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ABSTRACT 

The s t u d y  was u n d e r t a k e n  t o  e v a l u a t e  t h e  i n - v i t r o  r e l e a s e  o f  

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

w i t h  t h e  optimum d r u g  release f o r  i n -v ivo  e v a l u a t i o n s  i n  a human 

male. S e v e r a l  d i a d e r m a t i c  b a s e s  c o n t a i n i n g  2% t e s t o s t e r o n e  were 

p r e p a r e d  and  s t u d i e d  f o r  t h e  i n - v i t r o  release of d r u g  t h r o u g h  t h e  

cel lulose membrane u s i n g  t h e  d i f f u s i o n  methods .  Also ,  a d d i t i v e  

i n g r e d i e n t s  such  as, e t h a n o l ,  p o l y e t h y l e n e  g lyco l -400 ,  and  

d i m e t h y l s u l f o x i d e  (DMSO) a t  v a r i o u s  c o n c e n t r a t i o n  l e v e l s  were 

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

re lease ra te  o f  t h e  d r u g .  The g e n e r a l  r ank  o r d e r  o f  t e s t o s t e r o n e  

release from t h e s e  b a s e s  was: water -washable  base ) h y d r o p h i l i c  

base  > U n i v e r s i t y  o f  C a l i f o r n i a  H o s p i t a l  Base ) g e l  base > cream 

b a s e  > w a t e r - s o l u b l e  base > e m u l s i o n  base. Excep t  f o r  t h e  w a t e r -  

washable  b a s e  c o n t a i n i n g  15% p o l y e t h y l e n e  g lyco l -400 ,  a l l  a d d i t i v e s  

had l i t t l e  or  no e f f e c t  o n  t h e  d r u g  release.  The f o r m u l a t i o n s  

w i t h  t h e  b e s t  i n - v i t r o  d r u g  release were s e l e c t e d  and  e v a l u a t e d  

f o r  i n -v ivo  d r u g  release i n  a s i n g l e  male v o l u n t e e r .  Each 

f o r m u l a t i o n  e q u a l  t o  50mg o f  t e s t o s t e r o n e  was a p p l i e d  on  t h e  f o r e -  

arm, and f o l l o w i n g  e a c h  a p p l i c a t i o n ,  24 hour  u r i n e  samples  were 
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1406 BABAR ET AL. 

c o l l e c t e d  and a n a l y z e d  f o r  t h e  U r i n a r y  f r e e  t e s t o s t e r o n e  and i t s  

p r i n c i p a l  m e t a b o l i t e s ,  i . e .  a n d r o s t e r o n e  and e t i o c h o l a n o l o n e .  A 

50mg o f  o r a l  t e s t o s t e r o n e  i n  a p l a i n  g e l a t i n  c a p s u l e  was used a s  

t h e  c o n t r o l  t o  compare t h e  b i o a v a i l a b i l i t y  p r o f i l e s .  T h e  r a t i o  of  

u r i n a r y - f r e e  t e s t o s t e r o n e  t o  i t s  main m e t a b o l i t e s  was found t o  be 

(1 : l )  from one o f  t h e  t o p i c a l  f o r m u l a t i o n s  e v a l u a t e d  compared t o  

(1:20) o b t a i n e d  i n  t h e  c a s e  o f  o r a l  dose  o f  t e s t o s t e r o n e  used as 

t h e  c o n t r o l .  T h i s  s u g g e s t s  t h a t  more d rug  was ab le  t o  e s c a p e  t h e  

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

t e s t o s t e r o n e  i n  t h e  body. 

INTRODUCTION 

T e s t o s t e r o n e  i s  a c l i r r i c a l l y  i m p o r t a n t  n a t u r a l  androgen  which 

e x h i b i t s  an  e x t r e m e l y  low g a s t r o i n t e s t i n a l  a b s o r p t i o n  p r o f i l e .  

Accord ingly ,  t h e r a p e u t i c  f a i l u r e s  have been documented w i t h  t h e  

use o f  o r a l  t e s t o s t e r o n e .  C i s v o l d  ( 1 )  s u g g e s t s  t h a t  t e s t o s t e r o n e  

is i n a c t i v a t e d  by t h e  i n t e s t i n a l  b a c t e r i a  when g i v e n  o r a l l y .  

Estwood ( 2 1 ,  on t h e  o t h e r  hand, i n d i c a t e s  t h a t  t e s t o s t e r o n e ,  when 

a d m i n i s t e r e d  o r a l l y ,  is r e a d i l y  abso rbed  b u t  such  a b s o r p t i o n  is 

c o m p l e t e l y  i n e f f e c t u a l  i n  a s  much as t h e  hormone is a l t e r e d  by  t h e  

p a s s a g e  th rough  t h e  l i v e r  b e f o r e  r e a c h i n g  t h e  s y s t e m i c  

c i r c u l a t i o n .  

