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ABSTRACT 

The r e s u l t s  ob ta ined  i n  t h i s  s tudy i n d  c a t e  t h a t  t h e  r e l e a s e  o f  

potass ium c h l o r i d e  f rom EOP system i s  c o n t r o  l e d  by t h e  a g i t a t i o n  i n t e n -  

s i t y  and t h e  n a t u r e  o f  f l u i d  f l ow .  

e f f e c t  on t h e  d e l i v e r y  r a t e  a t  low a g i t a t i o n  speeds, b u t  a t  

a g i t a t i o n  and under t u r b u l e n t  f l u i d  f l o w ,  t h e  o r i f i c e  s i z e  has a 

s i g n i f i c a n t  e f f e c t .  

t h e  r e l e a s e  o f  potass ium c h l o r i d e  took  p l a c e  th rough  t h e  pores formed 

i n  the  membrane w i t h  an i n i t i a l  l a g  p e r i o d  o f  about  two hours. 

The s i z e  o f  d e l i v e r y  o r i f i c e  has no 

h i q h e r  

I n  t h e  absence o f  d e l i v e r y  o r i f i c e  i n  EOP system, 

INTRODUCTION 

Research has been a c c e l e r a t i n g  i n  r e c e n t  yea rs  f o r  deve lop inq  new 

drug d e l i v e r y  systems. 

p ressu re  as energy source have been i n t r o d u c e d  i n  t h e  l a s t  yea rs  (1-5) .  

D i f f e r e n t  t h e r a p e u t i c  systems u s i n q  osmot ic  

~ 

* To whom correspondence should be addressed. 
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RAMADAN A N D  1 A W A S H I  236 

The EOP i s  one o f  those new d rug  d e l i v e r y  systems. 

a s o l i d  co re  c o n t a i n i n g  t h e  drug,  a lone  o r  w i t h  an osmot i c  agent ,  

surrounded by a semi -permeable membrane which has a d e l  i very  p o r t .  

The drug r e l e a s e  r a t e  f rom EOP has been desc r ibed  t o  be a)  independent 

o f  t he  p r o p e r t i e s  o f  t h e  a c t i v e  m a t e r i a l  

mable c )  independent o f  pH and a g i t a t i o n  i n t e n s i t y  d)  independent 

o f  t he  d e l i v e r y  o r i f i c e  w i t h i n  a s p e c i f i e d  range e )  equal i n  v i t r o  

and i n  v i v o  (6,7,8).  

as EOP and was l a t e r  r e c a l l e d  because o f  s e r i o u s  adverse r e a c t i o n s  (5, 

and t h e r e  i s  an i n c r e a s i n g  ev idence t h a t  t h e  wide range o f  cha rac te -  

r i s t i c s  c la imed f o r  t h e  EOP d e l i v e r y  r a t e  shou ld  be reexamined. 

I t  c o n s i s t s  o f  

b )  p r e d i c t a b l e  and program- 

Indomethacin was r e c e n t l y  i n t r o d u c e d  i n  Europe 

The p resen t  work t r i e s  o n l y  t o  assess t h e  e f f e c t  o f  a g i t a t i o n  

i n t e n s i t y ,  f l u i d  f l o w  p a t t e r n  and d e l i v e r y  o r i f i c e  s i z e  on t h e  r a t e  

o f  r e l e a s e  o f  potass ium c h l o r i d e  f rom t h e  EOP. 

EXPERIMENTAL 

1. P r e p a r a t i o n  o f  EOP 

Potassium c h l o r i d e  was compressed i n t o  t a b l e t s  u s i n g  a r o t a r y  

No a d d i t i v e s  were used t a b l e t  machine w i t h  s tandard  concave punches. 

w i t h  potass ium c h l o r i d e .  

suspension method. 

L a b o r a t o r i e s  i n  Montrea l  , acco rd ing  t o  t h e  c o a t i n g  f o r m u l a t i o n  desc r ibed  

i n  the  p a t e n t  l i t e r a t u r e .  

a t  5OoC f o r  one week, and d r i l l e d  u s i n g  a m i c r o d r i l l  t o  make t h e  

d e l i v e r y  p o r t .  The a c t u a l  o r i f i c e  d iameter  was measured u s i n g  m i c r o s c o p i c a l  

method . 
used i n  t h i s  s tudy  a re  g i ven  i n  t h e  f o l l o w i n g  t a b l e .  

