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h i z o l e  i s  a t t e T p t e d .  Sus ta ined  r e l e a s e  dosage form d e s i g n  p a r a q e t e r  

va lues  were f i r s t  c a l c u l a t e d .  T h i r t e e n  d i f f e r e n t  f o m u l a t i o n s  were 

p repared  u s i n g  p o l p e t h y l m e t h a c r y l a t e  as t h e  s u s t a i n i  nq 

Release and d i s s o l u t i o n  p r o f i l e s  were de te rm ined  by t h e  f l ow-  th rough  

c e l l  and t h e  r o t a t i n g  b o t t l e  appara tus .  E x p e r i n e n t a l  r e s u l t s  were 

f i t t e d  t o  seve ra l  d i f f e r e n t  k i n e t i c  equa t ions  us inq  a computer program 
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2022  AGABEYOGLU 

wr i t t en  f o r  t h i s  purpose. Resul t s  of the f i n a l  formulat ion showed 

t h a t  t he  goal was achieved. 

INTRODUCTION 

Sustained r e l e a s e  products  bring the  blood l eve l  o f  a d r u g  t o  

therapeut i  c concent ra t ions  as  soon a s  possi b le  and then mai n t a i  n 

t h i s  leve l  f o r  a c e r t a i n  per iod o f  t i m e ( l , 2 ) .  These f i r s t  r e l e a s e  

a c e r t a i n  amount of d rug  f run the  " i n i t i a l  dose" po r t ion  of t he  

dosage form t o  a t t a i n  the  des i r ed  blood l e v e l ,  then r e l e a s e  the  

d r u g  with a g radua l ,  b u t  a t  a predetermined r a t e  f ran  the  

"sus ta in ing  dose" po r t ion ,  so t h a t  t he  designed l eve l  i s  maintained 

f o r  the proposed dosage i n t e r v a l .  I n  t h i s  f a sh ion ,  these  products  

enable  a more c o n s i s t e n t  and b e t t e r  therapy ( 3 ) .  Na tu ra l ly ,  such 

products a r e  i n  cons ide ra t ion  f o r  drugs with a s h o r t  b io log ica l  

h a l f - l i f e .  

h o n g  the  many d i f f e r e n t  sus t a ined  r e l e a s e  forms, i n e r t  matr ix  

type i s  a spec ia l  model. I n  t h i s  from, the drug i s  t rapped i n  an 

in so lub le ,  spongy and porous polyner  s t r u c t u r e  (1 ,3-5) .  As the matr ix  

progressess  down the q a s t r o - i n t e s t i n a l  t r a c t ,  the d r u g  i s  leached by 

the  G.I. f l u i d s .  The remaining and undissolved polyner matr ix ,which 

s t i l l  has  almost the  same physical  shape, i s  d sposed wi th  f aeces .  

We worked on such an i n e r t  matr ix  t a b l e t  i n  t h  s s tudy.  

The b io logica l  h a l f - l i f e  of su l fameth izo le ,  which i s  used as  

a u r ina ry  a n t i s e p t i c ,  was reported t o  be 1 . 3  h r s ( 6 ) .  In  a s tudy  done 

by the  au tho r ,  the  ora l  phannacokinetics of t h i s  drug  was c a r r i e d  

out  on ten  s u b j e c t s ( 3 , 7 ) .  Parameters l i k e  absorpt ion r a t e  cons t an t  
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S T U D I E S  ON SUSTAINED R E L E A S E .  I 2023 

( k a )  , d i s p o s i  ti on r a t e  c o n s t a n t (  k d ) ,  c l e a r a n c e (  C1 ) ,  apparen t  d i  s t -  

ri b u t i  on volume( Vdarea ) ,  t i m e  f o r  plasma p e a k ( t  ) and a rea  under  
P 

t h e  plasma c o n c e n t r a t i o n -  t i m e  curve(AUC), e t c .  were de termined.  

THEORETICAL 

Re lease K i n e t i c s  F r m  S u s t a i n e d  Re lease Dosage Foms : T h e o r e t i c a l l y ,  

optimum r e l e a s e  k i n e t i c s  from a s u s t a i n e d  r e l e a s e  p r o d u c t  s h o u l d  be 

o f  z e r o  o r d e r ( l , 8 - 1 0 ) . S u c h  a r e l e a s e  can be shown as f o l l o w s :  

W = Wo - k:t 

where, W is  t h e  amount rema in ing  t o  be r e l e a s e d  a t  t i m e  t; Wo i s  t h e  

main tenance dose and k: i s  t h e  z e r o  o r d e r  r e l e a s e  r a t e  c o n s t a n t ( l 0 ) .  

I f  f i r s t  o r d e r  r e l e a s e  p r e v a i l s ,  then,  

- k  t W = W e  r 
0 

where, kr i s  t h e  f i r s t  o r d e r  r e l e a s e  r a t e  c o n s t a n t ( 8 ) .  I t  m u s t  be 

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

s u i t a b l e  f o r  s u s t a i n e d  r e l e a s e  and a p p a r e n t l y  a c c e p t a b l e  r e s u l t s  can 

be o b t a i n e d  i n  a c t u a l  p r a c t i c e  w i t h  a r e l e v e l y  l a r g e  drug r e s e r v o i r .  

