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An in v i t ro  batch d i s s o l u t i o n  method, s imu la t i ng  t h e  in vivopH- 
t i m e  p r o f i l e  was developed, us ing the USP XX d i s s o l u t i o n  appara- 
tus.  S i g n i f i c a n t  c o r r e l a t i o n  between in v i t r o  d i s s o l u t i o n  data and 

b ioavai  l a b i  1 i t y  of t he  drug f rom the c o n t r o l  l e d  re lease dosage 
form was obtained. 

INTRODUCTION 

For a prolonged release dosage form, i t  i s  o b l i g a t o r y  
t o  demonstrate the prolonged re lease c h a r a c t e r i s t i c s  o f  t h e  
a c t i v e  i ng red ien ts  through both in vitro and in vivo methods. There- 
fo re ,  i t  i s  important t o  develop in v i t ro  t e s t s  which could be 
u t i l i z e d  t o  p r e d i c t  the b i o a v a i l a b i l i t y  o f  t h e  a c t i v e  i ng red ien ts  
from the prolonged re lease dosage forms and which could a l so  
be re1  i e d  upon t o  assure batch-to-batch performance. Consider- 
able i n t e r e s t  has been focussed on the development o f  a r e l i a b l e  
in v i t ro  d i  sso lu t i on  t e s t  method which would be capable t o  e x a c t l y  

mimicking t h e  in vivo d i s s o l u t i o n  r a t e  c o n t r o l l e d  absorpt ion o f  

drugs from t h e  s o l i d  dosage forms. 
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538 DAS AND GUPTA 

I t  i s  expected t h a t  t h e  pH o f  g a s t r o i n t e s t i n a l  t r a c t  and 
the  degree of i o n i z a t i o n  o f  t h e  drug molecu le  would have a 
profound e f f e c t  on t h e  abso rp t i on  o f  d i f f e r e n t  drugs, a l t hough  
i o n i z e d  molecules have shown s i g n i f i c a n t  absorp t ion ,  a l b e i t  
a t  a slower rate'.  Commonly employed methods f o r  in vitm d i s s o l u -  
t i o n  study o f  t h e  o r a l  dosage forms i n v o l v e  t h e  on-column o r  
t h e  ba tch  exposure o f  t h e  dosage forms t o  t h e  s imu la ted  g a s t r i c  
and i n t e s t i n a l  f l u i d s  , both  o f  which methods l a c k  t o  s imu la te  
t h e  boundary in vivo pH p r o f i l e ,  except a few u s i n g  t h e  cont inuous  
f l o w  apparatus, s i m u l a t i n g  t h e  con t inuous ly  changing in vivo pH p r o  
f i l e  . Long term d i s s o l u t i o n  t e s t i n g  o f  c o n t r o l l e d  r e l e a s e  
p repara t i ons  e s p e c i a l l y  r e q u i r e  exac t  s i m u l a t i o n  o f  in vivo pH-time 
p r o f i  l e  determined by  pH and p e r i s t a l s i s  o f  t h e  g a s t r o i n t e s t i n a l  
t r a c t .  

2 

3 

MATERIALS 

The dosage form under t e s t  was p o l y v i n y l  c h l o r i d e  c o n t r o l l e d  
re lease  granules o f  su l fad iaz ine .  The mean s i e v e  s i z e  o f  t h e  
granu les  was 24 mesh. The chemicals : S u l f a d i a z i n e  (May 81 Baker 
L im i ted ,  Bombay), Hyd roch lo r i c  a c i d  (E. Merck, Bombay), Sodium 
carbonate (Sarabhai Merck, Bombay), Sodi urn hydrogen carbonate 
(Sarabhai Merck, Bombay) were used w i t h o u t  f u r t h e r  t rea tment .  
A l l  o t h e r  chemicals were o f  a n a l y t i c a l  reagent  grade. 

METHODS 

h vitm D i s s o l u t i o n  Study : 

The pH p r o f i l e  was achieved us ing  t h e  s o l u t i o n s  o f  hydro- 
c h l o r i c  ac id ,  sodium carbonate and sodium hydrogen carbonate 
i n  double d i s t i l l e d  water.  Tab le  shows the  compos i t ion  o f  t h e  
so lu t i ons .  C o n t r o l l e d  re lease  granules o f  s u l f a d i  az ine  were 
placed i n  the  USP XX d i s s o l u t i o n  basket, covered w i t h  # 100 
mesh n y l o n  screen t o  p revent  g ranu les  coming ou t  o f  t h e  basket.  
F i v e  hundred m l  o f  t h e  s o l u t i o n  ' A '  was taken  i n  the  d i s s o l u t i o n  
beaker a t  37 f 1°C. The basket w i t h  the  granu les  was r o t a t e d  
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SIMULATION OF PHYSIOLOGICAL pH - TIME PROFILE 

TABLE 

Composition o f  D isso lu t i on  F l u i d s  

539 

Solut ion Composition per 1 i t r e  PH 

A 4.25 m l  concentrated 
hydrochlor ic  acida, 
water t o  1 1 i t r e  b 

B 

C 

40.0 gm anhydrous sodium 
carbon a t  ec ' 
50.0 gm anhydrous sodium 
bicarbonate', 
water t o  1 l i t r e  b 

