 60 
n 

m 
x 

40 

- m 

Key: NO sodium chlor ide  in t a b l e t  

0 Tablet  w i t h  15 sodium chlor ide  

0 1 2 3 4 5 6 
Time ( h r )  

Figure 2 Influence of sodium chloride in the slow-release tablets  
on the dissolution ra te  of sodium sulfathiazole in 
deionized water a t  37" and s t i r red  a t  50 rpm. 

Inclusion of sodium chloride in the tab le t  formulation a t  the 

15% level had a similar e f fec t  in deionized water as seen in Fig. 2. 

I t  should be pointed out tha t  the i n i t i a l  l inear  phase previously 

observed ( 1 )  and reported in Fig. 2 did n o t  occur with tablets  con- 

taining sodium chloride. However, no e lectrolyte  e f fec t  was observed 

when the dissolution t e s t  was carried out in 0.1N HC1, Fig. 3. The 

rate  of hydration of the clay was reported to  be slower a t  lower 

pH's ( 4 ) .  Therefore, the e f fec t  of the electrolyte  may be over- 

shadowed by th i s  fac t .  

tering the so lubi l i ty  of sodium sulfathiazole as dissolution media 

penetrated the tablet .  

present in the penetrating media, the ra te  of dissolution of d r u g  

There could also be a common ion e f fec t ,  a l -  

Since a great number of sodium ions were 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



0 1 2 3 5 6 

Time ( h r )  

Figure 3 Influence o f  sodium chlor ide  in  the  slow-release t a b l e t s  
on the d isso lu t ion  r a t e  O F  sodium su l f a th i azo le  i n  0.1N 
H C 1  a t  37" and s t i r r e d  a t  50 rprl. 

I i i i i e  ( h r )  

Figure 4 Influence of a su r f ac t an t  in the  medium on the  
d isso lu t ion  r a t e  o f  sodium su l f ,? th iazole  from s l o w  
re lease  t a b l e t s  a t  37" and stir ired a t  50 rpm. 
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790 HARRIS AND MC GINITY 
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FACTORS AFFECTING DRUG RELEASE 79 1 

a t  t he  gel-matrix i n t e r f a c i a l  l ayer  may be decreased. (Sink condi- 

t ions  would s t i l l  be maintained in  the b u l k  medium, however.) 

The influence of including a surfactant;  in the  d isso lu t ion  med- 

ium can be seen in  F i g .  4. There was no s i g n i f i c a n t  e f f e c t  on re- 

l ea se  of d r u g  from the  t a b l e t  when a nonionil:: su r f ac t an t  was added 

t o  the  d isso lu t ion  medium a t  the  2% leve l .  

The physical p roper t ies  of t a b l e t s  prepared kiith various p a r t i -  

c l e  s'izes of d r u g  and clay a r e  giver1 in  l a b l e  2. 

1 i s  e s s e n t i a l l y  the  same as the  prototype flormula previously repor t -  

ed ( 1 : ) .  

weight (560-599 mgj and hardness (4.5-6.6 k g ) .  Tablet formula 4 

gave a very high f r i a b i l i t y  value ind ica t ing  poor bonding o f  the  

f i n e  clay upon compression. I t  has been found t h a t  the  moisture 

content o f  the  montmorillonite granLiles and t h a t  o f  f i n e  powder was 

not s ign i f i can t ly  d i f f e r e n t  a f t e r  s imi l a r  treatments. 

e lec t ron  microscopy has indicated tkiat t he  surface morphology of 

b o t h  t he  c lay  granules and f i n e  powder appear t o  be very s imi la r .  

Therefore, i t  was assumed t h a t  the  high f r i a b i l i t y  was due mainly 

t o  the  p a r t i c l e  s i z e  of the  c lay .  

could have resul ted from the  1 ow hardness. 

Tablet formula 

Tablets were prepared to  be approximately the  same average 

Scanning 

I n  add i t ion ,  the  high f r i a b i l i t y  

Content uniformity data f o r  t a b l e t  forrncilas 3 and 4 were ob- 

tained from t a b l e t s  of approximately the  same weight because of the  

la rge  var ia t ion  in  weight uniformity. 

mulas 1 and 2 were chosen a t  random and analyzed f o r  d r u g  content.  

The inclusion of b o t h  d r u g  and clay as very f 'ine powders in formula 

#3, resu l ted  in the  g r e a t e s t  var ia t ion  in  mealn t a b l e t  weight. 

Tablets prepared from for -  
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Key: T a b l e t  Formula #2 

m Table t  Formula #4 

0 T a b l e t  Formula #1 

0 T a b l e t  Formula #3 

HARRIS AND MC GINITY 

0 1 2 3 4 5 6 

Time ( h r )  

Figure 5 Influence of the par t ic le  s ize  of sodium sulfathiazole 
and montmorillonite clay on the dissolution ra te  of 
sodium sulfathiazole from slow-release tab le t s  in 0.1N 
H C l  a t  37" and s t i r red  a t  50 rprn. 

The par t ic le  s izes  of both d r u g  and clay were found t o  a l t e r  

the dissolution profiles of these tablets  as shown in Fig. 5. 

rank order of release rates  from fas t e s t  t o  slowest was as follows: 

The 

Formula 2 > 4 > 1 z 3 

The tab le t s  containing coarse drug  ( 2  and 4 )  gave the f a s t e s t  re- 

lease ra tes ,  whereas those containing f ine d rug  (1 and 3) gave the 

slowest rates.  Changing the par t ic le  s ize  of the montmorillonite 

appeared t o  have an insignificant e f fec t  when coarse drug was in- 

cluded ( 2  and 4 ) .  However, a s ignif icant  decrease in the release 
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FACTOES AFFECTING DRUG RELEASE 793 

r a t e  was seen when the clay was included in the formula a s  (3 f i n e  

powder with f i n e  d r u g  ( 1  and 3 ) .  

In summary, t a b l e t s  containing 30% montmorillonite have been 

prepared by d i r e c t  Compression and such t a b l e t s  provide f o r  a slow 

- in -- v i t r o  re lease  of a soluble model d r u g ,  sodium su l f a th i azo le .  

The in v i t r o  re lease  r a t e  of d r u g  was not influenced by the presence 

o f  sur fac tan ts  i n  the  d isso lu t ion  medium. However, i t  was found to  

be a f fec ted  by the presence of e l ec t ro ly t e s  111 the d isso lu t ion  

media and in the  t a b l e t ,  and the  p a r t i c l e  :,iirc? o f  the  d r u g  (and c lay .  
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