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Inhibit ion of a Monosynapt i c  Ref lex  by Electrical  
S t imula t ion  of the Basa l  Forebrain or the 

Orbital  Gyrus  in the Cat 

The  b r a i n  s t e m  as t he  ex tens ion  of t he  sp ina l  cord  in to  
t he  b r a i n  ha s  a n a t o m i c a l  and  func t iona l  cha rac te r i s t i c s  
s imi la r  to  b o t h  t he  sp ina l  cord  and  t he  b ra in .  I n  i ts  re- 
f lexive  func t ions  t he  b r a i n  s t em acts  in  a m a n n e r  s imi la r  
to  t h e  sp ina l  cord, whereas  in  i ts  r e g u l a t o r y  func t ions  i t  
b e h a v e s  more  like t he  b ra in .  W h e n  one considers  m o n o -  
s y n a p t i c  ref lex arcs, a t t e n t i o n  is usua l ly  d r a w n  to sp ina l  
levels.  F r o m  degene r a t i on  s tud ies  in  1948, however ,  
SZENTAGOTHAIt descr ibed a m o n o s y n a p t i c  ref lex a m o n g  
t he  cen t r a l  p a t h w a y s  of t he  c ran ia l  ne rves  invo lv ing  on ly  
b r a i n  s t e m  s t ruc tures .  Sensory  neu rons  w i t h i n  t he  mesen-  
cephal ic  nuc leus  a n d  t r a c t  of t he  t r i gemina l  ne rve  are  t he  
a f f e r en t  l imb  of th i s  m o n o s y n a p t i c  reflex.  The  cen t r a l  
axons  of these  mesencepha l i c  nuc leus  n e r v e  ceils send  
ref lex col la tera ls  to  t he  m o t o r  gangl ion  cells in  t he  t r i -  
gemina l  m o t o r  nucleus.  These  l a t t e r  ceils are t he  e f fe ren t  
l imb  of th i s  m o n o s y n a p t i c  arc which  ha s  been  cal led t he  
masse t e r i c  ref lex b y  HUG]~LIN and  BONVALLET 2, who 
es t ab l i shed  t he  m o n o s y n a p t i c  n a t u r e  of t h e  ref lex  in 
a d u l t  ca t s  t h r o u g h  electr ical  s t i m u l a t i o n  a n d  record ing  
expe r imen t s .  

A series of e x p e r i m e n t a l  p ro jec t s  car r ied  ou t  in  th i s  
l a b o r a t o r y  over  t h e  p a s t  7 years  ha s  l en t  s u p p o r t  to  an  
h y p o t h e s i s  sugges t ing  t h a t  ce r t a in  fo reb ra in  s t r u c t u r e s  
bea r  a d i rec t  r e l a t ionsh ip  to t he  b r a i n  m e c h a n i s m s  re -  
spons ib le  for b o t h  t he  onse t  of sleep a n d  of b e h a v i o r a l  
i n h i b i t i o n  a-6. Cor t ica l  E E G  synchron iza t ion ,  b e h a v i o r a l  
i n h i b i t i o n  a n d  sleep h a v e  b e e n  induced  t h r o u g h  electr ical  
s t i m u l a t i o n  of a ba sa l  fo reb ra in -p reop t i c  region in t h e  ca t  
a n d  m o n k e y  a n d  a n a t o m i c a l  p a t h w a y s  h a v e  been  sug- 
ges ted  b y  our  physio logica l  e x p e r i m e n t s  w h i c h  associa te  
th i s  a rea  w i t h  t h e  o r b i t o f r o n t a l  cortex,  s ep tum,  h ippo-  
campus ,  mid l ine  t h a l a m u s  a n d  mesencepha l i c  r e t i cu la r  
f o r m a t i o n L  I t  was  s u b s e q u e n t l y  of i n t e r e s t  to  d e t e r m i n e  
w h e t h e r  s t i m u l a t i o n  of t h i s  fo rebra in  sys tem,  capab le  of 
i nduc ing  so complex  a response  as sleep, would  inf luence  
o t h e r  more  specific neurophys io log ica l  m e c h a n i s m s  as 
well. Th i s  c o m m u n i c a t i o n  deals  w i t h  t he  resul t s  of such  
inves t iga t ions  u t i l iz ing t h e  masse te r ic  ref lex as a t e s t  
response.  

