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ABSTRACT 

One hundred f i f t y  sheep r e c e i v e d  v a r i o u s  t ypes  o f  Rate-Contro l  

v a g i n a l  p e s s a r i e s  f o r  a p e r i o d  o f  up t o  19 days a t  v a r i o u s  geo- 

g raph ic  l o c a t i o n s .  As p r e d i c t e d  f rom t h e  in v i t r o  s t u d i e s ,  a 

cons tan t  ( Q  - t )  a b s o r p t i o n  p r o f i l e  was a l s o  observed i n  fi 
v i v o .  The e f f e c t  o f  t h e  l o a d i n g  dose o f  f l u r o g e s t o n e  a c e t a t e  

on t h e  in v i t r o  and in viva a b s o r p t i o n  p r o f i l e s  were examined 

and minimum e f f e c t i v e  l o a d i n g  dose was determined. An e x c e l l e n t  

-- i n  v i t r o  - in viva c o r r e l a t i o n  was e s t a b l i s h e d ,  which p e r m i t t e d  
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13 14 JUBADI AND CHIEN 

t h e  p r e d i c t i o n  o f  t h e  l ong - te rm (19-day) &I a b s o r p t i o n  

p r o f i l e s  f rom a s h o r t - t e r m  (3-day) i n  v i t r o  a b s o r p t i o n  s tudy.  

INTRODUCTION 

For  many c e n t u r i e s ,  v a r i o u s  pastes,  j e l l  i e s  and m i x t u r e s  

have been a p p l i e d  i n t o  t h e  vagina t o  p r e v e n t  concep t ion  (1). 

However i n  1918, a l i t e r a t u r e  r e v i e w  suggested t h a t  t h e r e  were 

many cases o f  deaths as a r e s u l t  o f  v a g i n a l  a d m i n i s t r a t i o n  o f  

t o x i c  substances, i n c l u d i n g  a r s e n i c ,  mercury,  and o t h e r s  used 

f o r  l o c a l  e f f e c t  ( 2 ) .  The f i r s t  ev idence o f  v a g i n a l  a b s o r p t i o n  

was a l s o  r e p o r t e d  b y  Macht f rom t h e  s t u d i e s  conducted i n  an ima ls  

( 2 ) .  L a t e r ,  t h e  p o s s i b i l i t y  o f  u s i n g  v a g i n a l  c a v i t y  as a s i t e  

o f  drug a d m i n i s t r a t i o n  f o r  systemic e f f e c t  was t h e n  i n v e s t i g a t e d  

( 3 ) .  The e f f e c t i v e n e s s  o f  v a g i n a l  a b s o r p t i o n  was i l l u s t r a t e d ,  

j u s t  ove r  two decades ago, by t h e  i n t r a v a g i n a l  a d m i n i s t r a t i o n  

o f  progesterone v i a  a s u p p o s i t o r y  f o r m u l a t i o n  ( 4 ) .  A 1 i t e r a t u r e  

rev iew  i n  1983 i n d i c a t e d  t h a t  a wide v a r i e t y  o f  b o t h  o r g a n i c  

and i n o r g a n i c  compounds, i n c l u d i n g  most s t e r o i d s ,  p r o s t a g l a n d i n s ,  

p e n i c i l l i n s ,  s u l f a  drugs, p r o t e i n s ,  nonoxynol-9,  and methadone 

a r e  w e l l  absorbed f rom t h e  v a g i n a l  mucosa (1). 

The advantages o f  u s i n g  vagina as t h e  r o u t e  o f  a d m i n i s t r a t i o n  

f o r  c o n t r a c e p t i v e  s t e r o i d s  i n c l u d e :  Ease f o r  t h e  i n s e r t i o n  and 

removal o f  medica l  dev ice;  con t inuous  " i n f u s i o n "  o f  an e f f e c t i v e  

dose w i t h o u t  t h e  peak and v a l l e y  e f f e c t s  o f  c o n v e n t i o n a l  dosage 

forms; avoidance o f  t h e  h e p a t i c  " f i r s t - p a s s  metabol ism",  s i n c e  
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FLUROGESTONE ACETATE. IV 1315 

t h e  b lood  f rom t h e  vagina bypasses t h e  l i v e r  (5,6). The s u r f a c e  

o f  t h e  v a g i n a l  w a l l  i s  w e l l  s u i t e d  f o r  abso rp t i on ,  as i t  i s  com- 

posed o f  numerous f l a t  l o n g i t u d i n a l  f o l d s  which ex tend  th roughou t  

t h e  l e n g t h  o f  vagina ( 7 ) .  

F lu roges tone  a c e t a t e  (FGA) is an i d e a l  cand ida te  f o r  i n t r a -  

vagi r la l  c o n t r o l l e d  d rug  d e l i v e r y ,  s i n c e  i t  i s  p o t e n t ,  l i p o p h i l l i c  

compound w i t h  s h o r t  d u r a t i o n  o f  a c t i v i t y  and good v a g i n a l  absorp- 

t i v i t y  ( 8 ) .  I n  l i g h t  o f  these advantages, Robinson developed 

and pa ten ted  a l o n g - a c t i n g  FGA-releasing pessary t o  r e p l a c e  t h e  

d a i l y  FGA i n j e c t i o n  f o r  e s t r u s  s y n c h r o n i z a t i o n  i n  t h e  sheep ( 9 ) .  

The goal o f  e s t r u s  s y n c h r o n i z a t i o n  is t o  e s t a b l i s h  a s tage  a t  

which one can induce  f e r t i l e  e s t r u s  as d e s i r e d  and can a l s o  make 

t h e  female animal f e r t i l i z a b l e  i n  a d e s i r e d  season ( i . e . ,  c o n t r o l  

b reed ing )  (10) .  The sheep r e g a i n  t h e i r  e s t r u s  and o v u l a t e  2-4 

days a f t e r  cessa t  on o f  t h e  15-day t r e a t m e n t  w i t h  v a g i n a l  pessary.  

A t  t h i s  t i m e  a r t i f i c i a l  i n s e m i n a t i o n  can be c a r r i e d  o u t  a t  a 

pre-determined schedule,  which makes t h e  female animal more 

f e r t i l i z a b l e  and a l s o  reduces t h e  d i f f i c u l t y  and t ime-consuming 

l a b o r  o f  hea t  d e t e c t i o n  by t h e  farmers (11) .  The FGA-re leas ing 

v a g i n a l  pessary was then  marketed as Syncro-Mate v a g i n a l  pessa ry  

(G. D. Sear le  & Co.) and Chronogest v a g i n a l  pessary ( I n t e r v e t  

S . A . )  

Recent ly ,  an in v i t r o  i n t r a v a g i n a l  r e l e a s e  and permeat ion 

I R P  system, which was capable o f  d e t e r m i n i n g  s i m u l t a n e o u s l y  t h e  

r a t e  of  FGA r e l e a s e  and v a g i n a l  a b s o r p t i o n  f rom t h e  v a g i n a l  
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13 16 KABADI AND CHIEN 

pessary,  was developed i n  t h i s  l a b o r a t o r y  (12 ) .  Us ing  t h i s  I R P  

system, t h e  & v i t r o  r e l e a s e  and v a g i n a l  a b s o r p t i o n  p r o f i l e s  

o f  FGA f rom v a r i o u s  v a g i n a l  p e s s a r i e s  were measured and t h e  mecha- 

nisms and r a t e  p r o f i l e s  were c h a r a c t e r i z e d  ( 1 3 ) .  R e s u l t s  i n d i c a t e d  

t h a t  t h e  r e l e a s e  and v a g i n a l  a b s o r p t i o n  p r o f i l e s  o f  FGA f r o m  

t h e  Syncro-Mate v a g i n a l  p e s s a r i e s  marketed f o l l o w  t h e  Q vs. t4 

r e l a t i o n s h i p .  Severa l  Rate-Contro l  v a g i n a l  dev i ces  were developed 

and t h e i r  i n  v i t r o  r e l e a s e  and v a g i n a l  a b s o r p t i o n  p r o f i l e s  were 

a l s o  eva lua ted  and observed t o  f o l l o w  a ze ro -o rde r  ( Q  vs. t )  

k i n e t i c s .  

I n  t h i s  i n v e s t i g a t i o n ,  t h e  viva s t u d i e s  were conducted 

t o  s tudy  t h e  i n t r a v a g i n a l  r e l e a s e  and a b s o r p t i o n  p r o f i l e s  o f  

FGA f rom v a r i o u s  Rate-Contro l  v a g i n a l  p e s s a r i e s ,  u s i n g  t h e  marketed 

Syncro-Mate v a g i n a l  p e s s a r i e s  as t h e  r e f e r e n c e  f o r  comparison, 

i n  t h e  sheep t o  determine t h e i r  c l i n i c a l  e f f i c a c y  and t o  e s t a b l i s h  

t h e  i n  v i t r o  - i n  v i v o  r e l a t i o n s h i p .  A s imp le  mathemat ica l  model 

was a l s o  d e r i v e d  t o  r e l a t e  t h e  & viva r a t e s  o f  r e l e a s e  and 

a b s o r p t i o n  w i t h  t h e  -- i n  v i t r o  data.  

THEORETICAL ANALYSIS 

P h y s i c a l  Model: - A p h y s i c a l  model i s  developed t o  ana lyze  t h e  

i n t r a v a g i n a l  r e l e a s e  and a b s o r p t i o n  o f  f l u r o g e s t o n e  a c e t a t e  (FGA):  

I n  t h i s  model, a Rate-Contro l  v a g i n a l  pessary,  which i s  a 

po l yu re thane  sponge coa ted  w i t h  a l a m i n a t e  o f  FGA-dispers ing 

s i l i c o n e  d e v i c e  c o n t a i n i n g  a r a t e - c o n t r o l l i n g  membrane, i s  i n s e r t e d  

i n t o  t h e  v a g i n a l  c a v i t y  ( F i g u r e  1). The Rate-Contro l  v a g i n a l  
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FLUROGESTONE ACETATE. IV 1317 
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F i g u r e  1. 

A p h y s i c a l  model f o r  t h e  i n t r a v a g i n a l  a b s o r p t i o n  o f  
f l u r o g e s t o n e  a c e t a t e  from t h e  i n  s i t u  Rate-Contro l  v a g i n a l  pessary 
(Type 11). See t e x t  f o r  t h e  d e f i n i t i o n  o f  v a r i o u s  parameters.  
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1318 KABADI AND C H I E N  

pessary c o n s i s t s  o f  a reced ing  i n t e r f a c e  o f  d rug  d i s p e r s i o n  

zone/drug d e p l e t i o n  zone i n  t h e  d e v i c e  as FGA i s  r e l e a s e d  th rough  

t h e  r a t e - l i m i t i n g  po lymer i c  membrane. An aqueous d i f f u s i o n  l a y e r  

e x i s t s  between t h e  v a g i n a l  pessary and t h e  v a g i n a l  e p i t h e l i u m .  

The vag ina l  mucosa, which i s  composed o f  l i p i d  cont inuum w i t h  

i n t e r d i s p e r s e d  pores o r  aqueous shunt  pathways, i s  s u r r o u n d i n g  

around t h e  v a g i n a l  pessary.  

The a b s o r p t i o n  o f  FGA f rom t h i s  v a g i n a l  pessary i s  dependent 

upon a s e r i e s  o f  s teps  i n  sequence: (1) The d i s s o l u t i o n  o f  f i n e l y -  

d i v i d e d ,  w e l l - d i s p e r s e d  drug p a r t i c l e s  i n t o  t h e  su r round ing  polymer 

m a t r i x  continuum, ( 2 )  d i f f u s i o n  o f  FGA molecules th rough  t h e  

polymer m a t r i x  t o  t h e  m a t r i x h e m b r a n e  i n t e r f a c e ,  ( 3 )  p a r t i t i o n i n g  

o f  FGA molecules f rom t h e  polymer m a t r i x  o n t o  t h e  r a t e - c o n t r o l l i n g  

membrane, ( 4 )  r e l e a s e  o f  d rug  molecules f rom t h e  r a t e - c o n t r o l l i n g  

membrane i n t o  t h e  aqueous d i f f u s i o n  l a y e r ,  ( 5 )  d i f f u s i o n  o f  

d rug  molecules across t h e  v a g i n a l  mucosa and, f i n a l l y ,  ( 6 )  

t r a n s p o r t  and d i s t r i b u t i o n  o f  d rug  molecules b y  c i r c u l a t i n g  blood 

and/or lymph t o  a t a r g e t  t i s s u e .  

The f o l l o w i n g  assumptions were made i n  t h i s  p h y s i c a l  model: 

1. The d rug  i n  t h e  m a t r i x  i s  f i n e l y  d i v i d e d  and u n i f o r m l y  

d i spe rsed  such t h a t  m a t r i x  d i s s o l u t i o n  i s  n o t  a r a t e  

l i m i t i n g  f a c t o r .  