A c l i n i c a l  s t u d y  compar ing  t h e  e f f i c a c y  o f  v a r i o u s  

t e s t o s t e r o n e  compounds a d m i n i s t e r e d  s u b l i n g u a l l y  t o  hypogonadal 

men i n d i c a t e d  t h a t  i t  needed twice a s  much o f  t e s t o s t e r o n e  a s  

methyl t e s t o s t e r o n e  f o r  t h e  same l e v e l  o f  t h e r a p e u t i c  e f f e c t s  ( 3 ) .  

Another s t u d y  comparing v a r i o u s  r o u t e s  o f  a d m i n i s t r a t i o n  o f  

androgens ,  s u g g e s t s  t h a t  t h e  u n e s t e r i f i e d  t e s t o s t e r o n e ,  when g i v e n  

o r a l l y ,  is  i n e f f e c t i v e  and  d o e s  n o t  produce  any pharmaco- 

t h e r a p e u t i c  e f f e c t  ( 4 ) .  

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

h a s  been  e s t a b l i s h e d  by Johnsen  ( 5 1 .  T h i s  s t u d y  s u g g e s t s  t h a t  t h e  

c l i n i c a l  b e n e f i t s  of t e s t o s t e r o n e  can be o b t a i n e d  when g i v e n  
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DIADERMATIC DOSE FORMS OF TESTOSTERONE 

o r a l l y ,  p r o v i d e d  t h e  d a i l y  d o s e  is i n  t h e  r a n g e  o f  400mg. 

R e c e n t l y ,  t h e  improved  b i o a v a i l a b i l i t y  o f  t e s t o s t e r o n e  h a s  

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

c o m b i n a t i o n s  a n d  p o l y e t h y l e n e  g l y c o l s  ( 6 ) .  A l s o ,  C h i e n  (7 

shown t h a t  t h e  s y s t e m i c  a v a i l a b i l i t y  o f  t e s t o s t e r o n e  [l4C1 

n a v e l  a b s o r p t i o n  is r e l a t i v e l y  c l o s e  t o  t h e  l e v e l  o b t a i n e d  

X V  a d m i n i s t r a t i o n  o f  an  e q u i v a l e n t  d o s e ,  and is subs t an t i a  

1407 

b e e n  

h a s  

bY 

by t h e  

lY 

g r e a t e r  t h a n  t h e  l e v e l  a c h i e v e d  by f o r e a r m  a d m i x l i s t r a t i o n  (7). 

A l t h o u g h  t h e  o r a l  r o u t e  is t h e  m o s t  c o n v e n i e n t  a n d  e c o n o m i c a l  

o n e ,  y e t  i t  is a n  u n p r e d i c t a b l e  r o u t e  o f  a d m i n i s t r a t i o n  f o r  some 

d r u g s  a n d  sometimes t o t a l l y  i n e f f e c t i v e .  T e s t o s t e r o n e  as s u c h  i s  

n o t  u s e d  i n  t h e  c l i n i c a l  p r a c t i c e  t o d a y .  I n s t e a d ,  v a r i o u s  es te r  

f o r m s  s u c h  as m e t h y l  t e s t o s t e r o n e  is w i d e l y  u s e d  when o r a l  

a n d r o g e n  t h e r a p y  is r e q u i r e d  i n  s p i t e  o f  i t s  s i d e  e f f e c t s .  To 

minimize  s u c h  p r o b l e m s ,  a number o f  i m p o r t a n t  d r u g s ,  s u c h  a s  

n i t r o g l y c e r i n ,  scopolamine, e s t r o g e n s  a n d  o t h e r s  a re  s u c c e s s f u l l y  

b e i n g  used i n  t h e  f o r m s  o f  t ransdermal  d r u g  d e l i v e r y  s y s t e m s  (8). 

