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Slow Conduction in the Atrioventricular Node of 

Delay of a t r iovent r icu la r  (AV) conduc t ion  is ma in ly  
due to  slow conduc t ion  of exc i ta t ion  t h rough  the  AV nodal  
region ~, 2. Slow conduct ion  is a t t r i bu t ab le  to  physiological  
proper t ies  such as the  low ampl i t ude  and  the  slow ra te  of 
rise of the  act ion po ten t i a l  as well as to s t ruc tura l  com- 
p lex i ty3-L Since Purk in je  fibres wi th  a low res t ing  
po ten t i a l  have  a slow ra te  of rise, repolar iza t ion by  the  
flow of electrical cur ren t  restores a normal  ra te  of rise of 
the  act ion po ten t i a l  s . The ques t ion  m a y  thus  be asked 
whe the r  t he  cells of the  AV node, when  hyperpolar ized,  
behave  in a similar  way.  

Cats weighing 1.0-1.5 kg were anes the t ized  by  i.p. 
in ject ion of sod ium pen toba rb i t a l  (Nembutal ,  20 mg/kg).  
The specimen compar is ing  SA node, atria,  AV node, His  
bundle  and  a smal l  sect ion of the  ventr ic le  was placed in 
a 50 ml  chambe r  and  oxygena t ed  R inge r -Krebs  solut ion 
(36~ was perfused a t  a f low ra te  of 10-15 ml /min .  
In t racel lu lar  microelect rodes  (approx imate ly  40 megohms)  
and a high inpu t  impedance  nega t ive-capac i tance  pre- 
amplif ier  were employed  different ia l ly  to  measure  the  
m e m b r a n e  potent ia l .  A CR circuit  wi th  a t ime  cons t an t  of 
15 ~xsec was coupled in paral lel  w i th  a DC ampli f ier  in 
order  to com pu te  the  m a x i m u m  ra te  of the  ac t ion  
potent ia ls .  The dr iv ing s t imulus  electrode was appl ied on 
the  r igh t  a t r ium.  The res t ing  po ten t i a l  was changed by  
app ly ing  electrical  cur ren t  by  means  of a suct ion electrode 
(outside d iameter ,  500 vm;  inside d iameter ,  400 ~m). 
Al though  i t  was considered t h a t  cons t an t  cur ren t  was 
appl ied by  th is  method ,  the  abolute  a m o u n t  of cur ren t  
pass ing t h rough  the  m e m b r a n e  was u n k n o w n  D, ~~ The 
d is tance  be tween  the  recording electrode and the  ou te r  
wall  of the  cur ren t  app ly ing  e lect rode was a p p r o x i m a t e l y  
0.2 ram. The local izat ion of the  AV nodal  region was 
de t e rmined  according to t he  cr i ter ia  descr ibed by  o ther  
au thors  on the  basis of the  ana tomica l  localization, con- 
f igura t ion of ac t ion po ten t ia l s  and ex t en t  of de lay  of 
conduc t ion  4. However ,  the  subdivis ions  employed  in the  
r abb i t  h e a r t  n could no t  be well d i f fe ren t ia ted  in the  cat  
hear t .  

Figure  1, A ~ is the  ac t ion  po ten t i a l  ob t a ined  dur ing  the  
control  res t ing  po ten t i a l  ( - -62 mV). 2 ac t ion  po ten t ia l s  of 
Figures  1, A ~, 1, A s and  1, A 4 were ob ta ined  at  res t ing  
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potent ia l s  of --66, --76 and - -85  mV, respect ively ,  by  
apply ing  hyperpola r iz ing  cur ren t  of var ious  intensi t ies .  
W h e n  the  m e m b r a n e  was hyperpolar ized ,  the  ampl i tude  
and the  m a x i m u m  ra te  of rise of the  act ion po ten t i a l  
increased and  a no tch  at  the  r is ing phase  d isappeared .  
The act ion po ten t i a l  was shor tened.  

