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IN-VITRO RELEASE AND IN-VIVO PERCUTANEOUS ABSORPTION 

ABSTRACT 

The i n - v i t r o  re lease o f  Naproxen from v a r i o u s  o i n t m e n t  b a s e s ,  

i n c l u d i n g  a water -washable  b a s e  w i t h  t h e  d r u g  i n  t h e  water p h a s e  

( I )  and t h e  d r u g  i n  t h e  o i l  phase  (11). a h y d r o p h i l i c  base w i t h  

t h e  d r u g  i n  t h e  water phase  (111). and t h e  d r u g  i n  t h e  o i l  phase  

(IV), and a n  anhydrous  o i n t m e n t  (V), a gel  (VI) and a m o d i f i e d  

U n i v e r s i t y  o f  C a l i f o r n i a  ( U . C . H . )  b a s e  (VII) were s t u d i e d .  I n  

a d d i t i o n ,  t h e  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  ( u r e a ,  e t h a n o l ,  

d i m e t h y l  s u l f o x i d e  and  p o l y e t h y l e n e  g l y c o l - 4 0 0 )  on t h e  release o f  

Naproxen from f o r m u l a t i o n s  (I) and (11) were d e t e r m i n e d .  Low 

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

t h e  release o f  t h e  d r u g  from b o t h  t h e s e  b a s e s ,  however, h i g h e r  

c o n c e n t r a t i o n s  a d v e r s e l y  a f f e c t e d  t h e  release of  t h e  d r u g .  While 

d i m e t h y l  s u l f o x i d e  (DMSO) had no s i g n i f i c a n t  e f f e c t  o n  t h e  d r u g  

r e l e a s e ,  t h e  i n c l u s i o n  o f  p o l y e t h y l e n e  g lyco l -400  i n  b o t h  b a s e s  

d e c r e a s e d  t h e  release o f  Naproxen. 

The p e r c u t a n e o u s  a b s o r p t i o n  o f  Naproxen from t h e  water- 

washable  base ( d r u g  i n  t h e  oil p h a s e )  and  h y d r o p h i l i c  b a s e  ( d r u g  

i n  t h e  o i l  p h a s e )  were s t u d i e d  by a p p l y i n g  t h e  o i n t m e n t s  o n  

651 

Copyright 0 1990 by Marcel Dekker, Inc. 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



652 RAHMAN ET AL. 

rabbit's skin. It was observed that the bioavailability of 

Naproxen from the hydrophilic base was slightly greater than that 

from the water-washable base, and that DMSO had no effect in 

enhancing the in-vivo release of Naproxen from the ointments 

evaluated. Using the in-vivo data, the absorption and elimination 

rate constants, the half-life and AUC were calculated. 

INTRODUCTION 

Rheumatoid arthritis and related inflammatory diseases 

present a major challenge to the medical and pharmaceutical 

practices. The occurrence of rheumatic disorders is very 

widespread. They are chronic in nature and usually last longer 

than most persistent diseases. Although rheumatic complaints are 

the second greatest cause of incapacitance (1-7), arthritis and 

rheumatism are responsible for the largest share of chronic 

disability in the United States ( 8 , 9 ) .  More than 27 million work 

days are lost annually because of these conditions (10). Naproxen 

is a member of the nonsteroidal anti-inflammatory drugs and it was 

introduced into the market in 1976 by Syntex Laboratories Inc., 

under the trade name, Naprosyn'. 

It possesses anti-inflammatory, analgesic, and antipyretic 

properties. However, the oral administration of such drugs 

produce gastric irritation and sometimes patients with 

gastrointestinal ailments develop ulceration and severe 

gastrointestinal bleeding (11,12). To overcome these 

complications, pharmaceutical and medical scientists are engaged 

in the search for a suitable alternate dosage form that will 

provide optimum delivery of the drug with the least possible side 

effects (13). 

The objectives of this study were: ta )  to formulate a series 

of ointments containing Naproxen, (b) to determine the in-vitro 

release of the drug from these bases, (c) to investigate the 

influence of various additives on the drug release, (dl based on 
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MEDICAMENT RELEASE FROM OINTMENT BASES. V 653 

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

t h e i r  in-vivo pe rcu taneous  a b s o r p t i o n  i n  r a b b i t s .  