T h e r e  are numerous  r e p o r t s  a v a i l a b l e ,  r e v e a l i n g  t h e  e f f e c t s  of  

v e h i c l e  c o m p o s i t i o n  o n  t h e  release a s  w e l l  a s  o n  t h e  

b i o a v a i l a b i l i t y  o f  r e l a t i v e l y  water i n s o l u b l e  d r u g s .  Also ,  

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

t h e  d r u g  re lease f r o m  t h e  t o p i c a l  bases .  I n  l i g h t  o f  t h e s e ,  t h e  

p r e s e n t  s t u d y  was i n i t i a t e d  t o  s t u d y  t h e  i n - v i t r o  re lease o f  

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

i n g r e d i e n t s .  The f o r m u l a t i o n s  w i t h  maximum d r u g  re lease were t h e n  

s c a l e d  up  f o r  i n - v i v o  d r u g  re lease s t u d i e s  i n  a human male. A l s o ,  

o n e  o f  t h e  aims o f  t h e  s t u d y  was t o  c o m p a r e  t h e  l e v e l s  o f  f r e e  

s y s t e m i c  t e s t . o s t e r o n e  f r o m  t h e  selected t o p i c a l  f o r m u l a t i o n s  t o  

t h a t  o f  a n  e q u a l  dose o f  o r a l  d r u g .  

EXPERIMENTAL 

Materials: T e s t o s t e r o n e  , w h i t e  p e t r o l a t u m  , G l y c e r o m o n o s t e a r a t e  , 1 2 3 

P o l y e t h y l e n e  g l y c o l - 4 0 0 0 4 ,  c e t y l  a l c o h o l  5 , s t e a r y l  a l c o h o l  5 , 
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1408 BABAR ET AL. 

propy lene  g l y c o l  , sodium l a u r y l  s u l f a t e  , g l y c e r i n  , Myrj 5 2  , 

Amerchol CAB , Amerlate P , P o l y e t h y l e n e  glycol-400 , Alcohol USP , 

Dimethy l su l fox ide  (DMSOI7. a -g lucuron idase  , Androsterone , E t i o -  

cho lano lone  , Anhydrous E t h e r  ( p e r o x i d e  f r e e I 4 ,  Benzene , Ethy l  

acetate4,  Glacial acet ic  a c i d 4 ,  Sodium hydroxide4.  Acetate b u f f e r  

(pH 4 . 6 3 j 4 ,  Anhydrous sodium s u l f a t e 4 .  

5 5 5 3 

5 6 3 4 

8 9 

9 4 

Eauipment: 

chromatograph (model:  3920BI2, Recorder  m i n i g r a t o r l ' ,  pH meter  

(model 140 1 l 2 ,  Thin Layer Chromatographic  Apparatus13, e tc .  

Spec t ropho tomete r  (model:  S p e c t r o n i c  200 U V I 1 O ,  G a s  

P r e p a r a t i o n  o f  Samples: Each i n g r e d i e n t  o f  t h e  o i n t m e n t  

f o r m u l a t i o n  was a c c u r a t e l y  weighed i n  t h e  p e r c e n t a g e  r a t i o  

d e s c r i b e d  i n  each  f o r m u l a t i o n  in Tab le  1. A l l  t h e  aqueous phase  

i n g r e d i e n t s  and t h e  o i l  phase i n g r e d i e n t s  were p l a c e d  i n t o  

s e p a r a t e  s t a i n l e s s  s tee l  c o n t a i n e r s  and h e a t e d  t o  80'C f ' C .  The 

water phase was t h e n  s l o w l y  added t o  t h e  o i l  phase w h i l e  s t i r r i n g  

and mixed f o r  20 f 5 minutes  and c o o l e d  t o  5 0 ' C  and t e s t o s t e r o n e  was 

i n c o r p o r a t e d  wh i l e  mixing. A l l  t h e  a d d i t i v e  i n g r e d i e n t s  used were 

a l s o  added a t  t h i s  s t a g e  and mixed f o r  a b o u t  1 0  minu te s  and c o o l e d  

t o  room t e m p e r a t u r e .  The o i n t m e n t  samples  t h u s  p r e p a r e d  were t h e n  

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

work. 

A n a l y t i c a l  Methods: 

A )  I n -Vi t ro  S t u d i e s :  A l l  samples  were ana lyzed  s p e c t r o p h o t o -  

m e t r i c a l l y  f o r  t e s t o s t e r o n e  c o n t e n t s  a t  248 nm. 

B )  In-Vivo S t u d i e s :  A l l  samples  were ana lyzed  f o r  u r i n a r y  

t e s t o s t e r o n e  and i t s  p r i n c i p a l  m e t a b o l i t e s  u s i n g  a p u b l i s h e d  

p rocedure  ( 9 ) .  

