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Summary 

Percutaneous absorption of azidothymidine (AZT) was examined in rats. When AZT was applied as a solution in 10% oleic 
acid/water on the abdominal skin which had been treated with 10% oleic acid/water for 24 h, considerable plasma concentrations of 
AZT were observed. 

Azidothymidine (Zidovudine, AZT) is a strong 
inhibitor of the reverse transcriptase isolated from 
acquired immunodeficiency syndrome (AIDS) 
virus, and has clinical activity in patients with 
AIDS or AIDS-related complex by oral adminis- 
trations. Orally administered AZT, however, has 
strong side effects, especially on the bone marrow 
(Mir and Costello, 1988), and the oral preparation 
must be administered every 4 h to keep the effec- 
tive AZT concentration in plasma (Klecker et al., 
1987; Dournon et al., 1988). Since AZT acts as a 
metabolic antagonist of thymidine, the anti-viral 
effect of AZT can be time-dependent. Therefore, 
an adequate zero-order delivery of AZT is desired 
to maintain expected anti-AIDS effect and to 
avoid the strong side effects which may be attri- 
buted to an exceeded plasma level of AZT im- 
mediately after an intravenous or oral administra- 
tion. 
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The skin is often very helpful as an administra- 
tion site to maintain suitable plasma concentra- 
tion of drugs (Chien, 1987). Percutaneous applica- 
tion of AZT could be useful to improve anti-AIDS 
effect and patient compliance and to avoid the 
side effects. 

In the present study, percutaneous absorption 
of AZT was examined in rats. A male Wistar rat 
(200 g), whose abdominal hair had been removed 
by a barber's clippers, was anesthetized with 
urethane. A test solution containing 5 mg of AZT 
(in 1 ml, 25 mg /kg )  was applied on an area of 4.9 
cm 2 by using a cylindrical glass cell fixed on the 
abdominal skin by an adhesive agent. A 100 #1 of 
plasma was collected at specified time after the 
application. In order to compare the transdermal 
systems with a conventional oral dosage form, a 
0.5 ml of AZT solution (3 m g /k g )  was adminis- 
tered orally. The plasma concentrations of AZT 
were determined by using a reversed-phase HPLC 
system and are shown in Table 1. Conditions for 
the HPLC were as follows: column, 4.6 mm × 250 
mm stainless column packed with Nucleosil 5C1s; 
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TABLE 1 

Plasma concentration of  A Z T  after oral or percutaneous applications of  A Z T  

Plasma concentration of AZT (~M) 

Time (h) 

0.5 1 2 4 6 8 23 24 

p.o. (3 mg/kg) 3.1 _+ 0.4 2.5 ___ 0.3 0.5 + 0.2 0.2 + 0.0 n.d. n.d. - n.d. 
p.c. (25 mg/kg) 

vehicle: 
water n.d. n.d. n.d. n.d. n,d. n.d. - n.d. 
IPM n.d. n.d. n.d. n.d. n.d. n.d. - n.d. 
10% MP n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
10% OA n.d. n.d. n.d. n.d. n.d. n.d. 1.1 + 0.8 1.4 + 0.9 
10% OA in 

pretreated rat 
with 10% OA 0.2 + 0.1 0.6 _+ 0.3 0.7 + 0.3 1.5 + 0.7 1.5 + 0.4 1.5 + 0.2 _ a _ a 

p.o., oral administration; p.c., percutaneous administration; n.d., not detected (< 0.1/~M). 
a Not done, since the pretreated rats were suppressed for 24 h before the drug application, we considered that continuation of the 
experiments was cruel to the animals. 
Data are the mean + S.E. (n = 3). 

mobi le  phase,  15% acetoni t r i le  conta in ing  0.1% 
acetic acid; detector ,  U V  265 nm; flow rate, 1 
m l / r a i n .  

The  p l a s m a  concen t ra t ion - t ime  prof i le  of  A Z T  
af ter  oral  admin i s t r a t ion  in rats  is s imilar  to that  
in pa t ien ts  with A I D S  repor t ed  b y  Klecker  et al. 
(1987). Since the p l a sma  level of  A Z T  fol lowing 
app l i ca t ion  on the skin in the s imple  water  system 
was too  low to be  detected,  i sopropyl  myr i s ta te  
( IPM),  N-methy l -2 -pyr ro l idone  (MP)  and  oleic 
acid  (OA), these agents  have been  pe rmi t t ed  as 
addi t ives  for  ex terna l  p repara t ions ,  were used as 
pene t r a t ion  enhancers  (Barry  and  Bennett ,  1987; 
Sato  et al., 1988; Sugibayashi  et al., 1988; Y a m a d a  
and  Uda ,  1987; Seki et al., 1989). Since the solu- 
bi l i t ies  of I P M  and  O A  in water  are small ,  10% 
p repa ra t i ons  wi th  these addi t ives  were app l ied  as 
emulsions.  A l though  the p l a s m a  concen t ra t ion  of  
A Z T  after  the app l i ca t ion  of  I P M  or  10% M P  
aqueous  solut ion was also unde tec tab le  dur ing  the 
exper imenta l  pe r iod  (24 h), cons iderab le  p l a sma  
concen t ra t ions  of A Z T  were de tec ted  with  the 10% 
O A  system (1.1 and  1.4 ~tM at 23 and  24 h, 
respectively).  In  o rde r  to ascer ta in  the enhancing  
effect of  OA,  we used the p re t r ea ted  rats  whose 
a b d o m i n a l  skin had  been  t rea ted  with drug-free  

10% O A  for 24 h before  the d rug  appl ica t ion .  In  
the p re t r ea ted  rats,  the p l a s m a  concen t ra t ion  of  
A Z T  fol lowing 10% O A  app l i ca t ion  was well above  
the de tec t ion  l imi t  (0.1/~M) even at  0.5 h af ter  the 
appl ica t ion .  These  results  suggest  that  the pe rme a -  
b i l i ty  of A Z T  through  the skin, which should  
affect the p l a s m a  level of  A Z T  af ter  pe rcu taneous  
appl ica t ions ,  can  be  improved  b y  the use of 
pene t ra t ion  enhancers  such as OA.  

Based on the in vi t ro p h a r m a c o d y n a m i c  s tudies  
wi th  H T L V - I I I / L A V  (Mi t suya  et al., 1985), 
Klecker  et al. (1987) had  r epor t ed  that  the p l a s m a  
concen t ra t ion  of  A Z T  requi red  to expect  a ther-  
apeut ic  effect is achieved at  a dose  of  5 m g / k g  
given in t ravenous ly  every 4 h. In  the presen t  s tudy,  
cons iderab le  p l a sma  concen t ra t ions  of  A Z T  were 
ob ta ined  (0 .6 -1 .5 /~M)  after  pe rcu taneous  app l ica -  
t ion of  the 10% O A  system in the  p re t r ea t ed  rats.  
By overcoming  the m a n y  p r o b l e m s  re la ted  with 
an imal  scale-up on the skin pe rme a t i on  of  A Z T  
(Sato  et al., 1989), the t r ansde rma l  del ivery sys tem 
of A Z T  could  be  useful  for  A I D S  therapy.  A 
search for more  effective enhancers ,  examina t ion  
of  pe rmeab i l i ty  of ester der ivat ive  of  A Z T  and  
eva lua t ion  of their  s imul taneous  use are  under  
way  in our  l abora tory .  
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