The t a b l e t s  were coated u s i n g  t h e  a i r  

Coat ing was p r o v i d e d  by Merck-Frosst  Research 

The coated t a b l e t s  were d r i e d  i n  an oven 

The c h a r a c t e r i s t i c s  o f  t h e  potass ium c h l o r i d e  EOP ( A )  

(Tab le  I )  

-_____ 

( A )  Quant imet ,  700 L e i t z ,  West Germany 
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HYDRODYNAMIC C O N D I T I O N S  A N D  D E L I V E R Y  O R I F I C E  SIZE 2 3  7 

TABLE I 

Charac te r i s t ics  of the potassium chlor ide  EOP used 
i n  the study 

Weight o f  potassium chlor ide  t a b l e t  403.43 mg S .D.  t 7.595 

The average of t a b l e t  diameter 10.44 mm S.D. k 0.0212 

Tablet  thickness 3.455 mm S .D .  k 0.0599 

Tablet  hardness 7.0 kg S . D . 2 0 . 3 2  

Thickness of the  membrane 156.1 pm S.D. ? 10.04 

(by Scanning Electron Microscope) ( 6 )  

2 .  Drug re lease  as function of the a g i t a t i x  in t ens i ty  

T h e  de l ivery  of potassium chloride from the EOP ( o r i f i c e  diameter 

300 pm) was studied under d i f f e r e n t  ro t a t ing  speeds, and  in d i f f e r e n t  

f l u i d  flow conditions in a ro t a t ing  basket (USP) a n d  in the Turbula 

shaker mixer('). 

a 
The Turubula - shaker i s  a n  ag i t a t ing  system based 

on the three dimensional movement of the re lease-ce l l  around i t s  a x i s .  

The re lease  medium i s  b i d i s t i l l e d  water (200 ml) a t  37OC. 

taken a t  d i f f e r e n t  i n t e rva l s  of time and  analysed f o r  K +  using a u t o -  

Samples were 

matic flame spectrophotometer ( D )  . 

3. 

(70 - 500 urn) were d r i l l e d  in the coated t a b l e t s  using a mic rodr i l l .  

The delivery rate of potassium chlor ide  was determined under the  

influence of d i f f e r e n t  f l u i d  motions. 

Drug re lease  as function of o r i f i c e  s i ze :  Different o r i f i c e  s i z e s  

( B )  Joel ISM. 840, Tokyo, Japan 

(C) Wi 1 l y  A .  Bachofen , Basel, Switzerland 

( D )  Instrumental Laboratory, Lexington MA 021 73 
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238 RAMADAN A N D  T A W A S H I  

TIME IN HOURS 

Fig. 1 : Release profiles of potassium chloride from the elementary 

osmotic pump (EOP) in bidistilled water at 37O C using the 

rotating basket apparatus at zero ( V  ), 50 ( 0 1, 100 ( 0 )  

and 250 rpm ( 0  ). (orifice diameter - 300 pm) 

4.  

t h e  complete b l o c k i n g  o f  t h e  d e l i v e r y  p o r t ,  t h e  r e l e a s e  o f  potass ium 

c h l o r i d e  was s t u d i e d  under s t a t i c  and s t i r r i n g  c o n d i t i o n s .  

Drug r e l e a s e  f rom systems w i t h o u t  o r i f i c e s :  I n  o r d e r  t o  s i m u l a t e  

RESULTS AND DISCUSSION 

Fig. 1 and F i g .  2 show t h e  d e l i v e r y  p r o f i l e  o f  potass ium c h l o r i d e  

f o r  t h e  EOP's u s i n g  t h e  r o t a t i n g  basket  method and Tu rbu la -shaker  under 

d i f f e r e n t  r o t a t i n g  speeds. Using t h e  r o t a t i n g  basket ,  t h e  d r u g  r e l e a s e  
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HYDRODYNAMIC CONDITIONS AND DELIVERY ORIFICE S I Z E  239 
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Fig. 2 : Potassium chloride delivery profiles from the EOP in bidistilled 

water at 37O C using the Turbula mixer at 23 rpm ( 0) and 

50 rpm ( A ), (orifice diameter = 300 pm). 

follows a zero-order k ine t i c  in s t a t i c  condition and a t  low s t i r r i n g  

r a t e s .  

