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AZONEm: A NEW NON-TOXIC 

ENHANCER OF CU'TANEOIJS 
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a n d  
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--I__ SUMMARY. Azonem (1-dodecylazacycloheptan-2-one) e n h a n c e s  the 

p e n e t r a t i o n  t h r o u g h  the  s k i n  o f  a nutnber o f  d r u g s .  P e n e t r a t i o n  

of both h y d r o p h o b i c  and h y d r o p h i l i c  molecules is enhanced ,  

a l t h o u y h  more d r a m a t i c  enhancements  are  u s u a l l y  seen w i t h  

h y d r o p h i l i c  drugs .  M o l e c u l a r  w e i g h t s  o f  the  d r u g s  c o n s i d e r e d  

seems a r e l a t i v e l y  m i n o r  c o n c e r n ,  a t  l e a s t  i n  the r a n y e  of MW 

of less t h a n  1000 d a l t o n o .  Azone need n o t  be i n  s o l u t i o n  t o  

e x e r t  i t s  i n f l u e n c e ;  i n  f a c t ,  good enhancements  arc  s e e n  when 

Rzone  i s  e m p l o y e d  o n l y  as a s h a k e n  e m 1 1 7 . s i o n  i n  water.  

o p t i m u m  c o n c e n t r a t i o n  of Azone v a r i e s  w i t h  both t h e  d r u g  and  

t h e  f o r m u l a t i o n  b e i n g  examined,  and c a n n o t  now be p r e d i c t e d .  
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726 STOUGHTON AND MC CLURE 

I n  g e n e r a l ,  however ,  c o n c e n t r a t i o n s  o f  2-10% appear t o  be 

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

INTRODUCTON. T r a n s d e r m a l  d e l i v e r y  o f  d r u g s  is a n  a l - l u r i n g  

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

o r  r e d u c e  f i r s t - p a s s  e f f e c t s  s e e n  w i t h  o r a l  a d m i n i s t r a t i o n ;  

c o u l d  m a i n t a i n  c o n s t a n t  p l a sma  l e v e l s  o f  d r u g s ,  even  those w i t h  

shor t  h a l f - l i v e s :  and m i g h t  s i g n i f i c a n t l y  r e d u c e  problems of 

p a t i e n t  c o m p l i a n c e ,  e s p e c i a l l y  i n  the e l d e r l y .  O t h e r  

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

elsewhere i n  this volume. 

R e l a t i v e l y  few d r u g s  c a n  be d e l i v e r e d  t r a n s d e r m a l l y  ( S c h e u p l e i n  

and B lank ,  1971: I d s o n ,  1 9 7 5 ) .  W i t h o u t  q u e s t i o n ,  t h e r e  are 

e x a m p l e s  o f  a g e n t s  which p e n e t r a t e  the s k i n  a t  r a t e s  h i g h  

enough t o  y i e l d  t h e r a p e u t i c  l e v e l s  i n  t h e  p l a sma .  S c o p o l a m i n e  

and n i t r o g l y c e r i n  have  b e e n  t h o r o u g h l y  d i s c u s s e d  i n  t h i s  

volume. However, the  m a j o r i t y  o f  d r u g s  will n o t  p e n e t r a t e  a t  

ra tes  s u f f i c i e n t l y  h i g h  f o r  t h e r a p e u t i c  e f f i c a c y .  T h i s  

l i m i t a t i o n  i s  p a r t i c u l a r l y  e v i d e n t  when h y d r o p h i  Lic d r u g s  a re  

c o n s i d e r e d .  I n  o r d e r  t o  a l l o w  c l i n i c a l L y  u s e f u l  t r a n s d e r m a l  

a p p l i c a t i o n  o f  most d r u g s ,  some way t o  enhance  t h e i r  n o r m a l  

r a t e s  oE p e n e t r a t i o n  mus t  be found. 

I n  this paper, w e  b r i e f l y  r e v i e w  d a t a  c o n c e r n i n g  a n e w l y  

d e v e l o p e d  e n h a n c e r  o f  p e n e t r a t i o n ,  Azone. A t  c o n c e n t r a t i o n s  

o f  2 - lo%,  Azone is capable of e n h a n c i n g  p e n e t r a t i o n  o f  most 

d r u g s  b y  f a c t o r s  w h i c h  may be a s  much as  h u n d r e d s  o f  times t h e  

c o n t r o l  v a l u e s .  
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AN ENHANCER OF CUTANEOUS PENETRATION 727 

EXPERIMENTAL. Most o f  the s p e c i f i c  e x p e r i m e n t a l  d e t a i l s  are  

g i v e n  i n  S t o u g h t o n  (1982a ,b )  and r e f e r e n c e s  t h e r e i n .  Where 

necessary, d e t a i l s  are g i v e n  i n  c a p t i o n s .  

RESULTS. 

P r o p e r t i e s .  T h e  s t r u c t u r e  of Azone is p r e s e n t e d  in F i g u r e  1. 

A t  room t e m p e r a t u r e  Azone is a clear colorless l i q u i d .  Azone 

has a f r e e z i n g  p i n t  of -7' and a b o i l i n g  p i n t  of 160" a t  50 u Hg. 

