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PERCUTANEOUS ABSORPTION OF SALICYLIC A C I D  
I N  RABBITS 

B .  K .  Birmingham, Douglas S .  Greene, and C. T. Rhodes 
University of Rhode Is land  

Department of Pharmacy 
Kingston, R I  02881 

The pharmacokinetic parameters defining the 
percutaneous absorption of s a l i c y l i c  acid i n  r abb i t s  
have been invest igated.  A one compartment open model 
with apparent f i r s t  order absorption w a s  found t o  
describe adequately the blood l eve l  data .  

- INTRODUCTION 
Topical appl icat ion of s a l i c y l i c  acid preparat ions 

i s  a wel l  es tabl ished p rac t i ce  i n  dermatology, p a r -  
t i c u l a r l y  f o r  the long term treatment of p s o r i a s i s ,  
Although the i n - v i t r o  r e l ease  r a t e  and the ex ten t  of 
percutaneous s a l i c y l i c  acid absorption in-vivo from 
various ointment bases has been thoroughly s tudied ,  

5 there  is, as Taylor and Halprin4 and Cooper e t  a l .  
have pointed out ,  a pauci ty  of pharmacokinetic da ta  
character iz ing the absorption of percutaneously applied 
s a l i c y l i c  acid.  This pape r  repor t s  estimates of the 
p harmacokine t i c  funct ions which def ine  the top ica l  
absorption of s a l i c y l i c  ac id  i n  r abb i t s .  

1-3 
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30 BIRMINGHAM, GREENE, AND RHODES 

EXPERIMENTAL 

Mater ia ls  - Hydrophylic ointment U. S.P .  (Ruger 
Chemical Co. ,  I rv ington ,  NJ), obtained commercially, 
w a s  mil led (Hammonia Ointment Mi l l ,  Josef Deckelmann, 
Aschaffenburg, W .  Germany) t o  improve consistency and 
the ease of appl ica t ion .  To provide a uniform p a r t i c l e  
s i z e ,  s a l i c y l i c  acid (Fisher S c i e n t i f i c  Go., Fairlawn, 
NJ), and urea  (Fisher S c i e n t i f i c  Go., Fairlawn, N J ) ,  
were passed through an 80 mesh s ieve  p r i o r  t o  use .  A l l  
o ther  chemicals were a n a l y t i c a l  reagent grade,  and were 
used as received. 

S a l i c y l i c  acid i n  hydrophi l ic  ointment (10% w/w) 
(I) and s a l i c y l i c  acid (10% w/w) and urea  (10% w/w) i n  
hydrophi l ic  ointment (11) were prepared the day of 
appl icat ion.  

Tungstic acid reagent was prepared by mixing 10  m l .  
of 10% aqueous sodium tungs ta te  so lu t ion  and 80 m l .  
of 1 / 1 2  N s u l f u r i c  acid.  
f r e sh  the day samples were analyzed. 

approximately f i v e  months and weighing between two and 
three kilograms, were housed i n  humidity and tempera- 
t u re  cont ro l led  qua r t e r s  and maintained on a d i e t  of 
r abb i t  chow and water ad l i b .  Rabbits were placed i n  
res t ra in ing  cages f o r  successively longer per iods o f  
time over a span of s eve ra l  days f o r  conditioning 
before being used f o r  an experiment. 

the fore legs  t o  the hindlegs was ca re fu l ly  removed 
with animal c l ippers  two t o  three hours p r i o r  t o  
appl ica t ion  of a t e s t  veh ic l e ,  taking care  not  t o  cu t  
or  otherwise v i s i b l y  damage the sk in  surface.  

The reagent was prepared 

Methods - Female New Zealand r a b b i t s ,  age 

The h a i r  on the v e n t r a l  s i d e  of the animal from 
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ABSORPTION OF SALICYCLIC ACID 31 

An in t e rmi t t en t  infusion s e t ,  2 1  gauge, with a 
1 5 . 9  mm (5/8") needle (Butterf  ly -21 ,  In te rmi t ten t  
Infusion Se t ,  Abbott Laboratories,  Chicago, IL) w a s  
inser ted  i n t o  the cen t r a l  e a r  a r t e ry ,  immediately p r i o r  
t o  appl icat ion of the t e s t  vehicle .  The infusion l i n e  
was f i l l e d  with a d i l u t e ,  100  u n i t s  p e r  m l . ,  heparin 
so lu t ion  whenever samples were not  being col lected.  
This technique allows f o r  r e p e t i t i v e  sample co l lec t ion  
without the need f o r  numerous venipunctures. 
sample was  co l lec ted  before appl icat ion of the ointment 
t o  serve as  'a  pretreatment cont ro l .  