250 rpm, the  re lease  r a t e  deviates from a zero-order. 

55-75% of the conten t ,  i s  delivered within 12  hours. A t  100 and 

I n  the  Turbula-shaker, the mass t r a n s f e r  of the  potassium chlor ide  

increased w i t h  the  increase of f l u i d  ve loc i ty ,  and i t  was remarkably 

higher ( f o r  the same rpm) than the ro t a t ing  basket.  The increase in  

d r u g  de l ivery  as a function of f l u i d  ve loc i ty ,  i n  both cases ,  could 

be explained by the f a c t  t h a t  ag i t a t ion  increased water in f lux  i n t o  
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Fig. 3 : The effect of speed of rotation on the delivery rate using the 

rotat ing basket apparatus ( 0  and the Turbula mixer ( 0 1. 

the core o f  EOP by f o r c i n g  water through the  pores o f  the membrane and/or 

through the  d e l i v e r y  o r i f i c e .  The improvement o f  the mixing cond i t ions  

by the energet ic movement and random a g i t a t i o n  i n  the Turbula (10) 

accelerated the t ranspor t  o f  potassium c h l o r i d e  and provided h igher  

release r a t e s  ( a t  lower rpm) than i n  the  r o t a t i n g  basket. 

F ig .  3 shows c l e a r l y  the e f f e c t  of the  speed o f  r o t a t i o n  on the  

d e l i v e r y  r a t e  o f  potassium ch lo r i de  and i l l u s t r a t e  the  d i f f e rence  between 

the  two methods. 

o f  r o t a t i o n  f o r  the two processes. The slopes o f  the  two curves were 

The l o g  o f  d e l i v e r y  r a t e  was p l o t t e d  aga ins t  t h e  speed 
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HYDRODYNAMIC C O N D I T I O N S  AND D E L I V E R Y  O R I F I C E  S I Z E  241 

c a l c u l a t e d  and t h e  va lues ob ta ined correspond t o  t h e  exponent o f  t h e  

angular  v e l o c i t y  E i n  t h e  f o l l o w i n g  genera l  equat ion  (11, 12) .  

R = KC, D" V' pE A 

when R = t h e  f l u x  r a t e  o f  potassium c h l o r i d e  

K = p r o p o r t i o n a l i t y  f a c t o r  

Cs-  s o l  u b i  1 i t y  

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

V = k inemat ic  v i s c o s i t y  

p I f l o w  v e l o c i t y  

A = geometr ic  f a c t o r  

a, B, E, a re  exponents. 

A va lue  o f  0,84 was c a l c u l a t e d  f o r  t h e  r o t a t i n g  basket  curve  

and 1.28 f o r  t h e  Turbula-shaker. 

t r a n s p o r t  i n  t h e  two a g i t a t i n g  systems can be a t t r i b u t e d  t o  t h e  t r a n s i t i o n  

o f  t h e  f l o w  f rom l a m i n a r  t o  t u r b u l e n t  ( 1 0 ) .  

o f  potassium c h l o r i d e  from EOP i n  t h e  Turbula-shaker ,  i s  about 7 t imes 

t h e  d e l i v e r y  r a t e  i n  t h e  r o t a t i n g  basket .  

The remarkable d i f f e r e n c e  o f  drug 

A t  50 rpm, t h e  d e l i v e r y  r a t e  

The e f f e c t  o f  o r i f i c e  s i z e  
-_I_-_ 

The study o f  t h e  re lease p r o f i l e  o f  potassium c h l o r i d e  from EOP, 

over  a range o f  70 - 500 pm o r i f i c e  d iameter  r e f l e c t s  t h e  r o l e  o f  hydro-  

dynamic c o n d i t i o n s .  I n  s t a t i c  c o n d i t i o n  and a t  low a g i t a t i o n ,  t h e r e  

i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  average re lease r a t e s .  However, 

a t  h i g h e r  a g i t a t i o n  speeds, and p a r t i c u l a r l y  i n  t u r b u l e n t  f l o w ,  t h e  

d i f f e r e n c e  i n  re lease r a t e s  s t a r t e d  t o  be e v i d e n t .  F i g .  4 and F ig .  5 

show the  d e l i v e r y  r a t e  of  potassium c h l o r i d e  f rom 150 pm and 300 pm 

d e l i v e r y  p o r t  a t  d i f f e r e n t  f l u i d  v e l o c i t y .  

and under h i g h  r o t a t i n g  speeds, t h e  d i f f e r e n c e  becomes s i g n i f i c a n t .  

