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correspond, tempora l ly ,  to the  ext race l lu lar  nega t iv i ty .  
Fur thermore ,  when  recording wi th  all e lectrode wi th  a 
fo r tuna te  t ip  size, ext racel lu lar  un i t a ry  discharges could 
be seen r iding upon the  slow nega t ive  wave.  Such nega- 
t iv i ty ,  then,  seems to represent  an envelope of spike 
ac t iv i ty  and associated E P S P s .  

An  analysis of ext racel lu lar  un i t a ry  responses was 
under taken ;  165 uni ts  were examined.  The  conduct ion 
ve loc i ty  of fibres f rom the  deep t empora l  lobe was de- 
t e rmined  f rom the  analysis of t he  difference in latencies of 
extracel lu lar  units, wi th  s t imula t ing  electrodes in bo th  
the  anter ior  amygda lo id  area and the  diagonal  band  of 
Broca. The  moda l  conduct ion  ve loc i ty  f rom the  amygda la  
to the  nDBB,  of 11 est imates,  was 0.6 M/sec ;  w i th  a 
range of 0.5 M/sec  to 0.9 M/sec.  GLOOR a has repor ted  a 
conduct ion ve loc i ty  of fibres f rom basolatera l  amygda la  
s t imula t ion  to the  an~cerior hypo tha l amus  of i M/sec.  

The re la t ive  s tab i l i ty  of la tency  for un i t a ry  discharges 
wi th  changes in s t imulus  in tens i ty  is shown in D. W i t h  
submaximal  s t imulat ion,  beginning a t  1.4 t imes  threshold 
(1.4 T), the  la tency  was 18 msec. The  la tency  remained  
stable unt i l  t l)reshold (1.0 T) is reached where the  la tency  
increased to 22 msec. This  re la t ive  cons tancy  in discharge 
la tency  is t aken  to represent  the  monosynap t ic  exc i ta t ion  
of ceils. The  la tency  shif t  a t  threshold  is unders tandable  
in te rms  of slow rise t imes  and t empora l  dispersion of the  
EPSPs .  In  addi t ion  to those uni ts  which showed stable 
latencies, units  were encounted  which showed marked  
instabi l i ty ,  somet imes  even at  a cons tan t  s t imulus  ill- 
tensi ty .  These, undoubtab ly ,  represent  po lysynapt ic  
ac t ivat ion.  

W i t h  the  str ia  terminal is  severed, stable, as well as 
unstable,  ext racel lu lar  units  could still  be recorded to 
amygda la  and prepyr i form cor tex  s t imulat ion.  Considera- 
t ion of the  conduct ion  ve loc i ty  and conduct ion dis tance 
made  the  observed latencies of the  stable units  reasonable 
for a monosynap t ic  connect ion.  These results suggest  a 
combina t ion  mono-  and polysynapt ic  inpu t  f rom the  
amygda la  and/or  p repyr i fo rm cor tex  to the  nDBB.  

Ex t race l lu la r  units  which displayed s tabi l i ty  in la tency 
showed dura t ions  of tes t  response suppression wi th  paired- 
s t imulus  tes t ing  f rom 100 msec to 1000 msec. The moda l  
t ime  to recovery  was 400 msec. An example  is shown in 
E. The  upper  t race is the  tes t  control.  The  condi t ioning 
responses are no t  shown. As seen in this instance, the  
un i t a ry  discharge is absent  in a 200 msec interval ,  bu t  

re-appears  in a 400 msec interval .  This  character is t ic  
recovery  t ime  was also seen for the  tes t  field response. 
No differences were found in the  behav ior  of the  tes t  
responses be tween  amygda la  and prepyr i form cor tex  
s t imulat ion.  

Ex t race l lu la r  units in the  n D B B  responding to deep 
t empora l  lobe s t imula t ion  could be an t id romica l ly  act i-  
va t ed  by  I F i m  s t imula t ion ;  45 of 133 uni ts  tes ted were 
an t id romica l ly  by  I F i m  s t imulat ion.  F shows an example  
where amygda la  s t imula t ion  evokes two un i t a ry  discharges 
and where I F i m  s t imula t ion  produces a short  l a tency  
discharge. Tile la tency  in this  ins tance was 1.5 msec. 
Pa i red-s t imulus  tes t ing of the  uni t  wi th  an I F i m - I F i m  
combina t ion  found i t  to recover  in a 2.5 msec interval ,  
suggest ing its an t id romic  nature .  The moda l  conduct ion 
ve loc i ty  of the  an t id romica l ly  ac t iva ted  units was 4.0 
M/sec,  wi th  va lue  ranging f rom 2.8 M/sec  to 4.8 M/sec.  