2. A sharp boundary i s  ma in ta ined  between t h e  d r u g  d i s p e r s i o n  

r e g i o n  and d rug  d e p l e t i o n  r e g i o n  w i t h i n  t h e  dev ice,  

which recedes i n t o  t h e  c o r e  o f  t h e  d e v i c e  as t i m e  passes. 
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FLUROGESTONE ACETATE. I V  1319 

3 .  The FGA has a f i n i t e  s o l u b i l i t y  i n  t h e  m a t r i x ,  Cp, and 

t h a t  t h e  l o a d i n g  dose p e r  u n i t  volume, A ,  i n c l u d i n g  

t h e  d i s s o l v e d  and u n d i s s o l v e d  drug,  i s  much g r e a t e r  

than C 
P '  

4. The FGA molecules reach t h e  m a t r i x  s u r f a c e  b y  d i f f u s i o n  

through t h e  m a t r i x  cont inuum r a t h e r  than  t h e  pores;  

and t h e  end d i f f u s i o n  i s  n e g l i g i b l e .  

5. I n  v iew o f  t h e  t h i c k  c o a t  o f  s i l i c o n e  adhesive a p p l i e d  

t o  g l u e  t h e  d e v i c e  on to  t h e  sponge, t h e  i nward  d i f f u s i o n  

o f  FGA molecules i n t o  t h e  d r u g - f r e e  sponge i s  n e g l i g i b l e .  

Under these assumptions, an a c t i v i t y  g r a d i e n t  f o r  FGA w i l l  

be e s t a b l i s h e d  b e g i n n i n g  a t  t h e  r e c e d i n g  i n t e r f a c e  w i t h i n  t h e  

drug-d ispersed polymer m a t r i x  and e s s e n t i a l l y  t e r m i n a t i n g  a t  

t h e  o u t e r  reach o f  t h e  v a g i n a l  m i c r o c i r c u l a t i o n ,  where t h e  FGA 

molecules a r e  p i c k e d  up and t r a n s p o r t e d  t o  t h e  t a r g e t  t i s s u e s .  

T h i s  g r a d i e n t  i s  d e p i c t e d  i n  F i g u r e  1, as a s e r i e s  o f  d i s c o n t i n u o u s  

c o n c e n t r a t i o n  g r a d i e n t s .  

The f l u x  across a u n i t  area o f  t h e  d rug  d e p l e t i o n  zone ( J  ) :  
P 

D 
J = f (Cp - 126) 

p P  
[Eq. 11 

Where, 0 i s  t h e  d rug  d i f f u s i v i t y  i n  t h e  d rug  d e p l e t i o n  zone 

w i t h  a t h i c k n e s s  o f  h * C and C ' a r e  t h e  d rug  s o l u b i l i t y  i n  

t h e  polymer m a t r i x  and t h e  d rug  c o n c e n t r a t i o n  on t h e  m a t r i x  s i d e  

o f  t h e  polymer m a t r i x / r a t e - c o n t r o l 1  i n g  membrane i n t e r f a c e ,  

r e s p e c t i v e l y .  

P 

P' P P 
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1320 W A D I  AM) C H I E N  

The f l u x  across a u n i t  area o f  t h e  r a t e - l i m i t i n g  membrane (J,,,): 

Where, Dm i s  t h e  d rug  d i f f u s i v i t y  i n  t h e  r a t e - l i m i t i n g  membrane 

w i t h  a t h i c k n e s s  o f  h,; C, and C,’ a r e  t h e  d rug  c o n c e n t r a t i o n s  

a t  t h e  mernb raneha t r i x  i n t e r f a c e  and membrane/solut ion i n t e r f a c e ,  

r e s p e c t  i v e l  y . 

The f l u x  across a u n i t  area o f  t h e  aqueous d i f f u s i o n  l a y e r  (J  ) :  aq 
D 

= (C - c;, S Jaq aq 
[Eq. 31 

Where, D i s  t h e  d rug  d i f f u s i v i t y  i n  t h e  aqueous d i f f u s i o n  l a y e r  

( w i t h  a t h i c k n e s s  o f  h ) between t h e  r a t e - l i m i t i n g  membrane 

and t h e  v a g i n a l  e p i t h e l i u m ;  C s  and C,’ a r e  t h e  d rug  c o n c e n t r a t i o n s  

a t  t h e  r a t e - l i m i t i n g  membrane/aqueous s o l u t i o n  l a y e r  i n t e r f a c e  

and a t  t h e  aqueous s o l u t i o n  l a y e r / v a g i n a l  e p i t h e l i u m  i n t e r f a c e ,  

r e s p e c t  i v e l  y. 

aq 

aq 

The f l u x  across a u n i t  area o f  t h e  v a g i n a l  mucosa (Jv) :  

DV DV Jv = ( C  - C ) = - C ( s i n c e  Cb= 0 )  v b hv v ’  
V 

[Eq. 41 

Where, D v  i s  t h e  d rug  d i f f u s i v i t y  i n  t h e  v a g i n a l  mucosa w i t h  

a t h i c k n e s s  o f  hv; C v  i s  t h e  d rug  c o n c e n t r a t i o n  a t  t h e  v a g i n a l  

mucosa/aqueous s o l u t i o n  l a y e r  i n t e r f a c e .  

The p a r t i t i o n  c o e f f i c i e n t  f o r  t h e  i n t e r f a c i a l  p a r t i t i o n i n g  between 

t h e  polymer m a t r i x  and t h e  r a t e - 1  i m i t i n g  membrane ( Km): 
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EUROGESTONE ACETATE. I V  1321 

Where, Sm i s  t h e  s o l u b i l i t y  o f  d rug  i n  t h e  r a t e - l i m i t i n g  membrane. 

The p a r t i t i o n  c o e f f i c i e n t  f o r  t h e  i n t e r f a c i a l  p a r t i t i o n i n g  between 

t h e  r a t e - l i m i t i n g  membrane and t h e  v a g i n a l  f l u i d  (KS) :  

c s  
K S = 4 = >  [Eq. 61 

'm 'm 

Where, S i s  t h e  s o l u b i l i t y  o f  d rug  i n  t h e  v a g i n a l  f l u i d .  

The p a r t i t i o n  c o e f f i c i e n t  f o r  t h e  i n t e r f a c i a l  p a r t i t i o n i n g  between 

t h e  v a g i n a l  f l u i d  and t h e  l i p o i d a l  b iophase i n  t h e  v a g i n a l  mucosa 

aq 

( K v ) :  

K v = < = -  sv 
's 'aq 

where Sv i s  t h e  d rug  s o l u b i l i t y  i n  t h e  v a g i n a l  mucosa. 

S ince t h e  f l u x e s  across t h e  s e r i e s  o f  b a r r i e r s  w i l l  reach 

[Eq. 71 

a quas i - s teady  s t a t e .  

J = J m = J  = J v = J  so , 

Where J i s  t h e  n e t  f l u x  o f  vag 

pe s sa r y  . 

P aq [Eq 

n a l  a b s o r p t i o n  f rom t h e  vag 

I n c o r p o r a t i n g  Eq. ( 7 )  f o r  C v  ( = KVC;) i n  Eq. ( 4 ) :  

81  

n a l  

9b1 

where Pv, P1 and Pa a r e  t h e  p e r m e a b i l i t y  c o e f f i c i e n t s  o f  v a g i n a l  

mucosa, t h e  l i p o i d a l  b iophase and aqueous pores i n  t h e  v a g i n a l  
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1322 WADI AND C H I E N  

mucosa, r e s p e c t i v e l y ;  f i s  t h e  f r a c t i o n  o f  1 i p o i d a l  b iophase; 

D1 and Da a r e  t h e  d rug  d i f f u s i v i t i e s  i n  t h e  l i p o i d a l  b iophase 

and i n  t h e  aqueous pores,  r e s p e c t i v e l y .  

Rearranging Eq. (9a ) :  

I n s e r t i n g  Eq. ( 9 c )  f o r  C; i n  Eq. ( 3 )  y i e l d s :  

JV 

aq aq pv 

D 
J = F [ C  - - ]  

Expanding Eq. (Eq. 10a): 

o r  + [ - I = [ - +  'a Jv 'a 's 1 
Jaq haqPv aq 

Since J = Jv = J (Eq. 8 )  
aq 

m u l t i p l y i n g  b o t h  s ides  o f  Eq. (10d)  by ( h  /D  ) g i v e s  
aq aq 

Cs = J[ 

S u b s t i t u t i n g  Eq. 

y i e l d  

J C '  = - 
Ks 

[Eq. 10a] 

[Eq. l o b ]  

[Eq. lOc] 

[Eq. lOd] 

[Eq. 10e] 

10e) f o r  Cs i n  Eq. ( 6 )  and s o l v i n g  f o r  C h  ( = C s / K S )  

I n s e r t i n g  Eq. (11 )  f o r  C h  i n  Eq. ( 2 )  g i v e s  
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FLUROGESTONE ACETATE. I V  1323 

E x p a n d i n g  Eq. ( 1 2 a )  y i e l d s  

1 

J Dm h 1 DmCm __ ( aq + - ) = -- 
a q  'v hm or J m  hmKs D 

S i n c e  Jm = J (Eq.  8 )  

J [ 1 + -  Dm ( ? + - ) I = -  h 1 DmCm 
so, 

hmKs a q  'v 'm 

M u l t i p l y i n g  b o t h  s i d e s  o f  Eq. ( 1 2 d )  b y  (h,,,/D,,,) g i v e s  

hrn ha 1 

Dm Ks a q  'v 
C,,, = J [ - t - ( 9 + - ) ] 

[Eq. 1 2 a ]  

[Eq. 12b]  

[Eq. 1 2 c ]  

[Eq. 12d]  

[Eq. 12eI 

I n s e r t i n g  Eq. ( 1 2 e )  for C,,, i n  Eq. ( 5 )  a n d  s o l v i n g  f o r  C '  ( =  Cm/Km) P 
y i e l d  

1 h  1 
C ' = -  [ - + -  hm ( + - ) I  

P Km Dm Ks a q  'v 

S u b s t i t u t i n g  Eq. ( 1 3 )  fo r  C '  i n  Eq. ( 1 )  g i v e s  
P 

D J 1 h  1 
J p = ( f ) ( C p - -  [r hm t ( 3 t - ) ] )  [Eq. 14a] 

P Km m 5 Daq 'v 

E x p a n d i n g  Eq. ( 1 4 a )  p r o d u c e s  

D C  J D  h 1 h 1 
J p = ( F ) - J [ f i t - ( X t T ) ]  D [Eq. 14b]  

P Kmhp Dm Ks a q  v 

J D  h 1 h 1 D C  

D J + A [ - ! ! ! + - ( A + - ) ] = f l  [Eq. 1 4 c ]  
hP 

or 
P Kmhp Dm Ks a q  'v 
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1324 

J = J (Eq. 8 )  
P 

S ince 

WADI AND C H I E N  

D 1 h  1 D C  

D J (  1 t P  [ht- ( A t - )  1) =fl [Eq. 1 4 d l  
hP 

so , 
Kmhp Dm Ks aq ‘v 

M u l t i p l y i n g  b o t h  s i d e s  o f  Eq. (14d) by h y i e l d s :  P 
D h l h  1 

J (  h t 1 [ “ t -  ( 3 0 t - ) I )  = DpCp [Eq. 1 4 e l  
P Km Dm Ks aq ‘v 

o r  J =  *I 
[Eq. 1 4 f ]  

1 
CEq. 151 hm ha where, Y1 = 1 [o t - ( 9 t p ) ] = c o n s t a n t  

Km m Ks aq v 

The r a t e  o f  d rug  r e l e a s e  ( d Q / d t ) ,  which i s  equal  t o  t h e  

r a t e  o f  change i n  t h e  t h i c k n e s s  o f  t h e  d rug  d e p l e t i o n  l a y e r  

(dh  / d t )  i n  t h e  polymer m a t r i x ,  i s  d e f i n e d  as:  
P 

where, Q i s  t h e  c u m u l a t i v e  amount o f  d rug  re leased,  t i s  t h e  

t i m e  and A i s  t h e  i n i t i a l  d rug  l o a d i n g  i n  a u n i t  volume o f  polymer 

m a t r i x .  The o t h e r  terms have been p r e v i o u s l y  d e f i n e d  i n  Eq. 

( 1 ) .  

L e t t i n g  Eq. ( 1 4 f )  equal  t o  Eq. (16 )  and r e a r r a n g i n g ,  Eq.  

