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Abs t rac t .  Lysophosphat idylchol ine (LPC) i s  a  po ten t  endothelium-dependent 
vascu la r  smooth muscle r e l a x a n t .  The p o s s i b i l i t y  t h a t  i t s  a c t i o n  i s  mediated 
through endothelium-derived n i t r i c  oxide (EDNO), a l though sugges t ive ,  h a s  n o t  
been proven. Both lysophqspha t idy lcho l ine  and endothelium-derived n i t r i c  oxide 
r e l a x  by a c t i v a t i n g  guanyla te  c y c l a s e  t o  form c y c l i c  GMP. Based on t h e  f i n d i n g  
t h a t  EDNO formation is  i n h i b i t e d  by NNA (N-omega-nitro-L-arginine), we followed 
c y c l i c  GMP changes i n  bovine intrapulmonary a r t e r i e s  wi th  LPC a f t e r  incuba t ion  wi th  
NNA. I n h i b i t i o n  of c y c l i c  GMP by LPC fo l lowing  NNA exposure would be sugges t ive  
of t h e  p roduc t ion  of EDNO by LPC. However, whi le  NNA s i g n i f i c a n t l y  i n h i b i t e d  accu- 
mulat ion of c y c l i c  GMP a f t e r  exposure t o  the  calcium ionophore A23187 which r e l e a s -  
e s  EDNO, NNA f a i l e d  t o  i n h i b i t  LPC-induced accumulation of c y c l i c  GMP. The r e s u l t s  
i n d i c a t e  t h a t  LPC r e l a x e s  vascu la r  smooth muscle through a  non NO-mediated pathway. 

In t roduc t ion .  LPC i s  a  p o t e n t  vascu la r  re -  
l a x a n t  of r a b b i t  t h o r a c i c  a o r t a  and bovine i n t r a -  
pulmonary a r t e r i e s  and v e i n s  (1 ,2 ) .  Its a c t i o n  
i s  mediated through t h e  r e l e a s e  of an endothelium 
dependent r e l a x i n g  f a c t o r  (EDRF) and subsequent 
e l e v a t i o n  of c y c l i c  GMP ( 3 ) .  One of t h e  r e l a x i n g  
f a c t o r s  involved i n  v a s c u l a r  r e l a x a t i o n  has  been 
shown t o  be n i t r i c  oxide (NO) wi th  a r g i n i n e  a s  
i t s  precursor  ( 4 , 5 ) .  N-omega-nitro-L-arginine 
(NNA) , a p o t e n t  and s p e c i f i c  i n h i b i t o r  of t h e  
L-arginine pathway of NO p roduc t ion  is  r e p o r t e d  
t o  i n h i b i t  endothelium-derived r e l a x a t i o n  produced 
by a c e t y l c h o l i n e  (6)  and accumulation o f  c y c  1 i c 
GMP induced by calcium ionophore A23187 ( 7 ) .  I n  
the  p r e s e n t  s tudy t h e  mechanism of LPC-induced 
r e l a x a t i o n  was i n v e s t i g a t e d  by u t i l i z i n g  t h e  s t i m -  
u l a t i o n  of c y c l i c  GMP accumulation by LPC and 
A23187 a s  a  measure of EDNO product ion.  

Mate r ia l  and Methods. Bovine lungs  were 
ob ta ined  from a l o c a l  a b a t t o i r  (Shamrock Co., 
Vernon, CA). The t h i r d  branch of t h e  i n t r a p u l -  
monary a r t e r y ,  c leaned of p e r i v a s c u l a r  t i s s u e ,  
was c u t  i n t o  3 mm r i n g s .  The r i n g s  were opened 
a s  t r a n s v e r s e  s t r i p s  under a  r e s t i n g  t e n s i o n  of 
2g i n  20 m l  organ b a t h s  f i l l e d  wi th  oxygenated 
Krebs-Henseleit  b u f f e r  s o l u t i o n  a t  37OC. The 
c o  p o s i t i o n  of t h e  buf fe r2$s  a s   follow^+ 143 m?l T Na , 3.9 rnM K , 2.5 mM Ca , 1.2 mM Mg , 12Z mM 
~ ~ ~ 0 4  , 127.8 mM ~ 1 - ,  25 mM HCO;, 1.2 mM SO4 , 
10 mM glucose.  