I n  t u r b u l e n t  f l o w  c o n d i t i o n s  
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242  RAMADAN AND TAWASHI 

100 

75 

50 

25 

0 1 2  4 6 8 10 12 

TIME IN HOURS 

Fig. 4 : The release profile of potassium chloride from the EOP (orifice 

diameter = 150 pm) at 5 0  rpm ( 0 and 250 rpm ( I ) using 

the rotating basket apparatus, and 50 rpm using the 

Turbula mixer ( 0 1. 
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HYDRODYNAMIC C O N D I T I O N S  AND D E L I V E R Y  O R I F I C E  S I Z E  

0 1 2  4 6 8 10 12 

TIME IN HOURS 

Fig. 5 : The release profile of potassium chloride from the EOP (delivery 

orifice diameter = 300 Am) a t  50 rpm ( 0 1, and 250 rpm (m 
using the rotating basket apparatus, and 50 rpm using the 

Turbula mixer ( 0 ) .  

243 
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244 RAMADAN A N D  TAWASHI 

T h i s  f i n d i n g  c o u l d  be a t t r i b u t e d  m a i n l y  t o  t h e  i n c r e a s e  o f  w a t e r  i n f l u x  

through t h e  d e l i v e r y  o r i f i c e .  

- D r u g  .___- del ivery_f rom systems wiJhout o r i f i c e s  

It was i n t e r e s t i n g  t o  n o t i c e  t h a t  d u r i n g  t h e  drug r e l e a s e  s t u d i e s ,  

t he  volume o f  t h e  coated t a b l e t  (system w i t h o u t  d e l i v e r y  o r i f i c e )  has 

i nc reased  and t h e  shape changed when t h e  t a b l e t  was k e p t  f o r  2 hours 

i n  b i d i s t i l l e d  wa te r .  

The r e l e a s e  p r o f i l e  o f  potass ium c h l o r i d e  f rom coa ted  t a b l e t s  (systems 

w i t h o u t  o r i f i c e s )  and EOPs ( o r i f i c e  d iamete r  = 300 vm) under s t a t i c  

c o n d i t i o n  i s  g i v e n  i n  F i g u r e  6 .  An i n i t i a l  l a g  p e r i o d  o f  about  2 hours 

i s  n o t i c e d  which can be a t t r i b u t e d  t o  t h e  p e r i o d  r e q u i r e d  f o r  t h e  

system t o  wet, absorb wa te r  or a t t r a c t  wa te r ,  s o l u b i l i z e  d rug  and t o  

b u i l d  osmot ic  pressure.  

u n l i k e  t h e  EOP,  d e v i a t e s  f rom ze ro -o rde r  k i n e t i c s  and c o n t r a r y  t o  what 

has been expected t h e  d rug  d e l i v e r y  r a t e  f rom the  coated t a b l e t  a f t e r  

t h e  l a g  p e r i o d  i s  h i g h e r  than t h a t  f rom t h e  EOP. To e x p l a i n  t h i s  

phenomenon, we b e l i e v e  t h a t  t he  cont inuous wa te r  i n f l u x  i n t o  t h e  

system produced an i nc rease  i n  t h e  volume o f  d r u g  s o l u t i o n  i n s i d e  t h e  

coated t a b l e t ,  and t h i s  l e a d  t o  i nc rease  i n  t h e  h y d r o s t a t i c  p ressu re  

i n s i d e  t h e  t a b l e t .  The p ressu re  generated caused t h e  expansion o r  

d i s r u p t i o n  o f  t h e  membrane which i n  t u r n ,  l e a d  t o  t h e  f o r m a t i o n  o f  

p o r e ( s )  on t h e  membrane o r  i nc reased  i n  t h e  s i z e  o f  t h e  m ic ropores .  

