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A RSTMCT -- 
Slow-release t a b l e t s  c o n t a i n i n g  20% sodi iun sill f i i t h i a z o l c  

and 30% magnesium alumininn s i l i c a t e  werc prqwrcd I I ~  t l i r c c t  

compress ion t echn iques .  Disso 1 :it i on s tutl i cs i nd i CD tcd tlia t 

t a h l e t  ha rdness  c x e r t c d  a iiegl i g i h l u  inf l i i c i icc  on tlriig rcIc:isc 

f r o m  t h e  t a b l e t s .  During thc d i s s o l u t i o n  proccss ~lhc c l a y  

 lowly swelled to form it gcla t i i io i r s  Iiyclratcd lnycr araiiiid the 

t a b l e t  mutrix. A t  f o s t e r  s t i r r i n g  spccftls, f r i c t i o n  Iwtwecii the 

d i s s o l u t i o n  b a s k e t  and t h e  t : iblet  r a p i d l y  removed tlic h v d r a t c d  

boundary r e g i o n  and r c s u l t c d  in :I more rapid t l i s s u l u t i o n  r n t c  

of t h e  sulfonalaide.  F a s t c r  r a t e s  of d i s s o l i i t i n l i  wcrc sccii i n  

deionized water than  i n  d i l i i t c  a c i d  since the c l a y  hydrotcd 

Cbntmori l l o n i t e ,  

aluminum s i l ica te  is w dely used i n  p l r a r m c c u t i c o l  dosagc forms 

399 
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a s  il r~~s ipc i id ing  a g e n t  and a t a b l e t  d i s i n t e g r a n t .  The a v a i l a b i l i -  

t y  of s e v e r a l  grades of t h e  c l o y  wi th  v a r y i n g  p h y s i c a l  and  cllemi- 

col p r o p e r t i e s  liar i n c r e a s e d  t h e  p o t e n t i a l  u s e  of umi i tmr i  I l o n i t e  

i n  f o r m u l a t i o n s  for s p e c i a l  uppl  i ca t  ions .  

P rev ious  s t u d i e s  by McCinity ~f. G., (1-5)  have  been con- 

ce rned  wi th  t h e  i n t e r a c t i o n  of rrontmori L l o n i t e  w i t h  v a r i o u s  

pha rpuceu t i c ; r l s  and t h e  5 2  v i t r o / i n  v i v o  r e l e a s e  c h a r a c t e r i s t i c s  

of rlnip horn t h e s e  d rug-c l ay  a d s o r b a t e s .  The surface of the 

p o n t m r i  I l on i  t e  b e i n g  n e g a t i v e l y  cha rgod  i n t e r a c t s  s t r o n g l y  

wi th  p o s i t i v e l y  cha rged  d rugs  ( 1 ) .  Ihis i n t e r a c t i o n  has bran 

&moiis t r i tcd  to  p r o l o n g  t h e  r e l l t u s e  aiid absorptioa & viva of 
w t i o n i c  drugs f2) .  

a c u t i o n i c  exchnnge mechanism by e l e c t r o l y t e s  p r e s e n t  i n  t h e  

g a s t r o i n t e s t i n a l  t r u c t  (3). Itecent studies by Porutcan e t  a l .  

( 4 1 ,  showed t h a t  d i y o x i n  was adso rbed  o n t o  m o n t s m r i l l o n i t e  by a 

r e v e r s i b l e  a d s o r p t i o n  mechanism a t  pll 2 and 6 .  Earlier mechani- 

stir: s t u d i o s  by t h e  mime workers slrowed t h a t  t h e  cat ionic  rlruys,  

c l i i i doayc in  and t e t r a c y c l i n e  u e r e  arlsiorbed by c a t i o n  ezciiviige 

inider ptl coi i r l i t ionr  €avoring t h e  c a t i o n i c  form of t h e  drug ( 5 ) .  

' f ie  druyr uere d i s p l a c e d  from t h e  ciay via 

-- 

The i q w o v a d  d i s s o l u t i o n  rate o f  p o o r l y  soluble n o n i o n i s  

aid  n e g a t i v e l y  cha rged  drugs by a d s o r p t i o n  t o  w n t m r i 1 l o n i t e  

was r e c e n t l y  r e p o r t e d  by McGlnity and Ilarris ( 6 ,  7).  The r a p i d  

relaare OC J n i y  from t h e  s u r f a c e  of t h e  c l a y  w a s  due to t h e  weak 

p h y s i c a l  bonding between the t u o  materials and to  the s w e l l i n g  

of t h e  c l a y  i n  aqueous wdia.  The h y d r o p h i l i c  and s w e l l i n g  pru- 
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SLOW RELEASE TABLETS FORMULATIONS* I 401 

per t i e s  of t h e  raontmorillonite clay i n  aqueous media was found 

to  a lso help f a c i l i t a t e  t h e  w e t t i n g  o f  t h e  hydrophobic drug 

substances. 

