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each  expe r imen t ,  is p a r t i c u l a r l y  not iceable .  This  m e a n s  
t h a t  G. petersii prefers  to  r e spond  to  an  ex te rocep t ive  
electric s t imulus ,  pe rce ived  t h r o u g h  its e lect roreceptors ,  
b y  a n  electric o rgan  d ischarge  w i t h i n  a b o u t  11 msec. 

As p o i n t e d  ou t  b y  e lec t rophysio logica l  work,  7-8  msec 
are r equ i red  to  c o n d u c t  t he  c o m m a n d  s ignal  f rom the  
medu l l a  o b l o n g a t a  to  t h e  electric o rgan  in m o r m y r i d s  4. 
H e n c e  less t h a n  4 msec r e m a i n  for t he  t r a n s m i s s i o n  of t h e  
coded recep to r  s ignal  to  t he  medu l l a  ob longa ta ,  v i a  la te ra l  
nerve,  lobus  lateral is ,  a n d  mesencepha lon .  A m o n g  t he  
d i f fe ren t  e lec t rosensory  r ecep to r  t ypes  (Mormyromas t s ,  
t u b e r o u s  ( 'Knol len ' - ) ,  a n d  a m p u l l a r y  organs),  a n d  t h e i r  
connec t ions  to  t he  b ra in ,  f o u n d  in mormyr ids ,  only  
t he  t u b e r o u s  recep tors  a n d  t h e i r  ' f a s t '  j unc t ions ,  and 
cerebra l  connect ions ,  are capab le  of such a r ap id  s ignal  
t r a n s m i s s i o n h - L  This  p a t h w a y  comprises  neu rons  w i t h  
axons  of large d iamet re ,  a n d  p r o b a b l y  electr ical  syn-  
apses be tween  t h e m  8. 

A l t h o u g h  a l a t en cy  of a b o u t  11 msec seems to  be  t h e  
m i n i m a l  r eac t ion  t i m e  of G. petersii to  a n  ex t e rna l  electr ic  
s t imulus ,  t he  f i sh  is free to  r e s pond  af te r  a longer  t i m e  
as well, as seen in F igure  lc.  Shor te r  la tenc ies  t h a n  t he  
m i n i m a l  t i m e  were also observed ,  beg inn ing  a t  zero 
la tency .  I n  th i s  case, i t  m u s t  be  a s s um ed  t h a t  t he  pulse- 
m a k i n g  decis ion h a d  a l r eady  t a k e n  place  before  t he  
M. rune  pulse occurred,  and  t h u s  could no t  h a v e  been  
a l t e red  b y  sensory  inpu t .  

The  obse rva t i on  r e p o r t e d  in th i s  p a p e r  d e m o n s t r a t e s  a 
h i t h e r t o  u n k n o w n  i n t e r ac t i on  be t w een  t he  d ischarges  of 
2 electric f ish a t  t he  i n t e r v a l  level, i nd i ca t i ng  the  exis- 
tence  of a n  e x t r e m e l y  r ap id  ref lex arc. Th i s  ref lex arc 
seems to  be specifically i nvo lved  in t he  pe rcep t ion  of, 
a n d  in r e spond ing  to,  t he  electric s ignals  of congeners  
because  of 2 reasons :  1. T he  t h r e sho ld  to  shor t  electr ic  
s t imul i  is low in t u b e r o u s  receptors ,  c o m p a r e d  w i t h  t he  
o the r  e lec t rorecep tor  types  5, enab l ing  t he  f ish to de t ec t  a 
conspecific,  w h e n  t he  d i s t ance  be t w een  t h e m  is ca. 30 cm 
or less 9 ; 2. W h e n  r e spond ing  to t he  f i sh ' s  p rope r  discharge,  

t u b e r o u s  recep tor  evoked  ac t i v i t y  in gangl ion  cells of t he  
lobus  la te ra l i s  -was found  to  be  i n h i b i t e d  ~~ Th i s  excludes  
t he  poss ib i l i ty  of a s ignif icance of t u b e r o u s  receptors ,  and  
t h e i r  ce rebra l  connect ions ,  in  e lec t ro loca t ion ,  and  suggests  
t h e i r  i m p o r t a n c e  in ' c o m m u n i c a t i o n ' .  

