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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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The  n u m e r i c a l  va lue  of th i s  slope, t e r m e d  the  pass ive  
elast ic modulus ,  was  found  to  be  d i rec t ly  a n d  p redomi -  
n a n t l y  d e t e r m i n e d  b y  wal l  s t i f fness  6. I n  o rde r  to  measu re  

AP/AV as well as PD in a wide range,  flow in t he  descend ing  
ao r t a  was  g r adua l l y  b locked  b y  means  of s t ep -by - s t ep  
in f l a t ion  of an  e m b o l e c t o m y  c a t h e t e r  i n t r o d u c e d  t h r o u g h  
t he  femora l  a r te ry .  B i l a t e ra l  v a g o t o m y  a n d  thorac ic  
s y m p a t h e c t o m y  was pe r fo rmed  to p r e v e n t  reflex in- 
f luences on  card iac  a c t i v i t y  d u r i n g  t h i s  manoeuvre .  
Since P - V  re l a t ionsh ip  is n o t  e x p o n e n t i a l  a t  low va lues  
of P, d a t a  o b t a i n e d  a t  pressures  less t h a n  2.5 m m  Hg 
were excluded.  

F o u r  groups  of e x p e r i m e n t s  were pe r fo rmed :  1. Dogs  
w i t h  i n t a c t  hea r t .  2. Dogs sub jec t ed  to s egmen ta l  myo-  
card ia l  i s chaemia  2 h p r io r  to  t h e  m e a s u r e m e n t ;  i s chaemia  
was p roduced  b y  l iga t ing  t he  lef t  an t e r i o r  descending  
(LAD) co rona ry  a r t e r y  j u s t  p r o x i m a l  to  i ts  f irst  m a j o r  
obl ique b ranch .  3. Dogs in w h i c h  t he  occlusion of t he  
LAD a r t e r y  was pe r fo rmed  24-48 h pr ior  to  the  experi-  
men t .  4. Dogs sub jec t ed  to t he  LAD a r t e r y  occlusion 
30-72 days  pr io r  to  t he  expe r imen t .  

Af te r  t he  con t ro l  d e t e r m i n a t i o n  t he  dogs were g iven  
no rad rena l i ne  (1.0 ~g /min /kg  b o d y  weight)  i .v.  for a n  
infus ion per iod of 10 min.  Systol ic  pressures  in  the  sys tem-  
ic c i rcu la t ion  were  usua l ly  doub led  d u r i n g  t he  loading  
period.  Af te r  no rad rena l i ne  in fus ion  a t  leas t  5-10 m i n  
were al lowed for t he  e s t a b l i s h m e n t  of a new c i rcu la to ry  
equi l ib r ium,  t h e n  t h e  d e t e r m i n a t i o n  was r epea t ed  again.  
The  resu l t s  were e x a m i n e d  s ta t i s t i ca l ly  us ing  S t u d e n t ' s  
t - tes t  for  pa i red  da ta .  

Results. The  e x p e r i m e n t s  showed  t h a t  t h e  va lue  of the  
diastol ic  AP/AV r e l a t ionsh ip  increases  l inear ly  as a func-  

t ion  of t h e  m e a n  diastol ic  pressure ,  PP. An example  is 
shown in t he  Figure.  These  resu l t s  va l i da t e  the  m e t h o d  
used in th i s  s t u d y  for t he  d e t e r m i n a t i o n  of t he  ven t r i cu l a r  
wal t  s t i ffness a n d  conf i rm the  p rev ious  s imi la r  obse rva t ions  
of DIAMOND a n d  FORRESTER 4' 6. A t  the  same  t ime,  in 
dogs sub jec t ed  to  acu te  card iac  infarc t ion ,  t he  slope of t he  
l inear  plot ,  t h e  pass ive  elast ic  modulus ,  increased consid-  
e rab ly  a f t e r  t he  n o r a d r e n a l i l r e  infusion,  t h u s  revea l ing  
an  a u g m e n t a t i o n  in t he  left  v e n t r i c u l a r  wal l  st iffness/see 
F igure  a n d  Table ,  s u m m a r i z i n g  all  t he  resu l t s  ob ta ined ,  
ind ica tes  t h a t  a s imi la r  increase  of s t iffness could no t  be 
obse rved  e i the r  in the  n o r m a l  dogs or in t he  chronic  (4) 
group,  a l t h o u g h  t he  l a t t e r  an ima l s  exh ib i t ed  an  e leva ted  
pre- load va lue  of t he  wal l  s t i ffness as compared  to the  
n o r m a l  level. I t  appea r s  f rom t h e  d a t a  in  the  Table ,  
moreover ,  t h a t  n o r a d r e n a l i n e  s t rong ly  a f fec t ing  ven t r i eu l a r  
e las t ic i ty  in acu te  myoca rd i a l  infarc t ion ,  d id  no t  p roduce  
l as t ing  pos t - in fus ion  changes  of s imilar  e x t e n t  in o t h e r  
c i r cu la to ry  pa rame te r s ,  w i t h  t he  excep t ion  of a m o d e r a t e  
left  ven~r icular  end-dias to l ic  pressure  increase  in some 
groups.  

