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I N  VITRO AND I N  V I V O  EVALUATIONS -- 
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ABSTRACT 

The in vitro and in vivo releases of estradiol from the recently 

marketed Compudose'a-200 and -400 implants were evaluated. These subdermal 

implants are designed for subcutaneous controlled administration o f  estra- 

diol in steers for 200- or 400-day growth promotion. 

Analysis of the in vitro release profiles o f  estradiol from Compudose 

implants indicated that the release of estradiol is under a matrix diffu- 

sion-controlled process and follows a linear Q vs. t' relationship. 
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2652 HSIEI-1, SMITH, A N D  C H I E N  

The r e l e a s e  f l u x  f r o m  b o t h  Compudose-200 and -400 i i n p l a n t s  was f o u n d  

t o  be dependent. upon t h e  volume f r a c t i o n  o f  p o l y e t h ~ y l e n e  g l y c o l  400, 

w h i c h  a c t s  as t h e  s o l u b i l i z e r  f o r  e s t r a d i o l ,  i n  t h e  aqueous e l u t i o n  s o l u -  

t i o n .  

Subcutaneous r e l e a s e  o f  e s t r a d i o l  f r o m  Compudose i m p l a n t s  was a l s o  

conduc ted  i n  l a b o r a t o r y  r a t s  f o r  a d u r a t i o n  o f  up  t o  114 days. R e s u l t s  

i n d i c a t e d  t h a t  t h e  Q vs .  t” l i n e a r i t y  i s  a l s o  f o l l o w e d .  The subcutaneous 

r a t e  o f  r e l e a s e  was c a l c u l a t e d  t o  be  520 mcg/cm‘/day’2 f o r  Compudose-200 

and 360 mcg/cm2/day’ f o r  Compudose-400. 

‘> 1 

INTRODUCTION 

A n a b o l i c  s t e r o i d s  have been o f t e n  used t o  improve  t h e  g r o w t h  r a t e  

and f e e d  c o n v e r s i o n  e f f i c i e n c y  o f  f i n i s h i n g  c a t t l e . .  The a n a b o l i c  s t e r o i d s  

w h i c h  have been l’ound u s e f u l  f o r  g r o w t h  p r o m o t i o n  a r e  e s t r o g e n i c  s t e r o i d s ,  

l i k e  Z e r a r o n o l  (1) and e s t r a d i o l - 1 7 ~  ( 2 - 4 ) ,  o r  a n d r o g e n i c  s t e r o i d s ,  l i k e  

t r e n b o l o n e  a c e t a t e  and t e s t o s t e r o n e  p r o p i o n a t e  ( 5 - 1 1 ) .  C o n v e n t i o n a l l y ,  

t h e  c a t t l e  i s  t r e a t e d  w i t h  subcutaneous i m p l a n t a t i o n  o f  a compressed 

hormone-conta i  n i  ng p e l  1 e t  f o r m u l  a t  i o n  made f r o m  pharmaceut  i c a l  e x c i  p i e n t s  

and b i n d e r s .  The’ f o r m u l a t i o n s  f o r  t h e  commerc ia l  p r o d u c t s ,  l i k e  F i n a p l i x ,  

R a l g r o ,  Synovex S o r  Synovex H a r e  somewhat s i m i l a r  w i t h  d i f f e r e n t  a c t i v e  

i n g r e d i e n t s .  The b a s i c  p r o b l e m  a s s o c i a t e d  w i t h  t h e  p e l l e t  f o r m u l a t i o n  

i s  i t s  f a s t  deca.y ing  r e l e a s e  r a t e ,  w h i c h  follows e i t h e r  a f i r s t -  o r  a 

second-o rde r  r e l e a s e  k i n e t i c s  ( 1 2 ) .  T h e r e f o r e ,  i n  t h e  i n i t i a l  s t a g e  

o f  t h e  i m p l a n t a t i o n ,  ove rdose  c o u l d  o c c u r ,  w h i l e  a t  t h e  l a t e r  s t a t e  under -  

dose i s  v e r y  common. Consequen t l y ,  t h e  maximal d u r a t i o n  o f  e f f i c a c y  

t h e  i m p l a n t  can  p r o v i d e  i s  o n l y  60 days a t  mos t .  So,, r e - i m p l a n t a t i o n  

has t o  be done t h r e e  t o  f o u r  t i m e s  d u r i n g  a p r o d u c t i o n  c y c l e ,  r e s u l t i n g  

i n  a s i g n i f i c a n t  v a r i a t i o n  i n  d r u g  a b s o r p t i o n .  
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DELIVERY OF ESTRADIOL BY COMPUDOSE@ IMPLANTS 2653 

Si l icone Rod 

Estradiol-Releasing 

Polymer Mat r ix  

Compudose Implant 

F i g u r e  1: D iagrammat ic  i l l u s t r a t i o n  o f  a compudose subdermal i m p l a n t  

(See Tab le  I f o r  p h y s i c a l  d i m e n s i o n s ) .  