In  the  example  shown in Figure  1, B 1, a t  t he  contro l  
res t ing  po ten t i a l  of --  55 mV, the  ampl i tude  of the  response 
was less t h a n  10 m V  and  the  m a x i m u m  ra te  of rise of 
depolar iza t ion  was less t h a n  1 V/sec. This  k ind  of po ten t ia l  
change was observed in p r epa ra t i on  which  for some reason 
showed a conduc t ion  block. W h e n  the  m e m b r a n e  was 
hyperpolar izad ,  the  ampl i tude  and the  m a x i m u m  ra te  of 
rise of the  act ion poeent ia l  increased (Figure 1, B 2, 1, B * 
and  1, B4). The re la t ionship  be tween  the  res t ing  po ten t i a l  
and the  ampl i tude  of ac t ion po ten t i a l  in 5 expe r imen t s  
f rom 5 d i f ferent  ca t  hear t s  is shown in Figure 2, A. The 
ampl i tud  e of the  act ion po ten t ia l s  increased l inear ly  as 
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Fig. 2. A) Relationship between the resting potential and the ampli- 
tude of action potential. B) Relationship between the resting 
potential and the maximum rate of rise of action potential. Different 
symbols indicate different examples: Numerals on the original Figure 
shown in 1, A) and B, 1). 

Fig. 1. Effect of hyperpolarization on the AV nodal action potential. 
In both A) and B), upper tracings are the action potentials and 
lower tracings are the first derivative of the action potential indicating 
the maximum rate of rise of depolarization. Horizontal bar in the 
fourth frame indicates zero potential. A) shows 4 action potentials 
taken from the same cell at 4 different resting potentials. Action 
potentials shown in 13) were also recorded from the AV nodal fibre 
close to the site of the conduction block. Action potentials in A, 1) 
and B, 1) were obtained at the control resting potential. When the 
membrane was hyperpolarized, the amplitude and the maximum rate 
of rise of -action 9otential increased (2, 3, 3 in A) and B)). 
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the  rest ing po ten t ia l  was increased in 4 exper iments ,  
except  in the  case shown in 1, 13 (solid circles in Figure  
2, A). On the  o ther  hand,  the  re la t ionship  be tween  the  
rest ing potencia l  and the  m a x i m u m  rate  of rise of act ion 
po ten t ia l  showed a s igmoid curve  (Figure 2, B). The  
upper  l imi t ing  va lue  of the m a x i m u m  rate  of rise of the  
act ion potent ia ls  in the  cat  AV nodal  fibres was about  
60 V/sec, in the  a t r ia l  fibres 90 V/sec, and in ven t r icu la r  
Purk in je  fibers 400 V/sec. These m a x i m u m  rates were 
reached f rom rest ing potent ia ls  nega t ive  to - -85 mV. 

The m a x i m u m  ra te  of rise of the  act ion po ten t ia l  is 
re la ted to the  conduct ion ve loc i ty  1~. Measurement  of the  
conduct ion t i m e  be tween  the  s t imulus  and the  m a x i m u m  
rising phase of act ion potent ia ls  in Figure  1, A revealed a 
defini te  shor tening of conduct ion t ime  when the  membrane  
was hyperpolar ized.  

The  present  results  differ f rom those of HOFFMAN 5 who 
comes to the  conclusion tha t  hyperpolar iza t ion  by  current  
f low does not  increase the  upst roke veloci ty .  His  experi-  
ments  were done wi th  rabb i t  AV node and would  indicate  
t ha t  a certain par t  of the  node comple te ly  lacks a sys tem 

capable of carrying f a s t  Na  current  (so called N-region).  
In  contrast ,  the  present  results favor  the  v iew t h a t  a fast  
Na-car ry ing  sys tem is ac tua l ly  present  bu t  is normal ly  
inac t iva ted  as a consequence of the  ve ry  low membrane  
potent ial .  Clearly, more exper imenta t ion  wi th  bo th  the  
cat  and rabb i t  AV node is necessary before the  hypothes is  
of a species difference can be given serious considerat ion ~8. 

Zusammen/assung. Nachweis,  dass bei E rh6hung  des 
Membranpoten t i a l s  im A V - K n o t e n  der  Xa tze  eine 
raschere Er regungsausbre i tung  erzielt  werden kann.  
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Neurohypophyseal Origin of a Humoral Factor Restoring Volume Natriuresis in Acutely Hypophy- 
sectomized Rats 

I t  was shown in our previous paper  1 tha t  acute  hypo-  
physec tomy marked ly  decreased sodium and urine ou tpu t  
dur ing blood vo lume  expansion,  as compared  to non- 
hypophysec tomized  rats. The  conclusion drawn was tha t  
p i tu i t a ry  is invo lved  in the  humoraI  pa r t  of the  renal  
mechan i sm of ext racel lu lar  f luid vo lume  regulation.  