There  is a problem concerning the  origin of the  pro- 
ject ions to the  nDBB.  RAISMAN 1~ and DEOLMoS la indicate  
t h a t  amygda la  project ions are res t r ic ted to the  t r ac t  of 
the  diagonal  band.  Moreover,  the  prepyr i form cor tex  has 
been shown to projec t  th rough  the  amygda la  5,3. Hence,  
in this s tudy,  amygda la  s t imula t ion  should also ac t iva te  
fibres of passage f rom the  p repyr i fo rm cortex.  W h a t  
cont r ibut ion  the  amygada l a  makes  to the  project ion to 
the  n D B B  could no t  be de te rmined  wi th  the  present  
techniques.  This  diff icul ty led us to examine  inputs  f rom 
bo th  areas and include these results in the  t e r m  'deep 
tempora l  lobe project ions ' .  

These results suggest  t h a t  the  deep t empora l  lobe 
project ions to the  n D B B  are monosynap t i ca l ly  exc i ta t -  
ory  and t h a t  some of the  t a rge t  neurons pro jec t  to the  
h ippocampal  format ion.  The  nDBB,  therefore,  provides  
a synapt ic  s ta t ion for p repyr i form cor tex  and possible 
amygda la  inpu t  for the  influence of h ippocampal  ac t iv i ty  1~. 
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Summary. The effect  of adrenal ine  on the  Na+-pump in bullfrog (Rana catesbeiana) sympathe t i c  gangl ion cells was 
s tudied by  use of e lectrophysiological  methods.  The  ra te  of r emova l  of excess Na  + injected into a gangl ion cell was 
increased by  adrenaline.  The  K+-ac t iva ted  hyperpolar iza t ion  of cell m~mbrane,  which migh t  be produced by  all elec- 
t rogenic Na+-pump,  was also increased by  adrenaline.  These results  suggested t h a t  adrenal ine was able to accelerate the  
Na+-pump,  possibly the  electrogenic Na+-pump.  

When  adrenal ine (Ad) is d i rec t ly  appl ied to bullfrog 's  
sympa the t i c  ganglia, the  gangl ion cells produce de- 
polarizing (Ad-depolarization) and also hyperpolar iz ing  
(Ad-hyperpolar izat ion)  responsesL The na tu re  of Ad- 
hyperpolar iza t ion  is essent ia l ly  s imilar  to t h a t  of the  
slow inh ib i to ry  pos t synap t ic  po ten t ia l  (slow IPSP)~,  
which seems to be produced  by  an electrogenic sodium 

pump s. It was, therefore, suggested that Ad might be 
able to accelerate the electrogenic sodium pump and thus 
to produce the Ad-hyperpolarization I. The present 
experiment was designed to demonstrate the experimental 
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evidence by  which this  hypo the t i ca l  concept  could be 
supported.  

Isolated paraver tebra l  sympa the t i c  ganglia  of bullfrogs 
(Rana catesbeiana) were used. Expe r im en t a l  a r rangements  
for intracel lular  recordings of act ion potent ia ls  of single 
ganglion cells, and also for the  sucrose-gap me thod  to 
record membrane  po ten t ia l  changes of gangl ion cells, 
were described elsewhere 2, 8. In t racel lu lar  inject ions of 
sodium ions were made  th rough  a single intracel lular  
microelectrode connected to the  inpu t  br idge circuit  and 
also to a pulse genera tor  ~. A glass capi l lar ly  microelec- 
t rode  filled wi th  2 m M  NaC1 was used for bo th  sodium 
inject ion and potent ia l  recording;  the  resistance of these 
electrodes was ranged between 20-30 megohm.  Act ion 
potent ia ls  of a cell were produced by  apply ing  an t idromic  
s t imulat ions  to postganglionic  nerve  fibres. Ionic com- 
posit ions (in mM/1000  cm 3 H~O) of Ringer ' s  solut ion 
were as follows: 112 m M  NaC1, 2 m M  KCI, 1.8 m M  
CaC12 and 2 m M  NaHCO 3. 2 m M  KC1 was s imply  
omi t ted  f rom the" Ringer ' s  solution for prepar ing the  K- 
free Ringer ' s  solution. A prepara t ion  was cont inuously  
perfused wi th  a solution flowing th rough  a channel  
( 50 •  •  ram) a t  the  ra te  of 0.2 cmS/sec; a perfusate  in 
the  channel  could be replaced comple te ly  by  ano ther  
perfusate  wi th in  approx ima te ly  5 sec. Drugs added to the  
solutions were adrenal ine b i t a r t ra te  (SIGMA) and ouabain  
(Merck). All exper iments  were carried ou t  at  20-24~ 

