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N e w  O b s e r v a t i o n s  o n  t h e  R e p r e s e n t a t i o n  o f  t h e  E y e  M u s c l e  P r o p r i o c e p t i o n  W i t h i n  

t h e  D e s c e n d i n g  T r i g e m i n a l  N u c l e u s  

Prev ious  i nves t iga t ion  s car r ied  ou t  in our  l abora to r i e s  
h a v e  s h o w n  t h a t ,  in t h e  l amb ,  pig a n d  calf, t h e  f i rs t  o rde r  
ne u rons  of t he  eye muscle  p rop r iocep t ion  are c o n t a i n e d  
in t he  s e m i l u n a r  gangl ion  l-s, whi le  t he  second order  
n e u r o n s  are  localized m a i n l y  in t h e  ora l  pole of t h e  
ips i la te ra l  descend ing  t r i g e m i n a l  nuc leus  a n d  a t  t imes  in 
t h e  m a i n  sensory  nuc leus  of t h e  5 th  ne rve  7, s 

Typ ica l  responses  to  s t r e t c h i n g  i n d i v i d u a l  e x t r a o c u l a r  
musc les  were recorded  f rom the  med ia l  dorso- la te ra l  
p o r t i o n  of t he  s e m i l u n a r  gangl ion  a n d  f rom the  c ran ia l  
p a r t  of t h e  descend ing  t r i g e m i n a l  nuc leus ;  t h e y  were of 
t he  t y p e  induced  b y  muscle  spindle  exc i ta t ion .  Single- 
shock  electr ical  s t i m u l a t i o n  of t he  f i rs t  o rder  neu rons  in 

A) B) and C), lamb No. 229:3 continuous records of unitary dis- 
charge (upper trace) taken from the bulbar portion of the descending 
trigeminal nucleus at the level oI the hypoglossus nerve nucleus. A) 
after a short record of the resting discharge the arrow t indicates the 
beginning of a moderate manual stretch (lower trace) of the ipsilat- 
eral lateral rectus muscle. B) represents the middle part of the stretch. 
The end of stretch is marked in C) by another arrow ,~. 

t h e  s e m i l u n a r  gangl ion  el ici ted evoked  po t en t i a l s  in  t h e  
ora l  p a r t  of t h e  descend ing  t r i g e m i n a l  nuc leus  w i t h  a 
l a t e n c y  of 0.33-0.95 msecL  On t h e  o t h e r  hand ,  des t ruc-  
t i on  of t h e  s e m i l u n a r  gang l ion  cells i nvo lved  in t h e  eye 
muscle  p ropr iocep t ion ,  i nduced  d eg en e ra t i o n  of n e r v o u s  
f ibers  wh ich  could  be  fol lowed a long t h e  ips i la te ra l  t r i -  
gemina l  root ,  descend ing  t r i g e m i n a l  t r a c t  t i l l  t h e  ora l  pole  
of t h e  descend ing  t r i g e m i n a l  nuc leus  8. T h e  cells of such  a 
nuc l eus ;  w h i c h  r ep re sen t  t h e  second order  n eu ro n s  of t h e  
eye muscle  p ropr iocep t ion ,  send  t h e i r  axons  to the  
mesod iencepha l i c  region t h r o u g h  t h e  ips i la te ra l  m e d i a l  
l emniscus  a n d  the  dorsa l  t r i g e m i n o - t h a l a m i c  t r a c t ;  t h e y  
end  in t h e  v e n t r o b a s a l  nuclei  of t h e  t h a l a m u s  9, lo. 

T h e  p r e s e n t  c o m m u n i c a t i o n  r epo r t s  some new obser-  
v a t i o n s  conce rn ing  t h e  loca t ion  of cells of t h e  descend ing  
t r i g e m i n a l  nuc leus  i nvo lved  in t h e  eye muscle  propr iocep-  
t ion.  