(17a) i s  r e s u l t e d :  

D C  
dhp(hp t Y1) = [F ] d t  

Expanding Eq. (17a) g i v e s :  

D C  
h dh t Yldhp = [ 9 1 d t  

P P  

[Eq. 17a] 

[Eq. 1 7 b l  
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FLUROGESTONE ACETATE. I V  1325 

I n t e g r a t i n g  Eq. (17b) between h = 0 and t = 0 and h = h a t  

t = t, t h e  change i n  t h e  t h i c k n e s s  o f  d r u g  d e p l e t i o n  zone w i t h  

t i m e  i s  then g i v e n  by: 

P P P 

h 2  D C  
< +  Ylhp = [ F] t 

I n t e g r a t i n g  Eq. (16 ) ,  t h e  c u m u l a t i v e  amount o f  d rug  r e l e a s e d  

i s :  

P 
Q = Ah 

I n c o r p o r a t i n g  Eq. (19 )  f o r  h i n  Eq. ( 1 8 ) :  
P 

Q 
[Eq. 201 

Q2 

A 

M u l t i p l y i n g  b o t h  s i d e s  o f  Eq. (20 )  b y  " A "  and r e a r r a n g i n g  g i v e  

1 
Q2 + YIQ - ( D  C t )  = 0 [Eq. 211 P P  

S o l v i n g  t h e  above q u a d r a t i c  equa t ion :  

- Y 1  + [Y12 + 4(1/2A) (DpCp t ) ] l /* 

Q =  2( 1/2A) 

S i m p l i f y i n g  Eq. ( 2 2 ) :  

2D C t 1/2 
Q = A [ - Y 1  + ( Y12 ++  ) ] 

D i f f e r e n t i a t i n g  Eq. (23 )  w i t h  t i m e  y i e l d s  

2D C t -1/2 2D C - = ? [ Y 1 2 + - ]  dQ A [-y 1 
d t  A 

Rearranging Eq. (24a)  g i v e s  

dQ 2D C t -1/2 

[Eq. 2 4 a l  

[Eq. 2 4 b l  
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1326 KABADI AND CHIEN 

A f t e r  p l u g g i n g  i n  t h e  c o n s t a n t  (Y,) f rom Eq. (15) ,  t h e  -- i n  v i v o  

r a t e  o f  d rug  r e l e a s e  f rom t h e  Rate-Contro l  v a g i n a l  pessa ry  i s  

d e f  i ned by:  

s i n c e  R =  

and R, h, D, 

t h i ckness ,  d 

h/DK = 1 / P  

K, and P a r e  d e f i n e d  as t h e  d i f f u s i o n a l  r e s i s t a n c e ,  

f f u s i v i t y ,  p a r t i t i o n  c o e f f i c i e n c t  and p e r m e a b i l i t y  

c o e f f i c i e n t  across each b a r r i e r  , r e s p e c t i v e l y .  

So, Eq. (24c )  becomes 

dQ D 1 2 2C D - 1/2 
- = (CpDp) [(l [KmR,+ -(KsRaq+ R,)]) +(+ )t] [Eq. 24d] 
d t  Km KS 

Rearranging Eq. (24d) g 

dQ 
- d t  = ( CPDP) [ (Dpl .  R, -t 

ves 

R and Rv a r e  t h e  d i f f u s i o n a l  r e s i s t a n c e s  o f  d r u g  Where, Rm, 

across t h e  r a t e - l i m i t i n g  membrane, t h e  aqueous s o l u t i o n  l a y e r  

( o r  v a g i n a l  f l u i d )  and t h e  v a g i n a l  mucosa, r e s p e c t i v e l y .  

aq 

Eq. (24e) can be r e w r i t t e n  as:  

dQ X 
- - -  

d t  (Y2 + Z t )  1/2 

i n  which, X = C D 
P P  

Y = D [ R m + - ( R  1 + r ) ]  RV 

P Km aq s 
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FLUROGESTONE ACETATE. I V  

Z = 2D C / A  

where X ,  Y ,  and Z a r e  cons tan ts .  

P P  

Fo r  cases where t h e  r a t e - l i m i t i n g  membrane, t h e  aqueous 

d i f f u s i o n  l a y e r  and/or t h e  v a g i n a l  mucosa a r e  r a t e  c o n t r o l l i n g ,  

Eq. (24e) i s  reduced t o :  

-1 dQ 1 RV - = ( cp 1 [Rm + -  ( Raq + -  1 1  
d t  Km KS 

and f o r  cases where t h e  permeat ion o f  d r u g  across t h e  r a t e - l i m i t i n g  

membrane i s  t h e  p r i m a r y  r a t e - d e t e r m i n i n g  s tep,  Eq. (28 )  i s  f u r t h e r  

s i m p l i f i e d  t o :  

dQ C 
- = J = c o n s t a n t  d t  R, 

dQ C D K  -=pmm 
d t  hm 

o r ,  

Km = S / C  (Eq. 5) m P  
s i n c e  

dQ 1 
- = S D [ -  ] d t  m m hm 

[Eq. 29a] 

[Eq. 29b] 

[Eq. 29c] 

A ze ro -o rde r  d rug  r e l e a s e  p r o f i l e  i s  r e s u l t e d .  The r a t e  

o f  d rug  r e l e a s e  i s  t hus  dependent upon t h e  d rug  s o l u b i l i t y  (Sm)  

and d rug  d i f f u s i v i t y  (Dm) i n  t h e  r a t e - c o n t r o l l i n g  po lymer i c  

membrane and i t s  t h i c k n e s s  (h,). 

I n  t h e  case where t h e  Rate-Contro l  v a g i n a l  pessary c o n t a i n s  

no r a t e - l i m i t i n g  membrane around t h e  e x t e r n a l  s u r f a c e  o f  t h e  
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1328 KABADI AND CHIEN 

drug-d ispersed polymer m a t r i x  ( F i g u r e  2) , t h e  mathemat ica l  

exp ress ion  f o r  t h e  i n t r a v a g i n a l  r a t e  o f  d rug  a b s o r p t i o n  can be 

d e r i v e d  by f o l l o w i n g  t h e  same mathemat ica l  d e r i v a t i o n s  f rom Eq. 

1 th r l r  24e: 

Where K; i s  

p a r t i t i o n i n g  

R 2 2C D - 1/2 
([Dp( Raq + 4 1 + [ I t )  [Eq. 303 

KS 

t h e  p a r t i t i o n  c o e f f i c i e n t  f o r  t h e  i n t e r f a c i a l  

between t h e  polymer m a t r i x  and t h e  aqueous d i f f u s i o n  

l a y e r  and i s  d e f i n e d  as:  

where, S and C a r e  t h e  d rug  s o l u b i l i t i e s  i n  t h e  aqueous 

d i f f u s i o n  l a y e r  and polymer m a t r i x ,  r e s p e c t i v e l y .  When Cp/A 

i s  v e r y  smal l ,  t h e  r a t e  i s  c o n t r o l l e d  by t h e  d i f f u s i o n a l  r e s i s t a n c e  

aq 
across t h e  aqueous d i f f u s i o n  l a y e r  and/or  v a g i n a l  mucosa ( R  

and Rv, r e s p e c t i v e l y ) ,  so Eq. (30 )  i s  reduced t o :  

aq P 

Rv -1 
= c o n s t a n t  

dQ 
- = [C,] [ Raq + 7 1  d t  

KS 

When C /A i s  v e r y  l a r g e  o r  t h e  res idence  t i m e  i n  t h e  vagina 

has i nc reased  s u f f i c i e n t l y ,  t h e  m a t r i x  d i f f u s i o n - c o n t r o l l e d  process 

becomes dominant and Eq. 30 i s  reduced t o :  

P 

dQ 2D C t -1/2 
= DpCp -p 1 

I n t e g r a t i o n  o f  Eq. (33 )  g i v e s :  
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FLUROGESTONE ACETATE. IV 

PHYSICAL MODEL FOR INITRAVACINAL ABSORPTION OF FCA FROM DEVICE 

. vagina 
strinas 

rotrioval 
for - , . .' I 

1 
I 
I 

. 
~ 

I- -v - ;  . I 

I I 
I I 

I I 

. . I 

, 
I . I 

I I I 

1329 

F i g u r e  2. 

A p h y s i c a l  model f o r  t h e  i n t r a v a g i n a l  a b s o r p t i o n  o f  
f l uoges tone  a c e t a t e  f rom i n  s i  t u  Rate-Contro l  v a g i n a l  pessa ry  
(Type I ) .  See t e x t  f o r  t h e  d e f i n i t i o n  o f  v a r i o u s  parameters.  
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1330 KABADI AND C H I E N  

1/2 Q 
- = [2ADpCp] 
t 1 / 2  

A m a t r i x - t y p e  (Q vs. t 1 l 2 )  v a g i n a l  a b s o r p t i o n  p r o f i l e  i s  r e s u l t e d .  

EXPERIMENTAL 

A. M a t e r i a l s :  

1.Chemical s and reagents:  F lu roges tone  a c e t a t e  (FGA)', 

anhydrous sodium phosphate , anhydrous c i t r i c  a c i d  , p o l y -  

e t h y l e n e  g l y c o l  (PEG) 4002, g l a s s - d i s t i l l e d  methanol  , 

acetone , and a b s o l u t e  e t h a n o l 4  were used as r e c e i v e d .  

HPLC-grade wa te r5  was f r e s h l y  p repared  and used th roughou t  

t h e  s t u d i e s .  

2 2 

3 

2 

6 2 . S i l i c o n e  polymers:  S i l a s t i c  382 (medica l  grade)  e las tomer  , 

s i l i c o n e  f l u i d  360 (medica l  grade)  , c a t a l y s t  M (s tannous 

oc tanoa te )  , s i l a s t i c  adhesive ( s i l i c o n e  Type A, medica l  

grade)6,  S i l a s t i c  s h e e t i n g  (medica l  grade, n o n - r e i n f o r c e d )  , 

were used t o  p repare  t h e  Rate-Contro l  v a g i n a l  pessa r ies .  

6 

6 

6 

3.Non-medicated v a g i n a l  sponges: Cyl inder-shaped p o l y u r e t h a n e  

sponges, ha rd  grade 800 [ g r a y  (#375),  30mm ( h )  X 42 mm 

( d ) I 7  o r  s o f t  grade 300 [ w h i t e  (#373),  30mm ( h )  X 40 mm(d)I7 

were used t o  p repare  Syncro-Mate o r  Rate-Contro l  v a g i n a l  

pessa r ies .  

4.Animal model: Sheep was used i n  t h e  -- i n  v i v o  exper iments 

and t h e  sheep vagina8 f r e s h l y  removed f rom t h e  sheep was 

used i n  t h e  i n  v i t r o  s t u d i e s .  
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FLUROGESTONE ACETATE. I V  1331 

B. P repara t i ons :  

1. P r e p a r a t i o n  o f  v a g i n a l  pessa r ies :  

1) P r e p a r a t i o n  o f  Syncro-Mate v a g i n a l  pessary:  The 

po lyu re thane  v i r g i n  sponges (800 grade) were each 

impregnated, u s i n g  a s y r i n g e  and hypodermic needle,  w i t h  

2 m l  o f  FGA s o l u t i o n  (10 mg/ml) i n  a comb ina t ion  o f  acetone 

and e thano l  (1:4) a t  t h e  c e n t e r  o f  t h e  sponges ( 1 3 ) .  

The sponges were then  suspended on a h o r i z o n t a l  b a r  and 

a1 lowed t o  d r y  o v e r n i g h t  ( F i g u r e  3E) 

2)  P r e p a r a t i o n  o f  Rate-Contro l  FGA-releasing Vaginal  p e s s a r i e s  

(Type 11): The medicated s i l i c o n e  sheet  ( c o n t a i n i n g  1% 

FGA and a t h i c k n e s s  o f  l m m )  l am ina ted  w i t h  2 x 0.125 

mm r a t e - l i m i t i n g  membrane was f a b r i c a t e d  by t h e  same 

method as d e s c r i b e d  e a r l i e r  (13) and c u t  i n t o  r e c t a n g u l a r  

s t r i p s  ( 3  cm X 13 cm X 0.1 cm) w i t h  a s c a l p e l .  S i l i c o n e  

adhesive was then  a p p l i e d  t o  one s i d e  o f  t h e  s t r i p  and 

a l s o  t h e  e n t i r e  c i r cumfe rence  s u r f a c e  o f  t h e  non-medicated 

v a g i n a l  sponge (800 grade) .  The s t r i p  was g l u e d  o n t o  

t h e  sponge and h e l d  i n  p l a c e  by an aluminum f o i l  and 

cardboard h o l d e r  ( b o t h  3 crn X 13 cm). The p e s s a r i e s  were 

then  cu red  i n  a h u m i d i t y  chamber ( w i t h  a 100% R.H. )  

f o r  24 hours and d r i e d  a t  45 C f o r  ano the r  12 h rs .  t o  

remove any r e s i d u a l  a c e t i c  a c i d  re leased  d u r i n g  t h e  

adhesive c u r i n g  process. A f t e r  p r o p e r  c ross1  i n k i n g ,  

t h e  cardboard h o l d e r  and aluminum f o i l  were removed and 

0 
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1332 

F i g u r e  3. 

WADI AND CHIEN 

Var ious t ypes  o f  v a g i n a l  p e s s a r i e s  used i n  t h e  in v i t r o  
and t h e  fi viva s t u d i e s :  h A )  Rate-Contro l  v a g i n a l  pessa ry  -(Type 
11) :  I t  c o n s i s t s  o f  39 cm FGA-releasing d e v i c e  s u r r o u n d i n g  t h e  
c i r cumfe rence  s u r f a c e  o f  a non-medicated ha rd  grade sponge; 
Ra te -con t ro l  v a g i n a l  pessary (Type I ) :  It c o n s i s t s  o f  12-cm 
FGA-releasing d e v i c e  su r round ing  t h e  c i r cumfe rence  s u r f a c e  o f  
a s o f t  grade sponge; ( C )  same as ( B ) ,  excep t  t h a t  i t  c o n t a i n e d  
18-cm2 FGA-releasing dev ice;  (D) same as ( B ) ,  excep t  t h a t  i s  
con ta ined  24-cm2 FGA-releasing dev ice;  ( E )  Syncro-Mate pessa ry  
prepared by impregna t ing  FGA i n t o  t h e  ha rd  grade sponge; ( F )  
same as (B ) ,  excep t  t h a t  i t  c o n t a i n e d  lO-cm* FGA-releasing d e v i c e  
on t h e  t o p  s u r f a c e  o f  a hard grade sponge. 

