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1;ig.2. ERG-FFF values for 6 each of 
dark-adapted albino and normal trout. 
Only the left eyes were used and 2 ex- 
periments were made at each inten- 
sity. The crosses indicate the means. 

used (Figure  2). The  M F F  is a t t a i n e d  a t  10 f t-c in t h e  case 
of t h e  a lb ino  whi le  i t  is a t t a i n e d  a t  a b o u t  460 f t-c in  t he  
n o r m a l  t r o u t ' s  case. T h e  sh i f t  f r om rods  to  cones  occurs  a t  
i n t ens i t i e s  h ighe r  t h a n  0.3 f t-c in t h e  a lb ino  whi le  i t  does  so 
a t  i n t ens i t i e s  h ighe r  t h a n  4.0 f t-c in t h e  case of t he  n o r m a l  
t r o u t  (F igure  2). 

I t  is e v i d e n t  f r o m  these  r e su l t s  t h a t  t h e  lack  of R E P  in 
t h e  a l b i n o  is p r imar i l y ,  if n o t  who l ly  r e spons ib le  for  t h e  
d i f fe rences  o b s e r v e d  (Figures  1 a n d  2). D ue  to  t he  absence  
of t h e  p i g m e n t ,  n o t  on ly  a g r ea t e r  a m o u n t  of l igh t  en t e r s  
t h e  eye, b u t  th i s  l igh t  imp inges  on  t h e  v i sua l  cells twice,  as 
a r e su l t  of i t s  re f lex ion  b y  t h e  sclera.  I n  t h e  n o r m a l  t r o u t  
t h e  l igh t  will be  a b s o r b e d  b y  t h e  R E P  a n d  n o t  ref lected.  
I n  t he  l i g h t - a d a p t e d  s t a t e  t h e  rods  of t he  n o r m a l  f ish are  
sh ie lded  b y  t he  R E P  whi le  in  t h e  d a r k - a d a p t e d  s t a t e  a t  
l eas t  t h e  cone  o u t e r  s e g m e n t s  a re  m a s k e d  b y  t h e  R E P .  
Th i s  will also r educe  t h e  a m o u n t  of response .  I n  t h e  a lb ino,  
b o t h  in t h e  l igh t -  a n d  d a r k - a d a p t e d  s ta tes ,  t h e  rods  as well  
as t h e  cones  will be  r e s p o n d i n g  a n d  to  a l m o s t  twice  t h e  
q u a n t i t y  of l ight .  The  cones,  of course,  will r e s pond  on ly  to  
in t ens i t i e s  w h i c h  exceed  t h e i r  t h r e s h o l d  wh ich  m a y  be  
safely a s s u m e d  to  be  b e t w e e n  0.1 a n d  1.0 f t-c on  t h e  basis  
of ear l ie r  i nves t i ga t i ons  w i t h  r e l a t e d  s a l m o n i d s  2, 3,16 

Rdsztmd. Les F r6quences  de F u s i o n  de l 'E l ec t ro r6 t ino -  
g r a m m e  (FFF)  on t  ~t6 enregis t r6es  chez  les t ru i t e s  mouche -  
t6es (Sah,elinus [ontinalis) n o r m a l e s  e t  a lb inos .  Chez les 
poissons  a d a p t 6 ,  A la lumi~re  a ins i  qu 'A l ' obscur i t6  les va -  
leurs  s o n t  p lus  61ev6es chez  les a lb inos  que  chez  les an i -  
m a u x  n o r m a u x .  Les va l eu r s  m a x i m u m  de  F F F  s o n t  auss i  
a t t e i n t e s  ~ des  in t ens i t6 s  m o i n s  61ev6es chez  les a lb inos .  
Ces di f f6rences  s o n t  a t t r i b u a b l e s  A l ' en t r6e  d ' u n e  p lus  
g r a n d e  q u a n t i t 6  de  lumi~re  a ins i  q u ' ~  sa r6f tec t ion  p a r  la  
scl6rot ique,  ce qu i  est  due  au m a n q u e  de p i g m e n t  6pi the l ia l  
r~t in ien.  
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A n  I m p r o v e d  B i o a s s a y  M e t h o d  f o r  K i n i n s  