EXPERIMENTAL 

M a t e r i a l s  
1 The fo l lowing  m a t e r i a l s  were used:  Naproxen , whi te  

2 8 3 p e t r o l a t u m  , amerchol CAB ( m u l t i s t e r o l  e x t r a c t  o f  l a n o l i n )  , 

a m e r l a t e  P ( i s o p r o p y l  es ter  of  l a n o l i n  f a t t y  a c i d s )  , modulan 

( a c e t y l a t e d  l a n o l i n ) ,  glucam E-20 (20 moles e t h o x y l a t e  o f  methyl 

g l u c o s i d e ) ,  glucamate SSE-20 120 moles e t h o x y l a t e  of  methyl 

g l u c o s i d e  ~ e q u i s t e a r a t e f ~  , glucamate SS (methyl g l u c o s i d e  

s e s q u i s t e a r a t e  f 3 ,  Amerchol L-101 ( l a n o l i n  a l c o h o l s  i n  mine ra l  

0 i 1 ) 3 ,  g 1 yce r  y 1 monos tear a t e  ( se 1 f -emu1 s i f y ing  1 4, po l  ye thy l e n e  
Q 4 glycol-400,  Myrj 5 2  (po lyoxye thy lene  monos tea ra t e )  , 

methylparaben , c e t y l  a l coho l5 ,  d ime thy l  s u l f o x i d e  , a c e t o n i t r i l e  , 
5 5 5 ch lo ro fo rm , po tas s ium c h l o r i d e  , methanol5,  e t h a n o l  , 

6 7 5 d ibu ty lamine  phosphate  , propy lpa raben  , sodium l a u r y l  s u l f a t e  , 

propylene g l y c o l  , s t e a r y l  a l c o h o l  , g l y c e r i n  , indomethacin , 
9 1 0  

u r e a  , and c e l l o p h a n e  membrane (M.W. c u t - o f f  p o i n t  10001 . 

@I 

@ 

"9 

Q 

4 5 5 

7 7 7 8 

P r e p a r a t i o n s  o f  Ointments  

A number of f o r m u l a t i o n s  a r e  g i v e n  i n  Table I and were 

p repa red  as  f o l l o w s .  The water and o i l  phase i n g r e d i e n t s  were 

a c c u r a t e l y  weighed and p l aced  i n t o  two s e p a r a t e  c o n t a i n e r s .  The 

water and t h e  o i l  phases  were h e a t e d  t o  75 f 5'C, and t h e n  t h e  

water  phase was added t o  t h e  o i l  phase a t  t h i s  t e m p e r a t u r e  wi th  

c o n t i n u o u s  s t i r r i n g  and mixed f o r  15 2 5 minutes ,  and c o o l e d  t o  

room t empera tu re .  Ointments c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  

(l%, 5%, and 1 0 % )  o f  v a r i o u s  a d d i t i v e s  ( u r e a ,  DMSO, e t h a n o l  and 

po lye thy lene  g lyco l -400)  were p repa red  by i n c o r p o r a t i n g  t h e  

a d d i t i v e s  i n  t h e  water phase.  

Content  Uniformity 

One gram of  t h e  o in tmen t  sample was a c c u r a t e l y  weighed and 

p l aced  i n  a 1 0 0  m l  b e a k e r .  The  o in tmen t  was melted by g e n t l e  h e a t  
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MEDICAMENT RELEASE FROM OINTMENT BASES. V 655 

and 1 0  m l  o f  methanol were added t o  it and t h o r o u g h l y  mixed. The 

methanol s o l u t i o n  was t h e n  t r a n s f e r r e d  t o  1 0 0  m l  of  v o l u m e t r i c  

f l a s k  and  b r o u g h t  t o  volume w i t h  me thano l .  A small volume o f  t h i s  

s o l u t i o n  was f i l t e r e d  th rough  a n  a c r o d i s c  and 0 . 5  m l  of  t h e  

f i l t r a t e  was t a k e n  i n t o  a small t e s t  t u b e  and mixed w i t h  2 m l  o f  

t h e  i n t e r n a l  s t a n d a r d  s o l u t i o n  ( 2 0  mcg/ml o f  i ndomethac in  i n  

m e t h a n o l ) .  Twenty-five m i c r o l i t e r s  of  t h i s  s o l u t i o n  were t h e n  

i n j e c t e d  i n t o  a n  HPLC t o  de t e rmine  t h e  Naproxen c o n t e n t .  Only 

samples  w i t h  100% f 5% of  Naproxen were used  €or  t h e  i n - v i t r o  and 

in-v ivo  release s t u d i e s .  

I N - V I T R O  RELEASE S T U D I E S  

One-ounce p l a s t i c  o i n t m e n t  j a rs  were used  f o r  t h e  i n - v i t r o  

release s t u d i e s  o f  t h e  d r u g .  The c l e a n ,  pre-weighed jar was 

c o m p l e t e l y  f i l l e d  w i t h  t h e  sample,  and  t h e  e x c e s s  of o i n t m e n t  was 

removed from t h e  s u r f a c e  w i t h  t h e  edge  of a s p a t u l a  t o  o b t a i n  a n  

e v e n  and smooth s u r f a c e .  T h i s  w a s  weighed a g a i n  t o  d e t e r m i n e  t h e  

e x a c t  amount o f  o i n t m e n t  employed i n  t h e  e x p e r i m e n t .  