The present study describes t h e  J cve lop rn t  of slow-release 

t ab le t  formulations by adding h i g h  levels of the mniitmri l loni t e  

clay, Veegma, t o  ttre dosage form. Since ttie l u t t i c c  o f  ttic 

clay swells in aqueous media, low levels of m n t n i r i l l o n i t c  have 

been successfully enyiloycd as a disintegmiit i n  tlic umniifactiire 

of compressed tablets.  Ilowever, as  tlie level o f  clay i n  t h e  

t ab l e t  was increased the rapid hydration of t h e  c l u y  preven t s  

moisture penetrating tlie tablet  matrix,  result ing i n  d ra s t i c  

increases i n  disintegration time. Tablct formulations were Jc- 

veloped u s i n g  sodium sulfnthiazolc as thc soluble, nudcl dnig. 

Materials - The foilowing materials were used: cuttoidal mngnc- 

siim aluminum s i l i c a t e ' ,  sodium su l f a th i a ro l c2 ,  Jiciilcium plros- 

phate dihydrate', dext rose4 ,  starch',  magnesium stcarate ' ,  

p l y s o r b a t e  80'. 

grade and were used as received. 

A l l  other chcmicaIs and solvents were reagent 

'Veegwa F @  R.T. Vanderbilt, Norwalk, CT 855 
' C i t y  Chemical Corp., New York, NY 10001 
'Emcomp ess @, Edward Mendel I Co., Carmel , NY 10512 
'Eladex 6 Edward Mendell Co., Cormel, NY 10512 
'StaRx @ 1500, Colorcon Co., West Point, PA 19486 
'Alfa Division, Yentron Corp., Daiiver, MA 01923 
'fieen 80 
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40 2 HC CINITY AND HARRZS 

kctbods - 1'rcI i lainary rcrccning u v a l u a t i o n s  o f  t n b l c t s  c w i t a i n i n g  

vary ing  I ~ v c l s  o f  i w n t w o r i l l o n i t r  r e s u l t e d  i n  t h c  foj lowing pro- 

to type  foriurilat ioir: 

thgnusitlrr a l iur inuu  si l i c a t c  180 lug 

Sodium s u l  h t l r i a z o l c  120 mg 
ili cu l c i r u  pliosgliate d i h y d r u t e  90 mg 
l b x t  rose 
S t a  rclr 
Ctagnesiru g t a u r J t c  6 tog 

l ' ab lu ts  o f  tlic above fo rmula t ion  were coqwcssed u s i u g  direct 

comprcssion tcs l i i i iquas  wi th  a Stokes Cbdel F s i n g l e  punch t n h l e t  

mc l i i i i e ,  us i i ig 7/16'' f l a t  facc beve l  edge  punches.  'I'lie iiiIcro- 

f i n e  maylicriiim alimiiitu s i l i c a t e  was g r a n u l a t e d  by the a d d i t i o i i  

of  water. 'I'liu d r i e d  granules were sc rcenud  and t h e  60 t o  1 3 1  

mesh f r u c t i o i i  was w e d  i n  t h e  p r o t o t y p e  fo rmula t ion .  'me so- 

Jirua sii lfrrt l i irrzolc liad been passed through a 60 olesh s c r e e n  

b e f o r e  bluntl ing v i t l r  t h e  e x c i p i e n t s .  A l l  other materials i n  t h e  

t a b l e t  wore used as r ece ived  P r o m  t h e  M n u f a c t i r r e r .  

t r i s s o l u t i o n  studics were conducted  u s i n g  t h e  o f f i c i a l  I I ,S,P,  

baske t  apparatus.  One l i t e r  flasks c o n t a i n i n g  900 s l  of i~(3dIum 

wcrc aurilrtained a t  37.. The b a s k e t  was v e r t i c a l l y  centered and 

lowered to  a dep th  of 2.5 cm above t h e  bo t tom of t h e  f l a s k .  The 

shaft wus a t t a c h e d  t o  a synchronous motor and (unless o t h e x w i r e  

s t a t e d )  was r o t a t e d  a t  50 rpr. 

were e v a l i u t e d  for t h e i r  i n f l w i i c e  on t h e  d i s s o l u t i o n  properties 

o f  t h e  t n b l u t s .  

various timu i n t e r v a l s  and assayed for drug  c o n t e n t  us ing  u l t s u -  

D i s s o l u t i o n  media of v a r y i n g  ptl 

Ilrree m i l l i l i t e r  samples  were withdriwn a t  
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SLQU RELEASE TABLETS FORMULATIONS. I 40 3 

v i o l e t  spectroscopy a t  the  wavelength correspoitciing t o  the  imxi - 
mum absorbance of  sodium siil f a t h i e t o l c  in each d i s so lu t ion  mcdium 

studied.  To maintain a constant vo l i ac  of disso lu t ion  medium, 

3 RI volumes of  fresh medium w e r c  replaced a f t e r  tlie rcmvn1 

of each sample. 

t r ip1  i c a t e  d i s so lu t ion  runs. 

