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or, if t h i s  is n o t  possible,  t he  ac t ion  of t h e m  shou ld  be 
b locked  b y  specific i n h i b i t o r s  w h e n  t he  a c t i v i t y  of k in in  
is d e t e r m i n e d  b y  t h e  a u t o p e r f u s e d  h i n d - q u a r t e r  of t h e  
r a b b i t .  

D u r i n g  t h e  p a s t  10 years ,  b iological  a s s a y . m e t h o d s  were  
app l ied  to  t h e  e s t i m a t i o n  of k in ins .  A n  i so la ted  r a t  u t e r u s  
a n d  a gu inea -p ig  i l eum were  widely  used as t h e  biological  
p r e p a r a t i o n s  7. On  i so la ted  organs ,  however ,  s p o n t a n e o u s  
c o n t r a c t i o n  a n d  r e l a x a t i o n  are  f r e q u e n t l y  obse rved .  These  
m o v e m e n t s  c a n  se ldom be  suppres sed  c o m p l e t e l y  b y  
a t rop ine ,  a n t i h i s t a m i n i c s ,  c h a n g i n g  t h e  c o n c e n t r a t i o n s  of 
Ca in t he  pe r fus ing  so lu t ion ,  or  c h a n g i n g  t h e  t e m p e r a t u r e  
of t he  b a t h  fluid.  Accord ingly ,  i t  was  d i f f icul t  t o  o b t a i n  
a c c u r a t e  r e su l t s  in  these  p r e p a r a t i o n s .  

O n  t h e  c o n t r a r y ,  t h e  c o n s t a n t  response  to  k in in  was 
found  on  t h e  a b o v e - m e n t i o n e d  r a b b i t  h i n d - q u a r t e r  
p r e p a r a t i o n ,  because  t h e  f l u c t u a t i o n  of t he  ba se  l ine of 
t he  pe r fus ion  pressure  was m i n i m a l  u n d e r  s u i t a b l e  anaes -  
t h e t i c  condi t ions .  R a b b i t  f emora l  a r t e r y  was  v e r y  sensi-  
t i ve  to  k in in  a n d  r e sponded  w i t h  s h a r p  d o s e - d e p e n d e n t  
v a s o d i l a t a t i o n .  Th i s  p r e p a r a t i o n  was  app l i cab le  for  t h e  
a s say  of a m o u n t s  of k i n i n  less t h a n  3 ng. To t e s t  t h e  
a c c u r a c y  of th i s  m e t h o d ,  t e s t  s amples  of s y n t h e t i c  b r a d y -  
k in in  were  p r e p a r e d  b y  a n o t h e r  i n v e s t i g a t o r  a n d  esti-  
m a t e d  w i t h o u t  knowledge  of i ts  concen t r a t i ons .  On ly  5% 
e x p e r i m e n t a l  e r ror  was  recorded .  F r o m  these  resul ts ,  we 
conc luded  t t l a t  t h e  a u t o p e r f u s e d  h i n d - q u a r t e r  of r a b b i t  
was  a n  exce l l en t  o rgan  for  t h e  e s t i m a t i o n  of a sma l l  
q u a n t i t y  of k in in .  

T h e  on ly  d i s a d v a n t a g e  of t h i s  m e t h o d  is t h a t  A T P  a n d  
aee ty l cho l ine  p roduce  a s imi la r  depresso r  ac t ion  to  t h a t  
of k in in .  Accord ing ly ,  a c o n t a m i n a t i o n  of t he se  s u b s t a n c e s  
shou ld  b e  k e p t  in  m i n d  w h e n  t h e  a c t i v i t y  of k in in  in a 
c r u d e  s a m p l e  is measu red .  However ,  we h a v e  deve loped  
a new  e x t r a c t i o n  m e t h o d  for  m e a s u r i n g  t he  p l a s m a  k in in  
a c t i v i t y  s, W i t h  t h i s  m e t h o d ,  more  t h a n  95% of ace ty l -  
chol ine  is e l i m i n a t e d  a n d  A T P  c o m p l e t e l y  r emoved .  

