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SUMMARY: H y d r o g e n  p e r o x i d e ,  t e r t - b u t y l  h y d r o p e r o x i d e ,  cumene h y d r o p e r -  
o x i d e ,  and  3 - c h l o r o p e r o x y b e n z o i c  a c i d  (CPB) and  15-HPETE r e l a x e d ,  in a 
c o n c e n t r a t i o n  d e p e n d e n t  m a n n e r  r a t  a o r t i c  r i n g s  c o n t r a c t e d  w i t h  _PGF_ 
( I x I 0 - b ) .  R e l a x a t i o n  is not  i n h i b i t e d  by  e i t h e r  i n d o m e t h a c i n s ( 2 x l 0 - S M ) , g ~  
c y c l o - o x y g e n a s e  i n h i b i t o r  o r  e i c o s a t e t r a y n o i c  a c i d  ( I x l O -  M),  e dua l  
c y c l o - o x y g e n a s e  and  l i p o x y g e n a s e  i n h i b i t o r .  R ings  w i t h  i n t a c t  e n d o t h e l i u m  
r e l a x e d  to a g r e a t e r  deg ree  on e x p o s u r e  to CPB { n d  15-HPETE. M e t h y l e n e  
b l u e ,  a s o l u b l e  9 u a n y l a t e  c y c l a s e  i n h i b i t o r  ( I x I O - " M )  b l o c k e d  the r e l a x a -  
t i on  e l i c i t e d  by  the f i v e  p e r o x i d e s ,  w h e r e a s  bo th  s u p e r o x i d e  d i s m u t a s e  
( s c a v e n g e r  of s u p e r o x i d e  a n i o n )  and  m a n n i t o l  ( s c a v e n g e r  of h y d r o x y l  
r a d i c a l )  h a v e  no e f f e c t .  We c o n c l u d e  t h a t  r e l a x a t i o n  of v a s c u l a r  smooth 
musc le  is a g e n e r a l  p r o p e r t y  of p e r o x i d e s  a n d  t h a t  the  e n d o t h e l i u m  may  
in some i n s t a n c e s  f a c i l i t a t e  t h i s  e f f e c t .  © ].986 Academic Press, Inc. 

The e x i s t e n c e  of an e n d o t h e l i u m  d e r i v e d  v a s c u l a r  r e l a x a n t  f a c t o r  

(EDRF) was  f i r s t  r e p o r t e d  by  F u r c h g o t t  and  Z a w a d s k i  f o r  a c e t y l c h o l i n e  i n -  

duced  r e l a x a t i o n  of r a b b i t  a o r t a  ( I ) .  S ince then~ s e v e r a l  o t h e r  a g e n t s  

were  shown to r e l e a s e  EDRF in d i f f e r e n t  b l o o d  vesse ls  of d i f f e r e n t  

m a m a l i a n  spec ies  ( 2 - 5 ) .  The i d e n t i t y  of EDRF is u n k n o w n  b u t  t h e r e  is 

g e n e r a l  a g r e e m e n t  t h a t  the v a s c u l a r  r e l a x a t i o n  o b s e r v e d  d u r i n g  e n d o t h e -  

l i a l - a c t i v a t i o n  is a s s o c i a t e d  w i t h  i n c r e a s e d  a c t i v i t y  of s o l u b l e  9 u a n y l a t e  

c y c l a s e  in the smooth musc le  ( 6 , 7 ) .  Agen ts  w h i c h  i n c r e a s e  the  a c t i v i t y  of 

s o l u b l e  9 u a n y l a t e  c y c l a s e  i n c l u d e  f ree  r a d i c a l s ~  f a t t y  a c i d  p e r o x i d e %  

n i t r i c  o x i d e  and  h y d r o g e n  p e r o x i d e  (8 -10) .  P r e v i o u s  s t u d i e s  h a v e  shown 

t h a t  the  e f fec t  of EDRF c o u l d  be b l o c k e d  o r  a t t e n u a t e d  by a n t i - o x i d a n t s  

o r  a g e n t s  w h i c h  i n h i b i t  the  r e l e a s e  of f a t t y  a c i d s  f rom m e m b r a n e  

p h o s p h o l i p i d s  (11,12).  Th i s  r a i s e s  the  p o s s i b i l i t y  t h a t  EDRF may be a f ree  

r a d i c a l  o r  a p e r o x i d e  d e r i v e d  f rom a f a t t y  a c i d .  In the c u r r e n t  

i n v e s t i g a t i o n ,  we h a v e  tes ted  s e v e r a l  p e r o x i d e s  to e v a l u a t e  t h e i r  e f fec t  

on smooth musc le  r e l a x a t i o n  in the p resence  and  absence  of e n d o t h e l i u m .  
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METHODS 