It  h a s  a d e n s i t y  o f  0.91, a v i s c o s i t y  of 45.2 cp, and  a r e f r a c t i v e  

i n d e x  o f  1.4701. Azone is  i n s o l u b l e  i n  water,  b u t  i s  f r e e l y  

s o l u b l e  i n  most o r g a n i c  s o l v e n t s ,  i n c l u d i n g  the lower a l k a n o l s .  

T t  is  s t ab le  for  a t  l e a s t  s i x  y e a r s  when s t o r e d  a t  room 

1. S t r u c t i i r e  of Azone. C o n t o u r  l i n e s  are  p r e s e n t e d  t o  o u t l i n e  

t h e  s p a c e - f i L l i n y  s t r u c t u r e ,  a t  a p p r o x i m a t e l y  Van d e r  Waal's 

r a d i i .  T h e  b o l d  l i n e s  r e p r e s e n t  the c e n t e r - t o - c e n t e r  c o v a l e n t  

bond s t r u c t u r e  o f  Azone. Heteroatoms are l o c a t e d  b y  

a b b r e v i a t i o n s  ( N , O ) .  Both h y d r o g e n  atoms o n  C 6  l i e  i n  a p l a n e  

n e a r l y  p e r p e n d i c u l a r  t o  the page. 
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728 STOUGHTON AND MC CLURE 

t e m p e r a t u r e  i n  a brown g l a s s  b o t t l e  exposed  to n o r m a l  

f l u o r e s c e n t  l i g h t i n g .  

Azone has a smooth, o i l y  b u t  n o t  g r e a s y  feel. When 

i n c o r p o r a t e d  i n t o  creams and l o t i o n s ,  Azone i m p a r t s  a p l e a s a n t  

e m o l l i e n c y  t o  the p r o d u c t .  

Azone is capable o f  f o r m i n g  sal ts ,  and c a n  be c o n v e r t e d  to  the 

h y d r o b r o m i d e  b y  t r e a t m e n t  w i t h  a n h y d r o u s  H B r .  I n  t he  

f o r m u l a t i o n s  l a b o r a t o r y  t h i s  r e a c t i o n  h a s  n o t  p roven  a problem, 

b u t  the  p o s s i b i l i t y  o f  f o r m a t i o n  o f  s a l t s  w i t h  s t r o n g l y  a c i d i c  

d r u g s  s h o u l d  be k e p t  i n  mind .  

of the  N-alkyl  lactams, the  a b i l i t y  to form n o n - c o v a l e n t  

complexes w i t h  c e r t a i n  o r g a n i c  m o l e c u l e s .  T h e s e  c o m p l e x e s  c a n  

be d e t e c t e d  by e i t h e r  i n f r a r e d  or n u c l e a r  m a g n e t i c  r e s o n a n c e  

s p e c t r o s c o p y .  If fo rmed ,  t he i r  e f € e c t  upon the b i o l o g i c a l  

a c t i v i t y  of a d r u g  is n o t  p r e d i c t a b l e .  W e  h a v e  o b s e r v e d  cases 

i n  which c o m p l e x e s  w e r e  formed,  but the e n h a n c e m e n t  of 

p e n e t r a t i o n  w a s  e x c e l l e n t  and good a c t i v i t y  of the d r u g  w a s  

Azone h a s ,  i n  common w i t h  most 

m a i n t a i n e d .  Again,  the  p s s i b i l i t y  o f  f o r m a t i o n  o f  complexes 

s h o u l d  be k e p t  i n  mind, e v e n  t h o u g h  t he i r  p r e s e n c e  i s  n o t  

n e c e s s a r i l y  c o n t r a i n d i c a t i v e  o f  s u c c e s s f u l  enhancemen t  of 

a c t i v i t y .  

T o x i c i t y .  Azone has a n  a c u t e  LD50 of 8 gm/kg i n  the ra t  and 

mouse. S i m i l a r  v a l u e s  a re  o b t a i n e d  u s i n g  a d m i n i s t r a t i o n  b y  ip ,  

t op ica l ,  or  i v  r o u t e s .  Azone appears t o  be a v e r y  s a f e  

compound, w i t h  a t o x i c i t y  t yp ica l  of t h a t  o b s e r v e d  w i t h  

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

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



AN ENHANCER OF CUTANEOUS PENETRATION 729 

P e n e t r a t i o n  of a n t i b i o t i c s .  S e v e r a l  a n t i b i o t i c s  s h o w  enhanced  

p e n e t r a t i o n  when applied i n  f o r m u l a t i o n s  c o n t a i n i n g  Azone. 

C l i n d a m y c i n  has b e e n  examined  a t  a v a r i e t y  of c o n c e n t r a t i o n s  

u s i n g  a f i x e d  level of 8% Azone  i n  a s i m p l e  s o l u t i o n  of 

i s o p r o p a n o l  ( F i g  2) .  A t  l o w  c o n c e n t r a t i o n s  o f  d r u g ,  no 
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CONCENTRATION OF CLINDAMYCIN (7:) 
2. I n h i b i t i o n  of the  g r o w t h  of P. a c n e s  b y  v a r i o u s  

c o n c e n t r a t i o n s  of c l i n d a m y c i n  i n  the p r e s e n c e  and a b s e n c e  of 