rectangular ,  7 cm. x 13 cm. (1.75 x 5.11") template 
following the technique of S t o l l a r  e t  a 1 . l  
template was applied t o  the shaved area of the animals 
abdomen and held i n  place with adhesive tape. The 
r abb i t  was then placed i n  a res t ra in ing  cage f o r  the 
duration of the experiment. Water w a s  provided 
-- ad l i b . ,  food w a s  given or  withheld as  reported i n  
each study. Two ml. blood samples were taken, the 
serum separated and r e f r ige ra t ed  a t  4 O C  u n t i l  assayed. 
Blood samples were taken immediately p r i o r  t o  applica- 
t i on  of a tes t  vehic le ,  during the e ight  hour applica- 
t i on  per iod,  and f o r  e ight  hours following the removal 
of the vehic le  templa te .  

f luorometric method of Saltzman.' 
of tungs t ic  acid reagent w a s  added t o  0.5 m l .  of 
plasma, t h i s  solut ion was shaken and the reac t ion  
allowed t o  develop f o r  a t  l e a s t  ten minutes. The 
mixture was then f i l t e r e d  and 5 m l .  of f i l t r a t e  w a s  
added t o  7 m l .  of 10 N NaOH. The fluorescence of the 
resu l t ing  solut ions was determined within t h i r t y  

A blood 

Ten grams of ointment was spread over a standard,  

The 

Total  s a l i c y l i c  ac id  was assayed by the spectro- 
Nine and one-half m l .  
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32 BIRMINGHAM, GREENE, AND RHODES 

minutes using a fluorometer (Turner Model 111, G .  K .  
Turner Associates,  Palo Alto,CA) f i t t e d  with a 405 nm 
primary f i l t e r  and a secondary, sharp cut  f i l t e r  passing 
a l l  l i g h t  g r e a t e r  than 455 nm. S a l i c y l i c  acid concen- 
t r a t ions  were determined by comparison t o  a standard 
curve. P lo t s  of f luorescence as  a funct ion of 
standard s a l i c y l i c  acid concentrations were l i n e a r  over 
the range 0 . 5  t o  20 mg.% (cor re la t ion  coe f f i c i en t  0 . 9 9 ,  
n = 8 ) .  

RESULTS AND DISCUSSION 
S a l i c y l i c  ac id  plasma l eve l s  as  a funct ion of 

time f o r  a fas ted  animal t r ea t ed  with (I) f o r  e ight  
hours i s  shown i n  Figure 1. Peak plasma s a l i c y l i c  
acid concentrations observed were between 1 0  mg.% and 
18 mg.%, and were a t t a ined  within four  t o  s i x  hours of 
ointment appl ica t ion .  I t  appeared t h a t  i n  most cases 
the absorption process w a s  e s s e n t i a l l y  completed 
p r i o r  t o  ointment removal. P l a s m a  s a l i c y l i c  ac id  
concentrations were de tec tab le  (grea te r  than 0 . 5  mg.%) 
f o r  a t  l e a s t  twelve hours a f t e r  the removal of the 
ointment. 

The plasma s a l i c y l i c  acid concentrations i n  the 
post-absorp t i v e  phase appears t o  decl ine monoexponen- 

ke t i a l l y  (Figure 1). The el iminat ion rate constant ,  
was calculated from a log- l inear  regression of the 
plasma s a l i c y l i c  acid concentration as a funct ion of 
time. The el iminat ion r a t e  constant f o r  e igh t  r abb i t s  
t r ea t ed  with (I) f o r  e ight  hours was determined t o  be 
0.41 hr-'50.27 hr - I  ( s .d . )  (Table I ) .  

The Wagner-Nelson method i s  comonly used t o  
cha2acter ize  the absorption process.  
i s  based on the  one-compartment open model, and can 
be used t o  obtain da ta  from which the order  of 

This technique 
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ABSORPTION OF SALICYCLIC ACID 33 
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Figure 1 
Plasma s a l i c y l i c  a c i d  concen t r a t ion  as a 

f u n c t i o n  of t i m e .  Eight hour a p p l i c a t i o n  of ointment ( I ) .  

abso rp t ion  and the  a p p r o p r i a t e  r a t e  cons t an t  can be 
c a l c u l a t e d .  The Wagner-Nelson equa t ion  i s  

t 

0 
A t / V  = C t  + ke Cpdt (Eq. 1.) 

Where A t / V  i s  t h e  amount of drug i n  the  body a t  time 
t ,  d ivided by the  volume of d i s t r i b u t i o n  V ,  C t  
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34 BIRMINGHAM, GREENE, AND RHODES 

TABLE I Pharmacokinetic parameters derived from 
the t o p i c a l  absorption of S a l i c y l i c  Acid i n  the Rabbit 