The s u r f a c e  o f  t h e  o i n t m e n t  was cove red  w i t h  a semipermeable  

membrane, and was s e c u r e d  w i t h  a s i l k  t h r e a d .  The j a r  was t h e n  

i n v e r t e d  and immersed i n t o  4 0 0  m l  o f  phospha te  b u f f e r  (pH = 61, 

c o n t a i n e d  i n  a 600  m l  beake r  ma in ta ined  a t  37' f 1' C i n  a water 

bath. 

A t  e a c h  sampl ing  i n t e r v a l  ( 5 ,  15, 30, 45, 60,  90 and 1 2 0  

m i n u t e s ) ,  3 m l  of  t h e  d i f f u s i o n  medium was wi thdrawn and  was 

r e p l a c e d  w i t h  a n  e q u a l  volume o f  phospha te  b u f f e r  s o l u t i o n .  The 

d i f f u s i o n  medium was s t i r r e d  c o n s t a n t l y  t o  p r e v e n t  t h e  deve lopment  

o f  any  c o n c e n t r a t i o n  g r a d i e n t  w i t h i n  t h e  medium. The samples  were 

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

u s i n g  a n  e x c i t a t i o n  maxima a t  330 nm and a n  e m i s s i o n  maxima o f  355 

nm ( 1 5 ) .  The e x p e r i m e n t  was r e p e a t e d  t h r e e  times f o r  e a c h  

o i n t m e n t  sample .  
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I N - V I V O  RELEASE STUDIES 

RAHMAN ET AL. 

P e r c u t a n e o u s  Absorp t ion  i n  R a b b i t s  

White male N e w  Zea land  r abb i t s ,  we igh ing  2-4 kg, were used  

f o r  in -v ivo  r e l e a s e  s t u d i e s .  Three  r a b b i t s  were u t i l i z e d  f o r  e a c h  

sample .  The h a i r  was removed from t h e  midback p o r t i o n  of t h e  

r a b b i t  by shav ing  a n  a r e a  of 9 . 5  c m 2  and was e v e n l y  c o v e r e d  w i t h  a 

known amount o f  o i n t m e n t  sample,  and t h e  time o f  a p p l i c a t i o n  was 

r e c o r d e d  I 

Fo l lowing  a p p l i c a t i o n ,  b lood  samples ,  e a c h  e q u a l  t a  ( 3  m l )  

were c o l l e c t e d  from t h e  ear v e i n  o f  t h e  rabbi t  a t  t h e  t i m e  

i n t e r v a l s  o f  5 ,  15, 30,  45,  60, 90 and 1 2 0  m i n u t e s .  Dur ing  t h e  

expe r imen t ,  t h e  an ima l  was k e p t  i n  a r e s t r a i n e r  s o  t h a t  t h e  b lood  

samples  c o u l d  be drawn c o n v e n i e n t l y .  The samples  were a l lowed  t o  

c l o t  a t  room t e m p e r a t u r e  f o r  15 minu tes  and t h e n  c e n t r i f u g e d  f o r  30 

minu tes  a t  2000  rpm. The serum was s e p a r a t e d  and k e p t  i n  a f r e e z e r  

u n t i l  a n a l y z e d .  

E x t r a c t i o n  of Naproxen from Serum 

Naproxen was e x t r a c t e d  from t h e  serum u s i n g  t h e  method 

deve loped  b y  B r o q u a i r e  e t  a1 ( 1 6 ) .  One-half  m l  o f  t h e  serum was 

t a k e n  i n t o  a tes t  t u b e  and 1 . 0  m l  o f  1 M p o t a s s i u m  c h l o r i d e  b u f f e r  

(pH = 2 )  was added t o  i t .  The m i x t u r e  was shaken  on  a v o r t e x  

m i x e r  and was e x t r a c t e d  wi th  6 m l  o f  c h l o r o f o r m  o n  a r o c k  and r o l l  

s h a k e r  for 20 m i n u t e s .  The two p h a s e s  were t h e n  s e p a r a t e d  by 

c e n t r i f u g a t i o n  a t  2000 rpm for 10 m i n u t e s  and t h e  aqueous  phase  

was d i s c a r d e d .  The c h l o r o f o r m  e x t r a c t  was t r a n s f e r r e d  i n t o  a t e s t  

t u b e  and e v a p o r a t e d  t o  d r y n e s s  a t  60 '  C under  a g e n t l e  stream o f  

n i t r o g e n .  