8% Azone. C l i n f l a m y c i n  w a s  al lowed t o  d i f f u s e  i n t o  samples o f  

ha i r less  mouse s k i n  for 16 h o u r s ,  a f t e r  wh ich  6 mm discs of the 

c o r i u m  were placed on media i n o c u l a t e d  w i t h  P r o p i o n i b a c t e r i u m  

a c n e s .  R e a d i n g s  of the r a d i u s  of i n h i b i t i o n  a r o u n d  t h e  d i s c  

w e r e  t a k e n  a f t e r  5 days of i n c u b a t i o n .  Ten samples w e r e  

examined  a t  each p o i n t .  For d e t a i l s  see S t o u g h t o n  (1970,  

1982b) .  
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730 STOUGHTON AND MC CLURE 

d e t e c t a b l e  p e n e t r a t i o n  i n t o  ha i r l e s s  mouse s k i n  i s  s e e n  w i t h o u t  

Azone ( o p e n  bars ) .  A d d i t i o n  o f  Azone e n h a n c e s  p e n e t r a t i o n ,  

y i e l d i n g  s i g n i f i c a n t  a m o u n t s  o f  c l i n d a m y c i n  i n  the s k i n  

( h a t c h e d  bars). A s  the  c o n c e n t r a t i o n  of c l i n d a m y c i n  i s  

i n c r e a s e d ,  some of the d r u g  e n t e r s  the  s k i n  e v e n  w i t h o u t  Azone. 

While the a d d i t i o n  of Azone to these samples s t i 1 L  e n h a n c e s  

p e n e t r a t i o n ,  the r e l a t i v e  m a g n i t u d e  oE t'ne e E f e c t  is Less. 

Azone c a n  e n h a n c e  , u e n e t r a t i o n  enough  t o  a l l o w  a s i g n i f i c a n t  

r e d u c t i o n  i n  t h e  a m o u n t  o f  d r u g  n e e d e d  t o  a c h i e v e  a g i v e n  

e f f e c t .  F o r  e x a m p l e ,  u s i n g  0.02% c l i n d a m y c i n  i n  t h e  p r e s e n c e  

o f  A z o n e ,  o n e  f i n d s  n e a r l y  as m u c h  drug i n  the c o r i u i n  as  w i t h  

0.1% i n  the a b s e n c e  oE Azone. Tn cases of rare or e x p e n s i v a  

d r u g s ,  t h i s  aspect o f  the  u s e  of Azotie may be of v a l u e .  

Azone e n h a n c e s  the p e n e t r a t i o n  o f  s o d i u m  f u s i d a t e  a n d  o f  

e r y t h r o m y c i n .  I n  e x p e r i m e n t s  t o  e x a m i n e  this p o i n t ,  the  

c o n c e n t r a t i o n s  o f  both d r u g s  were m a i n t a i n e d  c o n s t a n t ,  a n d  the 

c o n c e n t r a t i o n  of Azone was v a r i e d  ( F i g .  3 ) .  The p e n e t r s t i o n  of 

e r y t h r o i n y c i n  i s  e n h a n c e d  b y  Azone i n  a tnonot-onic f a s h i o n ,  

r i s i n g  t o  a n  a p p a r e n t  p l a t e a u  a t  c o n c e n t r a t i o n s  o f  Azone a b o v e  

30-40%. The c o n c e n t r a t i o n  of Azone r e q u i r e d  t o  produce h a l f -  

maximal. e n h a n c e m e n t  i s  a b o u t  6%.  

T h e  e f f e c t  oE A z o n e  on p e n e t r a t i o n  of s o d i u m  f u s i d a t e  is  n o t  a s  

simple. In this case a L o w  c o n c e n t r s t i o n  of 9zorie p r o d u c e s  a n  

2-3  f o l d  e n h a n c e m e n t ,  b u t  g r e a t e r  C o n c e n t r a t i o n s  show less 

e n h a n c e m e n t .  W e  h a v e  o b s e r v e d  a s in i l a r  b e l l - s h a p e d  ci~lrvc 

w i t h  s e v e r a l  d r u g s ,  b u t  n o t  w i t h  all. 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



AN ENHANCER OF CUTANEOUS PENETRATION 731 
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CONCENTRATION OF AZONE ( 7; ) 
3. E f f e c t  oE Azone upon the i n h i b i t i o n  of g r o w t h  of 2. a c n e s  

by e r y t h r o m y c i n  and sodium f u s i d a t e .  S o l u t i o n s  of e i the r  1% 

sodium f u s i d a t e  or 1 % e r y t h r o m y c i n  c o n t a i n i n g  Azone, p r o p y l e n e  

g l y c o l  (10%)  and i s o p r o p a n o l  w e r e  a p p l i e d  t o  d i scs  of h a i r l e s s  

mouse s k i n .  Ten samples were u s e d  €or each p i n t  w i t h  

f u s i d a t e  and  8 w i t h  e r y t h r o m y c i n .  For d e t a i l s  see the c a p t i o n  

t o  F i l l .  2. 

-- 

C o n c e n t r a t i o n s  i n  excess o f  a b o u t  1 5 %  Azone a c t u a l l y  i n h i b i t  

t he  a c t i v i t y  of f u s i d i c  a c i d ,  w i t h  50% Azone n e a r l y  a b o l i s h i n g  

a c t i v i t y .  T h e  loss of a c t i v i t y  a t  h i g h  c o n c e n t r a t i o n s  of Azone 

h a s  n o t  b e e n  o b s e r v e d  w i t h  o t h e r  d r u g s ,  a n d  i s  n o t  now 

unders tood .  I t  i s  possible tha t  Azone and sodium f u s i d a t e  
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732 STOUGHTON AND MC CLURE 

i n t e r a c t  weakly  t o  form a p h y s i o l o g i c a l l y  i n a c t i v e  complex, b u t  

w e  h a v e  no other  d a t a  to s u p p o r t  t h i s  s u g g e s t i o n .  

