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a t ta ined .  As seen in t he  Figures  1 and  3, we a lways  ob- 
t a ined  in the  a-wave 2 nega t ive  deflect ions a t  the  recta l  
t e m p e r a t u r e  be tween  27 and 28 ~ Each  peak  la tency  was 
measured  f rom the  onset  of the  s t imulus  to  the  t rough.  
In  the  chick embryo  of 18 days,  the  peak  la tency  was 30-  
50 msec for the  f i rs t  def lect ion (a~), and 80-120 msec for 
the  second (a2). In  3-day-old chicks, the  l a tency  of the  
f i rs t  is s imilar  to t h a t  of 18 days  of incubat ion,  b u t  t he  
l a tency  of t h e  second is shor te r  (45-90 msec). Two a-waves  
called a~ and a 2 waves  have  been  repor ted  in m a m m a l s  s-x0 
and  frogs n.  The evidence f rom d e p t h  recording in the  
frog indica tes  t h a t  the  a~ is f rom the  receptors  while the  

a 2 is f rom the  inner  nuclear  layer  11. In  the  chick, GARCrA- 
AOSTT and  PArETTA-QuEIROLO 2 have  a l ready men t ioned  
t h a t  the  a -wave  was of ten  b road  and  quadrangu la r  wi th  a 
no tch  in i ts  midpo in t  on the  chick embryo  of 18 days.  
F u r t h e r  evidence is p rov ided  by  WITKOVSKY ~ who 
d e m o n s t r a t e d  t h a t  cornea-negat ive  ac t iv i ty  could be 
d iv ided in to  2 componen t s ,  a I and a 2 waves, in the  chick 
embryo.  I t  is of in teres t  t h a t  the  division be tween  al and  
a~ waves  could be accen tua t ed  by  repe t i t ive  l ight  s t imu-  
la t ion 4. Two nega t ive  deflect ions ob ta ined  in the  p re sen t  
expe r imen t  m a y  be comparab le  to  the  ax and a 2 waves,  
t hough  th.e fu r ther  analysis  remains  to be inves t iga ted .  

In  addi t ion,  we of ten  observed the  2 componen t s  on the  
b-wave dur ing  the  course of decreased body  t empera tu re ,  
as could be seen in Figure i a t  the  recta l  t e m p e r a t u r e  be- 
tween  25 and  26~ Similar  double  b-waves have  been  
repor ted  in the  chick anes the t ized  wi th  pen toba rb i t a l  4, ~. 
Since i t  has  been  shown in the  previous  7 as well as t he  
p resen t  s tudy,  t h a t  double  b-wave was never  observed 
under  no rma l  condit ions,  i t  is suggested t h a t  these  m i g h t  
be caused under  the  abnorma l  condi t ions  induced by  a 
decreased b o d y  t e m p e r a t u r e  or anesthesia .  Changes in t he  
p a t t e r n  of the  b-wave compar ing  wi th  t h a t  in vi t ro  will be 
repor ted  in the  subsequen t  pape r  10,1~. 

Zusammen/assung. U n t e r s u c h u n g  der  Beziehung zwi- 
schen E R G  und  K 6 r p e r t e m p e r a t u r  bei  Kfiken ergab 
A b n a h m e  der  b-Wellen bei Verminde rung  der  Rekta l -  
t empe ra tu r ,  ohne  Beeinf lussung der  Ampl i tude  der  a- 
Welle. 
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Fig. 3. Effect of decrease of body temperature on ERG in a chick 
embryo at 18 days of incubation (A) and in a 2-day-old (B). 4 succes- 
sive sweeps have been superimposed in A and B records at the rectal 
temperature of 28~ respectively. The stimulus was given at the 
point marked by the bottom record in every ease. 
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The Inh ib i tory  Effect of S o d i u m  on the Contract ion  of F r o g ' s  Hear t  Per fused  w i t h  S u c r o s e  So lu t ion  

Frog ' s  hea r t  cont inues  to  bea t  spon taneous ly  and  to 
respond  to  electrical s t imula t ion  for 5-6 h if per fused  
wi th  hal f  isotonic solut ion of sucrose a t  18-20~ At  
h igher  t e m p e r a t u r e s  (25-32~ the  hea r t  does no t  bea t  
unless 0.1-0.2 m M  sodium p y r o p h o s p h a t e  (PP) or P P  
wi th  0.05-0.2 m M  adenos ine t r i phospha t e  (ATP) is added  
to  the  sucrose solutionS; add i t ion  of sodium salts  of P P  
and  A T P  in t roduces  sod ium up to 1.2 m M  in the  sucrose 
solution.  The  beneficial effect  of P P  and A T P  is no t  due  
to  sodium,  since add i t ion  of an equiva len t  q u a n t i t y  of 
sod ium chloride or more  (up to 2.4 mM) produces  no such 
effect ;  the  beneficial  effect  is therefore  due to P P  and 
A T P  par t s  of the  molecules.  A t  still h igher  t e m p e r a t u r e s  
(37-38 ~ P P  and A T P  become ineffect ive and the  hea r t  
bea ts  for  1-2 h if sod ium c i t r a t e  (0.8 raM) is added  to t he  