L a m b s  weighing  7-12 kg were a n a e s t h e t i z e d  w i t h  
N e m b u t a l  (33 mg/kg)  a n d  t r a ch eo t o mi zed .  T h e n  t h e y  
were p u t  in  a s t e r eo tax ic  a p p a r a t u s  a n d  t h e  6 e x t r a o c u l a r  
mu s c l e s  of b o t h  sides were carefu l ly  i so la ted  an d  p r o t e c t e d  
w i t h  w a r m  m i n e r a l  oil. The  2 eye bal ls  were r e m o v e d  ac- 
cord ing  to  t h e  t e c h n i q u e  used in our  p rev ious  inves t iga -  
t ions  1-1~ S u b s e q u e n t l y  a c r a n i o t o m y  was pe r fo rmed  in 
o rder  to  expose  t h e  dorsa l  v iew of t h e  ce rebe l lum a n d  t h e  
c ran ia l  p o r t i o n  of t h e  cervical  cord, wh ich  were p ro t ec t ed  
w i t h  w a r m  mine ra l  oil. Responses  to  m a n u a l  m o d e r a t e  
s t r e t c h  of single ex t r ins ic  eye muscles  were sough t  in  t h e  
descend ing  t r i g e m i n a l  t r a c t  a n d  nuc leus  b y  m e a n s  of 
t u n g s t e n  microe lec t rodes  ( t ip d i a m e t e r  4 -5  ~m, res i s tance  
500 Ks i n t r o d u c e d  in to  t h e  b u l b  an d  in the  mos t  ros t r a l  
p o r t i o n  of t h e  sp ina l  cord  b y  m e a n s  of a mic rocon t ro l  a n d  
connec ted  t h r o u g h  a c o n v e n t i o n a l  p reampl i f i e r  w i t h  a 
b e a m  of a n  oscil loscope; t h e  o the r  b e a m  recorded  t he  
m e c h a n o g r a m  of t h e  s t r e t c h  t h r o u g h  a 4-s tage ampl i f ier .  
F igures  A, B a n d  C dep ic t  t h e  response  to a s t r e t ch  of t h e  
ips i la te ra l  l a te ra l  r ec tus  muscle  of a u n i t  localized in t h e  
b u l b a r  p o r t i o n  of t h e  descend ing  t r i gemina l  nuc leus  
a p p r o x i m a t e l y  a t  t h e  level  of t h e  hypoglossus  nucleus.  
S imi la r  responses  were recorded in o t h e r  5 an imal s  f rom 
t h e  descend ing  t r i gemina l  nuc leus  an d  t r a c t  e i the r  a t  t he  
level  of t h e  b u l b  or of t h e  f i rs t  cervical  s egmen t  (Figure 
D). I n  fac t  all  t h e  si tes of record ing  were m a r k e d  b y  
discre te  e lectrolysis  wh ich  p e r m i t t e d  us to  recognize t he  
exac t  loca t ion  of t h e  t ip  of t h e  record ing  microe lec t rode  
b y  m e a n s  of h is to logical  control .  

D) Transverse section of the spinal cord of lamb No. 270 at the level 
of C1. The arrow indicates the electrolysis in the descending trigemi- 
nal nucleus at the border with the reticular formation. • 15. 
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The bu lba r  and  cervical  sites inf luenced by  s t r e t ch  of 
extr insic  eye muscles  could also be ac t iva ted  by  single- 
shock electrical  s t imula t ion  of the  cells of t he  semi lunar  
ganglion represen t ing  the  first  order  neurons  of the  eye 
muscle p ropr iocep t ion  wi th  a la tency  of abou t  1.5 msec 
(Figure E). 

In  2 lambs  the  expe r imen t  was carr ied out  wi th  the  
same procedure  as t h a t  men t ioned  above,  b u t  unde r  
asept ical  condi t ions .  Only the  left eye muscles  were 
isolated and no t r a c h e o t o m y  was per formed.  Af ter  
ident i f ica t ion of a good response to s t r e t ch  of single eye 
muscles wi th in  the  bulbar  por t ion  of the  descending  
t r igeminal  nucleus,  a discrete  electrolysis  was m a d e  of the  
recorded si te;  t hen  the  cranial  opera t ion  wounds  and  the  
2 eyelids of t he  left side were su tured  toge the r  and the  
animals  were kep t  alive for 10 days.  Subsequen t ly  the  
lambs  were sacrificed in excel lent  general  condi t ions  under  

deep  anaes thes ia ;  the  bra in  s t em was perfused wi th  
saline solut ion and  t h e n  wi th  10% formal in  solution.  
The bra in  s t em was r e m o v e d  and  s ta ined  according to the  
N a u t a - G y g a x  m e t h o d  for searching degenera t ion  of 
nervous  fibres. The histological  examina t ion  showed 
degenera ted  nervous  f ibres along the  remain ing  bu lbar  
por t ion  of the  descending  t r igeminal  nucleus down to t he  
f i rs t  cervical  segment .  The degenera t ion  involved fibres 
of d i f ferent  d i ame te r  which  were no t  collected in bundles  
b u t  sca t t e red  wi thin  the  nucleus.  