H i g u c h i  f i r s t  deve loped  t h e  k i n e t i c  e q u a t i o n s  f o r  r e l e a s e  f rom 

i n e r t  m a t r i c e s ( l 1 ) .  The c u n u l a t i v e  r e l e a s e  p e r  u n i t  area, Q, ve rsus  

t i m e  t, from a p l a n a r  s u r f a c e  i s  d e t e m i n e d  w i t h  t h e  f o l l o w i n g  

e q u a t i o n  : 

Q = J DCS(2A-Cs) t ( 3 )  

where, D i s  t h e  d i f f u s i o n  c o e f f i c i e n t  o f  t h e  d rug  i n  t h e  d i f f u s i o n  

rnediun; 

C s  i s  t h e  s o l u b i l i t y  o f  t h e  drug i n  t h e  i n a t r i x  m a t e r i a l .  

A i s  amount o f  d rug  p e r  u n i t  volume o f  t h e  m a t r i x ;  and 
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2024 AGABEYOGLU 

I f  the  m a t r i x  i s  heterogeneous; i . e .  t he  drug i s  i n s o l u b l e  i n  

t h e  m a t r i x  po l yne r ,  a s l i g h t l y  d i f f e r e n t  equa t ion  r e s u l t s :  

DC sE 
= (2A- E Cs) t - (4) 

1 

Here, E i s  t h e  p o r o s i t y  o f  t h e  m a t r i x .  T i s  t h e  t o r t u o s i t y  

t h e  e x t r a  pa th  t o  be taken by t h e  d i f f u s i n g  f a c t o r ,  which denotes 

drug molecules around 

t o  be around 2 t o  3 (1  

d i f f u s i o n  c o e f f i c i e n t  

Higuchi  a l s o  deve 

t h e  m a t r i x  p a r t i c l e s .  I t s  va lue  i s  supposed 

) .  I n  t h i s  case however, D and C s  are t h e  

and s o l  ub i  1 i t y  i n  t h e  d i  s s o l  u t i  on medi urn. 

oped equa t ions  f o r  t h r e e  dimensi onal  drug 

re lease  f r a n  s p h e r i c a l  p e l l e t s .  For hanogeneous p e l l e t s ;  
a '  6DC, 

) =  T t = B t  

A 

and f o r  heterogeneous p e l l e t s ,  t h e  r i g h t  hand s i d e  o f  E q ( 5 )  becomes 

6DKCs 
t = B ' t  ( 6 )  

2 * a. 

The terms 0, Cs ,  A and T are as i n  Eqs. (3)  and ( 4 ) .  a. i s  t h e  

i n i  ti a1 r a d i u s  and a '  i s  t h e  r a d i u s  o f  t h e  unleached p o r t i o n  a €  

t ime  t o f  t h e  p e l l e t  and K i s  t h e  r e c i p r o c a l  o f  the d e n s i t y  o f  t h e  

drug. On t h e  o t h e r  hand, 

( 7 )  
a '  3 F r a c t i o n  o f  drug remain ing i n  t h e  p e l l e t  = (-) 
aO 

Eqs.(3) and ( 4 )  show square r o o t  o f  t ime r e l a t i o n s h i p ,  w h i l e  the 

p l o t  o f  t h e  l e f t  hand s ides  o f  Eqs(5)  and ( 6 )  versus t i m e  g i v e  a 

s t r a i g h t  l i n e  passing through t h e  o r i g i n .  

Hixson and Crowel l  d e f i n e d  the  d i s s o l u t i o n  r a t e  o f  a s i n g l e  

c r y s t a l  under s i n k  c o n d i t i o n s  as fo116.rs(12,13). 
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STUDIES ON SUSTAINED RELEASE. I 2025 

K4 
1 / 3  - w1/3 = 

wO 

The Ws are as i n  E q . 1  and K4 includes a shape a n d  a density 

factor.  Assuming spherical par t ic les  a n d  i f  the density i s  p,  the 

dissolution rate  can be calculated from K4 as fol lows(l4) :  

Diss.rate = 0.619 p 2’3 K 4  (9) 

Pararneters of the Flow-Through Cell : Parameters affecting the 

dissolution i n  a flow-through cel l  has been t h o r o u g h l y  investigated 

by Langenbucher(l5). If the flow rate  of the dissolution medim 

through the cel l  i s  Q ,  then the l inear  velocity of the f luid f low i s ,  

where A i s  the crosssectional area of the c e l l .  The a m o u n t  of drug 

t o  be dissolved per unit  area of the cel l  i s  called the cel l  l o a d  

and given as 

m A  = m / A  ( 1 1 )  

where m i s  the total  dose within the c e l l .  

The Pharmacokinetics of Sustained Release Dosage Forms : When a 

sustained release product i s  used ora l ly ,  the resul tant  ccmpartnental 

model i s  as follows: 

Initial Dose 

r 

Dispo- G .  1. 
S u d n c d  kF or Tract sition 

kd 
Blood 

ki3 

rn 
R c k w  
Product 

F I G U R E  1 .  Sustained Release Canipartmental Model. 
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2026  AGABEYOGLU 

The pharmacokinetics of such a model has been c a r r i e d  o u t  by 

var ious au tho r s ( lO , l6 ,17 ) .  I n  f a c t ,  the mu1 t i p l e  dosing regimen and 

the  method of c a l c u l a t i n g  the  r e l evan t  design parameters have a l s o  

been inves t iga t ed (8 -10 ,18 ) .  In t h i s  s tudy ,  we c a r r i e d  ou t  such c a l -  

cul a t i  ons f o r  sul famethi zo le ,  employing the pharmacokineti c para- 

meters f o r  t h i s  d r u g ,  which were determined by the  au tho r  i n  a pre- 

vious s t u d y ( 3 , 7 ) .  The r e s u l t a n t  design parameters o f  a sus t a ined  

r e l e a s e  product f o r  t h i s  drug a r e  as  fol lows : 

(Sus ta in inq  dose)  : 450 mg.  