(Bi 
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FLUROGESTONE ACETATE. I V  1333 

the vaginal pessaries were stored until  the i n  vivo studies 

in the sheep (Figure 3A). 

3) Preparation of Rate-Control FGA-releasing vaginal pessaries 

(Type I ) :  

( a )  With the drug-releasing device on the circumference 

surface: The medicated sil icone sheet (containing 1 - 2% 

FGA and a thickness of 1 mm) with no rate-l imiting membrane 

was fabricated by the same method as described e a r l i e r  (13) 

and c u t  i n t o  s t r i p s  of e i ther  2 cm X 3 cm, 3 cm X 3 cm or 

4 cm X 3 cm using a scalpel. Two s t r ip s  of each s ize  (con- 
2 2 taining a drug/surface area of 13.3 mg/12 cm , 20 mg/18cm 

or 26 .7  mg/24 cm ) were then glued o n t o  the circumference 

surface (Figure 3B, C & D )  of the non-medicated vaginal 

sponge (grade 300), using sil icone adhesive. The 2 s t r i p s  

were positioned a t  a n  equal distance and held in place by 

wraping i n  an  aluminum fo i l  and cardboard holder ( 3  cm X 

13 cm). The pessaries were then cured i n  a humidity chamber 

(with 100 % R H )  fo r  24 hours a n d  dried a t  45 C for  additional 

12 hours t o  remove any residual acet ic  acid released during 

2 

0 

the curing process. After proper cross1 inking, the cardboard 

holder and aluminum foi l  were removed and the vaginal 

pessaries were stored until the in vivo studies in the sheep. 

( b )  With the drug-releasing device on the t o p  surface: The 

medicated sil icone sheet (containing 2 % FGA and  a thickness 

of 1 mm) with no rate-l imiting membrane was fabricated by 
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1334 WADI AND CHIEN 

t h e  same method as d e s c r i b e d  e a r l i e r  (13) and c u t  i n t o  

c i r c u l a r  d i s c s  o f  10 cm w i t h  a s c a l p e l .  The c i r c u l a r  d i s c  2 

was g lued  o n t o  t h e  sponge u s i n g  s i l i c o n e  adhesive and then  

compressed between two p o r c e l a i n  p l a t e s  and p l a c e d  i n  a 

h u m i d i t y  chamber ( w i t h  100% RH) f o r  24 hours. The v a g i n a l  

pessa r ies  formed were then  d r i e d  a t  45 C f o r  a d d i t i o n a l  

12 hours t o  i n s u r e  a complete removal o f  t h e  m o i s t u r e  and 

a c e t i c  a c i d  r e l e a s e d  d u r i n g  t h e  c u r i n g  process ( F i g u r e  3F). 

0 

2. P r e p a r a t i o n  o f  e l u t i o n  medium: 

The s imu la ted  v a g i n a l  f l u i d  (SVF) c o n t a i n i n g  20% K G  400 

was prepared b y  adding 200 m l  o f  p o l y e t h y l e n e  g l y c o l  (PEG)  400 

t o  a m i x t u r e  o f  135 m l  c i t r i c  a c i d  (0.02M) and 365 m l  o f  NaHP04 

(0.04M) and then  q.s. t o  1000 m l  w i t h  HPLC-grade d i s t i l l e d  wa te r  

(pH 7.3 * 0.5). The PEG 400 was added i n t o  t h e  SVF t o  i n c r e a s e  

t h e  s o l u b i l i t y  o f  FGA, so a s i n k  c o n d i t i o n  can be m a i n t a i n e d  

th roughou t  t h e  -- i n  v i t r o  d rug  r e l e a s e  s t u d i e s .  

3. P r e p a r a t i o n  o f  v a g i n a l  mucosa: 

8 Fresh vagina o f  a d u l t  sheep was o b t a i n e d  f rom l o c a l  s l a u g h t e r  

house. I t  was c u t  open v e r t i c a l l y  and t h e  v a g i n a l  mucosa was 

separated f rom t h e  w a l l  by c u t t i n g  o f f  t h e  c o n n e c t i v e  t i s s u e  

and p laced  i n  a beaker o f  d i s t i l l e d  wa te r  t o  p r e v e n t  d r y i n g .  

W i t h i n  about h a l f  an hour, t h e  mucosa was removed and l a i d  down 

on a paper towel  r e s t i n g  on a g l a s s  p l a t e  w i t h  se rosa l  s i d e  up 

and t h e  excess wa te r  was removed by dabbing w i t h  an absorbent  

paper.  The b l o o d  vesse ls  a long  w i t h  any adher ing  subcutaneous 
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FLUROGESTONE ACETATE. IV 1335 

connec t i ve  t i s s u e s  were c a r e f u l l y  removed. P r e c a u t i o n  was taken  

n o t  t o  damage o r  punc tu re  t h e  v a g i n a l  membrane. The r e s u l t i n g  

p i e c e  o f  v a g i n a l  mucosa was washed a g a i n  t o  remove any f o r e i g n  

m a t t e r  and l o o s e  t i s s u e  t h a t  may be l e f t  i n  t h e  process.  It 

was then l a i d  down on ano the r  absorbent  paper towe l  w i t h  mucosal 

s i d e  up and t h e  excess water  was once a g a i n  removed by dabbing 

w i t h  an absorbent  paper. The v a g i n a l  mucosa was sandwiched between 

two microscope s l i d e s  and i t s  t h i c k n e s s  was determined by a 

c a l i p e r .  It was t h e n  t r a n s f e r r e d  o n t o  a Te f lon -coa ted  s i l i c o n e  

"0" r i n g .  A f t e r  c u t t i n g  o f f  t h e  excess mucosa t o  t h e  d e s i r e d  

s i z e ,  t h e  whole assembly was mounted o n t o  t h e  i n t r a v a g i n a l  r e l e a s e  

9 and permeat ion ( IRP) system . 

C . Expe r i men t a 1 Procedure : 

1. I n  V i t r o  Simul taneous Release and A b s o r p t i o n  S t u d i e s :  

The same procedure as o u t l i n e d  e a r l i e r  (13 )  was used i n  

these s t u d i e s .  B a s i c a l l y ,  a 28 cm2 c i r c u l a r - s h a p e d  medicated 

s i l i c o n e  d i s c  ( c o n t a i n i n g  1 - 10% FGA) was p laced  i n  i n t i m a t e  

c o n t a c t  w i t h  t h e  v a g i n a l  mucosa and sandwiched between t h e  two 

compartments o f  t h e  i n t r a v a g i n a l  re lease /pe rmea t ion  ( I R P )  system 

( F i g u r e  4 )  (12)  and then  clamped t o g e t h e r .  The medicated s i l i c o n e  

d i s c  and t h e  se rosa l  s i d e  o f  t h e  v a g i n a l  mucosa were each f a c i n g  

t h e  donor and r e c e p t o r  compartments, r e s p e c t i v e l y .  S i x  hundred 

and f i f t y  (650) m l  o f  t h e  38 C e l u t i o n  medium c o n t a i n i n g  20% 

PEG 400 was f i l l e d  i n t o  each compartment and t h e  whole assembly 

0 

was then  the rmos ta ted  a t  38'C b y  a c i r c u l a t i n g  waterbath"  w i t h  

t h e  magnets r o t a t i n g  a t  a c o n s t a n t  speed o f  330 rpm. A t  scheduled 
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1336 KABADI AND CHIEN 

IN - V l f R O  INTRAVAGINAL RELEASE/ PERMEATION SYSTEM 

glass stopper port 

to other 
cells 

vaginal - 
sponge 

impeller assembly 

water jacket 
(38OC) 

teflon-coated 

spin bars 

- 38OC water - in 

vaginal ~ 

mucosa 

~ ~ ~ _ _ _ _ .  - silicone gasket 

(teflon - coated) 

Figure 4. 

Schematic i l lustrat ion of a unit of the in vi t ro  intravaginal 
release and permeation ( I R P )  system. Each unit consists of a 
donor (mucosal ) and receptor (serosal ) compartments, and i s  
maintained a t  3 8 O C  by circulating a thermostated water th rough  
the water jacket. The solution hydrodynamics in each compartment 
i s  kept a t  constant by a matched pair of impeller assembly rotating 
a t  a synchronous rate ,  ranging from 60 t o  330 rpm, by a six-station 
magnetic s t i r r e r .  I t  i s  designed for simultaneous drug release 
and vaginal absorption studies. 

intervals, aliquots ( 1  - 2 m l )  of the elution medium were withdrawn 

from each compartment and  assayed for FGA by the HPLC method 

described la te r .  The simultaneous in vitro drug released and 

vaginal absorption profiles were monitored by determining the 

cumulative amount of drug in the donor and receptor solutions, 

respectively, as a function of time. 
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FLUROGESTONE ACETATE. I V  1337 

2. I n t r a v a g i n a l  FGA A b s o r p t i o n  and C l i n i c a l  E f f i c a c y  S t u d i e s :  

Several  t ypes  o f  t h e  FGA-releasing v a g i n a l  p e s s a r i e s  were 

f a b r i c a t e d  ( F i g u r e  3 )  and sen t  f o r  i n  v i v o  e v a l u a t i o n s  ( f o r  c l i n i -  

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

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

i n  Table 1. One u n i t  o f  t h e  v a g i n a l  pessary was i n s e r t e d  deep ly  

i n t o  t h e  Sheep's vagina w i t h  t h e  t o p  s u r f a c e  i n  c l o s e  c o n t a c t  

w i t h  t h e  c e r v i x  and t h e  bot tom s u r f a c e  ( w i t h  a r e t r i e v a l  s t r i n g )  

f a c i n g  t h e  v a g i n a l  opening. C l i n i c a l  e f f i c a c y  (Type A )  s t u d y  

was determined by measur ing t h e  b l o c k i n g  o f  c y c l e  and t h e  

s y n c h r o n i z a t i o n  o f  e s t r u s  i n  t h e  sheep. The r a t e  o f  i n t r a v a g i n a l  

r e l e a s e  (Type B )  s t u d y  was determined b y  w i thd raw ing  t h e  p e s s a r i e s  

from one group o f  6 ewes a f t e r  a predetermined p e r i o d  o f  v a g i n a l  

res idence  by p u l l i n g  t h e  s t r i n g  and t h e n  assay ing  t h e  r e s i d u a l  

FGA c o n t e n t  i n  t h e  pessa r ies .  The medicated s i l i c o n e  dev i ces  

were separated f rom t h e  sponges and s e c t i o n e d  i n t o  sma l l  p i e c e s  

and then  e x t r a c t e d  4 t imes  w i t h  25 m l  o f  acetone by c o n s t a n t  

shaking" f o r  12 hours and then q.s.  t o  100 m l .  The e x t r a c t i o n s  

were d i l u t e d  10 f o l d s  w i t h  methanol and then  assayed f o r  FGA 

c o n t e n t  by t h e  HPLC method o u t l i n e d  l a t e r .  I n  t h e  case o f  t h e  

Syncro-Mate v a g i n a l  pessa r ies ,  t h e  sponges , a f t e r  removal f rom 

t h e  sheep, were c u t  i n t o  smal l  p ieces  and a l s o  e x t r a c t e d  4 t i m e s  

w i t h  60 m l  a b s o l u t e  e thano l  by c o n s t a n t  s h a k i n g l ' f o r  12 hours 

and then  q.s. t o  250 m l .  The e x t r a c t i o n s  were t h e n  d i l u t e d  5 

f o l d s  w i t h  methanol and assayed f o r  FGA c o n t e n t  by HPLC. The 

cumu la t i ve  amount o f  FGA r e l e a s e d  f rom t h e  Rate-Contro l  o r  
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1338 KABADI AND C H I E N  

Table 1: P r o t o c o l  f o r  C l i n i c a l  E f f i c a c y  (Type A )  and I n t r a v a g i n a l  A b s o r p t i o n  (Type 6 )  S t u d i e s  

Rate-Cont ro l  

Study Type of  Pes sa ry  F l u r o g e s t o n e  Ewe D u r a t i o n  

P r o t o c o l  Study Type (h,) A r e a / L o c a t i o n  a c e t a t e  (mg) Breed Number ( d a y s )  

X1 

#2a 

#2b 

X3a 

X3b 

#3c 

X4a 

#4 b 

#4c 

A 

A + B  

A + B  

B 

B 

B 

B 

B 

B 

F i g .  3A 
(0.125 mm) 

F i g .  3C 
( 0  mm) 

F i g .  3F 
(0  mm) 

F i g .  3C 
( 0  mm) 

F i g .  3C 
( 0  mm) 

F i g .  3C 
(0  mm) 

F i g .  38 
( 0  m) 

F i g .  3C 
(0  mm) 

F i g .  30 
( 0  mm) 

39 cmZ/side 

18 cm2/side 

10 cm2/top 

16 cm2/side 

18 cm2/side 

18 cm2/side 

12 cm2/side 

18 cm2/side 

24 cm2/side 

40 

40 

20 

20 

40 

80 

13 .3  

20 

26.7 

A d u l t  8 
c y c l i c  a )  

A d u l t  8 
c y c l i c  a )  

A d u l t  8 
c y c l i c  a )  

A d u l t  b )  

A d u l t  b )  

A d u l t  b )  

A d u l t  c )  

A d u l t  c ,  

A d u l t  C) 

6 X 5 6, 9. 12 
15, 19 

6 X 5 6. 9, 12 
15, 19 

6 X 5 6, 9, 12 
15, 19 

6 X 5 6. 9, 12 
15, 19 

6 19 

6 19 

6 10 

6 10 

6 10 

a )  France ( I l e  de France) 
b )  Large Animal Research Center ,  Rutgers  U n i v e r s i t y  
c )  H u n t i n g t o n  Research Center ,  Cambridgeshire,  U . K .  ( C l u n  X S u f f o l k )  

Syncro-Mate v a g i n a l  p e s s a r i e s  was c a l c u l a t e d  by s u b t r a c t i n g  t h e  

amount rema in ing  a f t e r  a p e r i o d  o f  v a g i n a l  i n s e r t i o n  f rom t h e  

i n i t i a l  drug l o a d i n g  dose i n  t h e  medicated s i l i c o n e  dev i ces  o r  

i n  t h e  po lyu re thane  sponges. 