Tension changes were measured us ing  i s o m e t r i c  
t r ansducers  (UL-20-Gr, Shinkoh, Minebea Co., L td . ,  
Tokyo, Japan) and recorded on S o l t e c  mult ichannel  
r e c o r d e r s  ( S o l t e c  Corp., Sun Val ley,  CA). A f t e r  
e q u i l i b r a t i o n  f o r  $5 minutes  t h e  s t r i p s  were pre-  
incubated wi th  10- M NNA f o r  20 minutes .  The - 5 s t r i p s  were p recon t rac ted  wi th  10 M h i s tamine  
(HA) i n  t h e  presence of 100 u n ' t s  of SOD/ml - 3 (sul)eroxide dismutase)  and 10 M I N D  (indometh- 
a c i n ) .  The u s e  of SOD h a s  been recommended i n  
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experiments  t o  a s s e s s  t h e  e f f e c t  of i n h i b i t o r s  on 
c y c l i c  GMP l e v e l s  ( 7 ) .  Percen t  r e l a x a t i o n  is c a l -  
c u l a t e d  from t h e  decrease  i n  t ens ion  from h i s t a -  
mine-induced c o n t r a c t i o n .  A f t e r  aOs teady  s t a t e  of 
con r a c t i o n  had been reached, 10- M A23187 o r  I 10- M LPC was added. At maximum r e l a x a t i o n  t h e  
s t r i p s  were r a p i d l y  f rozen  i n  l i q u i d  n i t r o g e n  f o r  
c y c l i c  GMP de te rmina t ion .  E x t r a c t i o n  of c y c l i c  
GMP from t h e  t i s s u e  h a s  been desc r ibed  p rev ious ly  
( 3 ) .  The powder ob ta ined  a f t e r  l y o p h i l i z a t i o n  
was d i s s o l v e d  i n  0 .3  m l  of T r i s  b u f f e r  (pH 7.4) 
and 0 .1  a l i q u o t  was used f o r  t h e  assay .  A l l  va l -  
ues  a r e  recorded a s  fmol/mg t i s s u e .  

Drugs. L-alpha lysophospha t idy lcho l ine  from 
egg yo lk ,  calcium ionophore A23187, N-omega-nitro- 
L-arginine,  h i s tamine  d ihydroch lor ide  (HA), indo- 
methacin (IND) and superoxide dismutase (SOD) were 
purchased from Sigma Chemical Company, S t .  Louis,  
MO. The Amersham c y c l i c  GMP radioimmunoassay k i t  
(Amersham Corp.,  Ar l ing ton  Heights ,  IL) was used 
f o r  c y c l i c  GMP assay .  S t a t i s t i c a l  a n a l y s i s  was 
done by S tuden ts - t - t e s t  f o r  unpaired comparison. 
P40.05 was considered s i g n i f i c a n t .  

Resu l t s .  Lower doses  of NNA, ~ o - ~ M  and ~ o - ~ M ,  
d i d  n o t  produce any s i g n i f i c a n t  changes i n  t h e  
spontaneous r e l a x a t i o n  of bovine pulm nary a r t e r -  -9 i a l  s t r i p s  a f t e r  c o n t r a c t i o n  wi th  10 M HA 
( F i g  1A). I n  c o n t r a s t ,  I O - ~ N N A  caused a contrac- 
t i l e  response of abo t 14 + 3%. Therefore ,  a  -g concen t ra t ion  of 10 M NNA was used t o  e v a l u a t e  
i ts  i n h i b i t o r y  e f f e c t  on A23 187 and LPC-induced 
r e l a x a t i o n s .  

The minimum dose of A23187 and LPC r e q u i r e d  
t o  produce n o t i c e a b l e  r e l a x a n t  responses  of 
precont  ac ted  bovine a r t e r i a l  s t r i p s  were 10'0M -5 
and 10 M r e s p g g t i v e l y .  P re incuba t ion  of t h e  
s t r i p s  wi th  10 M had no i n h i b i t o r y  e f f e c t  on 
e i t h e r  LPC-induced r e l a x a t i o n  o r  c y c l i c  GMP 
l e v e l s  (Fig 1B; Table  1) . Although ~ o - ~ M  NNA had 
no a p p r e c i a b l e  i n h i b i t o r y  e f f e c t  on A23187 in-  
duced r e l a x a t i o n  (F ig  lC) ,  t h e  l e v e l s  of c y c l i c  
GMP were s i g n i f i c a n t l y  reduced from 54 t o  36 
fmol/mg t i s s u e  (PCO. 05 ; Table 1) . 