An a p p l i c a t i o n  o f  t h e  p o l y m e r - c o n t r o l  l e d  d r u g  r e l e a s e  t e c h n o l o g y  

i n  subcutaneous c o n t r o l l e d  a d m i n i s t r a t i o n  o f  a n a b o l i c  s t e r i o d s  i s  t h e  

deve lopment  o f  Compudose subdermal i m p l a n t  ( E l a n c o / E l  i L i  1 l y  Company). 

I t  c o n s i s t s  o f  a non-med ica ted  s i l i c o n e  r o d  c o a t e d  w i t h  a med ica ted  s i l i -  

cone c o a t i n g  c o n t a i n i n g  an e f f e c t i v e  dose o f  e s t r a d i o l - 1 7 6  ( F i g .  1 ) .  

Compudose-ZOO i m p l a n t s ,  w h i c h  p r o v i d e  a r e l e a s e  o f  e s t r a d i o l - 1 7 ~  o v e r  

a p e r i o d  o f  200 days, were e v a l u a t e d  i n  s u c k l i n g ,  g row ing ,  and f i n i s h i n g  

s t e e r  c a l v e s  (13, 14 )  and improvements  i n  w e i g h t  g a i n  and i n  f e e d  e f f i -  

c i e n c y  were r e p o r t e d .  One o f  t h e  advantages  f o r  t h i s  subdermal i m p l a n t  

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

d i e n t  a t  a p r e d e t e r m i n e d  l o w  dosage r a t e .  T h e r e f o r e ,  o n l y  one s i n g l e  

i m p l a n t  i s  needed f o r  each an ima l  d u r i n g  t h e  who le  p r o d u c t i o n  c y c l e .  

A d d i t i o n a l l y ,  t h e  i m p l a n t  rema ins  i n t a c t  t h r o u g h o u t  t h e  c o u r s e  o f  i m p l a n t a -  

t i o n  and can be removed e a s i l y ,  i f  needed. 

T h i s  paper  i n t e n d s  t o  r e p o r t  t h e  mechanism and k i n e t i c s  o f  r e l e a s e  

o f  e s t r a d i o l  f r o m  t h e  Compudose i m p l a n t s  under  b o t h  i n  v i t r o  and i n  v i v o  

c o n d i t i o n s .  The r e l a t i o n s h i p  between i n  v i t r o  and i n  v i v o  r e l e a s e  w i l l  

a l s o  be e s t a b l i s h e d .  
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26.54 

EXPERIMENTAL 

H S I E f j ,  SMITH, A N D  C H I E N  

kuilibrium solubility o f  estradiol i n  polyethylene glycol 400 

Excess amount o f  e s t r a d i o l ’  was added i n t o  10 m l  01’ aqueous s o l u t i o n  

c o n t a i n i n g  10-50% v / v  o f  p o l y e t h y l e n e  g l y c o l  (PEG)# 400 . All  e x p e r i m e n t s  

were done i n  t r i p l i c a t e .  The d i s p e r s i o n s  were vor tex led  f o r  2 m i n u t e s  

a t  t h e  maximum speed and t h e n  e q u i l i b r a t e d  i n  s h a k i n g  w a t e r b a t h 3  a t  37°C 

f o r  72 hours .  The d i s p e r s i o n s  were f i l t e r e d  t h r o u g h  a M i l l i p o r e  membrance 

f i l t e r  . The c l e a r  f i l t r a t e s  were d i l u t e d  and measured s p e c t r o p h o t o m e t r i -  

c a l l y  The c o n c e n t r a t i o n  o f  e s t r a d i o l  i n  t h e  aqueous 

PEG 400 s o l u t i o n s  was c a l c u l a t e d  f r o m  t h e  c a l i b r a t i o n  c u r v e  e s t a b l i s h e d  

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

2 

2 

4 a t  hmaX o f  275 nm. 

