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ABSTRACT 

A Rate-Control  vag ina l  dev i ce  was developed which overcomes t h e  low 

b i o a v a i l a b i l i t y  and u n p r e d i c t a b l e  Q - t4 t y p e  re lease  and a b s o r p t i o n  r a t e  

p r o f i l e s  o f  f l  urogestone a c e t a t e  d e l i v e r e d  by t h e  c u r r e n t l y  marketed 

Sync ro-Ma t e  pes sa ry  . 

The & vitro re lease  and vag ina l  abso rp t i on  p r o f i l e s  f rom t h e  

Rate-Cont ro l  vag ina l  dev i ce  were run  s imu l taneous ly ,  a l i n e a r  Q - t 

r e l a t i o n s h i p  was ob ta ined  w i t h  a s i g n i f i c a n t  improvement i n  b i o a v a i l a b i l i t y .  

A mathematical  model was developed t o  c o r r e l a t e  t h e  i n  v i t r o  d rug  re lease  

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

dev ices .  

The design, development and t h e  simultaneous 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  f l u roges tone  a c e t a t e  f rom t h i s  new vag ina l  dev i ce  were o u t l i n e d  

and discussed. 
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INTRODUCTION 

KABADI AND CHIEN 

Fluroges tone a c e t a t e  (FGA), a s y n t h e t i c  p r o g e s t i n ,  has been admin i s te red  

t o  sheep i n  the  fo rm o f  drug- impregnated vag ina l  sponge f o r m u l a t i o  

Syncro-Mate pessary  (G. D. Sear le  & Co.) o r  Chrono-gest pessary  

s.a.), f o r  p ro longed e s t r u s  synch ron iza t i on  ( 1 ) .  

These cy l inder -shaped po lyure thane sponges (42  mm ( d )  x 30 

, c a l l e d  

I n t e r v e t  

mm ( h ) )  

were impregnated w i t h  10-40 mg o f  FGA ( 2 ) .  The i n t r a v a g i n a l  r L l e a s e  o f  

FGA f rom these po lyure thane sponges i n  t h e  sheep ( i n - s i t u )  was eva lua ted  

( 3 ) ;  and, t h e  r e s u l t s  i n d i c a t e d  t h a t  an average o f  16% o f  t h e  d rug  i n  t h e  

sponge was re leased  p e r  day (es t ima ted  f rom t h e  l o g - t i m e  r e l a t i o n s h i p ) .  

Fo r  example, f o r  a sponge c o n t a i n i n g  10 mg o f  drug, l e s s  than 0.5 mg o f  

t h e  drug  would remain i n  t h e  sponge a t  t h e  end o f  15-day t rea tmen t  (normal 

a p p l i c a t i o n  p e r i o d ) ,  which i s  cons idered t o  be s u b e f f e c t i v e  dose ( 3 ) .  

By s tudy ing  the  c lea rance  o f  t r i t i u m - l a b e l l e d  FGA i n  6 sheep, i n  wh ich  

t h e  sponges were l e f t  i n  t h e  vagina f o r  a p e r i o d  o f  up t o  20 days, i t  was 

observed t h a t  o n l y  12 t o  24% o f  t h e  dose have a c t u a l l y  been absorbed f rom 

t h e  vag ina l  t r a c t ,  o f  which 98% were recovered i n  t h e  u r i n e  and feces .  

The f a c t  t h a t  o n l y  18% o f  t h e  a p p l i e d  dose (on t h e  average) were a c t u a l l y  

absorbed d u r i n g  t h e  20-day a p p l i c a t i o n  and t h e  remain ing  82% were e s s e n t i a l l y  

wasted, a g r e a t  d isc repancy  e x i s t e d  between t h e  dose absorbed and dose 

re leased.  

Based on t h e  r e s u l t s  o u t l i n e d  above, Robinson recommended t h a t  redes ign  

o f  t h e  vag ina l  pessary  shou ld  be i n v e s t i g a t e d  t o  p reven t  t h e  i n i t i a l  r e l e a s e  

o f  excess i ve l y  h i g h  and was te fu l  doses and t o  o b t a i n  a more s a t i s f a c t o r y  

and u n i f o r m  r a t e  o f  r e l e a s e  ( 4 ) .  

The i n  v i t r o  r e l e a s e  p r o f i l e s  o f  FGA f rom Syncro-Mate pessary  were 

eva lua ted  e a r l i e r  i n  t h i s  l a b o r a t o r y  and r e p o r t e d  t o  f o l l o w  a Q vs. t4 

r e l a t i o n s h i p  ( 5 ) .  

I n  t h e  p resen t  s tudy ,  t h e  s imultaneous re lease  and a b s o r p t i o n  o f  FGA 

f rom t h e  Syncro-Mate pessary  were eva lua ted  t o  de termine t h e i r  r e s p e c t i v e  
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FLUROGESTONE ACETATE. 111 1273 

r a t e  p r o f i l e s .  A new Rate-Cont ro l  vag ina l  dev ice ,  which i s  expected t o  

re lease  FGA a t  a cons tan t  ze ro -o rde r  fash ion ,  was a l s o  designed t o  e l i m i n a t e  

t h e  aforement ioned p i t f a l l s  o f  Syncro-Mate pessary.  A s imp le  mathematical  

model was d e r i v e d  t o  c o r r e l a t e  t h e  i n  v i t r o  r e l e a s e  and vag ina l  a b s o r p t i o n  

o f  FGA f rom t h e  Rate-Control  vag ina l  dev ice .  The r e s u l t s  a r e  d iscussed 

and analyzed i n  t h i s  r e p o r t .  

THEORETICAL ANALYSIS 

Phys ica l  Model - A t h e o r e t i c a l  model f o r  t h e  i n  v i t r o  s imultaneous 

re lease  and vag ina l  a b s o r p t i o n  o f  d rug  f rom a Rate-Cont ro l  d rug - re leas ing  

d e l i v e r y  device,  which i s  i n  c l o s e  c o n t a c t  w i t h  t h e  vag ina l  mucosa, i s  

shown i n  F igu re  1. The impor tan t  f e a t u r e s  o f  t h i s  t h e o r e t i c a l  model a re :  

t h e  s imultaneous inward  movement o f  t h e  two reced ing  i n t e r f a c e s  o f  t h e  

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  dev i ce  as d rug  i s  re leased  

w i t h  t ime,  and t h e  c o n c e n t r a t i o n  g r a d i e n t s  across  t h e  r a t e - l i m i t i n g  polymer 

c o a t i n g  membrane, t h e  aqueous d i f f u s i o n  l a y e r ,  t h e  vag ina l  w a l l  (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),  

and t h e  hydrodynamic boundary l a y e r .  The i n  v i t r o  r e l e a s e  and vag ina l  

abso rp t i on  o f  d rug  f rom t h i s  dev i ce  a r e  dependent upon a s e r i e s  o f  sequen t ia l  

s teps :  f o r  vag ina l  abso rp t i on ,  t h e  s teps  i n v o l v e  t h e  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 ,  we l l -d i spe rsed  d rug  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 ;  d rug  d i f f u s i o n  th rough t h e  polymer m a t r i x  t o  t h e  matrix/membrane 

i n t e r f a c e ;  p a r t i t i o n i n g  o f  d rug  molecu les  f rom t h e  m a t r i x  t o  t h e  polymer 

c o a t i n g  membrane, permeat ion o f  d rug  molecu les  across  t h e  po lymer i c  membrane, 

p a r t i t i o n i n g  o f  d rug  molecu les  f rom t h e  po lymer i c  membrane t o  t h e  aqueous 

d i f f u s i o n  l a y e r ,  d i f f u s i o n  o f  d rug  molecu les  across t h e  aqueous d i f f u s i o n  

l a y e r ,  uptake and p e n e t r a t i o n  th rough t h e  vag ina l  mucosa, p a r t i t i o n i n g  

and d i f f u s i o n  th rough t h e  hydrodynamic boundary l a y e r ;  F i n a l l y ,  d i s t r i b u t i o n  

o f  d rug  i n t o  t h e  r e c e p t o r  s o l u t i o n  compartment. 

For  d rug  re lease,  t h e  s teps  i n v o l v e  t h e  p a r t i t i o n i n g  and d i f f u s i o n  

th rough t h e  polymer m a t r i x ,  po l ymer i c  membrane and hydrodynamic boundary 

l a y e r ;  and t h e  d i s t r i b u t i o n  i n t o  t h e  donor s o l u t i o n  compartment. 
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1274 

RATE-CONTROL VAGINAL DEVICE (Type 0 )  

KABADI AND C H I E N  

F igu re  1: A t h e o r e t i c a l  model f o r  t h e  I n  v i t r o  r e l e a s e  and vag ina l  

abso rp t i on  o f  f l u r o g e s t o n e  a c e t a t e  f rom a Rate-Cont ro l  vag ina l  

dev i ce  (Type 11, con ta ins  a medicated s i l i c o n e  dev i ce  l am ina ted  

w i t h  a po l ymer i c  membrane). 

f o l l o w i n g  assumptions were made i n  e s t a b l i s h i n g  o f  t h i s  p h y s i c a l  

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  t h e  d i s s o l u t i o n  i n  t h e  polymer m a t r i x  i s  n o t  t h e  

ra te -de te rm in ing  s tep .  

A sharp boundary e x i s t s  a t  t h e  i n t e r f a c e  between t h e  d rug  

d i s p e r s i o n  zone and t h e  d rug  d e p l e t i o n  zone w i t h i n  t h e  dev i ce  

which recedes i n t o  t h e  core  o f  t h e  dev i ce  as t ime  passes. 

The drug  has a f i n i t e  s o l u b i l i t y  i n  t h e  polymer m a t r i x ,  C , and  

t h a t  t h e  d r u g  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  

und isso lved  and d i s s o l v e d  drug, i s  much g r e a t e r  t han  C 

P 

P’ 

The drug  reaches t h e  m a t r i x  su r face  by d i f f u s i o n  th rough  t h e  

m a t r i x  continuum; and end d i f f u s i o n  i s  n e g l i g i b l e .  
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FLUROGESTONE ACETATE. I11 1275 

Under these assumptions, a s e r i e s  o f  c o n c e n t r a t i o n  g r a d i e n t s  f o r  t h e  

d rug  w i l l  be e s t a b l i s h e d  beg inn ing  a t  t h e  reced ing  i n t e r f a c e  o f  t h e  drug  

d i spe rsed  zone ldrug  d e p l e t i o n  zone and 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  hydrodynamic boundary l a y e r s ,  and i n  t h e  e l u t i o n  medium t h e  drug  

molecu les  a re  homogeneously d i s t r i b u t e d  as soon as t h e y  a r e  re leased .  These 

g r a d i e n t s  a re  dep ic ted  i n  F ig .  1, as a s e r i e s  o f  d i scon t inuous  g r a d i e n t s  

f rom t h e  d rug -d i spe rs ing  polymer m a t r i x  t o  t h e  e l u t i o n  medium. 

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

0 
Jp = f (Cp - C i )  

P 
Eq. 1 

Where, D i s  t h e  d i f f u s i v i t y  of  a d rug  i n  t h e  drug  d e p l e t i o n  zone 

w i t h  a th i ckness  o f  h . C and C '  a r e  t h e  s o l u b i l i t y  o f  d rug  i n  t h e  polymer 

m a t r i x  and t h e  c o n c e n t r a t i o n  o f  d rug  a t  t h e  polymer ma t r i x /po l ymer  c o a t i n g  

membrane i n t e r f a c e .  

P 

P '  P P 

The f l u x  across  a u n i t  a rea  o f  t h e  polymer c o a t i n g  membrane (J,,,): 

Dm 
m 

J, = ji- (C - CA) m Eq. 2 

Where, Dm i s  t h e  d i f f u s i v i t y  o f  a d rug  i n  a polymer c o a t i n g  membrane 

w i t h  a th i ckness  o f  hm; Cm and CC a r e  t h e  concen t ra t i ons  o f  d rug  a t  t h e  

polymer membranelpolymer m a t r i x  and membrane/solut ion i n t e r f a c e s ,  

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

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

Eq. 3 

Where, 0 i s  t h e  d i f f u s i v i t y  o f  a d rug  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 th i ckness  o f  haq; C s  and C; a r e  t h e  c o n c e n t r a t i o n s  o f  d rug  a t  t h e  

aqueous l a y e r l p o l y m e r i c  membrane and aqueous l a y e r l v a g i n a l  mucosa i n t e r f a c e s ,  

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

aq 

The f l u x  across  a u n i t  a rea  o f  t h e  vag ina l  w a l l  ( J v ) :  

D V  J = ji- (Cv - C;) 
V 

V 
Eq. 4 
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1276 WADI AM) CHIEN 

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

a th i ckness  o f  hv; C v  and C; a r e  t h e  drug  concen t ra t i ons  a t  t h e  vag ina l  

mucosa/aqueous l a y e r  and vag ina l  mucosa/hydrodynamic boundary l a y e r  

i n t e r f a c e s ,  r e s p e c t i v e l y .  