Hydrogen  perox ide~  t e r t - b u t y l  h y d r o p e r o x i d %  cumene h y d r o p e r o x i d e ~  i n d o -  
m e t h a c i n ,  m a n n i t o l  and s u p e r o x i d e  d i smu tase  (SOD, b o v i n e  b lood ,  2800 
U/mg)  were p u r c h a s e d  from S igma.  3 - c h l o r o p e r o x y  benzo ic  ac id  (CPB) was 
f rom A l d r i c h .  E i c o s a t e t r a y n o i c  ac i d  (ETYA) and p r o s t a g l a n d i n  F^ (PGF~, )  
were  g i f t s  f rom Roche and Upjohn r e s p e c t i v e l y .  Stock s o l u t i o n s  zof hy(:Pr~)'- 
9en p e r o x i d e  and t e r t - b u t y l  h y d r o p e r o x i d e  were p r e p a r e d  in d i s t i l l e d  
d e i o n i z e d  w a t e r  and  cumene h y d r o p e r o x i d e  and CPB were p r e p a r e d  in 95% 
e t h a n o l .  The method d e s c r i b e d  by C r a w f o r d  et al  (13) was used fo r  the 
p r e p a r a t i o n  of 1 5 - h y d r o p e r o x y - e i c o s a t e t r a e n o i c  ac i d  (15-HPETE). 

Ma le  Sp rague  Dawley  rats~ (200-300 gin) kep t  u n d e r  s t a n d a r d  
l i g h t i n g  c o n d i t i o n s  and d i e t  were d e c a p i t a t e d  and the t h o r a c i c  a o r t a e  
removed.  R ing segments (3-4 mm) were  p r e p a r e d  to a v o i d  s t r i p p i n g  of 
e n d o t h e l i u m  and  mounted in 5 ml 9 tass  chambers .  The chambers  were  
f i l l e d  w i t h  K r e b s - b i c a r b o n a t e  b u f f e r  (pH 7.4-; m i l l i m o l a r  compos i t i on :  
NaCI, 116;  KCI, 4 .7 ;  MgS04~ 1.2; C a r l ^ ,  2 .5 ;  NaH~PO M 1.2; NaHCO~, 23; 
91ucose, I I )  e q u i l i b r a t e d  w i t h  5% CO 2 ~n oxgen an~ warmed to 37°C ~. The 
vesse ls  were  m a i n t a i n e d  at  19m tens ion  fo r  an hou r .  T e n s i o n  was mea-  
su red  i s o m e t r i c a l l y  w i t h  a fo rce  t r a n s d u c e r  ( H a r v a r d ) .  In c e r t a i n  vessel  
p r e p a r a t i o n s ~  the e n d o t h e l i u m  was d i s r u p t e d  by r u b b i n g  a metal  p robe  
a g a i n s t  the i n t i m a l  s u r f a c e .  The e f f i c a c y  of the e n d o t h e l i u m  remova l  was 
tes ted u s i n g  a c e t y l c h o l i n e  as sugges ted  by F u r c h g e t t  and Z a w a d s k i  ( I ) .  
The d i f f e r e n t  h y d r o p e r o x i d e s  were added  to the b a t h  . i n  c u m u l a t i v e  doses 
a f t e r  the r i n g s  were p r e - c o n t r a c t e d  w i t h  PGF 2 ( tx lObM) -. In e x p e r i m e n t s  
us i ng  i n h i b i t o r s  of a r a c h i d o n i c  a c i d  metabolism-~ ~ the reagen ts  were added  
15 min .  p r i o r  to the a d d i t i o n  of PGF2c ~. 