HPLC A n a l y s i s  

There  are s e v e r a l  methods a v a i l a b l e  f o r  t h e  d e t e r m i n a t i o n  of  

Naproxen from t h e  p l a sma .  However, f o r  t h e  d e t e r m i n a t i o n  o f  

blaproxen from t h e  serum, a new method was deve loped  i n  t h i s  

l a b o r a t o r y .  A h i g h  per formance  l i q u i d  chromatograph  equ ipped  wFth 
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MEDICAMENT RELEASE FROM OINTMENT BASES. V 65 7 

a u n i v e r s a l  l i q u i d  ch romatograph ic  i n j e c t o r ,  a n  u l t r a v i o l e t  

d e t e c t o r  se t  a t  254 nm, a s t r i p  c h a r t  r e c o r d e r  and  a m i n i g r a t o r  

were used .  The samples  were chromatographed  on  a c y a n i d e  bonded 

column u s i n g  a mobi le  phase  o f  a c e t o n i t r i l e  0 . 0 0 5  M/dibuty lamine  

phospha te  ( 2 0 : 8 0  v / v ) .  

The f low ra te  was a d j u s t e d  t o  2 m l  p e r  minute  w i t h  a n  i n l e t  

p r e s s u r e  o f  2000 p s i g .  The r e c o r d e r  c h a r t  speed  was a d j u s t e d  t o  

0 . 2  i n c h e s  p e r  minu te .  The column e f f l u e n t  was c o n t i n u o u s l y  

mon i to red  by t h e  u l t r a v i o l e t  d e t e c t o r  set  a t  254  nm, w i t h  t h e  

s e n s i t i v i t y  se t  a t  0 . 0 2 .  The peak area was d i r e c t l y  o b t a i n e d  from 

t h e  m i n i g r a t o r  p r i n t o u t  and t h e  r a t i o  o f  t h e  peak area o f  Naproxen 

t o  t h a t  o f  t h e  i n t e r n a l  s t a n d a r d  was used  t o  c a l c u l a t e  t h e  

c o n c e n t r a t i o n  of  Naproxen i n  t h e  sample,  u s i n g  t h e  c a l i b r a t i o n  

c u r v e  c o n s t r u c t e d  p r e v i o u s l y  from known c o n c e n t r a t i o n s  o f  Naproxen 

and  f i x e d  c o n c e n t r a t i o n  o f  i n t e r n a l  s t a n d a r d .  

I n t e r n a l  S t a n d a r d  

Indomethac in  was used  a s  t h e  i n t e r n a l  s t a n d a r d .  I t  was used  

a t  a c o n c e n t r a t i o n  o f  20 mcg/ml. Under t h e  c o n d i t i o n s  o f  

chromatography it had a r e t e n t i o n  t i m e  o f  4 minu tes ,  w h i l e  

Naproxen had t h e  r e t e n t i o n  t i m e  o f  2 . 6  m i n u t e s .  

Assay P rocedure  

The d r i e d  e x t r a c t  p r e v i o u s l y  o b t a i n e d  was d i s s o l v e d  i n  0 . 2 5  m l  

o f  m e t h a n o l i c  s o l u t i o n  of Naproxen ( h a v i n g  a c o n c e n t r a t i o n  o f  2 

mcg/ml of Naproxen) .  One m l  o f  t h e  i n t e r n a l  s t a n d a r d  s o l u t i o n  was 

added t o  i t  and mixed t h o r o u g h l y .  

was i n j e c t e d  i n t o  t h e  column t h r o u g h  a s t o p  f low i n j e c t o r  p o r t  f o r  

t h e  d e t e r m i n a t i o n  of  Naproxen c o n t e n t  a c c o r d i n g  t o  t h e  p r e v i o u s l y  

d e s c r i b e d  c o n d i t i o n s .  

A 25 pl p o r t i o n  o f  t h i s  s o l u t i o n  

RESULTS AND DISCUSSION 

In -Vi t ro  S t u d i e s  

The p e r c e n t  release o f  Naproxen from d i f f e r e n t  s e m i - s o l i d  

bases o v e r  a p e r i o d  o f  two h o u r s  are  shown i n  F i g u r e s  1 and 2 .  
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MINUTES 

F i g u r e  1 -In v i t r o  r e l e a s e  of naproxen f r o m  o in tmen t  b a s e s .  
K e y : & - A W a t e r  Washable Base ( d r u g  i n  the o i l  p h a s e ) ;  
)--. Hydroph i l i c  Base ( d r u g  i n  t h e  o i l  p h a s e ) ;  Water 
Washable Base ( d r u g  i n  t h e  w a t e r  p h a s e ) ;  andt-- .Hydrophilic 
Base ( d r u g  i n  t h e  water p h a s e ) .  

