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Inf luence  of M a g n e s i u m  and  C y s t e i n e  on  V a s o p r e s s i n - I n d u c e d  C o n t r a c t i o n s  in V a r i o u s  Canine  
B l o o d  V e s s e l s  

E v i d e n c e  h a s  a c c r u e d  to  s u g g e s t  t h a t  m a g n e s i u m  
(Mg++) i o n s  s e l e c t i v e l y  1. i n c r e a s e  t h e  a f f i n i t y  of  n e u r o -  
h y p o p h y s e a l  p o l y p e p t i d e s  (e.g. v a s o p r e s s i n ,  o x y t o c i n  a n d  
t h e i r  s y n t h e t i c  a n a l o g u e s )  for  t h e i r  r e c e p t o r s  in  s m o o t h  
m u s c l e  a n d  2. p o t e n t i a t e  t h e  c o n t r a c t i l e  a c t i o n s  of  t h e s e  
h o r m o n e s  o n  s m o o t h  m u s c l e  ~. V a r i o u s  in  v i t r o  s t u d i e s  
h a v e  s u g g e s t e d  t h a t  p o t e n t i a t i o n  of  s t r u c t u r a l l y  d i f f e r e n t  
n e u r o h y p o p h y s e a l  h o r m o n e  a n a l o g u e s  b y  M g  ++ o n  d i f -  
f e r e n t  e f f e c t o r  s y s t e m s  ( u t e r u s ,  m a m m a r y  g l a n d ,  b l o o d  
vesse l s )  is  i n v e r s e l y  r e l a t e d  t o  p o t e n c y  of t h e  m o l e c u l e s  
a n d  n o t  to  i n t r i n s i c  d i f f e r e n c e s  b e t w e e n  u t e r i n e  S m o o t h  
m u s c l e ,  m y o e p i t h e l i a l  o r  v a s c u l a r  s m o o t h  m u s c l e  r e c e p -  
to r s ,  p e r  se 2. R e c e n t  w o r k  w i t h  d e p o l a r i z e d  u t e r i n e  
s m o o t h  m u s c l e  3 a n d  a v i a n  p u l m o n a r y  a r t e r i e s  ~ s h o w ,  
h o w e v e r ,  t h a t  t h e  m a x i m a l  c o n t r a c t i l e  r e s p o n s e s  to  v a s o -  
p r e s s i n  in  Mg++- f r ee  s o l u t i o n  a r e  g r e a t l y  d e c r e a s e d  w h e r e a s  
t h o s e  e l i c i t ed  b y  o x y t o c i n  u n d e r  s i m i l a r  c o n d i t i o n s  a r e  n o t  
t h u s  p o s s i b l y  q u e s t i o n i n g  t h e  h o m o g e n e i t y  of  n e u r o -  
h y p o p h y s e a l  h o r m o n e  r e c e p t o r  s y s t e m s .  I n  a d d i t i o n ,  i t  
h a s  r e c e n t l y  b e e n  d e m o n s t r a t e d  o n  r a t  m y o m e t r i u m  t h a t  
Mg++ c a n n o t  o n l y  a f f e c t  t h e  a f f i n i t y  of  t h e  h o r m o n e  for  
i t s  r e c e p t o r ,  b u t  c a n  a l so  a l t e r  t h e  m a x i m a l  c o n t r a c t i l e  
r e s p o n s e  5. 

F u r t h e r m o r e ,  o t h e r  i n - v i t r o  s t u d i e s  ~, u t i l i z i n g  7 s y n -  
t h e t i c  a n a l o g u e s  o f  v a s o p r e s s i n ,  h a v e  s h o w n  s u c h  a 
v a r i e d  s p e c t r u m  of  d i f f e r e n t  r e l a t i v e  a f f i n i t i e s  a n d  
m a x i m a l  c o n t r a c t i l e  r e s p o n s e s  (i.e. i n t r i n s i c  a c t i v i t i e s )  
of  t h e  v a r i o u s  a n a l o g u e s  o n  6 d i f f e r e n t  c a n i n e  b l o o d  
v e s s e l s  t h a t  i t  is t e m p t i n g  t o  s p e c u l a g e  t h a t  t h e  v a s o -  
p r e s s i n  r e c e p t o r ,  a t  l e a s t ,  o n  d i f f e r e n t  b l o o d  v e s s e l s  
w i t h i n  a s i n g l e  m a m m a l i a n  s p e c i e s  m a y  n o t  be  i d e n t i c a l .  
T h a t  is, a m o n g  t h e  t a r g e t  s i t e s  t h e r e  m i g h t  be  c h e m i c a l  
o r  s t e r i c  d i f f e r e n c e s  w i t h i n  t h e  r e c e p t o r  m o l e c u l e s .  
A l t h o u g h  t h e  e x p e r i m e n t s  in  t h e  p r e s e n t  r e p o r t  a r e  
e s s e n t i a l l y  p r e l i m i n a r y ,  t h e y  c o u l d  be  u s e d  t o  s u p p o r t  
s u c h  a c o n c e p t .  