- In Vitro release studies 
2 Aqueous s o l u t i o n s  c o n t a i n i n g  20, 50 and 75X v / v  l o f  PEG 400 were  

p repared .  Ten m i l i l i t e r  a l i q u o t s  o f  each PEG 400 s o l u t i o n ,  as t h e  e l u t i o n  

s o l u t i o n ,  were  p i p e t t e d  i n t o  a s e r i e s  o f  30 m l  Pyrex@ ‘ t e s t  t u b e s  . The 

3 f i r s t  s e t  o f  n i n e  t u b e s  were p r e - e q u i l i b r a t e d  i n  t h e  s h a k i n g  w a t e r b a t h  

a t  37°C and 40 c y c l e s / m i n u t e  o v e r n i g h t .  Each o f  n i n e  Compudose i m p l a n t s  

was secu red  a t  one end w i t h  a p i e c e  o f  s i l k  s t r i n g  ( f o r  r e t r i e v a l  p u r p o s e )  

and immersed i n  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  s i l k  s t r i n g  secu red  b y  

t h e  screw cap. The t u b e s  were  t h e n  shaken i n  t h e  w a t e r b a t h  f o r  24 h o u r s  

a t  t h e  above s e t t i n g s .  A t  t h e  same t i m e ,  a n o t h e r  s e t  o f  n i n e  t e s t  t u b e s  

c o n t a i n i n g  10 m l  o f  PEG 400 s o l u t i o n  was p l a c e d  i n  t h e  w a t e r b a t h  f o r  

t e m p e r a t u r e  e q u i l i b r a t i o n  a t  37°C. A t  t h e  end o f  24-hour  d r u g  r e l e a s e ,  

t h e  i m p l a n t s  were t r a n s f e r r e d  t o  t h e  second s e t  o f  e l u t i o n  s o l u t i o n .  

Care was t a k e n  t o  remove a l l  t h e  a d h e r i n g  s o l u t i o n  f r o m  t h e  i m p l a n t s  

b y  g e n t l e  s c r a p i n g  a g a i n s t  t h e  i n n e r  s u r f a c e  o f  t h e  t u b e  b e f o r e  t r a n s -  

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

d i o l  c o n c e n t r a t i o n  i n  t h e  e l u t i o n  medium was d e t e r m i n e d  d a i l y  b y  s p e c t r o -  

p h o t o m e t r i c  a n a l y s i s  . The amount o f  e s t r a d i o l  r e l e a s e  d a i l y  f r o m  each 

2 
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DELIVERY OF ESTRADIOL BY COMPUDOSE@ IMPLANTS 2655 

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

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

The same p r o c e d u r e  was f o l l o w e d  f o r  d e t e r m i n a t i o n  o f  t h e  2 v i t r o  

r e l e a s e d  o f  e s t r a d i o l  f r o m  b o t h  Compudose-200 and -400 i m p l a n t s .  

In Vivo release studies 

Male r a t s 5  (Sprague Dawley, 250 grams) were used i n  t h i s  s t u d y .  

T h i r t y  r a t s  were d i v i d e d  i n t o  s i x  g roups  w i t h  f i v e  a n i m a l s  i n  each g roup .  

P r o p e r  i d e n t i f i c a t i o n  was marked. The a n i m a l s  were we ighed a t  t h e  b e g i n -  

n i n g  o f  t h e  s t u d y  and a l s o  a t  w e e k l y  i n t e r v a l s  t h r o u g h o u t  t h e  s t u d y .  

Compudose i m p l a n t s ,  e i t h e r  -200 o r  -400, were each c u t  i n t o  s i x  

equa l  s e c t i o n s  and we ighed p r i o r  t o  i m p l a n t a t i o n .  

An ima ls  were  a n e s t h e t i z e d  by  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  Nembuta la  

sodium6 ( 4 0  mg/Kg) i n  s a l i n e  s o l u t i o n  . F o l l o w i n g  t h e  i n d u c t i o n  o f  anes- 

t h e s i a ,  t h e  abdomina l  a r e a  was shaved and s t e r i l i z e d  w i t h  B e t a d i n e  s o l u -  

t i o n .  A s m a l l  m i d l i n e  i n c i s i o n  was made t h r o u g h  t h e  abdomina l  s k i n ,  

and a subcutaneous " p o c k e t "  was c r e a t e d  i n  t h e  v i c i n i t y  o f  t h e  i n c i s i o n  

b y  s e p a r a t i n g  t h e  c o n n e c t i v e  t i s s u e  f r o m  t h e  s k i n .  One i m p l a n t  s e c t i o n  

was p l a c e d  i n  t h e  p o c k e t  u s i n g  s t e r i l e  f o r c e p s ,  and t h e  i n c i s i o n  c l o s e d  

w i t h  A u t o c l i p s  . An ima ls  were r e t u r n e d  t o  t h e i r  cages f o r  r e c o v e r y  and 