The f l u x  across a u n i t  a rea  o f  t h e  hydrodynamic boundary l a y e r  ( Jd ) :  

Dd Dd 

hd d 
J = - (Cd - C:) = (Cd) s i n c e  C;I = 0 Eq. 5 

Where, Dd i s  t h e  d i f f u s i v i t y  o f  a d rug  i n  t h e  hydrodynamic boundary 

l a y e r  w i t h  a t h i c k n e s s  o f  hd; Cd and CA a r e  t h e  drug  c o n c e n t r a t i o n s  a t  

t h e  hydrodynamic l aye r /po l ymer i c  membrane and hydrodynamic l a y e r / b u l k  

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

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 c o a t i n g  membrane and polymer m a t r i x  (Km): 

K = - - -  

In cP cP 
Eq. 6 

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 

the  aqueous d i f f u s i o n  l a y e r  and polymer c o a t i n g  membrane ( K s ) :  

S K , = - r -  cs - aq 
‘rn ’m 

Eq. 7 

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  vag ina l  mucosa and aqueous l a y e r  (Kv ) :  

Eq. 8 

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  hydrodynamic boundary l a y e r  and vag ina l  mucosa ( Kd): 

Eq. 9 

Where, Sm, S Sv and Sd a r e  t h e  s o l u b i l i t i e s  o f  a d rug  i n  t h e  polymer 

c o a t i n g  membrane, aqueous l a y e r ,  vag ina  and hydrodynamic boundary l a y e r ,  

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

aq’  

(Other  terms a r e  as d e f i n e d  e a r l i e r . )  
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1277  FLUROGESTONE ACETATE. 111 

Since t h e  f l uxes  across  t h e  s e r i e s  o f  b a r r i e r s  w i l l  r each  a quas i -s teady  

s t a t e :  

J = J m = J  = J v = J d = J  
P aq 

I n c o r p o r a t i n g  Eq. ( 9 )  f o r  Cd (=KdC;) i n  Eq. ( 5 )  y i e l d s :  

Dd Kd 

d 

Jdhd 

DdKd 

Jd = c; 

c; = - 

I n s e r t i n g  Eq. ( l l b )  f o r  C; i n  Eq. ( 4 )  and r e a r r a n g i n g  g i ve :  

DV Jdhd 

V Dd Kd 
Jv = (ji-1 ( C v  - -1 

Expanding Eq. (12a) y i e l d s :  

D ~ C v  DvJdhd 
J V = h - -  v DdKdhv 

o r  
'vJdhd - D ~ C v  

J v  ' DdKdhv hV 

Since J v  = Jd = J (Eq. l o ) ,  hence 

Dvhd D ~ C v  J ( 1  + -1 = - 
'dKdhv hV 

M u l t i p l y i n g  b o t h  s ides  o f  Eq. (12d)  by ( h v / D v )  g ives :  

hv hd 
J (b + -) C, 

V DdKd 

Eq. 10 

Eq. l l a  

Eq. l l b  

Eq. 12a 

Eq. 12b 

Eq. 12c 

Eq. 12d 

Eq. 12e 

S u b s t i t u t i n g  Eq. (12e) f o r  C v  i n  Eq. (8) and s o l v i n g  f o r  C ;  (=CV/KV) y i e l d s :  

hd -1 C '  = - J (1 .+ 
Kv Dv DdKd 

S u b s t i t u t i n g  Eq. (13)  f o r  C; i n  Eq. ( 3 )  r e s u l t s  i n :  

J h~ hd D 
J = [Cs  

- - (- t -)] 
aq aq Kv Dv DdKd 

Expanding Eq. (14a) g i ves :  

D C  J D  h h 
= [J!ilL - aq (2 i. A)] 

Jaq haq haqKv Dv 'dKd 

Eq. 13 

Eq. 14a 

Eq. 14b 
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1278 KABADI AND CHIEN 

Eq. 14c 

o r  
J D  h h D C  +29(L+L)=Se 

haq Jaq h a q K ~  'v DdKd 

Since J = J (Eq. l o ) ,  so 
aq 

D h h  D D  
J [1 + 3 (A + d)] = * 

haqKv Dv DdKd Eq. 14d 

M u l t i p l y i n g  bo th  s ides o f  Eq. (14d) by ( h  / D  ) y i e l d s :  
aq aq 

J [ A t L ( L + d ) ] = C s  Eq. 14e 
h h h  

Daq Kv Dv DdKd 

S u b s t i t u t i n g  Eq. (14e)  f o r  C s  i n  Eq. ( 7 )  and s o l v i n g  f o r  Cf (=Cs/Ks) g i v e :  

hd h c l  = J [A + i hv Eq. 15 Ks Daq Kv '$ ' 
S u b u s t i t u t i n g  Eq. (15)  f o r  Cf i n  Eq. ( 2 )  y i e l d s :  

hm s aq v Dv 'dKd 
J = -  'm C -&[F+K(-+-)]} 1 hv hd 

Expanding Eq. (16a) produces: 

DmCm J D h hv hd 
J = - - 2 [F + ~ (- .+ -)I 

hm hmKs aq v Dv DdKd 

h h  DmCm m [A t L (1 + A)] = - 
hm 

J D  h 

Jm ' hmKs Daq Kv Dv DdKd 

Eq. 16a 

Eq. 16b 

Eq. 16c 

Eq. 16d 

Since Jm = J (Eq. l o ) ,  so 

J ( 1 t - [ F t L ( L +  Dm hd DmCm -11 1 =h 
hmKs aq Kv Dv DdKd m 

M u l t i p l y i n g  b o t h  s ides o f  Eq. (16d) b y  (hm/Dm) y i e l d s :  

h h 
J { - ! ! ! + L [ F + L ( h v + d ) ] }  K~ aq Kv Dv DdKd = c m  Eq. 16e 

S u b s t i t u t i n g  Eq. (16e) f o r  Cm i n  Eq. ( 6 )  and s o l v i n g  C '  (=Cm/Km) g i v e :  
P 

Eq. 17 hd h h 
C '  =L{-!!!+L [ A + i  (L+ -11 1 

Km Dm K~ Daq Kv Dv DdKd 

I n c o r p o r a t i n g  Eq. (17)  f o r  C '  i n  Eq. (1) r e s u l t s :  
P 

Eq. 18a 1 -J h m + L [ 3 + 1 ( L t d ) 1 1  h h h  

p Km{T K, Daq KV Dv DdKd 
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FLUROGESTONE ACETATE. 111 1279 

Expanding Eq. (18a) g i v e s :  

1 hv hd D C  J D  h 
J = 99. - 2 [x + 1_ [F + (- + -)I} 

hp hpKm Dm Ks aq v Dv 'dKd 

o r  .. 

D C  h hd J D  h 
J t ~ { J + ~ [ ~ + ~ ( ~ +  -111 =-p 

P hpKm Dm Ks aq Kv 'v 'dKd P 

D C  h hd D h  
J [ l + ~ { $ t ~ [ ~ + ~ ( ~ + - ) ]  } I=- 

P hpKm m s Daq Kv Dv DdKd hP 

M u l t i p l y i n g  bo th  s ides  o f  Eq. (18d) by  h y i e l d s :  
P 

D h  h h 

Km m s aq Kv Dv 'dKd 
Jp [hp t $ + [F t (2 t -11 hd 1 I = DpCp 

o r  
D C  

Jp = [hp+J 
Where, 

1 h~ hd D h  

Km 'm Ks aq v Dv DdKd 
y =rn{J tL  [$9+K ( - t - ) ] ]  

Eq. 18b 

Eq. 18c 

Eq. 18d 

Eq. 18e 

Eq. 18f 

Eq. 19 

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

o f  change i n  t h e  th i ckness  ( h  ) o f  t h e  d rug  d e p l e t i o n  zone i n  t h e  polymer 

m a t r i x :  

P 

P 

dh 
J = a =  A (2); i f  A >> c Eq. 20 

P d t  P 

Where, Q i s  t h e  cumu la t i ve  amount o f  d rug  re leased;  t i s  t h e  t ime, 

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

and C i s  t h e  d rug  s o l u b i l i t y  i n  t h e  polymer.  
P 

L e t t i n g  Eq. ( 1 8 f )  equal  Eq. (20)  and r e a r r a n g i n g  y i e l d :  

D C  
dhp (hp  t Y1) = ( 9 ) d t  

Expanding Eq. (21a)  g i ves :  

Eq. 21a 

D C  
hpdhp + Yldhp = ( 9 ) d t  Eq. 21b 
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1280 W A D I  AND C H I E N  

I n t e g r a t i n g  each p a r t  o f  Eq. (21b) between t h e  boundary c o n d i t i o n s  

o f  h = 0 a t  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  

t h e  d rug  d e p l e t i o n  zone w i t h  t i m e  i s  g i v e n  by: 
P P P  

hL D C  
+ Ylhp = ( 9 ) t  Eq. 22 

I n t e g r a t i n g  Eq. (20)  t o  g i v e  t h e  cumu la t i ve  amount o f  d rug  re leased :  

Eq. 23 
P 

Q = Ah 

I n c o r p o r a t i n g  Eq. (23)  f o r  h (=Q/A) i n  Eq. (22 ) :  
P 

D C t  
$ t y l A  4 = s n  A 

M u l t i p l y i n g  bo th  s ides  o f  Eq. (24)  by " A "  and r e a r r a n g i n g  y i e l d :  

Sol v 

S i m p  

Eq. 24 

1 Q2 t YIQ - (DpCpt) = 0 
2A 

ng t h e  above q u a d r a t i c  equa t ion  g i ves :  

- Y 1  t [Y12 t 4 (1/2A) (0 C,t)l+ 

Q =  2( 1/2A) 

i f y i n g  Eq. (26)  y i e l d s :  

2D C t 
Q = A [ - Y 1  + (Y12 + +)'I Eq. 27 

O i f f e r e n t i a t i n g  Eq. (27 )  w i t h  t ime produces: 

Rearranging Eq. (28a 

4 =  
d t  'pCp 

Eq. 25 

Eq. 26 

Eq. 2aa 

2D C t 
Y12 t +)+ Eq. 28b 

R e i n s e r t i n g  t h e  cons tan t  Y 1  f r om Eq. (19) t o  g i v e  t h e  mathemat ica l  

express ion  f o r  t he  i n  v i t r o  r a t e  o f  d rug  a b s o r p t i o n  f rom t h e  Rate-Cont ro l  

vag ina l  dev ice  ( c o n t a i n s  a c o n t r o l l e d - r e l e a s e  s i l i c o n e  dev i ce  l am ina ted  

w i t h  a polymer c o a t i n g  membrane): 
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FLUROGESTONE ACETATE. 111 1281 

hd a = ( D C )  [ c { b t - ! - [ A t L ( d t  h d t  -)J } ] t (v)f’ P P C D  hm m Ks ’aq Kv Dv DdKd Eq. 28c 

Since t h e  d i f f u s i o n a l  res i s tance ,  R, o f  each b a r r i e r  i s  r e l a t e d  t o  

i t s  p e r m e a b i l i t y  c o e f f i c i e n t ,  P ,  as f o l l o w s :  

R = h/DK = 1/P. 

Where, h, D, and K a re ,  r e s p e c t i v e l y ,  t h e  th i ckness ,  d i f f u s i v i t y ,  and 

p a r t i t i o n  c o e f f i c i e n t  o f  each b a r r i e r .  