TREATMENT 

K a  (hr-'? s .d .1  

Wagner - Ne 1 s on 0 . 3 4  5 0 . 2 8  

NONLIN 0 . 2 5  k 0.07 

Ke (hr-'? s . d . )  

Elimination P 1 o t 0 . 4 1  5 0 . 2 7  

N O N L I N  0 . 2 9  k 0 .07  

Lag Time (hr  t s . d . )  

Hours 1 . 0 9  f 0.16 

represents  the concentration of drug i n  the blood a t  
time t ,  and the i n t e g r a l  ke It Cpdt represents  the 

0 

cumulative amount of drug eliminated. 

versus time i s  l i n e a r ,  the absorption process can be 
character ized a s  f i r s t  order  and an absorption r a t e  
constant determined. A representa t ive  p l o t  i s  shown 
i n  Figure 2 .  Such p l o t s  were l i nea r  i n  a l l  cases 

I f  the p l o t  of the logarithm of the change i n  A t I V  

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ABSORPTION OF SALICYCLIC ACID 35 

4 8 12 16 20 

HOURS 

Figure 2 
Absorption r a t e  of s a l i c y l i c  a c i d  ca lcu la ted  

by the  Wagner-Nelson method. 

charac te r iz ing  t h e  absorp t ion  of t o p i c a l l y  appl ied  
s a l i c y l i c  a c i d  a s  a f i r s t  o rder  process .  
absorp t ion  r a t e  cons tan t  of 0 .34  hr-'k0.28 h r - I  ( s . d . )  
was obtained (Table I). 

f i r s t  o r d e r ,  f i t t i n g  t h e  one compartment open model, 
the  d a t a  was t r e a t e d  by a nonl inear  l e a s t  squares 
r e g r e s s i o n  a n a l y s i s  program (NONLIN) t o  r e f i n e  
f u r t h e r  the es t imates  of ka and ke. A n  appropr ia te  
se t  of equat ions f o r  the  one compartment open model 
with f i r s t  order  absorpt ion was w r i t t e n  f o r  the 
IBM 3701155 d i g i t a l  computer. The parameters obtained 
g r a p h i c a l l y  were used as i n i t i a l  es t imates .  Conver- 

An average 

Since the  absorpt ion r a t e  was c h a r a c t e r i z e d  as 
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36 BIRMINGHAM, GREENE, AND RHODES 

gence of parameters t o  a b e s t  f i t  occurred w i t h i n  
20 i t e r a t i o n s  f o r  a l l  d a t a  s e t s ,  and the r e g r e s s i o n  
c o e f f i c i e n t s  were g r e a t e r  than 0 . 9 .  The va lues  of ka 
and ke c a l c u l a t e d  d i r e c t l y  by graphic  methods 

previously descr ibed and by N O N L I N  (Table I )  were n o t  
found t o  be s t a t i s t i c a l l y  d i f f e r e n t  (Student’s  t t e s t ,  
p = 0 . 0 5 ) ,  most l i k e l y  due t o  t h e  l a r g e  s tandard  
devia t ions  i n  absorp t ion  and e l imina t ion  r a t e s .  

absorpt ion process  t o  become pseudo f i r s t  o r d e r ,  was 
needed t o  descr ibe  the percutaneous absorp t ion  of 
s a l i c y l i c  a c i d .  By expressing the amount of drug 
absorbed a t  t i m e  t as  a percentage of the  t o t a l  amount 
absorbed (A/V) and s u b t r a c t i n g  from 100 t h e  percent  
remaining t o  be absorbed can be c a l c u l a t e d .  A p l o t  of 
the percent  remaining t o  be absorbed as a f u n c t i o n  
of t i m e  was l i n e a r  with a s l o p e  equal  t o  ka (Figure 3 ) .  
Performing l i n e a r  regress ion  a n a l y s i s  and so lv ing  f o r  
the time a t  which 100% of drug remains t o  be absorbed 
y i e l d s  t h e  lag  t i m e .  A v a l u e  of 1 . 0 9  h r  2 0 .16  h r  
( s . d . )  was obtained (Table I ) .  

