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RAPID COMMUNICATIONS 
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Abs t rac t  - Using e l e c t r o n  s p i n  resonance spectroscopy, we observed t h a t  
UV r a d i a t i o n  (330 nm) inc reased t h e  endogenous ascorbate  f r e e  r a d i c a l  
c o n c e n t r a t i o n  i n  h a i r l e s s  mouse (HRS/J) sk in .  When t h e  s k i n  was t o p i -  
c a l l y  t r e a t e d  w i t h  a ch lo rpromaz ine  s o l u t i o n  p r i o r  t o  i l l u m i n a t i o n ,  IN 
i r r a d i a t i o n  caused t h e  ascorbate  f r e e  r a d i c a l  c o n c e n t r a t i o n  t o  inc rease 
even more. T h i s  obse rva t i on  suggests t h a t  t h e r e  i s  an inc reased 
UV-induced o x i d a t i v e  s t r e s s  i n  t h e  presence o f  chlorpromazine, p robab ly  
caused by t h e  p roduc t i on  o f  f r e e  r a d i c a l s  from chlorpromazine. 

INTRODUCTION 

The UV wavelengths o f  s u n l i g h t  a re  known t o  produce d e l e t e r i o u s  e f f e c t s  on sk in ,  
These e f f e c t s  have o f t e n  been a t t r i b u t e d  t o  o x i d a t i o n  by rang ing  from sunburn t o  cancer. 

f r e e  r a d i c a l  i n te rmed ia tes  (S1 a t e r ,  1972). 
GSH5 has r e c e n t l y  been demonstrated w i t h  & v i v o  human f i b r o b l a s t s  by T y r r e l l  and Pidoux 
(1986); t h e  l e v e l  o f  p r o t e c t i o n  approaches t h a t a f f o r d e d  by e x c i s i o n  r e p a i r .  
researchers  propose t h a t  t h e  observed p r o t e c t i o n  r e s u l t s  f rom t h e  a n t i o x i d a n t  p r o p e r t i e s  o f  
GSH. 

P r o t e c t i o n  aga ins t  UV damage by endogenous 

These 

The ascorbate  an ion  (AH-),  an a n t i o x i d a n t  which i s  n a t u r a l l y  p resen t  i n  t i s s u e ,  r e a c t s  
w i th  a r a t e  cons tan t  o f  6 x r a  i d 1  

component i n  the  “ r e p a i r ”  o f  U f i a n a t i o n - p r o d u c e d  f r e e  r a d i c a l s .  

w i th  t h e  g l u t a t h i y l  f r e e  r a d i c a l  y i e l d i n g  GSH and A 
10  8 3  dm mo1- ls - l  a t  pH 7 (Fo rn i  e t  a1 ., 1983). Thus, ascorbate  may serve  as an impor tan t  

Chlorpromazine o f ten  induces p h o t o t o x i c  and p h o t o a l l e r g i c  r e a c t i o n s  ( F i t z p a t r i c k  e t  
al., 1963). 
rad ia t i on - induced  d e c h l o r i n a t i o n  o f  CPZ (Jose, 1979). 
nique, Motten e t  a l .  (1985) have c l e a r l y  demonstrated t h e  photoproduc t ion  o f  t h e  dech- 
l o r i n a t i o n  r a d z a F f r o m  CPZ. Moreover, t h e  d e c h l o r i n a t i o n  r a d i c a l  abs t rac ts  hydrogen atoms 
from a v a r i e t y  o f  subs t ra tes  as e f f e c t i v e l y  as t h e  hydroxy l  o r  phenyl r a d i c a l s .  

t o  d e t e c t  UV rad ia t i on - induced  f r e e  r a d i c a l s  i n  s k i n  t r e a t e d  w i t h  CPZ. Whi le  d i r e c t  e v i -  
dence f o r  CPZ r a d i c a l s  was n o t  ob ta ined,  i n d i r e c t  evidence f o r  CPZ-produced r a d i c a l  reac- 
t i o n s  i n  s k i n  was found by mon i to r i ng  t h e  UV rad ia t i on - induced  increase i n  c o n c e n t r a t i o n  o f  
t h e  ascorbate  r a d l z a l  d e r i v e d  from endogenous asco rb i c  acid.  We b e l i e v e  t h a t  t h i s  i s  t h e  
f i r s t  r e p o r t  o f  A 

T h i s  t o x i c i t y  has been a t t r i b u t e d  t o  t h e  fo rma t ion  o f  r a d i c a l s  by t h e  UV 
Using t h e  ESR sp in  t r a p p i n g  tech-  

The o b j e c t  o f  t h e  p resen t  work was t o  de termine whether ESR spectroscopy cou ld  be used 

be ing  observed by ESR i n  s k i n  t i s s u e .  