The effect of intracel lular  iontophore t ic  in ject ion of 
sodium ions on the  act ion potent ia ls  was s tudied wi th  
ca t ' s  spinal motoneurones ,  in order  to analyze the  ra te  

of extrusion of injected excess sodium ions 5. It was shown 
in this experiment that characteristic changes in action 
potentials occurred after a sodium injection, and the 
recovery time course of these changes was approximately 
exponential ~. Similar results were obtained from present 
preparations. Since a single intracellular electrode was 
used for both recording and injection in the present 
experiment, the value of resting membrane potential was 
ignored after sodium injections. Thus, the recovery time 
course of action potentials, of which configurations were 
changed by intracellular sodium injections (5 X 10 -9 A for 
30 sec), was analyzed by measuring the amplitude of 
after-hyperpolarization of these action potentialsK 

Immediately after a sodium injection, the amplitude 
of spike potentials showed either an increase or no changes, 
while the amplitude of after-hyperpolarization (see 
Figure I) was consistently and markedly decreased. The 
decrease in the amplitude of after-hyperpolarization was 
gradually restored and its recovery time course was 
approximately exponential (Figure i). The recovery time 
constant obtained from 12 cells was 75 4- 9 (mean ~SD) 
sec. Effects of 0.005 mM ouabain and 0.3 mM Ad on the 
recovery time constant of these cells were studied. Both 
resting and action potentials of these cells showed no 
significant changes between l0 and 30 rain after an ad- 
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Fig. i. Recovery time courses of the after-hyperpolarization of action potentials changed by intracellular sodium injections. Sodium ions were 
injected into ganglion cells by applying a constant direct cathodal current (5 • 10 -9 A) for 30 sec through an intracellu]ar sodium electrode. 
The amplitude (shown by a in A) of after-hyperpolarizations is transiently depressed after a sodium injection, as seen ill A where records I, 2, 
3 and 4 were taken before, 30 sec, 90 sec and 300 sec after an injection, respectively. The recovery time course of amplitude of after-hyper- 
polarization is shown in B and C, which were obtained from two different cells. In ]3 and C, differences between the value of a before and 
after a sodium injection are plotted in mV against the time after an injection, with (closed circles) and without (open circles) ouabain (B) 
or Ad (C). 
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d i t i on  of each  drug.  T he  r ecove ry  t i m e  c o n s t a n t  of t he  
a m p l i t u d e  of a f t e r - h y p e r p o l a r i z a t i o n  a f t e r  sod ium in-  
jec t ions ,  however ,  was  r e v e r s i b l y  increased  d u r i n g  th i s  
pe r iod  ill t h e  p resence  of o u a b a i n  (Figure  1) ; t h e  r ecove ry  
t i m e  c o n s t a n t s  m e a s u r e d  f rom 6 cells were 188 • 20 sec. 
On t he  o t h e r  h a n d ,  i t  was  r eve r s ib ly  decreased  d u r i n g  t h i s  
pe r iod  in t h e  p resence  of 0.3 m M  Ad (Figure  1); t he  
r ecove ry  t i m e  c o n s t a n t s  m e a s u r e d  f rom 6 ceils were 40 4- 
10 sec. 