Conclusion. F r o m  the  d a t a  ob ta ined ,  i t  would a p p e a r  
t h a t  d ias to l ic  wal l  s t i ffness is a va r i ab l e  and  d y n a m i c  
r a t h e r  t h a n  a s ta t i c  p a r a m e t e r  of t he  re laxed left  ven t r i c le  
(a) and  t h a t  adrenerg ic  inf luences  m a y  p l a y  a decisive 
t h o u g h  ind i rec t  role in  i ts  a d j u s t m e n t  (b). Basic  pre load  
values  p r e s e n t e d  in th i s  r e p o r t  for left  v e n t r i c u l a r  wal l  
s t i ffness were s l igh t ly  e l eva t ed  in acu te  myoca rd ia l  in- 
fa rc t ion  induced  b y  co rona ry  l iga t ion  (exper imenta l  g roup  
3), whi le  t h e y  were found  to  be  cons ide rab ly  e leva ted  in 
t he  hea l ing  p h a s e  of t h e  in fa rc t ion  (group 4). A p p a r e n t l y  
th i s  is due  to  t h e  progress ive  increase  of t he  vo lume  of t he  
connec t ive  a n d / o r  f ibrot ic  t issue in the  v e n t r i c u l a r  wal l  
du r ing  t h e  r egene ra t ive  process.  I n  t he  chronic  phase ,  
however ,  t he  h e a r t  is c lear ly  less suscept ib le  to  t he  s t i f fn ing 
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Left ventricular wall stiffness before (A) and after (B) noradrenaline infusion (experiment 3 2, 16 kg, 24 h after coronary ligation). Left : Aortic 
and left ventricular diastolic pressures at 3 different afterloads (fragments of thermodilution curves also can be seen on the records). Values of 
cardiac output (Q), heart rate (F), stroke volume (A V), intraventricular pressure increase during diastole (A1 P) and mean left ventrieular diastolic 
pressure (PD) are in each panel. Right : Plot of the/I P/zJV ratio againt Pn. Passive elastic modulus of the left ventricle (slope of the regression 
line) increased from 0.042 to 0.113. 

influence of the sympa the t i c  t r ansmi t t e r .  These f indings 
suggest  t h a t  the  increased wall st iffness seen after  cate-  
cholamine admin i s t r a t ion  is a man i fes t a t ion  of same 
pathologic  p a t t e r n  induced by  myocard ia l  hypoxia .  The 
exact  mechan i sm under ly ing  th is  p a t t e r n  remains  to be 
elucidated.  

Summary.  Infus ion of noradrenal ine  (1.0 ~g/kg/min 
body  weight ,  i.v.) brings abou t  an increase of the  diastolic 

wall s t iffness in the  ischaemic canine hear t .  Similar effect  
is no t  elicitable in the  normal  hear t .  
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C h e m i c a l  T r a n s f e r  o f  L e a r n e d  B e h a v i o u r :  N o  S p e c i f i c  E f f e c t  O b s e r v e d  in  R a t s  T r a i n e d  to  
S w i m  E i t h e r  o f  t w o  M a z e s  

The mechan i sm by  which  inte l lectual  in format ion  is 
s tored in the  brain  has  r emained  obscure despi te  m a n y  
a t t e m p t s  to  resolve this  i m p o r t a n t  quest ion.  One theo ry  
holds t h a t  bra in  chemicals  migh t  serve as specific m e m o r y  
carriers. Consequent ly ,  in te ran imal  t ransfer  of acquired 
behaviour  should be feasible using bra in  ext rac ts .  This 
has been  a controvers ia l  issue since the  t ime  of the  first  
allegedly successful exper iment1 .  Two behaviour- in-  
ducing pep t ides  have  been isolated f rom the  brains  of 
t ra ined  ra ts ;  one elicits fear of darkness  ~ while the  o the r  
is sound hab i tua t ing  a. I t  has  been  argued t h a t  b o t h  these  
effects m i g h t  be non-specific,  s imply  being b rough t  abou t  
by  a l te ra t ions  in the  s ta te  of a ler tness  of the  rec ip ient  
animals.  Such an a rgumen t  would  no t  be sui table  to  
inval ida te  a recent  repor t  c laiming the  successful  t ransfer  
in mice of detai led spat ial  in fo rmat ion  abou t  a maze4. 

The impor tance  of th is  l a t t e r  f inding, if reproducible,  
p r o m p t e d  us to r epea t  the  expe r imen t  under  s l ight ly 
a l tered condit ions.  In  part icular ,  a swimming  maze  wi th  
ra ts  was used to minimize  the  possibi l i ty  t h a t  the  animals  
m i g h t  exploi t  odour  cues for or ient ing  in the  maze.  As 
in the  original  exper iment ,  2 d i f ferent  mazes  were used to 
t e s t  the  specif ici ty of the  t rans fe r red  informat ion,  b u t  
the  2 mazes  were set  up as mir ror  images to faci l i tate  
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