The reported da ta  are t he  avcriige o f  a t  l ea s t  

RISSULTS AND DISLY!Sl(lN 

Tablets  containing 20% sodium si i l fa t l i iuzole  and 303 nont- 

morillonite clay (magnesitua aluminum s i l icate)  werc compresJed 

a t  t h r e e  hardness leve ls .  Ihe d i s so lu t ion  p r o f i l e s  of dnrg f r o m  

these  t a b l e t s  i n  d i l u t e  hydrochloric ac id  and deionizcd water 

a r e  shown i n  Figs. 1 aiid 2 respec t ive ly .  The drug uils found t o  

be- f r ee ly  so luble  i n  both media. As can he seen i i i  Fig .  I ,  

t h e r e  was very l i t t l e  d i f fe rence  i n  t he  rc lcase  pcit trrns for 

tlie th ree  t a b l e t s ,  suggest ing t h a t  i n  a c i d i c  media, the disso-  

lu t ion  r a t e  of sodium su l f a th i azo le  from t h e  slow r e l ease  

t a b l e t s  was independent of t a b l e t  hardness. 

tlie drug was rc leased  i n t o  so lu t ion  a f t e r  3 h r .  

70-751 of t he  a c t i v e  moiety had passed in to  so lu t ion .  

Apl)roximirtcIy 50% of 

After  b Irr, 

The p r o f i l e s  i n  Fig. 2 rcpresent  the d isso lu t ion  hcltovior 

of t he  t a b l e t s  i n  deionized water. I t  is in t e re s t ing  t o  note 

t h a t  i n  t h i s  medium, the rc  was a l i n e a r  increase i n  the elwunt 

of  drug released during the f i r s t  0.75 h r  of t h e  s tudy,  a f t e r  

which time the re  was a d r a m t i c  increase i n  the  d i s so lu t ion  

rate. During the  linear phase, t h e  t a b l e t  sur face  appeared t o  
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404 MC CINITY AND IIARRIS 

I 

rin tnr) 

Figure 1 - influuiicu of t a b l e t  hardness on drug r e l e a s e  f r o m  slow 

r e l ease  sodiuu s u l f a t k i ~ z o l e  t a b l e t s  i n  0.1N hydro- 

c h l o r i c  a c i d  a t  37* and s t k r n d  a t  SO rpar. 

wet v e r y  poorly,  r e s u l t i n g  i n  a slow hydrat ion o f  t h e  t a b l e t  

c o ~ ~ p i i a n t s .  Ilowever, a f t e r  0.75 Iir, t he  t a b l e t  hydrated much 

lporrt rapidly.  This increase was probably due t o  the  f a s t e r  hy- 

d m t i o a  of tho c l ay  i n  water as compared t o  the  a c i d i c  media. 

111 bath IPoJia, tile c lay  slowly swelled and formed a gela t iuous  

l aye r  amtitid the  t a b l e t  matrix. The matrix or t a b l e t  core  re- 

m i n e d  s o l i d  and insact. During the  d i s so lu t ion  process ,  t he  

hyc'.raeed l aye r  was slowly removed by t he  a g i t a t i o n  of t h e  TO- 
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SLOW RELEASE TABLETS FOUMJLATIONSe I 405 

Figure 2 - In f luence  of t a b l e t  hardness  on drug teleiise from 

slow r e l e a s e  sodium s u l f a t h i a z o l e  t a b l e t s  in deionized 

water a t  37" and s t i r r e d  a t  50 q i m .  

t a t i n g  basket .  Fu r the r  hydra t ion  of t h e  c l a y  r e s u l t e d  i n  a 

dec rease  i n  t h e  size of t h e  tablet ma t r ix  u n t i l  tlie entire 

t a b l e t  was hydrated.  