The  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  was de- 
m o n s t r a t e d  w i t h  r a b b i t  n o n - m y e l i n a t e d  n e r v e  f ibres  6. A 
s imi la r  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  was re- 
corded  f rom p r e s e n t  p r e p a r a t i o n s  b y  use  of t h e  sucrose-  
gap  m e t h o d  7. I n  t h e  p r e s e n t  expe r i m en t ,  i so la ted  gangl ia  
were in i t i a l ly  per fused  w i t h  t h e  K-free  R inge r ' s  so lu t ionfor  
60 rain.  W h e n  t he  pe r fusa t e  was  c h a n g e d  to t he  R inge r ' s  
so lu t ion  (con ta in ing  2 m M  KC1), t h e  p o t a s s i u m - a c t i v a t e d  
h y p e r p o l a r i z a t i o n  of gang l ion  cells, w h i c h  r eached  a m a x i -  
m u m  va lue  (2-4 mV) w i t h i n  a p p r o x i m a t e l y  3 mil l  w h i c h  
was s u s t a i n e d  the rea f t e r ,  could  be  c o n s i s t e n t l y  r ecorded  
(Figure 2). The  m a x i m u m  a m p l i t u d e  of t h e  p o t a s s i u m -  
a c t i v a t e d  h y p e r p o l a r i z a t i o n  of a p r e p a r a t i o n  was fa i r ly  
c o n s t a n t  b e t w e e n  60 a n d  180 ra in  in  t he  K-f ree  R inge r ' s  
so lut ion,  p r o v i d e d  each  app l i ca t i on  of t h e  R inge r ' s  solu- 
t ion  for a p p r o x i m a t e l y  3 mil l  was  r epea t ed  a t  a n  i n t e r v a l  
of 15 mill.  These  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n s  
were c o m p l e t e l y  a n d  r eve r s ib ly  abo l i shed  in  t h e  p resence  
of 0.005 m M  o u a b a i n L  

The  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n s  i n i t i a t ed  
before,  d u r i n g  a n d  a f t e r  an  app l i c a t i on  of 0.3 m M A d  
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Fig. 2. Potassium-activated hyperpolarizations of bullfrog's sym- 
pathetic ganglion cells, being recorded by the sucrose-gap method 
(A) and an intracellular microeIeetrode (B). Records were taken 
before (1), 30 min after an addition of 0.3 mM Ad to the perfusate 
and 60 rain after withdrawal of Ad (3). Note reversible increase in 
the amplitude of potassium-activated hyperpolarizations under the 
effect of Ad. 

were r ecorded  a n d  c o m p a r e d  w i t h  each  o ther ,  in  o rder  to  
e x a m i n e  t h e  effect  of Ad  a n d  i ts  revers ib i l i ty .  T h e  po-  
t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  p roduced  in t h e  
p resence  of Ad was m a r k e d l y  a u g m e n t e d  c o m p a r e d  w i t h  
t h a t  recorded  in t he  absence  of Ad  (Figure  2). Such  an  
a u g m e n t a t i o n  of t h e  p o t a s s i u m - a c t i v a t e d  hype rpo l a r i za -  
t i on  was  obse rved  c o n s i s t e n t l y  a f t e r  Ad was app l ied  for  
more  t h a n  10-20 min .  The  increases  ill t h e  m a x i m u m  am-  
p l i t ude  obse rved  f rom 8 p r e p a r a t i o n s  were 46 -L 13%. 

The  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  of a single 
gang l ion  cell, w h i c h  r eached  a m a x i m u m  va lue  (2-3 mV) 
w i t h i n  a p p r o x i m a t e l y  3 min,  was  also recorded  b y  an  
in t r ace l lu l a r  microe lec t rode .  I t s  m a x i m u m  a m p l i t u d e  was 
fa i r ly  c o n s t a n t  b e t w e e n  60 a n d  180 m i n  in t h e  K-free 
R inge r ' s  solut ion,  p r o v i d e d  each  app l i c a t i on  of t he  R in -  
ger ' s  so lu t ion  for  a p p r o x i m a t e l y  3 m i n  was r epea t ed  a t  a n  
i n t e r v a l  of 15 min.  W h e n  0.3 m M  Ad was added  to  t he  
K-free  R inge r ' s  so lut ion,  t h e  r e s t i ng  m e m b r a n e  p o t e n t i a l  
of a cell showed  no, or small ,  depo la r i za t ion  (a few refit- 
Volts) a n d  t he  m e m b r a n e  res i s t ance  ( inpu t  res is tance)  
showed  no d e t e c t a b l e  changes .  The  p o t a s s i u m - a c t i v a t e d  
h y p e r p o l a r i z a t i o n s  was a u g m e n t e d  in t h e  presence  of Ad  
(Figure  2); t he  increases  in  t he  m a x i m u m  a m p l i t u d e  ob-  
se rved  f rom 8 p r e p a r a t i o n s  were 32 4- 8%.  