Dcor r  ( I n i t i a l  dose)  : 135 m q .  1 
ko r 

k r  
7 (Dosage i n t e r v a l )  : 8 h r s .  

C (Sus ta ined  blood leve l  ) : 40-10 Pq/ml. 

DS 

(Zero o rde r  r e l e a s e  r a t e ) :  67.5 mg/hr.  

(F i r sL  o rde r  r e l e a s e  r a t e  c o n s t a n t ) :  0.15 hr-' 

These values a r e  based on the  adminis t ra t ion  of two u n i t s  per 

dose ,  

MATERIALS A N D  METHODS 

Prepara t ion  of t h e  Table ts  : The t a b l e t s  were prepared e i t h e r  by 

d i r e c t  compression of a f t e r  wet g ranu la t ion .  A 13 mm diameter  hand 

press  was employed f o r  canpres s iona .  Wet g ranu la t ion  was c a r r i e d  o u t  

i n  a mor ta r  and the  mass was screened through a 2 mm s i e v e  and d r i e d  

i n  an incubator  a t  4 O o C .  The g ranu le s  o r  powder mixtures  were assayed 

f o r  drug  conten t  jus t  before  compression and the  necessary  amounts f o r  

c o r r e c t  dosage were compressed. 

aSpecac,  U. K. 
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STUDIES ON SUSTAINED RELEASE. I 2027 

The i n i t i a l  dose p o r t i o n  o f  t h e  f i n a l  f o r m u l a t i o n  (No. 35) was 

prepared by wet  g r a n u l a t i o n  us ing  s imple syrup as t h e  b i n d e r .  The 

granules so  ob ta ined  was laye red  on t h e  s u s t a i n i n g  p o r t i o n  and 

can pressed t o g e t h e r  . 

The composi t i on o f  the  f o m u l a t i  ons prepared a re  shown i n  

Table 1. 

Two d e r i  v a t i  ves o f  po lymethy lmethacry la te were employed as 

b t h e  m a t r i x  m a t e r i a l .  They are termed PMM I and PMM 11' r e s p e c t i v e l y .  

The are very sirni l a r  w i t h  regards t o  chemical s t r u c t u r e ,  b u t  d i  f f e r  

o n l y  i n  t h e  number o f  h y d r o p h i l i c  groups on the s i d e  cha in  (19-23),  

and a re  i n s o l u b l e  i n  water.  

Assay : A l l  assays were c a r r i e d  o u t  s p e c t r o p h o t a n e t r i c a l l y  on t h e  

UV range f o r  s u l f a m e t h i z o l e  content .  269 rm was used f o r  pH 1.2 

samples; 277 nm f o r  pHs 2.5 and 4 . 5 ;  and 261 nm f o r  pHs 7 and 7.5. 

Hardness : A Strong-Cobb apparatus was employed f o r  t h e  d e t e r m i n a t i o n  

o f  the hardness o f  t h e  t a b l e t s .  

D i s s o l u t i o n  Tes t  : A l l  t h e  fo rmu la t i ons  prepared were t e s t e d  f o r  

d i s s o l u t i o n  r a t e  w i t h  two apparatuses : 

a- Flow-Through C e l l  : A c m e r c i a l  f l ow- th rough  c e l l  w i t h  

a p e r i s t a l t i c  pump was employed . The f l o w  r a t e  was 5 t o  6 m l h i n .  

Since the  diameter o f  t he  c e l l  i s  2 an, t h i s  corresponds t o  a f l u i d  

v e l o c i t y  o f  1.5 t o  2 a n 6 i n .  An open system was used. D i s s o l u t i o n  

media was a r t i f i c i a l  g a s t r i c  and i n t e s t i n a l  f l u i d s  w i t h o u t  enzymes 

and the pHs ad jus ted  accord ing t o  the f o l l o w i n g  scherne:O-1 hrs ,  

d 

-~ ~~~ 

bEudraq i t  RLPM; 'Eudragi t  RSPM, R o b  Pharma, FRG; dDesaga, FRG. 
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2028 

Group 

No. 

Sul fa -  
meth i zo l e  

PMM I 

b 

I 

PMM I 1  

L 

Lactose' 

Talcd 

Co 11 o ida 1 
s11 me 

&I 
s t ea ra t e '  

Pressure f 

Hardnessg 

AGABEYOGLU 

13 
I 

TABLE 1 .  Formulations Used in the Studya 

I I 1  - 
1 1  - 

460 - 
46 
10.2 

46 
10.2 

- 
- 

- 
- 
61 .3 - 

3.1 - 
6.2 - 
5 - 

21.1 

- 

12 21 22 24 

460 444 444 - 
11.5 - 
11.5 

444 - 
26 - 
- 

443 

40 
17.4 - 

44 
22.5 

~ 

26,6 

222 142 

10 4 . 4  

2.5 3 -2 3.5 

7 . 3  5.4 6.6 4.4 10 

2 5 2 1 1 

23.8 28 1 1 . 1  9.4 25 

aAmounts are in mg; bFako I l a q l a r i  A * $ . ,  Turkey; LE.Merck, FRG; 

d B D H ,  UK; eAerosil  200, Degussa, FRG; ftons/cm2; gStrorrg - Cobb u n i t s .  
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STUDIES ON SUSTAINED RELEASE. I 2029 

TABLE 1 .  continued 

I 1  111 iroup - 
25 32 

I 
33 34 

35 
31 No. - 

sus t. 
~ ~- 

I n i  t. 