sucrose solution.  Addi t ion  of equ iva len t  q u a n t i t y  or 
more  (up to 3.6 mM) of sodium chloride produces  no 
beneficial  effect.  
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In  fu r ther  expe r imen t s  i t  was  found  t h a t  the  o p t i m u m  
t e m p e r a t u r e  for the  spon taneous  cont rac t ions  and  the  
response  to electrical  s t imula t ion  when  perfused wi th  half  
isotonic solut ion of sucrose is 19 ~ (Figure 1). I t  makes  no 
s ignif icant  difference if the  sucrose solut ion is deionized 

to  r emove  t races  of calcium (0.01-0.015 m M ) ;  corres- 
pond ing ly  add i t ion  of calc ium (0.01-0.05 raM) to  the  
sucrose solut ion has  no s ignif icant  effect.  H igher  con- 
cen t ra t ions  of calcium produce  con t r ac tu r e  and  inhib i t  
t he  mechanica l  response.  

Fig. 1. Effect of perfusion of frog's heart with half isotonic (0.112M) solution of sucrose at 19~ (a) Beginning of perfusion with sucrose 
solution. (b g) Rhythmic contractions after perfusion with sucrose solution for I, 2, 3, 4 and 6 h respectively. 

Fig. 2. The inhibitory action of sodium chloride (between arrows) on 
the rhythmic contractions and the response to electrical stimulation 
of frog's heart perfused with half isotonic solution of sucrose con- 
taining sodium pyrophosphate (0.2 inM) at 30 ~ The sucrose solu- 
tion was replaced with half isotonic (60 mM) solution of sodium 
chloride. At (E) the heart was directly stinmlated by single shocks of 
5 msec duration and 20 V. 

Af te r  the  hea r t  has  ad jus ted  to hal i  isotonic solut ion of 
sucrose in 1/2-1 h, r ep lacemen t  of the  sucrose solut ion 
wi th  0 .112M sodium chloride 1, or R inger  solut ion ~, 
t empora r i ly  s tops  the  hear t .  W h e n  perfused  wi th  sucrose 
solut ion con ta in ing  P P  and  ATP,  the  ac t ion  of sod ium 
chloride (2.5-120 raM) s imilar ly  becomes  inh ib i to ry  s. 
In  fu r the r  expe r imen t s  it  has  been found  t h a t  when  the  
frog 's  hea r t  is per fused  wi th  half  isotonic solut ion of 
sucrose con ta in ing  P P  (0.1-0.2 raM) or P P  wi th  AT]? 
(0.1-0.2 raM), sod ium not  only inhibi ts  t he  spon taneous  
cont rac t ion ,  bu t  also the  response  to electrical  s t imula t ion  
(single shocks of 5 msec dura t ion  and  5-20 V) ; t he  act ion 
of sod imn can be tes ted  by  adding  smal l  quan t i t i e s  (10- 
20 raM) of sod ium chloride to  the  sucrose solution,  or the  
sucrose solut ion replaced wi th  half  isotonic (60 raM) 
solut ion of sod imn chloride (Figure 2), half  isotonic or 
isotonic Ringer  solution. Addi t ion  of calcium (0.02- 
0.05 raM) along wi th  the  sodium makes  no s ignif icant  
difference.  Thus,  in a hea r t  which has ad jus t ed  to sucrose 
solution,  the  act ion of sodium is inh ib i to ry  to exc i tab i l i ty  
in general.  

In  fu r the r  exper iments ,  it  was also found  t h a t  the  
act ion of sod ium chloride becomes  inh ib i to ry  to  spon-  
t aneous  con t rac t ions  and  the  response  to  electr ical  
s t imulat ion,  if t he  hea r t  is perfused wi th  hal f  isotonic 

Fig. 3. The inhibitory action of sodium chloride (between 
arrows) on frog's heart perfused with half isotonic solution 
of sucrose containing sodium citrate (0.8 mM) at 37 ~ 
(A) Beginning of perfusion with sucrose solution. (B) 
Rhythmic contractions after perfusion for 1 h. 
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solut ion of sucrose conta in ing  0.8 m M  sodium c i t ra te  
w i th  0.05 m M  calcium chloride (Figure 3). 

The inh ib i to ry  effect  of sod ium on the  mechanica l  
response  suggests  t h a t  sod ium is no t  responsible  for 
depolar iza t ion  in the  hea r t  per fused  wi th  half  isotonic 
solut ion of sucrose. Bu t  before the  hea r t  has  ad jus ted  to  
the  sucrose solution,  the  act ion of sod ium is s t imu la to ry  
(Figure 4) and, therefore ,  in Ringer  solut ion sod ium is 
responsible  for depolar izat ion.  This suggests  the  exis tence  
of 2 exci tabi l i t ies  in the  frog 's  hear t .  

