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neurons  was ident i f ied by  charac te r i s t i c  field poten t ia l s  
evoked by  o r thodromic  and an t id romic  s t imulat ions .  
Successful  pene t r a t i ons  were indica ted  by  res t ing mem-  
b rane  po ten t i a l s  exceeding - 45 mV. 
Results and discussion. In t racel lu lar  recordings  were made  
f rom the  Dei ters '  neurons  as ident i f ied by  charac ter i s t ic  
field potent ia ls .  Figure A shows an example  of a Dei ters '  
neuron  which could be dr iven  an t id romica l ly  f rom the  
oculomotor  nucleus as well as o r thodromica l ly  f rom the  
saccule. La t ency  for the  E P S P  was 0.8 msec and  the  
o r thodromic  act ion po ten t i a l  could be t r iggered as early 
as 1.2 msec af ter  the  onset  of st imulus.  The an t id romic  
spike was in i t ia ted  af ter  a delay of 0.3 msec. Such records 
provide  fu r the r  evidence t h a t  some of the  Dei ters '  
neurons  are connec ted  monosynap t i ca l ly  wi th  the  pri-  
m a r y  afferents  f rom the  saccule and p r o j e c t  d i rec t ly  to  
the  ipsi lateral  oculomotor  nucleus. Figure  B shows, how- 

ever, t h a t  some Dei ters '  neurons  could be connec ted  b o t h  
monosynap t i ca l l y  (1.0 msec) and d i synap t ica l ly  (1.8 msec) 
w i th  the  saccule. Figure C depicts  t h a t  among  33 Dei ters '  
neurons  so recorded,  2 popula t ions  of cells could be dis- 
t inguished.  The f irs t  popu la t ion  (n = 14) responded  
monosynap t i ca l l y  to  saccular  s t imula t ion  wi th  a mean  
la tency  of 1.14 • 0.05 msec (SEM) b u t  the  second popu-  
la t ion (n = 19) responded  wi th  a mean  la tency  of 2.14 • 
0.08 msee (SEM), and  the re fo re  p robab ly  dr iven  d isynap-  
tically.  In  no case did any  of the  d i synapt ica l ly  d r iven  
cells respond to an t id romic  s t imulat ion.  The t r i -neurona l  
na tu re  of the  sacculo-ocular  reflex therefore  remains  un-  
chal lenged a t  least  in so f a r  as the  ver t ical  eye m o v e m e n t s  
are concerned.  E x p e r i m e n t s  are in progress  to s t u d y  the  
specific connect ions  be tween  the  d i f ferent  ves t ibu la r  
nuclei and the  ex t ra -ocu la r  motoneurons  in the  sacculo- 
ocular  p a t h w a y s .  

H y p o x i c  t a c h y c a r d i a  in the  ra t  I 
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Summary. Awake,  freely b rea th ing  ra ts  sub jec ted  to modera te  hypox ia  (10% 02) mani fes t  p r o m p t  t achycard ia  which  
is essent ial ly  unaf fec ted  by  a t ropine  and is blocked by  propranolol ,  and is t hus  a p p a r e n t l y  main ly  of sympa the t i c  origin. 

W h e n  exposed  to modera t e  hypoxia ,  freely b rea th ing  dogs 
general ly  mani fes t  t a ehyca rd i aL  while b radyca rd i a  is 
c o m m o n l y  observed  in cats  3 and rabb i t s  4. The p resen t  
expe r imen t s  were designed to  character ize  the  change  in 
hea r t  ra te  (HR) in unanes the t i zed  l abora to ry  ra t s  b rea th -  
ing 10% O 2, and  to assess the  roles of vagal  and  s y m p a t h e -  
t ic influences in the  response.  
Methods. U n d e r  brief ha lo thane  (Fluothane ,  Ayerst)  
anesthesia ,  5 male Sprague-Dawley  ra ts  (370-470 g) were 
each imp lan ted  wi th  3 Michel nickel-si lver wound  clips, 
wide ly  spaced along the  dorsal  midline, for use as act ive 
e lec t rocardiographic  (ECG) and ground  leads. A t  least  1 
day  in t e rvened  be tween  the  anes thes ia  and  the  first  ex- 
pe r imen ta t ion .  At  each recording session, the  Michel clips 
were connec ted  to a Grass 7 P I A  preampl i f ier  whose out-  
p u t  was  used to  t r igger  a Grass 7P4A ca rd io t achograph  
for recording of H R  on a Grass 7D polygraph .  

