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Tacey  X .  V i e g a s  , Ahmed H .  H i k a l  and  R o b e r t  W .  C l e a r y  

Depar tmen t  o f  P h a r m a c e u t i c s ,  S c h o o l  o f  Pharmacy,  
U n i v e r s i t y  o f  M i s s i s s i p p i ,  U n i v e r s i t y ,  MS 38677. 

AB ST R A C  T 

Two c o m m e r c i a l  po lymer  m a t r i c e s  were p r e p a r e d  : t h e  

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

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

D i f f e r e n t  b l e n d s  o f  t h e  p e n e t r a t i o n  e n h a n c e r s  Azone,  2 - P y r o l  

and  M-Pyrol i n  g l y c e r i n e  were i n c o r p o r a t e d  w i t h  t h e  d r u g ,  

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

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

were measu red .  R e s u l t s  show t h a t  p o v i d o n e  p o l y m e r s  r e l e a s e d  

1 0  t imes more l e v o d o p a  t h a n  d i d  s i l i c o n e  p o l y m e r s .  The 

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

r e l e a s e  o f  d r u g .  

I N T R O D U C T I O N  

Polymer m a t r i c e s  make good d r u g  r e s e r v o i r s  f o r  

s u s t a i n e d  r e l e a s e  m e d i c a t i o n .  The p o l y v i n y l  a l c o h o l - p o v i d o n e  
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856 VIEGAS, KIKAL, AND CLEARY 

gel and the silicone polymer are two such matrices employed 

in transdermal systems and subdermal implants, respectively. 

Drugs that have been used are nitroglycerin , clonidine , 
scopolamine , estradiol and indomethacin . Other common 
polymers are carbopol 934 , polyvinyl acetate , 
polyethylene , ethylene-vinyl acetate and polyHEMA . 

1 1 

2 3 4 

5 6 

6 6 

Penetration enhancers are substances that temporarily 

reduce the impermeability of the skin, hence promoting the 

passage of drug through it. Various enhancers have been 

recognised, like dimethylsulfoxide, dimethylformamide, 

dimethylacetamide, pyrrolidones and azacycloalkan-2-ones . 
The latter two were employed in this project. The 

pyrrolidones used were M-Pyrol@(N-methyl-2-pyrrolidone) and 

2-Pyrol@ (2-pyrrolidone 1. They are water soluble, viscous 

solvents that solubilize most drugs . Azone@ 

(I-dodecylazacycloheptan-2-one) is an oily, water insoluble 

liquid with a recommended use of 2 to 10%. It has been 

successfully employed for the percutaneous absorption of 

antibiotics, antifungals and steroids . 

8 

9 

1 0  

Our aim was to demonstrate that penetration enhancers, 

when used in sufficient concentrations, could alter the 

formulation properties and increase the rate of drug 

release. Our selection of levodopa in this project was 

based on its solubility in an aqueous sink and its ease of 

analysis. 

MATERIALS AND METHODS 

Preparation o f  macromolecular volvmer matrices: Glycerine 

and water are heated to 7 O o C  in a 100 ml beaker. Polyvinyl 
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FORMULATION OF PENETRATION ENHANCERS IN POLYMERS 

TABLE I 

F o r m u l a s  f o r  Macropolymer  M a t r i c e s  

c 

I n g r e d i e n t  Percent  C o n c e n t r a t i o n  

P o l y v i n y l  a l c o h o l  
p o l y v i n y l  p y r r o l i d o n e a  
p o l y v i n y l  p y r r o l i d o n e b  
G l y c e r i n e  
p u r i f i e d  w a t e r  
2 - p y r r o l i d o n e  
N-methy l -2 -pyr ro l idone  
Azone 
L e v  odopa 