Eq. (28 )  can be r e w r i t t e n  as:  

20 C 1 R 
[DP [Rm + aq + - (Rv + $ ) ] ]  + (+) t)-’ 

Km KmKs V 
Eq. 28d 

Where, Rv, 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  vag ina l  mucosa, i s  d e f i n e d  

by : 

Eq. 29 Rv = (P,)-’ = (P1 + Pa)- ’  = { ( f )  [TI DIKv t ( 1  - f )  Ti- Da I-’ 

and Rm, Raq, and Rd 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  across  t h e  polymer 

c o a t i n g  membrane, aqueous d i f f u s i o n  l a y e r ,  and hydrodynamic boundary l a y e r ,  

r e s p e c t i v e l y ;  f i s  t h e  volume f r a c t i o n  o f  t h e  l i p i d  biophase; D1 and Da 

a r e  t h e  d i f f u s i v i t i e s  o f  a d rug  i n  t h e  l i p i d  cont inum and aqueous pores, 

r e s p e c t i v e l y ;  and hv i s  t h e  th i ckness  o f  vag ina l  mucosa. 

V V 

Eq. (28d)  can be r e w r i t t e n :  

Eq. 28e 

Where, X = D C Eq. 30a 
P P  

1 Rd R 
Y = D [Rm + 3 + - (Rv t -)] 

P Km KmKs KV 

Z = 2D C /A 
P P  

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

Eq. 30b 

Eq. 31 

For  cases where t h e  polymer c o a t i n g  membrane, t h e  aqueous d i f f u s i o n  

l a y e r ,  t h e  vag ina l  mucosa and/or t h e  hydrodynamic boundary l a y e r  a r e  t h e  

2 r a t e - l i m i t i n g  steps, i . e . ,  Y >> Z t ,  Eq. (28d) becomes: 
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1282 KABADI AND C H I E N  

R Rd -1 % =  Cp [Rm + A t 1  (Rv t r ) I  d t  Km KmKs V 
Eq. 32 

I n  t h e  cases where t h e  polymer c o a t i n g  membrane p l a y s  an impor tan t  

r a t e - l i m i t i n g  r o l e ;  Eq. (32 )  can be f u r t h e r  reduced t o :  

C 
= 1 = cons tan t  d t  Rm 

o r  

.@ = 
dt m 

( s i n c e  R, = hm/DmKm 

Because Km = Sm/Cp (Eq. 6); 

Eq. 33a 

Eq. 33b 

Eq. 33c 

A zero-order  d rug  abso rp t i on  p r o f i l e  shou ld  r e s u l t .  The i n t r a v a g i n a l  

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

t h e  d i f f u s i v i t y  (D,) o f  a d rug  i n  t h e  r a t e - l i m i t i n g  membrane w i t h  a th i ckness  

o f  hm. 

Fo l l ow ing  the  same mathematical  d e r i v a t i o n s  f rom Equat ions  10 th rough 

28d, t h e  mathematical  express ion  f o r  t h e  i n  v i t r o  r a t e  o f  d rug  re lease  

f rom t h e  Rate-Control  vag ina l  dev i ce  ( c o n t a i n s  a c o n t r o l l e d - r e l e a s e  s i l i c o n e  

dev i ce  laminated  w i t h  a polymer membrane) i s  d e r i v e d  as: 

Eq. 34 

Where, R i  (=hd/DdKA) 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  across  t h e  

hydrodynamic boundary l a y e r  on t h e  su r face  o f  s i l i c o n e  dev ice ,  i n  which, 

KA, 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  p a r t i t i o n i n g  between 

t h e  hydrodynamic boundary l a y e r  and polymer c o a t i n g  membrane i s  de f ined 

by : 

Eq. 35 

When t h e  r a t e - c o n t r o l l i n g  s tep  i s  a t  polymer c o a t i n g  membrane o r  a t  

hydrodynamic boundary l a y e r ,  Eq. ( 3 4 )  i s  reduced t o :  
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FLUROGESTONE ACETATE. 111 1283 

R1l -1 = 3 = [C,I [ R ~  + -I cons tan t  
Km 

S ince  Rm = hm/DmKm 

Eq. 36 

Eq. 36a 

I n  t h e  case where t h e  Rate-Control  vag ina l  dev i ce  c o n t a i n s  no polymer 

c o a t i n g  membrane on t h e  e x t e r n a l  su r face  o f  t h e  d r u g - r e l e a s i n g  s i l i c o n e  

dev i ce  ( F i g .  2 ) ,  t h e  mathematical  exp ress ion  f o r  t h e  i n  v i t r o  r a t e  o f  

i n t r a v a g i n a l  d rug  abso rp t i on  can be d e r i v e d  by f o l l o w i n g  t h e  same 

mathematical  d e r i v a t i o n s  f rom Equat ions  10 th rough 28d: 

c s  
Where, K; = = 

Eq. 37 

Eq. 38 

K; i s  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  p a r t i t i o n i n g  between 

t h e  vag ina l  mucosa and aqueous l a y e r .  

When C i s  smal l  and/or A i s  r e l a t i v e l y  l a rge ,  Eq. ( 3 7 )  i s  s i m p l i f i e d  
P 

t o :  

Eq. 39 

A cons tan t  ( z e r o - o r d e r )  vag ina l  d rug  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  

va lue  o r  i n c r e a s i n g  t h e  d rug  l o a d i n g  by  us ing  a polymer m a t r i x  w i t h  a low C 

dose (A)  i n  t h e  polymer m a t r i x .  
P 

When t increases  s u b s t a n t i a l l y  o r  i f  A i s  r e l a t i v e l y  sma l l ,  Eq. ( 3 7 )  

i s  reduced t o :  

I n t e g r a t i n g  Eq. (40) g i ves :  

Eq. 40 

4 t’ = (2ADpCp)’ Eq. 41 

A m a t r i x - t y p e  (Q vs. t’) vag ina 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 .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1284 

RATE-CONTROL VAGINAL DEVICE (Type I )  

WADI AND CHIEN 

Donor Rate-Control Vaginal Receptor --- Solution Solution Vaginal Device Mucosa - - -- d d -  

I hd 
7 
I 
I 
I 
I 
I 
I 
I 
I 

Drug 
Releare 

I 
I ct 

co p 
I 
I 
I 

b- 
Hydrodynamic 

Layer 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ft 
CO 

\ Drug / Aqueous Hydrodynamic 
Depletion Zone Layer Layer 

Vaginal 
Mucosa 

Vagini 1 

Absorption 

F igu re  2: A t h e o r e t i c a l  model f o r  t h e  fi v i t r o  r e l e a s e  and vag ina 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 a Rate-Cont ro l  vag ina l  

dev i ce  (Type I, c o n t a i n s  a medicated s i l i c o n e  dev i ce  w i t h o u t  

a polymer c o a t i n g  membrane). 

F o l l o w i n g  t h e  same mathematical  d e r i v a t i o n s  f rom Equat ions  10 th rough 

28d, t h e  mathematical  express ion  f o r  t h e  i n  v i t r o  r a t e  o f  d rug  re lease  

f rom a Rate-Control  vag ina l  dev i ce  ( c o n t a i n s  a c o n t r o l l e d - r e l e a s e  s i l i c o n e  

dev i ce  w i t h o u t  a polymer c o a t i n g  membrane) i s  d e r i v e d  as: 

Eq. 42 

Where, R1; (=hd/DdK1;) 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  across  t h e  

hydrodynamic boundary l a y e r  on t h e  su r face  o f  t h e  s i l i c o n e  dev i ce  i n  which 

K1; i s  t h e  p a r 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  hydrodynamic boundary l a y e r  and polymer m a t r i x .  
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nUROGESTONE ACETATE. I11 1285 

When C i s  smal l  and/or A i s  r e l a t i v e l y  l a rge ,  Eq. 42 i s  s i m p l i f i e d  
P 

t o :  

C 
SQ = 1 = cons tan t  d t  R1; Eq. 43 

A ze ro -o rde r  (Q vs. t )  re lease  p r o f i l e  r e s u l t s .  

When t increases  s u b s t a n t i a l l y  o r  i f  A i s  r e l a t i v e l y  smal l ,  Eq. 42 

i s  reduced t o :  

I n t e g r a t i n g  Eq. (40 )  g ives :  

t4 = (2ACpDp)’ 

Eq. 40 

Eq. 4 1  

M a t r i x - t y p e  re lease  p r o f i l e  i s  r e s u l t e d .  Once aga in ,  t h e  drug  l o a d i n g  

dose (A) i n  t h e  polymer m a t r i x  determines t h e  mechanism and t h e  l e n g t h  

of  ze ro -o rde r  re lease  p r o f i l e .  The h i g h e r  t h e  l o a d i n g  dose, t h e  l onger  

t h e  d u r a t i o n  o f  ze ro -o rde r  d rug  re lease.  

EXPERIMENTAL 

A .  M a t e r i a l s  

1. Chemicals and reagents  - F lu roges tone ace ta te  (FGA)’, e s t r a d i o l  , 

nore th ind rone  , anhydrous sodium phosphate d i b a s i c  , anhydrous c i t r i c  
4 5 a c i d  , po lye thy lene  g l y c o l  (PEG) 4004, g l a s s - d i s t i l l e d  a c e t o n i t r i l e  

and methanol , acetone5 and abso lu te  e thano l6 ,  were used as rece ived .  

2 

3 4 

5 

HPLC-grade water ’  was f r e s h l y  p repared and used th roughout  t h e  s tudy .  

8 

8 8 
2 .  S i l i c o n e  polymers - S i l a s t i c  382 (medical  grade) e las tomer  , s i l i c o n e  

f l u i d  360 (med ica l  g rade)  , c a t a l y s t  M (stannous oc tanoa te )  , s i l a s t i c  

adhes ive  ( s i l i c o n e  Type A ,  med ica l  grade) , and s i l a s t i c  shee t ing  

(med ica l  grade, non - re in fo rced )8  were used i n  t h e  p r e p a r a t i o n  o f  

c o n t r o l l e d - r e l e a s e  s i l i c o n e  devices.  

8 

3. Non-medicated vag ina l  sponges - Cy l inder -shaped po lyu re thane  sponges, 

hard-grade 800 ( g r a y  # 375, 30 mn ( h )  x 42 mm ( d ) )  o r  s o f t - g r a d e  300 
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1286 KABADI AND C H I E N  

( w h i t e  #373,  30 mm ( h )  x 40 mm ( d )  )', were used i n  t h e  p r e p a r a t i o n  

o f  Syncro-Mate vag ina l  pessa r ies  o r  Rate-Cont ro l  vag ina l  dev i ces .  

4. Dye s o l u t i o n  - 0 .5% Red Sudan I11 dye i n  abso lu te  e thano l  s o l u t i o n  

was used t o  s tudy  t h e  d i s t r i b u t i o n  o f  d rug  i n  t h e  sponges f o l l o w i n g  

d rug  s o l u t i o n  d i s p o s i t i p n .  

5. Animal model - The vag ina  f r e s h l y  removed f rom t h e  sheep" was used 

f o r  permeat ion exper iments .  

B. P repara t i ons :  

1. Prepara t i on  o f  d rug  d e l i v e r y  dev ices :  

1 )  Syncro-Mate pessary  loaded w i t h  dye: 

a. Bu re t te - l oaded  sponges - An a l i q u o t  (0.5, 1, 1.5, o r  2 ml) 

o f  the  e t h a n o l i c  dye s o l u t i o n  was p i p e t t e d  and d e l i v e r e d  t o  

t h e  c e n t e r  o f  t h e  bo t tom s u r f a c e  o f  each po lyu re thane  sponge. 

The sponges were then l a i d  f l a t  on a paper towe l  w i t h  t h e  th read  

s i d e  down and a l l owed  t o  d r y  o v e r n i g h t  (F ig .  3 A,  B, C ,  and 

0 ) .  

b. I n j e c t i o n - l o a d e d  sponges - An a l i q u o t  ( 2  m l )  o f  t h e  e t h a n o l i c  

dye s o l u t i o n  was i n j e c t e d  i n t o  t h e  c e n t e r  o f  each sponge ( f r o m  

t h e  bo t tom s u r f a c e )  us ing  a 5 cc. s y r i n g e  and hypodermic needle.  

The sponges were l a i d  f l a t  w i t h  th read  s i d e  down on a aluminum 

g r i d  and a l l owed  t o  d r y  o v e r n i g h t .  (F ig .  3E). 

c .  Syr inge- loaded sponges - An a l i q u o t  ( 2  m l )  o f  t h e  e t h a n o l i c  

dye s o l u t i o n  was spread over  t h e  t o p  su r face  o f  each sponge 

u s i n g  a 5 cc. s y r i n g e  and hypodermic need le .  Sponges were 

l a i d  f l a t  w i t h  th read  s i d e  up on a w i r e  g r i d  and d r i e d  o v e r n i g h t .  