RESULTS 

were contracted with PGF2c ~ (IxIO-5M)~ and the five per- The vesse ls  

o x i d e %  h y d r o g e n  p e r o x i d e ,  cumene h y d r o p e r o x i d e ,  t e r t - b u t y l  h y d r o -  

perox ide~ CPB and 15-HPETE were found  to r e l a x  ra t  a o r t i c  r i n g s  in a 

c o n c e n t r a t i o n  dependen t  m a n n e r  (10-6-10-3M) (F igs  I and 2).  The th ree  

pe rox ides~  h y d r o g e n  perox ide~ t e r t - b u t y l  h y d r o p e r o x i d e  and  cumene h y -  

d r o p e r o x i d e  r e l a x e d  v a s c u l a r  r i n g s  w i t h  and  w i t h o u t  e n d o t h e l i u m  to the 

same degree  wh ich  is in c o n t r a s t  to the s i t u a t i o n  obse rved  w i t h  

a c e t y l c h o l i n e  where  r e l a x a t i o n  is dependen t  on the e n d o t h e l i u m .  On the 

o t h e r h a n d ,  CPB, e x h i b i t e d  a s i i g h t  e n d o t h e l i a l  dependency  (F ig  s. 2-A 

and B) in t ha t  r i n g s  w i t h  i n t a c t  e n d o t h e l i u m  r e l a x e d  at  lower  doses 

(2x10-6M) when compared  w i t h  vesse ls  w i t h o u t  e n d o t h e l i u m .  In a d d i t i o n ,  

i n t a c t  vesse ls  were  c o n t r a c t e d  by h i g h e r  doses of CPB (2x10-5M);  vesse ls  

w i t h o u t  e n d o t h e l i u m  r e q u i r e d  a t e n - f o l d  h i g h e r  dose of CPB ( I x l 0 - 4 M )  fo r  

c o n t r a c t i o n .  The response to 15-HPETE is shown in f i g u r e  I -D.  I t  is 

a p p a r e n t  t ha t  the vesse ls  w i t h  e n d o t h e l i u m  r e l a x e d  s i g n i f i c a n t l y  more 

compared  to vesse ls  w i t h o u t  e n d o t h e l i u m .  
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• Effect of Te r t -Bu ty l  H.P. (A),  Hydrogen Perox ide  (B), 

Cumene H.P. (C), and 15-HPETE (D) on ra t  ao r t i c  r i ngs  
w i th  ( _ _  ) and w i thou t  ( - - 5 - )  endo the l ium.  Rings ape 
con t rac ted  w i th  PGF2c~(IxI0- M).  Results a re  mean + 
S.E.M. of f i v e  s#.paPate exper imen ts .  H.P. s tands f-or 
hyd ropePox ide .  P< 0°05. 

To tes t  t he  e f f ec t  of v a r i o u s  i n h i b i t o r s  o f  a r a c h i d o n i c  a c i d  

m e t a b o l i s m  on the  r e s p o n s e  of  a o r t i c  v e s s e l s  to t he  p e r o x i d e %  the  

v e s s e l s  w e r e  i n c u b a t e d  w i t h  i n d o m e t h a c i n  (2x I0 -5M)~  a c y c l o - o x y g e n a s e  

i n h i b i t o r  a n d  ETYA ( I x I 0 - 5 M ) ~  a d u a l  c y c l o - o x y g e n a s e / l i p o x y g e n a s e  i n h i -  

b i t o r~  p r i o r  to t he  a d d i t i o n  of PGF20 ,. Bo th  i n d o m e t h a c i n  a n d  ETYA h a d  

no e f f ec t  on r e l a x a t i o n  ( F i g s .  I a n d  2) s h o w i n g  t h a t  t he  r e l a x a t i o n  is 

no t  due  to the  g e n e r a t i o n  of a n y  c y c l o - o x y g e n a s e  o r  I i p o x y g e n a s e  

p r o d u c t s  of  a r a c h i d o n i c  a c i d  b y  t he  p e r o x i d e s  e m p l o y e d  in o u r  e x p e r i -  

m e n t s .  

EDRF is b e l i e v e d  to i n d u c e  r e l a x a t i o n  of  v a s c u l a r  m u s c l e  b y  

a c t i v a t i o n  of s o l u b l e  9 u a n y l a t e  c y c l a s e  (14) a n d  m e t h y l e n e  b l u e  is a 

k n o w n  i n h i b i t o r  of t h i s  e n z y m e  (15) .  M e t h y l e n e  b l u e  ( I x I 0 - 5 M )  c o m p l e t e l y  

b l o c k s  the  r e l a x a t i o n  e l i c i t e d  b y  h y d r o g e n  p e r o x i d e  a n d  15-HPETE ( F i g s .  