MATERIALS AND METYODS 

Sk in  f rom HRS/J female mice 6-8 weeks o ld ,  was ob ta ined  a f t e r  k i l l i n g  t h e  animals by  
c e r v i c a l  d i s l o c a t i o n ,  Excess f a t  was removed by g e n t l e  scraping. 
i n  pH 7.0, 50 m t j  phosphate b u f f e r  w i t h  o r  w i t h o u t  2 rrM_ CPZ f o r  10 minutes,  r i n s e d  w i t h  , 
b u f f e r  s o l u t i o n ,  t h e n  kep t  a t  i c e  temperature p r i o r  t o  ESR examinat ion.  
p laced  i n  an ESR t i s s u e  c e l l  and i n  t h e  ESR spectrometer as soon as poss ib le .  

“?FZSSt a ress:  
i t r e s e n t  a::ress: ::;aLtmen! of  Chemistry; Duke U n i v e r s i t y ;  Durham, NC 27706 

§Abbrev ia t ions :  

The s k i n  was then p laced 

The s k i n  was 

o rsc  ungszentruq; D-8042 N euherberg ; West Germany 

To whom correspo!dence shou ld  be addressed. 
A , ascorbate  f r e e  r a d i c a l  ; AH-, ascorbate  anion; CPZ, chlorpromazine; 

e l e c t r o n  s p i n  resonance; GSH, g l  u ta th ione ;  TEMPO, 2.2,6,6-tetramethyl - p i  p e r i d i n e - l -  &?. 
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ESR spec t ra  were recorded a t  9.5 GHz w i t h  a Var ian  E-109 spectrometer equipped w i t h  a 
T M l l g  c a v i t y .  Sk in samples were a t  room temperature d u r i n g  ESR measurements. Samples were 
i r r a  i a t e d  a t  330 nm (10 bandpass nm) i n  t h e  c a v i t y  wi th a Schoef fe l  1000 W Xe arc  lamp and 
monochromator combinat ion.  The i r r a d i a n c e  was approx imate ly  15 W/m2, assuming t h e  c a v i t y  
g r i d  t ransmi t s  75% of t h e  i n c i d e n t  l i g h t ,  as measured w i t h  a Yel low Spr ings Inst ruments 
Model 65 radiometer.  

Because t h e  ascorbate s igna l  i s  weak and decays r a p i d l y  i t  i s  e s s e n t i a l  t o  min imize t h e  
t i m e  between h a r v e s t i n g  t h e  sk in  and c o l l e c t i n g  t h e  spect ra.  Each t i s s u e  sample reqy.ired 
d i f f e r e n t  t u n i n g  of t h e  ESR spectrometer and thus, w i t h o u t  accurate knowledge o f  both t h e  
magnetic f i e l d  s t r e n g t h  and t h e  operat ing-frequency of t h e  spectrometer f o r  a p a r t i c u l a r  
t u n i n g  cond i t i on ,  i t  was o f ten  d i f f i c u l t  and time-consuming t o  f i n d  t h e  very weak s i g n a l  o f  
t h e  ascorbate f r e e  r a d i c a l .  To min imize t h i s  t ime, a smal l  p iece  o f  p l a s t i c  t u b i n g  w i t h  a 
speck of s o l i d  s p i n  l a b e l ,  TEMPO (9 2.0062), sealed i n  t h e  end, was lowered i n t o  t h e  
c a v i t y  j u s t  t o  t h e  p o i n t  where i t s  s i g n a l  cou ld  be found w i t h  t h e  spect rometer 's  f i e l d  
sweep op t ion .  The TEMPO s igna l  was centered by a d j u s t i n g  t h e  magnetic f i e l d  s t rength,  t h e  
TEMPO was then removed and a f t e r  a d j u s t i n g  t h e  inst rument  s e t t i n g s ,  t h e  ascorbate f r e e  
r a d i c a l  s igna l  ( g  = 2.0052) was monitored. The i d e n t i t y  o f  t h e  ascorbate f r e e  r a d i c a l  was 
conf i rmed by comparing t h e  i n t r i n s i c  s igna l  w i t h  t h a t  obta ined a f t e r  app ly ing  pure sodium 
ascorbate t o  t h e  s k i n  sample. 

RESULTS AND DISCUSSION 

We observed t h e  ESR s i g n a l  of t he  ascorbate f r e e  r a d i c a l  i n  f r e s h l y  prepared h a i r l e s s  
mouse skin.  The i n t e n s i t y  o f  t h e  s igna l  decreased w i t h  t ime. When the  s k i n  sample was 
i r r a d i a t e d  w i t h  330 nm UV l i g h t ,  t h e  i n t e n s i t y  o f  t he  ascorbate f r e e  r a d i c a l  s i g n a l  
increased by 25-351 under the  exper imental  c o ? i i t i o n s  used (F ig .  1). If t h e  l i g h t  i n t e n -  
s i t y  was increased, t h e  s igna l  i n t e n s i t y  of A a l s o  increased. 