P e n e t r a t i o n  of s t e r o i d s .  More d a t a  are n o w  a v a i l a b l e  f o r  this 

c lass  o f  d r u g s  t h a n  f o r  a n y  other.  Azone e n h a n c e s  t he  

p e n e t r a t i o n  o f  a l l  s t e r o i d s  so f a r  examined.  

The e f f e c t  of v a r y i n g  c o n c e n t r a t i o n s  of Azone w a s  e v a l u a t e d  i n  

s t u d i e s  which d i r e c t l y  measured the R e n e t r a t i o n  of 

t r i a m c i n o l o n e  a c e t o n i d e  t h r o u g h  hairless mouse s k i n  u s i n g  & 
v i t r o  s k i n  ce l l s  ( T a b l e  1). S o l u t i o n s  c o n t a i n i n g  2-10% Azone 

gave optimal p e n e t r a t i o n ,  w i t h  c o n s i d e r a b l e  l o s s e s  i n  

enhancement  a t  e i t h e r  g r e a t e r  or lesser c o n c e n t r a t i o n s .  The 

maximal enhancement  o b s e r v e d  under  these c o n d i t i o n s  was a b o u t  8 

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

-- I n  v i v o  a c t i v i t y  o f  t r i a m c i n o l o n e  a c e t o n i d e  has a l so  b e e n  

e v a l u a t e d  u s i n g  v a s o c o n s t r i c t i o n  i n  humans. Azone i s  e f f e c t i v e  

i n  enhancing  p e n e t r a t i o n  i n  t h i s  s y s t e m  (Table 2 ) .  

A more e x t e n s i v e  r a n g e  of c o n c e n t r a t i o n s  o f  Azone was employed 

i n  a n  i n  v i v o  s t u d y  which u t i l i z e d  a f i x e d  c o n c e n t r a t i o n  of 

d e s o n i d e  (Table 3 ) .  O p t i m a l  enhancement  i s  a g a i n  s e e n  a t  

c o n c e n t r a t i o n s  o f  2-10%, w i t h  a g r a d u a l  d e c r e a s e  i n  e f f i c a c y  a s  

the c o n c e n t r a t i o n  o f  Azone is  r a i s e d  t o  100%. 

-- 

S e v e r a l  s t e r o i d s  h a v e  now b e e n  s i m i l a r l y  examined.  Data 

s u m m a r i z i n g  the enhancement  produced by Azone a t  n e a r - o p t i m a l  

c o n c e n t r a t i o n s  are p r e s e n t e d  i n  Table  4. I n  each case, ail 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



AN ENHANCER OF CUTANEOUS PENETRATION 

Table 1 

733 

E f f e c t  of AZONE on p e n e t r a t i o n  of T r i a m c i n o l o n e  

a c e t o n i d e  t h r o u g h  ha i r l e s s  m u s e  s k i n .  

T i m e  
( h r )  

Azone P e n e t r a t i o n  
( % I  ( %  of a p p l i e d  d o s e )  

7 

24 

0 

2 

10 

40 

0 

2 

10  

40 

1.4 + 0.7 - 
7.4  + 2.3 - 
10.8 + 1.6 - 

2.7 + 0.3 - 
3 . 8  + 1 . 2  - 

10 .9  + 2.9  - 
20.9 + 2 . 8  - 

9.7 + 0.8  
- 

R a d i o a c t i v e  s t e r o i d  was a p p l i e d  i n  a s o l u t i o n  
of AZONE i n  e t h a n o l  t o  ha i r l e s s  m o u s e  s k i n  
-- i n  v i t r o .  C o n c e n t r a t i o n  of s t e r o i d ,  0 .1%.  
F o r  d e t a i l s  see c a p t i o n  1:o F i g .  5 and  
S t o u g h t o n  (1982b). 

enhancemen t  of 2-4 fold w a s  o b s e r v e d  a t  c o n c e n t r a t i o n s  of Azone 

of 1-38. 

E f f e c t  o f  p o l a r i t y  of d rug .  

po la r i ty  of the drug ,  w e  can compare the enhancemen t  of 

To examine  the  e f f e c t  of the ~- 
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Table 2 

E f f e c t  of v a r y i n g  c o n c e n t r a t i o n s  of AZONE on the  
v a  s oco  n s  t r i c t i o n  produced by T r i a rnc i. no 1 o n e  R c  e t 0 n ide  

Azone 
( % )  

V a s o c o n s t r i c t i o n  Scores 
(obs /max)  ( 3 )  

3 47/72 65 

8 42/72 58 

~ I I _  I_--___ - 1_1 II~ --_---- 1 

V a s o c o n s t r i c t i o n  w a s  a s s e s s e d  u s i n g  the methods of 
McKenzie and  S t o u g h t o n  ( 1 9 6 2 )  a n d  S t o u g h t o n  (1972). 
E t h a n o l i c  s o l u t i o n s  of 0 .1% s t e r o i d  w e r e  a p p l i e d  t o  
the s k i n  o f  the f o r e a r m  of 24 human v o l u n t e e r s .  
E f  f e c t i v e n e s s  o f  t h e  s t e r o i d  w a s  e v a l u a t e d  from 
the r e s u l t a n t  b l a n c h i n g ,  u s i n g  a scale from 0 
( n o  v a s o c o n s t r i c t i o n )  t o  3 ( i n t e n s e  v a s o c o n s t r i c t i o n ) .  
For d e t a i l s  see S t o u g h t o n  (198213). 