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

7 

8 

A t  schedu led  i n t e r v a l s ,  g roups  o f  a n i m a l s  were s a c r i f i c e d .  Each 

o f  t h e  i m p l a n t  s e c t i o n s  was removed, washed w i t h  d i s t i l l e d  w a t e r ,  c u t  

i n t o  s m a l l  p i e c e s ,  and t h e n  e x t r a c t e d  by  100 m l  o f  methano l  w i t h  v i g o r o u s  

s h a k i n g  f o r  24 hours '  t o  d e t e r m i n e  t h e  amount o f  d r u g  r e m a i n i n g .  An 

a l i q u o t  o f  e x t r a c t  was w i t h d r a w n  and t h e  c o n c e n t r a t i o n  o f  e s t r a d i o l  i n  

t h e  sample was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l  l y  . S e c t i o n s  o f  t h e  unused 

Compudose i m p l a n t s  were a l s o  e x t r a c t e d  a t  t h e  same t i m e  as t h e  e x t e r n a l  

s t a n d a r d  t o  d e t e r m i n e  t h e  y i e l d  o f  d r u g  e x t r a c t i o n .  

4 
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2656 HSIEiH, SMITH, AND C H I E N  

Table I : Physical Parameters o f  Compudose Subdenal Implants 

CompudlDse Implant 

200-- 400 

1) Length 3 cm 3 cm 

2) Surface area 4.84 cm 

3) Estradiol-medicated layer 

2 4.84 cm 2 

thickness 250 Ctm 500 Ctm 

drug content 200 mg/Gm 200 mg/Gm 

1.13 g/cm coating density 1.13 g/cm 

estradiol content 24 mg 45 mg 

3 3 

4:) Core rod 

di ame ter 4.19 mm 3.76 mm 

density 1.18 g/cim 3 1.18 g/cm 3 

RESULTS 

Calculation of the Theoretical Release Rate o f  listradiol from Compudosee 

-200 Implants 

The physical parameters of Compudose implants are outlined in Table 

I. Since the .implant is a matrix dispersion-type drug delivery system, 

the release profile of estradiol is expected to follow the classical 

Higuchi relationship (15, 16) :  

Q = [ ( Z A  - C ) C D t]’ 
P P P  

3 where A is the initial loading dose of estradiol (226 mg/cm ) ,  which 

can be calculated from the drug content and coating density of the estra- 

diol-medicated layer (Table I); Cp i s  the solubility o f  estradiol in 
3 the silicone elastomer (16.3 mcg/cm ) ( 1 7 ) ;  and 0 is the diffusion coeffi- P 
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DELIVERY OF ESTRADIOL BY COMPUDOSE@ IMPLANTS 2657 

2 
c i e n t  o f  e s t r a d i o l  i n  t h e  s i l i c o n e  e l a s t o m e r  m a t r i x  (1 .93  x cm / s e c )  

(18) .  S i n c e  t h e  l o a d i n g  dose, A ,  i s  much h i g h e r  t h a n  t h e  po lymer  s o l u b i l -  

i t y ,  Cp,  E q u a t i o n  1 can be s i m p l i f i e d  i n t o  E q u a t i o n  2:  

Q/t’ = [2A ’ C P ’ Dp]’ 

The t h e o r e t i c a l  v a l u e  f o r  t h e  r e l e a s e  f l u x  o f  e s t r a d i o l  c a l c u l a t e d  

2 f r o m  t h e  l i t e r a t u r e  v a l u e s  on C D and A was 350.53 mcg/cm day’5. 
P’ P 

Determination o f  Equilibrium Solubility of Estradiol in PEG 400 Solutions 

I n  o r d e r  t o  m a i n t a i n  t h e  a p p r o p r i a t e  s i n k  c o n d i t i o n s  i n  t h e  i n  v i t r o  

r e l e a s e  s t u d i e s  o f  Compudose i m p l a n t s ,  t h e  e q u i l i b r i u m  s o l u b i l i t y  o f  

e s t r a d i o l  i n  v a r i o u s  aqueous s o l u t i o n s  o f  p o l y e t h y l e n e  g l y c o l  400, as  

t h e  s o l u b i l i z e r  f o r  e s t r a d i o l ,  was d e t e r m i n e d  ( F i g u r e  2 ) .  As expec ted  

(19, 20),  t h e  e q u i l i b r i u m  s o l u b i l i t y  o f  e s t r a d i o l  i n c r e a s e s  e x p o n e n t i a l l y  

as i n c r e a s i n g  t h e  volume f r a c t i o n  o f  PEG 400 i n  t h e  aqueous s o l u t i o n .  