1 5  1 5  1 5  1 5  

a 8 8 
8 l 5  8 l 5  8 

30 30 30 30 30 30 
46 26 41 46 26 41 -- l o  -- -- l o  -- -- l o  -- -- l o  -- 

5 
1 1 1 1 1 I 

-- -- -- 
-- -- -- 

-- -- -- -- 5 

aType K29-32 bType K26-28 

P o l y v i n y l  a l c o h o l  ( A l d r i c h  Chemica l  Company, Mi lwaukee ,  WI.) 
P y r r o l i d o n e s  (GAF C o r p o r a t i o n ,  L i n d e n ,  NJ.) 
Azone ( N e l s o n  R e s e a r c h ,  I r v i n e ,  C A . )  
Levodopa (Sigma Chemica l  Company, S t .  L o u i s ,  MO.)  
G l y c e r i n e  (Humco L a b o r a t o r y ,  T e x a r c a n a ,  TX.)  

a l c o h o l  and  p o l y v i n y l  p y r r o l i d o n e  a r e  added  g r a d u a l l y  and  

mixed w i t h  a s t e e l  s p a t u l a .  On o b t a i n i n g  a u n i f o r m  m a s s ,  t h e  

h e a t  i s  removed,  and l e v o d o p a  ( a s  a 120  mesh f i n e  powder )  

and  t h e  p e n e t r a t i o n  e n h a n c e r s  a r e  added  t o  t h e  warm mass. 

Mixing  i s  c a r r i e d  o u t  f o r  a f u r t h e r  10  min.  T h i s  m i x t u r e  i s  

t h e n  poured  i n t o  t a r e d  w e i g h i n g  b o a t s  l i n e d  w i t h  aluminum 

f o i l .  The b o a t s  a r e  f i l l e d  t o  vo lume ,  p l a c e d  i n  a 

d e s i c c a t o r ,  and a l l o w e d  t o  g e l  u n d e r  vacuum f o r  2 h r .  The 

b o a t s  were s q u a r e  w i t h  an  a r e a  o f  1 3 . 6 9  cm2 

0 . 4 7  cm and h e l d  6 .5  m l  o f  m a t r i x  ( a p p r o x i m a t e l y  6 .0  t o  7 . 0  

gm). S i x  f o r m u l a s  were made by t h i s  p r o c e d u r e  ( T a b l e  I). 
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858 VIEGAS,  HIKAL, AND CLEARY 

TABLE I1 

F o r m u l a s  f o r  M i c r o s e a l  Polymer  M a t r i c e s  

-- -- -- E l a s t o m e r  + c u r i n g  a g e n t a  88 88 88 
E l a s t o m e r  + c u r i n g  a g e n t b  -- -- -- 88 88 88 

12  4 7 -- 4 -- G l y c e r i n e  1 2  4 7 
2-py r r o l  i d  o n e  -- 4 
N - m e t h y l - 2 - p y r r o l i d o n e  -- 4 -- -- 4 

5 5 

-- -- -- -- -- -- Azone 

Levodopa 10% of t h e  t o t a l  m a t r i x  w e i g h t  

aType MDX4-4210 ( p o l y d i m e t h y l  s i l o x a n e  w i t h  a p l a t i n u m  
c a t a l y s t )  bType 382 ( p o l y d i m e t h y l  s i l o x a n e  w i t h  a s t a n n o u s  
o c t o a t e  c a t a l y s t )  

S i l i c o n e  e l a s t o m e r s  ( D o w  C o r n i n g  C o r p o r a t i o n ,  M i d l a n d ,  M I . )  

P r e D a r a t i o n  of  m i c r o s e a l  po lvmer  m a t r i c e s :  The e l a s t o m e r  

and  g l y c e r i n e  a r e  w e i g h e d  i n t o  a 50 m l  b e a k e r .  The d r u g  a n d  

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

s p a t u l a  f o r  10 m i n .  The c u r i n g  a g e n t  i s  n e x t  w e i g h e d  i n  a n d  

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

b o a t s  a r e  c a r r i e d  o u t  a s  p r e v i o u s l y  d e s c r i b e d .  The b o a t s  a r e  

s t o r e d  f o r  a t  l e a s t  3 d a y s  a t  room t e m p e r a t u r e  t o  e n s u r e  

c o m p l e t e  v u l c a n i z a t i o n .  T h e  b o a t s  h e l d  a p p r o x i m a t e l y  6 .5  t o  

7.0 gm of m a t r i x .  T a b l e  I1 l i s t s  t h e  s i x  f o r m u l a s  p r e p a r e d  

by  t h i s  p r o c e d u r e .  