The g e n e r a l  rank o r d e r  o f  t h e  d rug  release from v a r i o u s  b a s e s  was: 

(111) ) (I) ) ( V I I )  > ( I V )  ) (11) > (VI) > ( V ) .  From t h i s  d a t a ,  

it is a p p a r e n t  t h a t  a h i g h e r  amount of drug was released when t h e  

ac t ive  i n g r e d i e n t  was i n c o r p o r a t e d  i n t o  t h e  water  phase o f  t h e  

f o r m u l a t i o n s .  Th i s  was accomplished by t h e  p re sence  of  sodium 

b i c a r b o n a t e ,  w h i c h  conve r t ed  Naproxen t o  i t s  sodium s a l t ,  which 

gave h ighe r  s o l u b i l i t y  i n  t h e  r e c e i v i n g  medium (pH = 6 )  t h a n  t h a t  

of t h e  free a c i d  form. 

For meaningful i n t e r p r e t a t i o n  o f  d i f f u s i o n  ra te  d a t a  from t h e  

d i f f e r e n t  samples,  t h e  s i m p l i f i e d  Higuchi e q u a t i o n  (17.18) which 
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1.0' 

30 60 9 0  I20 
MINUTES 

Figure 2 - In  v i t ro  r e l e a s e  of naproxen from o t h e r  bases. 
i iey:  H Anhydrous Ointment Base; U G e l ;  and 
U n i v e r s i t y  of C a l i f o r n i a  H o s p i t a l  Base. 

is  v a l i d  f o r  drugs  with r e l e a s e  of  less than  30% was u t i l i z e d .  

M = 2 C, (D t / n ) '  (Eq. 1) 

where, M = amount of  drug  r e l e a s e d  per  u n i t  area of  a p p l i c a t i o n  

(mg/cm ), C, = i n i t i a l  c o n c e n t r a t i o n  of drug  i n  t h e  o in tment  

(mg/ml , D = d i f f u s i o n  c o e f f i c i e n t  ( c m  /sec), t = t i m e  a f t e r  t h e  

a p p l i c  t i o n  ( s e c o n d s )  and 71 = a c o n s t a n t .  

2 

Equat ion 1 is  based on t h e  fo l lowing  assumptions:  (1)  only  a 

s i n g l e  drug s p e c i e s  i s  impor tan t  i n  t h e  ointment ,  ( 2 )  only t h e  

drug  d i f f u s e s  o u t  of  t h e  v e h i c l e ,  (3 )  t h e  d i f f u s i o n  c o e f f i c i e n t  i s  

i n  v a r i e n t  wi th  r e s p e c t  t o  t i m e  o r  p o s i t i o n  w i t h i n  t h e  ointment ,  

( 4 )  t h e  percentage  r e l e a s e  of  t h e  drug  is l e s s  t h a n  30%, ( 5 )  t h e  

drug  reaching  t h e  r e c e p t o r  s i t e  i s  removed i n s t a n t a n e o u s l y .  
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6 60 RAHMAN ET AL. 

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

appea red  t o  conform t o  t h e  above  model, namely: (1) o n l y  Naproxen 

was i m p o r t a n t  i n  t h e  o i n t m e n t s ,  ( 2 )  o n l y  Naproxen d i f f u s e d  o u t  o f  

t h e  v e h i c l e ,  ( 3 )  D, was 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  time and  

p o s i t i o n  w i t h i n  t h e  o in tmen t ,  ( 4 )  t h e  maximum release o f  Naproxen 

o b t a i n e d  from v a r i o u s  bases was less  t h a n  t h e  upper  l i m i t  o f  3 0 % ,  

and (5) t h e  r e c e i v i n g  medium p r o v i d e d  t h e  s i n k  c o n d i t i o n  because  

o f  t h e  large volume ( 4 0 0  m l )  and  c o n t i n u o u s  s t i r r i n g .  