( F i g .  3F). 

A f t e r  t h e  sponges had been d r i e d ,  t h e y  were c u t  open v e r t i c a l l y  f o r  

v i s u a l  i n s p e c t i o n  ( F i g .  3 ) .  
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FLUROGESTONE ACETATE. I11 1287 

F igu re  3:  D i s t r i b u t i o n  o f  a 0.5% e t h a n o l i c  Sudan 111 s o l u t i o n  i n  a 

Syncro-Mate vag ina l  pessary,  a f t e r  v a r i o u s  methods o f  

d i s p o s i t i o n :  Bu re t te - l oaded  sponges (A) 0.5 m l ;  (B) 1.0 ml; 

( C )  1 . 5  m l ;  ( D )  2.0 m l ;  Syr inge- loaded sponges; ( E )  2.0 m l  

i n j e c t e d  i n t o  t h e  c e n t e r  o f  a r o t a t i n g  sponge; ( F )  2.0 m l  spread 

on t h e  bo t tom su r face  o f  a sponge ( w i t h  t h e  t h r e a d s ) .  
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1288 W A D I  AND CHIEN 

2)  Syncro-Mate pessary  impregnated w i t h  FGA: 

The po lyure thane sponges (g rade 800) were each impregnated, u s i n g  

sy r inge  and hypodermic needle,  w i t h  2 m l  o f  FGA s o l u t i o n  ( c o n t a i n i n g  

5, 10, 15, o r  20 mg/ml o f  FGA) i n  a combina t ion  o f  acetone and 

abso lu te  e thano l  (1 :4 )  t o  produce t h e  Syncro-Mate pessa r ies  

c o n t a i n i n g  10, 20, 30, o r  40 mg o f  FGA. These pessa r ies  were 

suspended on a h o r i z o n t a l  ba r  and a l l owed  t o  d r y  o v e r n i g h t .  

3 )  Rate-Control  vag ina l  dev i ce  (Type I ) :  

FGA (0 .2  t o  l o % ) ,  E s t r a d i o l  ( 2 % )  o r  Nore th indrone ( 2 % )  was d i s s o l v e d  

i n  acetone and then d ispersed i n  s i l i c o n e  e las tomer  382 (80  t o  

90%) and s i l i c o n e  f l u i d  360 (10%)  wh ich  were t h o r o u g h l y  mixed u s i n g  

a l a b o r a t o r y  s t i r r e r "  f o r  7 minutes .  The r e s u l t a n t  m i x t u r e  was 

con t inuous ly  s t i r r e d  ove r  a h o t  p l a t e  ( a t  l ow  s e t t i n g )  i n  t h e  hood 

t o  remove acetone and then deaerated i n  a d e s s i c a t o r  under a vacuum 

of about 25 mm Hg'l f o r  5 minu tes  w i t h  i n t e r m i t t e n t  r e l e a s e  o f  

vacuum t o  break t h e  entrapped a i r  bubb les .  A f t e r  c o o l i n g ,  c a t a l y s t  

M (0.04 m1/10 gm o f  e las tomer  base) was then added dropwise and 

tho rough ly  mixed f o r  another  minu te .  The m i x t u r e ,  a f t e r  deaera ted  

aga in  under vacuum f o r  a d d i t i o n a l  5 minu tes ,  was spread ove r  between 

two Tef lon-covered g l a s s  p l a t e s  (12 "  x 12" ) ,  wh ich  were then 

compressed t o  a cons tan t  t h i ckness  o f  1 mm. The drug /e las tomer  

b lend was then  a l l owed  t o  c u r e  a t  60°C f o r  60 minu tes  . A f t e r  

p roper  c r o s s l i n k i n g ,  t h e  r e s u l t a n t  medicated s i l i c o n e  sheet was 

c u t  i n t o  c i r c u l a r  d i s c s  (28  cm ) f o r  i n  v i t r o  d rug  r e l e a s e  and 

vag ina l  abso rp t i on  s t u d i e s .  

13 

2 

4 )  Rate-Cont ro l  vag ina l  dev i ce  (Type 11): 

The same procedure as o u t l i n e d  above f o r  Type I Rate-Cont ro l  vag ina l  

pessary  was a l s o  fo l l owed ,  except  t h a t  o n l y  FGA was used and t h e  

deaerated FGAlpolymer b lend was spread ove r  a t h i n  sheet  o f  s i l i c o n e  

membrane ( w i t h  a th i ckness  o f  0.125 t o  1.0 mm) u s i n g  a spa tu la .  

Then, another  t h i n  sheet o f  s i l i c o n e  membrane was p laced  ove r  t o  
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FLUROGESTONE ACETATE. 111 1289 

f o rm a 3- layered laminate ,  which was then  pressed between two g l a s s  

p l a t e s  t o  a cons tan t  t h i ckness  o f  1.0 mm (medicated l a y e r ) .  The 

3- layered lam ina te  was a l l owed  t o  c u r e  i n  t h e  same manner as 

desc r ibed  e a r l i e r .  

2. P repara t i on  o f  e l u t i o n  s o l u t i o n :  

The po lye thy lene  g l y c o l  (PEG) 400 was added i n t o  t h e  s imu la ted  vag ina l  

f l u i d  (SVF) t o  i nc rease  drug  s o l u b i l i t y  and t o  m a i n t a i n  t h e  s i n k  

c o n d i t i o n  r e q u i r e d  th roughout  t h e  exper iment.  The 20% o r  40% PEG 4OO/SVF 

s o l u t i o n s  were prepared, r e s p e c t i v e l y ,  by add ing  200 o r  400 m l  o f  PEG 

400 t o  a m i x t u r c  c o n t a i n i n g  135 o r  200 m l  o f  0.02M c i t r i c  a c i d  and 

365 o r  300 m l  o f  0.04M Na2HP04, which was then q .s .  t o  1000 m l  w i t h  

water  (pH 7.3 f 0.5) .  

C. Simultaneous i n  v i t r o  re lease  and vag ina l  abso rp t i on  s tud ies :  

1. Syncro-Mate pessary  - A vagina, which was f r e s h l y  removed f rom t h e  

sheep, was c u t  open v e r t i c a l l y  and t h e  mucosa was separa ted  f rom t h e  

w a l l .  Once t h e  donor and r e c e p t o r  compartments o f  t h e  i n t r a v a g i n a l  

re lease  and permeat ion  ( IRP) system14 ( 5 )  had reached t h e  e q u i l i b r i u m  

temperature15 o f  38"C, t h e  vag ina l  mucosa was sandwiched between t h e  

two compartments and clamped (F ig .  4 ) .  A u n i t  o f  Syncro-Mate pessary  

(each con ta ins  10-40 mg o f  FGA) was pre-moistened w i t h  25 m l  o f  e l u t i o n  

s o l u t i o n  and i n s e r t e d  i n t o  t h e  f l a n g e  open ing  t o  be i n  i n t i m a t e  c o n t a c t  

w i t h  t h e  vag ina l  mucosa. The e l u t i o n  s o l u t i o n  (650 m l ,  wh ich  c o n t a i n s  

20% o r  40% PEG 400 i n  t h e  SVF and pre-heated  t o  38OC) was in t roduced  

i n t o  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 ,  w i t h  t h e  

bar-shaped magnet r o t a t i n g  a t  a cons tan t  speed o f  60 rpm. A t  scheduled 

i n t e r v a l s ,  a l i q u o t s  o f  1 t o  100 m l  o f  e l u t i o n  s o l u t i o n  were withdrawn 

from each o f  t h e  two compartments and assayed f o r  FGA by t h e  HPLC method 

ou t1  i n e d  l a t e r .  Exper iments were conducted i n  t r i p 1  i c a t e .  Release 

and vag ina l  abso rp t i on  p r o f i l e s  o f  FGA were mon i to red  s imu l taneous ly .  

2. Rate-Control  vag ina l  dev i ce  - The same procedure as o u t l i n e  above f o r  

2 Syncro-Mate pessary  s t u d i e s  was a l s o  fo l l owed ,  except  t h a t  a 28 cm 

c i r c u l a r  disc-shaped medicated s i l i c o n e  dev i ce  (Type I o r  Type 11) 
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1290 M A D 1  AND C H I E N  

IN-VITA0 INTRAVAGINAL RELEASE /PERMEATION SYSTEM 

sponge 

3- 38' C water-in 

silicone gasket + 6 station magnetic stirrer (teflon-coated) 

vaginal 
mucosa 

F i g u r e  4:  Schematic i l l u s t r a t i o n  o f  a u n i t  o f  t h e  i n  v i t r o  i n t r a v a g i n a l  

re lease  and permeat ion ( I R P )  system. Each u n i t  c o n s i s t s  o f  

a p a i r  o f  donor (mucosal) and r e c e p t o r  ( s e r o s a l )  compartments 

and i s  ma in ta ined  a t  3 8 O C  by a c i r c u l a t i n g  thermosta ted  water  

th rough t h e  wa te r  jac.ket .  The s o l u t i o n  hydrodynamics i n  each 

compartment i s  kep t  a t  cons tan t  by a matched p a i r  o f  i m p e l l e r  

assembly r o t a t i n g  a t  a synchronous r a t e ,  rang ing  f rom 60 t o  

330 rpm, by a s i x - s t a t i o n  magnet ic s t i r r e r ,  f o r  s imultaneous 

re lease  and abso rp t i on  s tud ies .  
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FLUROGESTONE ACETATE. 111 1291 

was p o s i t i o n e d  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  vag ina l  mucosa and 

sandwiched between t h e  two compartments ( i n  which t h e  c o n t r o l  l ed - re lease  

s i l i c o n e  d i s c  and t h e  serosa l  s i d e  o f  t h e  vagina were each immersing 

i n  t h e  donor and r e c e p t o r  s o l u t i o n s ,  r e s p e c t i v e l y ) .  A lso ,  t h e  SVF 

c o n t a i n i n g  20% PEG 400 was used as t h e  e l u t i o n  s o l u t i o n  w i t h  t h e  magnets 

r o t a t i n g  a t  a cons tan t  speed o f  330 rpm. 

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

An a l i q u o t  (up  t o  200 ~ 1 )  o f  samples was i n j e c t e d  i n t o  a 

m ic ro -p rocesso r -con t ro l l ed  h i g h  performance 1 i q u i d  chromatograph (HPLC) , 

which was equipped w i t h  a var iab le -wave length  d e t e c t o r ,  an au tomat ic  sampler, 

a var iab le -vo lume i n j e c t o r ,  a dual-head r e c i p r o c a t i n g  pump and a dual  s o l v e n t  

system ( 7 ) .  The 5 p C18 r e s o l v e  column (3 .8  x 15 cm)” and t h e  s o l v e n t  

temperature were bo th  kep t  a t  ambient c o n d i t i o n s .  The mob i l e  phase and 

t h e  d e t e c t o r  wavelengths used f o r  t h e  assay o f  FGA, e s t r a d i o l ,  and 

no re th ind rone  were MeOH-water (50:50) and 240 nm, a c e t o n i t r i l e - w a t e r  (45.55) 

and 280 nm, and MeOH-water (50:50) and 240 nm, r e s p e c t i v e l y .  A t  a f l o w  

r a t e  o f  1 ml/min. ,  s p e c i f i c  peaks f o r  FGA, e s t r a d i o l  and no re th ind rone  

were de tec ted  a t  r e t e n t i o n  t imes o f  about 4, 6, and 5 minu tes ,  r e s p e c t i v e l y .  

16 

F. Data Ana lys i s :  

The peak h e i g h t  f o r  a d rug  was de termined f rom t h e  chromatogram and 

t h e  drug  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  the  s tandard  curve. 

The cumula t ive  amount (Hg) o f  d rug  re leased  was 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  (hou rs  o r  days) o r  t h e  square r o o t  o f  t i m e  (hours’ o r  

days’) t o  de termine t h e  f l u x  o f  d r u g  re lease .  