Therefore ,  t he  c o m b i n a t i o n  of ou r  e x t r a c t i o n  p rocedu re  
w i t h  t h e  b ioa s say  us ing  the  a u t o p e r f u s e d  h i n d - q u a r t e r  
p r e p a r a t i o n  of t h e  r a b b i t  seems to  be  v e r y  su i t ab l e  for 
d e t e r m i n i n g  t he  a c t i v i t y  of p l a s m a  k in in  a t  t h e  p r e s e n t  
s tage  ~,~0. 

Zusammen/assung. U n t e r  A u s n f i t z u n g  de r  b e s o n d e r e n  
E m p f i n d l i c h k e i t  de r  F e m o r a l a r t e r i e  des  K a n i n c h e n s  ffir 
K i n i n  w u r d e  die a u t o p e r f u s i o n i e r t e  H i n t e r e x t r e m i t t t t  be-  
o b a c h t e t .  I n t r a a r t e r i e l l e  l n j e k t i o n  y o n  0,5 n g  s y n t h e t i -  
s i e r t em  B r a d y k i n i n  e r g a b  eine messba re ,  dosisabhtLngige 
V a s o d i l a t a t i o n  in f a s t  a l len  Ver suchs t i e r en .  Dieses Kreis-  
l aufpr tkpara t  e rweis t  s ich zur  K i n i n - B e s t i m m u n g  als be-  
sonde r s  geeignet .  
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M a g n e s i u m - C a l c i u m  A n t a g o n i s m  i n  t h e  C o n t r a c t i o n  o f  Arterioles 

R e s i s t a n c e  vessels  d i l a t e  w h e n  exposed  to  a h igh  con-  
c e n t r a t i o n  of Mg in blood.  T h e  v a s o d i l a t a t i o n  could be  t h e  
consequence  of d i m i n i s h e d  o u t p u t  of t r a n s m i t t e r  s u b s t a n c e  
f rom ton ica l ly  ac t ive  v a s o c o n s t r i c t o r  n e r v e  endings ,  or of 
a d i r ec t  ac t ion  of t h e  Mg on  t h e  s m o o t h  muscle  of a r te r i -  
oles. O b s e r v a t i o n s  r e p o r t e d  in  t h e  l i t e r a t u r e  are  c o m p a t i -  
b le  w i t h  b o t h  i n t e r p r e t a t i o n s  1, 3 

To s t u d y  f u r t h e r  t h e  m o d e  of ac t ion  of Mg on  r e s i s t ance  
vessels  of t h e  p e r i p h e r a l  c i rcu la t ion ,  e x p e r i m e n t s  were  
done  on  9 a n a e s t h e t i z e d ,  a t r o p i n i z e d  dogs. T h e  r i g h t  
gracil is  musc le  was  pe r fused  w i t h  t h e  a n i m a l s  a r t e r i a l  
b lood  3 us ing  a s i g m a - m o t o r  p u m p  to  p r o v i d e  a c o n s t a n t  
f low ra te .  A t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  t h e  b lood  
f low was  a d j u s t e d  to  p r o d u c e  a n o r m a l  p ressu re  h e a d  
(90-110 m m H g ) .  Changes  of r e s i s t ance  were r eg i s t e red  as  
c h a n g e s  of inf low pressure .  F low r a t e  was  m o n i t o r e d  b y  a 
d r o p  c o u n t e r  a t  t h e  v e n o u s  outf low,  a n d  d e t e r m i n e d  f rom 
t i m e  to  t i m e  b y  col lec t ing  b lood  d u r i n g  a m e a s u r e d  t i m e  
in te rva l .  The  sys t emic  a r t e r i a l  p ressure  was  also recorded .  
MgCI,, CaCI, a n d  o t h e r  d rugs  were  de l ive red  in to  t he  
t u b i n g  of t h e  pe r fus ion  p u m p  b y  m o t o r  d r iven-syr inges .  
Rec i r cu l a t i on  of i n j ec t ed  Mg a n d  Ca was n o t  p e r m i t t e d .  
Mg a n d  Ca c o n c e n t r a t i o n s  were de t e rn f ined  4 in t h e  p l a s m a  
col lected f rom t h e  ou t f low cannu la .  P a c k e d  cell v o l u m e  
(PCV) of b lood samples  was  also measu red .  T h e  PC V  was  

slowly dec reas ing  t h r o u g h o u t  t he  e x p e r i m e n t s .  T h e  r i g h t  
a b d o m i n a l  s y m p a t h e t i c  t r u n k  was  s t i m u l a t e d  w i t h  sh ie lded  
e lec t rodes  be tween  L3 a n d  L4 s e g m e n t s  w i t h  10 msec  
s u p r a m a x i m a l  pulses.  T h e  c e n t r a l  connec t i ons  of t he  
s y m p a t h e t i c  were severed.  