Fur thermore ,  when t h e  amount of d r u g  r e l e a s e d  was p l o t t e d  

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

shown i n  F i g u r e  3 .  T h i s  s u g g e s t s  t h a t  t h e  release o f  Naproxen 

from v a r i o u s  o i n t m e n t s  fo l lowed  t h e  Higuchi  e q u a t i o n  (Eq. 1). The 

d i f f u s i o n  c o e f f i c i e n t  o f  Naproxen from d i f f e r e n t  b a s e s  was 

c a l c u l a t e d  u s i n g  Eq. 1 and are shown i n  T a b l e  11. The 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 ,  7 . 0  x 1 0  cm /sec, was o b t a i n e d  f o r  

t h e  base  (111) and t h e  l o w e s t  v a l u e ,  0 . 0 8  x 1 0  c m  /sec, was f o r  

t h e  base  (V). T h i s  c a n  be  a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  sodium 

s a l t  o f  Naproxen i n  t h e  h y d r o p h i l i c  b a s e  ( d r u g  i n  t h e  water p h a s e )  

was less  s o l u b l e  i n  t h e  o i l  phase  components o f  t h e  b a s e  and  

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

-7 2 

-7  

On t h e  o t h e r  hand, i n  t h e  anhydrous  o i n t m e n t  b a s e ,  t h e  f r e e  

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

components o f  t h e  o i n t m e n t  and, a s  a r e s u l t ,  v e r y  l i t t l e  d r u g  was 

a v a i l a b l e  f o r  d i f f u s i o n .  T h e r e f o r e ,  t h e  d i f f u s i b i l i t y  of any d r u g  

th rough  d i f f e r e n t  b a s e s  depends  on  t h e  n a t u r e  and  c o m p o s i t i o n  of  

t h e  b a s e s  and t h e  re lease r a t e  of  a p e n e t r a n t  c a n  he a l t e r e d  by 

chang ing  the  n a t u r e  and  c o m p o s i t i o n  o f  t h e  b a s e s .  

Also,  i t  i s  e v i d e n t  from F i g u r e  3 t h a t  a l a g  t i m e  

e x i s t s  i n  t h e  release o f  Naproxen from d i f f e r e n t  p r e p a r a t i o n s .  

T h i s  l a g  t i m e  is minimum f o r  t h e  ( 1 1 1 )  and maximum f o r  t h e  (V). 

T h i s  i n d i c a t e s  t h a t  t h e  d rug  was more r e a d i l y  a v a i l a b l e  from (111) 

t h a n  a n y  o t h e r  b a s e  s t u d i e d .  
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Square  r o o t  of t i m e  ( m i n u t e s )  

Figure 3 - A  p l o t  of amount of drug r e l eased  ve r sus  square  
roo t  of t i m e  f o r  d i f f e r e n t  ointments .  Key: Water 
Washable Base (drug i n  t h e  water phase);- Hydrophi l ic  
Base (drug i n  t h e  water phase) ;  and- U.C.H.  Base. 
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The in-vitro permeability coefficient values of Naproxen were 

calculated using Equation 2 :  

q = P A C , t  (Eq. 2 )  

where, q = amount of the drug released (mg), P = permeability 

coefficient (cm/sec), C, = initial concentration of drug in the 

ointment (mg/ml), and t = time (seconds). The calculated values 

are exhibited in Table 11. From this data, the permeability 

coefficient values were found to be directly proportional to the 

diffusion coefficient values and the highest and lowest values 

were obtained for the bases I11 and V, respectively. 

The partition coefficient values of Naproxen between the 

various ointment formulations, and the receiving medium were 

calculated using Equation 3 :  

P = K D/h (Eq. 3 )  P 
where, P = permeability coefficient (cm/sec), K = partition 

coefficient, D = diffusion coefficient (cm /sec), and h = 

thickness of the barrier membrane (cm). The values of partition 

coefficient for different bases are also shown in Table 11. 

It can be seen that in formulation (1111, where the sodium 

salt of Naproxen had little affinity for the base, the K value is 

low ( 0 . 7 4 0 1 ,  compared to the formulation (V), where most of the 

drug remained in the base (K = 6.671. 

When the release of drug from the ointment is below 5%, the 

release rate constant is essentially the same whether it is 

calculated by the zero order or by the first order kinetics 

equation. Since the release of Naproxen from different bases was 

less than 3%, the in-vitro data were treated by the first order 

kinetics. The obtained apparent first order release rate 

constants are shown in Table 11. The effects of different 

additives (urea, DHSO, ethanol, PEG 400) on Naproxen release from 

formulation (I) and (111) were studied and the results are shown 

in Table 111. 
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664 RAHMAN ET AL. 