The p e r m e a b i l i t y  o f  t he  membrane was j u s t  enough t o  reduce t h e  hydro-  

s t a t i c  p ressu re  w i t h i n  t h e  system and t o  make t h e  r a t e  o f  wa te r  i n f l u x  

i n t o  t h e  system equal t o  t h a t  o f  drug d e l i v e r y .  

formed i n s i d e  t h e  coated t a b l e t  a c c e l e r a t e d  t h e  d e l i v e r y  o f  t h e  con ten ts  

( i n  s o l u t i o n  form) 

d e l i v e r y  r a t e  becomes c o n t r o l l e d  by t h e  osmot ic  p ressu re  and t h e  p e r -  

m e a b i l i t y  o f  t h e  membrane (wh ich  depends on t h e  f o r m a t i o n  o f  pores on 

t h e  membrane and t h e  s i z e  o f  these p o r e s ) .  

The EOP d i d  n o t  change under these c o n d i t i o n s .  

The d rug  r e l e a s e  f rom t h e  coated t a b l e t  

The h i g h  p ressu re  

th rough  t h e  formed p o r e ( s )  on t h e  membrane. The 
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Fig. 6 : The release profiles of potassium chloride from the 

coated tablet without orifice ( 0  1 and from the EOP 

(orifice diameter = 300 pm) (0 1 under static conditions. 

Under h i g h  f l u i d  mot ion ( F i n .  7 )  t h e  r a t e  o f  d e l i v e r y  o f  potass ium 

c h l o r i d e  becomes more s i g n i f i c a n t .  I t  f o l l o w s  a zero-order  k i n e t i c s  i n  

bo th  systems. I n  coated t a b l e t  t h e r e  i s  an i n i t i a l  l a g  p e r i o d  o f  about 

2 hours. 

coated t a b l e t s .  

i n t o  t h e  core  o f  EOP by f o r c i n g  water  through pores o f  t h e  membrane and 

through t h e  o r i f i c e  o f  t h e  system. 

cons tan t  (no s w e l l i n g  as i n  t h e  case o f  coated t a b l e t s ) ,  t h e r e f o r e ,  

The EOP however, d e l i v e r s  t h e  drug a t  a h i g h e r  r a t e  than t h e  

Th is  can be exp la ined by t h e  inc rease o f  water  i n f l u x  

Since t h e  volume o f  EOP remain 
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the to t a l  

will  be h 

1 O( 

7E 
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25 

10 

TIME IN HOURS 

Fig. 7 : The release profiles of potassium chloride from the 

coated tablet without orifice ( A  ) and from the EOP 

(orifice diameter. = 300 jm (0 ) using the Turbula 

mixer at 23 rpm. 

d r u g  de l ivery  through the  o r i f i c e  

gher than in system w thout  a del 

CONCLUSION 

and pores of the membrane 

very p o r t .  

Fluid dynamics have an e f f e c t  on the  de l ivery  r a t e  of ion ic  agents ,  

such as potassium chlor ide ,  from the EOP and could have a s i m i l a r  e f f e c t  

on druqs o f  low molecular weight. 

function of the f lu id  flow. 

The de l ivery  r a t e  increases  as a 

The f lu id  flow pa t te rn  has an e f f e c t  on the  
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re lease and i t  i s  h i g h e r  under t u r b u l e n t  than l a m i n a r  f l o w .  

no s i g n i f i c a n t  d i f f e r e n c e  between t h e  d e l i v e r y  o f  potassium c h l o r i d e  

f rom EOP systems w i t h  o r i f i c e  d iameter  between 70 and 500 pm a t  low 

r o t a t i n g  speeds. However, under t u r b u l e n t  f l o w  c o n d i t i o n s  and under 

h i g h  r o t a t i n g  speeds, t h e  d i f f e r e n c e  becomes s i g n i f i c a n t .  I n  t h e  

absence o f  d e l i v e r y  o r i f i c e  o r  complete b l o c k i n g  o f  d e l i v e r y  p o r t  i n  t h e  

EOP system, t h e  d e l i v e r y  o f  potassium c h l o r i d e  takes p lace  through t h e  

pores formed i n  t h e  membrane. There i s  an i n i t i a l  l a g  p e r i o d  o f  about 

two hours i n  d rug  r e l e a s e  from systems w i t h o u t  d e l i v e r y  o r i f i c e s .  

There was 
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