The  r ecove ry  t i m e  c o n s t a n t  of pos i t ive  a f t e r -hype r -  
po la r i za t ion  of ac t ion  p o t e n t i a l s  was  a s sumed  to cha rac -  
ter ize  t he  r a t e  of sod ium remova l ,  n a m e l y  t h e  r a t e  of 
sod ium p u m p  f rom a cell 5. Th i s  a s s u m p t i o n  was s u p p o r t e d  
b y  t he  p r e sen t  r e su l t  t h a t  t he  r ecove ry  t i m e  c o n s t a n t  was  
m a r k e d l y  increased  b y  t h e  ac t ion  of o u a b a i n  in a sma l l  
concen t r a t i on .  On t he  o t h e r  h a n d ,  t he  p r e sen t  e x p e r i m e n t  
d e m o n s t r a t e d  t h a t  t h e  r ecove ry  t i m e  c o n s t a n t  was  
m a r k e d l y  decreased  in t i le  p resence  of Ad.  Thus ,  t he  r a t e  
of s o d i u m  p u m p  a p p e a r e d  to  be  increased  in t he  presence  
of Ad. The  p r e s e n t  e x p e r i m e n t  also d e m o n s t r a t e d  t h a t  
t h e  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  was a u g m e n t e d  
in t he  presence  of Ad. I f  one assumes  t h a t  t h e  p o t a s s i u m -  
a c t i v a t e d  b y p e r p o l a r i z a t i o n  is g e n e r a t e d  b y  an  electro-  
genic  sod ium p u m p  6, t h e  e lec t rogenic  sod ium p u m p  ap-  
pea red  to  be acce le ra ted  in t h e  presence  of Ad. I n  con-  
clusion, t he  p r e sen t  e x p e r i m e n t  resu l t s  a l t o g e t h e r  sug- 
ges ted  t h a t  Ad was able  to  acce lera te  t he  sod ium p u m p ,  
poss ib ly  t h e  e lec t rogenic  sod ium p u m p .  Th i s  suppo r t s  
our  h y p o t h e t i c a l  concep t  t h a t  t h e  n e u r o t r a n s m i t t e r ,  
such  as Ad, is able  to  r egu la t e  t he  m e m b r a n e  p o t e n t i a l  
b y  con t ro l l ing  t he  ac t ive  ionic t r a n s p o r t .  
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Summary. I n  B r a t t l e b o r o  ra ts ,  t h e r e  was no  dif ference in u r ine  osmola l i ty  be tween  an ima l s  w i t h  and  w i t h o u t  d iabe tes  
ins ip idus  a f t e r  w a t e r  d e p r i v a t i o n  u p  to  age 14 days,  a n d  i t  a p p e a r e d  a t  age 18 days  due to increase  of osmola l i ty  in  
n o n - d i a b e t i c  ind iv idua ls .  

Vasopress in  (VP) regula tes  b o d y  w a t e r  c o n t e n t  b y  
ac t ing  on  w a t e r  r e a b s o r p t i o n  in t h e  d i s ta l  s e g m e n t  of 
t he  neph ron .  I n  y o u n g  ra ts ,  t h i s  a c t i v i t y  is less p r o n o u n c e d  
a n d  newly  b o r n  r a t s  excre te  a u r ine  of low osmola l i t y  
even  d u r i n g  d e h y d r a t i o n  1-3. T he  c o n t e n t  of V P  in t he  
n e u r o h y p o p h y s i s  of t he  n e w l y  b o r n  is lower  t h a n  in 

a d u l t  an imals ,  b u t  is s t i l l  suf f ic ient  to  p l a y  a role in  
o smoregu la t i on  4-6. The  response  of t he  k idneys  depends  
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