S u l f a -  
neth i zo 1 e 

460 443 444 443 136 443 460 

10.8 230 460 200 200 200 PMM I 

230 PMM I 1  
- 

50 25 25 25 NaCl 25 
~~ 

h Sucrose 37 .a 

3 3 C o l l o i d a l  
Si 1 i ca  

Kl 
steara t e  

4.6 4.6 3 

9.2 7 6 7 2.1 9.2 5 

5 3 3 2 0 -25 Pressure 1 2 

13.8 18.9 24 9.2 14.7 Hardness 10.4 

hTurkiye 5eker Fabrikalari, Turkey. 
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2030 AGABEYOGLU 

pH 1.2; 1-2 h rs ,  pH 2.5; 2-3.5 hrs ,  pH 4.5; 3.5-5 h r s ,  pH 7.0 and 

5-8 h r s ,  pH 7.5. 0.05 % po l yso rba te  80 was i n c o r p o r a t e d  i n t o  d i s s o l u -  

t i o n  media t o  b r i n g  the  s u r f a c e  tens ion  s i m i l a r  t o  those o f  t h e  

gas t r o - i  n t e s  ti n a l  f 1 u i  ds . 

b- Rota t i ng  B o t t l e  : A hme-made apparatus s i m i l a r  t o  t h a t  

o f  NF X I V  was employed. C y l i n d i r a l  b o t t l e s  o f  105 ml c a p a c i t y  was 

mounted r a d i a l l y  on a d i s k  o f  about 30 cm i n  diarneter. S i x  such 

b o t t l e s  were p u t  on each s i d e  o f  t he  d i s k .  This  was mounted on a 

s h a f t  and p u t  i n  a t h e m o s t a t e d  and a g i t a t e d  water  bath.  I t  was 

r o t a t e d  fran o u t s i d e  a t  a speed o f  28(+1)  rpn w i t h  a v a r i a b l e  speed 

motor  . 70 m l s  o f  d i s s o l u t i o n  f l u i d  was used. I t  was rep laced w i t h  

f r e s h  f u i d  a t  t h e  end o f  each sarllpling pe r iod .  

e 

i s s o l u t i o n  f 

f l ow- th rough  c e l l .  

A l l  t he  d i s s o  

u i d s  and procedures were s i m i l a r  t o  t h a t  o f  t h e  

u t i o n  runs were c a r r i e d  o u t  i n  quadrup l i ca te .  

K i n e t i c  Assessment o f  D i s s o l u t i o n  Data : 

FORTRAN I V  f o r  t h e  k i n e t i c  assesmen t  o f  t h e  d i s s o l u t i o n  data ( 3 ,  24 ) .  

D i  r e c t  exper imenta l  r e s u l t s  (absorbances, v o l  unes o f  t h e  d i s s o l u t i o n  

samples, dosage, e t c . )  were i n p u t .  The program f i r s t  c a l c u l a t e s  t h e  

pe rcen t  d i s s o l v e d  and then f i t s  these t o  seve ra l  re lease  and d i sso -  

l u t i o n  models and p r i n t s  the  values o f  va r ious  k i n e t i c  parameters, 

t o g e t h e r  w i  t h  goodness o f  f i  t s .  

A program was w r i t t e n  i n  

Blood Assays : Bra t ton -Marsha l l  procedure was employed f o r  t h e  

d e t e r m i n a t i o n  o f  s u l f a m e t h i z o l e  concen t ra t i ons  i n  b l o o d  (25 ) .  

eErweka AR 400, FRG. 
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STUDIES ON SUSTAINED RELEASE. I 2031 

RESULTS 

t h  12.5 Z so 

(40:60).  The 

as  a b inder .  

I n  formulation No. 1 1 ,  PMM I and PMM 

of 1 : l .  The powder mixture  was granula ted  w 

of the polyners i n  acetone-i  sopropyl alcoho 

were present  both in  the powder lnixture and 

I 1  a r e  used i n  the  r a t i o  

u t ion  of  both 

polyners 

Talc  was 

a l s o  present  as  a f i l l e r .  Formulation No. 12  was s i m i l a r ,  b u t  PMM I 1  

was omitted t o  inc rease  the r e l ease  r a t e .  I n  formulation 13, l a c t c s e  

was employed in s t ead  of t a l c .  

Formulation 21 was prepared by granula t ing  the d r u g  powder 

d i r e c t l y  with the  polyners '  s o l u t i o n  mentioned above. I n  formulat ions 

22 and 23, only PMM I was employed. I n  No. 2 2 ,  b inder  so lu t ion  was 

sprayed with a spray gun. I n  No. 24, l ac tose  was added. Sodiun 

ch lo r ide  was employed i n  fo rnu la t ion  25 ,  i n s t ead  of l a c t o s e .  

Di rec t  compression was the method employed in  fornula t ion  31. 

PMM I and I 1  were used in  the r a t i o  of 1 : l .  I n  No. 32, only PMM I 

was employed. I n  formulation 33, the amount of polyner was decreased 

t o  l e s s  than ha l f  and NaCl was added. No. 34 i s  e s s e n t i a l l y  the  same 

as No. 33, b u t  the drug  p a r t i c l e s  were l e s s  than 37 1.111 i n  s i z e  ( t h o s e  

t h a t  pass through a 400 mesh s i eve ,  USP XVIII). 