I n  t he  con t ro l  s t a t e  s t i m u l a t i o n  of t h e  a b d o m i n a l  
s y m p a t h e t i c  t r u n k  p r o d u c e d  powerfu l  v a s o c o n s t r i c t o r  
r e sponses  in  t h e  vessels  of t he  pe r fused  graci l is  muscle .  
"When MgCI 2 was  a d d e d  to  t h e  b lood ,  t h e  inf low pressu re  
d r o p p e d  a n d  s t i m u l a t i o n  of t he  v a s o c o n s t r i c t o r  f ibres  
b e c a m e  less effect ive.  A t  t h e  s ame  t i m e  t h e  p ressor  re- 
sponse  e v o k e d  b y  in j ec t ed  n o r a d r e n a l i n e  or  vasopres s ine  
also d i m i n i s h e d  (F igure  1). Mix ing  CaCla w i t h  MgCI~ re- 
s to red  t h e  pressor  effect  of s y m p a t h e t i c  s t i m u l a t i o n  a n d  
of c o n s t r i c t o r  d rugs  (Figures  1 a n d  2). 

U n d e r  t he  inf luence  of excess  Mg t h e  v a s o c o n s t r i c t i o n  
caused  b y  in j ec t ed  n o r a d r e n a t i n e  was  in m o s t  cases a t  l eas t  
as m u c h  depressed  as t he  v a s o c o n s t r i c t i o n  caused  b y  
s y m p a t h e t i c  s t i m u l a t i o n .  Fo r  examp le  in t he  e x p e r i m e n t  
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Fig.1. Inflow pressure of perfused, 
atropinized gracilis muscle of a dog. 
On the control records (a, b and c) the 
systemic arterial pressure, and the rate 
of blood flow monitored by a drop 
counter, are also shown. Rate of blood 
flow: 2.3 ml/min. Weight of muscle: 
18 g. Rate of infusion of MgC12 (records 
d-k) : 0.045 mEq]min, plasma Mg con- 
centration 29 mEq/l (d-g) and 27.5 
mEq/1 (h---.k); CaCl 2 infusion (h-k): 
0.015 mEq/min, Ca concentration 
during infusion : 12.4 mEq]l. Stimula- 
tion of abdominal sympathetic (a, e 
and i) : at 3/see for 40 see. Noradrena- 
line injection (b, f and j): 2.0/*g in 
t min. Vasopressine (e, g and k): 
0.007 Units in 40 see. 

i l l u s t r a t ed  on F ig u re  2 t h e  in jec t ion  of 0.75 l~g of no ra d -  
renMine  was  fol lowed b y  a p resso r  r e sponse  w h i c h  w a s  
s l i gh t l y  g rea t e r  t h a n  t h a t  c a u s e d  b y  s t i m u l a t i o n  of t h e  
s y m p a t h e t i c  a t  a f r e q u e n c y  of 4/sec in t he  con t ro l  s t a t e ,  
a n d  also d u r i n g  t h e  in fus ion  of 0.06 m E q / m i n  of MgCI~; 
d u r i n g  t h e  in fus ion  of 0.12 m E q / m i n  of Mg the  p resso r  
r e sponse  to  0.75/~g of n o r a d r e n a l i n e  m a t c h e d  t h a t  of 4/see 
ne rve  s t i m u l a t i o n .  F igu re  2 shows  also t h a t  d u r i n g  t he  
c o m b i n e d  pe r fus ion  of 0.04 m E q / m i n  of Ca w i th  0.12 m E q /  
m i n  of Mg t h e  p resso r  r e sponse s  equa l l ed  t h o s e  o b t a i n e d  
d u r i n g  pe r fus ion  of 0.03 m E q / m i n  of Mg alone,  for bo th ,  
ne rve  s t i m u l a t i o n  a n d  in jec ted  no rad rena l ine .  