Discussion.  Changes i n  c y c l i c  GMP l e v e l s  
i n  t h e  presence and absence of analogues of L- 
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a r g i n i n o ,  t h e  proposed p r e c u r s o r  of EDNO, have 
been employed p r e v i o u s l y  t o  s c r e e n  v a r i o u s  com- 
pounds f o r  EDNO r e l e a s e  ( 7 ) .  I n  t h e  p r e s e n t  
s tudy  we have u t i l i z e d  t h i s  approach t o  i n v e s t i -  
g a t e  t h e  mechanism of a c t i o n  of LPC. It  h a s  
been r e p o r t e d  t h a t  NNA i s  seven ty  t imes  more 

Figure 1. (A) Left panel, dose-response curve of relaxation of pul- 
monary artery strips with different concentrations of NNA. Right 
panel, percentage of relaxation obtained with these concentrations. 
At a higher concentration of NNA (1 0-5 M) an increase in tension was 
noted. Values are G E M ;  n = 10. (B) Left panel, effect of LPC on 
tension in the absence; right panel, in the presence of NNA. (C) 
Representative tracing of effect of 10-lo M A23187 in the absence 
(left panel) and presence (right panel) of NNA. In both B and C NNA 
does not interfere with relaxation by either LPC or A231 87 (see also 
Table I). Arrow indicates collection for cyclic GMP. SOD, superoxide 
dismutase; IND, indomethacin; HA, histamine. 

p o t e n t  than  t h e  more commonly used  analogu , 
N-monomethyl-L-argin i n c  ( 5 )  a n d  t h a  t 1  O-'N NNA 
i n h i b i t e d  b a s a l ,  a s  w e l l  a s  A23187-stimulated 
r e l e a s e  of c y c l i c  GMP and hence EDNO fo rmat ion /  
r e l e a s e  i n  c u l t u r e d  bovine a o r t i c  eGdothe l i a1  
c e l l s .  An a lmos t  complete i n h i b i t i o n  yf c y c l i c  
GMP accumulat ion was observed w i t h  10- M NNA ( 5 ) .  
S i m i l a r l y ,  Acetylchol ine- induced r e l a x a t i o n  i n  
r a b  i t  t h o r a c i c  a o r t a  was a l s o  reduced t o  10% by -9 10 M NNA ( 6 ) .  Our r e s u l t s  i n  i c a t e d  t h a t  NNA 
c o n c e n t r a t i o n s  h i g h e r  than  10 'M produced an  
i n t r i n s i c  c o n t r a c t i l e  r e sponse  i n  bovine pulmon- 
a r y - g r t r r i a l  s t r i p s .  By u s i n g  lower  doses  of NNA 
(10 M) which by i t s e l f  d i d  n o t  s i g n i f i c a n t l y  
a l t e r  t h e  magnitude of r e l a x a n t  r e sponses ,  we 
have demonstra ted t h a t  NNA caused s i g n i f i c a n t  
d e c r e a s e s  (P<0.05) i n  A23187-stimulated c y c l i c  
GMP accumulat ion,  b u t  was wi thou t  e f f e c t  i n  t h e  
p resence  of LPC (Table  1 ;  F ig  1C). Chemical a s  
w e l l  a s  pharmacological  ev idence  h a s  sugges ted  
t h a t  v a s c u l a r  r e l a x a t i o n  produced by A23187 i s  
mediated v i a  t h e  fo rmat ion  of EDNO ( 8 , 9 , 1 0 ) .  The 
p r e s e n t  s tudy  i n d i c a t e s  t h a t  A23187 and LPC r e l a x  
v a s u l a r  smooth muscle by d i f f e r e n t  mechanisms. 

Acknowledgements. We would l i k e  t o  thank 
D. Tang and A Zamora f o r  t e c h n i c a l  a s s i s t a n c e  a s  
w e l l  a s  L. DeChaine f o r  s e c r e t a r i a l  h e l p .  

T h i s  work was suppor ted  by g r a n t s  from t h e  
Counci l  f o r  Tobacco Research,  USA, I n c . ,  New York; 
The Margaret W .  and Herbe r t  Hoover J r . ,  Foundat ion,  
Los Angeles ,  and t h e  Pa t ron  S a i n t  Foundat ion,  
Pasadena,  CA. 