D. A n a l y t i c a l  Procedures:  

An a l i q u o t  (up t o  100 ~ 1 )  of  t h e  sample was i n j e c t e d  i n t o  

a m i  c roprocessor-con t r o l l  ed h i g h  performance 1 i q u i d  

chromatograph'*, which i s  equipped w i t h  a v a r i a b l e  wavelength 

d e t e c t o r ,  an au tomat i c  sampler, a va r iab le -vo lume i n j e c t o r ,  a 
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FLUROGESTONE ACETATE. I V  1339 

dual-head r e c i p r o c a t i n g  pump and a dua l  s o l v e n t  system. The 

s o l v e n t  and column temperatures were b o t h  ma in ta ined  a t  ambient.  

A combinat ion o f  methanol and wa te r  (50:50 t o  63:35) was used 

as t h e  mob i l e  phase. F lu roges tone  a c e t a t e  i n  t h e  sample was 

separated by a C18 r e s o l v e  column13 ( 5  v, 3.8 X 15 crn) and d e t e c t e d  

a t  a wavelength o f  240 nm. A t  a f l o w  r a t e  o f  0.8 - 1.0 ml/min., 

t h e  s p e c i f i c  peak f o r  FGA was shown a t  a r e t e n t i o n  t i m e  o f  4-6 

minutes.  

E. Data A n a l y s i s :  

The peak h e i g h t  f o r  FGA was d i r e c t l y  measured f rom t h e  chro-  

matogram and t h e  c o n c e n t r a t i o n  was c a l c u l a t e d  by comparing i t  

t o  a s tandard curve.  The cumu la t i ve  amount o f  FGA (mcg/cm ) 

re leased  was then computed and p l o t t e d  as a f u n c t i o n  o f  t i m e  

( i n  hours o r  days) o r  t h e  square r o o t  o f  t i m e  ( i n  hours ' o r  

days4) f o r  t h e  d e t e r m i n a t i o n  o f  t h e  f l u x e s  o f  d rug  r e l e a s e .  

2 

RESULTS AND DISCUSSION 

A. P r e l i m i n a r y  S t u d i e s  o f  C1 i n i c a l  E f f i c a c y :  

Based on t h e  -- i n  v i t r o  d rug  r e l e a s e  and v i g i n a l  a b s o r p t i o n  

s t u d i e s  conducted e a r l i e r  (13 ) ,  30 u n i t s  o f  t h e  Rate-Contro l  

v a g i n a l  p e s s a r i e s  (Type 11) , each c o n t a i n i n g  39 cm' FGA-re leas ing 

s i l i c o n e  d e v i c e  l am ina ted  w i t h  a r a t e - l i m i t i n g  membrane (hm = 

0.125 mm) ( F i g u r e  3A) , were prepared and submi t ted  f o r  p r e l  i m i n a r y  

c l i n i c a l  e f f i c a c y  s t u d i e s  i n  t h e  sheep; even though t h e  i n  v i t r o  

s t u d i e s  p r e d i c a t e d  t h a t  t hese  p e s s a r i e s  were a b l e  t o  d e l i v e r  
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1340 W A D I  AND CHIEN 

o n l y  about 200 mcg/day o f  FGA, which i s  cons ide red  t o  be a subef-  

f e c t i v e  dose f o r  e s t r u s  s y n c h r o n i z a t i o n  i n  t h e  sheep. A f t e r  

f o l l o w i n g  t h e  p r o t o c o l  #1, as o u t l i n e d  i n  Table I ,  s e v e r a l  problems 

were encountered i n  t h e  group o f  an imals  t r e a t e d  f o r  a d u r a t i o n  

o f  l o n g e r  than  9 days. Namely, f o r  t h e  12-, 15-, and 19-day 

groups, t h e  t rea tmen t  had t o  be t e r m i n a t e d  a t  9 days a f t e r  pessa ry  

i n s e r t i o n ,  s i n c e  some u t e r i n e  i n f l a m m a t i o n  was observed i n  t h e  

t r e a t e d  animals.  A lso,  t h e  p e s s a r i e s  were found t o  be d i f f i c u l t  

f o r  i n s e r t i o n  deep i n t o  t h e  vagina, because t h e y  were t o o  r i g i d  

t o  be deformed f o r  i n s e r t i o n  th rough  a pessary i n s e r t o r .  

Furthermore, a l l  t h e  p e s s a r i e s  wi thdrawn were a l s o  n o t e d  t o  be 

h i g h l y  deformed. The r e s u l t s  a l s o  demonstrated t h a t  t hese  

p e s s a r i e s  were n o t  e f f e c t i v e  i n  s y n c h r o n i z i n g  t h e  e s t r u s  i n  t h e  

sheep as p r e d i c t e d  f r o m  t h e  i n  v i t r o  s t u d i e s .  

From these o b s e r v a t i o n s  i t  became apparen t  t h a t  t h e  i r r i t a t i o n  

observed may have been r e s u l t e d  f rom t h e  use o f  ha rd  grade 800 

sponge i n  t h e  f a b r i c a t i o n  o f  v a g i n a l  p e s s a r i e s .  The s t r i p  o f  

medicated s i l i c o n e  dev ice,  which was g l u e d  around t h e  t o t a l  c i rcum- 

fe rence  s u r f a c e  o f  t h e  sponge, a l s o  added an e x t r a  d iamete r  and 

r i g i d i t y  t o  t h e  pessa r ies .  A d d i t i o n a l l y ,  t h e  c i r c u l a r - s h a p e  

o f  t h e  sponge c o u l d  n o t  be w e l l  r e t a i n e d ,  i f  i t  i s  t o o  r i g i d ,  

as a r e s u l t  o f  t h e  dynamic c o n s t r i c t i o n  o f  t h e  v a g i n a l  w a l l .  

The de fo rma t ion  o f  t h e  pessary a l s o  reduced t h e  area o f  

FGA-releasing s u r f a c e  i n  c o n t a c t  w i t h  t h e  a b s o r p t i o n  sur face 

o f  t h e  v a g i n a l  e p i t h e l i u m ,  which c o u l d  l e a d  t o  a f u r t h e r  r e d u c t i o n  

i n  t h e  amount o f  d rug  b e i n g  d e l i v e r e d .  
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FLUROGESTONE ACETATE. I V  1341 

Hence, one o f  t h e  m a j o r  problems need t o  be r e s o l v e d  i s ,  

t h e r e f o r e ,  cons ide red  t o  be t h e  development o f  an i r r i t a t i o n - f r e e  

and c l i n i c a l l y  e f f i c a c i o u s  v a g i n a l  pessary.  The i r r i t a t i o n - f r e e  

v a g i n a l  d e v i c e  c o u l d  be produced by r e d u c i n g  t h e  d iamete r  o f  

t h e  pessary s l i g h t l y  f r o m  a d iamete r  o f  4.2 cm t o  4.0 cm, by 

u s i n g  a v i r g i n  sponge o f  a s o f t e r  grade (300 i n s t e a d  o f  800), 

b y  decreas ing t h e  s u r f a c e  area o f  t h e  pessary and/or  c o m p l e t e l y  

e v a p o r a t i n g  o f f  any p o s s i b l e  r e s i d u a l  a c e t i c  a c i d ,  which has 

been r e l e a s e d  d u r i n g  t h e  c u r i n g  o f  s i l i c o n e  adhesive,  f rom t h e  

pessary b e f o r e  uses. 

On t h e  o t h e r  hand, t o  o b t a i n  a c l i n i c a l l y  e f f i c a c i o u s  v a g i n a l  

pessary,  a s e r i e s  o f  i n  v i t r o  and i n  v i v o  s t u d i e s  were conducted, 

u s i n g  t h e  (Type I )  Rate-Contro l  v a g i n a l  pessa r ies ,  t o  s t u d y  t h e  

e f f e c t  o f  d rug  l o a d i n g  dose, s u r f a c e  l o c a t i o n  and s u r f a c e  a rea  

o n  t h e  i n t r a v a g i n a l  r e l e a s e  and a b s o r p t i o n  o f  FGA. 

B. I n  V i t r o  Simultaneous Release and Vaginal  A b s o r p t i o n  S t u d i e s :  

1. E f f e c t  of  l o a d i n g  dose: A s e r i e s  o f  i n  v i t r o  d r u g  r e l e a s e  

and v a g i n a l  a b s o r p t i o n  s t u d i e s  were conducted, u s i n g  Rate-Contro l  

v a g i n a l  p e s s a r i e s  (Type I), t o  s t u d y  t h e  e f f e c t  o f  d r u g  l o a d i n g  

dose and t o  de te rm ine  t h e  optimum l o a d i n g  dose r e q u i r e d  f o r  t h e  

e s t r u s  s y n c h r o n i z a t i o n  i n  t h e  sheep. The i n  v i t r o  r e l e a s e  and 

v a g i n a l  a b s o r p t i o n  o f  f l u r o g e s t o n e  a c e t a t e  f rom t h e  Rate-Contro l  

v a g i n a l  p e s s a r i e s  c o n t a i n i n g  2% o f  FGA were r e p o r t e d  e a r l i e r  

t o  f o l l o w  a l i n e a r  Q - t r e l a t i o n s h i p  (13 ) .  I n  t h e  p r e s e n t  

i n v e s t i g a t i o n ,  i n  o r d e r  t o  determine t h e  e f f e c t  o f  d r u g  l o a d i n g  
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1342 KABADI AND CHIEN 

dose on t h e  r a t e  p r o f i l e s  o f  t h e  r e l e a s e  and v a g i n a l  a b s o r p t i o n  

o f  FGA, t h e  Rate-Contro l  v a g i n a l  p e s s a r i e s  were f a b r i c a t e d  t o  

c o n t a i n  1%, 2%, 4% o r  10% o f  FGA. The r e s u l t s  o f  t h e  e v a l u a t i o n s  

i n d i c a t e d  t h a t ,  as expected f rom t h e  t h e o r e t i c a l  model (13 ) ,  

t h e  magnitude o f  Q/t va lues  c a l c u l a t e d  a r e  found t o  be v e r y  much 

independent o f  t h e  l o a d i n g  dose i n  t h e  range o f  1% t o  10% FGA 

( F i g u r e  5 ) .  The mean va lues  o f  t h e  d rug  r e l e a s e  and v a g i n a l  

a b s o r p t i o n  r a t e s  determined f rom t h e  d a t a  i n  F i g u r e  5 were found 

t o  be 18.63 * 1.04 and 15.17 * 0.94 mcg/cm /day, r e s p e c t i v e l y .  

These r e s u l t s  suppor t  t h e  p h y s i c a l  model proposed e a r l i e r  (13 )  

t h a t  as t h e  l o a d i n g  dose i s  r e l a t i v e l y  l a r g e ,  t h e  d rug  r e l e a s e  

and v a g i n a l  a b s o r p t i o n  p r o f i l e s  f rom t h e  Rate-Contro l  v a g i n a l  

sponge w i l l  be a t  c o n s t a n t  r a t e s ,  which should be independent 

o f  t h e  l o a d i n g  dose. These f i n d i n g s  suggested t h a t  v a g i n a l  

pessa r ies  can now be f a b r i c a t e d  f rom t h e  Type I c o n t r o l l e d - r e l e a s e  

2 

s i l i c o n e  dev i ce  t o  c o n t a i n  o n l y  1% o f  FGA, which s t i l l  y i e l d s  

t h e  same magnitude o f  r e l e a s e  and a b s o r p t i o n  r a t e s  as t h e  d e v i c e  

c o n t a i n i n g  10% o f  FGA. I f  t h e  d e v i c e  c o n t a i n i n g  2% o f  FGA i s  

c l i n i c a l l y  e f f e c t i v e ,  1% l o a d i n g  dose may a l s o  be e f f e c t i v e  as 

w e l l  i n  b l o c k i n g  t h e  c y c l e  and i n  s y n c h r o n i z i n g  t h e  e s t r u s  i n  

t h e  sheep. The d a i l y  FGA dose r e l e a s e d  f rom a d e v i c e  w i t h  a 

d r u g - r e l e a s i n g  s u r f a c e  o f  18 cmL was c a l c u l a t e d  t o  be 335.3 2 

18.7 mcg/day, which i s  w i t h i n  t h e  dose range o f  300 - 400 mcg/day 

needed f o r  t h e  e s t r u s  s y n c h r o n i z a t i o n  i n  t h e  sheep. 