W h e n  s t i m u l a t i n g  e lect rodes  are p laced  in t he  mesen-  
cepha l ic  nuc leus  of V and  record ing  e lec t rodes  p laced  in 
t he  masse te r i c  b r a n c h  of t h e  m a n d i b u l a r  nerve ,  low vol- 
t age  s t i m u l a t i o n  will give rise to  a t w o - c o m p o n e n t  per i -  
p h e r a l  ne rve  response  (Figure  1). The  f i rs t  c o m p o n e n t  is 
a n  a n t i d r o m i c  vol ley  m e d i a t e d  d i rec t ly  b y  axons  of t he  
sensory  neu rons  of t he  mesencepha l i c  nuc leus  whi le  t he  
second c o m p o n e n t  is t he  o r t h o d r o m i c  m o n o s y n a p t i e  re- 
f lex p o t e n t i a l  t h r o u g h  m o t o n e u r o n s  in  t h e  m o t o r  nuc leus  
of V. A x o n  col la te ra l  f ibers  f rom t h e  mesencepha l i c  
neu rons  ac t  as t h e  p r e s y n a p t i c  e l emen t s  of th i s  reflex, 
whi le  m o t o r  neu rons  are t h e  p o s t s y n a p t i c  e lements .  I t  
shou ld  be  n o t e d  in  F igure  1 t h a t  t he  a n t i d r o m i c  vol ley  
r e m a i n s  r e l a t ive ly  s t ab le  in  ampl i tude ,  whi le  t he  ref lex 
p o t e n t i a l  var ies  in  a m p l i t u d e  in  t he  expec t ed  m a n n e r .  

Ope ra t i ons  were pe r fo rmed  u n d e r  genera l  e the r  anes-  
t hes i a  on  a d u l t  ca ts  weighing  2.5-4.0 kg. E x p o s u r e  of t he  
masse te r i c  n e r v e  was ach ieved  b y  freeing t h e  edges of the  
m a s s e t e r  muscle.  B ipo la r  pe r iphe ra l  ne rve  record ing  elec- 
t rodes  were  t h e n  used to  m o n i t o r  a c t i v i t y  a long  th i s  n e r v e  
t r u n k .  The  ce rebra l  co r t ex  was exposed b y  c r an io tomy ,  
a n d  subcor t i ca l  e lec t rodes  were p laced  t h r o u g h  s tereo-  
t ax i c  procedures .  All  w o u n d  edges a n d  pressure  po in t s  
were i n f i l t r a t ed  t h o r o u g h l y  w i t h  a local anes the t ic ,  xylo-  
caine, a n d  a muscu l a r  r e l axan t ,  F laxedi l ,  was  admin i s -  

tered.  The  masse te r i c  re f lex  was s u b s e q u e n t l y  e s t ab l i shed  
b y  in se r t ing  a concen t r i c  b ipo l a r  s t i m u l a t i n g  e lect rode a t  
a 45 ~ angle  b e h i n d  t he  b o n y  t e n t o r i u m  a n d  in to  t h e  
mesencepha l ic  nuc leus  of t h e  t r i gemina l  nerve .  The  ref lex  
was v isua l ized  oscil loscopically,  whi le  s t imul i  were de- 
l ivered  f rom Grass  $4 s t i m u l a t o r s  t h r o u g h  a p p r o p r i a t e  
i so la t ion  uni t s .  

The  masse te r i c  ref lex was mos t  cons i s t en t ly  obse rved  
w h e n  t he  ang led  s t i m u l a t i n g  e lect rodes  were p laced  in  t h e  
s i te  co r r e spond ing  to s t e reo tax ic  coord ina tes  P3, L2, H-1 
to  H-3. T h e  ave rage  l a t e n c y  of t he  a n t i d r o m i c  vo l ley  
(conduc t ion  a long  t h e  s enso ry  axons  f rom the  mesence-  
phal ic  V t h  nuc leus  to  p o i n t  of record ing  on  t he  masse te r ic  
nerve)  was  1.2 msec. T h e  a m p l i t u d e  of th i s  p o t e n t i a l  re- 
m a i n e d  c o n s i s t e n t  in  a g iven  p repa ra t i on ,  a l t h o u g h  i ts  
size va r i ed  in  d i f fe ren t  an imals .  This  is in  c o n t r a s t  to  t he  
va r i ab l e  a m p l i t u d e  of t he  m o n o s y n a p t i c  ref lex volley.  
The  p e a k  l a t e n c y  of t he  m o n o s y n a p t i c  ref lex va r i ed  f rom 
1.8-3.8 msec  w i t h  a n  ave rage  of 2.15 msec. 