From t h i s  l i n e a r  r e l a t i o n s h i p ,  aqueous s o l u t i o n  c o n t a i n i n g  any  g i v e n  

c o n c e n t r a t i o n  o f  PEG 400 can  be p r e p a r e d  t o  p r o v i d e  a s i n k  c o n d i t i o n  

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

In Vitro Release o f  Estradiol from Compudose Implants 

F i g u r e  3 shows t h e  r e l e a s e  p r o f i l e s  o f  e s t r a d i o l  f r o m  Compudose 

-400 i n  aqueous s o l u t i o n s  c o n t a i n i n g  v a r i o u s  volume f r a c t i o n s  o f  PEG 

400. As expec ted  f r o m  E q u a t i o n  (l), t h e  r e l e a s e  o f  e s t r a d i o l  f r o m  Compu- 

dose i m p l a n t s  f o l l o w e d  t h e  l i n e a r  Q vs .  t-+ r e l a t i o n s h i p .  The r e l e a s e  

f l u x e s  ( Q / t 4 )  o f  e s t r a d i o l  i n  v a r i o u s  r e l e a s e  med ia  a r e  compared i n  Tab le  

11. U s i n g  t h e  p a i r e d - t  t e s t ,  t h e  r e l e a s e  f l u x  o f  e s t r a d i o l  a t  s t e a d y  

s t a t e  i s  i ndependen t  o f  PEG 400 c o n c e n t r a t i o n s .  There fo re ,  t h e  d i f f e r e n c e  

i n  t h e  r e l e a s e  p r o f i l e s  of  e s t r a d i o l  f r o m  Compudose i m p l a n t s  i n  v a r i o u s  

r e l e a s e  media i s  due t o  t h e  i n i t i a l  phase o f  d r u g  r e l e a s e ,  p a r t i c u l a r l y  

i n  t h e  f i r s t  day  o f  r e l e a s e .  As t h e  volume f r a c t i o n  o f  PEG 400 i n  t h e  

r e l e a s e  medium i s  l ow ,  t h e  r e l e a s e  o f  e s t r a d i o l  shows some t i m e  l a g  e f f e c t .  
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1000 

100 

10 

1 

0 3 0  60 90 

% V / V  PEG 400 

F i g u r e  2: E q u i l i b r i u m  s o l u b i l i t y  o f  e s t r a d i o l  as a f u n c t i o n  o f  t h e  volume 

f r a c t i o n  ( %  v / v )  o f  p o l y e t h y l e n e  g l y c o l  (PEG) 400 i n  t h e  aqueous 

s o l u t i o n .  

As t h e  volume f r a c t i o n  o f  PEG 400 i n c r e a s e s ,  t h e  r e l e a s e  o f  e s t r a d i o l  

shows a b u r s t  e f f e c t  ( F i g .  3 ) .  

Subcutaneous Release of Es trad io l  from Compudose Implants i n  Rats 

The mean amount o f  e s t r a d i o l  r e l e a s e d  f r o m  Compudose-200 i m p l a n t s  

i n  r a t s  was 2.002, 2.671, 3.340, 3.778 and 4.125 mg/cm2 a f t e r  28, 49, 

64, 86 and 96 days o f  i m p l a n t a t i o n ,  r e s p e c t i v e l y .  Thle v a r i a t i o n  a t  each 

t i m e  p o i n t  was w i t h i n  l o % ,  e x c e p t  t h e  f i r s t  t i m e  p o i n t  b e i n g  26.5%. 
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DELIVERY OF ESTRADIOL BY COMPUDOSEm IMPLANTS 2659 

Table 11: Comparison i n  In Vitro Release F l u x e s  

o f  E s t r a d i o l  from D i f f e r e n t  Compudose 

Imp1 a n t s  

Release 
Nediurn 

2 Release Fluxes (mcg/cm /day') 

A1) B2) 

20% PEG 400 

40% P E G  400 

50% PEG 400 

75% P E G  400 

27 3 

- 

288 

370 

275 

300 

- 

28 5 

1)Cornpudose-200 implant 

2)Compudose-400 imp1 a n t  

n 
N 

E 
0 
\ 

E" 
W 

0 

1 .o 

0.8 

0.6 

0.4 

0.2 

0.0 

Figure 3 :  I n  Vi t ro  r e l e a s e  p r o f i l e s  of e s t r a d i o l  from Compudose@-400 

Keys (01, 75% PEG 400; (a), 40% PEG 400; (o), implants .  