E x p e r i m e n t a l  t r ials  were conduc ted  wi th  the  ra ts  in clear 
plast ic  boxes  of a size (16.5 •  ?<8.5 cm) chosen to 
res t r ic t  m o v e m e n t  w i thou t  discomfort ,  as indica ted  by  
p r o m p t  cessat ion of any  struggling.  The top  of each box 
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Heart rate responses to hypoxia 
produced by 10% 02 in rats un- 
treated (open circles) or injected 
i.p. (filled circles) with 0.5 ml of 
0.9% NaCI alone, or with atropine 
(0.2 mg) or propanolol (5.0 rag). 
The circles represent the average 
values for all trials in all rats 
(numbers given in text) at each 
l-rain- (control) or 1/~-min- (hyp- 
oxia and recovery) interval, while 
the accompanying lines indicate 

SE of the mean. Note that the 
time scale for the control period 
is compressed. 
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h a d  2 smal l  aper tu res ,  one used to a c c o m m o d a t e  t he  
p o l y v i n y l  p las t ic  t u b i n g  b y  wh ich  t he  gas m i x t u r e s  were 
del ivered,  the  o the r  used to pass  t he  ECG leads f rom the  
a n i m a l  to  t he  p o l y g r a p h  a n d  to al low for c o n t i n u o u s  f lush-  
ing and  exchange  of gases. Gas was al lowed to flow a t  
4 l /rain,  p e r m i t t i n g  comple te  equ i l ib ra t ion  of t he  gas in the  
box  wi th in  1 min  of swi tch ing  to  a new gas mix tu re .  Oxy-  
gen  c o n t e n t  of t he  gas mix tu re ,  de l ivered  f rom cyl inders  
of O2 and  N2 b y  an  a d j u s t a b l e  mul t ip le  flow meter ,  was 
con t i nuous ly  m o n i t o r e d  by  a B e c k m a n  model  E2 Oxygen  
Analyzer ,  a l lowing con t ro l  of the  02 c o n c e n t r a t i o n  to 
w i t h i n  0.5%. 
In i t ia l ly ,  compressed  air  was al lowed to flow for a t  leas t  
15 min  to p e r m i t  a t t a i n m e n t  of a s teady,  basa l  HR.  A t  
t he  desired t ime,  de l ive ry  of t he  e x p e r i m e n t a l  gas was 
s t a r t e d  and  m a i n t a i n e d  a t  21% (20.6 • 0 .5%) 02 for a 
15 m i n  con t ro l  period,  t h e n  changed  to  10.0 • 0.5% 
02 for 5 min,  and  f ina l ly  r e t u r n e d  to 21% 02 for a 10 min  
r ecove ry  per iod.  T h r o u g h o u t ,  H R  was s am p l ed  a t  i/2- 
min- in te rva l s .  To t e s t  t he  effects of b lock ing  drugs,  e i the r  
0.5 ml  0.9% NaC1 alone, or 0.2 m g  a t rop ine  sul fa te  or 
5.0 mg  p roprano lo l  hyd roch lo r ide  ( Inderal ,  Ayers t )  dis- 
so lved  in 0.5 ml  0 .9% NaC1, was  in jec ted  i.p. An ima l s  
were t h e n  placed in the  boxes  and,  a f te r  15 m i n  to al low 
s t ab i l i za t ion  of HR,  t he  15 min  con t ro l  per iod  w i t h  21% 
02 was begun.  ( In  p r e l i m i n a r y  tests ,  0.2 mg  a t rop ine  
b locked  for a t  leas t  1 h t he  b r a d y c a r d i a  p roduced  in a 
p e n t o b a r b i t a l - a n e s t h e t i z e d  400 g r a t  b y  s t i m u l a t i o n  of t he  
r i gh t  vagus  w i t h  s q u a r e w a v e  impulses  a t  15 Hz, 2 msec 
du ra t ion ,  8 V. 5.0 m g  p roprano lo l  b locked t he  t a c h y c a r d i c  
effect  of 0.125 btg i sopro te renol  [Isuprel ,  W i n t h r o p ]  g iven  
i.v.) The  order  of a d m i n i s t r a t i o n  of d rugs  was r a n d o m i z e d  
a m o n g  the  animals ,  and  a n  in t e rva l  of a t  leas t  2 days  was 
a l lowed b e t w e e n  d rug  t r i a l s  on  each  an imal .  
24 t r ia ls  of h y p o x i a  were conduc t ed  on the  u n t r e a t e d  rats ,  
i.e. 5 t r ia ls  on each  of 4 animals ,  4 t r ia l s  on one. In  ad-  
d i t ion ,  5 t r ia ls  on each  of the  5 an inmls  were c o n d u c t e t  
w i th  0.9% NaC1 inject ion,  and  4 t r ia ls  per  a n i m a l  were 
m a d e  w i th  each  of the  b lock ing  drugs.  Analys i s  of va r i ance  
of t he  d a t a  o b t a i n e d  d u r i n g  cont ro l  per iods  ind ica t ed  t h a t  
t he  va r i ances  a m o n g  an ima l s  were no t  s ignif icant ,  i.e. 
p > 0.25. Hence,  H R s  m e a s u r e d  in the  20-25 t r ia l s  for 
each  sample  poin t ,  i.e. a t  each  x/2-min-interval ,  were 
pooled and  r epo r t ed  as a m e a n  va lue  for t h a t  po in t  plus  
or minus  the  s t a n d a r d  er ror  of t he  mean .  
Results (figure). In  the  u n t r e a t e d  rats ,  H R  ave raged  330 
b e a t s  per  m in  (bpm) du r ing  the  l a t t e r  p a r t  of the  con t ro l  
per iod  (21% 02). H R  began  to rise w i t h i n  1/2 m i n  f rom the  
onse t  of a d m i n i s t r a t i o n  of 10% 0 2, and  a t t a i n e d  a max i -  