Conten t  Uniformity:  A l l  o in tmen t  samples  were a n a l y z e d  f o r  

t e s t o s t e r o n e  c o n t e n t s  p r i o r  t o  t h e i r  u s e .  Only samples  wi th  d r u g  

c o n t e n t s  1 0 0  f. 10% were i n c l u d e d  i n  t h e s e  s t u d i e s .  
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DIADERMATIC DOSE FORMS OF TESTOSTERONE 1409 

T a b l e  1 

F o r m u l a t i o n s  

T e s t o s t e r o n e ,  NF' 
Whi te  P e t r o l a t u m  
S t e a r y l  A l c o h o l  
C e t y l  A l c o h o l  
Mineral Oil 
Amerchol  CAB 
G l y c e r o m o n o s t e a r a t e  

SE 
Myr j -52 
PEG 4 0 0 0  
PEG 4 0 0  
S p a n  4 0  
S t e a r i c  Acid  TP 
C a r b o p o l  940  
Glucam E-20 
Sodium l a u r y l  

s u l f a t e  
T r i e t h a n o l a m i n e  
A d d i t i v e ( s )  
Tween-20 
P r o p y l  e n e  g 1 y c o  1 
G l y c e r  i n  
Water gs t o  

2 . 0 0  
2 5 . 0 0  
1 5 . 0 0  

- 
- 
- 
- 

- 
- 
- 
- 
- 

1.00 

- 
- 
- 

1 2 . 0 0  

100 
- 

2.00 
1 4 . 3 0  
6.40 
5 . 4 0  

2 1 . 4 0  - 
- 
- 

- 
- 
- 
- 

1 . 5 0  

- 

- 
- 

100 

2.00 
20.00 

3 . 0 0  - 
- 

7.00 
5.00 

4.00 

- 

- 

- 

- 
- 

- 
- 
1 0 0  

3 0 . 0 0  
60.00 - 
1.00 

- 

- 
- 18.00 
- 

- 2 . 0 0  - 

2 . 0 0  
- 
- 
- 
- 
- 
- 

4.00 

- 

0 . 5 0  
6 . 0 0  - 

1.00 

- 10.00 - 
- - - 
- 5.00 I 

1 0 0  100  1 0 0  

2 . 0 0  
- 
- 

1.00 
5 . 0 0  

1 . 0 0  
- 

- 
- 
- 
- 

3.00 - 

1.50 
- 

- 
4.00 
100 

* ( I 1  - H y d r o p h i l i c  Base 

( 1 1 )  .- U n i v e r s i t y  o f  C a l i f o r n i a  Hospital  Rase 

(111) - W a t e r - w a s h a b l e  Base 

( I V )  - W a t e r - s o l u b l e  b a s e  

( V )  - E m u l s i o n  Base 

(VII - Gel 

( V I I )  - Cream Base 

I N - V I T R O  RELEASE STUDIES 

A 1 5 . 0  Gm s a m p l e  o f  e a c h  o i n t m e n t  was p l a c e d  i n  a 2 o u n c e  j a r  

of  2 "  d i a m e t e r  w i t h  a n  a p p r o x i m a t e  surface area of 3 . 4  s q u a r e  

i n c h e s .  A s e m i - p e r m e a b l e  membrane w i t h  a molecular w e i g h t  cu t . -of f  

p o i n t  o f  3000  was t i e d  a r o u n d  t h e  u p p e r  l i p  o f  t h e  j a r  w i t h  a s i l k  
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1410 BABAR ET AL. 

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

t h e  b e a k e r s  e a c h  c o n t a i n i n g  300 m l  o f  d i s t i l l e d  water, p r e v i o u s l y  

m a i n t a i n e d  a t  37 '  f 'C i n  a water b a t h .  A t  15, 30,  4 5 ,  60, 90 a n d  

120 m i n u t e  t i m e  i n t e r v a l s ,  a 3 m l  p o r t i o n  o f  t h e  d i f f u s i o n  medium 

was w i t h d r a w n  f o r  t h e  a n a l y s i s  o f  t h e  amount  o f  d r u g  d i f f u s e d  a n d  

r e p l a c e d  w i t h  an  e q u a l  vo lume o f  t h e  water t o  k e e p  t h e  d i f f u s i o n  

volume c o n s t a n t .  

I N - V I V O  R E L E A S E  S T U D I E S  

The f o r m u l a t i o n s  w i t h  t h e  best  i n - v i t r o  re lease o f  t h e  d r u g  

were s e l e c t e d  f o r  i n - v i v o  e v a l u a t i o n .  The known a m o u n t  o f  o i n t m e n t  

s a m p l e  e q u i v a l e n t  t o  50 mg o f  t e s t o s t e r o n e  was a p p l i e d  i n  a n  area 

o f  2 4 . 2  a n 2  o f  s k i n  on  t h e  f o r e a r m  of a 28 y e a r  o l d  h e a l t h y  male. 