20% PEG 400. 
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4 . 0  

3.0 

2 .0  

1.0 

HSIEX, SMITH, AND CHIEN 

- 

- 

- 

- 

Subcutaneous Release Of Estradiol 

From Compudose implants -- 

5.0  L 

v -  

0 2 4 6 8 10 12 

( D a y s )  

Figure 4: SubclJtaneous r e l e a s e  p r o f i l e s  of e s t r a d i o l  from Compudose 

implants  i n  t h e  60 r a t s .  Keys: imp‘lant ( r e l e a s e  flux)-(()), 

Compudose-400 (362 mcg/cn2/day’) ; (L5), ~Compudose-200 (520 
mcg/cm 2 /day4) .  

While, t h e  mean amount of e s t r a d i o l  r e l e a s e d  from Com~pudose-400 implants  

i n  r a t s  was 2 .466 ,  2.800, 3.073, 3.958 mg/crn2 d f t e r  44, 57,  77 and 114 

days of  implanta t ion ,  r e s p e c t i v e l y .  The v a r i a t i o n  a t  each time p o i n t  

was wi th in  10%. 

Since  Compudose implant  i s  a mat r ix  d i f f u s i o n - c o n t r o l l e d  drug d e l i v e r y  

device  and in  v i t r o  drug r e l e a s e  s t u d i e s  demonstrated t h a t  t h e  r e l e a s e  

p r o f i l e  of  e s t r a d i o l  from Compudose implants  -follow Equation ( l ) ,  so, 

t h e  cumulat ive amount of  e s t r a d i o l  r e l e a s e  i n  the subcutaneous t i s s u e  
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DELIVERY OF ESTRADIOL BY COMPUDOSEo IMPLANTS 2661 

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

( F i g u r e  4 ) .  The r e s u l t s  demons t ra ted  t h a t  t h e  subcutaneous c o n t r o l  l e d  

r e l e a s e  o f  e s t r a d i o l  f r o m  t h e  Compudose i m p l a n t s  a l s o  f o l l o w s  t h e  l i n e a r  

r e l a t i o n s h i p  o f  Q vs.  t4 w i t h  Compudose-200 and -400 i m p l a n t s  r e l e a s i n g  

e s t r a d i o l  a t  r e l e a s e  f l u x  o f  520 and 362 mcg/cm /day’, r e s p e c t i v e l y .  2 

DISCUSSION 

There  were a b o u t  115.7 m i l l i o n  heads o f  c a t t l e  s l a u g h t e r e d  i n  t h e  

U n i t e d  S t a t e s  i n  1982 a lone ,  o v e r  90% o f  them r e c e i v i n g  i m p l a n t s  w i t h  

some fo rms o f  h o r m o n a l l y  a c t i v e  subs tance  ( 2 1 ) .  The h o r m o n a l l y  a c t i v e  

p r o d u c t s  c u r r e n t l y  on t h e  m a r k e t  a r e  m o s t l y  compounded w i t h  l a c t o s e ,  

c e l l u l o s e ,  and b i n d e r  t o  f o r m  t a b l e t s  wh ich  a r e  f o r m u l a t e d  t o  d i s i n t e g r a t e  

s l o w l y  i n  t h e  subcutaneous t i s s u e .  Due t o  i t s  u n p r e d i c t a b l e  r e l e a s e  

o f  a c t i v e  components w i t h i n  a s h o r t  d u r a t i o n ,  t h r e e  o r  f o u r  t i m e s  o f  

r e i m p l a n t a t i o n  a r e  o f t e n  r e q u i r e d  d u r i n g  a p r o d u c t i o n  c y c l e .  The nonb io -  

deg radab le ,  r e t r i e v a b l e  subdermal i m p l a n t s  f a b r i c a t e d  f r o m  t h e  b iocompat -  

i b l e  s i l i c o n e  e l a s t o m e r ,  l i k e  Compudose, i n  c o n t r a s t ,  can  p r e d i c t a b l y  

c o n t r o l  and s i g n i f i c a n t l y  p r o l o n g  t h e  r e l e a s e  o f  e s t r a d i o l  i n  t h e  subcu ta -  

neous t i s s u e  f o r  o v e r  200 days, s u g g e s t i n g  t h a t  i t  has g r e a t  b e n e f i c i a l  

advantage o v e r  t h e  c o n v e n t i o n a l  dosage fo rms  i n  l o n g - t e r m  g r o w t h  p r o m o t i o n  

management i n  t h e  c a t t l e .  