Table 3 

E f f e c t  of v a r y i n g  c o n c e n t r a t i o n s  of AZONE on t he  
v a s o c o n s t r i c t i o n  produced b y  Desonide  

Azone 
( % I  

V a s o c o n s t r i c t i o n  S c o r e s  
(obs/max) ( % I  

--I-.- ---1__1- _.LI-ll_.----ll_ 

0 14/42 33 

2 34/42 81 

10 36/42 86 

30 

60 

30/42 71 

30/42 71 

100 22/42 52 

0.1% s t e r o i d  w a s  used  i n  a s o l u t i o n  of i s o p r o p a n o l  
and AZONE. 14 subjec ts  w e r e  employed. F o r  d e t a i l s  
see Table 2 and  S t o u g h t o n  (1982b). 
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AN ENHANCER OF CUTANEOUS PENETRATION 

Table 4 

735 

Bffect  of AZONF, on  v a s o c o n s t r i c t i o n  prodiiced 

by s t e r o i d s  

S t e r o i d Azone V a  s o co n s t r i c t ion 
Score 

( % I  (o’os/max) ( % )  

T r iainci no lone 
ace ton ide ,  0 . 1 %  

0 

3 

21 /72  29 2 . 2 4  

4 7 / 7 2  6 5  

Amcinonide, 0 . 1 %  0 1 3 / 3 6  36 2 . 2 5  

Desonide, 0.1% 

2 2 9 / 3 6  81 

0 1 4 / 4 2  33 

2 3 4 / 4 2  81 

Desoxymo tazone, 0 
0 . 2 5 %  

.l 

6/ 30 20 

2 2 / 3 0  73  

F l u o c i  nolone 0 4 / 4 5  9 

2 1 8 / 4 5  40 
acetoni.de, 0 .025% 

2 . 4 5  

3 . 6 5  

4 . 4 4  

For d e t a i l s  see Table 2 and Stoughton 
(1982a, 1 9 8 2 h ) .  

p e n e t r a t i o n  s t i m u l a t e d  by Azone using a hydrophobic compound 

and a hydroph i l i c  one. 

Anthracene, a s t r o n g l y  hydrophobic molecule, has  been 11seC7 i n  

the t r ea tmen t  of p s a r i a s i s  where it a c t s  hy i n h i b i t i n g  t h e  

s y n t h e s i s  of DNA. Using an i n  v ivo  model based upon the  

s y n t h e s i s  of  D N A  i n  t h e  s k i n  of mice which a r e  d e f i c i e n t  i n  

e s s e n t i a l  f a t t y  a c i d s ,  Stoughton ( 1 9 8 2 a )  has shown t h a t  Azone 

s i g n i f i c a n t l y  enhances t h e  p e n e t r a t i o n  of anthracene (Fig. 4 ) .  
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736 STOUGHTON AND MC CLURE 

- 
O H  
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T 
7 
H 

0 N 
0 
0 0 

4 

ANTHRACENE 
4. I n h i b i t i o n  o f  t h e  s y n t h e s i s  o f  DNA by u l t r a v i o l e t  

i r r a d i a t i o n  with varying concen t r a t ions  o f  anthracene i n  t h e  

presence atid absence of 3% Azone. E thano l i c  s o l u t i o n s  oE 

anthrncene and Azone were appl ied t o  sk in  on the d o r s a l  s u r f a c e  

of h a i r l e s s  inice, a f t e r  which 6 j o u l e s  of WA i r r a t l i a t i o n  was 

given. 

a f t e r  one f u r t h e r  hour, sacr iEiced.  Discs of epidermis  were 

removed and counted t o  o b t a i n  t h e  l e v e l  of i nco rpora t ion  o E  

precursor ,  which under these  cond i t ions  i s  l a r g e l y  found i n  

DNA. Ten animals were used i n  each group. Data a r e  r epor t ed  

a s  i n h i b i t i o n  with r e spec t  t o  t h e  l e v e l  of i nco rpora t ion  of a n  

u n i r r a d i a t e d  c o n t r o l  patch of sk in  on t h e  v e n t r a l  s i d e  o f  t h e  

t e s t  animal. F Q r  d e t a i l s  s ee  Otani, e t ,  a l .  (1980), Walter and 

DeQuoy (1978), and Stoughton (1982a). 

The animals  were then i n j e c t e d  w i t h  C3H] thymidine and, 
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AN ENHANCER OF CUTANEOUS PENETRATION 737 

4 t  low concen t r a t ions  of anthracene, no pp-netration is  observed 

without Azone (open b a r s ) ,  but good p e n e t r a t i o n  is observed 

with Azone (Ilatched b a r s ) .  A s  t h e  concen t r a t ion  of anthracene 

is  r a i sed ,  t h e  e f f e c t  of Azone is reduced, u n t i l  h igh  

concen t r a t ions  of t h e  drug show l i t t l e  enhancement. I n  t h i s  

case high concen t r a t ions  of a h i g h l y  hydrophobic agent  can 

p e n e t r a t e  the s k i n  we l l  enough t o  negate t h e  advantage of 

Azone, bu t  examination oE lower doses of the drug c l e a r l y  

r evea l s  t h a t  Azone is a c t i v e .  