Mater ials  and methods. V a r i o u s  c a n i n e  b l o o d  v e s s e l s  
w e r e  o b t a i n e d  f r o m  e i t h e r  s e x  (10 -16  kg),  Cut  h e l i c a l l y  
a n d  s e t  u p  i s o m e t r i c a l l y  in  v i t r o  e s s e n t i a l l y  s i m i l a r  to  
t h a t  d e s c r i b e d  p r e v i o u s l y  8. Al l  v a s c u l a r  s t r i p s  w e r e  

e q u i l i b r a t e d  fo r  2 h in  m u s c l e  c h a m b e r s  c o n t a i n i n g  
K r e b s - R i n g e r  b i c a r b o n a t e  s o l u t i o n ,  t h e  c o m p o s i t i o n  of  
w h i c h  h a s  b e e n  r e p o r t e d  p r e v i o u s l y %  T h e  K r e b s - R i n g e r  
b i c a r b o n a t e  s o l u t i o n  w a s  o x y g e n a t e d  c o n t i n u o u s l y  w i t h  
a 9 5 %  O 2 - 5 %  CO~ m i x t u r e  a n d  k e p t  a t  37~  ( p H  7.2 
to  7.4). C o m p l e t e ,  c u m u l a t i v e  log  d o s e - r e s p o n s e  c u r v e s ,  
s i m i l a r  to  t h o s e  of  t h e  t e c h n i q u e  of  VAN ROSSUM7, w e r e  
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Fig. 1. Cumulative dose-response curves of 
8- arginine-vasopressin on in vitro canine blood 
vessels mounted isometrically in Krebs- Ringer 
bicarbonate solution without added magne- 
sium and with 1.2 m M  added magnesium. 
Abdominal aorta without added Mg ++ 
(O-- -O)  ; abdominal aorta with Mg++ (O--Q) ; 
femoral artery without added Mg ++ ( � 9 1 6 9  ; 
femoral artery with Mg ++ (O-- �9  renal 
artery without added Mg ++ ( l - - - A ) ;  renal 
artery with Mg ++ ( i - - i ) ;  carotid artery 
without added Mg ++ ( A - - - A ) ;  carotid artery 
with Mg ++ (A--A}. All vascular muscle pre- 
parations were exposed to Mg++-free solutions 
for 1 h prior to determining experimental 
cumulative dose-response curves. Each curve 
represents an average of at least 6 experiments 
with 5 different dogs. 
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EXPERIENTIA 26/10 

Fig. 2. Cumulative dose-response curves of 
8-arginine-vasopressin on in vitro canine fe- 
moral arteries and abdominal aortae mounted 
isometrically in Krebs-Ringer bicarbonate 
(1.2 mM-Mg ++) solution without added cys- 
trine HC1 and with 20 or 40 mM cysteine 
HC1. Abdominal aorta without added eys- 
teine HC1 (O--O); abdominM aorta with 20 
and 40 mM cysteine HC1 (@---O); femoral 
artery without added cysteine IIC1 (�9 
femoral artery with 20 and 40 mM eysteine 
HC1 (�9169 All experimental vascular 
strips were exposed to cysteine for 15 rain 
prior to determining cumulative dose-response 
curves (eysteine was left in the muscle baths 
during the cumulative dose-response curves). 
Each curve represents an average of at least 
5 experiments with 4 different dogs. 

ob ta ined  for syn the t i c  8-arginine-vasopressin on the  
various canine blood vessels (i.e. abdomina l  aortae,  
femoral,  renal  and carot id  arteries).  E x p e r i m e n t s  were 
no t  pe r fo rmed  on any  of the  vascular  s t r ips  unt i l  a par-  
t icular  p repa ra t ion  yielded 2 consecutive,  comple te  
cumula t ive  dose-responses curves to 8-arginine-vaso- 
press in  which were  wi th in  10% of one another .  P repa ra -  
t ions  exhib i t ing  t a chyphy lax i s  to vasopress in  were 
discarded.  