The  ref lex  was  el ici ted r e p e a t e d l y  b y  ga t ed  s t imul i  
de l ivered  to  t h e  mesencepha l i c  V t h  nuc leus  a t  t he  r a t e  of 
1/sec. The  i n t e r a c t i o n  effects u p o n  th i s  ref lex  of s t imula -  
t i on  of cor t ica l  a n d  subcor t i ca l  si tes were t h e n  s tudied .  
Cons i s ten t  i n h i b i t i o n  of t h e  masse te r ic  ref lex was ob-  
se rved  w i t h  s t i m u l a t i o n  of a n t e r i o r  l a te ra l  p reopt ic  a n d  
basa l  fo reb ra in  subcor t i ca l  si tes (Figure 2t3) a n d  of a 
discrete  cor t ica l  a rea  localized in t he  o rb i t a l  gyrus  (Fig- 
ure  2D). I t  was  also n o t e d  t h a t  i nh ib i t i on  of the  ref lex 
was of ten  a c c o m p a n i e d  b y  a s l ight  increase  in t he  ampl i -  
t u d e  of t he  a n t i d r o m i c  volley,  poss ib ly  a n  ind ica t ion  of 
p r e s y n a p t i c  i nh ib i t i on .  I n h i b i t i o n  was bes t  observed  w h e n  
b iphas i c  pulses  were de l ivered  a t  a f r equency  of 75/sec 
a n d  a d u r a t i o n  of 0.45 msec w i t h  4 -6  V. O t h e r  f requencies  

Nesencephelic nucteus 
erthe trigeminal nerve 

;'lasseter muscle 

Fig. 1. Diagrammatic representation indicating the anatomical ele- 
ments comprising the masseterie reflex. Stimuli were delivered to 
cells in the nlesencephalic nucleus and recordings were made on the 
masseteric nerve. The 2-component response at the upper left is 
composed of an init ial  antidromic potential and a secondary reflex 

potential. 
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were e i ther  less effect ive or ineffect ive a t  these  sites, and  
s t imula t ion  of d i f fe rent  Sites resul ted  in o the r  effects  to  
be descr ibed more  comple te ly  elsewhere.  

These f indings suppor t  an hypo thes i s  developed f rom 
our fo rmer  work  which  has  indica ted  the  exis tence of a 
forebra in  inh ib i to ry  sys t em involving cortical,  basa l  fore- 
bra in  and  l imbic s t ruc tures  which descend to re t icular  
areas of the  mid-  and  h indbra in .  S t imula t ion  a t  t he  
ros t ra l  end of th is  sys t em (basal forebra in  or orbi ta l  
gyri) resul ted  in suppress ion of m o t o r  behavior  and  the  
induc t ion  of sleep. Inh ib i t ion  of t he  masseter ic  mono-  
synap t ic  ref lex poin ts  to  the  fact  t h a t  th is  suppres-  
sion can be ref lec ted  in t he  mos t  basic of neurophys io-  
logical mechan i sms  as well. This  par t icu lar  f inding is 
especial ly re levan t  since re laxa t ion  of the  an t i g r av i t y  
muscles resul t ing in opening  of the  m o u t h  in the  unsup-  
por t ed  lower j aw is usual ly  a behaviora l  corre la te  of the  
init ial  s tages of sleep. 

Zusammen/assung. Der monosynap t i s che  Ref lex  des 
Nervus  masseter icus ,  durch  e lektr ische Re izung  des 
Nucleus mesencephal icus  des Tr igeminus  he rvorge ru fen  
und  ve to  Nervus  masse ter icus  abgelei te t ,  k o n n t e  durch  
Reizung b e s t i m m t  umschr iebener  Gebiete  des pri iopti-  
schen basa len  Telencephalons  oder  durch  Reizung des 
Gyrus orbi ta l  im Ka tzen-Cor tex  effekt iv  g e h e m m t  wer-  
den. E n t s p r e c h e n d e  Reizung der  gleichen Hi rngeb ie te  
I i ihrt  zur Synchron i sa t ion  des E lek t rocor t i cogramms  und  
ruf t  Schlaf hervor .  