F r o m  these  o b s e r v a t i o n s  we can  conc lude  t h a t  t he  in- 
c o m p e t e n c e  of r e s i s t ance  vesse ls  was  caused  by  a d i rec t  
ac t ion  of excess  Mg on t he  s m o o t h  m u s c l e  of t he  vessels .  If  
t he r e  was  an  effect  on  t he  o u t p u t  of t r a n s m i t t e r  f r om 
v a s o c o n s t r i c t o r  n e rv e  end ings ,  i t s  c o n t r i b u t i o n  to  t h e  de- 
p res s ion  of t h e  p resso r  r e sponse  m u s t  h a v e  been  qu i t e  
m i n o r  c o m p a r e d  to t he  i n c a p a c i t y  of t he  m u s c l e  of t h e  
vessel  wall  to  r e sp o n d  to  chemica l  s t i m u l a t i o n .  

A d d i n g  CaC12 to MgCI~ was  n o t  v e r y  effect ive  in pre-  
v e n t i n g  t h e  r e l axa t ion ,  or loss of t one  of ar ter ioles ,  occur-  
r ing  a t  t h e  o n s e t  of t he  i n fus ion  (F igure  l d a n d  h).  In-  
f u s ing  CaCI, in  i tself  h a d  e i the r  no  effect,  or r e su l t ed  in a 
s ma l l  e l eva t ion  of t h e  pe r fus ion  p r e s s u r e  a n d  a weak  aug-  
m e n t a t i o n  of p resso r  responses .  

I n  s eek ing  a n  e x p l a n a t i o n  of t h e  effect  of excess  Mg on  
a r t e r io la r  s m o o t h  m u sc l e  3 a s p e c t s  of m u s c l e  f u n c t i o n  h a v e  
to  be  cons ide red :  exc i t a t ion ,  e x c i t a t i o n - c o n t r a c t i o n  cou-  
pl ing,  a n d  t h e  con t r ac t i l e  m e c h a n i s m .  T h e  u n r e s p o n s i -  
v e n e s s  of t h e  ar ter io les  to  n e u r a l  a n d  chemica l  s t i m u l a t i o n  
c a n n o t  be d u e  to  a dep res s ion  of exc i tab i l i ty ,  because  t he  
p ressor  r e sponse  was  r e s to red  by  t he  p resence  of excess  Ca. 
Mg ions ac t  as  s y n e r g i s t s  of Ca ions on t he  electr ical  p rop-  
per t i es  of s m o o t h  m u sc l e  5, as well as  of ne rve  f ibres  e a n d  
ne rve  cells ~. B u t  t h e  s u s t a i n e d  r e l a x a t i o n  of r e s i s t ance  
vesse ls  could  be cau sed  in p a r t  by  s t ab i l i za t ion  of t h e  
s m o o t h  m u s c l e  m e m b r a n e  b y  Mg, for  excess  Ca was  rela-  
t ive ly  inef fec t ive  in r e s to r ing  t h e  t one  of ar ter ioles .  