RESULTS AND D I S C U S S I O N  

1 )  Dye D i s t r i b u t i o n  i n  Syncro-Mate Pessary 

To examine t h e  e f f e c t  o f  d rug  impregnat ion  methods on t h e  drug  

d i s t r i b u t i o n  i n  t h e  Syncro-Mate pessar ies ,  a dye d i s p o s i t i o n  s tudy  was 

i n i  t i  ated. 
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1292 KABADI AND CHIEN 

The d i s t r i b u t i o n  o f  dye i n  t h e  sponges f o l l o w i n g  d i s p o s i t i o n  by  v a r i o u s  

methods i s  shown i n  F i g u r e  3. A f t e r  t h e  sponges were c u t  open, t h e  r e s u l t s  

i n d i c a t e d  t h a t  when t h e  sponges a re  loaded by  b u r e t t e  method, w i t h  a s o l u t i o n  

volume rang ing  f rom 0.5 m l  t o  2.0 m l ,  t h e  dye does n o t  d i s t r i b u t e  

homogeneously th roughout  t h e  sponge m a t r i x ;  t h e  dye tends  t o  l o c a l i z e  i n  

t h e  v i c i n i t y  o f  a p p l i c a t i o n  o r  j u s t  d r i p s  o f f  t o  t h e  s i d e  ( F i g .  3A - 0 ) .  

When t h e  dye s o l u t i o n  was spread on t h e  t o p  o f  t h e  sponge, t h e  dye once 

aga in  does n o t  d i s t r i b u t e  u n i f o r m l y  i n  t h e  sponge, b u t  r a t h e r  remains on 

the  t o p  ( F i g .  3F). The b e s t  r e s u l t  was ob ta ined  when t h e  dye s o l u t i o n  

was d e l i v e r e d  i n t o  t h e  c e n t e r  o f  t h e  sponge by i n j e c t i o n  method w i t h  t h e  

sponge r o t a t i n g  d u r i n g  d i s p o s i t i o n ,  which seemed t o  produce a homogeneous 

d i s t r i b u t i o n  i n  t h e  c e n t r a l  p lane of  t h e  sponge ( F i g .  3E). Several  

exper iments were c a r r i e d  o u t  t o  de termine t h e  i n  v i t r o  r e l e a s e  and vag ina l  

a b s o r p t i o n  p r o f i l e s  o f  FGA impregnated by v a r i o u s  methods o u t l i n e d  above. 

The r e s u l t s  conf i rmed t h a t  t h e  sponges which a r e  prepared by i n j e c t i o n  

o f  t h e  drug  s o l u t i o n  i n t o  t h e  c e n t e r  o f  t h e  sponge produce t h e  bes t  d rug  

re lease  and a b s o r p t i o n  p r o f i l e s  and t h e  l e a s t  sponge-to-sponge v a r i a t i o n .  

So, f o r  t h e  f o l l o w i n g  s imu l taneous v i t r o  d rug  r e l e a s e  and vag ina l  

abso rp t i on  s t u d i e s  o f  FGA-impregnated Syncro-Mate pessa r ies ,  t h e  i n j e c t i o n  

method was used t o  l o a d  t h e  sponges w i t h  10, 20, 30 and 40 mg o f  FGA. 

2 )  Simultaneous Release and Absorp t i on  S tud ies :  

a )  Syncro-Mate pessary  - A r e l a t i v e l y  low r o t a t i o n  speed (60 rpm) 

was employed i n  t h e  vitro simul taneous re lease  and vag ina l  

abso rp t i on  s t u d i e s  o f  FGA f rom t h e  Syncro-Mate pessary  t o  m in im ize  

t h e  p o s s i b i l i t y  o f  t h e  sponge be ing  p u l l e d  away f rom t h e  i n t i m a t e  

c o n t a c t  w i t h  t h e  vag ina l  rnucosa by  c e n t r i p e t a l  f o r c e  d u r i n g  t h e  

exper iment ( F i g u r e  4 ) .  It was r e p o r t e d  e a r l i e r ,  t h e  e f f e c t  o f  

hydrodynamic boundary l a y e r  on t h e  su r face  o f  t h e  sponge can be 

neg lec ted  under t h e  i d e a l  m i x i n g  c o n d i t i o n s ,  i .e., when Sherwood 

number i s  g r e a t e r  than 200 ( 8 ) .  The Sherwood number i n  t h e  SVF 

c o n t a i n i n g  40% PEG 400 was found t o  be g r e a t e r  than 200, even a t  

60 rpm; so, a pseudo-steady-state re lease  r a t e  was achieved, wh ich  
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FLUROGESTONE ACETATE. I11 1293 

was independent o f  t h e  r o t a t i o n  speeds beyond 60 rpm ( 8 ) .  There fore ,  

t h e  use o f  60 rpm d i d  n o t  j e o p a r d i z e  t h e  i n t r i n s i c  r e l e a s e  and 

abso rp t i on  r a t e  p r o f i l e s  o f  FGA f rom t h e  Syncro-Mate pessa r ies .  

The i n  v i t r o  r e l e a s e  and vag ina l  abso rp t i on  p r o f i l e s  o f  FGA 

f rom t h e  Syncro-Mate pessa r ies  c o n t a i n i n g  40 mg o f  FGA a r e  shown 

i n  F ig .  5. The r e s u l t s  i n d i c a t e d  t h a t  b o t h  t h e  r e l e a s e  and 

abso rp t i on  p r o f i l e s  o f  FGA f o l l o w  t h e  t y p i c a l  m a t r i x - c o n t r o l  process 

as shown by t h e  l i n e a r  Q - t’ r e l a t i o n s h i p ,  wh ich  i s  d i f f e r e n t  

f rom t h e  Q - t r e l a t i o n s h i p  observed e a r l i e r  f o r  t h e  vag ina l  

permeat ion o f  FGA f rom a s a t u r a t e d  s o l u t i o n  ( 5 ) .  Furthermore, 

i t  was no ted  t h a t  t h e  f l u x  o f  d rug  re lease,  as i n d i c a t e d  by t h e  

magnitude o f  t h e  s lope (Q / t ’ ) ,  i s  about  18 t imes  g r e a t e r  than t h e  

f l u x  o f  vag ina l  abso rp t i on  o f  FGA f rom t h e  Syncro-Mate pessa r ies  

(818 vs. 46 vg/cm2/day4). The r e s u l t s  suggested t h a t  o n l y  a v e r y  

smal l  f r a c t i o n  o f  t h e  drug  dose re leased  i s  a c t u a l l y  absorbed. 

The obse rva t i ons  a l s o  i m p l i e d  t h a t  as t h e  d rug  i s  re leased ,  under 

t h e  i n  v i v o  c o n d i t i o n s ,  f rom t h e  pessary  i n t o  t h e  vag ina l  f l u i d ,  

m a j o r i t y  o f  t h e  dose re leased  c o u l d  be washed away by t h e  vag ina l  

f l u i d .  Since t h e  drug  c o n c e n t r a t i o n  i n  t h e  vag ina l  f l u i d  i s  

decreas ing  w i t i i  t ime, t h e  r a t e  o f  a b s o r p t i o n  i s  a l s o  expected t o  

be decreasing, so a n o n - l i n e a r  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 .  

The r e s u l t s  a l s o  suggested t h a t  t h e  re lease  mechanism i s  m a i n l y  

determined by t h e  d i f f u s i o n  process i n  t h e  s o l u t i o n - f i l l e d  sponge 

m a t r i x ,  w h i l e  t h e  abso rp t i on  i s  c o n t r o l l e d  by t h e  permeat ion  across  

t h e  vag ina l  mucosa. Also,  t h e  g r e a t  d isc repancy  observed between 

t h e  abso rp t i on  and t h e  re lease  p r o f i l e s  under t h e  i n  v i t r o  c o n d i t i o n s  

cou ld  produce an u n p r e d i c t a b l e  i n  v i v o  abso rp t i on  p a t t e r n .  A l l  

t h e  r e s u l t s  d iscussed above suggested t h a t  des ign ing  o f  a new vag ina l  

d e l i v e r y  dev ice ,  which c l o s e l y  matches t h e  drug  re lease  p r o f i l e  

w i t h  vag ina l  a b s o r p t i o n  p r o f i l e ,  would be h i g h l y  des i red .  Th is  

t y p e  o f  vag ina l  dev i ce  w i l l  p e r m i t  one t o  p r e d i c t  t h e  vag ina l  

abso rp t i on  p r o f i l e s  o f  drugs f r o m  t h e i r  re lease  p r o f i l e s .  
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F igu re  5:  Simultaneous i n  v i t r o  r e l e a s e  

70 t 
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and vag ina l  a b s o r p t i o n  p r o f i l e s  

of FGA f rom t h e  Syncro-Mate pessary  (each c o n t a i n s  40 mg o f  

FGA) i n  650 m l  o f  e l u t i o n  medium (Donor: 40% PEG 4OO/SVF, 

Receptor: 20% PEG 4OO/SVF) a t  60 rpm. The r e l e a s e  and 

abso rp t i on  p r o f i l e s  o f  f l u r o g e s t o n e  a c e t a t e  were b o t h  found 

t o  f o l l o w  a l i n e a r  Q -tL, r e l a t i o n s h i p .  However, t h e  re lease  

f l u x  was found t o  be 18 t imes  g r e a t e r  than t h e  a b s o r p t i o n  f l u x  

(818 t: 134 vs.  46 2 8 mcg/cm /day2 ) .  Each da ta  p o i n t  rep resen ts  

t h e  mean va lue  f s tandard  e r r o r  o f  3 de te rm ina t ions .  

2 L  

Futhermore, i f  t h e  c o n t r o l l i n g  o f  t h e  d rug  re lease  r a t e  r e s i d e s  

i n  t h e  d e l i v e r y  dev ice ,  n o t  i n  t h e  vagina, i t  shou ld  l e a d  t o  a 

l e s s e r  sheep-to-sheep v a r i a t i o n  and a g r e a t e r  p r e d i c t a b i l i t y  o f  

t h e  i n t r a v a g i n a l  d rug  a b s o r p t i o n  p a t t e r n s .  
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FLUROGESTONE ACETAT ;. I11 1295 

The e f f e c t  o f  FGA l o a d i n g  dose i n i t i a l l y  impregnated i n  t h e  

Syncro-Mate pessary  on t h e  i n  v i t r o  re lease  and vag ina l  a b s o r p t i o n  

r a t e  p r o f i l e :  o f  FGA was a l s o  s tud ied .  The f l u x  o f  re lease  o r  

abso rp t i on ,  as i n d i c a t e d  by t h e  s lope ( Q / t 4 )  o f  t h e  Q - t4 l i n e a r i t y ,  

shou ld  be l i n e a r l y  dependent upon t h e  square- roo t  o f  l o a d i n g  dose 

(A’) as expected f rom t h e  f o l l o w i n g  r e l a t i o n s h i p  ( 5 ) :  

Eq. 44 

Where, D i s  t h e  drug  d i f f u s i v i t y  i n  t h e  sponge m a t r i x  w i t h  

a p o r o s i t y  of  E and a t o r t u o s i t y  o f  8 .  

Eq. (44 )  suggests t h a t  t h e  magnitude o f  Q/tS va lues  shou ld  

i nc rease  as t h e  d rug  l o a d i n g  dose i n  t h e  sponge inc reases .  The 

FGA dose l e v e l s  rang ing  f rom 10 t o  40 mg p e r  sponge were 

i n v e s t i g a t e d .  As suggested by Eq. (44) ,  t h e  r e s u l t s  con f i rmed  

t h a t  bo th  t h e  Q/t’ va lues  f o r  t h e  r e l e a s e  and vag ina l  a b s o r p t i o n  

o f  FGA a r e  l i n e a r  dependent upon t h e  square r o o t  o f  2A ( F i g .  6 ) .  

However, a poor  c o r r e l a t i o n  s t i l l  e x i s t s  between t h e  re lease  and 

abso rp t i on  p r o f i l e s .  The re lease  r a t e  p r o f i l e  showed about  21 

t imes  g r e a t e r  dependency on t h e  l o a d i n g  dose than d i d  t h e  a b s o r p t i o n  

r a t e  p r o f i l e  

Apparent ly ,  t h e  Syncro-Mate pessary  i n h e r e n t l y  has severa l  

d i s t i n c t  d isadvantages, i n c l u d i n g  t h e  poor  i n t r a v a g i n a l  

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

f o l l o w i n g  t h e  re lease,  which suggests a g r e a t  e x t e n t  o f  d rug  l o s s  

o r  wastage due t o  t h e  washing o f f  o f  t h e  drug  by v a g i n a l  s e c r e t i o n s .  