F o l l o w i n g  e a c h  a p p l i c a t i o n  s u f f i c i e n t  water was o r a l l y  consumed a n d  

u r i n e  s a m p l e s  were co l l ec t ed  f o r  a p e r i o d  o f  24 h o u r s .  The t o t a l  

u r i n e  volume was r e c o r d e d  a n d  f r o z e n  u n t i l  a n a l y s i s .  A l s o ,  a 5 0  

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

u r i n a r y  e x c r e t i o n  p r o f i l e s .  A l l  s a m p l e s  were r u n  i n  t r i p l i c a t e ,  a n d  

a minimum o f  two weeks was a l l o w e d  t o  e l a p s e  between e a c h  

e x p e r i m e n t  . 

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

$01 u b i l  i t v  

The s o l u b i l i t y  o f  t e s t o s t e r o n e  was d e t e r m i n e d  in t h e  d i f f u s i o n  

medium and was f o u n d  t o  b e  4 8  ug/ml  i n  t h e  d i f f u s i o n  medium. 

I n -  V i t r  o Release o f Tes t o s  t e r  o n e  

The p e r c e n t a g e  o f  d r u g  re lease f rom d i f f e r e n t  t o p i c a l  bases, 

o v e r  a p e r i o d  o f  two h o u r s ,  are  e x h i b i t e d  i n  Table  2 .  The g e n e r a l  

r a n k  o r d e r  o f  t e s t o s t e r o n e  re lease was: w a t e r - w a s h a b l e  b a s e  > 

h y d r o p h i l i c  base ) U . C . H .  base > g e l  > cream > p o l y e t h y l e n e  g l y c o l  

base ) e m u l s i o n  base. The a d d i t i o n  o f  t h e  a d d i t i v e  i n g r e d i e n t s  had  

l i t t l e  or no e f f e c t  i n  e n h a n c i n g  t h e  d r u g  release,  e x c e p t  f o r  t h e  
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1412 BABAR ET AL. 

p o l y e t h y l e n e  g l y c o l  a t  15% l e v e l  i n  t h e  e m u l s i o n  base w h i c h  g a v e  t h e  

h i g h e r  re lease  o f  t h e  d r u g .  

I n  o r d e r  t o  i n t e r p r e t  re lease  da t a  in terms o f  m e a n i n g f u l  

p a r a m e t e r s ,  t h e  d a t a  were t r e a t e d  by v a r l o u s  k i n e t i c  p r i n c i p l e s .  

F i r s t ,  t h e  s i m p l i f i e d  H i g u c h i ' s  e q u a t i o n  ( 9 1 ,  w h i c h  1s v a l i d  when 

t h e  d r u g  re lease  is u n d e r  30 p e r c e n t .  

D t  
-= 2 c -  

A n 
E q u a t i o n  1 

where  q = amount  o f  d r u g  released (mg) .  D = d i f f u s i o n  c o e f f i c i e n t  
L ( c m  / sec) ,  t = t i m e  i n  s e c o n d s ,  A = area o f  t h e  d i f f u s i o n  membrane, 

C, = i n i t i a l  c o n c e n t r a t i o n  o f  t h e  d r u g  i n  t h e  o i n t m e n t ,  a n d  

n = a c o n s t a n t .  

The release da ta  comply  w e l l  w i t h  t h e  r e q u i r e m e n t s  of t h e  

e q u a t i o n  1, namely ,  ( a )  o n l y  t e s t o s t e r o n e  i s  assumed t o  d i f f u s e ,  

( b )  D is c o n s t . a n t  w i t h  r e s p e c t  t o  b o t h  t.ime a n d  p o s i t i o n  o f  t h e  

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

medium is assumed t o  p r o v i d e  n e c e s s a r y  s i n k  c o n d i t i o n ,  ( d )  t h e  

p e r c e n t a g e  d r u g  release is l ess  t h a n  3 0 8 .  When t h e  p a r a m e t e r s  0, A 

a n d  C, o f  t h e  a b o v e  e q u a t i o n  are  c o n s t a n t ,  t h e n  e q u a t i o n  1 c o n v e r t s  

t o  a s i m p l e  form q C( J';. 

v e r s u s  s q u a r e  r o o t  o f  time s t r a i g h t  l i n e s  were o b t a i n e d  as 

e x h i b i t e d  i n  F i g u r e  1. Also ,  H i g u c h i ' s  e q u a t i o n  i n d i c a t e s  a d i r e c t  

d e p e n d e n c e  o f  t h e  release r a t e  o n  t h e  d i f f u s i o n  c o e f f i c i e n t  o f  t h e  

d r u g ,  t h e r e f o r e ,  more r e l ease  o f  t h e  d r u g  is e x p e c t e d  when t h e r e  i s  

less  a f f i n i t y  for  t h e  base. T h i s  is m a n i f e s t e d  by t h e  h i g h e s t  

d i f f u s i o n  c o e f f i c i e n t  v a l u e  o f  ( 1 0 . 6  x 10 c m  /set) as o b t a i n e d  i n  

t h e  case o f  t h e  w a t e r - w a s h a b l e  base, c o n t r a r y  t o  t h e  l o w e r  

d i f f u s i o n  c o e f f i c i e n t  v a l u e  o b s e r v e d  w i t h  U . C . H .  base f o r m u l a t i o n .  