Recen t ly ,  n a t u r a l l y  occur r ing  v a s o a c t i v e  po lypep t ides ,  
k inins ,  h a v e  been  supposed  b y  m a n y  resea rchers  to  p l ay  
i m p o r t a n t  roles u n d e r  pa tho log i ca l  cond i t i ons  such  as 
a c u t e  p a n c r e a t i t i s  x, ca rc ino id  s y n d r o m e  ~, va r ious  al ler-  
gic d iseases  3,4, or  i n f l a m m a t i o n s  6. However ,  t h e r e  a re  few 
r e p o r t s  g iv ing  d i r ec t  ev idence  t h a t  k in ins  a re  i n v o l v e d  in 
such  diseases.  

T h e  fol lowing p r o b l e m s  m a k e  i t  d i f f icu l t  t o  s t u d y  t h e  
k in ins :  (1) t h e y  exis t  in  e x t r e m e l y  smal l  a m o u n t s  in  
p l a s m a  a n d  in t i s sue ;  (2) t h e y  are  r a p i d l y  d e s t r o y e d  b y  
k in inase  wh ich  is p r e s e n t  s i m u l t a n e o u s l y  in t h e  b lood  or 
in t h e  fluid.  

I n  1963, BINIA e t  al.S used a dog ' s  h i n d - q u a r t e r  as  a n  
o r g a n  p r e p a r a t i o n  for t h e  b i o a s s a y  of p l a s m a  kin ins .  
Howeve r ,  t h i s  m e t h o d  was  uns u i t ab l e ,  s ince t h e  p r e p a r a -  
t i o n  was  n o t  s ens i t i ve  a n d  p r o d u c e d  no  v a s o d i l a t a t i o n  
w i t h  a m o u n t s  of k i n i n  of less t h a n  10 ng. I n  t h e  p r e s e n t  
s tudy ,  a 20 t i m e s  more  sens i t ive  m e t h o d  for t he  a s s a y  of 
k i n i n  is p r e s e n t e d  u t i l iz ing  t he  h i n d - q u a r t e r  of a r abb i t .  

A lb ino  r a b b i t s  of b o t h  sexes we igh ing  3.0-4.0 kg  were  
used. The  a n i m a l s  were a n a e s t h e t i z e d  b y  a n  i.v. i n j ec t ion  
of u r e t h a n e  (1.0 g /kg  b o d y  weight) .  The  ca ro t id  a r t e r y  
was exposed  a n d  a p o l y e t h y l e n e  c a n n u t a  was inser ted .  
One  f emora l  a r t e r y  was  t h e n  i so la ted  a n d  c a n n u l a t e d  

1 A. P. TIIAL, 15. E. KOBOLD and M. J. HOLLEYBERG, Am. J. Surg. 
105, 708 (1963). 

2 j .  A. OATES, K. ~[ELMON, A. SJOFRDSMA, L. GILLESPIE a n d  
D. T. MASON, L a n c e t  1, 514 (1964). 

3 R. E. MANCINI, H.  HUIDOBRO, E. F .  COLLAZO a n d  R. MONASTIR- 
sKY, Proe. Soe. exp. Biol. Med. 123, 227 (1966). 
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K. YOSHINAGA, Experientia 23, 626 (1967). 

5 H. ZACHARIE, J .  MAL~I~.)ilIST, J .  A. ()ATI~S and W. t)ETTIN(~ER, 
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wi th  ano ther  po lye thy lene  cannula .  A th ick  rubber  tube  
and a T- form po lye thy lene  tube  were  t igh t ly  f i t ted  to  the  
end of the  femoral  cannula .  The  carot id  a r t e ry  was con- 
nec ted  to the  femoral  a r t e ry  wi th  a v iny l  t ube  con ta in ing  
physiological  saline, and an ex t racorporea l  c i rcui t  was 
establ ished (Figure 1). I n  addi t ion  to  th is  procedure,  t he  
jugular  ve in  was also cannula ted  wi th  po lye thy lene  tube,  
The  supplements  of hepar in  and ure thane ,  if needed,  were 
in jec ted  th rough  this  cannula .  