A s t r o n g l y  hydrophiLic compund, 8-bromo c y c l i c  adeny l i c  ac id ,  

has  been examined using Azone (Fig. 5) .  The s t eady  f i ta te  r a t e  

of p e n e t r a t i o n  of t h i s  compound through h a i r l e s s  mouse s k i n  

i n  v i t r o  i s  enhanced by 1 2  f o l d  when Azone a t  1% i s  compare:l 

with c o n t r o l .  N o  s y s t e m a t i c  a t t empt  has  been made t o  op t imize  

the a c t i o n  of Azone i n  t h i s  system, so t h i s  value i s  probably 

not  opt imal .  

-___ 

Comparison of the da t a  fo r  anthracene and 8 - b r O J n O  

c y c l i c  adeny l i c  a c i d  i n d i c a t e s  t h a t  Azotie can e f f e c t i v e l y  

enhance t h e  p e n e t r a t i o n  of both hydrophobic and hydrophi l  i c  

compounds. 

Comparison with o t h e r  pene t r an t s .  In  experiments conducted 

s imultaneously with those descr ibed i n  t h e  preceding s e c t i o n ,  

t h e  enhancing a b i l i t y  of o t h e r  pene t r an t s  has  been examined 

using 8-brorno c y c l i c  adenylate .  Dimethylformamide (DMF)at 50’3 

concen t r a t ion  s i g n i f  icant1.y sho r t ens  t h e  l ag  phase of 

pene t r a t ion ,  but has  no e f f e c t  upon t h e  s t e a d y - s t a t e  flux. 

Azone a t  1% i s  t h e r e E o r e  a b o u t  1 2  fold more e E f e c t i v e  a 

- __. ~- 
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7 3 8  STOUGHTON AND MC CLURE 

1% AZONE 

50% OMF 

.+ 0.01 I I I I I I I I I I  / I l l  I I I I  I l l  
CONTROL I 

0.0 10.0 15.0 20 .0 25.0 30.0 35.0 

5 .  E f f e c t  of Azone an4 dimetiiylformamide on  t h e  p n e t r a t i o n  of 

8-broino c y c l i c  adenyl ic  a c i d  through h a i r l e s s  mouse skin.  

S o l u t i o n s  of 1% 8-bromo c y c l i c  adeny l i c  ac id  i n  phosphate 

buf Eer containing Azone or D M F  were app l i ed  t o  the  epidermal  

s i d e  oE sk in  which had been excised from h a i r l e s s  mice and 

which was maintained under i n  v i t r o  cond i t ions  (Stoughton and 

F r i t s c h ,  1964).  Samples of a r e c i p i e n t  s o l u t i o n  placed i n  

con tac t  with t h e  dermis w e r e  taken at t h e  i n d i c a t e 3  t i m e s  an,? 

analyzed €or 8 broino c y c l i c  adenyl ic  a c i d  by high perforrnance 

l i q u i d  chromatography. Resu l t s  a r e  expressed i n  micromoles 

pene t r a t ing  per cm2 of skin.  

( 1 9 8 2 a ) -  

For d e t a i l s  see Stoughton 
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AN ENHANCER OF CUTANEOUS PENETRATION 739 

p e n e t r a n t  t h a n  50% D Y F ,  if c o m p 3 r i s o n s  are  b a s e d  u p n  s t e a d y -  

s t a t e  rates. I t  i s  a l so  p s s i b l e  t o  compare the amount  of d r u g  

which has p e n e t r a t e d  a f t e r  30 h o u r s .  I n  this case, a f t e r  

c o r r e c t i n g  for c o n t r o l  p e n e t r a t i o n ,  1% Azone i s  about 1 3  fold 

more e f f e c t i v e  t h a n  50% D W .  In s i m i l a r  e x p e r i m e n t s  DMF was 

r e p l a c e d  b y  50% d i r n e t h y l a c e t a m i d e  (DMA)  or 50% d i i n e t h y l s u l f o x i d e  

(DMSO). Data f o r  these two p e n e t r a n t s  were e s s e n t i a l l y  t h e  

same as t h o s e  p r e s e n t e d  for 50% DMF ( d a t a  n o t  shown).  The  d a t a  

i n d i c a t e  t h a t  Azone i s  a much more e f f e c t i v e  e n h a n c e r  of 

p e n e t r a t i o n  t h a n  is  DMF, DMA, or DMSO. 

P e n e t r a t i o n  o f  some m i s c e l l a n e o u s  compounds.  Azone c a n  e n h a n c e  

the p e n e t r a t i o n  of n u c l e o s i d e s ,  as w e l l  as of n u c l e o t i d e s .  5- 

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

Azone, u s i n g  i n  v i t r o  p e n e t r a t i o n  of t h e  r a d i o l a h e L l e d  compound 

t h r o u g h  ha i r l e s s  mouse s k i n  ( T a b l e  5) .  An enhancemen t  of 94  

f o l d  is o b s e r v e d  w i t h  1.8% Azone a f t e r  7 h o u r s ,  i n d i c a t i n g  t h a t  

Azone c a n  e f f e c t i v e l y  enhance  the p e n e t r a t i o n  of t h i s  a n t i v i r a l  

d r u g .  

