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The  poss ib i l i ty  of fo rma t ion  of  pa r~magne t i c  cen t e r s  in r eac t i ons  between oxides  of ni t rogen 
and sa tu ra ted  and unsa tu ra ted  fat ty  ac ids  and a r o m a t i c  amino acids  was  studied by  an EPR 
method.  Dur ing the r e a c t i o n  between NO 2 and ole ic  acid at 20°C s e v e r a l  pa ramagne t i c  cen te r s  
w e r e  found to be  f o r m e d .  Sa tura ted  fat ty  ac ids  do not f o r m  pa ramagne t i c  cen t e r s  on r eac t i ng  
with NO 2. NO did not f o r m  p a r a m a g n e t i c  cen te r s ,  whether  with bu tyr ic ,  pa lmit ic ,  and s t e a r i c  
acids,  o r  with o le ic  acid.  NO 2 was  shown to f o r m  p a r a m a g n e t i c  cen t e r s  with a sa tu ra ted  solu-  
t ion of t y ros ine .  The  f o r m a t i o n  of par~m~gnet ic  cen t e r s  was not obse rved  as  a r e s u l t  of the 
r e ac t i on  of NO and NO~ with sa tu ra ted  solutions of phenylalanine and t ryptophan.  I t  is pos tu-  
la ted  that  unsa tura ted  fat ty acids  and ty ros ine  r e s i d u e s  of  m e m b r a n e  l ipoprote in  complexes  
may  ac t  a s  t a r g e t s  f o r  r e ac t i on  with NO2, and tha t  the  fo rma t ion  of pa r amagne t i c  cen t e r s  in 
the r eac t ion  between NO 2 and the above-ment ioned  subs tances  i s  the p r i m a r y  act  of injury to 
the  m e m b r a n e s .  
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p a r a m a g n e t i c  c e n t e r s .  

The  f r e e - r a d i c a l  na tu re  of  ox ides  of  n i t rogen  enables  t hem to r e a c t  with va r ious  subs tances ,  including 
fa t ty  acids  and phenols  of an imal  o r ig in  p r e s e n t  a s  components  of  l ipopro te in  s t r u c t u r e s  of m e m b r a n e s .  Th i s  
has  been  demons t r a t ed  by inves t iga t ion  [1, 2] which showed tha t  an impor tan t  ro l e  in the m e c h a n i s m  of the 
ha rmfu l  act ion of ox ides  of  n i t rogen  is  p layed  by f r e e - r a d i c a l  oxidation of l ip ids .  Consequently,  oxides of 
n i t rogen,  on r eac t i ng  with sa tu ra ted  and uns~hl ra ted  fa t ty  ac ids  and a lso  with a r o m a t i c  amino acids,  may  give 
r i s e  to the fo rma t ion  of p a r a m a g n e t i c  c en t e r s .  

In the p r e s e n t  invest igat ion the e lec t ron  pa ramagne t i c  r e sonance  (EPR) method was used to study 
r eac t ion  p roduc t s  of  n i t r i c  oxide and n i t rogen  perox ide  with fat ty  acids  (oleic, butyr ic ,  pa lmit ic ,  and s tear ic)  
and with a r o m a t i c  amino ac ids  ( tyrosine,  t ryptophan,  phenylalanine - obtained f r o m  the Koch-Light  f i rm) .  

E X P E R I M E N T A L  M E T H O D  

EPR spec t r a  we re  m e a s u r e d  on a 3 - c m  r a d i o s p e c t r o m e t e r  of re f lec t ing  type under  conditions prevent ing 
signal sa tura t ion .  Solutions of a r o m a t i c  amino ac ids  w e r e  f reed  f r o m  low-molecu la r -we igh t  ions by pas sage  
through a 1 × 8 cm Dowex column. Pur i ty  checks  w e r e  c a r r i e d  out on the P e r k i n - E l m e r  M-303 a tomic  ab-  
sorpt ion  spec t ropho tome te r  (sensi t ivi ty  0.2 r ag / l i t e r} .  Af ter  NO and NO 2 had been p a s s e d  at 20°C through 
the  t e s t  substance,  the l a t t e r  was  introduced into quar tz  cap i l l a ry  tubes  with a b o r e  of 3 ram, and t r a n s f e r r e d  
to a D e w a r  f l a sk  with liquid ni trogen,  mounted in the r e s o n a t o r  of the  EPR s p e c t r o m e t e r .  

E X P E R I M E N T A L  R E S U L T S  

Af te r  the r eac t i on  between NO 2 and oleic  acid s eve ra l  p a r a m a g n e t i e  p roduc t s  w e r e  found. During the 
f i r s t  minutes  of the r eac t ion  between NO 2 and o le ic  acid the  E P R  s p e c t r u m  cons is ted  of a wide unreso lved  
signal  with a G - f a c t o r  of  2003 and a wide l ine between the points of max ima l  slope AH = 8.4 Oe (Fig. la ) .  The  
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Fig. I. EPR spectra of oleic acid after reacting with NO 2 at 20°C. Duration 
of reac/~n: a) 1-2 min, b) 30 rain, c) 24 h. Spectra measured at 77°K. 
Arrows indicate centers of third and fourth lines of Mn ++ standard. 