Resulfs and discussion. If  the  compos i t ion  of the  vaso- 
pressin receptor  on di f ferent  m a m m a l i a n  blood vessels 
wi th in  a single species is indeed homogeneous  (i.e. similar) 
one should expec t  Mg++-free solut ions or con tac t  wi th  
cer ta in  su l fhydryl  compounds  (e.g. cysteine) to induce 
parallel  shif ts  of the  dose-response curves to  the  r igh t  
wi th  no reduc t ion  in m a x i m u m  response  on all blood 
vessels. (The SOMLYOS s have  p rov ided  r a the r  extens ive  
evidence on cer ta in  canine vascular  smoo th  muscle  
p repara t ions  which  s t rongIy suggest  t h a t  Mg++ ions 
increase the  af f in i ty  of vasopress in  for its receptor  on 
blood vessels w i thou t  a l ter ing the  m a x i m u m  response,  
whereas  MARTIN and  SCI~II, D 9, working wi th  isolated 
ra t  u ter ine  sm oo th  muscle,  have  p rov ided  evidence t h a t  
cer ta in  su l Ihydryl  compounds ,  like cysteine,  m a y  com- 
pe te  wi th  neu rohypophysea l  pep t ides  for the  receptor  
r a the r  specifically.) The p re sen t  f indings w i t h  ei ther  
Mg++-free solut ions (Figure 1) or con tac t  of d i f ferent  
canine vascular  smoo th  muscle p repara t ions  wi th  dif- 
ferent  concen t ra t ions  of cys te ine  (Figure 2) reveal,  how- 
ever, 2 k inds  of general  p h e n o m e n a :  1. e i ther  a paral lel  
shif t  of the  dose response curves to  the  r igh t  w i th  no 
reduc t ion  in m ax imM response  (i.e. no loss in intr insic  
ac t iv i ty  ) on cer ta in  canine vessels (seen in Mg++-free 
media  wi th  renal,  femoral  and carot id  ar ter ies  and  in the  
case of con tac t  wi th  cys te ine  in abdomina l  aortae),  or 
2. a r i gh tward  shal lowing of the  dose-response curves 
toge the r  w i th  a marked  reduc t ion  in max ima l  response  
(i.e. loss in  intr insic  act ivi ty)  on o ther  canine vessels, 
possible  indicat ive  of a non-compe t i t ive  t y p e  of inhib i t ion  
in th is  l a t t e r  case (see e.g. abdomina l  aor tae  in Mg++-free 
media  and femoral  ar ter ies  upon  con tac t  wi th  cysteine).  

Al though  these  p re l iminary  f indings do seem to sug- 
gest  t h a t  some sort  of difference in the  vasopress in  recep- 

tor  m a y  exist  in d i f ferent  blood vessels, fu r ther  work  
will be required to cor robora te  th is  t ene t  since o ther  
exp lana t ions  for the  observed differences,  a t  least  in 
the  case of the  Mg++-free exper iments ,  could be 
invoked 8, 10-12. 

Zusammenjassung. In -v i t ro -Versuche  erwiesen, dass  
Magnesium-freie  oder  Cys te in -en tha l t ende  Krebs -Ringer -  
16sung unterschiedl ich  auf vasopress in induzier te  Kon-  
t r ak t ionen  an verschiedenen Blutgef/issen des Hundes  
wirken. Zwei verschiedene  Ph/~nomene wurden  beobach-  
t e t :  en tweder  eine parallele Versch iebung  der Dosis- 
Wi rkungskurven  nach  rechts  ohne Verminde rung  der 
max ima len  Verkt i rzung oder  eine Neigung der  Dosis- 
Wi rkungskurven  mi t  einer auffa l lenden Verminde rung  
der max ima len  Verktirzung.  Es wird  auf Grund der  
Befunde  angenommen ,  dass die Vasopress in -Rezep to ren  
verschiedener  BIutgef/isse n ich t  ident i sch  sind. 
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