And p l o t t i n g  t h e  p e r c e n t a g e  d r u g  release 

-9 2 

T h i s  c o u l d  be a t t r i b u t e d  t.o t h e  f a c t  t h a t  more d r u g  was s o l u b l e  i n  

t h e  base due t o  t h e  p r e s e n c e  uf a h i g h e r  p e r c e n t a g e  o f  l i p i d s .  

S e v e r a l  s t u d i e s  h a v e  d o c u m e n t e d  t h e  i n - v i t r o  re lease o f  

h y d r o p h o b i c  d r u g s  u s i n g  a q u e o u s  r e c e i v i n g  media  (10). B r o n a u g h  a n d  
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1.9991 

30 60 90 120 
TIME (MINUTES) 

Figure 1 

Release Data Plotted Versus Square Root of Time: ( 1 )  Water- 
Washable Base; ( 2 )  Hydrophilic Base; ( 3 )  University of California 
Hospital Base 

Stewart ( 1 1 )  reported 8-96 fold increase in the permeation of 

hydrophobic compounds in-vivo, as compared to their in-vitro 

release data using aqueous receiving medium. Treating the in-vitro 

data in accordance with the Fick's law, the permeability 

coefficients of drug from different bases were calculated using the 

following equation: 
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1414 BABAR ET AL. 

q = PACot Equation 2 

where q = number of mg of drug diffused through the membrane at 

time t (seconds), P = permeability coefficient (cm/secl, A = area 

(cm2) of diffusion membrane, and Co = concentration (mg/litre) of 

drug present in the base at time zero. 

Since the release of drug from the experimental formulations 

was very low, the drug concentration in the vehicle remained 

essentially unchanged. Therefore, equation 2 served well to 

calculate the permeability coefficients of drug from different 

bases and these values are exhibited in Table 3 .  From this one 

observes that the highest value (19.10 x cm/sec) obtained from 

the water washable base compared to the lowest value (2.2 x 

cmlsec) obtained from the emulsion base. 

As the diffusivity of a substance of a similar molecular 

weight and shape differs only slightly (12). the partition 

coeff icient factor has been considered as an important parameter to 

estimate the distribution of drug between the ointment base and the 

receiving medium. The relationship between the partition 

coefficient and the permeability coefficient can be expressed by 

the following equation: 

Kp = PA Equation 3 
D 

where Kp = partition coefficient, P = permeability coefficient 

(cm/sec), D = diffusion coefficient (cm /set) aand h = thickness of 

the barrier (cm). 

2 

The partition coefficient values of testosterone for various 

formulations are also exhibited in Table 3 .  According to this, the 

lowest partition coefficient value (5.01) is obtained for the 

water-washable base giving the highest drug release compared to the 

highest partition coefficient value of (51.8) for the emulsion base 

giving the lowest drug release. 

In order to develop an ideal kinetic model. the diffusion rate 
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1416 BABAR ET AL. 

data  were t r e a t e d  w i t h  f i r s t  order  k i n e t i c  e q u a t i o n .  S i n c e  t h e  

ra te  o f  t e s t o s t e r o n e  re lcase  r e m a i n e d  low, t h e  f i r s t  o r  z e r o  order 

i n t e r p r e t a t i o n  would make no s i g n i f i c a n t  d i f f e r e n c e s  b e c a u s e  t h e  

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

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

s t r a i g h t  l i n e s  were o b t a i n e d  f o r  t h e  v a r i o u s  f o r m u l a t i o n s  t e s t e d  a s  

shown i n  F i g u r e  2 .  Also, t h e  v a l u e s  o f  t h e  re lease r a t e  c o n s t a n t ,  

y - a x i s  i n t e r c e p t  a n d  r e g r e s s i o n  c o e f f i c : i e n t  were c a l c u l a t e d  a n d  

e x h i b i t e d  i n  T a b l e  4 .  