• Fig. 2. EPR spectrum of a saturated solution of tyrosine following reaction 
with NO 2 at 20°C for I0 rain. Spectrum measured at 77°K. Legend as in 

Fig .  1. 

subsequent  reac t ion  between NO 2 and ole ic  acid led to a substant ial  change in the  shape of the EPR spec t rum 
OH 
f 

HsC S " ~  CH3 
(Fig, lb) .  I t s  p a r a m e t e r s  were  the s a m e  as  those  of the E P R  spec t rum of the iminoxyl rad ica l  H~C~/\/~CH~_i~. 

! 
0 

d i sso lved  in ole ic  acid and m e a s u r e d  at 77°K. These  n i t roxyl  r ad i ca l s  r ema ined  s table  for  severa l  hours,  
a f te r  which, as  the concentra t ion of these  r a d i c a l s  diminished,  changes were  obse rved  in the intensi ty  of 
individual components  of the EPR signal .  The E P R  s igna l  of o le ic  acid 24 h a f te r  the reac t ion  with NO 2 is 
shown in Fig.  l c .  

No pa ramagne t i c  products  we re  fo rm ed  by the reac t ion  between NO 2 and sa tura ted  fat ty acids (butyric, 
pa lmi t ic ,  and s tear ic ) .  No p a r a m a g n e t i c  products  l ikewise  were  found a f t e r  the reac t ion  between NO and both 
sa tu ra ted  and unsa tura ted  fatty ac ids .  

The  fo rma t ion  of r ad i ca l s  of unsa tura ted  fatty acids t akes  p lace  through the r e m o v a l  of an e lec t ron  or  
hydrogen a tom f r o m  the r eac t i ng  molecu le .  The  l e a s t  energy  mus t  be used to detach the hydrogen a tom f r o m  
the carbon a tom in the a - p o s i t i o n  r e l a t i ve  to the  double bond [3]: 

H H H H H H 
I I I I f l 

RC--C=C--R ~-c=c--c--R 
I 
H 

The  wide E P R  signal  found in the  initial s tage of the reac t ion  between NO 2 and ole ic  acid may  be con-  
f i rma t ion  of the  f r e e - r a d i c a l  m e c h a n i s m  of oxidation of oleic  acid.  Ra the r  m o r e  ene rgy  mus t  be used  to 
rup tu re  the C-H bond of the ca rbon  a tom with the double bond: 

H H H 

RC=CR RC~CR 

At  th is  s tage the reac t ion  is evidently not complete ,  and i t  subsequently continues in accordance  with the fo l -  
lowing scheme:  
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The  wide E P R  s p e c t r u m  obs e rved  24 h a f t e r  the  r e ac t i on  between o le ic  acid and NO 2 was evident ly  due to 
breakdown products  of the n i t roxyl  r a d i c a l s .  

P a s s a g e  of NO 2 through a deionized sa tu ra t ed  solution of t y ro s ine  at  pH 7.0 and 20°C led to the a p p e a r -  
ance  of a pa r amagne t i c  cen te r ,  giving an E P R  signal  at 77°K with G = 2005 and a l ine width AH = 9 Oe (Fig. 2). 
As the r e s u l t  of the r eac t ion  between NO and a sa tu ra ted  solution of t y ros ine ,  no pa ramagne t i c  cen t e r s  we re  
fo rmed .  P a r a m a g n e t i c  p roduc t s  also were  absent  a f t e r  the  reac t ion  of NO and NO 2 with sa tu ra ted  solutions 
of phenylalanine and t ryptophan.  

P a r a m a g n e t i c  products  of t y ros ine  were  found p rev ious ly  a f t e r  i r r ad ia t ion  of aqueous solution of th is  
subs tance  with u l t r av io le t  l ight at 77°K [4-6]. The  EPR signal a r i s ing  in th is  case  was  due to two types  of 
products :  a phenoxyl r ad ica l  and e lec t rons  captured  by the surrounding medium.  The  absence  of p a r a m a g -  
net ic  p roduc t s  following the r eac t i on  of NO 2 with t ryp tophan  and phenylalanine and the i r  appearance  as a r e s u l t  
of the r e ac t i on  between NO 2 and ty ros ine  sugges ts  that  the s inglet  signal with G = 2005 and AH = 90e was due 
to the phenoxyl r ad i ca l  of t y ros ine .  

T h e  r e a s o n  why no p a r a m a g n e t i c  p roduc t s  we re  obse rved  to be  f o r m e d  by the r eac t i on  between NO and 
unsa tu ra ted  fa t ty  acids  and ty ros ine  was evidently the weake r  e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of NO than of 
NO 2 [7]. 

I t  can be concluded f r o m  these  r e s u l t s  that  unsa tura ted  fat ty  acids  and ty ros ine  r e s idues  of m e m b r a n e  
l ipopro te in  s t r u c t u r e s  may  act  a s  t a r g e t s  fo r  in te rac t ion  with NO 2 and that  the  fo rma t ion  of pa ramagne t i c  
cen t e r s  with the above-ment ioned  subs tances  is the  p r i m a r y  act  of injury to the m e m b r a n e s .  

The  at t thors a r e  gra teful  to E .  G. Novokreshchenova  for  help with the  ~n . !y s i s  of the p repa ra t ion  for  
pur i ty .  
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