Zusammen/assung.  W~thrend des agon i s t i schen  Ver-  
ha l t en s  b e a n t w o r t e t  G. petersii e lek t r i sche  Organ-  
e n t l a d u n g e n  eines M. rune  s t a t i s t i s ch  b e v o r z u g t  n a c h  
e iner  L a t e n z z e i t  yon  n u r  ca. 11 msec. Dies d e u t e t  auf  die 
E x i s t e n z  einer  besonders  r a s chen  R e f l e x b a h n  hin,  de ren  
spezifische Aufgabe  of fenbar  die W a h r n e h m u n g  and 
B e a n t w o r t u n g  e lek t r i seher  F r emds igna l e  ist. 
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T h e  E f f e c t s  o f  R e t i c u l a r  S t i m u l a t i o n  o n  D i ~ a s t r i c  

The  s p o n t a n e o u s  v a r i a t i o n s  in  d igas t r ic  ref lex (jaw- 
opening)  ac t i v i t y  du r ing  t he  course of sleep and  wakeful-  
ness h a v e  been  ex tens ive ly  i nves t i ga t ed  1. T he  o rb i t a l  
cor t ical  con t ro l  of t h i s  ref lex du r ing  sleep a n d  wakefu lness  
in  freely m o v i n g  ca ts  has  also been  described~,  a. I n  
immobi l i zed  cats,  wh ich  p r e s u m a b l y  are awake,  electr ical  
s t i m u l a t i o n  of t h e  re t i cu la r  f o r m a t i o n  can  mod i fy  
d igas t r ic  ref lex ac t iv i tyd ,  5. W e  were the re fore  i n t e r e s t ed  
in d e t e r m i n i n g  w h e t h e r  s t i m u l a t i o n  of t h e  re t i cu la r  
fo rmat ion ,  in  freely m o v i n g  u n a n e s t h e t i z e d  cats ,  would  
inf luence th i s  ref lex no t  oll ly du r ing  wakefu lness  b u t  
also du r ing  sleep. I n  t h i s  p a p e r  we p re sen t  d a t a  wh ich  
ind ica te  that electr ical  s t i m u l a t i o n  of the  r e t i cu la r  for- 
m a t i o n  exer t s  a cons i s t en t  p a t t e r n  of d igas t r ic  ref lex 
i nh ib i t i on  t h r o u g h o u t  qu ie t  sleep and  ac t ive  sleep as well  
as d u r i n g  wakefulness .  

The  deta i l s  of t he  e x p e r i m e n t a l  p r e p a r a t i o n  for 
s t i m u l a t i o n  a n d  record ing  w i t h  p e r m a n e n t l y  p laced 
electrodes in t he  freely m o v i n g  ca t  h a v e  been  p rev ious ly  
descr ibed  1. 6 adu l t  ca ts  were used in t h i s  expe r imen t .  
B ipo la r  s t i m u l a t i n g  e lectrodes  were p laced  in t he  pon to -  
mesencepha l ic  re t i cu la r  t e g m e n t u m .  The  d igas t r ic  ref lex 
was induced  b y  electr ical  s t i m u l a t i o n  of t he  infer ior  
d e n t a l  ne rve  w i t h  a pa i r  of s ta inless  steel  screws e m b e d d e d  
in t he  m a n d i b u l a r  canal .  T he  ref lex was m o n i t o r e d  
e l ec t romyograph ica l ly  b y  a pa i r  of b ipo la r  e lec t rodes  
p laced  a r o u n d  t h e  a n t e r i o r  bel ly of t he  d igas t r ic  muscle .  

R e f l e x  A c t i v i t y  D u r i n g  S l e e p  a n d  W a k e f u l n e s s  

O t h e r  b ipo la r  e lec t rodes  were used to  record  t he  f ron ta l  
cor t ica l  E E G ,  eye m o v e m e n t s  (EOG) a n d  neck  EMG. The  
d igas t r ic  ref lex was m o n i t o r e d  oscil loscopically a n d  was 
recorded  on  a p o l y g r a p h  b y  u t i l iz ing  a p e a k - a m p l i t u d e ,  
t i m e - e x p a n d i n g  e lect ronic  circuit .  