The r e s u l t s  of the d i s so lu t ion  experiments a r e  given i n  Tables 

2 and 3. These a r e  obtained f ran  the  p r i n t o u t s  of the c m p u t e r  prog- 

ram output .  The parameters of d i s so lu t ion  and the  c o e f f i c i e n t  o f  

determina t ions  obtained f o r  fou r  k i n e t i c  models a r e  submit ted i n  

these t a b l e s .  
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2032 

r -  

~ 149 

AGABEYOGLU 

;I - 
0.949 - 
1.28 

0.896 

TABLE 2. Release and Dissolution Parameters (Flow-Through Cell 

- 
0.638 

0 .a97 
- 
4.06 
- 

1.47 

1.940 

1.56 

3.886 

6.99 

0.862 

3.81 

5.9 

1.86 

141 

1.60 2.33 

0.950 0.946 

1 .66 2.32 

0.898 '0.884 

8.63 1.62 

0.893 0.872 

3.81 3.80 

5.9 5.6 

1.88 1.77 

135 137 

I 
Group 

Formulation No. 1 1  

I 
- 
24 
- 
3.67 

1 
13 

+ 
3.32 
- 
0.946 

.; I 2.21 3.12 4.15 6.19 

0.936 0.947 0.940 

Firs t  
Order 

Order 

, 
0.923 ' 0.953 

- 
12.9 
- 
0.960 

- 
1.44 
- 
0.955 

11.2 

-2 I 0.957 0.932 

I 
1 .16 

Hlxson- 
Crowel I 

e 
0 - d t  

Higuchi 
Eq .g 

Tablet 
Area 

Flow 
Rate 

Flow 
Velocity 

Cell 
Load 

0.926 2 r 
- 
slope 

0.953 - 
1.37 
- 
o .go8 
- 
7.37 

0.969 1 .30 

2 

- 
f slope 
- 
2 

0.860 0 .a99 

- 
2.94 
- 
0 .a99 

4.81 

0.865 0.904 

3.95 4.2; 

6 .O 5 .! 

1.90 1.7( 

- 
13' rngicm') 143 

'r2S are coefficinets of determination; bhr-1x102; 'mg/hr; dx103; 
e 5 Eq.(3) o r  (6); fx10 ; 9Eq.(5) or  (6). 
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STUDIES ON SUSTAINED RELEASE. I 

Formulation No 

1 
First 
Order 

Zero 
Order 

HI xsofl- 
Crowel 1 

Q + d  t 

Higuchi 
Eq . 

Tablet 
Area 

Flow 
Rate 

Flow 
Velocity 

Cell 
Load 

2033 

5.76 
- 

0.936 

- 
19.3 
- 

.951 

TABLE 2. continued 

0.943 I 

I 
~ 0 -854 

1 5.06 

I 1 1  Group I - 
35 

- 
8.51 
- 
.967 - 
2.6 

- 
33 

- 
14 

=k 0.926 0.925 

6.92 
- 
1.936 - 
1.5 
- 
.955 

- 
.60 - 
.943 - 
.26 

i .45 
- 
.903 - 
1.9 - 
.928 

- 
.46 - 
.912 - 
.16 - 
.a45 

kr 

2 r - 
k; - 

2 

- 
rate - 

2 r - 
slope - 

2 r - 
slope - 

2 r - 
2 cm 

i .9 

- 
.943 

- 
.95 

.980 

- 
.42 - 
.972 - 
.ll - 

1.942 

.22 - 
.941 - 
.25 - 
.876 - 
3.9 - 
0 3 7 3  

3.84 
- 

2.21 

0.932 .932 - 
.57 1 .67 

0.879 .870 .898 

12.2 - 
0 8 5 :  

4.96 
- 
- 

4.4 - 
1 .41 

- 
141 

19.6 - 
0 .87 
- 

4 .31 

- 
5.4 

- 
1 .7: 

- 
140 

16.6 
- 
0 .822 - 
4.30 

- 
5.7 - 
1.80 - 
140 

- 

25.7 - 
0.913 

- 
4.81 

- 
4.8 ml /mi 

- 
cm/mi 
- 
mg /cn 
- 

5 .a3 
- 
1.86 

- 
1.53 

- 
179 

- 
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2034 AGABEYOGLU 

T A B L E  3. Release and Dissolution Parameters ( R o t a t i n g  Bottle)a 

Group 

Formulation No. . 
F i  rs t 
Order 

Zero 
Order 

Hixson-  
Crowel 1 

Q + d t  

I 

Hiquchi  
E q  * 

Tablet 
Area 

I I 1  - 
13 - 

8.51 

- 
0.93; 