1. S a i t o  T, Wolf A, Menon NK, Saeed M, Alves  C ,  
Bing RJ. L y s o l e c i t h i n s  a s  endothelium-depen- 
d e n t  v a s c u l a r  smooth muscle r e l a x a n t s  t h a t  
d i f f e r  from endothel ium-der ived r e l a x i n g  
f a c t o r  ( n i t r i c  o x i d e ) ,  Proc N a t ' l  Acad S c i  85: 
8246-8250, 1988. 

2 .  Menon NK,  S s i t o  T, Wolf A, Zehetgruber  M, 
Bing RJ. Lysophosphat idylchol ine- induced 
r e l a x a t i o n  i n  super fused  bovine pulmonary 
a r t e r i e s .  J Appl C a r d i o l  4(5):297-303, 1989. 

3 .  Menon NK, S a i t o  T, Wolf A, Bing R J .  Cor re la - -  
t i o n  of lysophospha t idy lcho l ine - induced  v s .  
spontaneous r e l a x a t i o n  t o  c y c l i c  GMP l e v e l s  
i n  r a b b i t  t h o r a c i c  a o r t a .  L i f e  S c i  44:611- 
618, 1989. 

4 .  Palmer RMJ, F e r r i g e  AG,  Moncada S. N i t r i c  
oxide r e l e a s e  accoun t s  f o r  t h e  b i o l o g i c a l  
n c t i v i t y  of endothel ium-der ived r e l a x i n g  
f a c t o r ,  Na tu re  (London) 327~524-526,  1987. 

5. Amezcua JL, Palmer RMJ, de  Souza BM, Moncada 
S. N i t r i c  ox ide  s y n t h e s i z e d  from L-a rg in ine  
r e g u l a t e s  v a s c u l a r  tone  i n  t h e  coronary c i r -  
c u l a t i o n  of t h e  r a b b i t .  Br J Pharmacol 97:  
1119-1126, 1989. 

6 .  Kobayashi Y ,  H a t t o r i  K. Ni t roa rg i r i ine  inh ib -  
i t s  endo the l  ium-derived rel .  aua t  ion .  Japan J 
Pharmacol 52:167-173, 1990. 

Table I. Effect of NNA on Agonist-Stimulated Accumulation of Cyclic GMP in Bovine Pulmonary Arterya 

O/O Relaxation 15.6 + 1.3 (1 8) 15.3 + 1.8 (1 1) 13.8 -C 2.2 (1 7) 13.2 + 2.9 (20) 
Cyclic GMP 53.8 + 1.5 (1 O)* 35.8 + 3.6 (1 8) 34.4 + 8.7 (6) 30.1 + 5.3 (12) 

a Values are mean + SE. Numbers in parentheses indicate the number of experiments. Cyclic GMP is expressed as fmol/mg tissue. * P < 0.05. 

462 RAPID COMMUNICATION 



7. I s h i  K ,  Chang B . ,  Kerwin J F ,  Huang Z-J,  Murad 
F.  NW-Nitro-L-arginine : a p o t e n t  i n h i b i t o r  
of endothel ium-der ived r e l a x i n g  f a c t o r  f o r -  
mat ion.  Europ J Pharmacol 176:219-222, 1990. 

8. I g n a r r o  L J ,  Byrns RE, Buga GM, Wood KS. En- 
dothel ium-der ived r e l a x i n g  f a c t o r  from pu l -  
monary a r t e r y  and v e i n  p o s s e s s e s  pharmaco- 
l o g i c  and chemical  p r o p e r t i e s  i d e n t i c a l  t o  
t h o s e  of n i t r i c  ox ide  r a d i c a l .  C i r c  Res 61: 
866-879, 1987. 

9.  Menon NK, WolfA, Zehetgruber  My Bing RJ. An 
improved chemiluminescence as say  s u g g e s t s  
non n i t r i c  oxide-mediated a c t i o n  of l y s o -  
p h o s p h a t i d y l c h o l i n e  and a c e t y l c h o l i n e .  Proc 
Soc Exp B i o l  Med 191 :316-319, 1989. 

10. Wei-Zhou C ,  Palmer RMJ, Moncada S. Re lease  
of n i t r i c  ox ide  from r a b b i t  a o r t a .  J Vasc 
Med and B i o l  1 : 2-9, 1989. 

Rece ived  November 7 ,  1 9 9 0  
Accep ted  F e b r u a r y  8 ,  1 9 9 1  

RAPID COMMUNICATION 463 


	196_4_461.tif
	196_4_462.tif
	196_4_463.tif