150 o .o Control '1150 
k L ± Mg, O.O3m Eq/min B I 

I~0 v .... ,~ Mg.O.OBm Eq/min -h#O Mg, O.12m Eqlmin | 
0----o tB~'°~lm Eq/min I . . .  
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Fig. 2. The response to sympathetic stimulation (A) and to injected 
noradrenaline (B) of the resistance vessels of the perfused, atropinized, 
gracilis muscle of a dog. Weight of muscle: 36 g. Rate of flow of blood: 
5.9 rot/rain. Rate of infusion of MgCI~ and CaCI 2 indicated on inset. 
Mg and Ca concentrations in plasma: e o, Mg: 2.1 mEq/I, Ca: 
3.9 mEq/I; / X - - A ,  l~Ig: 10.5 mEq/1, Ca: 4.3 mEq]I; V - - V ,  Mg: 
19.0 mEq[1, Ca: 4.3 mEq]l; C]--£2, Mg: 30.0 mEq]l, Ca: 12.0 mEq/1. 
Noradrenaline doses shown are totals injected; all injections given in 
90 sec. Sympathetic stimulation: 60 see. 
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I t  is n o t  v e r y  p r o b a b l e  t h a t ,  u n d e r  t he  cond i t ions  of t h e  
e x p e r i m e n t ,  Mg ac t ed  on  t h e  con t r ac t i l e  p ro te in ,  or t h e  
ene rgy  y ie ld ing  r eac t ions  i nvo lved  in c o n t r a c t i o n .  Most  
cells, i nc lud ing  ske le ta l  a n d  ca rd iac  muscle ,  n o r m a l l y  con-  
t a i n  a large  s to re  of Mg. F u r t h e r m o r e  Mg a c t i v a t e s  r a t h e r  
t h a n  depresses  g lyce ro l - ex t r ac t ed  A T P - t r e a t e d  s m o o t h  
musc le  and ,  to  a lesser ex t en t ,  also A T P - a s e  f rom s m o o t h  
muscle  ~. 

T h e  m o s t  l ike ly  e x p l a n a t i o n  of t he  effect  of Mg on t h e  
p ressor  r e sponse  is t h a t  Mg ions p r e v e n t  t he  e n t r y  of Ca 
f rom ex t r ace l lu l a r  f luid i n to  t h e  musc le  cells of t h e  vessel  
wall,  or  in  some o t h e r  way  in te r fe re  w i t h  exc i t a t i on -con -  
t r a c t i o n  coupl ing.  T h a t  such  a c o m p e t i t i o n  b e t w e e n  Mg 
a n d  Ca m i g h t  t a k e  place  was sugges ted  ear l ier  b y  BOZLER S, 
who  e x p e r i m e n t e d  w i t h  i so la ted  frog s t o m a c h .  

Since a n t i - e x c i t a t i o n - c o n t r a c t i o n - c o u p l i n g  is a c u m b e r -  
some phrase ,  we sugges t  t he  use of t h e  t e r m  'd i sengage-  
m e n t '  or  ' d i sengag ing  ac t i on '  to  descr ibe  th i s  effect.  T h e  
express ion  ' u n c o u p l i n g '  a l r e ady  ha s  a n o t h e r  t e chn i ca l  
m e a n i n g  ~. 

Zusammen[assung. E r h 6 h u n g  des  Mg-Spiegels  im B l u t  
h e m m t  T o n u s  u n d  K o n t r a k t i l i t g t  de r  Widers tandsgefRsse  
im Muskel .  D u r c h  N o r a d r e n a l i n  h e r v o r g e r u f e n e  Verenge-  

r u n g  wird  gleich s t a r k  g e h e m r n t  wie die d u r c h  R e i z u n g  
s y m p a t h i s c h e r  N e r v e n  v e r u r s a c h t e  K o n t r a k t i o n .  E i n  
13berschuss an  Ca ++ v e r h i n d e r t  die b lock ie rende  W i r k u n g  
des  Mg ++ auf  die Kont rakt i l i t~ i t ,  de r  T o n u s v e r l u s t  d e r  Ge- 
f/isse wird  d u r c h  Ca++ j e d o c h  n i c h t  rfickgS, ngig  g e m a c h t .  
Die a n t a g o n i s t i s c h e n  W i r k u n g e n  v o n  Mg ++ u n d  Ca++ be- 
r u h e n  wahr sche in l i ch  auf  de ren  gegens/ i tz l icher  W i r k u n g  
auf  die e l e k t r o m e c h a n i s c h e  K o p p l u n g  im Gef/ issmuskel .  
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Evolution of Ovarian Grafts in Male Guinea-Pigs  