- 
23.5 

0.953 

3.07 

3 -943 

2 -81 

3.888 

27.9 

- 
I .goo 

4.06 

12 22 

~ 

24 11 21 23 

3 -72 6.48 27.9 kr  29.3 51.6 31 .5 

2 r 0.944 0.927 0.892 0.930 0.863 0.934 

20.5 42.3 43.6 41.7 47.3 13.7 

0.949 2 r 0.977 0.963 0.941 0.957 

1.48 2 -45 8.04 rate 8.38 11.3 9 -00 

2 r 

~~ 

0.932 0.922 0.955 0.931 0 -953 

s 1 ope 1.65 2 -54 5 -48 5.59 5.41 5 -51 

2. r 1.885 0.870 3.896 0 -939 0.932 0 -927 
~~~~ 

s 1 ope 6 -92 18.6 123 131 194 140 

2 r 

~ 

0.886 3.873 0 -91 9 0 -909 3 -925 

2 cm 3.80 1.30 4 -04 3 -90 3 -76 

aNomenclature as i n  Table 2 , 
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S T U D I E S  ON SUSTAINED RELEASE.  I 

Group 

F o r n u l a t i o n  No. 

Fi  rs t 
Order 

Zero 
Order 

Hixson- 
Crowel 1 

Q+dt 

Hiquch i  
E q  * 

Tablet 
Area 

2035 

TABLE 3 .  continued 

111 - 
32 - 

19.2 - 
0 -974 

33.9 

0.966 

5 -91 

0 -974 

3.46 

31a 25 33 34 35 

k r  28.8 21 -5 49.8 56.1 72.8 

2 r 0.93! 0.998 0.939 0 -787 0 -989 

43 -8 27.3 41 .1  48.0 46 - 5  

2 r 0.971 0.987 3.952 0 -923 0.980 

5 -95 rate - 
2 r 

1.13 13.1 15.7 8.31 

0 -953 1.955 3 -833 0.999 

slope 5.75 2 -38 4.52 4.54 3.69 

2 r 0 -933 1.00 3.966 - 
30 .O 

- 
3.969 - 
1.92 - 

1.950 3.862 0 -997 

slope 1 .30 103 202 235 275 

2 r D -923 0 -999 0.939 1.804 3 -999 

2 cm 
~~ 

4 -30 3 -81 5 -02 4.31 1.84 

aThis r u n  was carried out  for 5.5 hrs. 
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2036 AGABEYOGLU 

ta 0.43 0.67 1.03 1.52 2.22 3 4.1 

cb 41 .8  51.3 32.8 90.6 46.5 52.5 37.6 

TABLE 4. Blood Levels  o f  Sub jec t  2 w i t h  Formulat ion 33. 

6.05 8.09 

17.6 34.9 
b 

Zero o r d e r  and f i r s t  o r d e r  d i s s o l u t i o n  r a t e  parameters obta- 

i n e d  w i t h  f o r m u l a t i o n  33 were among the  h ighes t .  The values ob ta ined  

frm the  two d i s s o l u t i o n  systems a re  q u i t e  d i f f e r e n t .  Al though sane 

a r e  l ower  than t h e  t a r g e t  values, t h e  main d i f f i c u l t y  here i s  t h a t ,  

we r e a l l y  don t  know how much these i n  v i t r o  systems a i r r o r  the i n  

v i v o  s i t u a t i o n .  We concluded t h a t ,  we m i g h t  be i n  t h e  b a l l p a r k  w i t h  

f o r m u l a t i o n  No. 33. In orde r  t o  g e t  a b e t t e r  p i c t u r e  o f  t he  i n  v i v o  

p r o f i l e ,  we a d n i n i s t e r e d  t h i s  f o r m u l a t i o n  t o  s u b j e c t  No. 2 o r a l l y  

and ob ta ined  t h e  b l o o d  l e v e l s  i n  Table 4 .  

f 

I t  i s  seen t h a t ,  t he  b lood  l e v e l  was around t h e  t a r g e t  values 

f o r  t h e  e i g h t  hour  pe r iod .  These r e s u l t s  were considered s a t i s f a c t o r y  

f o r  t he  rllain purpose o f  our  s tudy and work was d i r e c t e d  towards 

making t h e  f i n a l  f o r m u l a t i o n  w i t h  t h e  i n i t i a l  dose. So, f o r m u l a t i o n  

35 was made by adding the  i n i t i a l  dose t o  No. 33. For  t h i s  end, t h e  

drug was g r a n u l a t e d  w i t h  s imple sy rup  and NaCl was employed as t h e  

d i s i n t e g r a n t .  I n  t h i s  fashion,  i n i t i a l  and s u s t a i n i n g  granules were 

compressed t o g e t h e r  as a double- layered t a b l e t .  

fTh is  was one o f  t h e  s u b j e c t s  used i n  t h e  s t u d y  f o r  determin ing t h e  
phannacokinet i  cs o f  s u l f a m e t h i z o l e (  3, 7 ) .  
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STUDIES ON SUSTAINED RELEASE. I 2037 

D I S C U S S i O N  

Fo rmu la t i on  S tud ies  : We worked w i t h  a f a s t  and s low  r e l e a s i n g  t ype  

o f  p o l y n e t h y l m e t h a c r y l a t e .  I n  t h e  e a r l y  p a r t  o f  t h e  work, we employed 

b o t h  o f  these po lymers  i n  t h e  r a t i o  o f  1 : l .  I n  o r d e r  t o  o b t a i n  t h e  

r e l a t i v e l y  h i g h e r  t a r g e t  r e l e a s e  r a t e s ,  we used o n l y  t h e  f a s t e r  

r e l e a s i n g  t y p e  (PMM I )  i n  t h e  l a s t  p a r t .  

I n  f o r m u l a t i o n  Group I, t h e  p o l y n e r  was i n c o r p o r a t e d  i n t o  t h e  

powder m i x t u r e ,  as w e l l  as a l s o  be ing  used as a b i n d e r  i n  s o l u t i o n .  

I n  t h i s  f a s h i o n ,  v e r y  h a r d  and s u i t a b l e  t a b l e t s  were ob ta ined .  T h i s  

method however, d i d  n o t  produce t h e  d e s i r e d  h i g h  r e l e a s e  r a t e s .  