mum,  s t e a d y  level  a r o u n d  415 b p m  a t  a b o u t  3 rain.  On re- 
s u m p t i o n  of 21% 02, H R  fell to  i ts  con t ro l  level  w i t h i n  
3 min.  I n j e c t i o n  of sal ine increased  res t ing  H R  b y  10-15 
bpm,  b u t  d id  n o t  af fec t  t h e  p a t t e r n  of response  to  hypox ia .  
F r o m  a level  of 340 bpm,  H R  rose s tead i ly  to  a p e a k  of 
420 b p m  a f t e r  3 m in  of exposure  to  10% 02. W h e n  10% 
02 was rep laced  b y  21% 02, H R  r e t u r n e d  to i ts  r e s t ing  
level in  a b o u t  3 min.  A t rop ine  ra ised  the  r e s t ing  H R  to  
420-440 bpm.  H R  increased  s tead i ly  in response  to 10% 
02, peak ing  a f t e r  3 m in  a t  470-480 bpm.  W h e n  21% 02 
was r e sumed  HIR decreased  to i ts  p rev ious  res t ing  level  
in a b o u t  2 min.  I t  t h e n  c o n t i n u e d  to decrease  s l ight ly ,  
s tab i l iz ing  a t  390-410 bpm.  P rop rano lo l  lowered r e s t i ng  
H R  to a p p r o x i m a t e l y  300 b p m  a n d  g rea t ly  modif ied  t he  
response  to  10% 02. H R  rose t r a n s i e n t l y  b y  15 b p m  for 
t he  f irst  1 2 m i n  of exposure ,  t h e n  decreased g r a d u a l l y  to  
i ts  res t ing  level  where  i t  r ema ined .  On r e s u m p t i o n  of 21% 
02 H R  fell to  a b o u t  270 b p m  in t he  f irst  m i n u t e ;  i t  t h e n  
g radua l ly  inc reased  a n d  s tab i l ized  a t  t he  p r ev ious  r e s t i ng  
level. 
Discussion. The  fac t  t h a t  a t r o p i n e  m a r k e d l y  ra ised  the  
res t ing  h e a r t  r a t e  (HR) implies  a fa i r ly  h igh  degree  of 
vaga l  tone  in t he  n o r m a l  res t ing  animal .  The  r e d u c t i o n  in 
t he  abso lu te  m a g n i t u d e  of t a c h y c a r d i a  in response  to 
h y p o x i a  ( m a x i m u m  m e a n  increase  of 60 b p m  w i t h  a t ro -  
pine vs. 80 b p m  w i t h  saline) p r o b a b l y  ind ica tes  t h a t ,  
s t a r t i ng  f rom a g rea t ly  e l eva ted  level, H R  was a p p r o a c h -  
ing an  u p p e r  l imi t  w h e n  i t  increased  to 480 b p m  in re- 
sponse  to hypox ia .  The  fai lure  of a t rop ine  to a l t e r  qua l i t a -  
t i ve ly  the  hypox i c  t a c h y c a r d i a  s t rong ly  ind ica tes  t h a t  
i nh ib i t i on  of vaga l  t one  p lays  l i t t le  role in  the  response.  
The  decrease  in res t ing  H R  fol lowing in jec t ion  of pro-  
p rano lo l  suggests  some be t a - ad rene rg i c  con t ro l  of t he  
h e a r t  in  t he  n o r m a l  res t ing  ra t .  Since p rop rano lo l  essen-  
t ia l ly  b locked  t he  hypox ic  t a chyca rd i a ,  t h i s  response  is 
a p p a r e n t l y  due  a l m o s t  en t i r e ly  to  be t a - ad rene rg i c  s t im-  
u la t ion  (cardiac  s y m p a t h e t i c  i n n e r v a t i o n  and  c i rcu la t ing  
ca techolamines) .  The  t r a n s i e n c y  of the  s l ight  t a c h y c a r d i a  
a t  the  beg inn ing  of the  per iod  of h y p o x i a  suggests  t h a t  i t  
differs f rom the  n o r m a l  t a c h y c a r d i c  response.  As th i s  
s l ight  rise in H R  d i s appea red  d u r i n g  c o n t i n u e d  exposure  
to  10% 02 , t he  poss ib i l i ty  of incomple te  b lock  of t he  
adrenerg ic  recep tors  b y  the  p roprano lo l  is unl ikely .  No 
r e a d y  e x p l a n a t i o n  for t he  p o s t - h y p o x i c  b r a d y c a r d i a  in 
t he  p r o p r a n o l o l - t r e a t e d  an ima l s  is a t  hand ,  b u t  m e d i a t i o n  
of the  b r a d y c a r d i a  b y  a b a r o r e c e p t o r  ref lex m a y  be  ru led  
ou t  since p r e l i m i n a r y  u n p u b l i s h e d  obse rva t i ons  i nd ica t e  
t h a t  a r t e r i a l  p ressure  does n o t  rise in  response  to  h y p o x i a  
in  u n t r e a t e d  or p rop rano lo l -b locked  ra ts .  