In  conclusion,  t he  resul ts  of the  p resen t  inves t iga t ion  
show for the  first  t ime  t h a t  cells responding  to s t r e t ch  of 
single ex t raocular  muscles  are p resen t  no t  only  in the  
pon t ine  oral pole of the  descending  t r igeminal  nucleus 
b u t  also in its bu lba r  and  cervical  por t ions .  Such cells 
could media te  b o t h  the  exc i t a to ry  and  the  inh ib i to ry  
influences of the  s t r e t ch  of the  eye muscles on the  ex t enso r  
muscles  of the  neck, as recen t ly  shown in the  ca t  and  in 
t he  l amb 11-14. 

Summary. Uni t s  r e spond ing  to  s t r e t ch  of single ex t ra -  
ocular  muscles were found  in the  bu lba r  and  cervical  
por t ion  of t he  descending  t r igeminal  nucleus of the  lamb.  
The electrolysis of these  bu lbar  sites p rovoked  degenera-  
t ion  of nervous  fibres which  could be followed till the  
f i rs t  cervical  s egmen t  of t he  spinal  cord. 
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E) The same animal as in D). Average of 64 potentials recorded from 
the descending trigeulinal nucleus before the electrolysis, evoked by 
electrical stimulation (1/sec, 0.1 msec, 0.1 V) of the extraocular 
muscle representation in the ipsilateral semihmar ganglion. The 
arrow points to the stimulus artifact. Calibration time 2.5 nlsec. 
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Elevated Left Ventricular Stiffness by Noradrena l ine  in Myocardia l  I s c h a e m i a  

Despi te  the i r  ex tens ive  cardiac effects,  ca techolamines  
appa ren t l y  do no t  affect  the  res t ing vent r icu la r  dis ten-  
sibility*. At  the  same t ime  there  is a we l l -documented  
increase in the  left ven t r icu la r  wall s t iffness dur ing  myo-  
cardial  infarc t ion and anginal  a t t acks  e, a. These phen o m-  
ena are closely associa ted wi th  or even p rec ip i t a t ed  b y  an 
enhanced  release of the  s y m p a t h e t i c  t r a n s m i t t e r  in the  
cardiac tissue. 

The ques t ion  arises as 'to whe the r  an indi rec t  effect  of 
t he  ca techolamines  p lays  a role in the  d e v e l o p m e n t  of the  
wall st iffness increase dur ing myocard ia l  ischaemia.  The 
aim of the  p resen t  s t u d y  w a s  to tes t  the  role of the  com- 
bined effects of noradrena l ine  and t issue hypox i a  in the  
genesis of the  vent r icu la r  stiffening. 

Methods. 24 exper imen t s  were carried out  on open 
chest ,  per icard iec tomized  dogs (10-16 kg) of e i ther  sex, 
under  ehloralose anaesthesia .  Pressures  were measured  by  
gauges Db 23, S t a tham,  th rough  rigid ca the te r s  in t ro-  
duced  into the  ascending aor ta  and left  ven t r icu la r  apex,  
respect ively.  The pressure  curves were recorded s imul ta-  
neously  wi th  cardiac o u t p u t  curves ( thermodi lu t ion  
method)  on an g l e m a  Mingograph.  

The diastolic p ressure-vo lume curve of b o t h  the  normal  
and  infarc ted  ventr ic le  is exponen t i a l  a t  physiologic 
pressure 4, 5. Considering th is  fact, the  st iffness of the  left 
ventr ic le  was charac te r ized  b y  the  slope of the  l inear  

re la t ionship  be tween  diastolic AP/glV and  PD at  var ious  
segments  of the  exponen t i a l  P -V  curves,  where  AP is 
t he  a r i thmet ic  difference be tween  end-dias tol ic  and  end-  

systolic pressure,  AV is the  s t roke volume,  while PD is 
the  mean  in t raven t r i cu la r  diastolic pressure.  
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