Ef f lux  of anions  migh t  be responsible  for exc i tab i l i ty  
and  act ion po ten t i a l  in sucrose solution.  But  the  effects  
of ca t ion  influx and  anion eff lux should reinforce and  no t  
an tagonize  each other.  These expe r imen t s  therefore  sup- 
po r t  the  suggest ion t h a t  in frog's  hea r t  there  are 2 
i n d e p e n d e n t  and  an tagonis t ic  mechan i sms  for exc i tab i l i ty  
and  act ion po ten t i a l  s . One of t h e m  is d e p e n d e n t  upon  
ionic f luxes ~, and  the  o the r  i n d e p e n d e n t  of such fluxes 5. 

Rdsumd. Le coeur de grenouille cont inue  ~ b a t t r e  de 
lui-m4me et  r6pond A une s t imula t ion  61ectrique d u r a n t  
5-6 h s'il re~oit une inject ion c o n t e n a n t  une demi solut ion 
isotonique de saccharose,  de p y r o p h o s p h a t e  de sod ium 
et  d ' ad6nos ine t r i phospha t e  ou de c i t ra te  de sodium. Le 
chloride de sod ium annule  ces deux r6actions. 
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Fig. 4. The stimulatory action of sodium chloride (between arrows) 9 A. L. HODGKIN and A. F. HUXLEY, J. Physiol., Lond. 177, 500 
on frog's heart perfused with half isotonic solution of sucrose for 1/3 h. (1952). 

Var ia t ions  of P l a s m a  K i n i n o g e n  Content  due  to High  S o d i u m  In take  in Rats1  

Kininogen  are p l a sma  pro te ins  con ta ined  in the  pseudo-  
globulin fraction,  which  prec ip i ta te  wi th  a m m o n i u m  
sulfate  be tween  33 and  46% sa tu ra t ion  2. They  are sub- 
s t ra tes  to  var ious  enzymes  such  as t ryps in  a, kall ikreins 4, 5 
and  o thers  t h a t  l ibera te  vasoac t ive  pep t ides  (P lasma 
kinins),  when  incuba ted  in appropr i a t e  condit ions.  

Some physiological  and pa thologica l  roles have  been  
a t t r i b u t e d  to kinins  ~-11. P re l imina ry  observa t ions  in- 
duced  us to t h i n k  of a re la t ion be tween  the  kall ikrein- 
k in inogen-kin in  sys t em and the  me tabo l i sm of sodium so 
far  no t  described.  The p resen t  work  was done  to  measure  
t he  var ia t ions  of the  kinin subs t r a t e  under  condi t ions  of 
sod ium loading.  

Materials and methods. Male albino ra t s  (Houssay 
strain) ,  weighing be tween  150 and  200 g were used. They  
were  fed wi th  s t a n d a r d  ra t  food, con ta in ing  abou t  100 mg  
sodium per  100 g; dist i l led water ,  1% and 2% NaC1 solu- 
t ions  were used as dr ink ing  fluids. 

Blood (0.7 ml) was  ob ta ined  by  ca rd iopunc tu re  (always 
pe r fo rmed  be tween  14.00 and 15.00 h) w i th  a hepar in ized  
syr inge and  i m m e d i a t e l y  cent r i fuged at  1500 g a t  4 ~ for 
30 min.  P l a sma  was sepa ra ted  and  kin inogen samples  
were  p repa red  according to  FASClOLO et al. 12. S t a n d a r d  
b r a d y k i n i n  used for b ioassay  was  B R S  640, Sandoz Lab. ,  
Basel, Switzer land.  

Experimental and results. Several  k inds  of expe r imen t s  
were  pe r fo rmed :  A group of 5 ra t s  was  given dist i l led 
w a t e r  ad l ib i tum,  and  blood was  d rawn  af te r  3 days,  t h e n  
w a t e r  was replaced by  1% NaC1 and  on day  6 blood was  
d r a w n  again.  This p rocedure  was  r epea ted  again, giving 
wa te r  for 3 days  and 1% NaC1 for 3 more  days,  and  blood 
was  d rawn  at  the  end of each period.  P l a sma  Kin inogen  
Con ten t  (PKC) was  e s t ima ted  (Figure 1). There  was  a 
s ignif icant  decrease of P K C  af ter  t he  admin i s t r a t i on  of 

NaC1 solut ion as dr inking fluid. The r e tu rn  to the  wa te r  
d ie t  increased P K C  in each single rat ,  b u t  the  values  re- 
ma i n ed  below the  initial  ones af ter  3 days  of wa te r  intake.  

Similar  resul ts  were ob ta ined  in a d i f ferent ly  des igned 
expe r imen t :  a group of 16 ra t s  was p u t  in cages and  given 
s t a n d a r d  ra t  food. They  d r a n k  disti l led wa te r  and  blood 
was  d r a w n  on days  0 (12 rats)  and 3 (16 rats). On the  
th i rd  day, wa te r  was replaced by  1% NaC1 and blood was  
d r a w n  again on days  6 (16 rats) and 9 (13 rats,  3 died af ter  
ca rd iopunc tu re  on day  6). P K C  was also es t imated.  
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