3-A a n d  B) • A s i m i l a r  i n h i b i t i o n  was  o b s e r v e d  f o r  t he  o t h e r  p e r o x i d e s  

b y  m e t h y l e n e  b l u e •  T h i s  i n d i c a t e s  t h a t  t he  m e c h a n i s m s  of  v a s c u l a r  

r e l a x a t i o n  e l i c i t e d  b y  the  p e r o x i d e s  m a y  be due  to t he  a c t i v a t i o n  of  

s o l u b l e  9 u a n y l a t e  c y c l a s e  in smooth  m u s c l e .  
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F igu re  2. Effect of CPB on ra t  ao r t i c  r i ngs  w i thou t  (A) and w i th  r~ 
endo the l ium B. Rings a re  con t rac ted  with PGF2c~(I x 10-~M). 

F igu re  3. Effect of methy lene b lue  (MB) ( Ix l0 -gM)  on H20 z (A) and 
15-HPETE (B) e l i c i t ed  re lax ,~ t ion  of ra t  ao r t i c  rEngs p re -  
con t rac ted  w i th  PGF2c~(Ixl0- JM) 

A. H202 (j.IM) 

I 5 10 50 100 

lOmin 

a. 15-HPETE (JuM) 
MB 5 10 50 100 

Both superoxide anion and hydroxyl radicals could be generated 

from the peroxides. In order to test whether peroxide mediated relaxa- 

tion is due to the generation of these radicals~ vessels were incubated 

with mannitol (I0 mM)~ a hydroxyl radical scavenger and superoxide 

dismutase (I0 ug/ml)~ a superoxide scavenger. However~ both of the 

scavengers had no appreciable inhibitory effect (data not shown). 

DISCUSSION 

I n t e n s e  e f f o r t s  h a v e  been d i r e c t e d  in  the  p a s t  few y e a r s  to i d e n t i f y  

EDRF a n d  to e l u c i d a t e  i ts  m e c h a n i s m  of  a c t i o n  ( 2 - 7 ) .  S e v e r a l  a g e n t s  h a v e  

been s u g g e s t e d  as p o s s i b l e  c a n d i d a t e s  f o r  EDRF (16) .  Our  s t u d i e s  show 

that various peroxides can relax vascular rings in a concentration 

dependent manner. The relaxation is not inhibited by either indomethacin 

or ETYA suggesting that relaxation is not mediated by release of either 

cyclo-oxygenase or lipoxygenase products. 

There were differences in the nature of relaxation elicited by these 

peroxides. Hydrogen peroxide~ cumene hydroperoxide and tart-butyl hydro- 

peroxide elicited relaxation which was independent of the endothel ium 
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( F i g s .  I -A ,  B&C).  On the  o t h e r h a n d  bo th  15-HPETE and  CPB r e l a x e d  

vesse ls  w i t h  e n d o t h e l i u m  to a g r e a t e r  e x t e n t  t han  those w i t h o u t  e n d o t h e -  

l i u m  ( F i g s .  I-D ~ 2-B r e s p e c t i v e l y ) .  In f a c t  CPB e x h i b i t e d  c o n t r a c t i l e  

p r o p e r t i e s  a t  h i g h e r  doses (2x10-5M)~ a p r o p e r t y  w h i c h  was  not  s h a r e d  

by  any  of the o t h e r  h y d r o p e r o x i d e s .  In a d d i t i o n ,  excep t  in the case of 

CPB, a c e t y l c h o l i n e  r e l a x e d  v a s c u l a r  r i n g s  to the same d e g r e e  b e f o r e  and  

a f t e r  e x p o s u r e  to the p e r o x i d e s  { d a t a  not  s h o w n ) .  Thus the  c o n c e n t r a t i o n  

of the  p e r o x i d e s  used and  the  s h o r t  d u r a t i o n  of e x p o s u r e  of the a o r t i c  

r i n g s  do not  damage  the f u n c t i o n a l  i n t e g r i t y  of the  e n d o t h e l i u m ,  excep t  

in the  case of CPB. 