The e f f e c t s  o f  v a r i o u s  a d d i t i v e s  ( e t h a n o l ,  DMSO and 

p o l y e t h y l e n e  g l y c o l - 4 0 0 )  a t  5, 1 0  and 15% l e v e l s  on  t h e  re lease o f  

t e s tos t e rone  were s t u d i e d .  E x c e p t  f o r  p o l y e t h y l e n e  g l y c o l - - 4 0 0  a t  

15% l e v e l ,  a l l  o t h e r  a d d i t i v e s  h a d  a d v e r s e  e f f e c t s  o n  t h e  d r u g  

r e l ease  f rom t h e s e  b a s e s .  T h i s  c o u l d  be a t t r i b u t e d  t o  t h e  s o l v e n c y  

TABLE 4 

DIFFUSION RATE D A T A  EXPRESSED' AS THE PARAMETERS 
OF APPARENT FIRST O R D E R  KINETICS 

- 5  K -1 Y STANDARD 
1 0  M I N  INTERCEPT REGRESSION 

COEFFICIENT 

r - v a l u e  
OINTMENT BASES 

WATER WASHABLE 5.95 1.9988 0.994 

Ii YDROPH I LIC 1 . 7 2  1.9995 0 . 9 6 1  

U . C . H .  1.46 2 . 0 0 1 5  0.994 

CREAM 1.00 1.9998 0.982 

PEG WATER SOLUBLE 0.98 2.0003 0.988 

GEL 1.23 2.0001 0.999 

EMULSION 0.87 1.9999 0.993 

K = t h e  f i r s t  o r d e r  r a t e  c o n s t a n t .  
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1 . 1  
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Figure 2 

2 4 6 8 10 I 2  
SQUARE ROOT OF TIME (MINUTES) 

Release Data Of Selected Bases Expressed in First Order Kinetic 
Fashion: (1) University of California Hospital Base; ( 2 )  
Hydrophilic Base; ( 3 )  Water-Washable Base. 
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BABAR ET AL. 1418 

e f f e c t  o f  p o l y e t h y l e n e  g lyco l -400 ,  t h e r e f o r e ,  more d r u g  was a b l e  t o  

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

I N - V I V O  STUDIES 

O n  t h e  b a s i s  o f  t h e  i n - - v i t r o  r e l e a s e  d a t a .  t h r e e  fo rmula t . i ons  

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

The in -v ivo  s t u d i e s  were r u n  i n  t r i p l i c a t e  and b a s e d  on  t h e  

a s s e s s m e n t  o f  t h e  u r i n a r y  e x c r e t i o n  o f  free t e s t o s t e r o n e  and i t s  

m e t a b o l i t e s  f o l l o w i n g  t h e  t o p i c a l  a p p l i c a t i o n  o f  e a c h  o f  t h e  

s e l e c t e d  f o r m u l a t i o n .  The o i n t m e n t  s amples  e v a l u a t e d  i n c l u d e d :  1- 

wate r  washable  b a s e ,  2-water washab le  b a s e s  w i t h  15% p o l y e t h y l e n e -  

g lyco l -400  and  15% DMSO r e s p e c t i v e l y .  A 50 mg o f  o r a l  d o s e  was also 

consumed and  used  as  t h e  c o n t r o l  t o  compare t h e  r a t i o s  o f  t h e  

u r i n a r y  f r e e  t e s t o s t e r o n e  t o  m e t a b o l i t e s  as o b t a i n e d  from t h e  

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

The amounts of t e s t o s t e r o n e  and  i t s  p r i n c i p a l  m e t a b o l i t e s  

e x c r e t e d  i n  2 4  hour  u r i n e  a f t e r  t h e  a p p l i c a t i o n  o f  t o p i c a l  

Eormula t ions  a r e  g i v e n  i n  Tab le  5 .  Accord ing  t o  t h e s e  d a t a .  a t  t h e  

end  o f  2 4  hour s ,  o n l y  1 8 . 9 0 %  of  t h e  t o p i c a l l y  a p p l i e d  d o s e  o f  5 0  mg 

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

a n d r o s t e r o n e )  i n  u r i n e  from t h e  water -washable  b a s e ,  8 . 0 0 %  from t h e  

water -washable  b a s e  t 15% DMSO and  1 1 . 5 0 %  from t h e  same b a s e  

c o n t a i n i n g  15% PEG 400. And, t h e  t o t a l  u r i n a r y  e x c r e t i o n  o f  t h e s e  

compounds was a p p r o x i m a t e l y  2 5 . 2 %  from t h e  same d o s e  o f  t h e  o r a l l y  

a d m i n i s t e r e d  d r u g .  The r e l a t i v e l y  low a b s o r p t i o n  o f  d r u g  from t h e  

t o p i c a l l y  a p p l i e d  f o r m u l a t i o n s  was e x p e c t e d  compared t o  t h e  o r a l  

d r u g  a d m i n i s t r a t i o n .  