E x p e r i m e n t a l  sessions, wh ich  were s t a r t e d  a t  leas t  week  
a f t e r  e lec t rode  i m p l a n t a t i o n ,  were  c o n d u c t e d  in  a n  
e n v i r o n m e n t a l  c h a m b e r  where  t he  a n i m a l  was  able  to  
m o v e  a b o u t  freely. The  b e h a v i o r  of t he  a n i m a l  was  
obse rved  t h r o u g h  a one -way  window.  E a c h  e x p e r i m e n t a l  
session las ted  a p p r o x i m a t e l y  3 h, d u r i n g  wh ich  t i m e  
c o n t i n u o u s  record ings  of consecu t ive  cycles of sleep and  
wakefu lness  were ob ta ined .  The  d igas t r i c  refIex was  
induced  c o n t i n u o u s l y  t h r o u g h o u t  each  session a t  r a t e s  
of 0.5 to  1 per  sec. The  a m p l i t u d e  of t h e  d igas t r ic  ref lex 
wh ich  fol lowed sho r t  pulse t r a i n  re t i cu la r  s t i m u l a t i o n  
(1-4 pulses ;  cond i t i on ing - t e s t  l a t e n c y  0-20 msec) was  
c o m p a r e d  w i t h  t h e  a m p l i t u d e  of i m m e d i a t e l y  p reced ing  
con t ro l  reflexes du r ing  t he  s t a t e s  of wakefulness ,  qu ie t  
sleep and  ac t ive  sleep. The  i n t e n s i t y  of t he  r e t i cu la r  
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Fig. 1. Oscilloscopic recordings of digastric reflex inhibition following 
reticular stimulation. Note that the reticular stimulus alone did not 
induce digastric activity. All recording was obtained when the cat 
was awake. Inferior Dental Nerve: 0.4 V, 0.4 msee. Reticular stimu- 
lation: 1.5 V, 1 reset, 5 pulses. Calibration: 50 ~zV, 5 msec. 

100 
% 
80 

60 
Facilitation 

40 

20 

0 
% 
20 

Inhibition 
40 

6O 

8O 

100 

Quiet Active 
Awake sleep sleep 

Fig. 2. Graphical representation of digastric reflex inhibition induced 
by reticular stimulation. Each bar indicates % inhibition. The ampli- 
tude of the digastric reflex immediately preceding reticular stimula- 
tion was used as the baseline control amplitude. The standard devia- 
tion is indicated by the vertical line in the middle ol each bar. The 
data  for each state were based upon the amplitudes of 40 control re- 
flexes and 40 reflexes preceded by reticular stimulation. 

s t i m u l a t i o n  was a d j u s t e d  so t h a t  no  ove r t  b e h a v i o r a l  
response  was induced.  D u r i n g  ac t ive  sleep, the  i n t e n s i t y  
of d e n t a l  ne rve  s t i m u l a t i o n  occas ional ly  h a d  to  be  
increased  due  to  t h e  s p o n t a n e o u s  depress ion  of t h e  ref lex 
wh ich  is p r o m i n e n t  d u r i n g  th i s  s t a t e  1. 

An  example  of t h e  d igas t r ic  ref lex in  t h e  con t ro l  
cond i t ion  an d  preceded  b y  re t i cu la r  s t i m u l a t i o n  is shown  
in F igure  1. T h e  effect  of r e t i cu la r  s t i m u l a t i o n  on  t h e  
i nduced  d igas t r ic  ref lex was c lear ly  i n h i b i t o r y  (Figure 1, 
A an d  B). I n h i b i t i o n  was obse rved  a t  al l  cond i t ion ing-  
t e s t  la tenc ies  be tween  0 an d  20 msec. No te  t h a t  no  
response  was evoked  in t h e  d igas t r ic  muscle  in c o n j u n c t i o n  
w i t h  i n d e p e n d e n t  e x c i t a t i o n  of t h e  r e t i cu la r  f o r m a t i o n  
(Figure 1C). 