S u s t a i n e d  a n d  t r a n s i e n t  c o r t i c a l  n e u r o n e s  in  a r e a  18 of  the  cat  
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Summary. The  m a j o r i t y  of the  s imple  cells in a rea  18 of the  ca t ' s  v i sua l  co r t ex  gave  pu re  t r a n s i e n t  responses  to  f l ash ing  
slits of l ight.  A few simple cells gave  sus ta ined  responses  to  s t a t i o n a r y  sli ts of l ight .  All  of t he  complex  cells e n c o u n t e r e d  
gave  t r a n s i e n t  responses.  

Neurophys io log ica l  i nves t iga t ions  of t he  r ecep t ive  field 
p roper t i e s  of the  re lay  ceils in  the  l a t e ra l  gen icu la te  
nuc leus  (LGN) of t he  ca t  h a v e  revea led  2 m a j o r  g roups  of 
cells, X or ' su s t a ined '  a n d  Y or ' t r a n s i e n t '  cells 2-~. I k e d a  
and  W r i g h t  6 h a v e  classified cells in area  17 of t he  v i sua l  
co r t ex  as ' su s t a ined '  or ' t r a n s i e n t '  a n d  r epo r t ed  t h a t  t h e  
' s u s t a i n e d / t r a n s i e n t '  c lass i f icat ion is i n d e p e n d e n t  of t he  
' s imple /complex '  classif icat ion.  
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