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  Compudose i m p l a n t s  were conduc ted  

i n  an e l u t i o n  s o l u t i o n  m a i n t a i n e d  under  t h e  s i n k  c o n d i t i o n s  f o r  10 days  

w h i c h  a r e  o n l y  a f r a c t i o n  o f  ZOO-to 400-day i m p l a n t a t i o n  p r o j e c t e d  under  

t h e  i n  v i v o  s i t u a t i o n .  The a n a l y s i s  o f  b o t h  i n  v i t r o  and i n  v i v o  r e l e a s e  

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

t h e  square  r o o t  o f  t i m e ,  c o n f i r m e d  t h a t  Compudose i m p l a n t s  a r e  a 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  d r u g  d e l i v e r y  d e v i c e .  The Compudose-ZOO and -400 

i m p l a n t s  appeared t o  r e l e a s e  e s t r a d i o l  i n  t h e  subcutaneous t i s s u e  a t  
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2662 HSIEH, SMITH, AND C H I E N  

r e l e a s e  f l u x e s  which are,  r e s p e c t i v e l y ,  140-190% and 121-132% o f  those 

ob ta ined  by 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 .  The d i f f e r e n c e  c o u l d  

be a t t r i b u t e d  t o  a t h i n n e r  hydrodynamic d i f f u s i o n  l a y e r  achieved i n  t h e  

subcutaneous t i s s u e  as a r e s u l t  o f  good t i s s u e / i m p l a n t  c o n t a c t  by subcuta- 

neous i m p l a n t a t i o n  ( 1 5 ) .  

The instantaneous r e l e a s e  r a t e  o f  e s t r a d i o l  f rom t h e  Compudose i m -  

p l a n t s  i n  t h e  subcutaneous t i s s u e  can be d e r i v e d  by t a k i n g  d e r i v a t i o n  

o f  Equat ion (1) :  

P ’  
s i n c e  2 A  >> C 

From t h e  a c t u a l  amount o f  e s t r a d i o l  r e k a s e d  f rom t h e  Compudose 

imp lan ts  o v e r  a p e r i o d  o f  subcutaneous i m p l a n t a t i o n ,  t he  mean d a i l y  dose 

o f  e s t r a d i o l  d e l i v e r e d  t o  each r a t  can be c a l c u l a t e d .  T h i s  mean d a i l y  

dose d e l i v e r e d  should be l i n e a r l y  p r o p o r t i o n a l  t o  (2t)-! ’ as expected 

f rom Equat ion ( 3 ) .  The r e s u l t s  i n  F i g u r e  5 c o n f i r m  t h a t  e x p e r i m e n t a l l y  

t h i s  l i n e a r  r e l a t i o n s h i p  i s  f o l l o w e d  f o r  t h e  subcutaneous r e l e a s e  o f  

e s t r a d i o l  f rom b o t h  Compudose-200 and -400 imp lan ts .  

The d a t a  i n  F i g u r e  4 i n d i c a t e  t h a t  Compudose-200 and -400 i m p l a n t s  

d e l i v e r  e s t r a d i o l  i n  subcutaneous t i s s u e  a t  r e l e a s e  F lux  o f  520 and 362 

mcg/cm /day’, r e s p e c t i v e l y .  As r e p o r t e d  i n  Table I, edch o f  t h e  Compudose 

-200 and -400 i m p l a n t s  has a s u r f a c e  area o f  4.84 cm2 and con ta ins ,  respec-  

t i v e l y ,  24 and 45 mg o f  e s t r a d i o l .  Us ing these data,  t h e  u s e f u l  l i f e  

span f o r  each Compudose i m p l a n t  can be es t ima ted .  The r e s u l t s  suggested 

t h a t  t h e  u s e f u l  l i f e  span es t ima ted  i s  91 days f o r  Compudose-200 and 

660 days f o r  Compudose-400 ( F i g .  5 ) .  I n  o t h e r  words, Compudose-200 im-  

p l a n t s  d e l i v e r .  e s t r a d i o l  a t  r e l e a s e  f l u x  o f  520 mcg/cm /day’ and a l l  

t h e  24 mg o f  e s t r a d i o l  dose i n c o r p o r a t e d  i n  t h e  i m p l a n t  a r e  expected 

2 

2 
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DELIVERY OF ESTRADIOL BY COMPUDOSEB IMPLANTS 2663 

3 5 0  

300 

250 

2 0 0  

1 5 0  

1 0 0  

5 0  

A 
I 1 1 I 

0 0.04 0.08 0 . 1 2  

(2 t I -h  

F i g u r e  5: L i n e a r  r e l a t i o n s h i p  between t h e  mean d a i l y  dose o f  e s t r a d i o l  

d e l i v e r e d  subcu taneous ly  f r o m  t h e  Compudose-200 A) and -400 

(0) i m p l a n t s  and ( 2 t ) - l i  as p r e d i c t e d  f r o m  E q u a t i o n  ( 3 ) .  