F igure  2 r ep resen t s  a g raph ica l  a n d  s t a t i s t i ca l  de- 
sc r ip t ion  of t h e  i n h i b i t o r y  effect  of r e t i cu la r  s t i m u l a t i o n  
on  t h e  d igas t r ic  ref lex d u r i n g  sleep a n d  wakefulness .  
I n h i b i t i o n  was obse rved  in all an i ma l s  in  eve ry  session - 
du r ing  a rousa l  a c c o m p a n y i n g  wakefulness ,  d u r i n g  t he  
sp indle  bu r s t s  of qu ie t  sleep, a n d  d u r i n g  t h e  r ap id  eye 
m o v e m e n t s  of ac t ive  sleep. Thus ,  t he re  were no  qua l i t a -  
t i ve  di f ferences  in  the  i n h i b i t o r y  effect  d u r i n g  i n t r a s t a t e  
v a r i a t i o n s  in  ac t iv i ty .  

A lmos t  w i t h o u t  excep t ion  t h e  i n h i b i t o r y  func t i on  of 
t h e  r e t i cu la r  s t imu lus  (as expressed  b y  t h e  % decrease  
f rom base l ine  level) was more  p r o n o u n c e d  d u r i n g  ac t ive  
sleep t h a n  d u r i n g  wakefu lness  or qu i e t  sleep. As t he  
du ra t ion ,  vo l t age  or n u m b e r  of r e t i cu la r  pulses were 
increased,  t h e  degree of i n h i b i t i o n  was enhanced .  

CHASE a n d  McGtNTu 2 obse rved  t h a t  o rb i t a l  cor t ica l  
s t i m u l a t i o n  led to  d igas t r ic  ref lex fac i l i t a t ion  a n d  an  
evoked  d igas t r ic  discharge.  T h e  effects of o rb i t a l  s t imu-  
l a t ion  were e x a m i n e d  d u r i n g  sleep an d  wakefu lness  u n d e r  
cond i t ions  s imi la r  to  those  descr ibed  i n  th i s  p a p e r  ~. I n  
t h e  p rev ious  s tudy ,  d igas t r ic  a c t i v i t y  was fac i l i t a t ed  b y  
o rb i t a l  s t i m u l a t i o n  d u r i n g  al l  s t a t e s  of sleep a n d  wake-  
fulness,  whereas  in  t h e  p r e s en t  i n v e s t i g a t i o n  re t i cu la r  sti-  
m u l a t i o n  induced  ref lex i n h i b i t i o n  t h r o u g h o u t  these  same  
s ta tes .  T h e  c o n t r a s t i n g  effect  m a y  be  a t t r i b u t e d  to t he  
dif ference in t h e  func t i on  of these  b r a i n  sites. However ,  
d u r i n g  t h e  s tage  of ac t ive  sleep, o rb i t a l  f ac i l i t a t ion  was 
c lear ly  reduced,  whereas  re t i cu la r  i n h i b i t i o n  was p e r h a p s  
m o s t  p o t e n t  d u r i n g  t h i s  s ta te .  I t  would  be  t e m p t i n g  to  
cons ider  t h e  poss ib i l i ty  t h a t  th i s  ref lex is p r i m a r i l y  
con t ro l led  d u r i n g  ac t ive  sleep b y  t h e  r e t i cu la r  s y s t e m  and  
d u r i n g  wakefu lness  b y  o rb i t a l  cor t ica l  d ischarge .  The  
fac i l i t a t ion  of th i s  ref lex b y  o rb i t a l  e x c i t a t i o n  s, t h e  fac t  
t h a t  d u r i n g  wakefu lness  t h e  o rb i t a l  effect  is s t ronges t  3 
a n d  t h e  sugges t ion  of a n  increase  in t h e  ef fec t iveness  of 
r e t i cu la r  i n h i b i t i o n  d u r i n g  ac t ive  sleep s u p p o r t  th is  
h y p o t h e s i s  ~. 

Rdsumd. La  s t i m u l a t i o n  ~lectr ique de la f o r m a t i o n  
r6 t icu la i re  m ~ s e n c @ h a l i q u e  ru t  appl iqu6e  0-20 msec 
a v a n t  l ' i n d u c t i o n  du  r~flexe d igas t r ique  chez des cha t s  
l ibres.  Le reflexe d igas t r ique  ru t  i n d u i t  p a r  s t i m u l a t i o n  
~lectr ique du  ner I  d e n t a i r e  inf6rieur.  L a  s t i m u l a t i o n  
r6 t icula i re  eu t  pou r  r6su l t a t  l ' i n h i b i t i o n  de ce r6flexe 
p e n d a n t  la veille, le sommei l  t r anqu i l l e  et  le sommei l  
actif.  
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