TABLE I11 

Effects of Different Additives on the Release 
of N8,proxen from Water Washable Base (I) and 

from Hvdrophili c Base (III) 

Additives Per Cent Release after 
Two Hours (i SD) 

FORMULATIONS 
Ir) (111) 

No additive 

1% DMSO 

5% DMSO 

10% DMSO 

1% PEG 400 

5% PEG 400 

10% PEG 400 

1% Urea 

5 %  Urea 

10% Urea 

1% Ethanol 

5% Ethanol 

10% Ethanol 

1.47 (t 0.010) 

1.47 (t 0.010) 

1.40 ( t  0.006) 

1.38 ( 2  0.010) 

1.45 ( t  0.005) 

1.31 (t 0.010) 

1.05 (t 0.010) 

1.56 (t 0.015) 

1.48 (t 0.007) 

1.44 ( i  0.025) 

1.59 (t 0.010) 

1.69 { t  0.012) 

1.62 (t 0.006) 

1.98 ( i  0.049) 

1.96 (i 0.017) 

, 1.95 ( i  0.025) 

1.97 ( i  0.006) 

1.92 (i 0.023) 

1.14 (t 0.012) 

0.98 (t 0.010) 

2.18 (t 0.015) 

2.13 ( i  0.006) 

1.99 ( i  0.010) 

2.08 (i 0.026) 

2.09 (t 0.021) 

2.05 ( *  0.010) 

a Average of three determinations 

Low concentrations of DMSO (1%) had no effect on the release 

of Naproxen from the water-washable base, however, higher 

concentrations (5% and 10%) had reversably proportional effects on 

the release rate. This may be due to an increase in the apparent 

viscosity of the ointments. In addition, DMSO did not have any 

effect on the release of Naproxen from the hydrophilic base (111). 

Polyethylene glycol-400 (PEG 400) decreased the release of 
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MEDICAMENT RELEASE FROM OINTMENT BASES. V 665 

Naproxen from both bases and the releases were observed to be 

inversely proportional to the concentration of PEG 400 ,  which 

decreased the thermodynamic activity of the drug and possibly the 

penetration rate (19.20). and also, this could be due to the 

increase in the apparent viscosity of the preparation. Urea, at 

the 1% and 5% levels, increased the availability of Naproxen from 

both the bases studied, while at the 10% level the release was 

decreased. 

Ethanol at all concentrations increased the release of the 

Naproxen from both the water-washable and hydrophilic bases. The 

relative increase in the release was probably due to the fact that 

at these concentrations, ethanol increased the solubility of the 

drug in the base, causing an increase in the thermodynamic 

activity and an enhanced permeation. 

In-Vivo Studies 

The in-vivo release of Naproxen from four selected 

formulations was studied in rabbits. The serum Naproxen 

concentrations versus time relationships obtained after 

application of the ointments in rabbits are shown in Table IV. 

After the application of ointment, the absorption of the drug 

through the skin followed the first order kinetics. As soon as 

the active ingredient enters the body system, it undergoes 

metabolism and excretion and the rate of change of the amount of  

drug (dx/dt) at any time t can be expressed as follows (21): 

dx/dt = kaX, - KX (Eq. 4 )  

where, K, = absorption rate constant, X, = amount of drug 

remaining at the site of application, K = overall elimination rate 

constant, and X = amount of drug in the body. Upon integration, 

and rearrangement, Equation 4 yields Equation 5, which can be used 

to calculate the amount of drug in the body at any time t. 

-Kt -K t K, FX, (e - e a 
log c = fEq. 5 )  

V (k--k) 
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T i m e  ( m i n )  

5 

15 

30 

45 

60 

90 

100 

TABLE I V  -- 
Average Serum Coccentration of Naproxen ( m c g / m l )  

In Rabbit6 

FORMULATIONS 

- (11) (XII)+lO% DMSO (Iv) ( V ) + l O $  DHSO 

0.58 ( t o .  07) 0.73 (f0.25) 0.78 ( t o .  10) 0.74 (fO. 03) 

0.95 (20.13) 1.27 (fO. 68) 1.27 ( t o .  66) 1.18 (fO. 11) 

0.26 ( t o .  23) 1.57 ( t o .  50) 1.03 (f0.58) 1.53 (f0.15) 

1.45 (f0.213) 1.90 (fO. 64) 1.24 ( t o .  66) 1.93 ( t o .  31) 

1.26 (fO. 08) 1.65 (fO. 39) 1.41 (fO. 51) 1.70 ( t o .  30) 

0.99 (k0.21) 1.45 (20.39) 1.19 (fO. 46) 1.67 (k0.65) 