Furthermore, t h e  d a t a  i n  F i g u r e  5 i n d i c a t e d  t h a t  t h e  magnitude 

o f  t h e  v a g i n a l  a b s o r p t i o n  r a t e s  i s  s l i g h t l y  l o w e r  t h a n  t h a t  o f  
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FLUROGESTONE ACETATE. I V  

RATE-CONTROL VAGINAL SPONGE 

1343 

5 

E f f e c t  o f  

Release 
\ 

Abso'rpt i on 

20 40 0 80 100 120 

A ~rn9/cm3) 

F i g u r e  5. 

d r u g  l o a d i n g  dose on t h e  in v i t r o  s imul taneous 
d rug  r e l e a s e  and v a g i n a l  a b s o r p t i o n  r a t e  p r o f i l e  o f  t h e  FGA f r o m  
Rate-Contro l  v a g i n a l  pessary (Type I). The r a t e s  o f  d rug  r e l e a s e  
and vag ina l  a b s o r p t i o n  (Q/t) were found t o  be independent o f  
t h e  l o a d i n g  dose ( A )  between 11.4 and 114 mg/cm3. The mean va lues  
( ?  s tandard d e v i a t i o n )  f o r  t h e  d r u g  r e l e a s e  and v a g i n a l  a b s o r p t i o n  
ra tes ,  c a l c u l a t e d  f rom t h e  4 groups o f  d a t a  p o i n t s ,  a r e  18.63 
? 1.04 and 15.17 ? 0.94 mcg/cmz/day, r e s p e c t i v e l y .  Each group 
of  da ta  p o i n t s  r e p r e s e n t s  t h e  mean ? s tandard  e r r o r  o f  3 
de te rm ina t ions  f o r  each l o a d i n g  dose. 

t h e  r e l e a s e  r a t e s .  The d i f f e r e n c e  can be e x p l a i n e d  i f  one compares 

t h e  d i f f e r e n c e  i n  t h e  d i f f u s i o n a l  r e s i s t a n c e s  between in v i t r o  

and -- i n  v i v o  c o n d i t i o n s .  I n  t h e  -- i n  v i t r o  d rug  r e l e a s e  s t u d i e s ,  

t h e  e l u t i o n  medium was always m a i n t a i n e d  a t  s i n k  c o n d i t i o n s  

throughout  t h e  exper iment .  I n  t h i s  case, o n l y  a hydrodynamic 

boundary l a y e r  e x i s t  between t h e  d r u g - r e l e a s i n g  s u r f a c e  o f  t h e  
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1344 KABADI AND CHIEN 

v a g i n a l  pessary and t h e  b u l k  o f  e l u t i o n  medium (13) .  However, 

i n  t h e  case o f  i n  v i t r o  v a g i n a l  a b s o r p t i o n  s t u d i e s ,  two a d d i t i o n a l  

b a r r i e r s  a r e  a l s o  p resen t ,  namely, t h e  aqueous d i f f u s i o n  l a y e r  

(between t h e  d r u g - r e l e a s i n g  s u r f a c e  o f  t h e  pessary and t h e  

a b s o r p t i o n  s u r f a c e  o f  t h e  v a g i n a l  mucosa) and t h e  v a g i n a l  mucosa, 

which c o u l d  c e r t a i n l y  add more d i f f u s i o n a l  r e s i s t a n c e  on t h e  

su r face  o f  t h e  v a g i n a l  pessary.  These a d d i t i o n a l  d i f f u s i o n  

b a r r i e r s  a r e  expected t o  reduce t h e  amount of d rug  absorbed a t  

any g i v e n  t ime  ( i . e .  , t h e  l ower  t h e  magnitude o f  Q/t). T h i s  

f a c t  should be taken  i n t o  c o n s i d e r a t i o n  when one i n t e n d s  t o  make 

any i n  v i t r o  - i n  v i v o  c o r r e l a t i o n .  

2. Rate-Contro l  pessary versus Syncro-Mate pessary:  The i n  v i  t r o  

v a g i n a l  a b s o r p t i o n  p r o f i l e s  o f  FGA f rom a Type I Rate-Contro l  

pessary and a Syncro-mate pessary,  b o t h  c o n t a i n  a same l o a d i n g  

dose (20 mg o f  FGA), were e v a l u a t e d  s imu l taneous ly .  The r e s u l t s  

c l e a r l y  i n d i c a t e d  t h e  d i f f e r e n c e  i n  t h e  mechanisms o f  v a g i n a l  

a b s o r p t i o n  f rom these two t ypes  o f  v a g i n a l  pessa r ies .  A c o n s t a n t  

(Q vs. t )  v a g i n a l  a b s o r p t i o n  p r o f i l e  was observed f r o m  t h e  

Rate-Contro l  pessa r ies ,  w h i l e  a n o n - l i n e a r  ( Q  vs t’) r e l a t i o n s h i p  

was observed f o r  t h e  Syncro-Mate p e s s a r i e s  ( F i g u r e  6 ) .  F o r  t h e  

i n i t i a l  47 hours,  t h e  v a g i n a l  a b s o r p t i o n  p r o f i l e  o f  FGA f r o m  

t h e  Syncro-Mate v a g i n a l  pessa ry  was g r e a t e r  t h a n  f rom t h e  

Rate-Contro l  v a g i n a l  pessary.  A f t e r  47 hours,  t h e  v a g i n a l  

a b s o r p t i o n  p r o f i l e  f rom t h e  Syncro-Mate v a g i n a l  pessa ry  became 

s m a l l e r  t h a n  f rom t h e  Rate-Contro l  v a g i n a l  pessary.  The d i f f e r e n c e  

i n  t h e  a b s o r p t i o n  r a t e s  between these  two t ypes  o f  v a g i n a l  
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nUROGESTONE ACETATE. I V  1345 

6'o - Rot.-Control b i n d  Perso 

I 

d * 500 - 
*I 
0 

Time (Hours)  

F i g u r e  6. 

Comparison i n  t h e  t i m e  course f o r  t h e  v a g i n a l  a b s o r p t i o n  
p r o f i l e s  o f  FGA f rom t h e  Rate-Contro l  v a g i n a l  pessa ry  (Type I )  
and f rom Syncro-Mate v a g i n a l  pessa ry  ( b o t h  c o n t a i n i n g  20 mg o f  
FGA). The Rate-Contro l  v a g i n a l  pessa ry  (m) showed a c o n s t a n t  
( Q  - t )  r e l a t i o n s h i p  w i t h  t h  
w h i l e  Syncro-Mate pessary I#) showed a n o n - l i n e a r  ( Q  - tl/ ) 
r e l a t i o n s h i p  w i t h  t h e  Q/tl v a l u e  o f  397 * 60 mcg/cm2/day1/2. 
Each da ta  p o i n t  r e p r e s e n t s  t h e  mean va lue  * one s tandard  d e v i a t i o n  
o f  3 de te rm ina t ions .  

I ,  Q/t v a l u e  o f  275 * 5 mcg/cm2/da 

p e s s a r i e s  were a l s o  apparent  ( F i g u r e  7 ) .  The r e s u l t s  i n d i c a t e d  

t h a t  t h e  r a t e  o f  v a g i n a l  a b s o r p t i o n  o f  FGA f rom t h e  Rate-Contro l  

v a g i n a l  pessary reaches t h e  s t e a d y - s t a t e  a t  around 40 hours and 

then  remains a t  t h e  s t e a d y - s t a t e  r a t e  o f  0.64 * 0.01 mcg/cm / h r  

t h roughou t  t h e  s t u d i e s ,  w h i l e  t h e  r a t e  f rom t h e  Syncro-Mate pessary 

i s  n o t  c o n s t a n t  and c o n t i n u e s  t o  decrease as a f u n c t i o n  o f  t ime .  

2 
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1346 KABADI AND CHIEN 

I Syncn-Mate Vaginal Pesrary 

I 1 I I 1 1 

0 20 40 60 80 100 1 
Tine (Hours) 

F i g u r e  7. 

Comparison i n  t h e  t i m e  course f o r  t h e  r a t e s  o f  v a g i n a l  
a b s o r p t i o n  o f  FGA f r om t h e  Rate-Contro l  and Syncro-Mate v a g i n a l  
pessa r ies .  The a b s o r p t i o n  r a t e  p r o f i l e  i nc reased  and reached 
a p l a t e a u  and c o n s t a n t  va lue  o f  15.28 0.28 mcg/cmz/day a t  around 
40 hours f o r  t h e  Rate-Contro l  v a g i n a l  p e s s a r i e s  ( m ) ,  w h i l e  t h e  
a b s o r p t i o n  r a t e  f o r  t h e  Syncro-Mate pessar  ( ) c o n t i n u e d  t o  
decrease i n  a c u r v i l i n e a r  fash ion  ( Q / t f / 2  = 27.95 k4.22 
mcg/cm2/dayl/2). 

C. I n  V ivo Drug Release S tud ies :  

1. E f f e c t  o f  l o a d i n s  dose: S ince t h e  r e l e a s e  o f  f l u r o g e s t o n e  

a c e t a t e  f rom t h e  Rate-Contro l  v a g i n a l  pessa ry  r e s i d i n g  i n  t h e  

v a g i n a l  t r a c t  o f  t h e  sheep i s  expected t o  be a f f e c t e d  by t h e  

d i f f u s i o n a l  r e s i s t a n c e  across t h e  v a g i n a l  f l u i d  and v a g i n a l  mucosa 

( 1 4 ) ,  t h e  cumu la t i ve  amount o f  d rug  r e l e a s e d  (Q)  i n  t h e  sheep's  

vagina i s ,  t h e r e f o r e ,  d e f i n e d  by Eq. ( 3 2 ) .  Equa t ion  ( 3 2 )  suggests  

t h a t  t h e  c u m u l a t i v e  amount o f  f l u r o g e s t o n e  a c e t a t e  r e l e a s e d  f rom 

a u n i t  s u r f a c e  area o f  t h e  d e v i c e  shou ld  be l i n e a r l y  p r o p o r t i o n a l  

t o  t h e  d u r a t i o n  o f  v a g i n a l  r e s i d e n c e  as shown i n  F i g u r e  8. The 

r a t e  o f  i n t r a v a g i n a l  d rug  r e l e a s e  ( Q / t ) ,  f o l l o w i n g  t h e  p r o t o c o l  
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FLUROGESTONE ACETATE. IV 1347 

#2a (Table I ) ,  was c a l c u l a t e d  f rom t h e  s lope  o f  t h e  Q vs t p l o t s  

as 15.48 mcg/cm /day f o r  t h e  Rate-Contro l  v a g i n a l  pessa ry  c o n t a i n -  

i n g  a 18 cm2 d r u g - r e l e a s i n g  d e v i c e  (2% FGA) on t h e  c i r cumfe rence  

s u r f a c e  o f  t h e  sponge. The Rate-Contro l  v a g i n a l  pessary c o n t a i n i n g  

t h e  same s u r f a c e  a rea  o f  t h e  d rug  r e l e a s i n g  dev i ce  b u t  w i t h  o n l y  

1% FGA ( p r o t o c o l  #3a, Table I )  was found t o  y i e l d  a s l i g h t l y  

l o w e r  r a t e  o f  i n t r a v a g i n a l  r e l e a s e  (13.3 mcg/cm /day).  T h i s  

d i f f e r e n c e ,  however, was observed t o  be r a t h e r  i n s i g n i f i c a n t .  

2 

2 

A d d i t i o n a l  s t u d i e s  were a l s o  conducted t o  de te rm ine  t h e  

cumu la t i ve  amount o f  FGA i n  t h e  same s u r f a c e  area o f  t h e  d rug  

r e l e a s i n g  d e v i c e  ( p r o t o c o l s  #3b and #3c,Table I ) .  A f t e r  19 days 

o f  i n t r a v a g i n a l  a d m i n i s t r a t i o n ,  t h e  t o t a l  amount o f  FGA r e l e a s e d  

was found t o  be w i t h i n  t h e  d rug  r e l e a s e  p r o f i l e s  o b t a i n e d  f o r  

1% and 2% FGA ( F i g u r e  8).  These &I data  f u r t h e r  s u p p o r t  

t h e  i n  v i t r o  o b s e r v a t i o n s  ( F i g u r e  5 )  t h a t  t h e  r a t e  o f  d rug  r e l e a s e  

from t h i s  Rate-Contro l  v a g i n a l  pessa ry  i s  c o n s t a n t  and r e 1  a t i v e l y  

independent o f  t h e  d rug  l o a d i n g  dose as p r e d i c t e d  f rom Eq. (32 ) .  

2. E f f e c t  o f  Su r face  Loca t ion :  The i n t r a v a g i n a l  r e l e a s e  

p r o f i l e s  o f  FGA f r o m  t h e  Rate-Contro l  v a g i n a l  pessary w i t h  t h e  

d r u g - r e l e a s i n g  d e v i c e  on e i t h e r  t h e  c i r cumfe rence  s u r f a c e  o r  

on t h e  t o p  s u r f a c e  were e v a l u a t e d  ( p r o t o c o l  #2, Table I ) .  The 

r e s u l t s  i n d i c a t e d  t h a t  t h e  i n t r a v a g i n a l  r e l e a s e  p r o  

f r o m  t h e  v a g i n a l  pessary c o n t a i n i n g  a 10 cm2 d e v i c e  

s u r f a c e  shows a r a t h e r  s c a t t e r i n g  i n  t h e  i n d i v i d u a l  

9 ) ,  w h i l e  t h e  r a t e  o f  i n t r a v a g i n a l  d r u g  r e l e a s e  c a l c u  

i l e  o f  FGA 

on t h e  t o p  

d a t a (  F i g u r e  

a t e d  (13.75 
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1348 KABADI AND CHIEN 

-r 

15 18 21 0 3 6 9 12 

T i m e  (Days) 

F i g u r e  8. 