A s  t he  r e s u l t  o f  t h e  m a t r i x - t y p e  d rug  re lease ,  a h i g h e r  dosage 

i s  r e q u i r e d  t o  i n s u r e  an e f f i c a c i o u s  b lood l e v e l  a t  t h e  end o f  

15-day t rea tmen t  pe r iod .  A d d i t i o n a l l y ,  t h e  da ta  suggested t h a t  

t h e  re lease  and abso rp t i on  p r o f i l e s  a re  ex t reme ly  u n p r e d i c t a b l e  

as shown by  t h e  l a r g e  va lue  o f  s tandard  d e v i a t i o n s .  To overcome 

these disadvantages, a new r a t e - c o n t r o l  vag ina l  pessary  was be ing  

cons idered f o r  development. 
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Release Rate 

KABADI AND CHIEN 

EFFECTOF FGA LOADING DOSE 
Absorption Rate 

i 
1 1 I I 1 I 

0 0 2  0 4  (r6 0 8  10  I2 1 4  

( 2A 1% ( mg/cm3 1” 

F igu re  6:  E f f e c t  o f  d r u g  l o a d i n g  dose 

0 0 2  0 4  0 6  0 8  0 8  1 2  1 4  

( 2A ) ”  ( mg/cm3 )’ 

on t h e  s imu l taneous r e l e a s e  and 

abso rp t i on  p r o f i l e s  o f  FGA f rom Syncro-Mate Pessary.  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  between t h e  f l u x e s  o f  d rug  re lease  

and vag ina l  abso rp t i on ,  (Q/t’) and t h e  square- roo t  o f  l o a d i n g  

dose, (ZA)’. The dose dependency o f  r e l e a s e  r a t e  was found 

t o  be 20 t imes  g r e a t e r  t han  t h e  dose dependency o f  a b s o r p t i o n  

r a t e  (6.08 vs.  0.289 mcgL,/cmL,/hrL2). Each da ta  p o i n t  rep resen ts  

t h e  mean va lue  f s tandard  e r r o r  o f  3 de te rm ina t ions .  

b )  Rate-Control  Vag ina l  dev i ce  (Type 11) - The re lease  and a b s o r p t i o n  

p r o f i l e s  o f  FGA f rom a Rate-Control  vag ina l  dev i ce  a r e  shown i n  

F igu re  7. T h i s  new vag ina l  dev i ce  was prepared by  l a m i n a t i n g  a 

d rug  d i s p e r s i n g  s i l i c o n e  dev i ce  ( 1 %  FGA) between two polymer 

c o a t i n g  membranes. The q u a n t i t y  o f  d rug  re leased  was found t o  

be a l i n e a r  f u n c t i o n  o f  t i m e  ( Q  vs. t r e l a t i o n s h i p ) .  
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FL,UROGESTONE ACETATE. 111 1297 

FGA RELEASE & VAGINAL ABSORPTION 
FROM RATE -CONTROL VAGINAL DEVICE, TYPE II (1% FGA) r 12 

L 

E, 6 /  

1 I 1 I 1 1 I 

0 20 40 60 80 100 120 140 

Time (hours I 

F igu re  7 :  The t ime  course  f o r  t h e  i n  v i t r o  r e l e a s e  and v a g i n a l  abso rp t i on  

of FGA ( Q )  f rom t h e  Rate-Cont ro l  vag ina l  dev i ce  (Type 11, 

c o n t a i n i n g  1% FGA and 0 .5  mm polymer c o a t i n g  membrane). A 

l i n e a r  Q vs. t 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  re lease  

r a t e  o f  1.44 ? 0.20 mcg/cm2/day (0 )  and a b s o r p t i o n  r a t e  o f  

1.42 * 0.26 mcg/cm2/day (m). Each da ta  p o i n t  rep resen ts  t h e  

mean va lue  * s tandard  d e v i a t i o n  o f  3 de te rm ina t ions .  

M e c h a n i s t i c a l l y ,  when t h e  c o a t i n g  membrane a c t s  as t h e  r a t e - l i m i t i n g  

s t e p  f o r  d rug  re lease ,  t h e  a b s o r p t i o n  r a t e  shou ld  be cons tan t  as 

d e f i n e d  by  Eq. (33b) .  The s teady -s ta te  i n  v i t r o  r e l e a s e  and vag ina l  

abso rp t i on  r a t e s  a re  d e f i n e d  by Eq. 36 and Eq. 32, r e s p e c t i v e l y .  

I t  was r a t h e r  encouraging t o  see t h a t  t h e  re lease  and a b s o r p t i o n  

p r o f i l e s  of FGA a r e  v e r y  much agreed w i t h  each o t h e r  (1 .44  * 0.20 

vs. 1.42 t 0.26 ug/cm /day, F i g .  7 ) ,  u n l i k e  t h e  Syncro-Mate pessary 2 
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1298 KABADI AND CHIEN 

2 (818 i: 134 vs. 46 * 8 vg/cm /day’, F i g .  5 ) .  The agreement between 

drug  a b s o r p t i o n  and re lease  p r o f i l e s  c o u l d  l e a d  t o  a g r e a t e r  

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

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

d i f f e r e n c e  between re:ea;e and a b s o r p t i o n  r a t e  p r o f i l e s  suggested 

t h a t  t h e  d i f f u s i o n a l  r e s i s t a n c e  o f  v a g i n a l  mucosa (Rv te rm i n  Eq. 

32) i s  n e g l i g i b l y  sma l l .  

However, t h e  re lease  and a b s o r p t i o n  r a t e s  o f  FGA f rom t h e  

dev ices  coated  w i t h  po l ymer i c  membrane (0.5 mm i n  t h i c k n e s s ) ,  

u n f o r t u n a t e l y ,  were t o o  low t o  p r o v i d e  a s u f f i c i e n t  dose o f  FGA 

f o r  an 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  i n  t h e  sheep. I t  was 

r e p o r t e d  t h a t  a d a i l y  dose o f  0.3 - 0.4 mg o f  FGA would be r e q u i r e d  

f o r  i n d u c i n g  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  sheep ( 2 ) .  Since, t h e  

d rug - re leas ing  su r face  o f  t h e  c o n t r o l l e d - r e l e a s e  s i l i c o n e  dev i ce  

was l i m i t e d  by t h e  s i z e  o f  vag ina l  sponge (as  t h e  s u p p o r t i n g  m a t r i x ) ,  

one o f  t h e  a l t e r n a t e  methods o f  i n c r e a s i n g  t h e  r a t e  o f  d rug  

a v a i l a b i l i t y  would be t o  decrease t h e  t h i c k n e s s  o f  t h e  polymer 

c o a t i n g  membrane. Eq. (33c)  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  a b s o r p t i o n  f rom a membrane p e r m e a t i o n - c o n t r o l l e d  drug  d e l i v e r y  

system should be i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  t h i c k n e s s  o f  t h e  

r a t e - c o n t r o l l i n g  po lymer i c  membrane. Exper imen ta l l y ,  t h i s  l i n e a r i t y  

was f o l l o w e d  f a i r l y  w e l l  f o r  bo th  t h e  re lease  and a b s o r p t i o n  r a t e  

p r o f i l e s  (F ig .  8 ) .  As t h e  t h i c k n e s s  o f  t h e  polymer c o a t i n g  membrane 

decreased f rom 1.0 mm t o  0.25 mm, t h e r e  was a l i n e a r  and p r o p o r t i o n a l  

i nc rease  i n  t h e  re lease  and a b s o r p t i o n  r a t e s  o f  FGA. T h i s  

obse rva t i on  agreed f a i r l y  we1 1 w i t h  Equat ions  (33c)  and (36a). 

The r a t e s  o f  vag ina l  abso rp t i on  were a l s o  no ted  t o  be v e r y  much 

agreeab le  w i t h  t h e  r a t e s  o f  d rug  re lease .  E x t r a p o l a t i o n  o f  t h e  

da ta  i n  F ig .  8 suggested t h a t  a b s o r p t i o n  r a t e  o f  about  300 mcg/day 

( t h e  FGA dose needed f o r  an 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  i n  

the  sheep) can be achieved by u s i n g  a s i l i c o n e  membrane w i t h  a 

th i ckness  o f  o n l y  about  0.05 mm t o  coa t  a vag ina l  dev i ce  w i t h  a 
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FLUROGESTONE ACETATE. 111 

5 

1299 

0 1 2 3 4 5 6  

MEMBRANE THICKNESS I mm 1.’ 

F igu re  8: E f f e c t  o f  c o a t i n g  membrane th i ckness  on t h e  r a t e s  o f  i n  v i t r o  

re lease  and vag ina l  abso rp t i on  o f  f l u roges tone  a c e t a t e  f rom 

Rate-Control  vag ina l  dev i ce  (Type 11, c o n t a i n i n g  1% FGA and 

0.25, 0.50, and 1.00 mm c o a t i n g  membrane). The r a t e s  o f  re lease  

and vag ina l  abso rp t i on  ( Q / t )  were observed t o  i nc rease  l i n e a r l y  

w i t h  t h e  r e c i p r o c a l  o f  t h e  membrane th ickness .  Each da ta  p o i n t  

rep resen ts  t h e  mean va lue  i- s tandard  d e v i a t i o n s  o f  3 

de te rm ina t ions .  Keys: ( ) Release r a t e  p r o f i l e ,  ( 0 )  
Absorp t i on  r a t e  p r o f i l e  

2 s i d e  su r face  o f  39 cm . The t h i n n e s t  s i l i c o n e  membrane t h a t  i s  

commerc ia l l y  a v a i l a b l e  i n  t h e  marke tp lace  f o r  b iomed ica l  uses i s  

o n l y  0.125 mm, which i s  25 t imes  t h i c k e r  than  i t  i s  needed. An 

a t tempt  was made i n  o u r  l a b o r a t o r y  w i t h o u t  success t o  make a t h i n  

membrane, s ince  t h e  r e q u i r e d  mechanical  s t r e n g t h  o f  t h e  membrane 

was found t o  be l a c k i n g  a t  t h i s  t h i c k n e s s  (0.05 mm). 

c )  Rate-Cont ro l  Vag ina l  dev i ce  (Type I )  - S ince  a po lymer i c  membrane 

o f  0.05 mm i n  th i ckness  was cons idered t o  be t o o  t h i n  a membrane 

t o  be f a b r i c a t e d ,  t h e  t h e o r e t i c a l  model was f u r t h e r  analyzed t o  

see whether one can inc rease  t h e  r a t e  o f  d rug  re lease  and vag ina l  
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1300 KABADI AND C H I E N  

absorp t i on  by  e l i m i n a t i n g  t o t a l l y  t h e  polymer c o a t i n g  membrane, 

w h i l e  t h e  d e s i r e d  ze ro -o rde r  r a t e  p r o f i l e  can s t i l l  be main ta ined.  

It was d i scove red  t h a t  t h e  drug  re lease  and vag ina l  abso rp t i on  

p r o f i l e s  from t h e  Rate-Cont ro l  vag ina l  dev i ce  c o u l d  s t i l l  f o l l o w  

t h e  ze ro -o rde r  k i n e t i c  process, under t h e  c o n d i t i o n s  d e f i n e d  by 

Equat ions (39) (43), even w i t h o u t  a polymer c o a t i n g  membrane. 

Th is  t h e o r e t i c a l  a n a l y s i s  encouraged t h e  development o f  Type I 

Rate-Control  vag ina l  dev ice ,  which c o n s i s t s  o f  no polymer c o a t i n g  

membrane. 

Eq. (39) and (43) suggested t h a t  t h e  i n  v i t r o  d rug  r e l e a s e  

and vag ina l  abso rp t i on  p r o f i l e s  shou ld  f o l l o w  a l i n e a r  Q vs. t 

r e l a t i o n s h i p .  T h i s  i s  c l e a r l y  shown e x p e r i m e n t a l l y  i n  F ig .  9. 