I t  h a s  b e e n  s h o w n  b y  severa l  a u t h o r s  t h a t  ovar ies  
g ra f t ed  in to  ma le  r a t s  c a s t r a t e d  w i t h i n  t he  f i rs t  3 days  
of life, deve lop  co rpo ra  lu tea .  I n  c o n t r a s t  to  this ,  w h e n  t h e  
g ra f t  is m a d e  in  ma les  c a s t r a t e d  a f t e r  t h e  f i f th  d a y  of life 
or  in  a d u l t  age, on ly  po lycys t i c  ovar ies  w i t h o u t  lu te in iza-  
t ion  are  p roduced .  On  t he  o t h e r  h a n d ,  i t  is well  k n o w n  
t h a t  a d m i n i s t r a t i o n  of t e s t o s t e r o n e  in female  r a t s  before  
t h e  f i f th  d a y  of life induces  in  t hose  a n i m a l s  po lycys t i c  
ovar ies ,  p e r m a n e n t  oes t rus  a n d  infer t i l i ty .  F r o m  these  
a n d  o t h e r  e x p e r i m e n t s  i t  h a s  been  conc luded  t h a t  in t h e  
r a t  t h e  sexua l  d i f f e r en t i a t i on  of t he  h y p o t h a l a m i c  con t ro l  
of t h e  g o n a d o t r o p h i n  secre t ion  is a t t a i n e d  a f t e r  b i r t h  a n d  
t h a t  c i r cu l a t i ng  a n d r o g e n s  sec re ted  b y  t he  tes t i s  a re  
r e spons ib le  for  t h a t  d i f f e r en t i a t i on  ~-a. 

I n  t h e  guinea-pig ,  c o n d i t i o n s  a re  d iverse .  W e  h a v e  
s h o w n  in fo rmer  pape r s  4,5 t h a t  t e s t o s t e r o n e  in j ec t ed  in 
h igh  doses in t h e  n e w - b o r n  female  guinea-pig ,  or even  in 
t he  i n t r a u t e r i n e  per iod  d u r i n g  t he  las t  2 weeks  of preg-  
n a n c y ,  does  n o t  p r e v e n t  n o r m a l  p u b e r t y ,  n o r m a l  oes t rous  
cycles, b o t h  o v u l a t i o n  a n d  co rpo ra  lu tea ,  or n o r m a l  preg-  
n a n c y  a n d  de l ivery .  

W h a t  we w a n t  to  i n v e s t i g a t e  now is whe the r ,  in t h e  
m a l e  guinea-pig ,  t h e  p a t t e r n  of g o n a d o t r o p h i c  secre t ion  
is a l r e a d y  e s t ab l i shed  before  b i r t h  or if, on  t he  c o n t r a r y ,  
t h e  p resence  of t h e  t es t i s  is necessa ry  in o rde r  to  o b t a i n  
t h a t  d i f f e ren t i a t ion .  

Material and methods. N e w - b o r n  ma le  gu inea-p igs  were 
ca s t r a t ed ,  u n d e r  e t h e r  anaes thes i a ,  b y  a single escro ta l  
incis ion w i t h i n  t he  f i r s t  24 h of life. A t  t he  age of 60 days ,  
9 of t h e m  were g ra f t ed  w i t h  a n  o v a r y  of a p r e p u b e r  
f emale  gu inea -p ig  (be tween  20 a n d  30 d a y s  of age), a n d  
4 were  g ra f t ed  w i t h  a d u l t  ovar ies  t a k e n  on  t he  e l e v e n t h  
d a y  of t he  oes t rous  cycle. T h e  g ra f t s  were  m a d e  in t h e  
musc les  of t h e  a n t e r i o r  wal l  of t h e  a b d o m e n .  Six con t ro l  
a d u l t  ma le s  were  c a s t r a t e d ,  a n d  60 d a y s  a f t e r w a r d s  a n  
o v a r i a n  g ra f t  was  p e r f o r m e d  in t h e  s a m e  way  as  in  t h e  
ma les  c a s t r a t e d  a t  b i r t h .  

Castrated the First Day of Life 

T h e  an i lna l s  were k e p t  in s epa ra t e  cages a n d  fed w i t h  
alfalfa  a n d  bar ley ,  an d  t ap  w a t e r  was ava i l ab le  ad  l ib i tum.  
Af te r  50-60  d a y s  t h e  a n i m a l s  were killed b v  b leed ing  
u n d e r  e t h e r  anaes thes i a .  T h e  g ra f t s  were  dissected,  f ixed 
in Bouin ,  e m b e d d e d  in paraff in ,  ser ial ly  sect ioned,  a n d  

Ovarian graft of inunature guinea-pig into mature male castrated at 
birth. Well developed follicles; no corpora lutea were observed. 
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