I n s o l u b l e  f i l l e r s  l i k e  t a l c  and c a l c i u n  ca rbona te  a d v e r s e l y  a f f e c t e d  

t h e  d i s s o l u t i o n  r a t e .  

I n  f o r m u l a t i o n  Group 11, t h e  po lymer  was used o n l y  i n  s o l u t i o n  

form as t h e  b i n d e r .  The i n c o r p o r a t i o n  o f  l a c t o s e  and sod iun  c h l o r i d e  

i n t o  t h e  f o r m u l a t i o n  was c a r r i e d  o u t  i n  o r d e r  t o  i n c r e a s e  t h e  r e l e a s e  

r a t e .  These d i d  n o t  produce a s i g n i f i c a n t  improvement. 

In t h e  t h i r d  g r o u p  o f  f o r m u l a t i o n s ,  d i r e c t  canpress ion  was t h e  

method employed. T a b l e t s  o f  good q u a l i t y  were produced i n  t h i s  way. 

I n  o r d e r  t o  i n c r e a s e  t h e  r e l e a s e  r a t e ,  s o d i m  c h l o r i d e  was i n c o r -  

p o r a t e d  

c r i t i c a l  Used i n  t h e  p r o p e r  amount, s o d i m  c h l o r i d e  i n c r e a s e d  t h e  

p o r o s i t y  o f  t h e  m a t r i x  by  f a s t  d i s s o l u t i o n ,  wh ich  i n c r e a s e d  t h e  

r e l e a s e  r a t e .  As a f i n a l  exper imen t ,  drug powder wh ich  was l e s s  t h a n  

37 pm i n  s i z e  was used. This ,  however, d i d  n o t  p roduce a s i g n i f i c a n t  

change i n  d i s s o l u t i o n .  

n t o .  t h e  f o r m u l a t i o n .  I t  was found t h a t  t h e  amount used was 
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2038 AGABEYOGLU 

Release and D i s s o l u t i o n  Studies : 

determin ing the  o p e r a t i o n a l  parameters o f  t he  f l ow- th rough  c e l l ,  

d i s t i l l e d  water w i t h  0.05 % po l yso rba te  80 was employed as t h e  d i s -  

s o l u t i o n  med im.  The f l o w  r a t e  was v a r i e d  from 6 t o  20 ml/ ln in.  The 

r e s u l t s  ob ta ined  w i t h  n i n e  fo rmu la t i ons  were assessed k i n e t i c a l l y  

f o r  f i r s t ,  zero o r d e r  and Hixson-Crowel l  k i n e t i c s .  H ighes t  r s were 

obta ined w i t h  6 r n l h i n .  T ingstad e t  a l .  suggests us ing  l ower  f l o w  

r a t e s  t o  mimic t h e  i n  v i v o  e n v i r o m e n t ( 2 6 , 2 7 ) .  S ince we a l s o  g o t  

b e t t e r  f i t  w i t h  the  l ower  f l o w - r a t e ,  t h a t  va lue was adopted 

throughout  the s tudy.  Actual  f l o w  r a t e  ob ta ined  was c a l c u l a t e d  a t  

the end o f  each r u n  from the volumes o f  t h e  d i s s o l u t i o n  media 

c o l l e c t e d  and appear i n  Table 2.  

Dur ing t h e  p r e l i m i n a r y  work f o r  

2 

Upon checking t h e  k i n e t i c  f i t s ,  i t  i s  seen t h a t  ze ro -o rde r  

r e s u l t s  a re  b e t t e r  than the o the rs .  F i r s t  o r d e r  and Hixson-Crowel l  

f i t s  f o l l o w .  The f i t s  f o r  i n e r t  m a t r i x  equat ions (Eq.s 3-6) .  a r e  n o t  

as good. We b e l i e v e ,  t h i s  d icsrepancy canes f r a n  the  f a c t ,  t h a t  

the Higuchi  equat ions a re  de r i ved  e i t h e r  f o r  p l a n a r  su r faces  o r  

f o r  s p h e r i c a l  p e l l e t s  whereas our  t a b l e t s  were c y l i n d i  r i c a l  i n  

shape. I n  a d d i t i o n  t o  t h i s ,  we employed d i s s o l u t i o n  f l u i d s  o f  

va ry ing  pHs, which r e s u l t e d  i n  d i f f e r e n t  s o l u b i l i t i e s .  Dur ing s m e  

runs done w i t h  the  r o t a t i n g  b o t t l e ,  we n o t i c e d  some e r o s i o n  o f  t h e  

t a b l e t s .  T h i s  necessar i  l y  changes t h e  physi  c a l  parameters o f  t h e  

tab1 e t ,  whi ch may c o n t r i b u t e  t o  t h e  dev i  a t i  ons observed. 

One of  t h e  assunpt ions made i n  the  s i m p l i f i c a t i o n  o f  t h e  

Hixson-Crowel l  equa t ion  i s  s i n k  c o n d i t i o n .  We b e l i e v e ,  t h e  f l o w -  

through c e l l  i s  rlluch b e t t e r  i n  t h i s  respec t  than t h e  r o t a t i n g  
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bot t le ,  because i n  some runs with the l a t t e r ,  we determined t h a t  

the concentration rose as quch as 60 % of  the solubi l i  ty ;  especi a1 ly  

a t  pH 4.5 where sulfamethizole dissolves least .  

When the parameters obtained fran the two dissolution sys- 

tems are canpared, i t  i s  seen t h a t  the rotating bot t le  apparatus 