From the  Q versus  t l i n e a r i t y ,  t h e  r a t e s  o f  18.56 f 1.23 and 14.6 

* 0.54 mcg/cm /day were ob ta ined,  r e s p e c t i v e l y ,  f o r  t h e  r e l e a s e  

and abso rp t i on  o f  FGA. Once aga in  t h e  re lease  and a b s o r p t i o n  r a t e s  

a r e  v e r y  c l o s e  t o  each o t h e r  (18.56 k 1.23 vs. 14.6 * 0.54 

mcg/cm /day),  i n d i c a t i n g  a f a i r l y  good i n t r a v a g i n a l  b i o a v a i l a b i l i t y  

and i n  v i t r o - i n  v i v o  p r e d i c t a b i l i t y .  The r e s u l t s  suggested t h a t  

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  d a i l y  dose o f  0.3 - 0.4 mg, 

a su r face  area  o f  t h e  c o n t r o l  l ed - re lease  s i l i c o n e  dev i ce  between 

18 t o  24 cm2 would be enough, which i s  c e r t a i n l y  a s m a l l e r  a rea  

than t h e  c i rcumference su r face  o f  t h e  po lyu re thane  sponge (39 cm ) .  

The i n  v i v o  re lease  p r o f i l e s  o f  FGA f rom t h i s  Rate-Cont ro l  vag ina l  

dev i ce  (Type I )  and i t s  c l i n i c a l  e f f i c a c y  w i l l  be d iscussed i n  

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

2 

2 

2 

When t h e  drug  l o a d i n g  dose o f  FGA i n  t h e  Rate-Cont ro l  vag ina l  

dev i ce  was reduced by 10 f o l d s  f rom 2% t o  0.2%, however, t h e  d rug  

re lease  and t h e  vag ina l  abso rp t i on  p r o f i l e s  were observed t o  s h i f t  

f rom t h e  r e l a t i o n s h i p  t o  a Q - t’ l i n e a r i t y  ( F i g u r e  l o ) ,  as 

p r e d i c t e d  f rom Equat ion  (41). Chien e t  a1 (lo), a l s o  r e p o r t e d  

a s i m i l a r  t r a n s i t i o n  o f  d rug  re lease  and vag ina l  abso rp t i on  
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FLUROGESTONE ACETATE. 111 1301 

( 2% FGA 

'O I 1 

(18.56 31.23) 
mcg/cm /day 

(14.6h0.54) 
rncglcm /day 

/ 

1 1 

0 v' 10 20 30 40 50 60 m 
1 

00 

TIME (hours) 

Figure 9: The t ime course f o r  t he  i n  v i t r o  re lease  and vag ina l  abso rp t i on  

o f  FGA f rom Rate-Control  vag ina l  dev ice (Type I ,  c o n t a i n i n g  

2% F G A ) .  A l i n e a r  Q vs. t 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  

the  re lease  r a t e  o f  18.56 It 1.23 mcg/cm /day (a) and abso rp t i on  

r a t e  o f  14.6 * 0.54 mcg/cm /day (m). Each data p o i n t  represents  

the  mean va lue * standard d e v i a t i o n  o f  3 determinat ions.  

2 

2 

mechanisms, i . e . ,  t h e  s h i f t  f rom a p a r t i t i o n - c o n t r o l  t o  a 

m a t r i x - c o n t r o l  process, when the  i n t r a v a g i n a l  re lease  p r o f i l e s  

o f  e thynod io l  d i a c e t a t e  f rom s i l i c o n e  dev ices were fo l l owed  i n  

the  r a b b i t s '  vagina. 

The re lease  and abso rp t i on  p r o f i l e s  o f  FGA f rom an in te rmed ia te  

dose (0.5%) were a l s o  s tud ied  and t h e  r e s u l t s  i n d i c a t e d  t h a t  
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WADI AND CHIEN 

~~ 

FGA RELEASE AND VAGINAL ABSORPTION 

FROM RATE-CONTROL VAGINAL DEVICE I TYPE I ) 

( LOADING DOSE: 0.2% 1 

22% PEG 4OO/SVF 
/ 

F igu re  10: The t ime course  f o r  t h e  i n  v i t r o  re lease  and vag ina l  a b s o r p t i o n  

o f  FGA f rom Rate-Cont ro l  vag ina l  dev i ce  (Type I ,  c o n t a i n i n g  

0.2% FGA). A l i n e a r  Q vs.  t4 r e l a t i o n s h i p  was observed w i t h  

t h e  re lease  f l u x  o f  7.14 f 0.29 mcg/cm2/hr’ ( 0 )  and t h e  

abso rp t i on  f l u x  o f  6.40 t 0.11 mcg/cm2/hr4 (m).  Each da ta  

p o i n t  rep resen ts  t h e  mean va lue  f s tandard  d e v i a t i o n  o f  3 

de te rm ina t ions .  
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FLUROGESTONE ACETATE. I11 1303 

zero-order  re lease  and abso rp t i on  p r o f i l e s  a r e  observed i n i t i a l l y ,  

and then s h i f t  t o  t h e  m a t r i x  (Q - t’)-type re lease  and a b s o r p t i o n  

p r o f i l e s  a t  a l a t e r  t ime  ( F i g u r e  11). 

d)  I n t r a v a g i n a l  C o n t r o l l e d  Absorp t i on  o f  Other S t e r o i d s  - I n  Eq. ( 4 1 ) .  

i t  was assumed t h a t  a d rug  w i t h  a low polymer s o l u b i l i t y  and/or  

a h i g h  drug  l o a d i n g  dose, a ze ro -o rde r  t y p e  o f  d rug  re lease  and 

vag ina l  abso rp t i on  p r o f i l e s  can be p r e d i c t e d .  To v a l i d a t e  t h i s  

proposed p h y s i c a l  model, t h e  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  

o t h e r  s t e r o i d s  w i t h  low polymer s o l u b i l i t y  and low p a r t i t i o n  

c o e f f i c i e n t ,  l i k e  e s t r a d i o l  and no re th ind rone ,  were a l s o  s tud ied .  

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 a t  t h e  re lease  and a b s o r p t i o n  

p r o f i l e s  of  e s t r a d i o l  and no re th ind rone  f rom t h e  Rate-Cont ro l  vag ina l  

dev ices  bo th  f o l l o w  Q - t l i n e a r i t y  ( F i g u r e  12); and t h e  re lease  

and a b s o r p t i o n  r a t e s  f o r  bo th  drugs a re  s l i g h t l y  g r e a t e r  than t h e  

r e s u l t s  observed f o r  FGA (Tab le  I ) .  The re lease  r a t e s ,  as de termined 

by Eq. (43), shou ld  be d i r e c t l y  p r o p o r t i o n a l  t o  t h e i r  r e s p e c t i v e  

polymer s o l u b i l i t y  (C ). The magnitude o f  Q/t va lues  f o r  t h e  re lease  

o f  drugs f rom t h e  Rate-Control  vag ina l  dev ices ,  which were de termined 

from t h e  s lopes  o f  Q vs. t p l o t s ,  was no ted  t o  i nc rease  f rom FGA 

t o  no re th ind rone  as i n c r e a s i n g  t h e  polymer s o l u b i l i t y  o f  t h e  drugs  

(Tab le  1). 

P 

The magnitude o f  t h e  r a t e s  o f  vag ina l  a b s o r p t i o n  was a l s o  

observed t o  i nc rease  f rom FGA t o  no re th ind rone .  However, i t  c o u l d  

be due t o  t h e  d i f f e r e n c e  i n  t h e  p e r m e a b i l i t y  o f  vag ina l  mucosa, 

t h e  i nc rease  was n o t  as d ramat ic  as t h e  re lease  r a t e s .  Accord ing  

t o  Eq. 39, t h e  r a t e  o f  vag ina l  abso rp t i on  shou ld  be d i r e c t l y  

p r o p o r t i o n a l  t o  polymer s o l u b i l i t y  ( C  ) and i n v e r s e l y  p r o p o r t i o n a l  

t o  t h e  t o t a l  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  composi te o f  aqueous 

l a y e r ,  vag ina l  mucosa and hydrodynamic boundary l a y e r .  A l though 

t h e  polymer s o l u b i l i t y  inc reases  i n  t h e  o r d e r  o f :  FGA < e s t r a d i o l  

< nore th indrone,  t h e  magnitude o f  t h e  t o t a l  r e s i s t a n c e  shou ld  a l s o  

P 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1304 WADI AND CHIEN 

RELEASE AND VAGINAL PERMEATION OF FGA FROM RATE-CONTROL DEVICE ( 0.5% FGA ) 

~~ 

Q - t  

40 80 120 

HOURS 

I l 

0 2 4 6 8 10 12 

( HOURS I" 

F igu re  11: The t ime course  f o r  t h e  i n  v i t r o  r e l e a s e  and vag ina l  a b s o r p t i o n  

o f  FGA f rom Rate-Control  vag ina l  dev i ce  (Type I ,  c o n t a i n i n g  

0.5% F G A ) .  A l i n e a r  4 vs. t r e l a t i o n s h i p  was observed f o r  

t h e  i n i t i a l  64-hour pe r iod ,  beyond which t h e  d r u g  r e l e a s e  and 

vag ina l  a b s o r p t i o n  p r o f i l e s  s h i f t e d  t o  t h e  Q vs .  t4 l i n e a r i t y .  

A t r a n s i t i o n  phase e x i s t s  between t h e  p a r t i t i o n - - c o n t r o l  and 

t h e  m a t r i x - c o n t r o l  processes f o r  FGA r e l e a s e  and abso rp t i on .  

Each da ta  p o i n t  rep resen ts  t h e  mean va lue  2 s tandard  d e v i a t i o n s  

o f  3 de te rm ina t ions .  Keys: Release p r o f i l e s  - 0.78 2 0.03 

mcg/crn2/hr ( 0 ,  <64 h r s )  and 14.18 t 2.30 mcg/cm2/hr4 (0 ,  
>64 hrs ) .  vag ina l  a b s o r p t i o n  p r o f i l e s  - 0.74 i 0.01 

mcg/cm2/hr (m, <64 h r s )  and 12.17 ?r 1.24 mcg/cm2/hr4 (0, 
>64 h rs ) .  
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/d 

0 40 80 120 160 
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F igu re  12: The t ime  course  f o r  t h e  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  

of e s t r a d i o l  and no re th ind rone  f rom Rate-Cont ro l  v a g i n a l  dev i ce  

(Type I ,  c o n t a i n i n g  2% e s t r a d i o l  o r  2% nore th ind rone) .  A l i n e a r  

Q vs. t r e l a t i o n s h i p  was e s t a b l i s h e d .  Each da ta  p o i n t  rep resen ts  

t h e  mean va lue  f s tandard  d e v i a t i o n  o f  3 de te rm ina t ions .  Keys: 

E s t r a d d i o l  - ( 0 )  re lease  r a t e ,  24.8 f 1.1 mcg/cm /day; and 

(I) a b s o r p t i o n  r a t e ,  1 5 . 1  f 1.1 mcg/cm /day; no re th ind rone  

- (0) r e l e a s e  r a t e ,  68.4 _+ 1.8 mcg/cm /day; and (m) a b s o r p t i o n  

r a t e ,  29.4 f 9.2 mcg/cm /day. 

2 

2 

2 

2 

i nc rease  s t e a d i l y  as t h e  r e s u l t  o f  t h e  i nc reased  r e s i s t a n c e  i n  

t h e  vag ina l  rnucosa ( s i n c e  t h e  r e s i s t a n c e  across  t h e  aqueous l a y e r  

and hydrodynamic boundary l a y e r  a r e  r e l a t i v e l y  cons tan t  f o r  these 

s t e r o i d s  w i t h  r e l a t i v e l y  s i m i l a r  mo lecu la r  we igh t ) .  T h i s  i nc rease  

i n  the  t o t a l  d i f f u s i o n a l  r e s i s t a n c e  tends  t o  overweigh t h e  i nc rease  
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W A D I  AND CHIEN 1306 

Table I: Comparison o f  i n  v i t r o  release and absorption ra tes  from Rate-Control 

vaginal device (Type I )  

P 
Release Rate Absorp t i on  Rate R a t i o a )  C 

S t e r i o d  (mcg/cm2/day) (mcg/cm2/day) (mcg/ml) 

F1 urogestone 18.56 * 1.23 14.6 f 0.54 0.787 3.1 f 0.9 

E s t r a d i o l  24.80 f 1.10 15.1 f 1.10 0.609 4.0 f 0.7b) 

11.0 * 3 .1  b )  Nore th indrone 68.4 1.80 29.4 + 9.20 0.430 

Ace ta te  

a )  

b )  Data f rom Reference 14. 