10.0 gm anhydrous sodium 
carbonateC, 

20.0 gm anhydrous sodium 
b i  carbonat ec, 
water t o  1 l i t r e  b 

1.35 rt 0.05 

9.30 It 0.05 

9.25 f 0.05 

a 
guaranteed reagent - E. Merck, I n d i a  

b 
t r i p l e  d i s t i l l e d  water pH 5.5 - 6 . 0  

C 
guaranteed reagent - Sarabhai Merck, I nd ia  
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5 40 DAS AND GUPTA 

I 
n 

1 .o 3.0 5.0 7.0 9.0 
T i m e ,  hr 

FIGURE 1 

pH - t ime p r o f i l e  f o r  in vitro d i s s o l u t i o n  study 

a t  100 r.p.m. F i ve  m l  o f  the sample a l i q u o t s  were withdrawn 
each t ime and replenished the same volume w i t h  s o l u t i o n  '13' 
and t h i s  was continued t i l l  the  pH 6.75 was achieved, which 
had been found t o  occur a f t e r  ten withdrawals. Afterwards, 
the rep len i sh ings  were performed w i t h  s o l u t i o n  'C' and t h i s  
process was continued. The d isso lved drug was assayed spectro- 
pho tomet r i ca l l y  . The sampling t ime was chosen t o  be 30 mins, 
i n  conformi ty  w i t h  the  in vivo t r a n s i t  t ime of t h e  drug through 
d i f f e r e n t  pH regions o f  the G.I.T. The pH - t ime p r o f i l e  thus 
obtained i s  shown i n  Fig.1. 

4 
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SIMULATION OF PHYSIOLOGICAL pH - TIME PROFILE 541 

2 4 6 8 

Time, hr 

FIGURE 2 

In vitro d i s s o l u t i o n  p r o f i  le .  Each p o i n t  represents 
the  average and range o f  t r i p l i c a t e  experiments. 

In vivo Studies i n  Rabbi ts  : 
S ix  male r a b b i t s  weighing 2.4 - 3.5 k g  were f a s t e d  overn ight  

f o r  about 22 hours, w h i l e  water was al lowed ad ZibSturn.On the f o l -  
lowing morning a 0 h r  sample o f  b lood was obta ined from the 
marginal  ear vein, and the su l fad iaz ine  granules i n  hard g e l a t i n  
capsule was placed i n  the rea r  pharynx o f  t h e  r a b b i t  w i t h  
a p l a s t i c  catheter- rubber  ba l l oon  device through a hole i n  
a wooden gag ho ld ing  t h e  mouth open. The capsule was then pushed 

by generat ing a i r  pressure us ing  the bal loon.  No water was 
given and t h e  food was al lowed a t  3.5 hours. Blood samples 
were withdrawn from t h e  marginal ear  v e i n  a t  preselected time 
i n t e r v a l s  a f t e r  t h e  drug admin i s t ra t i on .  The sera were seperated 
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F IGURE 3 

Cor re la t i on  o f  d i s s o l u t i o n  r a t e s  and mean plasma drug 

concentrat ions i n  f a s t i n g  r a b b i t s .  Each p o i n t  rep re -  
sents the average k S.E. i n  s i x  animals. Cor re la t i on  
c o e f f i c i e n t  = 0.992 ( ~ ( 0 . 1 0 )  

4 and the content o f  drug was assayed spect rophotometr ica l ly  , 
a f t e r  p r e c i p i t a t i o n  o f  the plasma p r o t e i n s  by t r i c h l o r o a c e t i c  
ac id  s o l u t i o n  i n  water. 

RESULTS AND DISCUSSIONS 

The simulated pH - t ime p r o f i l e  c o r r e l a t e d  we l l  w i t h  

The d i s s o l u t i o n  media were prepared w i t h  such chemicals as 
are normal cons t i t uen ts ,  a t  t he  i o n i c  l e v e l  o f  the yas t ro in tes -  
t i n a l  content. The b i o a v a i l a b i l i t y  s tud ies  on the  f a s t i n g  
r a b b i t s  were c a r r i e d  out t o  determine t h e  c o r r e l a t i o n  of t h e  
in viw r e s u l t s  w i t h  the  developed in vitm d i s s o l u t i o n  method. To 

the in vivo p h y s i o l o g i c a l  condi  t i o n s  repor ted e a r l i e r  5,697 
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SIMULATION OF PHYSIOLOGICAL pH - TIME PROFILE 543 

avoid overdose problem, the h a l f  o f  t he  minimum a c t i v e  i n g r e d i e n t  
content o f  t h e  capsule equiva lent  t o  200 mg/dose were adminis- 
t e red  t o  s i x  r a b b i t s .  The in viw studies were c a r r i e d  out i n  a 
s t r i c t l y  crossover fashion. 

The in vitm d i s s o l u t i o n  p r o f i l e  i s  represented i n  the Fig.2. 
The r e l a t i o n s h i p  between the mean plasma l e v e l ,  Cm, and the  
logar i thm o f  su l fad iaz ine  d i sso l ved  i n  0.5 hr, ( l o g  Doa5) 

corre 1 a t  i on was obtained be tween i s  shown i n  Fig.3. S i g n i f i c a n t  
C, and l o g  DOa5 ( ~ ( 0 . 1 0 ) .  

The descr ibed d i s s o l u t i o n  
t o  the bas i c  requirements o f  d 

t e s t i n g  method n o t  o n l y  conforms 
sso lu t i on  t e s t  bu t  a lso s imulates 

the in vivo pH - t ime p r o f i l e  which could be u t i l i z e d  i n  the rou- 
t i n e  assessment o f  c o n t r o l l e d  re lease dosage forms. 
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