Keys: M.E.D.  deno tes  t h e  minimum e f f e c t i v e  d a i l y  dose r e q u i r e d  

for. g r o w t h  p romot ion .  

t o  be d e p l e t e d  by  Uay 91, a t  w h i c h  a mean d a i l y  dose o f  2 196 mcg/day 

o f  e s t r a d i o l  i s  d e ' l i v e r e d  t o  t h e  c a t t l e  s u b c u t a n e o u s l y  ( F i g u r e  5 ) .  On 

t h e  o t h e r  hand, Compudose-400 i m p l a n t s  d e l i v e r  e s t r a d i o l  a t  l o w e r  r e l e a s e  

f l u x  o f  362 mcg/cm2/day4 and a l l  t h e  45 mg o f  e s t r a d i o l  dose i n c o r p o r a t e d  

i n  t h e  i m p l a n t  a r e  p r e d i c t e d  t o  be d e p l e t e d  by  Day 660, a t  wh ich  a mean 
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2664 H S I I S H ,  SMITH,  AND CHIEN 

d a i l y  dose o f  2 73  mcg/day o f  e s t r a d i o l  i s  d e l i v e r e d  t o  t h e  c a t t l e  subcu ta -  

n e o u s l y  ( F i g u r e  5 ) .  

U n f o r t u n a t e l y ,  b o t h  Compudose i m p l a n t s  d e l i v e r  excess  amount o f  

e s t r a d i o l  d a i l y  t o  t h e  c a t t l e  (Compudose-200 i m p l a n t  d e l i v e r s  a d a i l y  

dose o f  2 196 incg/day f o r  up t o  a p e r i o d  o f  91 days, w h i l e  Compudose-400 

i m p l a n t  d e l i v e r s  a d a i l y  dose o f  2 92 mcg/day f o r  up  t o  400 d a y s ) .  T h i s  

excess  amount o f  e s t r a d i o l  d e l i v e r e d  s u b c u t a n e o u s l y  may i n d u c e  an  abnormal 

sexua l  a c t i v i t y  i n  t h e  t r e a t e d  c a t t l e .  I d e a l l y  a b e t t e r  des igned  subdermal 

i m p l a n t  s h o u l d  r e l e a s e  t h e  r e q u i r e d  d a i l y  dose o f  e s t i - a d i o l  ( 5 0  rncg/day) 

a t  c o n s t a n t  ( z e r o - o r d e r )  r a t e ,  w i t h  no o r  minimum b u r s t  r e l e a s e  o f  e s t r a -  

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

t r e a t m e n t  p r e s c r i b e d .  

The t h e o r e t i c a l  r e l e a s e  f l u x  o f  e s t r a d i o l  f r o m  Compudose i m p l a n t s ,  

c a l c u l a t e d  f r o m  t h e  l i t e r a t u r e  v a l u e s  on v a r i o u s  p h y s i c a l  pa ramete rs  

i n  E q u a t i o n  ( Z ) ,  was 351 rncg/cm /day". On one hand, t h e  i n  v i t r o  r e l e a s e  

f l u x e s  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  were s l i g h t l y  l o w e r  ( b y  20%) t h a n  

t h i s  t h e o r e t i c a l l y  p r e d i c t e d  va lue ,  p o s s i b l y  {due t o  t h e  e x i s t e n c e  o f  

hydrodynamic  d T f f u s i o n  l a y e r  on t h e  i m p l a n t  s u r f a c e .  On t h e  o t h e r  hand, 

t h e  subcutaneous r e l e a s e  f l u x  o f  e s t r a d i o l  f r o m  Compudose-400 i m p l a n t  

was found  t o  be r a t h e r  a g r e e a b l e  w i t h  t h i s  t h e o r e t i c a l  v a l u e  (362  vs. 

351 mcg/cm2/day4). However, t h e  r e l e a s e  f l u x  f r o m  Compudose-200 was 

f o u n d  h i g h e r ,  by  a l m o s t  50%, t h a n  t h i s  t h e o r e t i c a l  v a l u e .  T h i s  d i s c r e p a n c y  

c a n n o t  be e x p l a i n e d  on t h e  b a s i s  o f  t h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  t o  

d a t e .  
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