F i g u r e  1. Ascorbate f r e e  r a d i c a l  observed i n  h a i r l e s s  (HRS/J) mouse 
s k i n :  A. w i t h o u t  UV r a d i a t i o n ;  R. w i t h  330 nm UV r a d i a t i o n .  The 
observed h y p e r f i n e  s p i l t t i n g  i s  1.77 gauss, q u i t e  s i m i l a r  t o  o t h e r  
repo r ted  values f o r  A 
a d d i t i o n ,  f e a t u r e s  c o n s i s t e n t  w i t h  an a d d i t i o n a l  h y p e r f i n e  s p l i t t i n g  
o f  approx imate ly  0.2 gauss from two equ iva len t  hydrogens can be seen, 
a l though t h e  s i g n a l  t o  no i se  i s  t o o  l ow  and t h e  modulat ion ampl i tude 
t o o  h igh  t o  make a p o s i t i v e  assignment. 
Mod. Amp., 1 gauss; Gain, 3.2 x 105; Power, 20 mW; Scan, 1.33 
gauss/min; Time Constant, 4 s. 

(F i she r  and Hellwege, 1977-1979), and i n  

Ins t rumen t  s e t t i n g s  were: 
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When the sk in  samples were pret reated w i t h  CPZ p r i o r  t o  ESR examination, the ascorbate 
f r e e  rad i ca l  wa: a l so  observed p r i o r  t o  UV exposure. were i r r a d i a t e d  using the  same condi t ions as for  the untreated skin, the i n t e n s i t y  of the 
A s igna l  increased by a f a c t o r  o f  two (Fig. 2). 

However, when the pret reated samples 

F igure 2. Ascorbate f ree rad i ca l  i n  ha i r l ess  (HRS/J) mouse sk in  
t r e a t e d  w i t h  2 mM CPZ aqueous s o l u t i o n  appl ied t o p i c a l l y  and r insed 
p r i o r  t o  ESR measurements: 
l i g h t .  Hyperf ine s p l i t t i n g s  and instrument se t t i ngs  are as i n  F igure 
1. 

To show t h a t  330 nm l i g h t  does no t  a f f e c t  ascorbate i t s e l f ,  we i r r a d i a t @  an aqueous 
However, 

A. w i thout  UV l i g h t ;  R. w i t h  330 nm UV 

s o l u t i o n  o f  1 nt4 ascorbate and obseryed no change i n  the ESR i n t e n s i t y  o f  A 
when 0.3 @ CPZ-was included, the  A 

skin, t he re  are few repor ts  o f  d i r e c t  ESR de tec t i on  of rad i ca l  species produced i n  skin. 
N o r r i s  (1962) was not  able t o  i d e n t i f y  t he  rad i ca l  he observed i n  UV i r r a d i a t e d  human sk in  
samples. Pathak (1967) observed f ree  rad i ca l  s ignals  i n  human sk in  which he assigned t o  
t h e  various melanins. His samples were co l l ec ted  as many as four  hours a f t e r  death. 
Ogura's group concluded t h a t  the rad i ca l  they observed on exposure o f  h a i r l e s s  mouse sk in  

. 
signal  increased by approximately 250% (Fig. 3). 

Although f ree  rad i ca l s  have been impl icated i n  the damage produced by UV i r r a d i a t i o n  o f  

F igu re  3. Ascorbate free rad i ca l  i n  aqueous so lu t i on .  Samples con- 
ta ined  1 mM ascorbate and 0.3 mM CPZ i n  pH 7.0 a i r - sa tu ra ted  50 mM 
phosphate 6 u f f e r :  
When ascorbate was i r r a d i a t e d  a t  330 nm i n  the absence of CPZ, no 
increase i n  the ascorbate f ree  rad i ca l  s ignal  was observed (not  
shown). Hyperf ine s p l i t t i n g s  are as i n  F i  1. Instrument set -  
t i n g s :  Mod. Amp., 1 gauss; Gain 1.25 x los: Power, 20 mW; Scan, 5 
gauss/min; Time Constant, 1 s. 

A. w i thout  UV rad ia t i on ;  R. w i t h  330 nm radiatTon. 
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t o  IJV l i g h t  r e s u l t e d  from l i p i d  perox ide r a d i c a l s  (Sugiyama 
Sugiyama e t  a1 ., 1984b). 
o b s e r v a t i E 7 3  t h e  s k i n  sample i n  our  experiments allow$cJ us t o  d e t e c t  t h e  weak and t r a n -  
s i e n t  A - r a d i c a l .  Our observat ion of an increase i n  A i n  UV radiat ion-exposed s k i n  i s  
suppor t i ?q  evidence f o r  UV rad ia t i on - induced  f ree r a d i c a l  processes. The l a r g e r  increase 
i n  t h e  A 
cesses are enhanced by CPZ, a drug t h a t  i s  w e l l  known t o  produce f r e e  r a d i c a l s  upon expo- 
su re  t o  UV r a d i a t i o n  (Motten s al-. , 1985; Bue t tne r  % $-. , 1986; C h i g n e l l  eJ al-., 1985). 

fl., 1984a; Ogura, 1982; 
The s h o r t  l ag - t ime  between t h e  death o f  t h e  animal and t h e  ESR 

concen t ra t i on  observed i n  CPZ-treated s k i n  a l so  suggests these f r e e  r a d i c a l  pro-  
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