The t ime  course f o r  t h e  in v i v o  v a g i n a l  a b s o r p t i o n  o f  FGA 
f rom t h e  Rate-Contro l  v a g i n a l  pess-Type I w i t h  a l o a d i n g  dose 
f rom 1 t o  4% o f  FGA) i n  t h e  sheep's  vagina f o r  19 days. A l i n e a r  
r e l a t i o n s h i p  was e s t a b l i s h e d  w i t h  t h e  v a g i n a l  a b s o r p t i o n  r a t e s  
rang ing  between 13.33 and 15.48 mcg/cm2/day f o r  1% and 2% FGA, 
r e s p e c t i v e l y .  Keys:(.), 1%; (.,A), 2%; and e), 4% FGA. 

2 mcg/cm /day) i s  o n l y  s l i g h t l y  l o w e r  t h a n  t h e  r a t e  f r o m  t h e  pessa ry  

w i t h  a 18 cmL d e v i c e  on t h e  c i r cumfe rence  ( s i d e )  s u r f a c e  (15.48 

mcg/cm /day). Therefore,  t h e  r e s u l t s  suggested t h a t  t h e  r a t e  

o f  i n t r a v a g i n a l  d rug  r e l e a s e  i s  r e l a t i v e l y  independent  o f  t h e  

l o c a t i o n  o f  t h e  d r u g - r e l e a s i n g  d e v i c e  on t h e  pessa ry  as l o n g  

as a good c o n t a c t  i s  ma in ta ined  between t h e  d r u g - r e l e a s i n g  s u r f a c e  

and t h e  a b s o r p t i o n  sur face of  t h e  v a g i n a l  mucosa. However, t h e  

2 
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FLUROGESTONE ACETATE. IV 1349 

I N - V I T R O  A B S O R P T I O N  I N - V I V O  RELEASE 

N 

E 

e 

-. 
M 

v 

W 

Side  Surface 

- 

1 I I I I 

0 4 8 1 2  16 20 

Top Surface 

600 

4 I 

0 4 8 1 2  16 2 0  

( D A Y S )  (DAYS)  (DAYS) 

TIME 

F i g u r e  9. 

Comparison i n  t h e  t i m e  course f o r  t h e  i n  v i t r o  and in v i v o  
r e l e a s e  o f  FGA f rom t h e  Rate-Contro l  v a g i n a l  pessary ( T y p e 7  
w i t h  t h e  d r u g - r e l e a s i n g  s u r f a c e  l o c a t e d  on v a r i o u s  s u r f a c e s  o f  
t h e  non-medicated po lyu re thane  s onges. The c o n s t a n t  ( Q - t )  

s u r f a c e  y i e l d e d  an in r e l e a s e  r a t e  o f  15.48 mcg/cm2/day, 
which was i n  a good agreement w i t h  t h e  i n  v i t r o  a b s o r p t i o n  r a t e  
o f  14.6 mcg/cm2/day, as d i d  t h e  10 cm2 d e v i c e  on t h e  t o p  s u r f a c e  
o f  t h e  sponges, which gave an in viva r e l e a s e  r a t e  o f  13.75 
mcg/cm2/day. Each da ta  p o i n t  r e p r e s e n t s  t h e  mean v a l u e  5 one 
s tandard  e r r o r  o f  4-6 d e t e r m i n a t i o n s .  

l i n e a r i t y  was ob ta ined .  The 18-cm B d e v i c e  on t h e  c i r cumfe rence  

o v e r a l l  d a i l y  dose o f  FGA (137.5 rncg/day) r e l e a s e d  f rom t h e  

p e s s a r i e s  w i t h  t h e  d r u g - r e l e a s i n g  d e v i c e  on t h e  t o p  l o c a t i o n  

would be t o o  smal l  t o  be c l i n i c a l l y  e f f e c t i v e ,  s i n c e  t h e  maximum 

area a v a i l a b l e  on t h e  t o p  s u r f a c e  o f  t h e  sponge was r a t h e r  l i m i t e d  

( o n l y  12.6 cm ). 2 
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1350 WADI AND CHIEN 

3. E f f e c t  o f  Sur face Area: The dependency o f  t h e  amount 

o f  i n t r a v a g i n a l  d rug  r e l e a s e  on t h e  s u r f a c e  area o f  t h e  d rug  

- r e l e a s i n g  d e v i c e  l o c a t e d  on t h e  c i r cumfe rence  s u r f a c e  o f  t h e  

Rate-Control  v a g i n a l  pessary was e v a l u a t e d  f o l  l o w i n g  p r o t o c o l  

#4, (Table I ) .  As shown i n  F i g u r e  10, t h e  c u m u l a t i v e  amount 

o f  FGA r e l e a s e d  f rom t h e  Rate-Contro l  v a g i n a l  pessary i n  t h e  

sheep’s vagina was observed t o  be l i n e a r l y  dependent upon t h e  

s u r f a c e  area o f  t h e  d r u g - r e l e a s i n g  d e v i c e  su r round ing  t h e  c i rcum- 

ference o f  t h e  sponge. T h i s  l i n e a r l i t y  p e r m i t s  one t o  de te rm ine  

t h e  s u r f a c e  area o f  t h e  d r u g - r e l e a s i n g  d e v i c e  needed f o r  d e l i v e r y  

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

From t h i s  l i n e a r  r e l a t i o n s h i p ,  one can a l s o  p r e d i c t  t h e  

amount o f  FGA c o u l d  have been r e l e a s e d  f r o m  a 10 cm d e v i c e  a f t e r  

10-day i n t r a v a g i n a l  i n s e r t i o n  i n  t h e  sheep. A va lue  o f  259 mcglday 

was determined, which was 188% g r e a t e r  t h a n  t h e  d a i l y  dose (137.5 

mcglday) d e l i v e r e d  b y  t h e  dev i ce  p o s i t i o n e d  on t h e  top .  The 

observed lower  d a i l y  dose (137.5 mcg/day) d e l i v e r e d  c o u l d  be 

a r e s u l t  o f  t h e  f a c t  t h a t  t h e  d r u g - r e l e a s i n g  d e v i c e  l o c a t e d  on 

t h e  t o p  s u r f a c e  o f  t h e  v a g i n a l  sponge may n o t  be i n  an i n t i m a t e  

c o n t a c t  w i t h  t h e  c e r v i x  as does t h e  d r u g - r e l e a s i n g  d e v i c e  on 

t h e  c i r cumfe rence  s u r f a c e  o f  t h e  sponge, which i s  c l o s e l y  

surrounded by t h e  v a g i n a l  e p i t h e l i u m  as a r e s u l t  o f  t h e  c o n s t a n t  

c o n s t r i c t i o n  o f  t h e  v a g i n a l  w a l l .  

2 

D. I n  V i t r o  - I n  V ivo  C o r r e l a t i o n  o f  t h e  I n t r a v a q i n a l  FGA Release: 

For  t h e  a n a l y s i s  o f  i n  v i t r o - i n  v i v o  r e l a t i o n s h i p ,  t h e  FGA 

molecules r e l e a s e d  from t h e  Rate-Contro l  v a g i n a l  pessa ry  a r e  
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FLUROGESTONE ACETATE. I V  1351 

Surface Area (ern* 

Figure 10. 

Linear re la t ionship between the cumulative amount of FGA 
absorbed and the surface area of the drug-releasing device ( 1 2 ,  
18 and 24cm2) located on the circumference surface of the 
Rate-Control vaginal pessary (Type I ) ,  which was inserted in 
the sheep's vagina for  10 days. Each data point represents the 
mean value * one standard e r r o r  of 4-5 determinations. 

presumed t o  be f i r s t  dissolved i n  the  surrounding vaginal f lu id  

and  are  then transported across the vaginal mucosa and f i n a l l y  

dis t r ibuted into a biological sink maintained by hemoperfusion 

(Figure 1 and 2 ) .  I n  such case,  the r a t e  of d r u g  absorption 

(dQ/dt )  by the vaginal mucosa s h o u l d  be d i r e c t l y  proportional 

t o  the d r u g  concentration (Cs') i n  the vaginal f l u i d  ( a s  the 

driving force f o r  d r u g  absorption) and inversely proportional 

t o  the diffusional res is tances  encountered by the d r u g  molecules 

along the way across the vaginal mucosa. So rearranging E q .  ( 3 2 )  

(since K'C = S ) :  
s P aq 
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1352 WADI AND CHIEN 

Where, zRin viva i s  t h e  d i f f u s i o n a l  r e s i s t a n c e  ac ross  t h e  composi te  

o f  t h e  aqueous d i f f u s i o n  l a y e r  and v a g i n a l  mucosa. Eq. (35)  a l s o  

i n d i c a t e s  t h a t  s i n c e  t h e  d rug  s o l u b i l i t y  (S ) i n  t h e  v a g i n a l  

f l u i d  i s  c o n s t a n t  and i n v a r i a n t  w i t h  t ime,  a c o n s t a n t  r a t e  o f  

v a g i n a l  a b s o r p t i o n  shou ld  be o b t a i n e d  ( d Q / d t  = c o n s t a n t ) .  

aq 

I n  t h e  v i t r o  v a g i n a l  a b s o r p t i o n  s t u d i e s ,  t h e  e l u t i o n  

medium was ma in ta ined  a t  s i n k  c o n d i t i o n s  th roughou t  t h e  exper iment .  

I n  t h i s  case, an a d d i t d o n a l  hydrodynamic boundary l a y e r  e x i s t s  

between t h e  se rosa l  s u r f a c e  o f  t h e  v a g i n a l  mucosa and t h e  b u l k  

o f  t h e  e l u t i o n  medium. I n  e a r l i e r  s t u d i e s  ( 1 3 ) ,  i t  was found 

t h a t  t h e  r a t e  o f  i n  v i t r o  v a g i n a l  a b s o r p t i o n  f r o m  t h e  Rate-Contro l  

v a g i n a l  pessary (Type I )  was d e f i n e d  by t h e  f o l l o w i n g  

r e 1  a t i  onshi  p s :  

1 Rd - 1  
- ( C p  ) [ Raq +-r ( Rv + -  11 [Eq. 361 

dQ - -  
d t  KS KV 

So, r e a r r a n g i n g  Eq. (36) ( s i n c e  K ' C  = S ) :  
s P aq 

= [Eq. 371 dQ 'aq 

i n  v i t r o  R [ 2~ 1 i n  v i t r o  = T( K '  + R v )  + Rd/KV]  aq s 

Where, I R i n  v i t r o  i s  t h e  d i f f u s i o n a l  r e s i s t a n c e  ac ross  t h e  

composi te o f  aqueous d i f f u s i o n  l a y e r ,  v a g i n a l  mucosa and 

hydrodynamic boundary l a y e r .  

C u r r e n t l y ,  measurement o r  c a l c u l a t i o n  o f  t h e  1 Rin viva v a l u e  

can be done o n l y  w i t h  g r e a t  d i f f i c u l t y .  Ex tens i ve  i n s t r u m e n t a t i o n  

has t o  be a p p l i e d  and many approx ima t ions  have t o  be assumed 
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FLUROGESTONE ACETATE. IV 1353 

(15) .  On t h e  o t h e r  hand, t h e  p r e d i c t i o n  o f  t h e  i n  v i v o  r e l e a s e  

p r o f i l e  f rom an i n  v i t r o  s tudy  can be done, w i t h o u t  knowing t h e  

magnitude o f  lR in  viva value, by e s t a b l i s h i n g  t h e  r e l a t i o n s h i p  

between in v i t r o  and i n  v i v o  i n  t h e  mechanism and t h e  r a t e  o f  

d rug  r e l e a s e  (15) .  T h i s  r e l a t i o n s h i p  may be e s t a b l i s h e d  by 

s t u d y i n g  t h e  mechanisms and t h e  r a t e s  o f  d rug  r e l e a s e  f r o m  t h e  

same t y p e  o f  d rug  d e l i v e r y  system under b o t h  in v i t r o  and in 
c o n d i t i o n s .  I t  was e x e m p l i f i e d  by t h e  i n t r a v a g i n a l  a b s o r p t i o n  

s t u d i e s  o f  e t h y n o d i o l  d i a c e t a t e  i n  r a b b i t s  (14 ) .  A 

p r o p o r t i o n a l i t y ,  c a l l e d  c o r r e l a t i o n  f a c t o r  ( y  ) ,  i s  e s t a b l i s h e d  

b y  comparing Eq. (35 )  w i t h  Eq. (37 ) .  I f  t h e  S va lues  a r e  

i d e n t i c a l ,  t h e n  i t  y i e l d s :  
aq 

( Q / t ) i n  v i v o  - r (RaqKiKv ' R v K ~ )  ' Rdl 
( Q / t ) i n  v i t r o  [RaqK;Kv ' RvKvJ l R i n  v i v o  

- l R i n  v i t r o  = 
rEq. 381 

The o n l y  d i f f e r e n c e  between t h e  IRin vitro and CRin viva i s  t h e  

presence o f  Rd t e rm o r  t h e  d i f f u s i o n a l  r e s i s t a n c e  ac ross  t h e  

hydrodynamic boundary l a y e r  on t h e  se rosa l  s u r f a c e  o f  t h e  v a g i n a l  

mucosa. 