Unl ike  t h e  i n - v i t r o  d a t a ,  t h e  t o p i c a l  a b s o r p t i o n  o f  

t e s t o s t e r o n e  was h i g h e r  from t h e  f o r m u l a t i o n  c o n s i s t i n g  o f  t h e  

water -washable  b a s e  t h a n  t h e  same w i t h  15% PEG-400. Table  5 shows 

t h e  e x c r e t i o n  o f  u r i n a r y  f r e e  t e s t o s t e r o n e  as t h e  p e r c e n t a g e  o f  t h e  

t o t a l  d o s e  a d m i n i s t e r e d  o r  a p p l i e d .  I n  g e n e r a l ,  t h e  r a n k  o r d e r  o f  
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1420 BABAR ET AL. 

u r i n a r y  free t e s t o s t e r o n e  was: water -washable  b a s e  w i t h  15% PEG- 

400 ) water -washable  b a s e  w i t h  15% DMSO ) water -washable  base  ) 

o r a l  d o s e .  

I n  o r d e r  t o  s t u d y  t h e  b i o l o g i c a l  a v a i l a b i l i t y  o f  t e s t o s t e r o n e  

i n  terms o f  mean ingfu l  p a r a m e t e r s ,  t h e  r a t i o s  o f  f r e e  t e s t o s t e r o n e  

t o  i ts  p r i n c i p a l  m e t a b o l i t e s  ( a n d r o s t e r o n e  and  e t i o c h o l a n o l o n e l  

were c a l c u l a t e d  and t h e s e  v a l u e s  are  e x h i b i t e d  i n  Tab le  6 .  

The r e s u l t s  o f  t h i s  v e r y  l i m i t e d  p e r c u t a n e o u s  a b s o r p t i o n  

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

s t u d i e s .  However, i t  s e r v e d  well a s  a model f o r  s c r e e n i n g  a l a r g e  

TABLE 6 

U R I N A R Y  EXCRETIONS EXPRESSED A S  THE R A T I O  
OF METABOLITES (ANDROSTERONE A N D  ETIOCHOLANOLONE) TO 

FREE TESTOSTERONE 

SAMPLE EXP. NO. TESTOSTERONE METABOLITE RATIO 
( p g  ‘pg 

1. C o n t r o l  
ORAL DOSE 1 .. z 

3 

2 .  WATER-WASHABLE 1 
BASE 2 

3 

3 .  WATER-WASHABLE 1 
BASE WITH 15% 2 
DMSO 3 

4 

4 .  WATER-WASHABLE 1 
BASE WITH 15% 2 
PEG-400 3 

4 

8 1 1  
6 4 3  
345  

1 1 6 9  
1 8 6 8  
1 6 6 3  

1240 
1 4 0 5  
1 3 4 1  
1 6 8 1  

2779 
2923 
2668 
2638 

1 3 6 7 8  
1 3 6 3 1  

8 7 1 6  
Avg t 

8 0 1 3  
1 0 7 6 4  

4 9 6 7  
Avg I 

2599 
2424 
2 2 6 1  
3 1 5 3  

Avg . 
2 6 9 1  
2594 
2577 
4 1 4 3  

1 : 1 7  
1:21 - 1 :25  
1 : 2 0  

1 : 7  
1 : 6  
- 1 : 3  
1 : 5  

1 : 2 . 0  
1 : 1 . 7  
1 : 1 . 7  
1 : 1 . 9  
1 :1 .8  

1:1 
1:1 
1:1 
1 : 1 . 6  

Avg. 1 : 1 . 2  

NOTE: A l l  t h e s e  v a l u e s  were c a l c u l a t e d  a f t e r  hav ing  s u b s t r a c t e d  
t h e  v a l u e s  o f  n a t u r a l  e x c r e t i o n s  o f  hormone i n  t h e  u r i n e .  
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group of experimental formulations. The ratio of metabolites to 

urinary free testosterone remained significantly different from 

those observed with the use of an equal dose of orally administered 

drug. The data suggest that more drug is ab le  to escape 

presystemic inactivation and consequently produces higher 

therapeutic drug levels when used v i a  the diadermatic dosage forms. 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

7 .  

8 .  

9 .  

1 0 .  

11. 

1 2 .  

13. 

1. 

2 .  

3. 

4 .  

5 .  

6 .  

7 .  

NOTES 
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Fisher Scientific Co., Springfield, N. J. 

Amend Drug and Chemical Co. Inc., Irvington, N.J. 

Amerchol Corporation, N .  J . 
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Sigma Chemical Co. ,  St. Louis, MO 

Shimadzu Scientific Instruments, Columbia, MD 
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