R e l e a s e  E x D e r i m e n t :  The a p p a r a t u s  u s e d  i n  t h i s  e x p e r i m e n t  

i s  s i m i l a r  t o  t h a t  u s e d  p r e v i o u s l y  i n  a s t u d y  t o  e s t i m a t e  
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FORMULATION OF P E N E T R A T I O N  ENHANCERS I N  POLYMERS a59 

1 1  d r u g  r e l e a s e  from a t o p i c a l  powder . The r e c e p t o r  p h a s e  was 

300 m l  o f  a 0.1M d i s o d i u m  c i t r a t e  b u f f e r  (pH 5 ) .  Two t e s t s  

were c o n d u c t e d  t o  m e a s u r e  l e v o d o p a  r e l e a s e .  

1 .  D i s s o l u t i o n  t e s t :  A 52 pm mesh ( S p e c t r a M e s h ;  S p e c t r u m  

M e d i c a l  I n d u s t r i e s ,  C A I  s u p p o r t s  t h e  b o a t  a s  i t  i s  

i n v e r t e d  on t h e  s u r f a c e  o f  t h e  s i n k  medium. A l i q u o t s  

o f  b u f f e r  a r e  removed a t  d i f f e r e n t  t ime i n t e r v a l s  

f o r  d r u g  a n a l y s i s .  

2 .  D i f f u s i o n  t e s t :  A 0 , 0 0 2  t o  0 .014  pm p o r e  s i z e  

s e m i - p e r m e a b l e  c e l l u l o s e  membrane ( S p e c t r a P o r 2 ;  

S p e c t r u m  M e d i c a l  I n d u s t r i e s ,  C A )  was u s e d  t o  c o v e r  

t h e  b o a t  and  a c t  a s  a b a r r i e r  be tween  t h e  polymer  and 

t h e  s i n k  medium. A l i q u o t s  o f  t h e  medium a r e  removed 

a s  b e f o r e  f o r  d r u g  a n a l y s i s .  

Drug A n a l v s i s :  The c o n c e n t r a t i o n  o f  d r u g  i n  e a c h  s o l u t i o n  

was measu red  by UV-spec t ropho tomet ry  a t  280 nm ( P e r k i n - E l m e r  

H i t a c h i  200 UV-VIS s p e c t r o p h o t o m e t e r ) .  A s t a n d a r d  

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

c o n c e n t r a t i o n s  o f  d r u g  i n  pH 5 b u f f e r .  

S o l u b i l i t v  o f  Drug i n  C o s o l v e n t s i  M i x t u r e s  of w a t e r ,  

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

same r a t i o s  a s  i n  T a b l e s  I and 11. Excess o f  l e v o d o p a  (100  

mg) was added  t o  e a c h  o f  t h e s e  s o l u t i o n s  ( 1 0  m l ) .  They were 

s h a k e n  o v e r n i g h t  a t  room t e m p e r a t u r e  t o  a l l o w  f o r  

s a t u r a t i o n ,  and f i l t e r e d  u s i n g  d i s p o s a b l e  Gelman f i l t e r  

s y r i n g e s  w i t h  0 . 2  pm p a p e r  c a r t r i d g e s .  A known volume o f  
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8 60 V I E G A S ,  HIKAL,  AND CLEARY 

f i l t r a t e  (0 .25  m l )  was added  t o  3 m l  o f  0.1N h y d r o c h l o r i c  

a c i d  (pH 1.21, c e n t r i f u g e d  and  t h e  a q u e o u s  s o l u t i o n  t a k e n  

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

c o s o l v e n t s  was d e t e r m i n e d .  

S o l u b i l i t v  o f  Drug i n  Po lvmers :  A p i e c e  o f  a luminum f o i l  

was p l a c e d  on a 2" x 411 g l a s s  s l i d e .  A 1"  x 2" r e c t a n g l e  was 

c u t  o u t  f rom t h i s  f o i l ,  l e a v i n g  b e h i n d  a s h a l l o w  mold.  