A t t e m p t s  have  been made  to restore some impai red  
k idney  funct ions (decreased glomerular  f i l t ra t ion ra te  and 
renal  blood flow) in chronical ly  hypophysec tomized  man, 
dog and r a t  w i th  bo th  adenohypophysea l  (ACTH, tri-  
iodothyronine,  growth hormone)  2-5 and neurohypo-  
physeal  hormones  (Pituitr in,  Pi tocin,  oxytocin)6-9. The 
results have  been more  successful w i th  the  la t te r  group. 
Thus  the  a im of the  present  s tudy  was to inves t iga te  
whe ther  a humors1 substance is present  in the  poster ior  
p i t u i t a ry  tissue t h a t  could reverse the  low na t r iure t ic  
response to the  ext racel lu lar  fluid vo lume  expansion wi th  
saline in acute ly  hypophysec tomized  rats. 

Material and methods. 15 male  Wis ta r  rats,  weighing 
220-250 g, were anaesthet ized,  surgically prepared,  
hepar inized,  in jec ted  DOCA and cont inuously  infused 
wi th  A D H  and inulin-14C, as described previous ly  1. 
Fol lowing the  surgical p r e p a r a t i o n ,  1 h equi l ibra t ion 
phase and the first  ur ine-sampl ing period, i.v. infusion of 
0.9% saline in the  a m o u n t  of 4% of body weight  was 
comple ted  in the second 20-rain period. Another  3 urine 
samples were t aken  dur ing nex t  60 min. The animaIs were 
divided into 3 exper imenta l  series : I. non-hypophysec tom-  
ized rats ;  I I .  hypophysec tomized  ra ts ;  I I I .  hypophys-  
ectomized rats  wi th  homogena te  of 3 fresh neurohypo-  
physes in 0.5 ml  of 0.1% bovine  a lbumin  injected i.p. 
15 rain before the  first ur ine-sampl ing  period. Median of 
the  weights  for bo th  kidneys in all exper imenta l  groups 
was 1.88 g, Chemical  and radioisotopic analysis, as well  
as the  s ta t is t ical  evaluat ion,  were the  same as in the  
previous  work  ~. 

Results and discussion. The results are summar ized  in 
the  Table.  In  spi te  of the  p lasma di lu t ing effects of saline 
infusion, which are known to p romote  sodium excre- 
t ion,  peak  sodium excret ion dur ing the  extracel lular  
fluid vo lume  expansion in the  acute ly  hypophysec tomized  

rats  (series II)  was approx ima te ly  10 t imes  lower than  
the  corresponding peak  for sodium excret ion in the  non- 
hypophysec tomized  rats  (series I). The  ur ine ou tpu t  and  
TRF~% were also decreased considerably,  whereas G F R  
showed only a sl ight  decrease. I t  is thus  obvious tha t  the  
d i lu t ing effects of saline infusion on the  sodium and Urine 
excret ion in acute ly  hypophysec tomized  rats  was negli- 
gible. 

However ,  homogena te  of neurohypophyses  injected 
i.p. in the  acu te ly  hypophysec tomized  rats prior to the  
first  ur ine-sampling period (series I I I )  complete ly  
restored thei r  G F R  and the  abi l i ty  to excrete  sodium and 
urine immed ia t e ly  af ter  the  infusion of the  saline load. 

I t  is concluded on the  basis of these results t h a t  the  
capac i ty  to restore the  impai red  ab i l i ty  to increase renal  
sodium excret ion dur ing extracel lu lar  fluid vo lume  
expansion in acute ly  hypophysec tomized  rats  by  homo-  
genate  of neurohypophysis  injected i.p. is d i rect ly  
re la ted to a humora l  factor  present  in the  poster ior  
p i tu i tary .  Homogena t e  from the anter ior  p i tu i t a ry  was 
ineffect ive in this  respect.  

As the  present  results show res tora t ion to normal  of the  
decreased GFIR in the  acute ly  hypophysec tomized  rats  
fol lowing th  9 i.p. adminis t ra t ion  of the  poster ior  p i tu i t a ry  
homogenate ,  a poster ior  p i tu i t a ry  na t r iure t ic  factor  could, 
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