0.79 (fO. 10) 1.28 (fl. PO) 1.01 (f0. 63) 1.25 (i0.22) 

~~~ 

* Each is the average of three  d e t e r m i n a t i o n s  

As t h e  amount of drug  remaining a t  t h e  s i t e  of a p p l i c a t i o n  

d e c r e a s e s ,  t h e  ra te  of  a b s o r p t i o n  d e c r e a s e s  u n t i l  e-Katg 0 ,  and 

under t h i s  c o n d i t i o n ,  t h e  plasma c o n c e n t r a t i o n  i s  d e s c r i b e d  only  

by t h e  e l i m i n a t i o n  r a t e  c o n s t a n t  of  t h e  drug; as a r e s u l t ,  

Equat ion 5 changes t o  Equat ion 6 :  

l o g  C' = l o g  A - Kt/2.303 (Eq. 61 

where, A = K, FX,/V (k,-k) and C '  = plasma c o n c e n t r a t i o n  d u r i n g  t h e  

pos t -absorp t ion  phase.  I f  l o g  C i s  p l o t t e d  a g a i n s t  t ime, a 

s t r a i g h t  l i n e  was o b t a i n e d  with a s l o p e  of - Kl2.303, as shown 

i n  Figure 4 .  From t h e  value of t h e  s l o p e ,  t h e  e l i m i n a t i o n  r a t e  

c o n s t a n t  as w e l l  as t h e  e l i m i n a t i o n  h a l f - l i f e  of Naproxen in 

r a b b i t s ,  a f t e r  a p p l i c a t i o n  of d i f f e r e n t  o in tments ,  were c a l c u l a t e d  

and a r e  shown i n  Table V. The h a l f - l i f e  o f  Naproxen from 

d i f f e r e n t  o in tments  i n  r a b b i t s  was found t o  be i n  t h e  range  of 82 

t o  150 minutes.  
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Figure 4 -A p l o t  of logar i thm of serum concen t r a t ion  ve r sus  
t i m e  for t h e  c a l c u l a t i o n  of abso rp t ion  r a t e  cons t an t .  

I n  humans, t he  plasma h a l f - l i f e  o f  Naproxen has been reported 

t o  be 1 2  hours ( 2 2 ) .  T h i s  decrease i n  h a l f - l i f e  i n  r a b b i t s  may be 

a t t r i b u t e d  t o  spec ie s  va r i a t ion ,  s k i n  metabolism and c i r c u l a t o r y  

changes, and s t r a i n s  endured dur ing  blood sampling. Furthermore, 

by using t h e  f ea the r ing  technique t h e  abso rp t ion  r a t e  cons t an t s  

were ca l cu la t ed  and are a l s o  shown i n  Table V. I t  is ev iden t  from 

these  d a t a  t h a t  t h e  incorpora t ion  o f  10% DHSO s l i g h t l y  increased 

the  absorp t ion  r a t e  cons t an t  o f  Naproxen from both t h e  hydrophi l ic  

and water-washable bases. 
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TABLE VI 

Bioavailability Parameters of Na roxen in Rabbits After Oinment 
Appli& 

Ointment Time of Average Average 

Basea Peak Serum Peak Serum AUC min. 

Concentration Concentration (mcg/ml) (min. 1 

(minutes) (mcg/ml) 

Water Washable 45 

Water Washable 45 
with 10% DMSO 

Hydrophilic 45 

Hydrophilic 45 
with 10% DMSO 

1.26 123.68 

1.90 168.87 

1.53 151.48 

1.93 178.00 

~~ 

a = Drug in the oil phase 

The areas under the serum concentration versus time profile 

obtained after application of different ointments in rabbits were 

calculated by utilizing the trapezoidal method and are shown in 

Table VI. R good correlation has been observed between the in- 

vitro and in-vivo release data of formulation (11) and (IV). The 

in-vitro release data indicates that the percent release of 

Naproxen from formulation (IV) was approximately 25% greater then 

that from (11). 

And the in-vivo data shows that the AUC for (IV) was 25% 

greater than that from (11). Also, a correlation was found 

between the effects of DMSO on the in-vitro and in-vivo release of 

Naproxen from the water-washable and hydrophilic bases. This 

additive, at a concentration of 10%. had little or no effect on 

the in-vitro and in-vivo availability of the drug from both the 

bases studied. These findings are in agreement with the previously 
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RAHMAN ET AL. 670 

reported studies (23.24) that at least 60% dimethyl sulfoxide is 

necessary for a significant increase in permeation rate. 

Statistical analysis of the in-vivo data shows that there is 

a significant correlation between Naproxen in a water-washable 

base (drug in the oil phase) and Naproxen in the water-washable 

base with 10% DMSO ( R 2  = 0.918. No. of observations 7, degrees 

of freedom 5). However, the correlation was not as significant 

between Maproxen in the hydrophi1j.c ba.se (drug in the oil phase )  

and Naproxen in the hydrophilic base with 10% DMSO ( R 2  = 

No. of observations 7, degrees of freedom 5 ) .  

0.83, 
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