R a t i o  o f  abso rp t i on  r a t e  (A )  ove r  re lease  r a t e  (R)  

i n  polymer s o l u b i l i t y .  I n  t h e  i n  v i t r o  re lease  s t u d i e s  where t h e  

o n l y  r e s i s t a n c e  i s  t h e  d i f f u s i o n  across  t h e  boundary l a y e r ,  which 

i s  cons tan t  f o r  a l l  t h e  s t e r o i d s  s t u d i e d  i n  t h i s  i n v e s t i g a t i o n ,  

t h e  same hydrodynamic c o n d i t i o n s  were main ta ined.  

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

o f  va r ious  s t e r i o d s  f rom t h e  Rate-Cont ro l  vag ina l  dev i ce  was a l s o  

compared. 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 i o  decreases f rom 

0.787 f o r  FGA t o  0.430 f o r  no re th ind rone  (Tab le  I ) .  The observed 

d i f f e r e n c e  can be exp la ined  by comparing t h e  mathematical  express ions  

f o r  vag ina l  abso rp t i on  and r e l e a s e  r a t e s  (Eq. 39 vs. 43).  The 

r a t i o  ( y ' )  i s  t hus  d e f i n e d  by Eq. ( 4 5 ) :  

R " K '  = - Rd 
since, d s Kv 

Eq. 45 

Eq. 46 

Equat ion  (45 )  becomes: 
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FJJROGESTONE ACETATE. I11 1307 

Eq. 47 

Since 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  across  t h e  hydrodynamic 

a r e  r e l a t i v e l y  cons tan t  boundary l a y e r  (RZ) and aqueous l a y e r  ( R  

f o r  a p a r t i c u l a r  drug, Eq. (47 )  can be r e w r i t t e n  as: 

) aq 

Eq. 48 

where, kl = R " K '  Eq. 49 d s  

and k2 = [R  aq K '  s + RZK;] Eq. 50 

Eq. (48 )  i n d i c a t e s  t h a t  f o r  a g i v e n  va lue  o f  kl and k 2 ,  t h e  

Y' va lue  shou ld  be i n v e r s e l y  p r o p o r t i o n a l  t o  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  vagina (Rv) .  I n  o t h e r  words, t h e  l a r g e r  

t h e  magnitude o f  Rv, t h e  l ower  t h e  Y' va lue .  The da ta  i n  Table 

I i n d i c a t e d  t h a t  t h e  r e s i s t a n c e  due t o  t h e  d i f f u s i o n  across  t h e  

vagina i nc reases  i n  t h e  f o l l o w i n g  o rde r :  FGA < e s t r a d i o l  < 

n o r e t h i  ndrone. 

3 )  Transpor t  Mechanism o f  FGA Through Vag ina l  Wal l :  

The p e r m e a b i l i t y  C o e f f i c i e n t  o f  t h e  vag ina l  membrane (P,) can be 

determined f rom t h e  

r=- 1 
'v 'app 

P 
aq 

Where 

Where, Pv  i s  

f o l l o w i n g  r e l a t i o n s h i p :  

Eq. 51 

Eq. 52 

the  i n t r i n s i c  p e r m e a b i l i t y  c o e f f i c i e n t  f o r  t h e  vag ina l  

membrane; P i s  t h e  apparent  p e r m e a b i l i t y  c o e f f i c i e n t  across  t h e  vagina, 

and (P ) and (P ) 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  across  t h e  aqueous 

d i f f u s i o n  l a y e r s  on t h e  mucosal and se rosa l  s ides  o f  t h e  vag ina l  membrane, 

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

aPP 

aq m aq 5 

Assuming t h a t  t h e  drug  d i f f u s i o n  th rough t h e  aqueous pores  i n  t h e  

vag ina l  membrane i s  n e g l i g i b l e ,  and based on t h e  e a r l i e r  da ta  on P (0 .311 

cmlday ) ( 5 )  and t h e  f o l  1 owing i n f o r m a t i o n  : 
aPP 
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1308 W A D I  AND CHIEN 

a )  For  mucosal aqueous d i f f u s i o n  l a y e r  (40% PEG 4OO/SVF) 

(Oaq)m = 1.96 x cm2/sec 

b )  For 

h ) = 7 . 4  x cm. 
aq m 

serosa l  aqueous d i f f u s i o n  l a y e r  (20% PEG 4OO/SVF 

2 D ) = 6.95 x cm /sec. 

h ) = 1.4 x l o v 4  cm 
aq s 

aq s 

t h e  Pv va lue  was c a l c u l a t e d  t o  be 0.314 cmlday, which i s  v e r y  c l o s e  t o  

t h e  P va lue  (0.311 cm/day). The obse rva t i on  suggested t h a t  d u r i n g  t h e  

course  o f  vag ina l  abso rp t i on ,  t h e  FGA molecu les  encounter  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  vag ina l  mucosa, n o t  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  hydrodynamic boundary l a y e r s  on b o t h  t h e  mucosal and se rosa l  s i d e s  

o f  t h e  vag ina l  membrane. 

aPP 

CONCLUSION 

Syncro-Mate pessa r ies  prepared by i n j e c t i o n  techn ique ( 2  m l  i n t o  t h e  

c e n t e r )  y i e l d e d  t h e  bes t  d i s t r i b u t i o n  o f  dye i n  t h e  sponges, and so t h e  

pessa r ies  loaded w i t h  10 - 40 mg o f  FGA, by t h e  same techn ique,  produced 

a r e p r o d u c i b l e  d rug  re lease  and vag ina l  a b s o r p t i o n  r a t e  p r o f i l e s .  The 

simultaneous re lease  and abso rp t i on  p r o f i l e s  genera ted  f rom these Syncro-Mate 

sponges were observed t o  f o l l o w  Q - t’ type  r e l a t i o n s h i p .  However, t h e  

r e l e a s e  f l u x  was found t o  be about 18 t imes  g r e a t e r  than t h e  f l u x  o f  vag ina l  

abso rp t i on .  The f l u x e s  o f  re lease  and a b s o r p t i o n  (Q/t’) were found t o  

i nc rease  l i n e a r l y  w i t h  t h e  square r o o t  o f  l o a d i n g  dose. S ince  t h e  i n  v i t r o  

f l u x e s  o f  re lease  and a b s o r p t i o n  f rom Syncro-Mate Pessar ies  were n o t  cons tan t  

and a ve ry  l ow  b i o a v a i l a b i l i t y  was y i e l d e d ,  a new Rate-Cont ro l  vag ina l  

dev i ce  ( c o n t a i n s  a c o n t r o l l e d  re lease  s i l i c o n e  dev i ce  w i t h  o r  w i t h o u t  a 

polymer c o a t i n g  membrane) was thus  developed. 

The new Rate-Cont ro l  vag ina l  dev i ce  w i t h  polymer c o a t i n g  membrane 

was observed t o  produce cons tan t  ( Q  - t )  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 ,  

as p r e d i c t e d  f rom t h e  t h e o r e t i c a l  model. However, t h e  r a t e s  o f  a b s o r p t i o n  

( Q / t )  were found t o  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  f o r  t h e  e s t r u s  
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synchron iza t i on  o f  t h e  sheep. Since t h e  a t tempts  t o  p repare  a polymer 

c o a t i n g  membrane which i s  t h i n  enough t o  re lease  FGA a t  an e f f i c a c i o u s  

r a t e  f rom t h e  Rate-Cont ro l  vag ina l  dev i ce  proved t o  be u n f r u i t f u l ,  another  

t ype  o f  Rate-Cont ro l  dev i ce  was f a b r i c a t e d  f rom a c o n t r o l l e d - r e l e a s e  s i l i c o n e  

dev i ce  w i t h o u t  t h e  c o a t i n g  o f  a po l ymer i c  membrane. T h e o r e t i c a l l y ,  a 

ze ro -o rde r  p r o f i l e  c o u l d  a l s o  be achieved, which was demonstrated 

exper imen ta l l y ,  i f  t h e  dev i ces  con ta ined  a FGA l o a d i n g  dose g r e a t e r  than 

2%. The r a t e  o f  vag ina l  abso rp t i on  was p r e d i c t e d  t o  be about  300 mcglday 

f rom t h i s  new t y p e  o f  Rate-Control  vag ina l  dev i ce  w i t h  a su r face  area o f  
n 

18 t o  24 cmL, wh ich  i s  cons idered t o  ach ieve  t h e  e f f i c a c i o u s  dose needed. 

On t h e  o t h e r  hand, t h e  dev ices  f a b r i c a t e d  f rom 0.2% FGA was observed t o  

f o l l o w  a Q - t’ r e l a t i o n s h i p  ( a t  s teady  s t a t e ) ,  as p r e d i c t e d  f rom t h e  

t h e o r e t i c a l  model. The vag ina l  abso rp t i on  o f  FGA was found t o  be p r i m a r i l y  

c o n t r o l l e d  by t h e  vag ina l  w a l l ,  n o t  by t h e  hydrodynamic boundary l a y e r  

on the  b o t h  s ides  o f  t h e  vag ina l  membrane, under t h e  hydrodynamic c o n d i t i o n s  

o f  t h e  p resen t  s tudy .  

I n  o rde r  t o  f u r t h e r  v a l i d a t e  t h e  p h y s i c a l  model developed, t h e  &I 

v i t r o  re lease  and vag ina l  abso rp t i on  o f  o t h e r  s t e r i o d s ,  i .e . ,  e s t r a d i o l  

and nore th indrone,  f rom t h e  Rate-Cont ro l  vag ina l  dev ices  were a l s o  s tud ied .  

The p r o f i l e s  generated were observed t o  f o l l o w  t h e  p r e d i c t e d  l i n e a r  Q - 

t r e l a t i o n s h i p .  The i n  v i t r o  re lease  and vag ina l  a b s o r p t i o n  p r o f i l e s  f o r  

e s t r a d i o l  and no re th ind rone  can be op t im ized  by adding a polymer c o a t i n g  

membrane t o  f u r t h e r  c o n t r o l  t h e  re lease  o f  t h e  drugs, so an optimum dose 

cna be d e l i v e r e d .  

The new Rate-Control  vag ina l  dev i ce  developed was found t o  be s u p e r i o r  

than t h e  Syncro-Mate pessary  c u r r e n t l y  marketed. Under t h e  fi v i t r o  

c o n d i t i o n s ,  FGA was d e l i v e r e d  a t  a s lower ,  b u t  a cons tan t  r a t e ;  and b e t t e r  

b i o a v a i l a b i l i t y  cou ld  be accompl ished. The c l i n i c a l  e f f e c t i v e n e s s  and 

-- i n  v i v o  vag ina l  abso rp t i on  r a t e  were eva lua ted  and t h e  r e s u l t s  w i l l  be 

r e p o r t e d  i n  t h e  n e x t  paper o f  t h i s  s e r i e s .  
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FOOTNOTES 

1. 

2 .  

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Sear le  Labora to r ies ,  Skokie,  I l l i n o i s .  

Roussel Uc la f ,  P a r i s ,  France. 

Sigma Chemical Company, S t .  Lou s ,  Missour i .  

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

Bu rd l ck  & Jackson Lab. I n c . ,  Muskagon, Mich igan.  

Pharmko, P u b l i c k  I n d u s t r i e s  Co., L i n f i e l d ,  Pa. 

Nanopure, SybronlBarnstead, Boston, Massachusetts.  

Dow Corn ing  Corpora t ion ,  Midland, Mich igan.  

Synkron Corpora t ion ,  Pa r i s ,  France. 

Dealeman Meats, Warren Township, New Jersey .  
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11. 

12. 

13. 

14. 

15. 

16. 

17. 

(3) 

(4) 

( 5 )  

Model #43800-00, Cole-Parmer, Chicago, Illinois. 

Vacuum pump Model # SASSNXGTC-4143, Cole-Parmer, Chicago, Illinois. 

Series 200, Fisher-isotemp oven, Fisher Scientific Co., Springfield, 

New Jersey. 

Bellco Glass, Inc., Vineland, New Jersey. 

Waterbath Model 80, Fisher Scientific Co., Springfield, New Jersey. 

HP Model 10848 HPLC, Hewlett-Packard, Palo Alto, California. 

Resolve C-18 column, Waters Associates, Milford, Massachusetts. 
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