Ef fec t  of f o r m u l a t i o n .  The f o r m u l a t i o n  i n  which Azone is 

employed c a n  a f f e c t  the e n h a n c i n g  a c t i v i t y  of the compound. 

One e x a m p l e  w i l l  be c o n s i d e r e d .  I t  is sometimes d e s i r e d  t o  add 

Azone t o  a n  e x i s t i n g  f o r m u l a t i o n  by  s i m p l y  m i x i n g  a n  

appropriate  amount  of the p u r e  p e n e t r a n t  w i t h  a sample of 

f o r m u l a t e d  p r o d u c t .  I n  gene raL ,  Azone w i l l  e x h i b i t  l i t t l e  or 

no a c t i v i t y  unde r  these c o n d i t i o n s .  F o r  example ,  a d d i t i o n  of 

2 %  Azone t o  a commercial f o r m u l a t i o n  of f l u o c i n o l o n e  a c e t o n i d e  

( S y n a l a r )  d i d  n o t  i n c r e a s e  the v a s o c o n s t r i c t o r  a c t i v i t y  of the  

p r e p a r a t i o n .  I n  c o n t r a s t ,  a c t i v i t y  of the same s t e r o i d  s i m p l y  

~ - -  
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7 4 0  STOUGHTON AND MC CLURE 

Table 5 

X f f e c t  o f  ABONE on ,pene t r3 t ion  of 5 - f l u r o t i r a c i l  

t h r o u g h  h a i r l e s s  m u s f  s k i n  

P e n e t r a t i o n  

-- - __I_ _I _I ___ _- _ _ _  
7 0 . 0  0 . 7  

1.8 6 6 . 1  

9.0  40.7 

45.0 7 . 0  

0.0 2 . 5  

1.8 75.7 

24 

9.0 

45.0 

48.5  

17 .0  

__ - - - - - - - - -_ - _ - _ - - - - - - - - - - __ _- - - - - -- - - __ - - - - - - - - - - - _ - - 
R a d i o a c t i v e  d r u g  a t  2 .4% w a s  appl- ied t o  h a i r l e s s  
inause  s k i n  i n  v i t r o  i n  f o r m u l a t i o n s  of w a t e r  
and p r o p y l e n e  g l y c o l  c o n t a i n i n 3  v a r y i n g  conceri- 
t r a t i o n s  of AZONE. For  d e t a i l s  see the c a p t j o n  
t o  F i g .  5 and S t o u g h t o n  (1964,  1 9 8 2 b ) .  

d i s s o l v e d  i n  2 %  Azone i n  e t h a n o l  w a s  s t r o n y l y  enhanced,  and 

o u t p e r f o r m e d  the commercial cream ( S t o u g h t o n ,  1982a). I n  t h i s  

case components  i n  the f o r m u l a t i o n  must  i n h i b i t  the  a c t i v i t y  o f  

Azone. C l e a r l y ,  the f o r m u l a t i o n  i s  o f  i m p o r t a n c e .  

DISCUSSION. 

Azone is  an  e f f e c t i v e  e n h a n c e r  of the p n e t r a t i o n  o f  a number 

of d r u g s .  S e v e r a l  p o i n t s  c o n c e r n i n g  the u s e  of t h i s  new a g e n t  

may be drawn from the  p r e c e d i n g  d a t a .  
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AN ENHANCER OF CUTANEOUS PENETRATION 741 

T h e  c h e m i c a l  n a t u r e  of the  d r u g  d o e s  n o t  appear  t o  be o f  g r e a t  

i m p o r t a n c e :  v i r t u a l l y  a n y  d r u g  w i l l  move t h r o u g h  s k i n  m o r e  

q u i c k l y  when Azone i s  p r e s e n t .  Hydrophob ic  and h y d r o p h i l i c  

m o l e c u l e s  both s h o w  enhanced  p e n e t r a t i o n  i n  the p r e s e n c e  o f  

Azone. S i m i l a r l y ,  the  m o l e c u l a r  w e i g h t  of t h e  d r u g  seems n o t  

t o  be a c r i t i c a l  v a r i a b l e :  t h e  , = n e t r a t i o n  of b o t h  s m a l l  and 

l a r g e  moLecules  is enhanced .  I t  seems c l ea r  t h a t  some 

p rac t i ca l  l i m i t  mus t  e x i s t  w i t h  respect t o  the s i z e  of the 

d r u g .  

h a v e  s e e n  good enhancemen t  o f  compounds w i t h  m o l e c u l a r  w e i g h t s  

i n  t h e  r a n g e  of  300-600. 

the  u p p e r  l i m i t  t o  the m o l e c u l a r  w e i g h t  r ange .  