the kinetics.  This i s  quite understan- 

ra te  i s  much higher i n  the l a t t e r ,  

gives higher values in a l l  

dable, since the agitation 

The parameters o b t a  

apparent ra tes ,  since we d 

ned f r m  kinet ic  f i t s  are obviously 

n o t  know a t  t h i s  moment w h a t  the actual 

in vivo rates  are.  However, they are quite sui table  for  canparison 

purposes and  serve useful gui des in formulation studies.  

CONCLUSION 

We conclude tha t ,  polynethylrnethacrylate i s  a sui table  

polymer for  sustained release sulfamethizole i n e r t  matrix tablets .  

I n  a follow-up a r t i c l e ,  resul ts  of i n  vivo testing of formulation 

35 will be presented. 

ACKNOWLEDGEMENTS 

The author wishes t o  thank t o  Fako l l a c  Fabrikalari ,  A . S . ,  

Turkey for  the kind and generous supply of sulfamethizole. Thanks 

also go  t o  Rohm Pharma International for  the supply of Eudragit 

res ins .  I B M  Turkish L t d .  Co. deserves the whole credi t  for  supplying 

computer time for  the calculations.  Our sincere thanks also g o  

Assoc. Prof. Tanver Doganay for  the design and building o f  the 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2040 AGABEYOGLU 

r o t a t i n g  d i s k .  Las t ,  b u t  n o t  t h e  l e a s t  o f  o u r  thanks  a r e  due t o  o u r  

p a t i e n t  and f a i t h f u l  s e c r e t a r y ,  Ms. B e t u l  Buyuk tuncer .  

REFERENCES 

1 - M. Rowland., H.A. Becke t t . ,  J. P h a n .  Pharmacol.,  - 16, 156T(1964).  

2 - B.E. B a l l a r d . ,  E. Nelson., i n  " R m i n g t o n ' s  P h a r n a c e u t i c a l  

Sc iences"  1 6 t h  Ed., A.Osol , J.E.Hoover, eds. , Mack Pub.Co 

Easton, 1980, p. 1594. 

3 - I.T.Agabeyoglu, "The B iophannaceu t i ca l  Des ign  and P r o d u c t  on o f  

a Sus ta ined  Release S u l f a m e t h i z o l e  Dosage Fom" ,  Assoc .Pro f .  

Thesi  s, C o l l  . P h a n .  , Uni v. Ankara, Ankara, 1978. 

4 - V.W.Winkler., S. Borodk in ,  S.K. Webel, J.T. Mannebach, J.Pharm. 

S c i . ,  - 66, 816(1977) .  

5 - D.S.T.Hsieh, W.D. Rhine, R.  Langer, J . P h a n . S c i  . , L 72, 17( 1983) .  

6 - G.L.Mattok, I .  J.McGi l v e r a y ,  J.Phann.Sci . , L 61, 746( 1972) .  

7 - I.T.AgabeyoCJlu, " O r a l  Pharmacok ine t i cs  o f  S u l f a m e t h i z o l e " ,  

P resen ted  a t  F IP  79 S c i e n t i f i c  Meet ing ,  B r i g h t o n ,  U.K., Sept .  

1979. 

8 - E.KrUger-Thiemer, S.P, E r i k s e n ,  J . P h a n . S c i . ,  -L 55, 1249(1966) .  

9 - J.R.Robinson, S.P, E r i ksen ,  J . P h a n . S c i . ,  c 55,  1254(1966) .  

10 - J.R. Robinson, S.P. E r i k s e n ,  J .Pham.Sc i . ,  I 59, 1796(1970).  

11 - T.H iguch i ,  J.Pharm.Sci., - 52, 1145(1963).  

12 - A.W.Hixson, J.H.Crowel1, Ind.Eng.Chem., - 23, 923(1931) .  

13 - A.W.Hixson, J.H.Crowel1, Ind.Eng.Chem., - 23, lOOZ(1931).  

14 - E.L. P a r r o t t ,  " P h a m a c e u t i c a l  Technology",  Burgess, M inneapo l i s ,  

1971. 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



S T U D I E S  ON SUSTAINED RELEASE.  I 2041 

15 - F. Langenbucher, J .  P h a n .  Sc i . ,  -- 58, 1265(1969).  

16 - Nelson, E.,  A n t i b i o t i k a  e t  Chenotherapia,  12, 29(1964) .  

17 - Wiegand, R.G., T a y l o r ,  J.D., B iochen .Phamaco l . ,  3, 256( 1960) .  

18  - R i t s c h e l ,  N . A . ,  C l o t t e n ,  R . ,  Arzneim. Forsch./Drug Res., - 19, 

- 

347( 1969) .  

19 - Lehmann, K . ,  Manuf. Chm. Aeroso l  News, - 44, 5, 36(1973) .  

20 - Lehmann, K . ,  Manuf. Chem. Aeroso l  News, 44, 6 ,  39(1973) .  

21 - Lehmann, K. ,  Manuf. Chem. Aeroso l  News, -- 45, 5, 48(1974) .  

22 - Lehmann, K . ,  Drugs Made Ger., L 11, 34(1968) .  

23 - Lehmann, K . ,  Dreker ,  D., Drugs Made Ger., -c 12, 59(1969) .  

24 - l .T.Agabeyoglu,  "A  New Equa t ion  i n  Sus ta ined  Release D i s s o l u t i o n  

K i n e t i c s  and a Computer Program f o r  K i n e t i c  C a l c u l a t i o n s " ,  

P resen ted  a t  t h e  N a t i o n a l  P h a n a c e u t i  c a l  Congress, I s t a n b u l ,  

1981. 

25 - A.C.Bra t ton ,  E.K.Marshal1, Jr., J. B i o l .  Chem., - 128, 537(1939) .  

26 - J .E .T inqs tad ,  E.  Gropper, L. Lachrnan, E.Shami , J .Pham.  Sc i  . , 
-- 62, 293( 1973) .  

27 - J .E .T ings tad ,  J. Dudz insk i  , L.Lachnan, E.Shami , J.Pham.  Sc i  . , 
- 62, 1527( 1973).  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