Perfus ion of the  h ind -qua r t e r  of the  rabb i t  was per-  
formed a t  a cons tan t  f low ra te  by  a S igma moto r  p u m p  
interposed be tween  the  carot id  and the  femoral  ar tery .  
By  ad jus t ing  this  pump,  the  f low rates  could be control led 
a t  our  disposal.  A perfusion pressure  was set  a t  100-120 
m m  H g  by  changing  the  perfusing blood volume,  and was 
cont inuous ly  recorded b y  means  of an e lectronic  mano-  
me te r  (Nihon Kohden ,  MP-4). The  air cushion was used 
to  r e m o v e  the  pu lsa t ion  of t he  motor .  Ant icoagula t ion  
was ach ieved  by  hepar in  (500 U/kg  body  weight) .  

The  ent ire  ex t racorporea l  c i rcui t  was composed of poly-  
e thy lene  and v iny l  tubes.  Glassware was no t  used, be- 
cause the  possibi l i ty  of k inin  fo rmat ion  by  g lass-ac t iva ted  
kal l ikrein should be excluded f rom the  assay sys tem.  

Samples  and  s t andard  b radyk in in  were  injected in to  
t he  rubber  t ube  set in to  t he  c i rcui t  as close as possible to  
the  femoral  a r te ry .  The  ac t i v i t y  of k inin  in the  sample  was 
measured  b y  compar ing  i ts  depressor  effect  wi th  t h a t  of 
syn the t ic  bradykinin .  The  usual  in jec t ion  vo lume  was 
0.1 ml, b u t  i t  could be increased to  0.2 ml  if necessary.  
The  inject ions  were m a d e  slowly, t ak ing  abou t  10 see, 
in order  to  avoid  the  vo lume  effect  on the  perfusion 
pressure  record. 

As i l lus t ra ted  in F igure  2, dose-dependent  vasodi la ta-  
t ion,  as recorded by  the  fall in t he  pressure, could be 
c lear ly  demons t r a t ed  in this  prepara t ion .  F igure  3 shows 
the  re la t ionship  be tween  the  doses of kinin and the i r  
depressor  responses in 5 rabbi ts .  The  l inear  re la t ionship  
was recognized in t he  dose of 0.5-3.0 ng of syn the t ic  
bradykinin ,  However ,  p rac t ica l ly  no fur ther  increase of 
effect is seen a t  doses h igher  t han  3.0 ng. I n  all animals,  
0.5 ng of b radyk in in  produced  a de tec tab le  vasodi la ta t ion .  

Fur the rmore ,  the  o ther  vasoac t ive  substances,  adeno- 
sine t r iphospha te  (ATP), acetylchol ine,  h is tamine,  sero- 
ton in  and pros tag landin  Ex, were s tudied wi th  regard  to  
the i r  act ions on this organ.  As i l lus t ra ted  in F igure  4, 
h i s tamine  and serotonin  p roduced  pressor  responses in t he  
doses of 1000 t imes  grea te r  t h a n  t h a t  of syn the t ic  b rady-  
kinin. On the  o ther  hand,  depressor  responses were  obser- 
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Fig. I. The autoperfused hind-quarter preparation of a rabbit. 
(1) Left jugular vein; (2) left common carotid artery; (3) air cushion; 
(4) rubber tube; (5) left femoral artery. 

ved  by  the  in t raar te r ia l  in jec t ion  of ATP,  acetylchol ine  
and pros tag landin  E v Pros tag land in  E~ produced  a long- 
las t ing vasodi la ta t ion .  I n  the  cases of  ace ty lchol ine  and 
A T P ,  however ,  a s imilar  vasodcl)ressor effect  to  t h a t  of 
syn the t ic  b radykin in  was observed.  Accordingly,  conta-  
m ina t i on  of these  substances  should be comple te ly  avoided 
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Fig. 2. Dose-response curves of synthetic bradykinin on the rabbit 
hind-quarter preparation. 
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Fig. 3. The relationship between the doses of synthetic bradykinin 
and the periusion pressure drop of the hind-quarter preparation in 
5 rabbits. PPD, perfusion pressure drop (ram Hg); SB, synthetic 
bradykinin (rig). 
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Fig. 4. The vasoactive effects of bradykinin (Brady.), prostaglandin 
E 1 (Prostagl. El) , histamine (Hist.), serotonin (Serot.), acetyl- 
choline (act.) and adenosine triphosphate (ATP) on the rabbit hind- 
quarter preparations. 
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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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