W e  h a v e  n o t  e x a m i n e d  t h i s  p o i n t  i n  a s y s t e m a t i c  way,  b u t  

More w o r k  w i l l  be n e c e s s a r y  t o  d e f i n e  

Azone o f t e n  p r o d u c e s  maximal  e n h a n c e m e n t s  a t  l o w  c o n c e n t r a t i o n s  

of d r u g ,  and becomes r e l a t i v e l y  less e f f e c t i v e  as the 

c o n c e n t r a t i o n  o f  d r u g  is i n c r e a s e d .  T h i s  e f f e c t  i s  of 

p rac t i ca l  u t i l i t y ,  for  t h e  b i o l o g i c a l  e f f e c t  oE low 

c o n c e n t r a t i o n s  o f  d r u g  i n  the presence of Azone is o f t e n  e q u a l  

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

Azone. T h e  u s e  o f  lower amoun t s  o f  d r u y s  c o u l d  result  i n  both 

r e d u c t i o n  i n  s i d e  e f f e c t s  and s a v i n g s  i n  e x p e n s e .  

The c o n c e n t r a t i o n  o f  Azone which is r e q u i r e d  t o  p r o d u c e  optimal. 

enhancemen t  v a r i e s  f rom one  d r u 3  to  a n o t h e r .  I f  a simple l i m i t  

o n  enhancemen t  i.s s e e n ,  such  as tha t  o b s e r v e d  w i t h  e r y t h r o r n y c i r  

( F i g .  3 ) ,  a c o n c e n t r a t i o n  o f  Azone which is  j u s t  s u b - m a x i m a l l y  

a c t i v e  would g e n e r a l l y  be chosen .  I n  s t u d i e s  w i t h  a number of 

d r u g s  which e x h i b i t  s a t u r a t i n g  b e h a v i o r ,  a t y p i c a l  sub-maxiinal  

c o n c e n t r a t i o n  of Azone is 5-108. 4 f e w  d r u y s ,  of wh ich  

e r y t h r o m y c i n  is a n  example ,  r e q u i r e  h i g h e r  l e v e l s  of Azone; 
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742 STOUGHTON AND MC CLURE 

some r e q u i r e  less. I n  c o n t r a s t  to simple s a t u r a t i o n ,  many 

d r u g s  d i s p l a y  a bell-shaped o p t i m i z a t i o n  c u r v e  when s t u d i e d  

w i t h  Azone ( s o d i u m  f u s i d a t e ,  F i g  3 ) .  4 l a r g e  f r a c t i o n  of these 

d r u g s  e x h i b i t  opt imal  p e n e t r a t i o n  a t  c o n c e n t r a t i o n s  of Azone i n  

the r a n g e  o f  2-10%. I n  g e n e r a l ,  2-58 Azone seems a good l e v e l  

t o  u s e  f o r  i n t r o d u c t o r y  s t u d i e s .  A f t e r  the  i n i t i a l  work, 

however ,  e a c h  d r u g  and f o r m u l a t i o n  s h o u l d  be s t u d i e d  o v e r  a 

r a n g e  of c o n c e n t r a t i o n s  o f  Azone i n  o r d e r  to  o p t i m i z e  

p e n e t r a t i o n .  

The f o r m u l a t i o n  i n  w h i c h  Azone i s  u s e d  w i t h  a g i v e n  d r u g  i s  of 

g r e a t  i m p o r t a n c e .  One example w a s  m e n t i o n e d  i n  which the 

f o r m u l a t i o n  d e s t r o y e d  a c t i v i t y  o f  Azone. T h e  a c t i v i t y  o f  Azone 

c a n  be i n h i b i t e d  by s e v e r a l  common componen t s  of p h a r m a c e u t i c a l  

f o r m u l a t i o n s .  Pe t ro l a tum is  e s p e c i a l l y  o f  p a r t i c u l a r  c o n c e r n .  

Even r e l a t i v e l y  l o w  l e v e l s  of p e t r o l a t u m  c a n  e l e m i n a t e  a n  

e x p e c t e d  i n c r e a s e  i n  p e n e t r a t i o n  due  t o  Azone. 

Very s i m p l e  f o r m u l a t i o n s  o f t e n  g i v e  good enhancemen t  w i t h  

Azone. F o r  example ,  a s h a k e n  e m u l s i o n  of Azone and a n  a q u e o u s  

s o l u t i o n  of a d r u g  u s u a l l y  g i v e s  exceLLen t  enhancemen t  of 

p e n e t r a t i o n  (see d a t a  o f  F iq .  5 and T a b l e  5) .  These  d a t a  a l s o  

e m p h a s i z e  the p i n t  t h a t  Azone need n o t  be i n  s o l u t i o n  t o  be 

e f f e c t i v e .  T i m e  s p e n t  i n  o p t i m i z i n g  a f o r m u l a t i o n  w i l l  be w e l l  

repaid i n  g r e a t e r  e f f i c a c y  i n  the u s e  o f  Azone. Some o f  the 

c o n c e r n s  o f  f o r m u l a t i o n  are c o n s i d e r e d  elsewhere i n  t h i s  

volume. 

With s u i t a b l e  f o r m u l a t i o n s ,  Azone c a n  p r o v i d e  s i g n i f i c a n t  

improvemen t  i n  the p e n e t r a t i o n  of a wide  r a n g e  of d r u g s .  I t  
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AN ENHANCER OF CUTANEOUS PENETRATION 7 4 3  

s h o u l d  be p s s ib l e  t o  u s e  Azone to  i n c r e a s e  s u b s t a n t i a l l y  the  

number of d r u g s  which can  he employed for c l i n i c a l l y  e f f e c t i v e  

t r a n s  d e r m a  1 de  1 i v e  r y  . 

Acknowledgements.  I t  i s  a pleasure t o  t h a n k  Ms. Karen W u l l i c h  
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