I n  t h e  pas t ,  s c i e n t i s t s  used t o  compare t h e  i n  v i t r o  r e l e a s e  

w i t h  t h e  i n  v i v o  a b s o r p t i o n  r a t e s  f o r  e s t a b l i s h i n g  an i n  v i t r o - i n  

v i v o  c o r r e l a t i o n .  Usua l l y ,  t h e  in v i t r o  r e l e a s e s  r a t e s  were 

much g r e a t e r ,  so t h i s  was accounted f o r  b y  i n c r e a s i n g  t h e  

hydrodynamic boundary l a y e r  on t h e  s u r f a c e  o f  t h e  d e v i c e  t o  match 

t h e  -- i n  v i v o  d a t a  (16 ) ,  However, much b e t t e r  f i t  can be achieved 

i f  t h e  ~ v i t r o  v a g i n a l  a b s o r p t i o n  d a t a  a r e  compared w i t h  in 
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1354 KABADI AND C H I E N  

v i v o  a b s o r p t i o n  data.  T h i s  way, t h e  b a r r i e r  p r o p e r t i e s  o f  t h e  

b i o l o g i c a l  l a y e r s  can be taken  i n t o  account,  s i n c e  t h e i r  

d i f f u s i o n a l  r e s i s t a n c e  p r o p e r t i e s  reduce t h e  a b s o r p t i o n  r a t e .  

A lso,  due t o  a snug f i t between t h e  v a g i n a l  pessary and t h e  v a g i n a l  

mucosa, t h e  t h i c k n e s s  o f  t h e  aqueous d i f f u s i o n  l a y e r ,  e.g. ,  v a g i n a l  

f l u i d ,  i s  t o o  smal l  t o  produce any s i g n i f i c a n t  e f f e c t  on t h e  

a b s o r p t i o n  r a t e  (17) .  

I n  t h i s  s tudy,  b o t h  t h e  i n  v i t r o  r e l e a s e  r a t e  and i n  v i t r o  

v a g i n a l  a b s o r p t i o n  r a t e s  were determined and compared w i t h  t h e  

i n  v i v o  a b s o r p t i o n  r a t e s  (Table 11) f o r  t h r e e  t ypes  o f  v a g i n a l  

pessa r ies .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  c o r r e l a t i o n  f a c t o r  

between t h e  fi v i t r o  v a g i n a l  a b s o r p t i o n  r a t e  and t h e  fi viva 

a b s o r p t i o n  r a t e  shows a much b e t t e r  f i t , which i s  a lmos t  c l o s e  

t o  t h e  u n i t y  (0.94 - 1.19),  t h a n  t h e  c o r r e l a t i o n  f a c t o r  f o r  t h e  

-- i n  v i t r o  r e l e a s e  r a t e  and t h e  i n  v i v o  a b s o r p t i o n  r a t e .  The b e s t  

-- i n  v i t r o  - i n  v i v o  c o r r e l a t i o n  was o b t a i n e d  f o r  t h e  Rate-Contro l  

v a g i n a l  pessary w i t h  a 18 cm2 d r u g - r e l e a s i n g  d e v i c e  on t h e  

c i r cumfe rence  s u r f a c e  ( y  = 1.06). T h i s  c o r r e l a t i o n  f a c t o r  o f  

1.06 was found v e r y  use fu l  i n  t h e  t r a n s l a t i o n  o f  t h e  i n  v i t r o  

da ta  t o  t h e  i n  v i v o  d rug  a b s o r p t i o n  p r o f i l e s ,  s i n c e  t h e  i n  v i t r o  

v a g i n a l  a b s o r p t i o n  s t u d i e s  were conducted under t h e  c o n t r o l  l e d  

c o n d i t i o n s  ( i . e . ,  CRin vitro i s  c o n s t a n t ) .  T h i s  c o r r e l a t i o n  

f a c t o r  was a l s o  v e r y  u s e f u l  i n  t h e  development o f  a l o n g - a c t i n g  

d rug  d e l i v e r y  system. As soon as t h i s  r e l a t i o n s h i p  i s  e s t a b l i s h e d ,  

t h e  p r o p o r t i o n a l i t y  o f  ( v )  can be a p p l i e d  t o  t r a n s l a t e  a l l  t h e  

da ta  generated i n  t h e  s h o r t - t e r m  fi v i t r o  v a g i n a l  a b s o r p t i o n  
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FLUROGESTONE ACETATE. IV 1355 
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1356 WADI AND CHIEN 

s t u d i e s  (e.g., 3-day -- i n  v i t r o  t e s t i n g  i n  t h i s  i n v e s t i g a t i o n )  t o  

t h e  r e s u l t s  expected f rom t h e  l o n g  te rm in 9 s t u d i e s  (e.g., 

19-day i n t r a v a g i n a l  a b s o r p t i o n  i n  t h i s  i n v e s t i g a t i o n ) .  The re fo re ,  

f o l l o w i n g  t h e  e s t a b l i s h m e n t  o f  t h i s  i n  v i t r o  - i n  v i v o  c o r r e l a t i o n ,  

t h e  i n  v i t r o  d a t a  can be u t i l i z e d  t o  f o r m u l a t e  a Rate-Contro l  

d rug  d e l i v e r y  dev i ce  w i t h  an o p t i m a l  r a t e  o f  d r u g  r e l e a s e  f o r  

a l ong - te rm med ica t i on .  

E. C l i n i c a l  E f f i c a c y  S tud ies :  

S i x t y  (60)  u n i t s  o f  t h e  Type I ,  Rate-Contro l  v a g i n a l  pessary 

were f a b r i c a t e d  t o  c o n t a i n  10 t o  18 cm2 o f  t h e  d r u g - r e l e a s i n g  

d e v i c e  (2% FGA) on e i t h e r  t h e  t o p  o r  t h e  c i r cumfe rence  s u r f a c e  

o f  t h e  po lyu re thane  sponge ( F i g u r e  3C & F) and s e n t  f o r  animal 

t e s t i n g ,  f o l l o w i n g  t h e  p r o t o c o l  #2 (Tab le  I )  f o r  19 days. These 

Rate-Contro l  v a g i n a l  p e s s a r i e s  were found t o  be e a s i l y  i n t r o d u c e d  

i n t o  t h e  sheep's  vagina.  Moreover, o n l y  one o u t  o f  t h e  60 

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

The most i m p o r t a n t  o b s e r v a t i o n  was t h a t  t h e  Rate-Contro l  p e s s a r i e s  

w i t h  t h e  18-cm d r u g - r e l e a s i n g  d e v i c e  o n  t h e  c i r c u m f e r e n c e  s u r f a c e  

a r e  observed t o  be c l i n i c a l l y  e f f e c t i v e  i n  b l o c k i n g  t h e  c y c l e  

d u r i n g  t h e  19-day t r e a t m e n t  and then  s y n c h r o n i z i n g  t h e  e s t r u s  

f o l l o w i n g  t h e  t e r m i n a t i o n  o f  t h e  t rea tmen t .  A l l  t h e  ewes t r e a t e d  

were de tec ted  t o  o v u l a t e  n o r m a l l y  by endoscopic examina t ion  of  

t h e  o v a r i e s  a few days l a t e r .  A r t i f i c i a l  i n s e m i n a t i o n  c o u l d  

t h e n  be c a r r i e d  o u t  d u r i n g  t h i s  p e r i o d  t o  achieve a g r e a t e r  r a t e  

o f  concept ion.  

2 
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FLUROGESTONE ACETATE. IV 1357 

On the other hand, the Rate-Control vaginal pessary with 

the 10 cm drug-releasing device on the t o p  surface of the sponges 

was found n o t  effect ive in blocking the es t rus ,  which may be 

due t o  lack of a good contact between the FGA-releasing surface 

and the vaginal mucosa a n d  a small surface area for  FGA release. 

Results indicated t h a t  only 50% of the ewes treated are detected 

t o  ovulate normally a f t e r  the treatment, which i s  cer ta inly n o t  

sat i s f ac t o  ry . 

2 

CONCLUSIONS 

A Rate-Control vaginal pessary, which consists of a 

drug-releasing sil icone device surrounding a drug-free polyurethane 

sponge was developed t o  improve the kinetics and reproducibility 

of d rug  release from the Syncro-Mate vaginal pessary currently 

marketed. Several types of Rate-Control vaginal pessaries were 

fabricated and submitted for  c l inical  efficacy and FGA absorption 

studies in the sheep and the effect  of various parameters. A 

pessary made with 39 cmz drug-releasing device ( with 1% FGA 

and 0.125 mm s i l icone coating membrane) on the circumference 

surface was found t o  be c l in ica l ly  ineffective i n  blocking the 

cycle as a resul t  of low release rates .  On the other h a n d ,  the 

pessaries made with 18 cm -device (2% FGA,  with no rate-l imiting 

membrane) on the same location were found effective in blocking 

the cycle and in synchronizing the estrus  in the sheep as the 

resul t  of delivering a constant daily dose of FGA (278.6 mcg/day). 

2 

The pessaries made with 10 cmL-device on the top surface were 
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found n o t  e f f e c t i v e ,  which c o u l d  be due t o  t h e  l o w  d a i l y  dose 

d e l i v e r e d  as a r e s u l t  o f  sma l l  s u r f a c e  area a v a i l a b l e  f o r  d r u g  

re lease .  The l o c a t i o n  o f  t h e  d r u g - r e l e a s i n g  d e v i c e  on t h e  sponge 

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

As t h e  s u r f a c e  area o f  t h e  d r u g - r e l e a s i n g  d e v i c e  i nc reased ,  t h e  

amount o f  d rug  absorbed b y  t h e  v a g i n a l  mucosa a l s o  increased.  

Bo th  t h e  2 v i t r o  and in a b s o r p t i o n  r a t e s  were found  t o  

be independent o f  t h e  l o a d i n g  dose when more than  1% o f  FGA was 

inco rpo ra ted ,  as p r e d i c t e d  f rom t h e  proposed p h y s i c a l  model (Eq.  

32).  T h i s  i n d i c a t e s  t h a t  t h e  FGA dose can be reduced, w h i l e  

an e f f e c t i v e  s y n c h r o n i z a t i o n  i s  s t i l l  ma in ta ined .  An e x c e l l e n t  

---- i n  v i t r o - i n  v i v o  c o r r e l a t i o n  w i t h  a f a c t o r  o f  1.06 was o b t a i n e d  

f o r  t h e  c o n t r o l l e d  i n t r a v a g i n a l  a b s o r p t i o n  o f  FGA f r o m  t h i s  

Rate-Contro l  v a g i n a l  pessary,  so t h e  i n t r a v a g i n a l  r a t e  o f  

a b s o r p t i o n  o f  FGA i n  a 19-day t r e a t m e n t  c o u l d  be p r e d i c t e d  f r o m  

a 3-day i n  v i t r o  s tudy .  

The ma jo r  advantages o f  t h e  Rate-Contro l  v a g i n a l  pessa ry  

o v e r  Syncro-mate FGA-releasing v a g i n a l  p e s s a r i e s  i n c l u d e :  P r e c i s e  

r e l e a s e  and p r e d i c t a b l e  a b s o r p t i o n  p a t t e r n s  have been achieved; 

i n t r a v a g i n a l  d rug  b i o a v a i l a b i l i t y  has been maximized due t o  t h e  

m i n i m i z a t i o n  o f  dose r e q u i r e d  f o r  e f f e c t i v e  e s t r u s  s y n c h r o n i z a t i o n  

and t h e  r e d u c t i o n  o f  d rug  wastage due t o  washing o f f  b y  t h e  v a g i n a l  

s e c r e t i o n s .  
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FOOTNOTES 

1. Sear le  L a b o r a t o r i e s ,  Skokie,  I l l i n o i s .  

2. F i s h e r  S c i e n t i f i c  Co., Fa i r l awn ,  New Jersey.  

3. B u r d i c k  & Jackson Lab., I nc . ,  Muskagon, Mich igan.  

4. Pharmko,Publick I n d u s t r i e s  Co. , L i n f i e l d ,  Pennsylvania.  

5. Nanopure, Sybron/Barnstead, Boston, Massachusetts.  
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1. 

2. 

3 .  

4.  

5. 

6. 

8. 

6. 

7. Synkron Corpo ra t i on ,  P a r i s ,  France. 

8. Dealeman Meats, Warren Township, New Jersey.  

Dow Corn ing  Corpo ra t i on ,  Mid land,  Mich igan.  

9. B e l l c o  Glass,  I n c . ,  V ine land,  New Je rsey .  

10. Waterbath Model 80, F i s h e r  S c i e n t i f i c  Company, 

11. W r i s t  A c t i o n  Shaker, B u r l i n  C o r p o r a t i o n ,  P i t t s b u r g h ,  

12. HP Model 10848 HPLC, H e w l e t t  Packard, P a l o  A l t o ,  

S p r i n g f i e l d ,  New Jersey.  

Pennsylvania.  

C a l i f o r n i a .  

13. Resolve C-18 column, Water Assoc ia tes ,  M i l f o r d ,  
Massachusetts.  
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