Fig. 2. The control masseteric reflex is illustrated in A and C. Follow- 
ing the artifact, can be observed first the antidromic volley and then 
the reflex volley as recorded along the masseteric nerve. In ]3 an 
almost complete inhibition of the reflexive response is observed 
during the stimulation of the ipsilateraI preoptic area, while D shows 
an even more pronounced effect during stimulation of the ipsilateral 

orbital gyrus. 
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Connective Tissue Degradation and Distensibil ity 
Characteristics of the Non-Living Heart 

I t  is well known t h a t  the  myoca rd ium is inf i l t ra ted  by  a 
considerable  a m o u n t  of connect ive  tissue. Al though  col- 
lagenous fibers p redomina te ,  the  m y o c a r d i u m  also con- 
ta ins  elastic and  ret icular  f ibers 1. These non-muscu la r  
componen t s  of hea r t  t issue are a r ranged  in such a w a y  as 
to provide  a mat r ica l  supers t ruc tu re  upon  which  the  
muscular ,  nervous,  and vascular  componen t s  are ar- 
ranged.  To w h a t  ex t en t  the  connect ive  t issue fibers con- 
t r ibu te  to the  s ta t ic  (much less dynamic)  proper t ies  of the  
hea r t  is largely unknown.  

Methods. Lef t  ven t r icu la r  d is tens ibi l i ty  was compared  
in 4 groups of r abb i t  hear t s :  (1) control ,  (2) t r e a t ed  wi th  
collagenase, (3) t r ea ted  wi th  elastase,  and (4) t r ea t ed  wi th  
t rypsin .  

The protocol  for all expe r imen t s  was as follows: (1) As 
much  fluid as possible was w i t h d r a w n  f rom the  left 
ventr ic le  and pressure  a t  th is  'zero '  vo lume was recorded.  
(2) Cont inuous pressure records were ob ta ined  while in- 
fusing physiological  saline into the  left ventr ic le  a t  a ra te  
of 4.12 ml /min  unti l  the  pressure  reached  40-50 m m  Hg. 
(3) The p u m p  was then  reversed and wi thd rawa l  was 
cont inued a t  t he  same ra te  as infusion. (The hydros t a t i c  

level of the  saline b a t h  was ma in t a ined  co n s t an t  t h rough-  
out  b o t h  infusion and  withdrawal . )  This  cons t i t u t ed  the  
f irs t  p ressure-vo lume (P-V) curve and  i t  was a lways  
ob ta ined  wi th in  10 rain af ter  isolat ion of the  hear ts .  (4) 
Af ter  60 rain t ime  lapse (when s t i f fening was maximal)  
the  second P-V curve was obta ined.  (5) I m m e d i a t e l y  a f te r  
the  second P-V curve was obta ined,  the  hea r t s  were 
s t re tched  one t ime  wi th  t he  same vo lume of fluid t h a t  was 
used to ob ta in  the  f i rs t  P -V  curve and  t h e n  the  th i rd  P -V  
curve was obta ined .  (6) The hear t s  were t h e n  i ncuba t ed  
for 90 rain a t  36.5 ~ in a solut ion which  con ta ined  e i ther  
collagenase, elastase,  t ryps in ,  or buffered  physiological  
saline (pH 7.1, p h o s p h a t e  buffer).  The enzymes  were  ob-  
t a ined  f rom the  Nut r i t iona l  Biochemical  Co., Cleveland,  
Ohio, U S A ;  the i r  concen t ra t ions  were:  col lagenase 1.5 
mg /ml  (pH 7.1, p h o s p h a t e  buffer),  e lastase 0.4 m g / m l  
(pH 8.8, ca rbona te  buffer),  and t ryps in  2 mg /ml  (pH 7.95, 
p h o s p h a t e  buffer).  The left  ven t r icu la r  c h a m b e r  and  the  
coronary  ci rculat ion were per fused  wi th  the  solution.  The 
hea r t s  were t h e n  immersed  in the  d iges t ion  mix ture .  
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New York, N.Y., USA) vol. 1, p. 61 (1959). 


