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nuc l eus  s t i m u l a t i o n s  
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Summary. 2 p o p u l a t i ons  of cells were found  in the  Dei te rs '  nuc l eus  respons ive  to di rect  electr ical  s t i m u l a t i o n  of t he  
ips i la tera l  saccule.  On ly  t hose  Dei te rs '  n e u r o n s  a c t i v a t e d  m o n o s y n a p t i c a l l y  f rom the  saccule  could  be d r iven  an t i -  
d romica l ly  f r o m  th e  ocu lomo to r  nucleus .  Such  an  in t race l lu la r  s t u d y  prov ides  s t r ong  ev idence  for a t r i - neu rona l  arc 
in the  sacculo-ocular  reflex for ver t ica l  eye m o v e m e n t s .  

In  m a m m a l s ,  m o v e m e n t s  of t he  head  elicit def in i te  re- 
f lexes of balance,  i nvo lv ing  the  a n t i g r a v i t y  and  the  ex t r a -  
ocular  musc le s  a. T h e  pos i t ion  of t he  h e a d  is de t ec t ed  b y  
the  v e s t i b u l a r  l a b y r i n t h s  w h i c h  are k n o w n  to be con-  
nec t ed  wi th  the  o cu lomo to r  s y s t e m  and  the  sp ina l  m o t o r  
a p p a r a t u s  b y  w a y  of the  v e s t i b u l a r  nucle i  in the  b r a in  
s t e m a - L  I to  et  al. f i rst  succeeded  in record ing  in t ra -  
cel lu lar ly  f rom the  Dei te rs '  n e u r o n s  as ident i f ied by  an t i -  
d romic  a c t i v a t i o n  t h r o u g h  the  ves t i bu losp ina l  t r a c t  s. 
Us in g  s imi la r  t e chn iques ,  Wi l son  e t  al. h a v e  s ince revea led  
a d i sy n ap t i c  connec t ion  be tween  the  l a b y r i n t h  and  neck  
m o t o n e u r o n s ,  b u t  a t r i - s y n a p t i c  connec t ion  be tween  t he  
l a b y r i n t h  an d  the  l imb motoneuronsS ,% In  so far  as t he  
ves t ibu lo -ocu la r  ref lex is concerned,  m o s t  s tud ies  were 
focussed  on the  effects  of s t i m u l a t i o n  of t he  semic i rcu la r  
cana l s  9 11. In  cats ,  t he  o to l i th  o rgans  h a v e  been  show n  to  
exe r t  s t r o n g  e x c i t a t o r y  inf luence  on t he  eye musc le s  12 
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A Antidromic and orthodromic action potentials elicited from 
Deiters' neuron by stimulating the oculomotor nucleus and the 
superior area of the ipsilateral saccular maeula. (Calibration: 15 mV, 
1 msec.) B A Deiters' neuron responding monosyllaptically (first 
response) or disynaptically (second response) to ipsilateral saccular 
stimulation. (Calibration: 20 mV, 0.5 Insee.) C Histogram showing 
2 populations of Deiters' neurons responding either monosynaptieally 
or disynaptieally to selective electrical stimulation of the saceule. 

a nd  d i rec t  electr ical  s t i m u l a t i o n  of the  u t r i cu l a r  m a c u l a  
r e su l t ed  in eye m o v e m e n t s  la. I n f o r m a t i o n  on the  saccu la r  
in f luence  on  eye m o v e m e n t s  is s c a n ty .  F l u u r  a n d  Mell- 
s t r o m  repor t ed  ver t ica l  eye m o v e m e n t s  i nduced  b y  elec- 
t r ica l  s t i m u l a t i o n  of t he  super io r  a rea  of t he  saccu la r  
macu lae la .  Recen t ly ,  b y  select ive s t i m u l a t i o n  of t he  sac-  
cule in cats ,  H w a n g  a nd  Poon  15 p rov ided  s u p p o r t i n g  evi- 
dence  for a t r i - n e u r o n a l  arc of the  saccu lo-ocu la r  .reflex 
f i rs t  p roposed  by  Lo re n t e  de N616. B y  record ing  in t r a -  
ce l lu lar ly  f r om the  Dei te rs '  n e u r o n s  as  ident i f ied  b y  an t i -  
d romic  a c t i va t i on  of the  med ia l  l ong i t ud ina l  fasc iculus  
v ia  t he  t h i rd  nuc lea r  a rea  a nd  se lec t ive ly  s t i m u l a t i n g  t he  
super io r  a rea  of t he  saccu la r  ma c u l a e  o r thodromica l ly ,  
t h i s  r epo r t  s u b s t a n t i a t e s  the  t r i n e u r o n a l  n a t u r e  of the  
saccu lo-ocu la r  ref lex respons ib le  for t he  ve r t i ca l  eye 
m o v e m e n t s .  
Materials and methods. Cats  were a n a e s t h e t i z e d  w i t h  
K e t a m i n e  hydroch lo r ide ,  a d i ssoc ia t ive  anaes the t i c ,  The  
saccule  was  exposed  af te r  t he  t e c h n i q u e  deve loped  b y  
H w a n g  a nd  Pooh  15. The  super io r  a rea  of t he  saccule  
respons ib le  for ver t ica l  eye m o v e m e n t s  was  se lec t ive ly  
s t i m u l a t e d  m o n o p o l a r l y  by  t u n g s t e n  microe lec t rode  w i th  
t ip  d i a m e t e r  a r o u n d  1 ~m, us ing  single pu lses  < 1 V a t  
0.2 [zA. Record ings  were m a d e  f rom the  Dei te rs '  n e u r o n s  
w i th  glass  m ic rop ipe t t e s  filled wi th  3 M KC1. A dorsa l  
a p p r o a c h  (30 ~ poster ior)  was  e m p l o y e d  a f te r  pa r t i a l  re- 
m o v a l  of the  ce rebe l lum by  suc t ion .  B ipo la r  concen t r ic  
e lec t rodes  were a d v a n c e d  in to  the  o c u l o m o t o r  (third) 
nuc l e us  respons ib le  for u p w a r d  eye m o v e m e n t s .  A c c u ra t e  
p l a c e m e n t s  of the  record ing  e lec t rodes  in t he  Dei te rs '  
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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 

1 This work was supported by grants from American Heart Asso- 
ciation - Greater Los Angeles Affiliate (437IG), and National 
Science Foundation (GB-41390). J. D. L. was a Summer Scholar 
selected by the Committee for Advance Science Training. We 
thank Mr D. Ward and Miss L. J. Berg for much valuable 
assistance and Dr. J, L. Kinney for help in the statistical analysis 
of the data. 

2 M. de B. Daly and M. J. Scott, J. Physiol., Lond. 74d, 148 (1958). 
3 P. I. Korner and W. T. Edwards, Q. J. exp. Physiol. 45, 113 

(1960). 
4 R.D.M.  MacLeod and M. J. Scott, J. Physiol., Lond. 175, 193 

(1964). 

g 

W 

r 

n~ 

W 
-r 

5O0 

480  

460  

440  

420  

400  

380 

360 

3 4 0  

320 

300  

280 

260 

CONTROL HYPOXIA RECOVERY 
21%Oz 10%Oz 21%02 

Atropine 
(o2mg,',a5,./ 09gNaCI ZP) ~ ' ,~ :  

......... { ~:;~ :~??~::::~ii:.:. 

== 

o o o o o o , i : :(: i : i i ! ! . !  .... 

" r  ' ................ 

(50mr/n O5rnl 0.gg NaCI ZPJ 'I " 

i 

MINUTES 

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. 