A lag t ime, def ined as  the  time requi red  f o r  the  

I n  c o n t r a s t  t o  previous s t u d i e s  i n  which animals 
were f a s t e d  throughout an experiment,  t w o  animals were 
f e d  approximately 30 grams of r a b b i t  chow f i f t e e n  
hours following t h e  a p p l i c a t i o n  of ointment ( I ) .  A 
p l o t  of plasma s a l i c y l i c  a c i d  concent ra t ion  a s  a 
func t ion  of t i m e  f o r  an animal f e d  is  shown i n  F igure  4 .  
Absorption and e l i m i n a t i o n  r a t e  cons tan ts  c a l c u l a t e d  
from the plasma s a l i c y l i c  a c i d  concent ra t ions  through 
the  f i r s t  s i x t e e n  hours a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from those c a l c u l a t e d  us ing  f a s t e d  animals.  
However, whereas i n  f a s t e d  animals plasma s a l i c y l i c  
a c i d  l e v e l s  remained low, less than 2 mg%, f o r  t h e  
remainder of t h e  c o l l e c t i o n  per iod  (Figure l), a 
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Figure 3 
Percent  s a l i c y l i c  ac id  remaining t o  be absorbed. 

second peak w a s  observed i n  both the animals fed  
during the  c o l l e c t i o n  p e r i o d .  I n  both  cases  the 
plasma concent ra t ions  p r i o r  t o  feeding were c o n s i s t e n t  

wi th  those observed i n  f a s t e d  animals.  
peak coricentrations above 6 . 5  mg% were d e t e c t e d  3 t o  
5 hours fol lowing the  feeding .  These peaks correspond 
t o  times approximately n ine  and twelve hours a f t e r  t h e  
removal of the  ointment.  A s  a r e s u l t ,  i t  i s  u n l i k e l y  
t h a t  the second peak can be a t t r i b u t e d  t o  a d d i t i o n a l  
absorp t ion  of s a l i c y l i c  a c i d  through the  sk in .  This 
peak seen only i n  animals f e d  during an experiment 
may perhaps be a t t r i b u t a b l e  t o  b i l i a r y  recyc l ing .  

Secondary 
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38 BIRMINGHAM, GREENE, AND RHODES 

4 8 12 16 20 

HOURS 

Figure 4 
The e f f e c t  of feeding on t h e  plasma s a l i c y l i c  a c i d  

concent ra t ion  t i m e  p r o f i l e  fol lowing t h e  t o p i c a l  
a d m i n i s t r a t i o n  of s a l i c y l i c  a c i d .  

Recycling of drugs e x c r e t e d  i n t o  the  b i l e  i n  unchanged 
form and f o r  m e t a b o l i t e s  i s  p o s s i b l e ,  i f  they a r e  
e i t h e r  absorbed o r  modif ied by t h e  g u t  f l o r a ,  
p a r t i c u l a r l y  a f t e r  s p l i t t i n g  of conjugates .  The 
form of drug which i s  excre ted  i n t o  the b i l e  a l s o  
a f f e c t s  r e c y c l i n g ,  drug  which form g lucuronides  have 
been shown t o  undergo r e c y c l i n g ,  s i n c e  t h e  g lucuronide  
can be r e a d i l y  c leaved t o  form the  free drug i n  t h e  
b i l e .  S a l i c y l i c  a c i d  i n  man i s  metabolized by t h e  
l i v e r ,  and i t s  m e t a b o l i t e s ,  s a l i c y l a c y l g l u c u r o n i d e ,  
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ABSORPTION OF SALICYCLIC ACID 39 

salicylphenolicglucuronide, s a l i c y l u r i c  a c i d ,  and 
g e n t i s i c  a c i d  a r e  found i n  t h e  b i l e .  lo If the  
unchanged drug and the glucuronide account f o r  the  
g r e a t e r  p o r t i o n  of the drug i n  the  b i l e  of r a b b i t s  
as  i n  man, i t  i s  q u i t e  l i k e l y  t h a t  b i l i a r y  recyc l ing  
occurs.  

The r e s u l t s  of b i l i a r y  recyc l ing  of drugs i s  
commonly seen as  e i t h e r  a series of i r r e g u l a r l y  
spaced peaks i n  the  dec l in ing  p o r t i o n  of a blood 
concentrat ion as  a func t ion  of t i m e  p l o t  o r  simply 
as a prolonged e l imina t ion  phase. '  
u n l i k e  some s p e c i e s ,  i s  known t o  s t o r e  b i l e  and 
r e l e a s e  i t  upon s t i m u l a t i o n  such as food," i t  is  
p o s s i b l e  t h a t  the  s t imulus provided by t h e  s m a l l  
amount of food caused t h e  r e l e a s e  of b i l e  which i n  
t u r n  l e d  t o  the  reabsorp t ion  of s a l i c y l i c  a c i d .  

u t i l i t y  of u r e a  t o  enhance percutaneous ahsorpt ion 
d i d  n o t  r e v e a l  any e f f e c t  on t h e  rate of absorpt ion 
of t o p i c a l l y  appl ied s a l i c y l i c  ac id .  

Since the  r a b b i t ,  

S tudies  designed t o  i n v e s t i g a t e  the  p o s s i b l e  
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