E n d o t h e l i a l  c e l l s  can s y n t h e s i z e  1 5 - ( s ) - h y d r o x y - e i c o s a t e t r a e n o i c  a c i d  

(15-HETE) and  8, 15-(s)  - d i h d r o x y - e i c o s a t e t r a e n o i c  a c i d  (8, 15-diHETE) 

f rom the p r e c u r s o r  15-HPETE (17).  But  r ecen t  s t u d i e s  (11,18) h a v e  shown 

t h a t  bo th  15-HETE and 8 ,15-d iHETE do not  possess any  v a s c u l a r  r e l a x i n g  

p r o p e r t i e s ,  in c o n t r a s t ,  15-HPETE is r e p o r t e d  to r e l a x  c e r e b r a l  a r t e r i o l e s  

(19) and  c a n i n e  f emora l  a r t e r y  (12) .  P r o s t a c y c l i n  is the m a j o r  m e t a b o l i t e  

of a r a c h  idon ic a c i d  p r o d u c e d  by  the e n d o t h e l i a l  cel Is (20) b u t  the  

r e l a x a t i o n  p r o d u c e d  by  the p e r o x i d e s  canno t  be due to p r o s t a c y c l i n  s ince  

the e x p e r i m e n t s  were  done in p resence  of i n d o m e t h a c i n .  Moreove r ,  p e r -  

o x i d e s  a r e  known  to i n h i b i t  p r o s t a c y c l i n  s y n t h e t a s e  (21).  

V a s o d i l a t i o n  by  EDRF is a s s o c i a t e d  w i t h  an i n c r e a s e  in the a c t i v i t y  

of s o l u b l e  g u a n y l a t e  c y c l a s e  in smooth musc le  (7 ) .  Our  e x p e r i m e n t s  w i t h  

m e t h y l e n e  b l u e ,  an i n h i b i t o r  of s o l u b l e  g u a n y l a t e  c y c l a s e  (15) show t h a t  

m e t h y l e n e  b l u e  b l o c k s  the  r e l a x a t i o n  e l i c i t e d  by a l l  f i v e  p e r o x i d e s .  Thus 

the  p e r o x i d e s  may  e l i c i t  r e l a x a t i o n  t h r o u g h  a c t i v a t i o n  of s o l u b l e  g u a n y -  

l a te  c y c l a s e  in smooth musc le  w h i c h  is in acco rd  w i t h  p r e v i o u s  r e p o r t s  

(8-10) t h a t  h y d r o g e n  p e r o x i d e  and  o t h e r  f a t t y  a c i d  p e r o x i d e s  a c t i v a t e  

s o l u b l e  g u a n y l a t e  c y c l a s e .  

Since the  p e r o x i d e s  d e s c r i b e d  here  can g e n e r a t e  v a r i o u s  r a d i c a l s ,  

i n c l u d i n g  s u p e r o x i d e  a n i o n  and  h y d r o x y l  r a d i c a l ,  we tes ted  the e f fec t  of 

SOD ( s c a v e n g e r  of s u p e r o x i d e  a n i o n )  and  m a n n i t o l  ( s c a v e n g e r  of h y d r o x y l  

106 



Vol. 139, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

r a d i c a l )  on v a s c u l a r  r e l a x a t i o n  e l i c i t ed  by the va r i ous  perox ides .  Both 

SOD and manni to l  have no i n h i b i t o r y  effect on v a s c u l a r  r e l a x a t i o n  (data  

not shown).  This shows that  v a s c u l a r  r e l a x a t i o n  e l i c i t ed  by the perox ides 

are not mediated through the genera t ion  of hyd roxy l  r ad i ca l  or super-  

ox ide  an ion .  This is in agreement w i th  a recent repor t  (22) on the effect 

of h y d r o x y l  r ad i ca l  and superox ide  an ion on endo the l ium-med ia ted  r e l a x a -  

t ion of r a b b i t  ao r ta .  I n t e r e s t i n g l y ,  ano ther  recent study (23) showed that  

a c e t y l c h o l i n e - i n d u c e d  r e l a x a t i o n  is moderate ly  depressed using manni to l  

suggest ing  that  h y d r o x y l  r ad i ca l  is i nvo l ved  in t r i g g e r i n g  re lease of 

EDRF. 

In conclus ion,  our  exper iments  show that  va r ious  perox ides  e l i c i t  

v a s c u l a r  r e l a x a t i o n ,  which may be due to d i rec t  a c t i v a t i o n  of so lub le  

g u a n y l a t e  cyc lase in smooth muscle and that  the r e l a x a t i o n  is not 

mediated through the genera t ion  of any cyc lo -oxygenase or l i poxygenase  

products or through h y d r o x y l  r a d i c a l  or superox ide  an ion genera t ion .  The 

na tu re  of p e r o x i d e - e l i c i t e d  r e l a x a t i o n  us ing va r i ous  fa t t y  acid hyd rope r -  

ox ides is a p romis ing  approach to deduc ing the i den t i t y  of EDRF. 
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