The p r o f i l e s  o f  Fig. 3 demonstrate  t h e  i n f l u e n c e  of  t h e  

a g i t a t i o n  c o n d i t i o n s  on tlie d i s s o l u t i o n  rates of sodium s u l -  

f a t h i a z o l e  from t h e  slow rclease t a b l e t s ,  i n  d i l u t e  ac id .  As 

t h e  s t i r r i n g  r a t e  i nc reased  from SO t o  200 r p m ,  t h e r e  was a two 

f o l d  d i f f e r e n c e  i n  tlie amount of drug i n  s o l u t i o n  o f t c r  2 and 3 
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406 MC C l N I T Y  AND llARRXS 

n O.> 
Iln (WO 

Figure 3 - Inf luence  o f  s t i r r i n g  r a t e  on drug r c l e u s e  from sldw 

r e l e a s e  t a b l e t s  ( 7 . 1 1  kg) in 0.1N Iiydrocli loric acid  

i c t  37O. 

hr, ilowevor, t h c r e  was only a 10 t o  15% difference bctwcen the 

piufiIcs o f  s;rmplcs vgi tacad  a t  5 0  r p a  and 100 qm. 

s t i r r i n g  s p e d  i i icreased. t h e  t h i c k n e s s  of t h e  hydrated gela- 

tiiious 1;ryc.r orourid t h e  i n t a c t  t a b l e t  core ,  was n o t i c e e b l y  de- 

crenrud. r e s u l t i n g  i n  a more r a p i d  hydra t ion  O C  t h e  t a b k e t .  

SitPilarly i n  de ionized  water (see Fig. 41  , a s  t h e  s t i r r i n g  speed 

u f  tlie basket c o n t a i n i n g  tlie t a b l e t  was increased ,  P nore 

rapid r e l e a s e  was seen. *l%e i n i t i a l  l f n e n r  reg ion  of t h e  dis se -  

lution p r o f i l e  decreased f r o m  0.75 tir at SO rpm, t o  0.25 h r  a t  

As tlie 

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.



SWW RELEASE TABLETS FORMULATIONS. I 407 

n n.5 1.5 3.n 

lI1c (tn) 
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11- Iw) 

F i ig i rc  5 - I n f l u e n c e  of pll of t h e  d i s s o l u t i o n  medium on t h e  re- 

l e a s e  of drug f r o m  slow release t a b l e t s  a t  3 Y  and 

s t i r r e d  a t  50 r p m .  

t h e  f i r s t  0.75 Irr uas seen o n l y  w i t h  d e i o n i z e d  water. After 

0.75 h r ,  t h e  d i s s o l u t i o n  races were found to he t h e  f a s t e s t  

i n  d e i o n i z e d  u a t e r ,  fo l lowed  by phospha te  b u f f e r  a t  pll 7.4,  

d i l u t e  h y d r o c h l o r i c  a c i d ,  and c i t r i c  ac id -phospha te  b u f f e r  a t  

ptl 3.1. 

z o l e  nus released i n t o  s o l u t i o n  a f t e r  6 h r .  

is icrs soluble a t  this pll t han  i n  a c i d  and d e i o n i z e d  water, 

rink c o n d i t i o n s  p r c v a i  l e d  for a l l  awtdia i n v e s t i g a t e d .  The 

s1owc.r d i s s o l u t i o t i  rates a t  PII 7.4 cornparcd t o  d e i o n i z e d  water 

A t  pll 5 . 4 ,  approx ima te ly  50% o f  t h e  sodium s u l f a c h i a -  

Although t h e  d r u g  D
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SLOW RELEASE TABLETS FORMULATIONS. I 409 

and a t  pll 3.4 compared t o  d i l u t e  hydrochlor ic  a c i d ,  suggested 

t h a t  t h e  i o n i c  s t r e n g t h  of t h e  d i s s o l u t i o n  medium m y  have 

e x e r t e d  an inf luence  on t h e  hydrat ion of t h e  m n t m o r i l l o n i t e  

c l a y  and t h e  release of drug from t h e  t a b l e t .  

is c u r r e n t l y  being inves t igo tcd .  

This p o s s i b i l i t y  

I n  summary, t h i s  prel iminary s tudy  has  shown t h a t  t h e  in-  

c l u s i o n  o f  magnesium alumininn s i l i c a t e  a t  t h e  30% leve l  i n t o  a 

d i r e c t l y  compressed t a b l e t  conta in ing  201 sodium s i r l f a t h i a z o l e  

was successfu l  i n  prolonging t h e  r e l e a s e  of t h e  drug from the 

t a b l e t  matrix.  n i s s a l u t i o n  rot05 were slower i n  a c i d i c  media 

than i n  deionized water, however r e l e a s e  rates increased dram- 

t i c a l  ly  3s t h e  degree o f  agi  t o t i o n  increased.  Additional s t u d i e s  

a r e  i n  progress t o  f u r t h e r  c l ia rac tc r ize  t h e  systea and these  re- 

s u l t s  wi 1’1 appear  i n  fir ture repor t s .  
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