Polymer m a t r i c e s  w i t h o u t  d r u g  were p r e p a r e d  and poured  i n t o  

t h i s  mold.  A s e c o n d  s l i d e  was p l a c e d  o v e r  t h e  m a t r i x  and  s e t  

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

c u t  o u t ,  we ighed  and  p l a c e d  on t h e  bo t tom o f  150-ml b e a k e r s  

c o n t a i n i n g  100 m l  o f  known c o n c e n t r a t i o n s  o f  l e v o d o p a  ( 5 0  

and  200 p g  p e r  m l )  i n  0 .1  M h y d r o c h l o r i c  a c i d .  A l i q u o t s  o f  

t h i s  s o l u t i o n  were t a k e n  up t o  48 h r  and  a n a l y s e d  f o r  

l e v o d o p a  c o n c e n t r a t i o n .  The c r e a m - l i k e  m a t r i c e s  had  t o  be 

s p r e a d  a s  t h i n  l a y e r s  on t h e  b o t t o m  o f  t a r e d  b e a k e r s .  

RESULTS AND DISCUSION 

S o l u b i l i t v  o f  Drug i n  C o s o l v e n t s :  The r e s u l t s  o f  l e v o d o p a  

s o l u b i l i t y  i n  m a t r i x  c o s o l v e n t s  a r e  l i s t e d  i n  T a b l e  111. 

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

c o n t a i n i n g  p e n e t r a t i o n  e n h a n c e r s .  

S o l u b i l i t y  o f  Drug i n  P o l v m e r s :  P r e v i o u s  s t u d i e s  r e p o r t  a 

method t o  d e t e r m i n e  t h e  s o l u b i l i t y  of  a s t e r o i d  i n  s i l i c o n e  

p o l y m e r s  t h a t  c o n t a i n e d  no  c o s o l v e n t s 1 2  . As o u r  p o l y m e r s  
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861 FORMULATION OF PENETRATION ENHANCERS IN POLYMERS 

TABLE I11 

S o l u b i l i t y  a n d  C o n s i s t e n c y  R e s u l t s  i n  e a c h  f o r m u l a t i o n .  

I A  
IR 
I C  
I D  
I E  
I F  

I I A  
I I B  
I I C  
I I D  
I I E  
I I F  

+++ 
++ 
++ 

+++ 
+ 
+ 

+++ 
+ 
+ 

+++ 
+++ 

++ 

4898.83 
8033.71 
4779.57 
4898.83 
8033.71 
4779.57 

1845.73 
2786.19 

12054.93 
1845.73 
2786.19 

12054.93 

Key : 

+++ = s o l i d  f i rm m a t r i x ,  l e a v e s  n o  i m p r e s s i o n  when p r e s s e d  
++ s o l i d  f i r m  m a t r i x ,  l e a v e s  i m p r e s s i o n  when p r e s s e d  

+ = s e m i - s o l i d  a n d  c r e a m - l i k e .  

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

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

l e v o d o p a  d i s s o l v e d  i n  t h e  m a t r i x  a f t e r  48 h r .  I t  w a s  a l s o  

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

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

i n e f f e c t i v e .  

C o m D a r i s o n  o f  D o l v v i n v l  a l c o h o l  a n d  s i l i c o n e  polvrners :  

Release o f  l e v o d o p a  from t h e  12 f o r m u l a t i o n s  i s  shown  i n  

f i g u r e s  1 - 4 .  T h e  p o v i d o n e  m a t r i c e s  r e l e a s e d  70 % o f  t h e  
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70000 

Figure 1 : Levodopa release from polyvinyl alcohol-povidone (K29-32) matrices 
Key: (0) IA, (n) IB and (+) IC with mesh (-) and membrane ( - - - ) 
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Figure 2: Levodopa release from polyvinyl alcohol-povidone (K26-28) matrices 
Key: (0) ID, (n) IE and (0) IF with mesh (-) and membrane (- - - -) 
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Figure 3: Levodopa release from silicone (Silastic MDX4-4210) matrices 
Key: (0) Ilk (n) llB and (0) IIC with mesh (-) ond membrane ( - - - ) 
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Figure 4 Levodo a release from silicone (Silostic 382 matrices 
Key: (0) IID. (n) IIE and 6) IIF with me8h (- ) and membrane ( - - - 1 
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i n i t i a l  d r u g  c o n t e n t  i n  8 h r ,  a s  seen i n  f i g u r e s  1 and  2 .  

The s i l i c o n e  m a t r i c e s  r e l e a s e d  less t h a n  2 % o f  l e v o d o p a  i n  

24 h r .  O n  compar ing  f o r m u l a s  I I A  and I I D ,  i t  i s  n o t e d  t h a t  

t h e  S i l a s t i c  MDX4-4210 s i l i c o n e  r e l e a s e d  a p p r o x i m a t e l y  1 mg 

more o f  d r u g  t h a n  t h e  S i l a s t i c  382  po lymer .  

8 

8 

The l a r g e  d i f f e r e n c e  i n  r e l e a s e  r a t e s  be tween  t h e  

p o v i d o n e s  and  t h e  s i l i c o n e s  i s  e x p e c t e d ,  t h e  p o l y v i n y l  

a l c o h o l  po lymer  b e i n g  h y d r o p h i l i c  and  s p o n g e - l i k e  w h i l e  t h e  

s i l i c o n e s  a r e  w a t e r  i m m i s c i b l e .  Compar ison  o f  t h e  K26-28 

p o v i d o n e  w i t h  t h e  K29-32 p o v i d o n e  showed no  s i g n i f i c a n t  

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

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

n o t e d  be tween  f o r m u l a s  I E ,  I F  and  f o r m u l a s  I B ,  I C  a s  shown 

i n  T a b l e  111. 

Ef fec t  of  t h e  D e n e t r a t i o n  e n h a n c e r s :  T h e r e  was s i g n i f i c a n t  

improvement  i n  d r u g  d i s s o l u t i o n  and d i f f u s i o n  i n  t h e  

f o r m u l a t i o n s  c o n t a i n i n g  t h e  p e n e t r a t i o n  , e n h a n c e r s .  Bo th  

p e n e t r a t i o n  e n h a n c e r s  a p p e a r  t o  h a v e  s o f t e n e d  t h e  m a t r i x ,  

i n c r e a s e d  g e l l i n g  and v u l c a n i z a t i o n  t ime,  and improved  d r u g  

d i f f u s i v i t y .  A c o m p a r i s o n  o f  t h e  two i n d i c a t e s  t h a t  

f o r m u l a s  I C ,  I F ,  I I C  and I I F ,  wh ich  c o n t a i n e d  Azone had  

b e t t e r  r e l e a s e  r a t e s .  The o i l y  n a t u r e  o f  Azone d o e s  n o t  

p e r m i t  a homogeneous c o n s i s t e n c y ,  hence  d r u g  r e l e a s e  f rom 

t h e  p o l y m e r s  was f a s t e r .  

The u s e  o f  a s e m i - p e r m e a b l e  membrane h a s  been  

p r e v i o u s l y  c a r r i e d  o u t  t o  d e t e r m i n e  d r u g  r e l e a s e  . The 5 
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lowering of drug release across the membrane is noticed in 

all polymers, except in IE and IIB. Drug release in this 

case is assumed to follow Fick's Law of diffusion, where a 

film containing a high amount of drug and water soluble 

penetration enhancers (M-Pyrol and 2-Pyrol) forms between 

the matrix and the membrane. Thus, a concentration gradient 

is created between this film and the sink. 

CON CJ.USION 

The incorporation of penetration enhancers in sustained 

release polymers shows definite improvement in drug 

permeation across a barrier. Levodopa is released at a 

sufficiently high rate from povidones, approximately 10.7 

mg/cm2/24 hr from formula IA and 14.1 mg/cm2/24 hr from IC. 

The release from the silicones is approximately 0.2 mg/cm2 

/24 hr from IIA and 0.4 mg/cm2/24 hr from IIC. The best 

polymer in this case is the polyvinyl alcohol-povidone 

combination. Both penetration enhancers are shown to be 

effective for this hydrophilic drug. Formulations with 

hydrophobic drugs are under investigation. 
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